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ABSTRACT 

Southdown s heep from genet i c  l i nes t h at h av e  been deve l o ped at  

Mas sey U n i ver s i ty by se l ect i ng for  and aga i n st  we i ght-corrected fat

depth meas urements made u l trason i c a l l y  o n  th e l i v e  s heep , were 

eva l u ated for c arcas s  and meat qua l i ty character i s t i c s  i n  4 
exper i me nt s ,  wh i l e  th e i r  cro s s bred offs pr i ng from Romney ewes were 

eva l u ated i n  2 exper i ment s .  No s i gn i fi cant d i fferences were fou nd i n  

d a i l y  l i ve-we i ght g a i n s  between the  two s e l ect i on l i nes , b u t  . the fat

l i n e an i ma l s h ad greater fat depth s at C and to a l es ser  extent at J ,  

52, LG a nd L2. Ti s s ue  depth GR was a l so s i gn i f i c antl y greater i n  the 

fat l i n e .  

Compar i son s  a t  t h e  s ame we i ght showed that s i des from t h e  meaty 

l i n e conta i ned more  musc l e  and bone wi th l es s  fat than t ho se  from the 

fat l i ne ,  but  the  meaty- l i ne carcasses  h ad a re l at i ve l y  l ower 

dres s i ng-out  p ercent .  Carc ass  l ength was s i gn i fi cant l y l o nger  for the 

meaty- l i ne  than t he  fat - l i ne an i ma l s ,  but the  max i mum wi dth beh i nd the 

s1;oul  der was greater for the fat 1 i ne .  The 1 ength· of 1 eg and sever a 1 
bones ( femu r ,  h umerus , rad i u s ,  and t i b i a and fi b u l a )  were greater for 

th e meaty l i ne th an  the fat l i n e .  Wi th t h e  excepti on  o f  t he  h i gher 

rack  c u t  percent i n  the fat l i ne ,  the two s e l ect i on l i nes  d i d  n ot 

d i ffer i n  th e we i ght d i s tr i b u t i on  among the  s hou l der , l o i n ,  and l eg 

cuts  wi th i n  the  s i de ,  or i n  the  d i str i but i on of musc l e ,  bone  and fat 

we i g ht s .  When  adj u s ted to the s ame s i de fat we i g ht , t h e  s i de from the  

fat l i ne conta i ned more s ubcu taneous fat , more i ntramu s cu l ar fat , and 

l e s s  i ntermu s cu l ar fat . 

Based on  s uc c i n i c  dehydrogen ase s ta i n i ng proc ed ures , M .  

s emi tend i no s u s  from t h e  fat l i ne was found t o  h ave a s i gn i f i cant l y  

h i gher percent o f  red musc l e  f i bre ( sR )  and a correspond i ng l y  l ower 

percent of  i ntermed i ate ( aR ) and wh i te muse 1 e fi bre  ( aW ) . No 

s i gn i f i c an t  l i ne  d i fferences were observed for the d i ameter of the 

th ree m u s c l e-fi bre types .  

For  f i ve  ad i pose  t i s s ue  d epots ( s u bcu taneous , i ntermu scu l ar ,  

k i dney, omenta l  and mesenter i c )  ad i pocyte s i ze was greater for the  fat 

l i ne .  I n  add i t i on ,  the s ubcu taneous fat depot of fat- l i ne s heep 

conta i n ed s i gn i f i cant l y more ce l l s  i n  one of the three exper iments . 



E q u at i on s  re l at i ng s i de fat  percent wi th fat percent of the r ac k  

cu t (8 to  12 r i b )  d i ffered s i gn i fi cant l y  between the two l i nes w i th 

regard t o  i ntercept . Th i s  effect appeared to  be d u e  to the sma l l 

over l ap i n  fat percent va l ues  for t he  two l i nes . 

S e l ect i on l i ne  d i fferences i n  i nd i ces  of meat q u a l i ty ( W arner

Brat z l er s hear force , s arcomere l ength , refl ect ance ,  expres sed j u i ce ,  

cook i ng l o s s  and pH ) for four mus c l e s  ( Mm .  l ongi s s i mus , b i ceps 

femor i s ,  s emi ten d i nosus , s emi membranos u s ) were general l y  sma l l and 

non-s i gn i f i c ant . Meat from an ima l s of the  two se l ect i on l i nes d i d not 

d i ffer s i gn i f i cant l y  in  th e extent to wh i c h  shear va l ues  decreased i n  

response  to  el ectr i ca l  st imu l at i on ,  to  age i ng for 15 days (� 
semi membranosus ) ,  to the remova l  of co l d-s horten i ng cond i t i on s  (� 
b i ceps  femor i s ) ,  or to not t r immi n g  the s ubcutaneous fat over the M .  

l ongi s s i mus . However , the shear  force v a l ues  and s arcomere l engt h s  

from both l i nes  were s i gn i f i cant l y  affected b y  a l l o f  these post

mortem treatments . 
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I NTRODUCTION 

CHAPTER 1 

I NTRODUCTION 

1 

Meat and i t s rol e i n  th e d i et and hea l th of human s  are top i c s  of 

cont i n u i ng i nterest and d i s cu s s i on  among n utr i t i o n and hea l th 

profes s i ona l s .  The v a l u e  of meat as  a food and a s  a marketab l e  

product depend s o n  a sequence o f  events  and c i rcumstances  start i ng at 

concept i on and  end i ng i n  cons umpt i on of the offs pr i ng .  

Q u a l i ty of meat i s  determi ned by i n tr i n s i c  an i ma l  factors s uch  as 

breed i ng and  s ex ,  and a l so  by extr i n s i c  factors such as post-mortem 

treatments . Cons umers are co ncerned not o n l y  wi th t he  eat i ng qu a l i ty 

of  meat , b u t  a l so wi th i t s c a l or i c content . F at content i s  i mportant 

i n  th i s  concern because  of i ts h i gh c a l o r i c  dens i ty compared wi th 

p rote i n .  The  percept i on by the consumer of wh at con s t i tutes an 

ac ceptab l e  fat content of meat has been undergo i ng a c h ange i n  favour 

of  l e s s  fat . Th i s  ch ange st arted wi th the i ncrease i n  av a i l ab i l i ty of 

cons umer i nformat i on po i n t i ng o ut th e wastefu l ness  of too muc h fat and 

wi th p ub l i c i ty be i ng g i ven  to poss i b l e  rel at i onsh i p s between the 

i n take of s aturated fats and h uman heart d i seas e .  I n  th i s  res pect , 

howeve r ,  the  l i terature i s  muc h too amb i v a l ent to ev a l u ate accurate ly  

the  i mportance of  l i nk s  between fat  cons umpt i on and coronary heart 

d i sease  i n  man . Addi t i o na l ly ,  becau se  the l eve l  of phys i ca l  act i v i ty 

i n  t he  past  was greater th an today for most consumers , the c a l or i c  

dens i ty o f  f at probab l y  was v i ewed as  a pos i t i ve factor . W i th the 

dec l i n i ng demand for fat l e ad i ng to  a decrease i n  i ts rel at i ve v a l ue  

t he  l e an c omponent has  a s s umed a h i gher proport i on of the  v a l u e  of 

meat . Thu s , econom i c  pre s sures  to reduce  the c arcass  fat content as a 

means  of i mprov i ng the v a l u e  of l i vestock has  become a s i gn i f i cant 

p roduct i on i ncent i ve .  I t  i s  c l e ar t h at c h ang i ng the c arcas s 

compos i t i on i s  i mportant , i f  the i nd u stry i s  to move toward more 

effi c i ent  product i on of meat . Con s i derab l e  economi c s i gn i f i cance  i s  

attac hed n ot o n l y to th e tota l  amount  of carcass  fat but a l so  to  the 

re l at i ve amounts  of fat de po s i ted i n  the var i ous  body depots ( i . e .  

s ubcu t aneou s ,  i nterm� scu l ar ,  i ntern a l  and i ntramu scu l ar ) . 
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As  the co n s umer ' s  percept i on  of the re l at i ve va l ue s  of fat and 

l e an t i s s ues ch anged , meat s c i ent i s t s  began  to quest i on the wi de l y

accepted be l i ef t h at any i ncrease i n  fat content wou l d  l e ad to  a 

commensurate i mprovement i n  taste  appeal . The real i s at i on emerged 

t h at an i ncrease i n  fatnes s beyond  a cert a i n but undefi n ed po i nt h ad a 

nega t i ve effect o n  va l u e  percept i on . 

Because  of the negat i ve react i on to th e word " fat" by many 

peop l e ,  and because  of t he  economi c i mp l i c at i on s ,  th e overfatnes s  of 

s heep c arcas ses  has become a common prob l em i n  m any deve l oped 

countr i es i nc l ud i ng New Zea l and ( Fr aze r ,  1 982 ) .  W i th i ncreas i ng 

cons umer aff l u ence and compet i t i on from other foods the demand i s  not 

o n l y  for l e an meat , but  al s o  for meat of h i gh qu a l i ty .  

S ome genet i c  var i at i on i n  c arcas s compos i t i on of  s heep does exi st  

and can  be u sed by the breeder to c hange the fat  content of l amb 

carcas ses . The effect i veness  of i mprov i ng carca s s  qu al i ty by 

se l ect i ng for a qu ant i t at i ve tra i t  s uch  as backfat th i ckness  on l i ve 

a n i ma l s depend s on both the her i tab i l i ty of the tra i t and - i t s genet i c  

corre l a t i on wi th  c arcass  mer i t .  I n  th i s  res pect , severa l  methods h ave  

been  deve l oped for measur i ng  b ac kfat t h i ckness  i n  l i ve s heep . Purchas  

and Beac h  ( 1 981 ) and B a s s  et �· ( 1 982 ) s howed th at u l traso n i c  fat 

depth meas urements were moderate l y  we l l  rel ated to th e carcass fat 

content  i n  l i ve sheep . 

and aga i n st fatness  

F urthermore , se l ect i on of l i ne s  of sheep for 

based on u l t r ason i c a l l y  measured fat depth 

mea s urements h a s  been s ucces sf u l l y  u ndert aken at severa l  centres i n  

New Zea l and . I n format i o n  on  changes i n  c arcas s tra i ts due  to 

s e l ect i on for backfat th i ck nes s  w i l l  a l l ow theoret i ca l  ge net i c  

expect at i on s  t o  b e  c hecked aga i n s t  act u a l se l ect i on respon s es . 

Resu l ts of prev i ous  stud i es concern i ng re l at i ons h i ps between fatness  

and qu al i ty of meat have  been  contrad i ctory, but  t he  effect s of 

s e l ect i on for fatness on carcass  and meat qu al i ty of s heep do n ot 

appear to  h ave  been eva l u ated . 

At Mas sey Un i vers i ty ,  a b reed i ng programme i nvo l v i ng se l ect i on 

for fat  and meaty Southdown s heep was i n i t i ated i n  1 976 . The 

South down breed was chosen because  of i ts exten s i ve use i n  New Zea l and 

as a s i re of l amb s for the exp ort trade i n  c arcasses  and  cuts . I t  was 
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con s i dered th at a co n s i derab l e  r ange i n  fatness  co u l d  be obt a i ned from 

wi th i n  th i s  breed . 

The ge neral  a i m  of  th e exper i ments reported h ere was to  study the  

c arcass  compos i t i on ,  a nd  the  bi ophys i ca l  a nd  b i oc hemi c a l  

c h aracter i s t i cs  of mu sc l e  from s heep wh i ch were e i ther representat i ve 

of ge net i c  l i nes se l ect ed for or ag a i nst  fatness  or the  crossbred 

offs pr i ng of rams from these  l i nes . 

Spec i f i c obj ect i ve s  of these exper iments  were to  compare the  

a n i mal s from fat  and  meaty ge net i c  l i nes  wi t h  regard to : 

1 - A wi de range of c arc ass  compos i t i on c h ar acter i s t i cs i nc l ud i ng 

the depth of s ubcutaneous  fat u sed a s  t he  se l ect i on cr i ter i on . 

2 - Chemi ca l , p hys i c a l  and h i stol og i c a l  t ra i ts of musc l e  wh i c h  

have i mp l i c a t i ons  for meat qua l i ty c h ar acter i s t i c s .  

3 - I n teract i ons  between the effects  o f  l eve l  o f  fatness and 

several post -mortem treatments on meat qua l i ty ch aracter i s 

t i c s ,  and , · , n p art i cu l ar ,  o n  measures  of  meat tendernes � .  
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Th i s  rev i ew wi l l  be concerned wi th factors affect i ng c arc ass  and 

meat q u a l i ty and wi th rel at i on s h i ps between musc l e  character i st i c s and 

meat q u a l i ty .  Few i nvest i ga t i ons  have exami ned the effect of 

sel ect i on aga i n st  fatness on carca s s  and meat qua l i ty of s heep , s o  

i mportant  fi nd i ng s  beari ng on  th e ge neral effect of f at ne s s  on carc a s s  

and meat q u a l i ty c h aract er i st i c s wi l l  b e  con s i dered . Carcass  qua l i ty 

and meat q u a l i ty a spects wi l l  be  rev i ewed s eparate ly .  

I n  the  sect i on on  carc a s s  qua l i ty ,  emphas i s  wi l l  be g i ven  to  

factors affect i ng carcass  compos i t i on ,  i nc l ud i ng a n i ma l  we i ght and 

age , genotype ,  n utr i t i on and s ex .  Compos i t i on wi l l  be  con s i dered 

mai n l y  i n  terms of proport i on s  of musc l e ,  fat and bone ,  but the  

part i t i on i ng of fat  between depots and i ts d i str i bu t i on through t he  

carca s ses of meat an i mal s wi l l  a l so be  con s i dered . I n  add i t i on 

factors affect i ng ce l l u l ar i ty of  fat depots wi l l  be rev i ewed . 

The s ect i on o n  meat qu al i ty wi l l  con s i der the ways i n  wh i ch meat 

qua l i ty has been defi ned and the  bas i c  structural  and  b i ophys i c a l  

c haracter i st i cs o f  musc l e  wh i c h h ave been shown to contr i bute t o  t h e  

pa l atab i l i ty and appearance c h aracteri s t i c s  of meat . F or each of  

these mu s c l e c h aracter i st i cs p art i cu l ar attent i on wi l l  be g i ven  to  

ev i dence  th at i t  m ay be i nvo l ved i n  med i at i ng any rel at i on s h i p  between 

fatnes s  and meat q u a l i ty .  

2-2 BODY AND CARCASS COMPOSITION 

2-2 - 1  DRESS I NG-OUT P ERCENT 

The  dress i ng -out percent , wh i c h  i s  a meas ure of c arcass  we i ght 

rel at i ve to l i ve we i ght of t he  a n i mal , wi l l  depend u pon  a n umber of 

factors , the most  i mport ant be i ng the state of matur i ty ,  the degree of  

fatnes s ,  b reed , s ex ,  a nd a l i mentary tract  contents . The l ast  factor 

wi l l  vary depend i ng upon  th e per i od of fast i ng and the amount  of feed 

cons umed before s l a ug hter .  
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There i s  a weal th of i nformat i on concern i ng the effect of t he  

s t ate of  matur i ty ,  fatness  a nd  s l aughter we i g ht o n  the dres s i ng-out  

p ercent ( Hammond , 1 932 ; Four i e  et �. , 1 970 ; - Purchas ,  1 978 ; So l omon et  

�· ,  1 980 ; L l oyd � �· , 1 981 ; Sents � �· , 1 981 ; K i rton � �· , 

1 984 ; Hawk i n s  et �. , 1 985a ;  Lee , 1 986a , b ) . Accord i ng to H ammond  

( 1 932 ) fat  a n i ma l s y i e l d a h i gher carc ass  percent th an moderate l y  fat 

o nes . Four i e et a l . ( 1 970 ) showed th at the d res s i ng-out  percent of 

the Southdown breed ( b ased on  empty l i ve we i g ht ) vari ed wi th age from 
4 7 . 6  at b i rth to  58 . 6  at maturi ty ,  and attr i buted th i s  i ncrease i n  

dres s i ng-out 

a nd fat i n  

percent wi tb age to th e i ncreas i ng proport i on of musc l e  

th e carcas s .  The s ame authors found t h at the  mature 

South down carri ed more fat th an the mature Romney and the  dres s i ng-out  

percent was  58 . 6  and 55 . 7  res pect i ve l y .  Lee  ( 1 986a , b )  reported th at 

the  dre s s i ng-out percent i ncreased s i gn i f i cant ly  wi th  i ncreas i ng 

c arca s s  we i g ht by 0 . 45-0 . 80 un i ts/kg  carc ass  we i g ht . 

Dres s i ng-out  percent i s  l ower for rams t h an ewes or wethcrs , wi th 

th i s  d i fference i ncreas i ng wi th age ( Hammond , 1 932 ; Br adford and  

S p ar l oc k , 1 964 ; Purch as , 1 978 ; L l oyd et �. , 1 981 ; Ahmad and Dav i e s ,  

1 986 ; Lee , 1 986a , b ) .  There are , however , some other reports i n  the  

l i terature where t he  d i fferences i n  dres s i ng-out  percents  of r ams , 

weth ers and ewes were 48 . 8 , 50 . 0  and 50 . 8  res pect i ve l y , the  d i ffer

ences bei ng non-s i gn i f i c ant . Cresswe l l et �· ( 1 964a , b )  found th at 

r ams and part i a l castrates had l ower dress i ng-out percents t h an 

wethers , but the d i fference was  not s i gn i f i cant . Prescott and L ammi ng  

( 1 964 ) i nd i c ated t h at gut  fi l l  was  greater i n  enti re mal e s  t h an i n  

c astrated ma l es . They fou nd l i tt l e d i fference i n  dres s i ng-out  percent 

between ent i re ·  and castrated ma l e s heep ( 55 . 6  and 56 . 9 ,  res pect i ve l y )  

when dres s i ng-out percent was ca l cu l ated o n  an  empty body we i g ht 

b as i s .  Fou r i e  et �· ( 1 970 ) reported s i mi l ar resu l t s and attr i buted 

the sma l l d i fference i n  dres s i ng -out percent between ma l es and femal es 

to  the  h i g her percent of subcu taneous fat i n  the fema l e c arcas se s . 

F urth ermore the heav i er bone of  the head and l ower extremi t i es of t h e  

mal e al so  h a s  an  ad verse effect o n  th e dre s s i ng -out p ercent . Ther i ez 

et �· ( 1 982 ) showed· th at th e dre s s i ng-out percent of I l e  de France X 

( Romanove X L i mou s i n ) femal e s  was s i gn i f i cant l y h i gher than  the ma l e s  

( 48 . 0 v s  45 . 4 ) at s i mi l ar carcass  we i ght . Ahmad a n d  Dav i es ( 1 986 ) 
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reported th at the dres s i ng-out  percent was s i gn i f i c an t l y  h i gher for 

wethers  and ewes th an rams by 2 . 3  and 3 . 6  u n i ts res pect i ve l y  at 

s im i l ar fasted l i ve we i g ht s . S i m i l ar ly ,  Lee ( 1 986a )  found th at wether 

carc a s se s  dressed out 1 . 7  u n i ts heav i er th an those of r ams at the s ame 

carc a s s  we i ght . The s ame author i n  another exper iment ( 1 986b ) found 

th at at th e s ame carcass we i g ht ( 1 7 . 6  k g )  weth ers dres sed 2 . 3% s i gn i 

fi can t l y  heav i er th an rams . L i rette � �· ( 1 984 ) compared the  

dres s i ng -out  percent between wether and  r am l amb s at 1 20 days of  age 

and found no  s i gn i fi cant d i fference between sexe s .  More recen t l y , 

Hawk i n s et �- ( 1 985a )  reported th at th e dres s i ng-out percent of ewes 

and wethers  were 52 . 0  and 5 1 . 2  at 1 28 and 1 20 days of  age , th e d i f

ference  b e i ng non-s i gn i fi cant . 

D i fferences among breed s i n  dres s i ng-out percent  h ave been 

i nv e s t i gated wi de l y  ( Four i e  et �. , 1 970 ; Purch a s ,  1 9 79 ; Sol omon et 

�· , 1 980 ; K i rton et �· , 1 981 ; L l oyd et �- , 1 981 ; Morr i so n  and 
Dahmen , 1 983 ) . An exper i ment conducted by Fahmy � �- ( 1 972 ) s howed 

th at Southdown l ambs had a 0 . 25% h i gher dres s i ng-out  percent than  

Suffo l k l amb s at the s ame we i g ht , but th i s  d i fference was not s i gn i fi 

cant . Th i s  res u l t  i s  i n  agreement wi th Meyer et �· ( 1 978 )  who s howed 

no s i gn i f i cant  d i fferences among Southdown , Oxford and Suffo l k  c ros s  

l amb s .  S i mi l ar ly ,  no d i fference i n  dre s s i ng-out percent between 

Targ hee and S uffol k X Targhee breed was reported by L l oyd et  �
( 1 981 ) .  Further , the dres s i ng-out percent of South down -s i red l amb s 

was 0 . 80 h i gher th an the H amp s h i re-s i red l amb s i n  the s t udy of P urchas  

( 1 979 ) , but  th i s  d i fference was not  s i gn i f i can t .  K i rton et �- ( 1 981 ) 

reported th at Southdown X Romney l amb s h ad h i gher dres s i ng-out per

cents t h an stra i ght Romneys . A s imi l ar res u l t  h as been reported by 

Four i e  et  a l . ( 1 970 ) . So l omon et a l . ( 1 980 ) s howed t h at the 

dres s i ng -out  p ercent was s i gn i f i cant l y  h i gher for a ( 1 /2 S uffol k ,  1 /4 

F i n n i s h -L and r ace  and 1 /4 Southdown ) group th an  a 3/4 S uffol k and 1 /4 

Rambou i l l et )  group ( 5 1 . 9  v s  4 9 . 1 % ) . Morr i son and Dahmen ( 1 983 ) s howed 

no s i gn i f i cant  d i fferences among four crossbred s at th e s ame s l aughter 

we i g ht  for dres s i ng -out percents ( Suffol k X Wh i te-face Suffol k and 

L i nc o l n L ongwool X Wh i te-face Western ) .  Recent l y , H awk i n s et �

( 1 985a )  compared two ge net i c  types ( SR )  1 /2 H amp sh i re X S uffol k + 1 /4 

R ambou i l l et a nd ( FS )  � /2 H ampsh i re X F i nn i s h L andrace + 1 /4 Southdown . 

The dres s i ng-out  percent was s i gn i fi cant l y  h i gher for FS  than SR , and 

• 
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th i s  d i fference was attri buted to  t he  greater q u ant i ty of fat i n  FS 

th an SR . 

Andrews et � ( 1 969 ) stud i ed t he  effect of fi ve concentrat i on s  of 

met abo l i s ab l e  energy ( 2 . 80 ,  2 . 68 ,  2 . 56 ,  2 . 45 and 2 . 30 Mec a l / k g  OM ) on 

the d res s i ng-out  percent of Romney X Swa l ed a l e l amb s s l aughtered at 

s im i l ar wei g ht s .  The data  i nd i cated th at l ambs on the f i rst  th ree 

d i et s  h ad s i gn i f i cant l y  h i gher dres s i ng-out  percents th an those  on the 

l ast  two d i et s . Twenty-four Mer i no X Border Le i cester l amb s were 

randomi sed i nto  h i gh- and l ow-energy d i et s  by Ahmad and Dav i es ( 1 986 ) .  

They found t h at the  h i gh-e nergy d i et l amb s h ad s i gn i f i c ant l y  h i gher 

dres s i ng-out  percents th an l ow-energy d i et l amb s ( 53 . 5  v s  50 . 9 )  at 

s i m i l ar fasted l i ve we i ght . I n  contrast , Lee ( 1 986b )  found t h at at 

th e s ame carc a s s  we i g ht , l amb s on  t he  l ow l eve l  of nutr i t i on  prov i ded 

carcasses  dres s i ng 1 . 3 u n i ts heav i er th an carcasses from l amb s fed the 

h i g h l eve l  of  n u tr i t i on .  

2-2-2 FAT P ERCENT 

2-2-2-1  F actors Affec ti ng F at Percent 

2-2-2-1 - 1  An i mal Age and We i ght 

Most of the var i at i on i n  the body compos i t i on of s heep appears to 

be a ssoc i ated wi th  the amount of fat rel at i ve to  the non-fat port i on 

( B l ack , 1 983 ) . I n  genera l  an i ncrease  i n  carcass  we i g ht i n  l amb s has  

been shown to  be  assoc i ated wi th an  i ncrease i n  fatness  ( L i tt l e and 

Sand l and , 1 975 ; Ther i ez et �. , 1 982 ; Hodge and Star , 1 984 ; Bray et 

�. , 1 985 ) . The amount of s eparab l e  fat was h i gh l y  corre l ated wi th 

c arcass  wei g ht of mature sheep but  l es s  c l o se ly  corre l ated wi th  car

ca s s  wei ght  when on l y  l i ght-we i ght c arcasses  were co n s i dered ( B arton 

and K i rton , 1 958b ) . Smi th- P i l l i ng and B arton ( 1 954 )  reported th at as 

the  c arca s s  we i ght of  ewes i ncreased there was a natural  i nc rease i n  

the  percent of fat . The fat t i s s u e  percent i ncreased 22 . 7 7% when the 

carca s s  we i g ht was i ncreased from 2 1 . 77 to 3 3 . 1 1  kg and above . The 

correspond i ng decreases i n  percent of  bone and muscu l ar t i s sue  were 
' 

2 . 1 4  and 5 . 1 3% ,  respect i ve l y .  B arton and K i rton ( 1 958b ) i nd i c ated 

t h at the correl at i cin between carc a s s  we i ght and d i s sect i b l e  fat was 

0 . 94 i n  wether l amb s ,  0 . 87 i n  ewe l amb s and 0 . 94 i n  mature ewes . 

Res u l t s  on  l amb carcasses  of sever a l  breed s pub l i shed by Southam and 
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F i e l d ( 1 969 )  s howed th at a s  carcas s we i ght i ncreased there was a n  

i nc rease  i n  percent k i dney fat , fat depth over � l ongi s s i mu s  and  

body-wa l l  th i ck nes s .  Sents et �· ( 1 982 ) reported th at the percent  of 

fat i n  carcas ses  of r am l amb s i ncreased by 0 . 04 ,  0 . 02 and 0 . 02 respec

t i ve l y , for each  1 0  kg  i ncrease i n  s l aughter we i g ht above 45 . 5  k g .  

B u t l er-Hog g ( 1 984b ) stud i ed the growth of South down and C l u n l ambs 

over the per i od from b i rth to  41 5 days of age . Body compos i t i on 

ch anged s i gn i f i cant l y  wi th age .  Tota l  b ody fat i ncreased from 28  and  

37 ( g/ k g  l i ve we i g ht ) at  b i rth  up to  455 and 432 ( g/ k g  l i ve we i gh t ) at 

41 5 days of age for Southdown and C l u n  breed s ,  respect i ve l y , but  th ere 

was no  breed d i fference i n  th e re l at i ve growth of tota l  body f at . 

Regres s i on an a l yses  of  compos i t i on a l  tra i ts on  hot carcass  we i g ht were 

performed by Camp i on et �· ( 1 976 ) .  The regres s i on a n a lys i s  of t he i r 

data  i nd i cated 45  k g  l amb s wou l d  h ave 2 . 5  mm and 73 k g  l amb s 6 . 1 mm 

depth of fat at the  1 2th r i b ,  wh i ch i s  a rate of i ncrease s i mi l ar to  

that  reported by Sents  et �· ( 1 982 ) .  Wood et �· ( 1 980 ) demonstrated 

that as c arca s s  we i g ht i ncreased from 1 5  to 2 1  kg  there were i ncreases  

i n  the  percents of  tota l  fat , s u bcu taneou s fat , KKCF and  cauda l  fat of  

4 . 80% , 4 . 8�% , 1 . 00% and  1 . 07% res pect i ve l y , b ut  th ere �lds no change i n  

percent of i ntermu s c u l ar fat . 

2 - 2 - 2 - 1 - 2  An i ma l  Genotype 

A n umber of i nve st i ga tors have demonstrated l arge d i fference s  i n  

tota l  body fat b etween breed s ( Four i e  � �. , 1 970 ; Sear l e  and 

Gr i ffi th s ,  1 976 ; McC l e l l and et �. , 1 976 ; Coop et �. , 1 979 ; Wood et 

�. , 1 980 ) . The general conc l u s i on from the i r  s tud i es has  been th at 

at t he  s ame carc a s s  we i g ht ,  s heep from breed s .of sma l l er mature s i z e  

tend t o  produce  c arcasses  wi th more f at  than  those from breed s of  

l arger  mature s i ze .  A n  overal l a s sessment of  reported res u l t s  

( K i rton , 1 976 ) i nd i c ated th at the  Southdown - the  smal l est  of t he  

Br i t i sh Down breed s - when u s ed as a s i re ,  h as t he  greatest tendency 

of a l l breed s to p romote carcass  fatness i n  i ts progeny, produc i ng 3-

6% more fat as a proport i on of c arcas s  we i g ht th an the  Suffo l k when 

compared at  the s ame c arca s s  we i ght . On the other h and , l amb s s i red 

by th e Texe l , S uffo l k ,  Dorset Horn/Po l l Dorset and H amp s h i re ( Re i d  � 

�. , 1 968 ;  K i rton , 1 976 ) produce ,  on average , l es s  fatty carc a s ses  

when compared at  t he  s ame we i ght , mak i ng these  termi n a l  s i re breeds 

more s u i tab l e for heavy-we i g ht l amb product i o n .  The effect of the 
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F i nn i sh L andrac e  breed on carcass  compos i t i on was exam i ned by com

par i n g  ma l e  progeny of Gal way ewes wh i ch had been mated wi th F i n n 

L andr ac e ,  G a l way or F i nga l way ( 1 /2 F i nn L andrace X Ga l way) rams 

( Hanrah an et �. , 1 978 ) . At th e s ame carca s s  we i ght , F i nn i s h Landrace 

rams i ncreased fat percent by fi ve p ercent po i n ts  compared wi th Ga l way 

rams . The compo s i t i on of Mer i no ,  Romney, Corri ed a l e ,  Perenda l e and 

Border L e i c ester X Romney weth ers was stud i ed by K i rton  et �· ( 1 974 ) 

wi th res pect to s u bcutaneous fat th i ckness , percent per i renal  fat and 

percent  c arcas s fat . I n  ge nera l , t h e  Perenda l e  l amb s were the fattest 

and t h e  Mer i nos  h ad th e l east fat , c l o s e l y  fo l l owed by the Romney ,  

when th e breed s were compared o n  an age-constant  bas i s .  However ,  at 

const ant  c arcas s wei ght , th e Romney l amb s were th e l e anest  breed and 

the Perenda l e  and Mer i no l amb s were among  the f attest  for most  

meas u re s .  A n  i nvest i gat i on compari ng cros sbred l amb s by Suffol k ,  

Dorset Down and Southdown s i res  at the  s ame c arcass we i g ht was repor

ted by K i rton et a l  ( 1 978 ) . The Suffol k - s i red carcasses  h ad 

s i gn i f i cant l y  l ower fat th i cknesses  at two s i tes ( 5 1  and 52 ) on the 

s hou l der ,  av erag i ng around 30% l e s s  than the Southdown- and Dorset

s i red c arcas ses . In  ad d i t i o n ,  th e Suffol k- s i red l amb s h ad more th an 

25% l es s  k i dney fat th an l amb s s i red by t he  other breed s .  These 

resu l t s  are i n  agreement wi th those reported by Meyer et  �· ( 1 978 )  

who s howed th at at th e s ame carcass  we i g ht Southdown -cross  l amb s h ad 

greater amounts  of  total  fat i n  the c arcass  than l amb s s i red by Oxford 

and S uffo l k rams . Coop et �· ( 1 979 )  reported th at fat v ar i ed from 

36 . 7% i n  the  South down to 32 . 8% i n  the Coopworth and Romney and to 

2 8 . 8% i n  the Dorset Down , Po l l Dorset and Suffol k breed s of  1 8  k g .  

P urchas ( 1 97 9 )  found th at H amp s h i re- s i red l ambs were fatter than 

Southdown- s i red l amb s ,  when th e i r  c arcass we i g ht s were 1 6 . 95 and 1 4 . 85 

k g  res pect i ve l y .  Crouse et �· ( 1 981 ) found that at co nstant  l i ve 

we i g ht , S uffol k l ambs had s i gn i f i c ant l y  l es s  k i dney and pe l v i c  fat 

t han R ambou i l l et l amb s ,  but  th at f at th i ckness  was s i mi l ar i n  both 

breed s .  Ther i ez et �· ( 1 982 ) found that I l e  de France cros s bred l ambs 

were l e aner th an  Berr i c hon crossbreds desp i te a h i gher c arcass  we i ght 

( 1 6 . 2  k g  v s  1 5 . 2 ) .  B ut l er-Hogg ( 1 984b )  compared Sou thdown wi th C l u n 

l amb s over a r ange of age s ( 0-4 1 5 days ) . At e ach s l aughter age the 

two breed s had s im i l ar proport i ons  of total  body fat , desp i te b i g  

d i fferences  i n  l i ve wei ght . Howeve r ,  McC l e l l and and R u s s e l  ( 1 972 ) 

n oted t h at there i s  a shortage  of  pub l i s hed i nformat i on on the  

re l at i ve mat ure s i ze of  d i fferent s heep breed s r a i s ed i n  c ommon 
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env i ronments . McC l e l l and et a l . ( 1 976  ) demonstrated t h at i n  four 

s heep breed s of w i de l y  d i fferent mature we i ght s ,  d i fferences  i n  body 

compos i t i on d u e  to  breed were l arge l y  el im i n ated by compar i s on  at the  

s ame proport i on of matur i ty .  B utterfi e l d  � �· ( 1 983a )  u s ed d i s sec 

t i on d a t a  from 20  l arge mature-s i ze stra i n a n d  1 9  smal l mature-s i z e  

stra i n Mer i no rams , and found t h at at  the s ame degree of maturi ty the  

carcass  compo s i t i on of mature r ams of both stra i ns  was  s i m i l ar for t he  

proport i on s  of  mus c l e  a nd  bone ,  b ut  t hat  th ere was a s l i g ht l y  greater 

proport i on of  fat i n  th e l arger stra i n .  They conc l u ded t h at the mo st  

accurate  est i mate of real  breed d i fference i s  th at made  at  the  s ame 

state of matur i ty .  S i mi l ar l y , Cameron and Orury ( 1 985 ) found th at at 

the  s ame proport i on of s ubcutaneous fat , s l aug hter age and  c arca s s  

we i ght were pos i t i v e l y  corre l ated between s i re breed s ,  wh i ch s uggested 

that b reed s of  h e av i er mature we i ght tended to  take l o nger to  reach a 

p arti cu l ar l ev e l  of  s u bcu taneous  fat . Lee ( 1 984 ) reported t h at i n  a 

st udy i nvo l v i ng 2 1 9  l ambs of the  Wel s h  Mounta i n and Scott i s h B l ackface 

breed s s l aug htered i n  6 groups at fortn i g ht l y  i nterv a l s from 6 to 8 

months  of  age , t he  Wel sh  Mo unt a i n  l ambs were more mature and had more 

k i dney fat  and a h i gher fat content i n  the l o i r , reg i on at the s ame 

age ,  wh i l e at the s ame degree of  matur i ty ,  the We l s h c arcasses h ad 

more k i d n ey fat but  the d i fferences for fat i n  t he  l o i n  reg i on 

d i s appeared . 

The de s i gn of  genet i c i mprovement schemes for any spec i es  depend s 

on th e h er i t ab i l i ty of tra i ts of economi c i mportance , and on  the  

genet i c r e l a t i on s h i p s among tra i ts ( Wo l f � �. ,  1 981 ) .  A n umber of 

workers  h av e  reported that c arcass  compo s i t i on ,  part i cu l ar l y  t he  

amount of fat  i n  the  v ar i o u s  fat  depot s ,  are moderate l y  t o  h i gh l y  

heri t ab l e  and  a good agreement between the her i tabi l i ty o f  fat th i ck 

ness  and t h e  her i t ab i l i ty of  percent fat i n  the carc a s s  i s  ev i dent 

( Tab l e  2 - 1 ) .  Th i s  s uggests th at th e proporti ons of the  major fatty 

t i s sues  i n  th e carcass  can be c h anged by  genet i c  s e l ect i on wi th i n  a 

breed i n  t h e  l o ng term . The most common meas ure of fat  depth i n  the  

s heep carc a s s  i s  one  made over  th e M .  l ongi s s i mu s ,  i . e . , measurement  

C ,  on t h e  c u t s u rf ace  of the  r i b  or l o i n .  The her i t ab i l i ty of  th i s  

tra i t  i n  s h eep h a s  been determi ned by var i ous  workers  and the i r  

est imates  are s ummar i zed i n  T ab l e  2 - 1 . Th i s  i nd i cates t h at fat depth 

i n  l amb s c o u l d be c h anged by s e l ect i on .  



Table 2-1 . Estimates of heritabi lity of  fat depth c ,  and certain other fatness measurements in sheep. 

Her i tabil i ties 
No.  No . Data adjusted Fat depth Carcass Subcut aneous Kidney 

animals sires Breed for c fat % fat 0' fat % References "' 

2 1 8  4 0  4 breeds age - . 36 - . 28 - - Al-Barhawe ( 1 966) 
802 58 3 breeds weight • 51 . 54 - . 1 7  Botkin et al .  ( 1 969) 
1 78 1 8  Poll Dorset 

Horn weight . 40 - - - Bowman and Hendy ( 1 972)  
1 67 1 7  Suffolk X weight . 26 - - - Brad ford and Spurlock ( 1 972 ) 

Corriedale 
269 32 Poll Dorset 

X Merino age and weight . 37 - - . 55 Cotterill and Roberts ( 1 976)  
474 1 2  Romney age • 31 - - - Mohamed ( 1 976)  
584 85 7 breeds age . 28 - - . 1 2  Olson et al . ( 1 976b) 
994 65 6 breeds weight . 2 1 . 37 . 36 . 37 Wol f et al .  ( 1 981 ) 
500 - Poll Dorset 

X Border 
Leicester X 
Merino - . 78 - - - Ransom ( 1 981 ) 

1 637  8 to 1 2  South down 
X Romney age . 36 . 26 . 33 . 49 Bennett et al . ( 1 981 / 1 982 ) 

1 637 8 to 1 2  Southdown weight . 28 . 2 1 . 1 9  . 42 Bennett et aT. ( 1 981 /1 982 ) 
X Romney Thorsteinsson and 

1 826 2 1 6  Iceland age . 32 - - - Bjornsson ( 1 982 ) 
61 2 - Columbia age . 20 - - - Sharma ( 1 983)  

1 600 51  4 breeds age . 22 - - - Bennett et al . ( 1 982/ 1 983)  
1 600 51  4 breeds weight • 35 - - - Bennett et aT. ( 1 982/1 983)  

850 5 1  Romney age . 1 9 . 37 • 34 - Clarke et al . ( 1 984/1 985)  

-" 
-" 
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The phenotyp i c  and ge net i c correl at i on s  between s ubcut aneou s fat  

depth and percent c arcas s compos i t i on i n  s heep at  a fi x ed l i ve we i g ht 

were moderate l y  h i g h i n  the st udy of Wo l f � �- ( 1 981 ) .  I n  p art i 

cu l ar ,  th e genet i c  correl at i on s  between s ubcutaneous  fat depth and 

total  fat percent ,  s u bcu taneous fat percent , i nt ermuscu l ar percent  and 

KKCF percent were 0 . 74 ,  0 . 80 ,  0 . 50 and 0 . 55 ( Wol f � �. , 1 981 ) .  

S i mi l ar observat i on s  were made by C l arke � �- ( 1 984/ 1 985 ) .  The data  

i nd i c ated t h at t h e  g e net i c  correl at i on between  d i s sected fat  and 

c hemi ca l  fat was c l o se  to 1 ,  a l so  genet i c  corre l at ions  between d i s s ec

ted f at ,  s ubcutaneous  fat  and i ntermuscu l ar fat percents and fat depth  

over M .  l ongi s s i mu s  were 0 . 76 ,  0 . 74 a n d  0 . 77 respect i ve l y . These  

corre l at i on s  i nd i c ated th at genet i c  se l ect i on to  change  carcass  com

pos i t i on at a fi x ed l i ve we i g ht shou l d be s uc ces sfu l ( Wo l f et �- , 

1 981 ) .  For more d e t a i l s  and references , s ee Tab l e  5- 1 . 

The d i ffi cu l t i es of  est i mat i ng carcass  compos i t i on i n  the  l i ve 

an ima l  may d i ct ate  t h e  u se of a progeny test wi th  i t s d i s advantage s of 

h i gher cost , l ower se l ect i on i n tens i ty and i ncreased generat i on 

i nterva l  re l at i ve t o  th e performance test ( Wo l f  et �. , 1 981 ) .  Thus  

the corre l at i on between  tra i t s  wh i ch c an be measured i n  the  l i ve  

an ima l  a nd  i ts c arca s s  compos i t i on are  of  part i cu l ar i nterest .  

Severa l  u l trason i c  m ac h i nes have been d evel oped t o  meas u re 

s ubcu taneous  fat  of  th e l i ve an i ma l , b u t  Kempster et a l . ( 1 977 ) ,  

Thompson et �- ( 1 97 7 )  and C l ements et �- ( 1 981 ) h ave conc l uded that  

the l eve l  of prec i s i on i n  meas ur i ng s ubcu t aneou s fat th i ckness  was l ow 

rel at i ve to the act u a l  fat  th i ckness  meas urement , and th at th i s  wou l d  

effect i ve l y  l ower t he  act ua l  her i tab i l i ty and conseq uent l y  t h e  

expected progres s i n  a s e l ect i on programme . I n  contrast ,  av a i l ab l e  

ev i de nce  i nd i cates  t h at the u l t raso n i c  i ns trument  descr i bed by Gooden 

et a l . ( 1 980 ) and P urchas  and Beach ( 1 981 ) prov i des  res u l t s  wh i ch 

rel ate  s at i sfactor i l y t o  comparab l e  c arca s s  measurement s . However , 

the s uccess  i n  c h a ng i ng c arca s s  fat depots by s e l ect i on on  the  l i ve  

an ima l  depend s o n  t he  accuracy of fat  measurement ( Purchas  et �. , 

1 981 ; Bennett et �. , 1 983 ) . Se l ect i on for and aga i n s t  l i ve a n i ma l  

fatness  h as res u l t ed i n  s i gn i fi c ant c h ange s i n  c arcass  fat  i n  

Coopworth s heep ( Fennes sy et �- , 1 982 ) , wi th d i fferences  of 0 . 38 mm 

at fat  depth C and  0 . 54 mm at GR between h i gh and l ow fat progeny 

averag i ng 1 3 . 5  k g  � arcass  we i ght . More recen t l y , Fennessy et �

( 1 987 ) reported a d i fference  of 3 . 24 mm fat depth at C between 
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s e l ected fat and l e an  Coopworth s heep at 3 4  k g  l i vewe i ght . Meyer et 

al ( 1 981 /1 982 ) u sed South down and Suffo l k s i res se l ected for h i g h and 

l ow we i g ht-corrected fatness  s howed th at th e C fat depth over the l o i n  

reg i on was 1 0% l es s  i n  progeny of the  fat s i re s ,  but d i fferences were 

not s een i n  GR fatne s s . They s ugge sted t h at s ucces sfu l s e l ect i on  

ag a i n s t  fatness at one carcass  s i te may not  be as effect i ve i n  

reduc i ng tota l  carc a s s  fatness . 

2-2-2 - 1 -3 Sex . 

D i fferences between i ntact ma l e s ,  c a strated ma l es  and i ntact 

fema l e s  are a l so i mportant determi n ants of body fat content i n  sheep 

( W i l son  et �. , 1 9 72 ) .  Thu s rams grow faster and cont a i n l es s  f at 

th an ewe s ,  and wethers  are fatter th an rams b u t  l es s  fat t h an ewes 

( Andrews and Orskov , 1 97 0 ;  Vez i nhet and Prud 1 ho n ,  1 9 75 ; Sear l e  and 

Gr i ffi th s ,  1 9 76 ) .  S h e l t on and Carpenter ( 1 972 ) sugge sted th at not 

o n l y  was  th e amount  of fat l es s  i n  r ams t han  i n  wethers or ewes , b ut  

a l so the rate  of  depos i t i on was  muc h l ower at heavy we i g hts  ( 54 k g  

l i ve we i ght ) i n  r ams . D i fferences i n  fatness  between rams and ewes 

h ave been detected on l y  when l i ve body we i ght  exceeded 1 4- 1 5 k g  i n  

s ome s t ud i es ( Andrews and Or skov , 1 970 ; Sear l e  and Gr i ff i th s ,  1 976 ) . 

S i mi l a r l y ,  compar i son  of sexe s from Southdown and Romney breed s and 

the i r  cros s  for c arcass  fat we i g ht at the s ame carcass  we i ght was 

c arri ed o ut i n  a comprehens i ve experiment by Four i e  � �- ( 1 970 ) ,  

u s i ng regress i ons  der i ved i n  l ogar i thm i c  form . The data  s howed t h at 

r am l amb s co nta i n ed l es s  fat th an ewe l amb s .  Th i s d i fference was on 

average 1 . 2% at 5 k g ,  3 . 2% at 1 0  k g ,  6 . 2% at 20  kg and 7 . 7% at 30 k g  

c arca s s  we i g ht s .  They attr i bu ted these  d i fferences , espec i a l l y  

t oward s the heav i er we i ght , to the e ar l i er matur i ty of t he  ewe l amb s .  

I n  genera l , th e d i fferences between sexes i n  fat  meas urements  become 

greater as we i ght i ncreased ( Kemp et �. , 1 972 ) . Purcha s  ( 1 97 9 )  found 

t h at at an average c arcass  we i ght of 1 5 . 9  k g ,  ram l ambs were of 

s imi l ar fatness  t o  ewes wi th carcasses 2 . 2  kg l i ghter . Sear l e and 

G r i ffi t h s  ( 1 976 ) fou nd th at femal es depo s i ted more fat at a l ower body 

wei ght  th an mal e s heep , wi th the rate of depos i t i on i ncreas i ng at a 

l ower body we i ght i n  fema l es compared wi th  ma l e s .  These d i fferences 

i n  r ates of fat depos i t i on i n  ma l es and fema l e s  may be re l ated to 

d i fferences i n  th e i r  mature body we i ghts ( Se ar l e  et �. , 1 972 ; P r i c e ,  

1 975 ) . Ferrel l et  a l . ( 1 979 ) s howed th at at  a con st ant  empty body 
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36 . 4  k g  rams co nta i ned s i gn i f i cant l y  l es s  fat th an ewe s .  

Morgan and Owen ( 1 9 73 ) , Crou se  et �· ( 1 981 ) ,  Ther i ez et 

and Ahmad and Oav i es ( 1 986 ) conc l uded that fema l e  l amb s 

h ave more fat  i n  th e i r  c arcasses  th an ma l e l amb s at the s ame we i ght . 

L i rette et �· ( 1 984 ) reported that castrat i on h ad no i nf l uence  on  the 

accumu l at i on of  f at depos i ts above the � l ongi s s i mus between the  8th , 

9th and 1 3th r i bs ,  b ut  th at c astrated l ambs accumu l ated s i gn i f i c a nt ly  

more k i dney fat  expres sed as a percent of  body we i ght . More recent l y , 

H awk i n s et �· ( 1 985a )  s howed th at ewe l amb s were s i gn i f i cant l y  fatter 

over the r i b  and cont a i ned a h i gher percent of k i dney- pe l v i c  f at t h an 

wether l amb s at th e s ame we i ght . 

2 - 2 - 2- 1 -4 Nutr i t i on 

Re search  ev i dence o n  the effect of n utr i t i ona l  f actors on  

f atness  i n  s heep i s  not u n an i mous . For ex amp l e ,  the effect of  a h i gh 

p l ane of n u tr i t i on on  the proport i on of fat at the s ame or s i m i l ar 

body wei g ht h as been reported to  be pos i t i ve ( Pal s son and Verge s ,  

1 952b ;  Lohman , 1 97 1 ; Sear l e  et �. , 1 972 ; Haugqbak et �. , 1 974 ; Ahmad 

and Oav i es , 1 986 ) , neg at i ve ( Andrews and Or skov , 1 970 ;  Ke l l away , 1 97 3 )  

and non-ex i stent  ( Gardn er � �. ,  1 964 ; Andrews et �. , 1 96 9 ;  Arno l d et 

�. , 1 969 ; B u rton  and Re i d ,  1 96 9 ;  P r i ce ,  1 975 ; Ther i ez � �. , 1 982 ) .  

Accord i ng to  B l ack  ( 1 974 ) ,  both p l ane of n u tr i t i on and chemi c a l  compo

s i t i on of t h e  d i et c an h ave a major effect  on body compos i t i on when 

compar i son s are made between a n i mal s of the  s ame age , b u t  these  d i f

ferences are s ub st ant i a l l y  reduced when compar i s ons are made  at the 

s ame body we i g ht . Reports s howi ng  e i ther a pos i t i ve or no  effect of 

i ncreas i ng e nergy i nt ake  on  body fat content c an be exp l a i n ed by the 

rel at i onsh i p  between energy i nt ake  and f at depos i t i on for d i ets 

adeq u ate i n  p rote i n  ( B l ack , 1 9 74 ) . The experi ments s howi ng  a decrease 

i n  body f at wi th i ncreas i ng p l ane  of n utri t i on h ave i nv o l ved the 

feed i ng of l ow prote i n  d i ets  ( Ke l l away , 1 973 ) or the feed i ng of d i ets  

i n  wh i ch t he  prote i n  s ource was  extens i ve l y  degraded wi th i n  the  rumen 

( Andrews and Orskov , 1 970 ) , i n  wh i ch c ase  i ncreas i ng energy i nt ake 

wou l d be exp ected to s t imu l ate prote i n  absorpt i on to a l eve l  t h at 

wou l d  sat i sfy the  an i ma l s •  req u i rements ( B l ack , 1 974 , 1 983 ) . Further

more , ev i dence  o n  the effect of  feed restr i ct i on fol l owed by rehab i l i 

t at i on on fatnes s  of l amb s i s  a l so  strewn wi th contrad i ct i on s ,  wi th 

the f atness  of l amb s treated i n  th i s  way h av i ng been reported as 
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i ncreased ( Meyer and  C l awson , 1 964 ; Hodge and Star ,  1 984 ) , decreased 

( Drew, 1 973 ; L i tt l e  and Sand l and , 1 9 75 ; Bu rton et �. , 1 974 ) , and 

u nc h anged ( Morga n  and Owen , 1 972a , b ;  Drew, 1 97 3 ;  Sear l e  and  Gr aham ,  

1 975 ; K i rton et �. , 1 981 ; But l er-Hogg ,  1 984a ;  Bray et �. , 1 985 ) ,  

rel at i ve to l amb s of s i mi l ar we i ght grown norma l ly . Many of  these  

d i fferences  can  b e  exp l a i ned by th e rate of we i ght l o ss  and t he  t i me 

s pent on  th e treatment . For examp l e ,  Sear l e  et �· ( 1 972 ) p l ot ted the 

fat content of s heep l os i ng we i g ht r a p i d l y  and s l owl y aga i ns t  body 

wei g ht and s howed th at , compared wi th  s heep grown normal l y ,  they 

cont a i ned ,  res pect i ve l y, more and l es s  fat , b ut  wi th t i me the  body 

compos i t i on of b oth groups of a n i ma l s returned to that  of the 

normal l y- grown a n i mal . 

Accord i ng t o  E l s l ey et �. , ( 1 964 )  fat i s  the component  of the 

carcass  wh i c h v ar i es most i n  response  to nutr i t i onal  chang e .  They 

s howed t h at l amb s on a l ow p l ane of n u tr i t i on h ad l ower amounts  of 

i ntermuscu l ar a nd s ubcu taneous fats compared wi th those on  h i g her feed 

i nt ake s  at th e s ame we i ght . S i mi l ar o bservat i ons  were made by P a l sson 

and Verges ( 1 95 2 a ,  b )  who reported t h at s heep mai nta i ned on a l ow 

p l ane of n utr i t i on for about n i ne month s h ad a l ower proport i on of fat 

th an those fed at h i gher l eve l s  to t he  s ame we i g ht . Ferrel l � �· 
( 1 979 )  conc l uded th at fatnes s  of l amb s at a s et we i g ht tended to 

i ncrease wi th  i ncreas i ng percent concentrate i n  the d i et ,  but the 

v a l ues  were not stat i st i ca l l y  s i gn i f i c a n t .  The effect of  r at i o  of 

prote i n to energy i n  the d i et on the  l eve l  of fatness  i n  l ambs was 

s hown by Andrews and Ors kov ( 1 970)  to be curv i l i near s uc h  th at  at 27 . 5  

k g  l i ve we i ght , more fat  and l ess  musc l e  was depos i ted when 1 0% crude 

prote i n was  fed t h an when  20% protei n was  fed . At 40 k g  l i ve we i g ht , 

d i fferences i n  fat and mu sc l e  depos i t i on were l es s  marked . S i m i l ar 

resu l t s  were reported by Jagu sch et �· ( 1 970 ) , who fou nd t h at fat 

depos i t i on was m arked l y  i ncre ased re l at i ve to prote i n depos i t i on i n  

l amb s on l ow prote i n  d i et s . B arton and  U l yatt ( 1 963 )  reported that 

fatter and heav i er s heep were produced o n  a s hort-rotat i on ryegrass  

p l u s  wh i te c l over d i et th an on  d i ets of peren n i al  ryegrass  w i th  or 

wi thout wh i te c l over ,  or short-rotat i on ryegrass  al one .  A l u cerne 

d i et prod u c ed l amb s w i th s i gn i fi cant l y l es s  body fat and w i th  more 

prote i n  t h a n  the control at constant empty body we i g ht ( M i tche l l and 

J ag u s c h ,  1 972 ) . Hod ge and Star ( 1 984 ) s howed that at a s i mi l ar car

ca s s  we i ght , l amb carcasses  of cont i n u o u s l y- grown l amb s on  p as t ure 
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co nta i n ed s i gn i fi cant l y  more s ubcut aneous  fat and k i dney and channe l  

f at t h an carcasses of th e rea l i mentated l ambs at  pasture .  P urchas and 

K eogh  ( 1 984 ) reported th at l amb s gr azed on  l o tus  had l es s  fat than  

l amb s on c l over at  th e s ame we i g ht and attr i buted th at to d i fferent 

amounts  of prote i n between th e two pastures . I t  was s uggested that 

t he  prote i n  of l otus  was to  s ome extent  protected from rumen degrada

t i on by  th e t an n i ns  present . S uffo l k - and  R ambou i l l et-s i red r am and 

weth er l amb s fed a h i gh energy d i et h ad s i gn i f i c ant l y  h i g her k i dney 

a nd p e l v i c  fat we i ghts at th e s ame c arcass  we i ght as a grou p  fed a l ow 

energy d i et ,  but  the d i fference i n  fat th i ckness  d i d  n ot reach s tat i s 

t i c a l  s i gn i f i cance ( Crou se  et �. , 1 981 ) .  Ther i ez et �· ( 1 982 ) 

s t ud i ed th e effects of energy i nt ake  o n  l amb compos i t i on and found 

t h at c arcass  f at percent i ncreased wi th  i ncreas i ng metabol i s ab l e  

energy ( ME )  concentrat i on i n  the d i ets  and wi th feed i ng l eve l  

( moderate or  h i gh ) . B u t  at the  s ame carcass  we i g ht , n one of the d i et -

i nd uced d i fferences rema i ned s i gn i f i c ant . 

2-2-3  FAT PART ITI ON I NG  AND D I STR I BUT I ON 

The term p art i t i on i ng of  fat i s  u s ed to descr i be i ts l oc at i on i n  

t h e  v ari ous  depots s u c h  as  s ubcutaneous , i n termuscu l ar ,  k i dney ,  

omenta l  and mesenter i c  fats , whereas the term d i str i bu t i on of fat 

refers to i ts l oc at i on wi th i n  these  d epots ( Butterfi e l d ,  1 976 ) . 

E v i dence  conc ern i ng f actors  wh i c h . may i nfl uence  these two 

c h aracter i s t i cs i n  sheep i s  rev i ewed be l ow .  

2-2-3- 1 F actors Affect i ng Fat P art i t i on i ng and D i s tr i b u t i on 

2-2-3- 1 - 1  An i ma l  Age and We i ght 

It i s  wel l k n own th at fat depots deve l op at d i fferent 

r ates ( Four i e  et �. , 

1 980 ; But l er-Hog g ,  

1 970 ; V ez i nhet and Prud • ho n ,  1 9 75 ; Wood et �. , 

1 985 ) .  Therefore , s l aughter wei ght and age wi l l  

i nf l u ence t h e  re l at i ve proport i ons  of  the  fat depots a s  wel l as h av i ng 

a maj or  bear i ng u pon th e tota l  amount  of fat i n  the c arcas s .  Vez i nhet 

and Prud • ho n  ( 1 97 5 )  reported t hat at  b i rth , c arcas ses  of l ambs were 

a l most free of  s ubcu taneous  f at . H owever , a very rap i d  deve l o pment  

was  observed d ur i ng t he  e ar l y  stages  of  l i fe .  I n  contrast , i nterna l  

f ats  were a l ready wel l deve l oped at  b i rth , b u t  the i r  dev e l o pment 

afterward s was s l ower.  Kempster ( 1 980 )  rev i ewed the re l at i ve growth 
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of f at depots i n  c att l e ,  p i g s and s heep , and noted th at i n  sheep 

rel a t i ve growth r ates for k i dney kn ob and c hanne l  fat ( KKCF ) were h i gh 

i n  compar i s on w i th those  for i ntermuscu l ar fat , and s i mi l ar to those 

for s ub cu t aneous  f at .  Th i s  observat i on  i s  i n  c l os e  agreement  wi th 

that of Wood et �· ( 1 980 ) and B ut l er-Hogg ( 1 985 ) , wh ere the  order of  

rel at i ve growth of  fat depots of  l amb s was s ubcu taneou s  fat > omental  

fat > KKCF > i ntermu scu l ar fat . S i mi l ar res u l ts  were reported by 

Four i e  et �· ( 1 970 ) wh ere for s heep from b i rth t o  mat ur i ty ,  the 

re l at i ve growth of  s ubcutaneous  fat was s i gn i f i cant l y  h i g her th an t hat 

of KKCF ( re l at i ve to the  growth of  the who l e  carcass ) . Seebeck ( 1 968 ) 
reported th at th e proport i on of the total s ubcu taneous  fat i n  the l o i n  

and f l ank  of two breed s ( Mer i no and Dorset Horn cross  breed s ) 
i ncreased and th at i n  the l eg decreased , as  total  s ubcutaneous f at 

i ncreased . The proport i on of  the total i ntermuscu l ar fat i n  the neck 

and the l o i n  and f l ank i ncreased and t h at i n  th e thorax and the l eg 

decreased as  tota l  i ntermuscu l ar fat  i ncreased ( Seebec k , 1 968 ) . The 

i nformat i on av a i l ab l e  on the deve lopment  of fat depots  over the 

grow i ng/fi n i s h i ng peri od i n  a l l th ree spec i es ( catt l e ,  p i gs ,  s heep ) i s  

con s i stent  i n  th at s ubcutaneous fat has  a h i gher re l at i ve g rowth rate 

than i ntermu scu l ar fat , b ut  the growth o f  KKCF rel at i ve to ot�r depots 

i s  more var i ab l e  ( Kempster , 1 980 ) . B u t l er-Hogg ( 1 984b ) s tud i ed the 

growth of C l u n and Southdown l amb s over the per i od b i rth , 50,  1 00 ,  

1 50 ,  200 and 4 1 5 days of  age .  At b i rth i ntermu scu l ar f at was the 

b i gge s t  depot , account i ng for more than h al f  the  total fat , wh i l e KKCF 

was re l at i ve l y  we l l  dev e l o ped and a l most as l arge as s u b cu t aneous fat . 

By 1 50 d ays of age s ubcutaneous  fat h ad become the l argest depot , and 

cau l  ( oment a l ) f at h ad become a greater proport i on than  KKCF . At 41 5 

days of  age ,  when these  s heep were proba b l y  approach i ng t h e i r  maxi mum 

poten t i a l  fatne s s , a l most  h a l f  the  body fat was i n  t he  s ubcutaneous 

fat depot  ( But i er-Hog g ,  1 984b ) . Br i ggs  and Brown ( 1 985 ) s howed t hat 

decrea s i ng carcass  we i ght from 1 7  to 9 k g  for 20 South down X Mul e 

castrates , h ad o n l y  s l i g ht effects on the proport i on a l  d i str i but i on of 

i ntermu s c u l ar fat  i n  the s ho u l der . . 
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2- 2-3- 1 -2 A n i mal Genotype 

2-2-3- 1 -2- 1  Between Breeds 

I n  sheep i t  h as been k nown for some t i me th at 

breed s d i ffer in fat p art i t i on i ng .  Hammond ( 1 932 ) reported t h at 

breed s of s heep d i ffered cons i derabl y i n  t he i r fat p art i t i on i ng ,  and 

P a l sson  ( 1 940 ) showed t h at mi l k  breed s tend to accumu l ate more 

i nterna l  body fat th an meat breed s .  S eebeck ( 1 968 ) s howed that Mer i no  

l amb s h ad a greater proport i on of  s ub cutaneou s  f at and  i ntermuscu l ar 

fat  i n  the  l o i n  and f l ank  cuts  and l es s  i n  the  thorax th an the Dorset 

Horn  X Border Le i cester-Meri n o .  A compar i so n  between Scott i s h  

B l ackface and F i nn i s h Landrace l amb s showed th at the l at ter depo s i ted 

l e s s  f at i n  the c arc a s s  a nd more i n  the body c av i ty ( McC l e l l and and 
R u s sel , 1 972 ) . K i rton et al . ( 1 974 ) s howed th at Mer i n o l amb s h ad 

l ower s ubcu taneous fat and h i g her per i rena l  fat than P erenda l e l amb s 

at the s ame carcass wei g ht . H anrahan � �· ( 1 978 )  found  th at l amb s 

by F i nga l way s i res  h ad more k i dney knob and c hannel  fat ( KKCF ) th an 

those  by Gal way s i re s  as we l l  as h av i n g  more fat i n  the meat of the 7-

1 2  r i b  cut . Dorset Horn and Corr i ed a l e breeds have  a greater 

proport i on  of th e i r fat i n  i nternal  depots re l at i ve to the Romney 

( Geenty � �. , 1 979 ) . Thompson et �· ( 1 979a )  stud i ed the  fat 

p art i t i on i ng i n  Dorset and Border Lei cester r ams cros sed wi th Border 

L e i cester-Mer i no ,  Corr i ed a l e ,  or Mer i no ewe s .  They reported no 

d i fferences i n  the p art i t i on i ng of fat between the s ubcu taneous and 

i ntermu scu l ar depots , but s i gn i f i cant d i fferences i n  the p art i t i on i ng 

of  fat between the  c arcass  and i nterna l  fat d epot s ,  whereby the  

progeny of Dorset Horn r ams and the progeny of  Mer i no ewes h ad a 

greater proporti on of i nterna l  fat than  the progeny of Border 

L e i cester rams , and Border Le i cester-Mer i no ,  and Corr i eda l e ewes , 

res pect i ve l y . D i s t r i bu t i on patterns for subcu t aneous  and 

i ntermu scu l ar fat i n  the f i ve cuts ( h i nd l i mb , l o i n ,  thorax , fore l i mb 

and f l ank ) were s i gn i f i c antl y re l ated to  the  total  amount of the  

respect i ve fats i n  t he  c arcas s ,  but  were not affected 

( Dorset Horn and Border L e i cester rams mated to  Mer i no ,  

and  Border Le i cester X Mer i no )  ( Thompson � �. ,  1 979b ) . 

by genotype 

Corr i eda l e ,  

Wood et a l . 

( 1 980 ) , i n  a s urvey of four pure breed s ,  a l s o  reported that the meat 

s i re breed s ( S uffol k and H ampsh i re )  had l es s  i nternal fat th an the ewe 

breed s ( C l u n and Co l bred ) . L l oyd � �· ( 1 981 ) al l oc ated 86 l amb s 

randoml y to heavy and l i ght  s l aughter we i ght group s  w i th i n  two breed s ,  
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Targ hee and Suffo l k X Targ hee .  The d i fference i n  percent k i dney and 

pe l v i c  fat between l i g ht- and heavy-we i ght Targhee l amb s was greater 

than · th at between l i ght- and heavy-we i ght Suffol k X Targhee l amb s .  

K i r ton � �- ( 1 985 ) ,  by  u s i ng regres s i on an a l ys i s  wi th carcas s fat 

we i ght as the i ndependent vari ab l e found that the d i str i but i on of 

k i d ney fat was d i fferent between Romney, Dorset X Romney and Chev i ot 

breed s ,  but a c l ear i dent i f i cat i on of breed was pos s i b l e  o n l y  for some 

Chev i ot carcas ses . 

Kempster ( 1 980 ) rev i ewed n umerou s  resu l t s regard i ng the 

d i s t r i b ut i on and part i t i on i ng of fat for Br i t i s h sheep breed s and 

conc l uded that between s heep breed var i at i on i n  the d i str i but i o n  of 

fat ex i sted , al though  the  d i fferences were smal l .  B utterfi e l d  and 

Thompson ( 1 983 ) found no d i fferences in  the  p art i t i on i ng of fat i n  

l arge and sma l l s i zed Mer i no rams . A compar i son  of fat 

i n  the mature Mer i n o rams i n  the st udy of B utterfi e l d 

part i t i on i ng 

and Thompson  

( 1 983 )  and i n  the  s i m i l ar l y- fed mature Dorset  Horn rams from the  s t udy 

of Butterfi e l d  et �- ( 1 985 ) ,  revea l ed a l arge breed d i fference i n  the 

part i t i on i ng of fat between the carcass and non-carcass  depots . 

Mat ure Dorset Horn rams had about 0 . 69 of tota l  body fat i n  th e 

carcass  compared wi th about 0 . 63 i n  the mature Mer i no rams . The 

decreased proport i on of non -c arcass  fat i n  the  mat ure Dorset Horn rams 

re l at i ve to the Mer i no was due  to decreased amou nts of about 20 g/kg  

tota l  body fat i n  eac h of  the three major non-c arcass depots . B u t l er

Hogg ( 1 984b ) stud i ed the effect of breed on depot growth rate in  C l u n  

and Southdown l amb s ,  u s i ng do ub l e  l ogar i thmi c regres s i on s  of depot 

we i ght on  total  fat we i ght from b i rth to 4 1 5  days . No d i fference s  i n  

the  growth coeffi c i ents  for the  r i b ,  k i dney knob  and c hanne l  fat , 

mesenter i c ,  i ntermu s cu l ar ,  s ubcu taneous and omental  fat depots were 

s hown between breed s . At al l ages the two breed s contai ned s i mi l ar 

amounts  of tota l  fat , but  the C l u n h ad s i gn i f i c ant ly more i nterna l  fat 

and the South down more carcass  fat , s ug ge s t i ng t hat the i r  fat 

d i s tr i but i on was d i fferent at b i rth . G a i l i  ( 1 978 ) found some 

var i at i on between Dorset Horn , H ampsh i re and C l u n l amb s .  The neck and 

thorax reg i on s  co nta i ned the b i gge st i n termu scu l ar fat depots . 

B u t l er-Hogg and Whe l eh an ( 1 984 ) s tated that  fat p art i t i on i ng between 

depots was i nf l uenced by breed , wi th the major  d i fferences occu rr i ng  

i n  the proport i on s  of s ubcutaneous fat  and  i ntermusc u l ar fat , wh i c h 

were h i gher i n  the Texe l s  compared wi th the Scott i s h B l ackface .  There 
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was  a s h i ft i n  s ubcutaneous fat and  omenta l  fat proport i o n ,  as  

re l at i ve to oth er fat depots , i n  the Texe l and to  a l es ser extent  w i th  

omenta l  fat  i n  the Scott i s h  B l ackface .  Jones  et al . ( 1 985 ) ex am i ned 

d i s s ect i on d ata  for a tota l  of 1 400 cross bred l amb s from the  Meat and 

L i vestock Commi s s i on • s  R am Breed Eva l u at i on . S i gn i f i c ant  d i fferences 

were recorded between s i re breed s i n  s ubcutaneous f at and 

i ntermu scu l ar fat we i g hts  at eq u a l  s i de we i g ht , and i n  fat p art i t i on 

between depots ( s ubcutan eous and i ntermu s c u l ar fats ) at eq u a l  tota l  

fat we i ght . L i rette et �· ( 1 984 ) st ated t h at breed h ad an i mportant  

i nf l uence  on fat  depos i t i on .  Among the i nt act  l amb s of S uffo l k  and 

F i nn i s h Landrace breed s ,  t he  former presented a h i gher accumu l at i on  of  

fat at the l eve l  of  the s p i nous  process  of  t he  8 ,  9 and  1 2  r i b s .  

These l ambs a l so  s howed th i cker dorsal  fat depo s i t s  above the M .  

l ongi s s i mus  between  r i b s  8 and 9 and  1 2  and 1 3 . On the  other h and , 

F i n n  l amb s accumul ated more k i dney fat th an Suffo l k  l amb s .  S i mi l ar 

fi nd i n g s  were reported by McC l e l l and and R u s se l l ( 1 97 2 )  and Boyl an et  

a l . ( 1 97 6 )  who noted th at th e i nf l uence of the  Suffol k breed produces  

th i cker dors a l  fat depo s i ts , whereas F i nn i s h L andrace breed favours  

depos i t i on of k i dney fat . 

I n  an attempt to prov i de a phys i o l og i c a l  exp l an at i on for breed 

d i fferences i n  fat p arti t i on i ng i n  s heep , Wood et �· ( 1 980 ) suggested  

th at the more prol i f i c and heav i er-mi l k i ng breed s general l y  req u i red 

greater i nternal  fat depos i t i on for the mai n tenance of l actat i on .  

2 -2-3- 1 - 2-2  W i th i n  Breed 

Genet i c a l t erat i on i n  the  fat content of any 

spec i es depend s on  the  her i t ab i l i ty of depot s ,  and on  the genet i c  

re l at i on s h i ps among depot we i g hts .  Accord i ng t o  Wo l f  et �· ( 1 981 ) ,  

i n  most  l amb stud i es from wh i c h  genet i c  p arameters h ave been der i ved  

o n l y  one  fat  depot h as been  i ncreased , a l though  where more than one  

depot was meas ured , ge net i c  corre l at i on between i nd i v i du a l  depots was 

often l ow .  So,  i f  there i s  a poor genet i c  re l ati onsh i p  between t he  

growth of d i fferent depot s , s e l ect i on based on  o ne  depot i s  u n l i ke l y  

t o  prov i de an effect i ve reduct i on i n  other fat depots ( Kempster , 

1 980 ) . For examp l e ,  at  present l i ve an i ma l  pred i ctors of fatnes s  are 

genera l l y  based on the subcutaneous fat depot and may res u l t  i n  a 

c h ange i n  on l y  th i s  depot , r ather than tota l  fat ( Thompson , 1 982 ) . 
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Progeny tests  were u s ed by Meyer et �· ( 1 981 / 1 982 ) over 2 years for 

South down and Suffo l k breed s to i nvest i gate the s e l ect i on for h i gh and 

l ow b ac kfat on l amb c arcas s c haracter i s t i c s .  Fatne s s  measures were 

adj u sted for carcass  we i ght . The res u l t s  s howed th at , on  average , 

progeny of l ow s i res  h ad 1 0% l es s  fat at C fat depth , b u t  th i s  d i f

ference was not s een i n  t i s s u e  depth at  GR . They conc l uded t h at 

s uccessf u l  s e l ect i on aga i n st  fatness  at one carcass  s i te may not be as 

benefi c i a l as hoped i n  reduc i ng total  carc ass  fatnes s .  Fennessy et 

a l . ( 1 982 ) u sed u l trason i c  fat th i ckness  meas urements over the 1 2th 

r i b on  41 Coopworth ram l amb s to s e l ect the four fattest  and l eanest 

i n  order to i nvest i gate the effect of se l ect i on on c arcass  fatnes s . 

Ten to  1 2  ma l e progeny of each of these rams generated from Perend a l e 

ewes were s l aughtered at 4 to  7 months of  age and 4 parameters of 

c arca s s  fatness  meas ured . The data  i nd i c ated t hat d i fferences between 

the p rogeny of the  l ean s i res  and the fat s i res  was s i gn i f i cant for C 

backfat th i ckness  over the 1 2th  r i b and S2 , a fat depth i n  the shou l 

der reg i on ,  b u t  not for GR and total  chemi ca l  fat.  They conc l u ded 

that s e l ect i on on  the bas i s  of b ac kfat th i ckness  cou l d  be  an  effect i ve 

means of  red uc i ng c arcass fat th i ck ness  i n  l amb s .  

2-2-3- 1 - 3 N utri t i on  

The i nf l u ence of p l ane of  nutr i t i on or  d i etary energy l eve l  

on p atterns  of  fat p art i t i on i ng and  d i str i but i on h ave  r are l y  been 

stud i ed .  Kempster et �· ( 1 982a )  s ug ge sted that i ncrease i n  p l ane of 

nutr i t i on may c au se  a s h i ft of  fat p art i t i on wi th greater q uant i t i es 

of fat b e i n g  depos i ted i n  the  s u bcutaneous depot at t he  expense of the 

other depots . L i tt l e and Sand l and ( 1 97 5 )  s howed t h at nutr i t i ona l  

restr i ct i on c au sed a rel at i ve l y  greater l o s s  of fat  from the 

s ubcutaneou s  fat depot th an oc curred through the body fat as a who l e .  

The d a ta  showed t hat restr i ct ed an ima l s h ad s i g n i f i c an t ly  l ower 

proport i o n s  i n  t he  s ubcutaneous fat depots than h ad cont i n u ou s l y- grown 

l amb s .  S i mi l ar responses to wei ght l o s s  i n  ewes were recorded by 

R u s se l  et �· ( 1 968 ) i n  th at a decrease i n  woo l - free empty body we i ght 

of 22%, reduced fat by 5 1 % .  E l s l ey et �· ( 1 964 ) i nd i cated that the 

l eve l  of  nutr i t i on i nf l u enced l amb i ntermuscu l ar f at to  a smal l er 

extent than  s u bcu taneous fat . The effect of l i ve we i g ht  l os s  and 

s ub seq u ent  reh ab i l i tati on on  fat d i str i but i on i n  s heep has been 

stud i ed by L i tt l e and Sand l and  ( 1 975 ) . They found t h at the chemi ca l  
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fat  content  of  s ubcutaneous  fat formed a l ower percent of total  

c hemi c a l  body fat ( composed of i ntermuscu l ar ,  s u bcutaneous , s ke l etal , 

v i scera l , v i scera and b l ood fat ) i n  two an i m a l s w i th i nterrupted 

growth path th an i n  cont i n uous l y- grown an i ma l s .  R u s se l  et �· ( 1 97 1 ) 

s t ud i ed fat d i str i bu t i o n  i n  two groups of Scott i s h B l ackface ewes 

reared e i t her i n  n utr i t i ona l l y  poor or nutr i t i ona l l y  better 

cond i t i on s . The i r  d at a  s howed t hat the amount  of chemi c al l y  

determi ned fat i n  the muscu l ar t i s s ue and assoc i ated fat t i s s u e ,  and 

t h at i n  the s ubcutaneou s  f at depo t ,  formed a h i gher and a l ower 

proport i on ,  respect i ve l y, of carcas s fat i n  the  a n i mal s from the 

better n utr i t i on group . The effect of three feed i ng systems ( h i gh 

( H ) ,  l ow ( L )  and h i gh-mai ntenance-h i g h  ( HMH ) feed i nt ake ) from 1 5  to 

40 kg l i ve wei ght on the body compos i t i o n  of l amb s was i nve st i gated by 

Murray and S l ezacek ( 1 976 ) .  They found t hat at  the s ame total  s i de  

fat , 

tota l  

the we i ght 

s i de fat 

of s ubcu taneous fat formed a greater proport i on of 

i n  the h i gh feed i ng group as  compared wi th other 

grou p s , b u t  the proport i on of i ntermu scu l ar fat was greater i n  both 

HMH and L groups th an i n  the H group .  However , th e contrary resu l t s 

between the  two exper iments  may be  because of t he  greater l i ve we i ght  

r ange ( 34 to  64 kg )  of a n i mal s i n  the  exper i ment  of Russe l  et �· 

( 1 97 1 ) ,  wh i ch made a v a l i d  compar i son d i ffi c u l t .  The d i fferences i n  

fatne s s  between the p as t ure-fed l amb s and t ho se  rece 1 v 1 ng a gra i n

b ased rat i on ( Purch as , 1 97 8 )  showed a c l ear treatment  effect on  the 

d i str i but i on of fat among  th e var i ous  fat depots meas ured . Thus  the 

pasture-fed l amb s had s i gn i f i c ant l y  more k i dney + pe l v i c  fat ,  omenta l  

f a t  a n d  M .  l ongi s s i mus  i ntramuscu l ar fat  b u t  s i gn i f i cant l y l ower fat 

depth s at the 1 2th r i b .  R i b c u t  i ntermuscu l ar fat d i d  n ot d i ffer 

s i gn i f i cant l y  between  th e groups . Crouse et �· ( 1 978 , 1 981 ) found  

th at l amb s fed a h i gh energy d i et h ad s i gn i f i c a n t ly  greater amou nts of 

k i d ney and p e l v i c  fat , b u t  n ot s ubcutaneous  fat . Jones � �· ( 1 983 ) 

found that l amb s fed ad l i b i t um h ad more fat i n  the i ntermu scu l ar fat 

depot , b u t  not i n  the s ubcutaneous fat than l amb s fed 70% of expected 

ad l i b i tum i nt ake . 
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2 - 2 -3- 1 -4 Sex 

Few stud i es h ave  s pec i f i c a l l y  exami ned sex effects  on  fat 

p art i t i on i ng  at  s imi l ar l eve l s of fatnes s . H ammond ( 1 932 ) s howed th at 

at 5 month s of  age , t he  percent of fat i n  the c arcass of ewe l amb s was 

greater th an  t hat  of the ram l amb s .  He  conc l uded th at the d i fference 

was more marked i n  the c ase of i ntermus cu l ar fat than the s u bcutaneous  

fat , correspond i ng w i th e ar l i er matur i ty of the ewe l amb s .  The per

cent of c au l  and k i dney fat of the ewe l amb s was a l s o  s l i g ht l y  

greater , a l t hough  the  gu t f at rema i ned about the s ame ( Hammond , 1 932 ) .  

Accord i ng t o  B utterf i e l d et �· ( 1 984 ) , stud i es on fat depos i t i on i n  

the l arge s pe c i es h ave  general l y  been confi ned to  the c arcass  depots 

and h ave  s hown l i tt l e or no  effect of s ex on fat p art i t i on i ng .  

Seebeck ( 1 968 ) s howed smal l d i fferences  between  sexes ( r ams , weth ers 

and ewes ) i n  the d i s tr i bu t i on of s ubcu taneou s  fat and i ntermuscu l ar 

fat , th e on l y  s i gn i f i c ant d i fference be i ng t hat ewes h ad h i gher d i s 

tr i b u t i o n  of i ntermu scu l ar fat i n  t he  l o i n  and f l ank t h a n  rams and 

weth ers . Thompson et �· ( 1 979a ,  b )  showed that the p art i ! i on i ng of 

total  d i s sect i b l e  fat between the s ubcutaneous fat and i ntermuscu l ar 

fat depots was  not affected by s ex ( wether and ewe l amb s ) .  I n  the 

study of Four i e  et �· ( 1 970 )  no  major d i fferences were s hown i n  th e 

part i t i on i ng of  s ubcutaneou s ,  i ntermu s c u l ar and peri nephr i c  fat depots 

between r am and ewe l amb s over the peri od from b i rth t o  matur i ty . 

Vez i nhet and Prud ' ho n  ( 1 975 ) found t h at beyond 1 00 days of age ,  tota l  

fat was h i gher  i n  femal e  th an i n  mal e l amb s .  Th i s  d i fference between 

the s exes  was ob served i n  the per i rena l , pe l v i c  and omenta l  fats , b ut  

no  d i fference  was s hown i n  s u bcutaneous and i n termu s c u l ar f at . 

S i m i l ar observat i on s  were made by Jones , ( 1 982 ) wi th n o  d i fference 

between r ams and ewes i n  the rate  of fat depos i t i on i n  the  carcas s  

depots re l at i ve to total  c arcas s  fat , a l t hough  at th e s ame tota l  

c arcas s f at we i g ht , th e ewes h ad a s l i ght l y  greater we i g ht  of i nter

muscu l ar fat th an th e r ams . At the s ame carc ass  we i ght , B u t l er-Hogg 

et �· ( 1 98 4 )  found  t h at r am l amb s contai ned s i gn i fi cant l y  l ess  s ub

cu taneous ,  i ntermu s c u l ar fats and KKCF than  ewe l amb s .  The s ame 

authors found  t h at the  we i ght d i s tr i but i on of s ubcutaneous fat between 

four c arcas s  reg i on s  ( crop and neck , b r i ske t ,  h i nd l i mb , and l umbar 

and abdomi n a l ) at the s ame we i ght of s u bcutaneous fat was t he  s ame for 

r am and ewe l ambs ,  wi th most s ubcutaneous fat depos i ted i n  the crop 

and neck  reg i on .  The data i nd i c ated a l so t hat smal l d i fferences i n  
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the we i ght d i s tr i but i on of  i ntermu scu l ar f at wi th rams h av i ng more i n  

the  fore l i mb and l es s  i n  the l umb ar and abdomi n al reg i on than  ewes . 

I n  both sexes  t h e  major s i te of  i ntermusc u l ar fat depos i t i on was the  

neck  and  thorax ( Bu t l er- Hogg  et �. , 1 984 ) . B utterf i e l d e t �- ( 1 985 ) 

i nd i c ated that  Dorset Horn  rams had a l ower proport ion  of  s ubcu taneous 

fat and h i g her proport i on of i ntermu s c u l ar and mesenter i c  fat than  

wethers . However , the proport i on s  of tota l  carcass  d i s sect i b l e  fat 

( s ubcutaneous fat a nd i ntermuscu l ar fat ) and of the total  non-carcass  

depots ( k i dn ey and  chan ne l  fat , omenta l  fat , scrotal and  thorac i c  fat ) 

rel at i ve to total  body fat d i d  not s i gn i f i can t ly  d i ffer between rams 

and weth ers .  I n  a c ompar i son of fat p art i t i on i ng i n  mat ure Mer i no rams 

and ewes , Thompson  et �- ( 1 987a )  reported th at ewes h ad greater 

proport i ons  of d i s sected s ubcu taneous  fat and k i dney fat , and l ower 

proport i on s  of d i s s ected i ntermuscu l ar fat th an the mature rams . They 

attri buted these  d i fferences to s i te-spec i f i c  act i on of s ex hormones 

on fat depos i t i on i n  th e body ( Thompson et �- , 1 987 a ) . 

2-2-4 FAT T T S SUE C ELLULAR I TY 

The amount  of  ad i pose  t i ssue  i n  an a n imal  i s  determi ned by the  

number and  s i ze of the const i tuent fat  ce l l s  ( Go l dri ck , 1 967 ) . Th i s  

st atement  i mp l i es th at ad i pose t i s sue  mass  c an expand by hyperp l as i a  

( ce l l prol i ferat i on ) ,  hypertrophy ( ce l l e n l argement ) ,  or a comb i n at i on 

of the two ( Greenwood and  H i rsch ,  1 9 74 ; Garbutt et �. , 1 979 ; H ood , 

1 982 ; C i an z i o  et �. , 1 985 ) . I n  order to understand the  ce l l u l ar 

bas i s  for exces s i ve ad i po s i ty ,  th i s  rev i ew wi l l  be concerned w i th  the 

factors wh i ch affect c e l l u l ar i ty i n  ov i ne ad i pose t i s s u e .  

2-2-4- 1  F ac tors Affecti ng F at T i s s ue Cel l u l ar i ty 

Deve l opment of  ad i pose  t i ssue  oc curs  i n  three p h ases : an i n i t i al 

peri od of  hyperp l as i a ;  a per i od of  comb i ned hyperp l as i a  and 

hypertrophy ; and a p er i od when fatten i ng occurs o n l y  by hypertrophy 

( Hood , 1 982 ) .  S i mi l ar conc l u s i on s  were drawn from the s tudy of 

Haugebak et �- - ( 1 974 ) , wh i ch reported t hat hyperp l as i a  was more 

i mportant  to  f at depos i t i on th an was hypertrophy i n  the e ar l y  p art  of 

the f i n i s h i ng p h as e ,  b ut  th at i n  the  l ater s tage of fi n i s h i ng 

ad i pocyt e hypertrophy appeared to  be more respons i b l e  for ad i pose 

t i s s ue  accumu l a t i on  th an  hyperp l as i a  eve n  though hyperp l as i a  was s t i l l  
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oc curr i ng .  Accord i ng t o  Hau gebak et �- ( 1 97 4 ) , when the  we i ght  of  

ad i po s e  t i s s ue  i n  a l amb reac hes 25% of i ts body we i g ht ,  the  

prol i ferat i on of  ad i pocyt es  appears to  be comp l et e .  The  p attern for 

the deve l opment of ad i pose  cel l s  of s heep was descri bed by Hood and 

Thornton ( 1 979 ) .  The i r data i nd i cated t hat i ncreases i n  ad i pose 

t i s s ue mas s  was a funct i on of both cel l u l ar hypertrophy and 

hyperp l as i a  d ur i ng the f i rst 1 1  months  wi th the i ncrease i n  ce l l 

n umber be i ng  most r ap i d  between 7 and 1 1  month s of l i fe . After 1 1  

month s ,  further i ncreases  i n  ad i pose t i s s ue mas s  were expected to  

occur  sol e l y  by hypertrophy of ex i st i ng ce l l s .  These  res u l ts  hav e  

been  s ub stan t i ated by o th er i nves t i gati ons  ( Haugebak � �. , 1 9 74 ; 

Thornton et �. , 1 983 ) . The contr i but i on  of hyperp l a s i a  and hyper

trophy of ad i pocytes to  the growth of  subcutaneous  fat , per i rena l  and 

oment a l fat depots of  3 2  growi ng Border L e i cester X Mer i no wethers was 

exami n ed i n  a 1 20-day growth exper iment by Thornton et �- ( 1 984 ) . 

The a n imal s were s er i a l l y  s l aug htered over  the l i ve we i g ht range of  2 9  

to  5 6  k g ,  and they found t h at d i fferent i al hypertrophy of ex i s t i ng  

ad i pocytes  co u l d a l o n e  account for the growth of  al l t hree ad i pose  

t i s s ue  depot s . , Broad e t �- ( 1 980 ) u s i ng a h i sto l og i ca l  method , 

reported t h at cel l n umber i ncreased i n  s heep up  to fi ve years of age , 

a l t hough  t h e  res u l t s  were var i ab l e .  B u t l er-Hogg and Wood ( 1 983 ) 

exami ned t he  ce l l u l ar i ty of  s ubcu taneous and k i dney knob and channe l  

fat from f i ve l amb s at  0 ,  50 ,  1 00 ,  1 50 and 200 d ays of age .  The data  

i nd i c ated t h at hyperp l as i a was apparent l y  comp l ete at b i rth i n  KKCF , 

b u t  t hat i t  was s t i l l  c ont i nu i ng at 200 days of  age i n  s ubcu taneous 

f at .  

Accord i ng t o  Al l en ( 1 976 ) ,  ad i pocyte s i ze var i es among d i fferent 

f at depots of meat a n i ma l s and two- to four-fo l d d i fferences i n  the  

average s i ze of ad i pocyt es  between the i ntramusc u l ar and  per i rena l  or  

s u b cu t aneo u s  depots may be found , wi t h  ad i pocytes wi th i n  a d epot 

r ang i ng from 20 t o  200 �m i n  d i ameter.  Broad et �· ( 1 980 ) conc l u ded 

t h at i n  th ree c arca s s  depots i n  Romney s heep ( s ubcutaneou s , 

i ntermuscu l ar and per i rena l  fats ) ,  r ates of hyperpl as i a  cou l d exp l a i n  

t h e  d i fferences i n  r ates  of  deve l opment  as  hypertrophy occurred at  the  

s ame rate  i n  a l l three . Average ad i pose ce l l vol ume i n  s heep depot 

fats  u s u a l l y  decreases i n  the  fatten i ng order : 

> s u bcut aneous  > i nt ermuscu l ar ( Haugebak et  

Thornton , 1 979 ) . T hornton et  a l . ( 1 983 ) 

omenta l  and per i rena l  

�. , 1 97 4 ; Hood a nd 

found t h at average 
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s ubcu taneous f at d i ameter from the bri s ket  reg i on was smal l er th an 

t h at from the s ho u l der or  rump reg i ons  i n  Dor set Horn X Mer i no l amb s .  

Thornton et � · ( 1 984 ) compared three fat depots ( s u bcu taneous ,  per i 

rena l  and omenta l ) i n  s heep rang i ng from 2� to  5 6  kg  l i ve we i g ht and 

found t h at s ubcutaneou s  f at had t he  l argest popu l at i on of ad i pocytes , 

b u t  th at i ts c e l l s  were the  smal l e st  and s howed the s l owest  rate of 

v o l ume i ncreas e .  Oment a l  fat h ad the l owest  n umber of ce l l s ,  but i ts 

ce l l s  were the  l arge st  a nd grew the fastest , wh i l e per i rena l  fat was 

i ntermed i ate i n  terms of  c e l l n umber ,  s i z e  and growth rate . 

Merk e l  et a l . ( 1 973 ) stud i ed the effect  of  b reed on  ad i pose  

t i s s u e  ce l l u l ar i ty i n  S o uth down and Suffol k l amb s .  There were no  

s i gn i f i cant d i fferences  between the  two breed groups for  ad i pocyte 

v o l ume or the n umber of ad i pocytes per gram of t i s s ue .  B ut l er-Hogg 

and Wood ( 1 983 ) s t ud i ed the effect of  breed on  ce l l u l ar i ty of 

s ubcu taneous and KKCF  depots i n  C l u n  and Southdown l amb s from b i rth to 

4 1 5 days . The data i nd i c ated t h at the d i fference between th e two 

breed s i n  the ce l l u l ar d eve l opmen t  of the two depots was of mi nor 

s i gn i f i cance .  S i mi l ar observat i on s  were made by V i gneron et a l . 

( 1 984 ) , wh en compar i ng 2 1  Mer i nos  d ' Ar l es and 1 7  cros s bred Berr i chon X 

Mer i nos  d ' Ar l es .  They found no s i gn i fi cant b reed d i fferences i n  the  

c e l l u l ar i ty of the per i rena l , omental and i ng u i na l  ad i pose t i s s u e  

depots . 

Ce l l u l ar d i fferences due  to sex h ave been reported i n  ad i pose  

t i s s ue  of  l amb s ( Merke l et �. ,  1 97 3 ;  Al l en et � . ,  1 976 ; Thompson and 

B utterfi e l d ,  1 987 ; Thompson et � . ,  1 987b ) . Merke l  et �· ( 1 973 ) 
reported th at at e i ght  week s ,  ad i pocytes from the ewes h ad l arger 

d i ameters than those from e i ther wethers or rams a l though  they were 8 

k g  l i g hter . Ad i pocytes  were not d i fferent at 1 6  week s ,  b ut  ad i pocytes  

from rams were smal l er t han  from ewes at 32  week s .  They conc l u ded 

t h at c e l l u l ar d i fferences  due to s ex m ay c hange wi th mat u r i ty ,  wh i c h  

s uggests  that  s ex h ormones  may affect that d i s tr i but i on .  S imi l ar l y ,  

a s  d i scus sed b y  Hood ( 1 97 7 ) , s ex d i fferences i n  ce l l u l ar c h aracter i s -

t i cs refl ect t h e  spec i f i c i ty o f  act i on o f  sex h ormones . 

( 1 976 ) reported res u l t s  of an exp er i ment i n  wh i ch ewes 

A l l en  et a l . 
- -

had 1 arger 

ad i pocytes i n  subcutaneous  f at than rams . More recent l y, Thompson  et  

a l . ( 1 987b ) reported t h at mature ewes h ad l arger and fewer ad i pocytes  

i n  t he  s ubcutaneous and i n termus c u l ar fat  depots  than mature rams . 
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The s ame authors found t h at s ex had no  effect on ad i pocyte vo l ume i n  

t he  k i d ney, omental  and mesenter i c  fat depots i n  the mature a n i mal s ,  

a l t h o ug h  t he  mat ure ewes h ad fewer ad i pocytes than  the mat ure rams i n  

t he  omental  a nd mesenter i c  fat depots . F urthermore , Thompson and 

B u t terfi e l d  ( 1 98 7 )  reported t hat c as trat i on h ad the effect of 

i nc reas i ng ad i pocyte vo l ume and decreas i ng the est i mated n umber of 

ad i pocyt es  i n  fi ve d i s sected fat depots ( s ubcutaneous ,  i ntermuscu l ar ,  

k i dney ,  oment a l  and mesenter i c )  i n  mature s heep .  

B urton et �· ( 1 974 ) h ave  reported s i gn i f i cant d i fferences  i n  the 

d i ameter of ad i pocytes between sheep wh i ch h ad a max i mum growth r ate 

to  71 kg f u l l body we i g ht and s heep wh i ch h ad been g i ve n  a s ub

ma i ntenance r at i on from 70 t o  50 kg . However ,  th e d i ameters were 

s im i l ar when  the 50 kg s heep were re-a l i mentated back to  71 kg fu l l 

body we i ght . S i mi l ar ly ,  Hood and Thornton ( 1 979 ) s howed that  when 

s heep were s u bj ected to n u tr i t i ona l  restr i ct i on res u l t i ng i n  neg at i ve 

growth , and t hen reh ab i l i t ated , the re l at i on s h i ps  of n umber and vo l ume 

of ad i pocytes  wi th c arca s s  we i ght , bone l es s  carcass  fat , and we i g ht of 

fat -free mu s c l e  wei ght were s i mi l ar to  the respect i ve rel at i on s h i ps 

for sheep wi th normal growth p atterns .  Thornton et �· ( 1 97 9 )  repor

ted t h at l o s s  of fat from the body of i mmature s heep were assoc i ated 

wi th  atrophy and hyperp l as i a  of subcutaneous ad i pose ce l l s ,  b ut  i n  

mature sheep there was atrophy wi tho ut hyperp l as i a  of ad i pose  c e l l s .  

I n  t he  s t udy of  H augebak e t �· ( 1 974 ) ,  40 cros sbred western wether 

l amb s were d i v i ded i nto  two eq ua l  groups . Du r i ng a 1 50- day growth 

per i od , 20 l amb s rece i ved a ma i ntenance d i et and 20 l amb s were fed ad 

l i b i tum.  At the  end of the growth p h ase , l amb s fed ad l i b i tum con

t a i n ed s i gn i f i cant l y  l arger s ub cutaneous  and  per i rena l  ad i pocytes  than  

l amb s fed at  ma i ntenanc e ,  but  there was  n o  d i fference i n  t he  s i ze of  

breast  i ntermuscu l ar ad i pocyt es  due to  energy i nt ake . 

2 - 2 - 5  MUSCLE  TO BONE RAT I O  

I ncrease s  i n  t h e  percent o f  mus c l e  i n  a carcass  are brought about 

e i ther by decreases i n  th e percent of fat or by i nc reases  i n  the 

mus c l e : bone rat i o  ( Bu tterfi e l d ,  1 976 ) . In  general , compar i sons  of 

musc l e : bone rat i os are made  at the s ame l eve l  of  fatnes s ,  at eq u a l  

mus c l e  p l u s  b one  we i ght s ,  or i f  t he  range of  fatness  i s  n o t  great , at  

eq u a l  c arcas s we i ghts  ( Berg and Butterf i e l d ,  1 96 6 ;  B utterf i e l d ,  1 976 ) . 
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The effect of age/ s i z e ,  ge notype ,  s ex and n utr i t i on on the 

musc l e : bone r at i os of  s heep are rev i ewed .  

Accord i ng t o  K i rton ( 1 982 ) , i t  i s  general l y  actepted for l amb s of 

a g i ven breed and s ex t h at c arcass we i ght i s  the most i mportant factor 

. assoc i ated w i th  v ar i at i on i n  compos i t i on .  The rat i o of meat to bone 

i n  th e c arca s s  i ncreases i n  a l i near man ner wi th i ncreas i ng l i ve 

we i ght ( Four i e  et �- , 1 970 ;  Rouse  et �- , 1 97 0 ;  S he l ton and 

Carpenter , 1 972 ; Camp i on et �. , 1 976 ; Sents et �. , 1 982 ) .  I n  

general , th e se  s t ud i es con c l uded th at fat becomes an i ncreas i ng pro

port i on of h eav i er s heep or l amb c arcasses  and the .proport i on of 

musc l e  and bone  decreases  wi th i ncreas i ng c arcass we i ght . Wood � �

( 1 980 ) showed t h at as the carcass wei ght i ncreased from 1 5  to  2 1  kg  

the  musc l e  t o  bone  rat i os i ncreased s i gn i f i can t l y  from 4 . 22 to 4 . 7 2 ,  

respect i ve l y .  Sents  et �- ( 1 982 ) found t hat the i ncrease i n  mu s c l e  

to bone rat i os between 4 5 . 4  and 72 . 6  k g  s l a ughter we i ghts  was 0 . 45 .  

Breed s o f  smal l er m ature s i ze tend t o  produce  carcas ses  w i th more 

fat and l es s  mu sc l e and bone than those from breeds of l arger mature 

s i ze when c arcass  compo s i t i on i s  compared at the same c arcas s  we i ght 

( K i rton , 1 982 ) . Of the  breed s measured by Four i e et �- ( 1 970 ) , the  

Southdown h ad a h i g her musc l e  to  bone rat i o  th an the  Romney or South

down X Romney cross  at the  s ame carcass  we i g ht . S i mi l ar fi nd i ng s  were 

reported by F ahmy et �- ( 1 972 ) ,  b ased on data for 396 l amb s born to 

c rossbred ewes and by Southdown or S uffol k rams . F u rth ermore a s  a 

res u l t of i nc reased age and we i ght , mus c l e  to bone rat i o  i ncre ased 

( But l er-Hog g ,  1 984b )  and there was a h i g her musc l e  t o  bone r at i o  for 

Southdown r ams t h an C l u n  r ams . Kempster e t �- ( 1 976 ) a na l ysed c ar 

c a s s  data for 4 2 4  l amb s compr i s i ng s even  breed -type groups  ( We l s h 

Mounta i n ,  

South down 

B l ac kfac e ,  Longwool cros ses , S uffol k cros ses , I n termed i ate , 

c ro s s e s  and Lowl and Longwool ) and fou nd musc l e  to bone  

r at i o s  to  b e  h i g her for  crosses  of  the  South down breed t h an the 

S uffol k .  These  resu l t s are wh at wou l d h ave been expected from the 

mature s i ze s  of t he  breed s concerned , to t he  extent th at th i s  i s  k n own 

( K i rton , 1 982 ) .  But l er-Hogg  and Whe l ehan ( 1 984 ) u sed Texe l  and 

Scott i s h  B l ackface  rams rang i ng i n  age from 6 month s to  4 . 5  years to 

i nvest i gate t h e  effect  of  mature s i ze on  c arcass compos i t i on .  As 
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expected by the breed 1 s  greater mature s i ze ,  the Texe l s  were heav i er 

and h ad a greater we i ght  of c arcass and l e an t i s s ue th an the  Scott i s h 

B l ackface r ams . Bone  we i g ht was not s i gn i f i c ant l y  d i fferent . They 

conc l uded t h at mu sc l e  to bone rat i o  at cons t ant  s ubcutaneou s  fat 

percent i ncreased wi th i ncreas i ng we i ght and age ,  and was h i g her i n  

the Texe l t han the  Scott i s h  B l ackface r ams . 

A study reported by McCl e l l and et �- ( 1 976 ) comp ared a range  of 

contrast i ng b reed types ( Soay, F i nn i s h L andrace , South down and Oxford ) 

wh i c h were fed � l i b i tum on a standard d i et and ser i a l l y  s l aughtered 

at 40% , 50% , 60% and 70% of the i r e s t imated mat ure we i ght . When body 

compos i t i on was expre s sed as a percent  of  carcass wei ght  at eq ua l  

st age of matur i ty ,  th e Soay sheep h ad the  h i ghest musc l e  percent 

( 59 . 7 )  wh i l e the Oxford h ad the l owes t  ( 50 . 1 ) .  For bone percent the 

Soay breed h ad the h i ghest  ( 2 1 . 9 )  and Southdown the l owest  ( 1 4 . 8 )  to 

g i ve d i fferences  between these breed s i n  musc l e  to bone rat i o  at the 

s ame degree of  mat u r i ty, 

3 . 85 for the Southdown . 

compo s i t i on of  l amb s bred 

wi th v a l u e s  of 2 . 5 1 for the Soay breed and 

Tempest and Boaz ( 1 97 7 )  stud i ed the c arcass  

so as to i l l u s trate the i nf l uence  of f i ne  

Mer i no ancestry,  wh i c h  made u p  from 0% to  1 00% of the genotype . The 

data i nd i cated t h at the o n l y  t i s sue  wh i ch s i gn i f i cant l y  decreased was 

bon e .  Th i s  re s u l t ed i n  a s i gn if i cant  i ncrease i n  mus c l e  to  bone r at i o  

from 4 . 34 t o  5 . 02  a s  the proport i on of Mer i no i ncreased from 0% to  

1 00% . The  effect of t he  F i nn i s h L andrace  breed on carcass  compos i t i on 

was exami ned by compar i ng mal e progeny of  Ga l way ewes wh i ch h ad been 

mated wi th F i n n ,  Ga l way or F i ng a l way ( 1 /2 F i nn X G a l w ay )  rams 

( Hanrah an et �. , 1 978 ) . At the s ame carcass we i g ht , breed d i fferen

ces i n  the musc l e  we i g ht were s i gn i f i cant  wi th the F i nn i sh Landrace  

genes 

rat i o  

not affect i ng bone ,  

i n  the  7 - 1 2 r i b cut . 

b ut c au s i ng a n  i ncreased musc l e  to  bone 

Wood et  a l . ( 1 980 ) fou nd t h at S uffo l k 

s heep h ad s i gn i f i c ant l y l ower musc l e  t o  bone r at i os ( 4 . 38 )  t han  e i ther 

C l un Forest ( 4 . 64 )  or H ampsh i re ( 4 . 56 ) .  From the i r  stud i es on  the 

matur i ty p atterns  of c arcass  musc l e  and bone , u s i ng d i s sect i on d ata  

from 20  l arge-mat ure- s i z e  s tr a i n  and 1 9  smal l - s i ze strai n Mer i no rams 

B utterfi e l d et �- ( 1 983a )  conc l uded th at compos i t i on of mature rams 

of both s tra i n s  was s i m i l ar w i th respect to the proport i on s  of  musc l e  

and bone , and m u s c l e  t o  bone r at i o .  
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Carcass res u l t s  from the MLC ' s  R am Breed E v a l uat i on project were 

reported by Kempster et a l . ( 1 983 )  for  1 0  s i res breed s ( Border 

L e i cester , Dorset Down , Hamp s h i re Down , I l e-de -Fran c e ,  North Country 

Chev i o t ,  Oxford Down , Southdown , Suffo l k ,  Texe l  and Wens l eyda l e ) . 

Texel  crosses  h ad h i g her l ean percents t h an other cro s ses  and a l s o  a 

l ower tota l  d i s sect i b l e  fat ,  a l ower bone  content  and  a h i g her mu s c l e  

to  bone rat i o  than  oth er s i re breed cros ses  i n  both e ar l y- and l ate

matur i ng fl oc k s .  Oxford Down cros ses  h ad a l ower l e an  to  bone r at i o  

i n  both types of f l ock , al though  they d i d  not d i ffer s i g n i f i c ant l y  

from s ome of the  other Down breed s i n  th i s  res pect . Recent l y , Cameron 

and Drury ( 1 985 ) r ecorded the c arcass  compos i t i on for the progeny of 

mat i ng s  of Oxford , Texe l ,  Texe l -Oxford , Ch arol l a i s ,  Ch armo i s e and 

Meat l i ne rams wi th crossbred ewe s .  At a f i xed  wei ght the  carcasses  of 
Charmo i se cros ses  h ad a l ower total l ean we i g ht and bone we i ght th an  

the  other  breed s .  The Texe l cros ses  h ad proport i on ate l y  more l ean  

t h an the  Ch armo i s e d ue  to the i r  h i gher musc l e  to  bone rat i os wh i l e the  

Oxford crosses  had t he  l owest musc l e  to  bone rat i o . 

I t  i s  genera l l y conceded that  mal e s ex hormones  spec i f i ca l l y  

s t imu l ate musc l e  growth to g i ve the ent i re ma l e a h i gher  musc l e  for 

bone rat i o  ( Butterfi e l d ,  1 976 ) .  F urthermore ,  because  androgen s  

genera l l y  are con s i dered respon s i b l e  for bone devel opment , i t  wou l d  b e  

l og i c a l  to  expect r ams to  hav e  heav i er and l arger bones  than  wethers 

( Se i deman et �. , 1 982 ) . So r ams contai n o n  average more musc l e ,  more 

bone and l es s  fat ( Ahmad and Dav i es ,  1 986 ) t h an wethers  of s im i l ar 

l i ve we i g ht , and wethers con t a i n l es s  fat and more mus c l e  than  ewe s ,  

b ut  t h e  musc l e  t o  bone  r at i o  i s  ge neral l y  h i g hest  for ewe s ,  l owest  for 

wethers and i ntermed i ate  for rams . The expected d i fferences between 

r ams and ewes h av e  a l so  been reported by Four i e  et �- ( 1 970 )  w i th 

r ams h av i ng more musc l e  and bone and l es s  f at th an  s im i l ar wei ght  

ewe s ,  b u t  t h e  musc l e  t o  bone rat i o  was h i gher for ewes than  rams at 

the s ame we i g ht . A s i mi l ar conc l u s i on was d r awn by Theri ez � �

( 1 982 ) , whose  study s howed t h at ewes h ad h i g her  mu s c l e  to  bone rat i os 

t han r ams . McC l e l l and  et �- ( 1 97 6 )  proposed t h at d i fferences i n  body 

compos i t i on of rams and ewes at equ a l  we i ght cou l d  be exp l a i ned by t he  

more ad vanced s tage of  matur i ty of the  ewes . The carca s s  compos i t i on 

of 1 5  ram and 1 5  ewe purebred Dorset Down l ambs was  i nvest i g ated 

( Bu t l er-Hogg et �. , 1 984)  at a mean carcas s  we i ght of  1 6 . 8  k g .  R ams 

conta i ned s i gn i f i c an t l y more musc l e  and bone th an t he  ewe s ,  wi th t he  
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h i gher bone content  res u l t i ng i n  a s i gn i f i cant l y  l ower musc l e  to  bone 

r at i o  i n  the r ams . These  res u l t s  are i n  good agreement  wi th the  data  

of  Four i e  et �- ( 1 970 ) and refl ect the greater degree of mat ur i ty of 

the  ewe at any body we i g ht . Wood et �- ( 1 980 ) compared weth er and 

ewe l amb s at  the s ame c arcass  we i ght and found that ewe l amb s had 

s i gn i fi cant l y h i gher mus c l e  to bone r at i os than  wether l amb s .  P urchas  

( 1 978 )  and L i rette et a l . ( 1 984 ) reported no effects of castrati on on 

the  mu s c l e  to  bone rat i o i n  sheep . 

Several  research compar i sons have shown that l o nger sheep 

c arcasses  cont a i n more musc l e  and bone and l es s  fat th an  b l oc k i er 

c arcasses of s i mi l ar we i ght ( K i rton and P i cker i ng ,  1 967 ; F o ur i e  et 

�· , 1 970 ) . However,  accord i ng to  Kempster et �· ( 1 981 ) ,  breed 

d i fferences i nd i c ated th at breed s wi th better conformat i on do not 

n eces s ar i l y  h ave  h i gher l ean to bone rat i os . S uffo l k cros ses  for 

examp l e ,  h av e  l ow l e an to  bone rat i os but  good conformat i on wh i l e the 

Texe l crosses  s t and out  i n  l ean to bone rat i o  but do not h ave  s uf

f i c i en t l y h i gher conformat i on scores to i dent i fy the i r  ad vantag e .  

R e l a t i onsh i ps of  th i s  type were a l so ev i dent  i n  the s urvey of  Kemp ster 

and Cuthertson  ( 1 977 ) ,  wh i ch showed th at i n  s even groups of Br i t i sh  

breed types and  cros ses  the Suffo l k cro s sbred group had the  second 

h i ghest  conformat i on score but the l owest  l ean to bone rat i o .  The 

p oor re l at i on s h i p  between conformati on and l e an to bone rat i o  was a l so  

apparent i n  the  res u l t s  of Jac k son and  Mansour ( 1 974 ) and may ref l ect 

d i fferences i n  bone s tr uct ure { Kempster et �. , 1 982b ) .  S e l ect i on of 

we l l - and poor l y-mu sc l ed l amb carc asses  of the s ame we i ght by tra i ned 

meat i nd u s try personne l  { K i rton et �. , 1 983 )  revea l ed t h at the 

poo r l y-mu s c l ed  group h ad a h i gher percent of musc l e  ( 55 . 4  v s  52 . 6 )  and 

bone ( 1 8 . 9  v s  1 4 . 7 )  th an the good gro u p ,  b ut  that t h e  musc l e  to  bone 

rat i o  was h i gher for the c arcasses wi th good musc l i ng ( 3 . 58 vs 2 . 93 ) . 

As  men t i oned prev i ous l y, c arcas s  compos i t i on changes i n  s heep are 

pr i mar i l y a funct i on of matur i ty or b ody we i ght . The pr i nc i p a l  effect 

of  p l ane  of n u tr i t i on on fat content of the s heep body i s  by v i rtue  of 

i ts i nf l uence  on growth r ate and hence upon body we i g ht .  P urchas  

( 1 978 )  compared l amb s on  p asture wi th l ambs rece i v i ng b ar l ey for the 

compos i t i on of a r i b  c u t ,  and found musc l e  t o  bone rat i o  was s i gn i f i 

c ant l y  h i gher for the p as t ure group  th an  for the gra i n group .  Asghar 

and Yeates ( 1 979 ) fou nd that l ambs on  a mai n tenance rat i on h ad l ower 
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musc l e  to bone r at i os th an control l amb s ,  but the l at ter group were 

heav i er t h an the ma i ntenance grou p .  Ther i ez et �- ( 1 98 2 ) found t h at 

at the  s ame we i ght , l amb s fed a d i et i nc l ud i ng 50% of  a l fa l fa  and 50% 

concentrate h ad h i gher musc l e  to bone rat i o s  th an other d i et s  ( 80 : 20 )  

o r  ( 20 : 80 )  of t h e  s ame a l fa l f a  and concentrate , respect i ve l y .  

Recent l y ,  t h e  c arcass  compos i t i on o f  4 8  Mer i no  X Border Le i cester 

l amb s fed h i gher or  l ower energy d i et s  were i nvest i g ated by Ahmad and 

D av i es ( 1 986 ) at a s imi l ar l i ve we i ght . The h i gh-energy d i et l amb s h ad 

s i gn i f i c ant l y  h i gher  musc l e  to  bone rat i os than  the l ow energy d i et 

l amb s ( 3 . 9 3 v s  3 . 5 9 ) . 

2-2-6  MUSCLE WE I GHT D I STR I BUT ION 

More prec i se i nformat i on i s  ava i l ab l e  on  the growth of the  

muscu l ature  t han on the growth of any other  t i s sue of  meat a n ima l s 

( Butterf i e l d  et �. , 1 983b ) . A n umber of stud i es h ave  i nvest i gated 

d i fferen t i a l  mus c l e  growth p atterns i n  s er i a l ly  s l aughtered s heep by 

an atomi c a l  d i s sect i on i nto th e separate mu s c l es ,  and by grou p i ng 

musc l es i nto  standard mu s c l e  groups of an atomi ca l l y  defi ned reg i on s .  

Loh se  et �- ( 1 97 1 ) and Jury et �- ( 1 977 ) reported a l l ometr i c  growth 

coeffi c i ents  ( AGCs ) above 1 . 0 for the prox i ma l  musc l es for the h i nd 

l i mb wh i l e  d i sta l  musc l es of the h i nd l i mb h ad a l l ometri c  coeffi c i ents  

bel ow 1 . 0 .  Mu s c l es s urround i ng the sp i n a l  co l umn h ave  been shown to 

cons t i t ute  an  i nc reas i ng proport i on of total musc l e  i n  the i mmed i ate 

post- n ata l  phase  ( AGC> 1 ) ,  but a con stant proport i o n  of the who l e  i n  

l ater s t ag e s  of growth ( AGC=1 ) ( Lohse � �· , 1 97 1 ; J u ry et �- , 

1 977 ) . I n  t he  s t udy of Butterfi e l d et �- ( 1 983b ) , growth p atterns  

were e s t ab l i s hed for 93 i nd i v i du a l  musc l e s  and  n i ne anatomi ca l  groups  

of  mus c l es ,  u s i ng h a l f c arcass  d i ss ect i on data  from 3 9  Mer i no rams . 

The data  i nd i c ated t h at the mus c l es of  the  l i mb s and those  s urround i ng 

the co l umn h ad matur i ty coeffi c i ents greater th a n  1 . 0 and were 

e arl i er-mat u r i ng t h an total musc l e .  In contras t ,  t he  mus c l es of the  

cran i al e nd of t he  trunk h ad matu r i ty coeffi c i ents l es s  t h an 1 . 0 and 

were l at e  mat ur i ng ,  wh i l e  the musc l es of the  abdomi n a l  wa l l matured at 

the s ame r ate  as  total musc l e .  However ,  But l er-Hog g ( 1 984b )  s howed 

t hat for t he  growth of musc l e  over the peri od from b i rth to 41 5 d ays , 

the  h i g hest  re l at i ve growth was i n  the forel i mb ,  fol l owed by the neck 

and thorax , h i nd l imb and l as t l y  the l umbar and abdom i n a l  reg i on s .  

The above-ment i oned stud i es h ave shown t hat some i nd i v i du a l  musc l es 
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d i ffered i n  the i r growth p atterns re l at i ve to tota l  musc l e .  D i fferent 

workers h ave not  a l ways agreed on growth c l as s i f i c at i ons  of i nd i v i du a l 

musc l es .  Therefore , th e i mportance of the  effects of breed , s ex and 

growth rate on  mu s c l e  d i str i but i on of sheep rel at i ve to total  musc l e  

wi l l  be  rev i ewed . 

2-2-6- 1  F actors Affect i ng Musc l e  We i gh t  D i s tri b u t i on  

Genet i c  v ar i a t i on i n  musc l e  we i ght d i str i but i on  i n  . d i fferent 

an atomi ca l  j o i nts  co u l d be  of great i mportance commerc i a l l y .  Accor

d i ng to  L i rette � �· ( 1 984 ) at the s ame degree of matur i ty ,  

d i fferences between breed s i n  musc l e  d i str i b u t i on wi th i n  the d i fferent 

c u ts were smal l .  I n  the study of McC l e l l and  et �· ( 1 976 ) ,  b reed 

d i fferences ( So ay ,  F i n n i s h  L andrace , Southdown and Oxford Down ) i n  

mu s c l e  d i str i b u t i on  at equ a l  s tages  of mat u r i ty of s heep were not 

found . They a l so  s howed t h at musc l e  as  a percent of f l eece-free empty 

body wei ght rema i ned unc h anged from one s tage of matur i ty to  another 

i n  the range from 40  to 76% of mature body we i ght . As a percent of 

c arcass  we i ght ,  h owever , tota l  musc l e  d i d  dec l i ne as matur i ty 

i ncreased and t here were s i gn i f i cant  between -breed d i fferences . How

ever ,  accord i ng to Seebeck ( 1 968 ) change s i n  the d i str i but i o n  of 

m u s c l es  do oc cur  dur i ng deve l opmenta l  growth . I n  p art i cu l ar ,  the  

proport i on of the  tota l  mus c l e  found i n  the  l eg decreased as  tota l  

mus c l e  i ncreased . The s ame author showed t h at the d i fferences i n  the 

d i str i but i on  of musc l e  t hat oc curred between Mer i no and Dorset Horn  X 

Border L e i cester-Mer i no l amb s were s i gn i f i cant . There was 1 5 . 7% more 

musc l e  i n  the neck and 6 . 2% l es s  mus c l e  i n  the thorax of the Mer i no  

t h an i n  the crossbred s  at a constant s i de mu sc l e  we i ght . Jury et �· 

( 1 977 ) stud i ed t h e  mus c l e  d i str i bu t i on i n  the Romney and South down 

breed s and t he i r  cros s . At constant total  musc l e  we i ghts , there were 

no  d i fferences between breed s ,  except for the  musc l es of the  neck and 

thorax reg i on s  wh i ch h ad h i gher growth r ates  and proport i on s  for the 

Romney breed , wh i l e abdom i n al musc l es were h i g her for the Southdown 

breed . Kempster and Cuth bertson ( 1 977 ) fou nd t h at breed means for the 

p roport i on of  tota l  l ean i n  the h i gher-p r i ced jo i nt s  of commerc i a l 

l amb carcas s of Br i t i s h  breed s ranged b etween 547 and 5 73  g/k g .  

Croston et �· ( 1 97 9 )  reported s i re breed means for th i s  tra i t between 

535 and 554 g/kg  for crossbred l ambs compared at a constant  l eve l of 

s ubcu taneous fat i n  the carc a s s .  I n  both reports the major i ty of 
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breed s d i d  not d i ffer s i gn i fi can t l y  for th i s  trai t .  Tayl or  e t  a l . 

( 1 980 ) compared mus c l e  d i str i but i on of four breed s ( So ay ,  Southdown , 

F i nn i s h Landrace  and Oxford Down ) at 40 , 5 2 ,  64 and 7 6% of th e i r  

e s t i mated mat ure body we i g ht . Compar i sons  were based on  1 2  mu s c l es 

obta i n ed from the  p r i me reta i l j o i nts . H i g h l y  s i gn i f i c an t  breed 

d i fferences i n  th e we i ght  of i nd i v i du a l  mus c l es were obt a i n ed ,  b ut 

these  d i fferences  were great l y  red uced when compar i sons  were made at a 

constant  proport i on  of expected mature body wei ght . I n  mus c l e  d i str i 

b u t i o n ,  the  Southdown had the h i g hest percent of the four breed s for 6 

of the  1 2  m u sc l es exami ned , whereas the Oxford Down h ad t he  l owest 

percent for 6 of  the 1 2 .  The F i nn i s h  L andrace  was d i st i ng u i s hed by 

be i ng  i ntermed i ate  for most  musc l es ,  and d i ffered from the Soay wh i ch 

t ended t oward s t he  extreme s ,  b e i ng h i ghest  for two , l owest  for fo ur 

and i ntermed i ate  for s i x  of  the musc l es ex ami ned . The d i str i bu t i o� of 

l e an t i s s ue between e i ght st andard j o i nt s  was exami ned by Wo l f  ( 1 982 ) 

i n  956 cros sbred ( Dorset Down , I l e-de-Franc e ,  O l denbury, Oxford , 

S uffol k and Texe l }  l amb s .  The res u l t s  revea l ed th at s i re breed d i d  

not  h ave a s i gn i f i c ant  effect o n  the proport i on o f  total  c arcass  l e an 

found i n  the h i g her-pr i ced j o i nts , b ut  d i d  i nfl uence the  proport i on of 

tota l  c arcass  l ean  found i n  i nd i v i du al j o i n ts , wi th a max i mum d i f

ference  of 7 . 7  g t otal l ean per kg  j o i n t  b e i ng recorded . S i m i l ar 

conc l u s i ons  were drawn from the st udy of Kempster et �· ( 1 983 ) ,  w i th 

t h e  range of d i fferences between  s i re breed s i n  the d i str i b u t i on  of 

tota l  l ean between var i ou s  j o i nts  be i ng smal l .  Neverthe l e s s  s i gn i f i 

c ant  d i fferences were recorded . I l e-de-France crosses h ad a h i gher 

proport i on of tota l  l e an i n  the l eg t h a n  North Country C hev i ot 

crosses , and Texe l  c rosses  h ad a l ower proport i on of total  l e an i n  the 

l o i n  than Southdown cros ses  and Hamp sh i re Down cros ses . I n  terms of 

t he  tota l  proport i on of h i gher-pri ced cuts , the Hamp s h i re Down cross  

h ad t he  h i ghest  v a l u es .  These observat i on s  were s ubstant i ated by the 

s t ud i es of B u t l er-Hogg and Whe l ehan  ( 1 984 ) and B ut l er-Hogg a nd 

Whe l ehan  ( 1 98 7 ) i n  wh i ch sma l l d i fferences  between breed s for mus c l e  

d i str i but i on  were reported . 

Sex d i fferences  i n  mus c l e we i ght d i s tr i b ut i o n  become apparent 

after puberty . B r adford and Spur l ock  ( 1 964 ) , Prescott and L amm i ng 

( 1 964 ) ,  and Kemp e t �· ( 1 970a) reported t h at ram l amb s h ave  a h i gher 

proport i on of  neck  and s ho u l der cuts  th an  wethers .  The d i str i but i on 

of  mus c l e  i n  f i ve cuts  ( neck , thorax , l o i n and fl ank , s h o u l der and 
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l eg )  was c ompared among  r am ,  wether and ewe l amb s of Mer i no and Dorset 

Horn cros s bred s by Seebeck ( 1 968 )  and i t  was found t hat there were no 

s i gn i f i c an t  d i fferences  between the s exes  for mus c l e  d i str i but i on .  

Jone s et a l . ( 1 983 ) found some d i fferences  between sexes  i n  mus c l e 

d i s tr i bu t i on wi th rams h av i ng more musc l e  i n  t he  shou l der  and l es s  i n  

the  l eg t h an ewes . F urth ermore ewes h ad a h i gher  proport i on of total  

l e an i n  the  c hump , breast and h i g her-pr i ced j o i nt s  and a l ower propor

t i on i n  the shou l der and s crag than c astrated mal es  i n  the study of 

Wol f ( 1 982 ) . These resu l t s  were i n  keep i ng w i th the more deta i l ed 

ana l yses of Lohse  ( 1 973 ) , J ury et �- ( 1 97 7 )  and Tay l or  et �- ( 1 980 ) . 

These  workers  rel ated the i r fi nd i ng s  to  the  func t i ona l  ro l e of musc l e  

d i fferen t i at i on i n  sex u a l dev e l o pment .  L o h s e  ( 1 97 3 )  reported d i f-

ferences i n  th e rel a t i ve growth and d i str i bu t i on of c ert a i n  mu s c l es 

between r ams and ewes , p art i cu l ar l y  wi th respect  to the  neck mu s c l es  

wh i ch were a h i gher proport i on of musc l e  i n  rams t h an i n  ewes . 

S i m i l ar res u l ts  were found by Jury et �- ( 1 97 7 ) . At constant total  

mu s c l e  wei ght  the rams h ad a h i gher musc l e  p roport i on i n  the neck and 

thorax r eg i on s ,  but th e ewe s h ad greater abdomi na l  musc l e  we i g ht . 

They attr i buted t h i s  effect to androgens wh i ch s t i mu l ate the neck 

mus c l es i n  the ent i re ma l e s heep , a l though  i t  i s  d i ffi cu l t  to exp l a i n  

why androgens  wou l d not  eq u a l l y  affect a l l t he  c arcass  musc l es of the 

mal e a n i mal  ( Jones et �. , 1 983 ) . An a l ternat i ve hypothes i s  i s  th at 

the  heav i er we i ght of  the  head of the ent i re ma l e an i ma l  s t i mu l ates 

the growth of  the n eck  mus c l es due to  the greater l o ad they have  to 

s upport ( L oh se ,  1 973 ) . Tay lor  et �- ( 1 980 ) found h i gh l y  s i gn i f i c ant  

s ex d i fferences i n  the  we i g ht of 12  musc l es at the s ame degree of 

mat ur i ty wi th  heav i er mu s c l es i n  ewes th an r ams , but  these  d i fferences 

were great l y  reduced when v a l u e s  were expre s s ed as  a percent of  

total  m us c l e  we i ght . L i rette et �- ( 1 984 ) s howed t h at the proport i on 

of  mu s c l e was s i gn i f i cant l y h i gher i n  the necks  of e nt i re F i nn i s h 

L andrace X S uffol k and F i nn i sh L andrace l amb s ,  wh i l e t he  musc l e  con

tent  of  t he  roast cut  was  s i gn i f i cant l y  h i gher  for castrated Suffo l k  

l amb s .  B u t l er-Hogg ( 1 985 ) compared the  d i s t r i b ut i on  of i nd i v i du al 

musc l es and musc l e  groups  i n  r ams and ewes of  Dorset Down carcasses  at 

constant  c arcass  wei g ht ( 1 6 . 8  k g ) . The data  i nd i cated th at d i fferen

ces i n  musc l e  we i ght proport i on s  were s i gn i f i c ant for 1 7% of the 72  

musc l es ,  wi th the  l arge st  be i ng 2 . 5  u n i ts i n  f avo ur  of ewes i n  the M .  

b i ceps femor i s .  A l s o  r ams h ad s i gn i f i c a nt l y  l es s  of the i r  total  
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musc l e  i n  the prox i ma l  pel v i c  l imb and more i n  the d i sta l  thorac i c  

l imb and neck . 

The mu sc l e  d i s tr i b u t i on of Border L e i cester X Mer i no and Dorset 

l amb s wh i ch were grown a l ong three growth p ath s :  h i gh ( H ) , h i gh

ma i nten ance-h i g h ( HMH ) or  l ow ( L ) ,  h ave  been  reported by Murray and 

S l ezacek (197 5 ) . The re l at i ve growth and f i n a l  proport i on of prox i ma l  

musc l es of h i nd l eg ,  d i s ta l mus c l es of  the  fore l eg ,  thorax and tota l  

s i de mus c l e  formed by s ome groups was  greater i n  the  L treatment th an  

H or HMH  treatments . The d i fferences were i nterpreted i n  terms of the  

greater age  and hence  s k e l etal  s i ze i n  the  L treatment . Lohse  et �
(197 1 ) compared two groups , a cont i nuous l y- grown group  and a group  

wh i ch s uffered a s ix - weeks  per i od of l i ve  we i ght l os s  fol l owed by 

recovery ,  and found t h at the rel at i onsh i p  of the we i g ht of the  l ow 

i mpet us  musc l es to  th at  of total  mus c l e  was  n ot s i gn i f i cant l y  d i f

ferent between group s , b u t  the same rel a t i on sh i p  for the  h i gh i mpetus  

mus c l es was h i g h l y  s i gn i f i cant l y  d i fferen t  i n  favour of  a 

cont i n uous l y- grown group .  They conc l u ded t hat the we i ght re l at i on s h i p  

of h i g h i mpetus t o  tota l  mus c l e was a sens i t i ve test t o  d i fferent i ate 

between normal and recover i ng musc l e .  Smal l d i fferences i n  mus c l e  

d i s tr i bu t i on were found by Jones et �- (1983 ) between  d i et ary energy 

i nt ake  group s ,  wi th s heep on the h i gh e nergy l eve l  (� l i b i tum ) h av i ng 

more musc l e  i n  the  l o i n  and s hou l der and l es s  i n  the l eg t h an those  

sheep fed 70% of expected � l i b i tum.  Murray and S l ezacek (1975 )  

reported n o  n utr i t i ona l  effects on mus c l e d i stri b u t i on i n  s heep . 

However ,  the d i fferences found i n  the study of Jones et �- (1983 ) 

were smal l and commerc i a l l y  u n i mportant i n  t he  we i g ht range t h at was 

stud i ed .  

2-3 MEAT QUAL ITY AND ITS EVALUATION 

W i th i n  recent t i mes the  s tudy of  meat qua l i ty ha s  become 

i ncreas i ng ly s c i ent i f i c w i th l es s  rel i ance  be i ng p l aced on  persona l  

j ud gement and more o n  phys i ca l  and chemi ca l  tests  ( Asghar and  P earson , 

1980 ). Th i s  i s  b ecau se  a l l sensory eva l u at i o n ,  regard l e s s  of whether 

i t  i nvo l ves l aboratory p ane l s  or con s umers , i s  faced w i th m any 

methodo l og i ca l , p sychol og i c a l  and p hys i ol og i ca l  prob l ems ( Br ady and 

H u neck e ,  1985 ). I n  add i t i on ,  i t  i s  b oth cost ly  and t i me-cons umi ng 

( Harr i s ,  1976 ). To avo i d  these prob l ems and to obt a i n  the ad vantages  
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of speed , reproduc i b i l i ty and rel at i ve ease of s t and ard i s at i o n ,  

i n strumenta l  methods  o f  measur i ng phys i ca l  aspects o f  meat h ave  been 

s ought ( Brady and H u necke , 1 985 ) .  

2-3-1  DEF I N I TI ON OF MEAT QUAL ITY  

P e arson  ( 1 96 8 )  s ugge sted that meat  q u a l i ty i s  a comb i n at i on of 

the attr i butes  of f l avour ,  j u i c i nes s ,  t ex t ure , tendernes s  and 

appearance th at contr i b u tes to the eatab i l i ty or  the de s i rab i l i ty of 

the product . The con s umer rel ates to q u a l i ty i n  terms of the 

t endernes s ,  j u i c i ne s s  and f l avo ur of the cooked p roducts  ( Bray ,  1 966 ) . 

I n  genera l , however ,  a g i ven con s umer • s  acceptance of cooked meat i s  

de term i ned by h i s  s i ngu l ar or comb i ned respon ses to the f l avour , 

j u i c i n e s s  and tenderness  of the product ( Jerem i ah  et �. , 1 970 ) . 

2-3-2  EVALUATI ON OF  MEAT QUAL ITY  

O n l y  pa l atab i l i ty and appearance c h aracter i st i c s  w i l l  be 

cons i dered i n  th i s  sect i on .  Character i st i c s contr i bu t i ng  t o  

p a l atab i l i ty i nc l u de  tenderne s s ,  j u i c i ne s s  and fl avo u r ,  and those  

contr i b u t i ng to  the appearance of  the  meat i nc l ude  the  co l o ur of  l e an , 

the  co l o ur  of fat , and texture .  The s ubj ect i ve and object i ve method s 

ava i l ab l e  to  assess  these  p arameters wi l l  be  rev i ewed s eparate l y . 

2-3-2- 1  Subjec t i ve  Eva l u at i on 

Th i s  i nvol ves  eval u at i on by the phys i c a l  s enses of the  con s umer . 

We i r  ( 1 960 ) po i nted out  th at the overal l s ubj ect i ve i mpres s i on of 

t enderness  cons i st s  of at  l east three components : 1 ,  the i n i t i a l ease  

of  penetrat i on of the meat  by  the  teeth ; 2 ,  the  ease  w i th wh i ch t he  

meat break s  i nto  fragments , and 3 ,  the amount  of  res i due  rema i n i ng 

after chewi ng . S i m i l ar l y  an  i mpres s i on of j u i c i ness  compr i se s  t he  

comb i ned effect s of the  l i q u i d  re l eased from the meat a nd  of  t he  

amount  of  s a l i va added to  i t  (We i r ,  1 960 ) . F l avour  i s  a comp l ex 

sens at i on i nvo l v i ng odo u r ,  t aste ,  t exture , t emperature and pH  ( L awr i e ,  

1 985 ) . Co l our and genera l  attract i veness  are j ud ged v i s u a l l y .  

S ubj ect i ve q u a l i ty eva l u at i on i s  not s i mp l e ,  for i t  i nvo l ves  

the p hys i o l og i ca l , psychol og i ca l , s oc i a l and  economi c status  of  t he  

cons umer ( P i l gr i m ,  1 95 7 ) , s o  th at q u a l i ty a nd  i ts components  mean 
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d i fferent th i ng s  to d i fferent peop l e . S u bj ect i ve ev a l u at i ons  are 

often made by a p ane l  of j ud ge s ,  and th i s  l e ad s  t o  one of the mo st  

l og i c a l  methods for a s ses s i ng meat q ua l i ty ( A s g har and Pearson , 1 980 ) . 

Taste panel s range i n  s i ze from a few very h i g h l y-tra i n ed peop l e  of 

excep t i ona l  sens i t i v i ty ,  up to as  many as  s evera l  h u ndred untra i n ed , 

r andoml y- se l ected cons umers ( hou sehol d typ e )  ( Abbott , 1 972 ) . 

Frequent ly ,  a s core c ard ut i l i s i ng  a hedo n i c s ca l e ,  where each q u a l i ty 

c r i ter i on  i s  de scr i bed o n  an arbi trary n umer i c a l  scal e ,  i s  u sed by the  

p ane l . 

2-3-2-2 Objec t i v e  Eva l u at i on 

Var i ous  methods  h av e  been used t o  assess  meat q u a l i ty 

o bj ect i ve l y . The res u l t s  are s at i sfactory for some of the c r i ter i a 

( e . g .  tenderne s s ,  water- hol d i ng capac i ty ,  j u i c i ness and co l our ) b u t  

l es s  s o  for character i s t i c s  s uc h  as fl avo ur  a n d  odour ( L awr i e ,  1 985 ) . 

2-3- 2-2- 1 Tenderness  

The  meas urement  of  meat tenderness  i s  extreme l y  d i ffi c u l t  

becau se  meat i s  not a s i mp l e one-component system ( Cover et �. , 

1 962a , b , c , d ) . I t  i s  i nstead the res u l t  of  two structura l  component s ,  

musc l e  fi bres and connect i ve t i s s u e ,  and i s  further comp l i c ated by the 

presence  of fat i nterspersed wi th i n  these  structural  e l ement s . A 

var i e ty of i n strument s  h as been deve l o ped to  measure tenderness  of 

meat , u s ua l ly  based on a s hear i n g ,  penetrat i ng ,  b i t i ng ,  stretc h i ng ,  

break i ng or compress i ng act i on ( Pe arson , 1 963 ; S zczesn i ak a nd 

Torgeson , 1 965 ) . The Warner-Bratz l er Shear dev i ce h as been wi d e l y  

u sed for t h e  eva l u at i on o f  meat  tenderness  ( As g har and P earson , 1 980 ) . 

The u sefu l n e s s  of any o bj ect i ve method  c an ar i se from e i ther i ts 

corre l at i on wi th t aste  p ane l s or on i ts sens i t i v i ty to  structura l  

changes  ( Harr i s ,  1 976 ) . Reports of  corre l a t i on s  between shear v a l u e s , 

meas ured a s  maxi mum s hear force and t aste  p ane l s h ave  ranged from 

bei ng h i gh l y  s i gn i f i cant  to  be i ng  n on-s i gn i f i c ant  ( Asghar and Pearson , 

1 980 ; H ayward et �. , 1 980 ; Moskowi tz , 1 981 ; Brady and Penfi e l d ,  1 982 ; 

Brady and Hunecke , 1 985 ) . 



39 

The var i at i on of the reported corre l at i on s  between obj ect i ve and 

s u bj ect i ve meas urements of  tenderness  i s  to be  expected , because  the 

mec h a n i c a l  dev i ces and the t aste panel i s ts  are measur i ng d i fferent 

structura l  propert i es of  the meat ( Szszes n i ak ,  1 968 ) . There are l arge 

d i fferences  i n  connect i ve t i ssue  strength between s amp l es  ( Bouton et 

..9l_. , 1 97 3 b ;  P a u l  et ..9l_. , 1 973 ; Penfi e l d and Meyer , 1 9 7 5 )  and the 

res u l t s obt a i ned wi th the Warner- Bratz l er Shear dev i ce h ave i nd i cated 

th at peak s hear-force v a l u e s  rel ate more c l o s e l y  to the myofi bri l l ar 

component of toughness t h an to  the con nect i ve t i s s ue component ( Bouton 

and H arr i s ,  1 972 ; P a u l  et  ..9l_. , 1 97 3 ;  Cross  � ..9l_. ,  1 973 ) .  Brady and 

H unecke ( 1 985 ) s t ud i ed the  corre l at i ons between sensory and i n strumen

t al tests , and found t h at the sensory parameters rel ated to work 

req u i red to mast i cate s amp l es .  H ardnes s ,  deformat i on ,  c hewi ness and 

overa l l t enderness , were a l l correl ated wi th s h ear fi rmness  and wi th 

the except i on of  deformat i on ,  th ese same sensory p arameters were not 

found to be assoc i ated wi th penetrat i on or compre s s i on test p arameters 

( Br ady and Hunecke , 1 985 ) . 

2-3-2-2-2 J u i c i ne s s  

Ju i c i ness  refers  t o  t h e  l i q u i d  detect ab l e  dur i ng t h e  chewi ng 

of a b i te of meat ( B l umer ,  1 963 ) . Accord i ng to H arr i s ( 1 976 )  meat 

j u i c i ness  has  been attri buted to both moi sture  rel eased by the meat 

d u r i ng c hewi ng and mo i sture from s a l i vat i on i nduced by f l avour  

factors . He  noted that  mo i sture re l e ased by t he  meat  i s  con s i dered to 

re l ate to  expres s i b l e  j u i ce whereas the amount  of s a l i va produced i s  

h i g h l y  s ubj ect i ve and can  be best  measured by a sensory pane l . 

Expres s i b l e  j u i ce v a l u e s  and cook i ng l o s se s  h ave been reported to be  

h i gh l y  correl ated ( r=0 . 9 7  and 0 . 92 )  wi th sen sory p ane l  measurement  of 

j u i c i ness  ( Bouton et ..9l_. , 1 975b ) . Many i nvest i gators h ave  est i mated 

the  amount  of j u i ce expres sed u nder pres sure a s  an object i ve i ndex of 

j u i c i nes s .  Such a measurement may a l so refl ect the water-ho l d i ng 

capac i ty of the meat ( W i erb i ck i  and Deatherage , 1 958 ; Br i skey � ..9l_. ,  

1 95 9 ;  S ander son and V a i l ,  1 963 ; Tsa i  and Ockerman , 1 981 ; Hofmann ,  

1 982 ; Hofmann et ..9l_. , 1 98 2 ;  Matyn i ak and Z i o l eck i , 1 983 ) .  The bas i c  

p r i nc i p l e  i n  most of t he  method s descri bed i s  the  s ame , but  there are 

s l i g ht v ar i at i ons  wi th respect to the degree of press ure app l i ed and 

th e way of  i nterpret i ng the  res u l t s .  
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Expres s i on of j u i ce from meat by st andard centr i fugat i on 

cond i t i ons  has  a l so been u s ed as a measure of j u i c i ne s s  and water

ho l d i ng ( Bouton et �. , 1 97 1 , 1 972a ; J auregu i et �. , 1 981 ; Ts a i  and 

Ockerman , 1 98 1 ) .  

I t  s hou l d be expect ed th at a pos i t i ve corre l at i on  wo u l d ex i st 

b etween the expressed j u i ce content of cooked meat and i ts j u i c i ness  

such  t h at more j u i cy meat s hou l d conta i n  more expres s i b l e  j u i ce .  Low 

corre l at i ons  between obj ect i ve and s ubject i ve eval u at i on s  h ave been 

reported i n  s ome stud i es ( Gad d i s  et �. , 1 950 ; Smi th and Carpenter , 

1 970 ; L u nd strom et �. , 1 979 } , wh i l e  other stud i es h ave  reported 

s i gn i f i cant corre l at i on s  between s cores for quant i ty of  j u i ce and 

amoun t  of expres s i b l e  j u i ce ( Tannor et �. , 1 943 ; H ardy and Nob l e ,  

1 945 ) .  A pos i t i ve s i gn i f i cant rel at i on s h i p  between percent press 

f l u i d  a nd i n i t i a l j u i c i nes s  and for j u i c i ness  s cores was noted for 
cooked beef M. s emi ten d i no s u s  ( Gu l l ett � �. ,  1 984 )  b ut  not for � 

l ongi s s i mu s . Expres s i b l e  j u i ce v a l ues  for cooked beef s amp l es and 

cook i ng l o s ses  have been found to be  h i gh l y  correl ated w i th 

s u bj ect i ve l y  determi ned j u i c i ness  ( Bouton et �. , 1 975b } . Harr i s 

( 1 97 6 )  conc l uded th at cook i ng l os s  was i nverse l y rel ated to amount of 

free or expre s s i b l e  mo i st ure of  the cooked s amp l e .  It appears t h at a 

great deal  · o f the d i s agreement i n  the l i terature must  be  d ue  to 

d i fferent i nterpretat i on s  of j u i c i ne s s  ( Hamm , 1 960 )  and to  d i fferent 

tech n i q ues for the determ i n at i on of expres s i b l e  f l u i d .  

2-3-2-2-3  Co l o ur  

Meat co l our meas urements  i nvo l ve two bas i c  method s :  human 

v i s u a l  appra i s a l  and i nstrumenta l  a n a lys i s .  B oth methods  i nherent l y  

i nvo l ve a n  asses sment o f  t h e  concentrat i on and the c hemi ca l  form of 

myog l o b i n ,  th e morpho l ogy o f  the musc l e  s tructure ,  and the ab i l i ty of 

t h e  m u s c l e  t o  absorb or s c atter i nc i dent  l i ght ( Wa l t er ,  1 975 ) . 

S u bject i ve ev a l u at i on of musc l e  co l our i s  d i ff i cu l t ,  because 

env i ronmenta l  cond i t i on s  such  as l i g ht i nten s i ty ,  l i g ht c o l our  and 

co l o u r  of b ac kground i nf l uence  these rat i ng s .  Therefore object i ve 

meat co l our  apprai s al h as been attempted by several  method s ,  i nc l u d i ng 

s p i n n i ng d i s c s  { H i ner ,  1 954 ) ; co l our pad d l es { H i ner ,  1 954 ) ; p i gment 

extract i on ( Tauber and S i mon , 1 963 ) ; and refl ectance ( W i l l i am and 
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Sol berg , 1 97 1 ; Gov i nd araj a ,  1 97 3 ;  Strange e t �. , 1 974 ; Franc i s  and 

C l ydesda l e ,  1 975 ; D av i s  et �. , 1 978 ; H arr i son  et �- , 1 980 ) . Ref l ec

tance s pect rophotometry i s  u s ed extens i ve l y  for studyi ng co l o ured food 

prod u ct s  and b i o l og i c a l  mater i al s  ( Dav i s  et �. , 1 9 78 ) . U s u a l l y ,  

spec i f i c 

resu l t i ng 

refl ect ance  meas urements are re l ated to v i s i b l e  c h anges  

from c h anges  i n  the  concentrat i on  or the  chemi c a l  s t ate  of 

p i gments  due  to proces s i ng ,  storage and/or p ac k ag i ng .  Severa l  workers 

h ave reported corre l a t i on s  between v i s u a l and refl ect ance s pectro

photometry meas urements  r ang i ng from -0 . 77 to  0 . 88 depend i ng o n  the 

wav e l ength  u s ed ( Hu n t , 1 980 ) . The l at ter author attr i bu ted t he  

var i ab l e  correl at i ons  between t he  two tec h n i q ue s  to : 1 ,  u neven s ur-

face d i sco l ourat i on of meat caus i ng v i s u a l  p an e l s to g i ve an " average " 

co l o ur  score ; 2 ,  s pectrophotometers and c o l our imeters scann i ng a 

l i m i t ed area of t he  meat s urfac e ,  thereby creat i ng a s amp l i ng prob l em ;  

3 ,  p hys i c a l  f actors  l i ke g l os s i ne s s ,  s tructura l  d i fferences , meat 

j u i ce and packag i ng f l aws be i ng d i sregarded by panel i sts  but  not by 

i n struments , and 4 ,  t he  fact th an an i ns trument c annot made a dec i s i on 

on co l o ur acceptab i l i ty ( Harr i son et �. , 1 980 ) .  Renerre and Maz ue l  

( 1 985 ) s t ud i ed t he  re l at i on s h i ps between i n s trumenta l  a nd  s e n sory 

mea s urement  methods  of meat co l our of beef M .  l ongi s s i mus  a nd M .  

tr i ceps brach i i ( c aput l ongum ) . They found t h at the h i ghest  corre l a

t i on  wi th p ane l  p reference ( r=0 . 93 )  was at  R630-R580 . 

2-3- 3 FATNESS AND MEAT QUAL ITY 

The re l at i o n s h i p  between fatnes s  and meat qua l i ty h as rec e i ved 

con s i derab l e  attent i on for many years . F a t  occurs i n  the body as  

ad i pose t i s s u e ,  b oth  w i th i n  and  between musc l e s ,  a s  we l l a s  

i ntracel l u l ar l y  ( As g h ar and Pearson , 1 980 ) . I n tramu scu l ar fat , 

common l y  known a s  marb l i ng ,  and subcutaneous  fat h ave  rece i ved t he  

most  atten t i on as  fac t or s  affect i ng q ua l i ty .  

2-3-3-1  F atnes s and Meat Tendernes s 

Cons umer acceptance stud i es have  i nd i c ated t hat tenderne s s  i s  

very often the most i mportant  attr i bute  determi n i ng overal l e at i ng  

s at i sfact i on ( Jeremi ah  and  Marti n ,  1 982 ; L awr i e ,  1 985 ) . 
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Some atte n t i on h as been p a i d  to  the re l at i ons h i p  between b ack  

fatnes s and i ntramu scu l ar fat or  marb l i ng s cores , a nd  i t  h as been 

s u g ge sted t h at th e p r i mary advantage  of marb l i ng may be i ts 

a s s oc i at i on wi th i ncreased c arcass fat cover i ng ,  wh i ch wi l l  i n  turn  

decrease ch i l l i ng rates  and produce  more tender meat i nd i rect l y  r ather 

th an d i rect l y  ( Sm i th et �. , 1 976 ; Bowl i ng et {!_. , 1 97 7 ) . Marb l i ng 

s core i s  pos i t i ve l y  as soc i ated wi th the  l eve l  of fatnes s ,  wi th a 

h i g her degree of mar b l i ng be i ng assoc i ated w i th greater fat th i c knes s  

( We l l i ngton , 1 96 8 ) . Tatum et {!_. ( 1 982 ) ex ami ned the comb i ned effect s  

of marb l i ng a n d  f at th i ckn ess  on  beef p al atab i l i ty ,  and found t h at 

marb l i ng had a more pronounced effect o n  cooked beef tendernes s  t h an 

- d i d  fat t h i cknes s .  The m i n i mum response i n  tenderness occurred when 

l ow l eve l s  of marb l i ng were comb i ned wi th subcu taneous fat l eve l s  

be l ow 2 . 5  mm and a bove 2 2 . 9  mm. The h i g hest  tenderness was observed 

among steak s  w i th  h i gh l eve l s  of marb l i ng and i ntermed i ate l eve l s  { 7 . 6  

t o  20 . 3  mm ) o f  s ubcu taneou s fat ( Tatum � �. ,  1 982 ) . 

2-3-3- 1 - 1 Marb l i ng and Tenderness  

Marb l i ng i s  t he  common n ame u sed  to  i nd i cate the more 

exp l i c i t  term i ntramu scu l ar fat .  However , accord i ng to  B l umer ( 1 963 ) ,  

marb l i ng i n  the  s tr i ctest  sense refers o n l y  to that wh i ch appears 

v i s i b l e  to the u n a i ded eye on the c u t  meat s urfac e ,  wh i l e 

i ntramuscu l ar f at i nc l udes  th i s  v i s i b l e  f at and a l so mi croscop i c  

depos i ts wi th i n  v ar i o u s  musc l e  cel l s , s ome o f  wh i ch are not fat c e l l s . 

Therefore , marb l i ng m ay be co n s i dered as  a representat i on of the  

l arger neutral  f at depo s i ts of  musc l e .  

Hammond ( 1 932 ) found pract i c al l y  n o  re l at i on between marb l i ng and 

t enderness i n  l amb , b u t  conc l uded t h at 11 n o  doubt 1 1 s uch  a corre l at i on 

( a  pos i t i ve re l a t i o n sh i p  between  marb l i ng and tendernes s )  does ex i st 

wi th an imal s of d i fferent  degrees of fatnes s .  Cover et {!_. ( 1 95 6 )  

found t h at a l t ho ugh  correl at i ons between ether extract and beef 

tenderness were pos i t i ve ,  none was very h i g h .  S imi l ar observa t i on s  

were made  by  B atcher et �· ( 1 962a )  for l amb . The oppos i te v i ews are 

represented by those  of N a umann et {!_. ( 1 960 ) ,  who found  t hat heav i l y

marb l ed pork chops  h ad t he  l owest  Warner- Bratz l er ( WB )  s hear v a l u e s .  

I n  t h e  work o f  B atcher e t  a l . ( 1 962b ) ,  pork tenderness  was rel ated to 

marb l i ng score or to  i ntramuscu l ar fat content i n  o n l y  a few c ase s ,  
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and t h e  correl at i on var i ed wi th  t he  musc l e .  These resu l t s  contrad i ct 

ear l i er f i nd i ng s  of B atc her and D aws on ( 1 960 ) i n  wh i ch m arb l i ng was 

s i gn i f i c ant l y  correl ated wi th s e n s ory tendernes s  of cooked pork . Tuma 

et �- ( 1 962b ) found th at steak s  from � l ongi s s i mu s  wi th marb l i ng 

l eve l s of  s l i ght and s l i g ht l y  abundant  d i d  n ot d i ffer s i gn i fi cant l y  as 

eva l u ated by a taste p ane l , b ut WB-s hear va l ues  were s i gn i f i c an t l y  

l ower for the s l i ght l y  abund a n t  m arb l ed s teak s .  B l umer ( 1 963 ) s um

mar i s ed t he  many stud i es o n  t he  rel at i on sh i p  of marb l i ng and beef 

tenderness  and reported on  t h e  b as i s  of the 2600 catt l e u sed i n  the 

sever a l  s tud i e s ,  that on l y  5% of  the var i at i on in  tenderness  cou l d  be 

accou nted for by marb l i ng .  S zczesn i ak and Torgeson ( 1 96 5 )  presented 

the argument of other workers t h at marb l i ng enh ances the  t endernes s  of 

meat . However , they a l so  presented other reports s u ggest i ng t h at 

marb l i ng i s  n ot necessar i l y  a n  i nfal l i b l e  c r i teri on  of  meat tender

nes s . Smi th and Carpenter ( 1 976 ) rev i ewed n umerou s  i nvest i gat i ons  

rel a t i ng marb l i ng or i ntramu s c u l ar fat  content  to  the  tendernes s  of 

l amb , p ork and beef . These  s t ud i es s uggested th at fatness  h ad a 

moderate re l at i onsh i p  to tenderness  i n  pork and a l ow to  moderate 

rel at i on sh i p  to tendernes s i n  l amb and beef . The s ame authors l i sted 

mec h a n i sms by wh i ch marb l i ng may i mprove the tendernes s .  These 

i nc l uded : by l ower i ng the  b u l k den s i ty and decreas i ng t he  mas s per 

un i t ,  by decreas i ng the w i dth  and t h i cknes s of connect i ve t i s s ue 

through  depos i t i on i ns i de con nect i ve t i s s ue  wal l ,  by s pread i ng i n  

around  e ac h  mus c l e  fi bre and s erv i ng to l u br i cate ,  and by i mprov i ng 

the cook i ng method because  m arb l ed meat c an endure h i g her external  

cook i ng t emperature s .  The re l at i on s h i p  between i ntramu scu l ar fat 

percent  and beef qu a l i ty was  i nvest i g ated i n  a group of Fr i es i an 

steers i n  wh i c h  the re l at i ons h i p b etween fatness  and c hrono l og i c a l  age 

h ad b een  m i n i mi s ed by h av i ng s i x  l eve l s of nutr i t i on to  produce  a w i de 

range of  body compo s i t i on ( Pu r chas  and D av i es ,  1 974b ) . U p  to  38% of 

the v a r i at i on i n  s hear force of  M .  l ongi s s i mu s  cou l d b e  accounted for 

by v ar i at i on i n  i ntramuscu l ar fat percent ,  b ut  i n  another two musc l es 

(� rectus  femor i s  and � sem i tend i nos u s , wh i ch had not  s hortened ) the  

re l at i on s h i p  between s hear force  a nd i ntramu scu l ar fat percent was  not 

s i gn i f i c an t .  Mart i n  and Fredeen  ( 1 9 74b ) found th at l e an p i gs produce  

l es s  t ender meat t han  fat p i g s .  S i m i l ar observat i on s  were reported by 

Jenn i ng s  e t �- ( 1 978 ) , who reported th at beef l o i n s teak s pos ses s i ng 

modest  or above marb l i ng l ev e l s  had l ower shear v a l ti e s  and h i g her 

tenderness  th an s teak s  of s l i gh t  or l ower marb l i ng l ev e l s .  I n  s heep , 
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s i mi l ar observat i on s  were made  by Cros s et �- ( 1 97 2 )  who reported 

s i gn i f i cant corre l a t i on s  between i ntramu s cu l ar fat content and s arco

mere l ength i n  l amb , s uggest i ng t hat marb l i ng m i g ht a l so be re l ated to 

tenderness v i a  an i ns u l atory effect i n  red uc i ng the s ever i ty of  co l d  

s horten i ng i nduced by l ow temperature c h i l l i ng .  Smi th � �· ( 1 97 6 )  

s t ud i ed the effect s o f  i ntramuscu l ar f at depos i t i on o n  t h e  tenderness  

of  meat from 40 l amb c arcasses . The res u l t s s howed that  i ncreased 

depos i t i on of i ntramuscu l ar fat i n  the  M .  l ongi s s i mu s  a t  t h e  1 2- 1 3th 

r i b  i nterface was as s oc i ated wi th i ncreased tenderness  of the M .  

l ongi s s i mu s , 

re l a t i on sh i p  

M .  b i ceps femori s and � semimembranosu s , b u t  that  the 

was not  l i near .  From the  s tudy o f  Jo s t  e t  � - ( 1 983 ) 

regres s i on an a l ys i s  i nd i c ated a 1 6- u n i t  i ncrease i n  marb l i ng wou l d  be 

req u i red to  produce  a u n i t i ncrease i n  taste  p ane l  tendernes s .  I n  the 

s t udy of Tatum et �· ( 1 980 ) , s en sory pane l  r at i ng s  genera l l y  

i ncreased a nd s hear force va l u es genera l l y  decreased as  degree of 

marb l i ng i ncreased . H owever ,  the d i fferences assoc i ated wi th e ach  

s ucces s i ve i ncrease  i n  marb l i ng were not a l ways d i rect i on a l l y  cons i s 

ten t ,  nor v1ere t hey a l ways stat i s t i c a l l y  s i gn i f i cant .  Steaks  w i th 

marbl i ng scores of  " modest "  h ad s i gn i f i cant l y  l ower s he ar force v a l ues  

th an steak s w i th m arb l i ng s cores of  " s l i ght  m i n u s "  or  " traces-p l u s " . 

The c hemi c a l , c ook i ng and p hys i ca l  p roper t i es of � sem i membranos u s , 

� sem i tend i nos u s  a nd � b i ceps femor i s  of h am were determ i ned by L i n  

et �- ( 1 985 ) . F at content of musc l e  was s i gn i f i can t l y and n eg at i ve l y  

correl ated to  t h e  force req u i red t o  p enetrate the ham s amp l es .  Th i s  

i s  due  to the  p l a st i c  propert i es of f at ,  wh i c h  req u i res l es s  force  to 

penetrate when c ompared to  prote i n  fi bre s .  S im i l ar resu l t s were 

reported by Smi th e t �· ( 1 984 ) who conc l u ded that l o i n ,  top  round , 

bottom round and eye of  round steak s from steer carcasses  w i th  h i g her 

marb l i ng scores ( more i ntramusc u l ar f at )  were more des i rab l e  i n  

t endernes s  and h ad l ower s hear force v a l u e s  than  steak s from c arcas ses 

wi th l ower m arb l i ng s cores . Softness  i ncreased and c hewi ne s s  s cores 

decreased a s  the l ev e l  of  fat i ncreased ( Coste l l o  et �. , 1 985 ) .  

Steak s  th at conta i ned 20% and 25% fat scored s ofter and y i e l ded s i gn i 

fi cant l y more read i l y th an d i d  steak s th at contai ned 1 5% fat . The 

d i fferences  may h ave been re l ated to  the l ower number of coag u l ated 

mus c l e  fi bres present  i n  the cooked steaks  w i th the  h i g her fat per

cen t .  Cros s and Stanfi e l d ( 1 976 ) reported th at restruc t ured steaks  

t hat conta i n ed 30% fat h ad h i g her p ane l  r at i ng s  for tenderness  than  

d i d  s teak s t h at conta i ned 20% fat . Keeton ( 1 983 ) observed s i m i l ar 
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trend s but d i fferences were not s i gn i f i cant .  Purchas  and Dav i es 

( 1 974a ) stud i ed the  effect of  nutr i t i on ( cerea l  v s  pasture)  on  25 

F r i es i an steers . At the s ame carcass  we i ght ( 45 7  k g )  al l measures  of 

f atnes s were at l east 20% greater i n  the cerea l  group ,  the greatest 

d i fference be i ng i n  the percent of i ntramusc u l ar fat and the  d i s

s ect i b l e  fat i n  the 9- 1 0- 1 1 r i b cu t .  The fatter cerea l - fed group h ad 

more accept ab l e  meat tenderne s s  than  the o ther group .  

2 - 3-3- 1 - 2  S ubcutaneous F a t  and Tenderness  

The  rel at i on s h i p  between fat th i ckness  and the tendernes s  of 

meat h as been i nten s i ve l y  s tud i ed ( Smi th et �. , 1 976 ; Bowl i ng et �. , 

1 97 7 , 1 978 ; Meyer et �· , 1 97 7 ; D i  keman et  �· , 1 97 9 ;  Loc hner et  �· , 

1 980 ) . These  stud i es h av e  i nd i c ated th at i ncreased s ubcutaneous  fat 

th i c k n e s s  may i mprove the tendernes s through i ts effect  on the rate of 

pos tmortem c h i l l i ng .  

Reports on the re l a t i on  of subcu taneous fatness  to tenderne s s  of 

l amb meat h ave been contrad i ct ory.  Joubert ( 1 95 6 )  reported t hat more 

tender meat was assoc i ated w i th fatter an i mal s .  I n  contrast , Sol omon 

e t �· ( 1 986 ) fou nd t h at meat fro� fatter c arcasses  was ev a l u ated by 

t he  obj ect i ve and subj ect i ve method s as be i ng s i gn i f i cant l y l es s  

tender th an t h at from l e aner c arcas ses . On the  other h and , Gadd i s  et 

a l . ( 1 950 ) noted th at v a r i at i on i n  tenderness  w as not rel ated 

cons i stent l y wi th fatness  of the  an i ma l . The correl a t i ons  between fat 

percent  i n  l amb c arcas ses  and tenderometer va l ues  or t endernes s  s cores 

of  cooked s amp l es were i nv e s t i gated by Woodhams et �· ( 1 966 ) . The i r  

d a t a  i nd i cated t hat t h e  f at n e s s  h ad no  i nf l uence o n  t h e  tenderne s s  of 

t he  meat from c arcasses  r ang i ng i n  fatnes s  from 20-4 1 % .  They con

c l uded that  the s i gn i f i c a nt negat i ve rel a t i onsh i p  of age  wi th tender

ne s s  s cores  s howed t h e  n ec e s s i ty for e l i mi n at i ng age effects when 

s t udyi ng  t enderne s s ,  u n l e s s  the i nfl uence of  age i s  one of the 

var i ab l es b e i ng stud i ed .  S i mi l ar res u l t s  were reported by B atcher et  

a 1 .  ( 1 962a ) and Carpenter et  �· ( 1 964 ) . 

Marsh et a 1 .  
t h at the cool i ng 

( 1 968 ) and Smi th and C arpenter ( 1 97 3 )  recogn i sed 

r ate  w i th i n  a c arcass i s  determi ned not on l y by 

amb i en t  temperature , h um i d i ty and a i r  ve l oc i ty ,  b ut  al so  by the s i ze 

of  t he  coo l i ng body and t h e  depth bel ow over l yi ng t i s s ues of the 
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part i cu l ar  mus c l e  be i ng con s i dered . The l at ter authors showed t h at a 

f at cover i ng of  2 . 5  mm at  the 1 2th r i b of l amb carcas ses  prevented 

exces s i ve pos tmortem s hr i nk age d ur i ng c h i l l i ng .  I ncreases i n  fat 

th i c k n e s s  above 2 . 5  mm were assoc i ated wi th decreased we i ght l os s ,  b u t  

wi th i n  t he  approx i mate r ange of  2 . 5  to  9 . 1 mm t he  advantage was 

u s u a l l y  smal l and n ot s i gn if i c ant . The res u l t s  of Wenham et a l . 

( 1 973 ) s u ggested t hat l arger c arcasses  c h i l l  more s l ow l y  than smal l er 

c arcas ses  and t h u s  are more tender . Smi th et 2l· ( 1 974 } , :  work i ng 

wi th goat c arcasses  of wi de l y  v ary i ng  s i ze s  and degrees 

n oted t h at c arcasses  from l ean a n i ma l s s us ta i ned exten s i ve 

of  t he  myofi br i l l s when s ubj ected to co l d  temperatures . 

of fi n i s h ,  

s horten i ng 

E ar l y  sheep ,  

rev i ewed by Smi th 

b eef and pork product i on stud i es were thoroug h l y  

and C arpenter ( 1 976 ) who conc l u ded t hat fatter 

a n i mal s u s u a l l y  produced meat t hat was more tender th an th at from 

l eaner an i ma l s .  Smi th et  2l· ( 1 976 ) s howed th at there was a s i gn i f i 

c ant  re l a t i o n s h i p  between s ubcut aneous fat t h i ckness  of l amb c arcas ses  

and t enderne s s .  Forty c arcasses wi th  t h i c k  ( >7 . 5  mm) : i n termed i ate  

( 2 . 5 t o  7 . 5  mm) and  th i n  ( <2 . 5  mm) subcutaneous fat  cover i ng s  over  the  

� l ongi s s i mu s  i n  the 1 2- 1 3th r i b  reg i on gave respect i ve shear force 

read i ng s  of 4 . 6 ,  6 . 1 and 7 . 5  kg for l o i n  chops and 7 . 8 ,  8 . 6 and 1 0 . 8  

k g  for r i b  chops . Smi th e t  2l· ( 1 97 6 )  prov i ded further ev i dence for 

an  effect of b ack fat t h i c k ne s s  on p a l atab i l i ty of l amb by remov i ng 

s ubcutaneous fat from over  the  � l ongi s s i mu s  o f  one s i de on l y  o f  eac h  

c arcass  t o  fac i l i tate compar i sons  o n  a wi th i n -c arcas s b a s i s .  The M .  

l ongi s s i mu s  from the  u n t r i mmed s i de s  gave s i gn i f i c an t l y l ower s hear 

force v a l u e s  th an t hat from the  tr immed s i des  for l o i n  chops ( 6 . 1 v s  

6 . 8 )  a n d  for r i b  chops  ( 8 . 6 v s  9 . 6 )  at  1�1 °C ch i l l i ng .  They conc l u ded 

t h at i nc reas i ng th i c k ne s s  of  s ubcutaneous fat on  l amb c arcas ses  c aused 

t h e  meat to c h i l l  more s l owl y ,  i ncreased e nzyme act i v i ty ,  l es sened 

s arcomere s horten i ng and i mproved meat tendernes s .  S u bsequent i nves

t i ga t i o n s  h ave s u b stant i ated these  conc l u s i on s  and s ugge s ted t h at 

de l ay of  c h i l l i ng and h i gh t emperature c h i l l i ng d i srupts  l ysosomal  

memb r anes  and i ncreases t he  effect of  proteo l yt i c  e nzymes cathep s i n  C 

and a - g l ucuro n i dase  i n  b eef ( Du tson and Lawr i e ,  1 974 ; Dutson et  2.l· , 

1 97 5 ;  Moel l er et 2.l· , 1 976 ; M arsh  et 2.l· , 1 980/ 1 981 ) .  Res u l t s  s i m i l ar 

t o  t ho se  of Smi th et  2l· ( 1 976 ) were obt a i n ed i n  the s tudy of Meyer et 

a l . ( 1 97 7 )  i n  wh i ch c arca s s  b ackfat was removed from one s i de o n l y  of 

e ac h  of 1 0  Angu s  s teers w i th i n  an hour  of the i r  s l aughter and a l l 
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s i des  were coo l ed i n  the  s ame c h i l l er at 0°C .  Taste p ane l  a s s e s sment 

s howed th at  a l l p al atab i l i ty attr i bu tes were very s i gn i f i cant l y  affec

ted by th e fat-str i pp i ng operat i on .  Tenderness was  the most  

i nf l uenced tra i t wi th a d i fference of  a l most one un i t  b e i ng  observed 

on a sca l e s p an n i ng o n l y s i x u n i t s  ( 4 . 66 v s  3 . 74 ) . Bowl i ng e t  �· 

( 1 977 ) reported t h at i ncreases i n  fat t h i ckness  on beef c arcasses  from 

1 . 27 to 8 . 9  mm were a s soc i ated wi th  i ncreases i n  sarcomere l ength  and 

i mproved beef tendernes s ,  wh i l e  s ubcutaneous fat in excess  of  1 0 . 2  mm 

prov i ded no furth er enh ancement of tendernes s .  Do l ez a l  et �- ( 1 982 ) 

c l as s i f i ed 326 s teer and 68 he i fer c arcasses i nto three s ubcutaneous 

fat th i cknes s c l as s e s  ( <5 . 07 ,  5 . 08 to  1 0 . 1 5  and > 1 0 . 1 6  mm ) .  R i b  

steak s  from c arcasses  w i th at l east  1 0 . 1 6  mm fat th i ck ne s s  rece i ved 

s i gn i fi cant l y h i gher rat i ng s  for tendernes s and h ad s i gn i f i cant l y  

l ower s hear force v a l u es than d i d  s teak s from c arcas ses  t h at h ad l es s  

than 5 . 08 m m  fat th i ck n es s .  Steak s from c arcasses  wi th l es s  than  2 . 54 

mm of fat th i ckness  rec e i ved the l owest tenderness  scores and h ad the  

greatest res i s t ance to s hear force .  S i mi l ar resul ts  were g i ven  by 

Tatum et -�1_. ( 1 982 ) . They po i nted out  th at steak s from c arcasses  w i th 

l e � s th an 5 . 08 mm of  s ubcutaneous  fat over the  M .  l ongi s s i mu s  at  the 

1 2th r i b  h ad s i gn i f i c ant l y h i gher s h ear force v a l ues t h an c arcasses  

wi th more t h an 5 . 08 mm . I n  general , s ensory panel  r at i ng s  i ncreased 

as s ubcu t aneous  fat depth i ncreased to  1 2 . 7  mm , b u t  d i fferences 

as soc i ated wi th s uc ces s i ve i ncreases  i n  fat th i ckness  between the 

l eve l s of  5 . 08 and 1 2 . 7  mm were not s t at i st i ca l l y  s i gn i f i c an t . R i l ey 

et �· ( 1 983b ) found t h at s ubcutaneous  fat th i cknes ses  of 7 . 6  mm or 

more were a s soc i ated w i th s i gn i f i c an t l y h i gher tenderness  v a l ues  for 

M. l ongi s s i mu s  than for fat th i c knesses l es s  t h an 7 . 5  mm i n  b u l l s  and 

steer s .  I n  l amb , t aste  p ane l  res u l t s  s howed o n l y  mi nor d i fferences i n  

tenderness  between 4 . 1 v s  5 . 7  mm fat t h i ckness  over the  r i b  reg i on 

( Kemp et �. , 1 982 ) . 'P arrett et �- ( 1 98 5 )  found th at sen sory p ane l  

eval u at i on i n  b eef s howed n o  d i fferences  between 5 ,  1 0  and 1 5  mm of 

s ubcutaneous  f a t  th i ckness  for tendernes s ,  but WB s hear v a l ues  

decreased wi th i ncreas i ng fat  th i c knes s  and  t he  1 5  mm s ubcut aneou s  fat 

h ad s i gn i f i cant l y  l ower v a l ues  than  the 5 mm or 1 0  mm fat groups . 

Th i s  res u l t agrees wi th the research of Dav i s  et �- ( 1 979 ) . 
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2-3-3-2 F atness  and Meat J u i c i ness  

The  meat j u i ce s  may serve to l u br i cate the  meat d u r i n g  the  

chewi ng proc e s s  ( Jeremi ah et �. , 1 970 ) , s o  i t  i s  qu i te pos s i b l e  t hat 

fat , by be i ng me l t ed dur i ng the heat i ng proces s ,  may contr i bute 

d i rect l y  to j u i c i ne s s  and  even i nd i rect l y  to tendernes s .  Accord i ng to 

L awr i e  ( 1 985 ) ,  t he  v a l u e s  for pH , expres s i b l e  j u i ce and fatness  were 

d i rect l y  re l ated t o  j u i c i ness  scores for cooked meat . Smi t h  and 

C arpenter ( 1 970 ) and  Smi th et �· ( 1 97 6 )  reported t h at j u i c i ne s s  i n  

l amb musc l e  was  pos i t i ve l y  re l ated t o  fatness  and negat i ve l y  re l ated 

to p H .  S i mi l ar conc l u s i on s  were reported by Kauffman  � �· ( 1 964 ) 

and Carpenter et �· ( 1 965 ) for pork mu sc l e .  Kemp et  �· ( 1 97 2 )  

s u gge sted that  a s  s heep become heav i er and fatter , t h e  cook i ng l o s ses 

i ncrease , but t h e  meat i s  j u i c i er and more tender . 

B l umer ( 1 96 3 )  s ummar i s ed the ear l i er s c i ent if i c s tud i es on  the 

re l at i on s h i ps between marb l i ng and J U l C l ness  i n  beef . Stronger 

re l at i on s h i ps were found between marb l i ng and j u i c i ness  ( 1 6% of  the 

v ar i at �on ) th an  between marb l i ng and t enderness  or f l avour ( 5% ) . Go l l 

et  �· ( 1 965 ) and  Wa  l ter et �· ( 1 96 5 )  stud i ed 72 beef carca s se s  w i th 

s i x  degrees of  marb l i ng ,  and found t h at j u i c i ness  was not re l ated to 

musc l e  fat conten t .  S i mi l ar fi nd i ng s  were reported by Tuma e t  �· 

( 1 962b ) . Bre i den ste i n  et �· ( 1 968 )  fou nd t hat j u i c i ne s s  s cores for 

beef M. l ongi s s i mu s  i ncreased w i th a n  i ncrease  i n  marb l i ng ,  b u t  the 

corre l at i on coeffi c i en t  was not s i gn i f i c an t .  Level  of  f atnes s  has  

b een shown to  b e  r e l ated pos i t i ve l y  to  j u i c i ness  scores for l amb cuts 

by Pau l  et �· ( 1 964a ,  b ) ,  and O l dfi e l d et  �· ( 1 966 ) . Bratz l er 

( 1 97 1 ) s howed a c l o ser pos i t i ve rel at i on between j u i c i ness  and fat 

content of t h e  meat th an between j u i c i nes s  and amount  of expres s i b l e  

j u i ce ( as a meas ure  of water- ho l d i ng c apac i ty )  from meat ,  apparent l y  

because  j u i c i n e s s  d u r i ng c hewi ng l eft a more l ast i ng  i mpre s s i on th an 

d i d  the  i n i t i a l re l e ase  of j u i ce .  S i nce  marb l i ng wou l d  i ncrease  the 

s en s at i on of s u st a i ned j u i c i ness  i n  l es s  tender meat ( Sm i th  and 

C arpenter , 1 976 ) , i ts a s soc i at i on wi th j u i c i ness  i s  apparent .  B r i s key 

a nd K auffman ( 1 97 1 ) s ugge sted t h at i f  i ntramuscu l ar fat enh anced 

j u i c i ness  by s erv i ng as  a l u br i c ant  around m us c l e  bund l es ,  then  i t  i s  

i mportant  th at  fatness  b e  u n i forml y and f i n e ly  d i spersed t h roughout  

t he  musc l e . Renk  e t �· ( 1 985 ) s uggested t h at the retent i on of i ntra

muscu l ar f at wi th i n  boundar i es of mus c l e  i s  very h i gh ,  bec a u s e  most 
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i ntramu s cu l ar  fat i s  stored i n  th e i nterfas i cu l ar s paces  of the  mu s c l e  
a nd , b ecause  these  s pace s  are not n eces s ar i l y  cont i nuous  from one end 

of t he  mu s c l e  to  the oth er , fat cou l d  not eas i l y  esc ape·  when i t  i s  

r endered du r i ng cook i ng .  Resu l t s of earl i er stu d i e s  re l at i ng  f atness  

t o  j u i c i ne s s  of cooked meat  were rev i ewed by Smi th and  Carpenter 

( 1 976 ) .  The co nsensus  from th ese data  was that fatnes s  h ad a moderate 

re l at i onsh i p to  j u i c i ne s s  i n  l amb , a moderate to  h i gh rel at i on s h i p  to 

j u i c i ne s s  i n  pork and a l ow to  moderate rel ati onsh i p  to  j u i c i ness  i n  

b eef . Forty l amb s were s e l ected by Smi th et �· ( 1 976 ) to vary i n  

amount  of fat ( 7 . 1 , 3 . 3 , 1 . 1 mm fat th i ckness  at 1 2th r i b ) .  The 

j u i c i ne s s  rat i ng for M. l ongi s s i mu s  and M .  b i ceps femor i s  d i d  not 

d i ffer among s amp l es from l ambs i n  these fatness  c l a s se s ,  de s p i te 

r ather  l arge d i fferences i n  amo unt of i ntramuscu l ar fat . 

The re l at i ons h i p  of ju i c i ness  and fat content was exami ned by 

G u l l ett  et �· ( 1 984 ) u s i ng d ata from seven  beef s tud i e s exami n i ng 

meat qua l i ty .  Percent fat was negat i ve l y  corre l ated wi th j u i c i ness  

s cores for both M .  l ongi s s i mus and M .  sem i tend i nosus  and they 

attr i buted th at t o  the l ow temperature of the s amp l es becau se  these 

s amp l es were ev a l u ated at room temperature . Th i s conc l u s i on was 

s upported by the s tudy of H arr i es et �· ( 1 972 ) who reported th at co l d 

s amp l es were percei ved as  be i ng dri er th an hot s amp l e s  due  to s o l i d i 

f i cat i on of the  fat and the  ge l ati n i sat i on of the aq u eous  phase . 

2-3-3-3 F atness  and Meat F l avour 

F l avo ur i s  an  i mportant aspect of meat q ua l i ty th at i s  s omet i mes 

t h e  d etermi n i ng c r i ter i on i n  acceptance or reject i on of the product  

( Ford a nd P ark , 1 980 ) . S i nk and Caporaso ( 1 977 ) reported t h at l ow 

con s umpt i on of l amb and mutton  h as been attr i buted , i n  part , to  the 

f l avour of these  meats . Accord i ng to  Lawr i e  ( 1 985 ) ,  meat f l avo ur  i s  a 

comp l ex s t i mu l u s  i nvo l v i ng s uc h  character i s t i c s  as  odo u r ,  taste , tex

t ure and t emperature . The f l avour  sensat i on i s  a comb i n at i on of 

v o l at i l e  compou nd s  produced dur i ng the  cook i ng of meat ( Herz and 

C h ang , 1 97 0 ;  Mac l eod a nd Coppock , 1 976 ) . Herz and Chang ( 1 970 ) 

s ugge sted t h at heat s erves  s everal funct i ons  i nc l ud i ng :  re l eas i ng 

f l avo ur  precursors  from fat ; a l l owi ng i nt i mate mi x i ng of fat and 

water-s o l ub l e  components , and acce l erat i ng brown i ng react i on s . I n  

general , th e f l avour of  cooked meat i s  d ue  to a m i xture of compound s 
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i nc l u d i ng :  nonvo l ati l es ,  or water- so l u b l e  compounds  w i th  t as te

tact i l e  propert i es ,  p otent i ators and synerg i sts  and vo l a t i l es wh i ch 

g i ve r i s e t o  the  odo ur  propert i es ( Mac l eod and Seyyeda i n -Ardeb i l i ,  

1 981 ) .  Accord i ng t o  Moody ( 1 983 ) , of these three , the  vo l a t i l e  com

pound s are by far the most i mportant and most frequent l y  d i s cu s s ed . 

The contr i but i on of  fatty t i s s u e  to the f l avour of cooked meat 

h as been the s u bj ect of a n umber of  stud i es ,  and i t  i s  genera l l y  

agreed that f at h as s ome effect o n  meat f l avour , but  the extent of 

th i s  effect i s  s t i l l  unc l e ar ( Moody, 1 983 ) . Horns te i n  and Crowe 

( 1 960 ) confi rmed the observat i on s  of Kr aml i c h  and Pearson ( 1 958 ) , 

Wasserman and Gray ( 1 96 5 )  and Pearson  et �· ( 1 973 ) ,  i n  i nd i c a t i ng  

th at the b as i c  meaty f l avour res i des  i n  the  water-so l u b l e  fr act i on ,  

and th at i t  was  e s sent i al l y  the  s ame for al l spec i e s ,  wh ereas the  

character i st i c  s pec i es f l avour and  aroma appeared to  ar i s e  from the  

l i p i d s .  Furth ermore ,  Mac l eod and Seyyed a i n-Ardeb i l i  ( 1 981 ) conc l u ded 

th at the vo l a t i l e  components respon s i b l e  for s pec i es d i fferences  are 

prov i ded from l e an musc l e ,  and if l i p i d � �  i s  an i mportant cont

r i butor , th e i ntramuscu l ar fat a l one i s  s uffi c i en t . · I t  appears  th at 

the  d i st i nct i ve f l avo ur of s heep meat (Was serman and Tal l ey ,  1 968 ) 

espec i a l l y  from heavy r ams ( C amp i on et �. , 1 976 ; Mi sock  � �. , 1 976 ; 

Crouse � �. ,  1 978 )  i s  one reason for i t s  l ow cons umpt i o n .  There i s  

a conv i nc i ng wea l th of i nformat i on i nd i cat i ng th at l amb f l avour i s  not 

as soc i ated wi th fat cover or fat content ( Woodhams et �. , 1 966 ; Smi th 

et �. , 1 970a , b ;  Batc her et �. , 1 962a , 1 969 ; Sol omon et �. , 1 980 ) . 

Moreover ,  P urchas and K ad i m  ( 1 985 ) and Purchas et �· ( 1 986 ) found n o  

d i fference i n  des i rab i l i ty of meat f l avour between t he  progeny of  t he  

l e an and · fat South down X Romney cros s breed . I n  beef , Tatum et a l . 

( 1 982 ) s howed t h at steak s  from c arcasses  wi th l ess  than  5 . 08 mm of 

s u bcu taneous fat  over  th e M. l ongi s s i mu s  a t  the 1 2th  r i b h ad s i g

n i f i cant l y  l ower sensory p anel  r at i ng s  for f l avour des i rab i l i ty t h an 

those wi th more th an  5 . 08 mm fat cover . Accord i ng t o  Co ste l l o  � �· 

( 1 985 ) , th ere was a decrease i n  the off-fl avours  assoc i ated wi th  t he  

steak s  as t h e  amount  of  fat i ncreased . They attr i buted th at to the 

decreas i ng p roport i on of l ean meat wi th i ncreas i ng fat . Smi th et �

( 1 984 ) reported th at b eef steak s  from carcas ses  wi th h i gher  marb l i ng 

s cores were s i gn i f i cant l y  more des i rabl e i n  f l avour than  those  wi th 

l ower marb l i ng .  
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I n tramu s cu l ar fat  ex i sts  i n  c l o se  a s soc i at i on wi th prote i n s  and 

conta i n s  a l arge percent of phospho l i p i d s  ( Gok a l p  � �. , 1 983 ) .  

W i l son  et �· ( 1 976a )  reported th at th e phosphol i p i d  content for s heep 

musc l e  was 0 . 80% of t i s s ue we i g ht , and accord i ng to Hornste i n  et �· 
( 1 96 1 ) the phospho l i p i d s  deve l oped r anc i d  odours  much more qu i c k ly 

t han the neutra l  fats  d ue  to the i r h i gh u n s aturated fatty ac i d  content 

( Gok a l p et �. , 1 983 ) , espec i a l l y  the  p ho sphol i p i d s of red musc l es 

wh i c h  are more u n s aturated th an those  of  the wh i te musc l e  ( L awr i e , 

1 978 ) . Th i s  wou l d l ead o ne  to  expect both a greater s u scept i b i l i ty to 

oxi dat i ve ranc i d i ty and a concomi tant l y  h i gher degree of d i s co l o ur

at i on  on  storage . Tho ugh  the phospho l i p i d  content of meat i s  

re l at i ve l y  l ow rel at i ve t o  t i s s ue we i ght ,  the s uscept i b i l i ty of the 

p hosphol i p i d s  t o  oxi dat i on  makes  them i mportant i n  determi n i ng meat 

q u al i ty ( Gray a nd Pearson , 1 984 ) . F at ox i dat i on i s  a major c au s e  of 

deter i orat i on i n  the q u a l i ty of meat w i th  res pect to  undes i rab l e  

c hanges i n  c o l o u r ,  f l avo ur and n utr i t i ve va l ue  of meat due  t o  i nter

act i on s  wi th  other meat const i tuents s u c h  as p i gments and other 

prote i n s ,  c arbohydrates and v i tami ns  ( Love and Pearson , 1 97 1 ) .  

The l i p i d - s o l u b l e  f l avo ur  components are the most  i mport ant for 

determi n i ng meat f l avour  ( S i nk ,  1 973 ) and many factors contr i b u te to 

the i r expres s i on ( S i nk and Caporas o ,  1 977 ) . Caporaso � �· ( 1 977 ) 

i dent if i ed 5 1  compound s from ov i ne s ubcutaneous fat wh i ch contr i buted 

to the character i s t i c f l avo ur of the meat . An a l ys i s  showed th at most 

of th e vo l at i l e  f l avo ur components were i n  th e neutra l  fract i on and 

s ome i n  the ac i d i c  fract i on ,  but few were detected i n  the b as i c  

fract i o n .  Fourteen components ( 1 0  al dehyde s ,  3 ketones  and 1 l actone )  

were s u ggested a s  b e i ng i mportant contri bu tors to  the  overal l f l avo u r .  

Wong e t �· ( 1 97 5 a )  observed 4-methyl octano i c  ac i d  to  be correl ated 

wi th mutton f l avo ur . The 4- methyl branched-cha i n ac i d s h av e  a l s o  been 

con s i dered p r i mar i l y  respon s i b l e  for the sweaty odour  of mutton ( Wong 

et �· , 1 97 5b ) . 

Crouse et  a l . ( 1 982 ) s ug gested th at var i at i on i n  f l avour or l amb 

wou l d be as s oc i ated wi th v ar i at i on i n  fat compo s i t i on and not 

var i at i on i n  the q u ant i t i es of fat . Moody ( 1 983 ) conc l uded th at fats 

can i nfl u ence  meat f l avour i n  two ways : fi rst , by prov i d i ng a 

s ub strate for ox i dat i on , wi th the format i on of carbonyl compound s i n  

organol epti c a l l y  s i gn i f i c ant  amounts  ( these compounds  may produce  
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de s i ra b l e  f l avo urs  or  unde s i rab l e  off-fl avo urs , depend i ng o n  th e i r 

concentrat i on )  and s econd l y, by serv i ng as  depots of fat -so l u b l e  

compound s  th at vo l at i l i se u pon heat i ng and s trong l y  affect f l avo ur . 

Soft fat of  

as i t  contri butes  

et  �- , 1 976 ) • 

l amb s i s  cons i dered by s ome to be a s er i ous  prob l em 

to  oxi d i sed fl avo urs ( Camp i on et �. , 1 976 ; M i sock  

However F i e l d  et  a l . ( 1 978)  d i d  n ot f i nd a ny 

rel at i on s h i p between the l eve l  of pol yu n s at urated fatty ac i d s and 

aroma s cores for meat . I t  h as been estab l i s hed th at s oft and o i l y  fat 

on s heep c arca s ses may res u l t from h i gh proport i ons of rel at i ve l y  l ow 

me l t i ng-po i nt methyl -branc hed cha i n  and odd - n umbered fatty ac i d s  and 

l ow proport i on s  of rel at i ve l y  h i gh  me l t i ng -po i nt s aturated fatty ac i d s  

and l ow proport i on s  o f  fatty ac i d s  such  a s  p a lm i t i c and stear i c ac i d s  

( Du ncan et �- , 1 974 ; Mi l l er et �- , 1 980a ; Busboom et �- , 1 98 1 ) .  

The assoc i at i on between yel low fat and l ower f l avo ur scores l ed 

Kruggel  � �- ( 1 982 ) to search for the c au s e  of d i sco l ourat i on i n  

l amb fat and t o  re l ate i t  to  fl avour . They found t h at h i gher l ev e l s 

of l u te i n i n  s ubcu taneous l amb fat were assoc i ated wi th  yel l ower fat 

co l o ur  and wi th more i ntense f l avo ur ,  but  the  fat was n ot softer . 

2-3-4 MUSCLE CHARACTER I ST I C S  AND MEAT QUAL I TY 

2-3-4- 1 Mus c l e  F i bre P arameters 

Ske l etal  m u s c l e  fi bres of mammal s can be ch aracter i sed u s i ng 

h i stoc hemi cal  method s for th e i dent i fi c at i on of h i gh l y  spec i f i c e nzyme  

act i v i t i es ( Moody and  Cassen � ,  1 968 ;  As hmore and Ooerr , 1 97 1 ; S u z u k i ,  

1 971 a , b ;  S u z u k i and Tamate , 1 974 ) . Ste i n and P adyk u l a ( 1 962 ) recog

n i s ed three types of fi bres by the i r  c h aracter i st i c  patterns  of 

s uc c i n i c  dehydrogenase  act i v i ty as s hown by d i fformazan granu l es .  The 

f i bres were c l a s s i f i ed i nto  type A wi th l ow s ucc i n i c  dehydrogenase 

act i v i ty ,  type C wi th h i gh act i v i ty and B w i th i ntermed i ate act i v i ty .  

Ogata and Mor i  ( 1 964 ) a l s o  c l as s i f i ed mamma l i an mus c l e  f i bres i nto 

th ree types o n  the bas i s  of th e i r  oxi dat i ve enzyme react i on .  The 

t hree types were smal l red musc l e  fi bres s howi ng h i gh act i v i t i es of 

ox i dat i ve enzymes , l arge wh i te fi bres w i th l ow act i v i t i es and 1 1med i um 

f i bres .. wh i c h  were i ntermed i ate i n  s i ze wi th enzyme act i v i t i es between 

those of red and wh i te musc l e  f i bres . Samah a et  a l . ( 1 970 ) 
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demonstrated th ree fi bres based on  a myos i n  ATPase h i s toc hemi ca l  

a s s ay ,  and the  three types were des i gn ated a ,  a and  aB . Ashmore and 

Ooerr ( 1 97 '1 )  reported t h at ske l eta l  m us c l es of meat an i ma l s compr i sed 

a h eterogeneou s m i xt ure of  red ( aR ) , i ntermed i ate ( aR )  and wh i te ( aW )  

f i bres , wh i c h  d i ffered from one  another i n  the i r morpho l og i ca l , 

p hys i o l og i ca l  and b i oc hemi ca l  propert i e s .  Ashmore and Add i s  ( 1 97 2 )  

descr i bed t he  f i bre types a s  fol l ows . The ( aR )  red fi bres ( s l ow 

ATPase  act i v i ty )  fat i gu e  s l owl y when s t i mu l ated , are smal l i n  

d i ameter , are r i ch i n  ox i dati ve ( aerob i c )  enzyme act i v i ty ,  m i toc hon

dr i a ,  l i p i d  and myog l o b i n ,  but h av e  rel at i ve l y  weak g l yco l yt i c  

act i v i ty .  Wh i te f i bres ( aW )  are fast - act i ng ( h i gh ATPase act i v i ty ) , 

b u t  fat i gue  rap i d ly ,  are l arge i n  d i ameter , have  h i g h g l yco l yt i c  

( an aerob i c )  enzyme act i v i ty and are l ow i n  ox i dat i ve  capac i ty ,  mi to

c hondr i a , l i p i d  a nd myog l o b i n .  I n termed i ate  fi bres ( aR )  are fast

act i ng (med i um ATPase act i v i ty ) , fa i r l y  h i gh  i n  g l yco l yt i c  act i v i ty 

and myog l o b i n  but  i ntermed i ate i n  ox i da t i ve  capac i ty ,  d i ameter , m i to

chond r i a and l i p i d .  Young ( 1 984 ) ex ami ned the b i oc hemi ca l  b as i s  of 

the h i stoc hemi ca l  assay for myofi br i l l ar ATPase , and fou nd t h at th e 

act i v i ty of myofi br i l l ar ATPase i s  determi ned by the  myos i n  heavy 

c h a i n .  He conc l u ded th at i n  s p i te  of  wi de met abol i c  var i ab i l i ty 

w i th i n  types , a c l a s s i f i cat i on based on  myofi br i l l ar ATPase  act i v i ty 

i s  s t i l l  u sefu l . 

2-3-4- 1 - 1 Qua l i ty Character i s t i c s  Affected by Mu s c l e Type. 

Severa l  stud i es have  reported s i gn i f i can t  neg at i ve 

correl at i ons  between overal l untyped f i bre d i ameter and tenderness 

i nd i cat i ng t h at l ower fi bre d i ameters are assoc i ated wi th more tender 

meat i n  s heep ( Hammond , 1 932 ; Smi th � �. ,  1 970a ; Cross et �. , 1 972 ; 

So l omon � �. ;  1 981 ) ,  p i g s ( C arpenter et �. , 1 963 )  and beef ( H i ner 

et �· , 1 95 3 ;  Tuma et �· , 1 962a,; Berry et �· , 1 974 ) . I ncon s i stent  or 

non-s i gn i f i cant  correl at i on s  between fi bre d i ameter and meat tender

ne s s  h ave a l s o  been reported for s heep ( R ay et �. , 1 966 ; T i c henor et 

�· , 1 969 ; Moody � �· ,  1 970 ,  1 980 ) and beef ( Romans et �· , 1 965 ; 

Me l t on et �· , 1 97 4 ;  Ockerman et �· , 1 984 ; Se i deman et �· , 1 986 ) .  

The  d i screpanc i es between  those s t ud i es cou l d be due  to the  fact th at 

s ome researchers  u sed i ns trumental  methods  to  measure tendernes s , 

whereas others re l i ed o n  p anel  score s .  A l so d i fferent mus c l es ,  

b reed s ,  postmortem treatments and wei ght s at s l aughter were i nv o l ved . 
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Several stud i es h ave  reported pos i t i ve correl at i on s  between 

proport i on of  ( s R )  red fi bres and tenderne s s  i n  beef ( Me l ton  � �. , 

1 975 ; May � �· ,  1 97 7 ; Ca l k i n s et �· , 1 981 ; Ockerman � �· , 1 984 ; 

H awk i ns ,  1 986 ) . These res u l t s  are s u p ported by the fi nd i ng th at ( s R )  
red fi bre proport i on i s  more h i gh l y  corre l ated wi th i ntra- and i nter

fi bre fat depots t h an i s  ( aW )  wh i te f i bre proport i on .  I n  s heep , Moody 

et �· ( 1 980 ) found a s i gn i f i cant corre l at i on between ( aR )  red f i bre 

d i ameter and t endernes s i n  l amb M. l ongi s s i mus  i n  one  tr i a l , b u t  i t  

was not  s i gn i f i cant  i n  another tri a l . S o l omon et �· ( 1 981 ) found 

s i gn i f i cant n eg at i ve and pos i t i ve corre l at i ons  between ( aR )  red musc l e  

fi bre proport i on  and meat tenderness  i n  l amb M .  l ongi s s i mu s  and ii:_ 
semi -membranos u s , res pect i ve l y . H oweve r ,  i n  catt l e ,  S e i deman and 

Theer ( 1 986 ) found th at ii:_ l ongi s s i mu s  tenderness was pos i t i ve l y  and 

n egat i ve l y  corre l ated to  the proport i o n s  of  wh i te and i ntermed i ate 

musc l e  fi bres respect i ve l y , b ut  the proport i on  of red musc l e  f i bres 

was found to be  unre l ated to  tendernes s .  Sol omon et a l . ( 1 981 ) and 

Ockerman et a l . ( 1 984 ) d i d  not fi nd s trong rel at i on s h i ps between 

musc l e  fi bre parameters and j u i c i nes s  or f l avour i n  s heep meat and 

beef , respect i ve l y .  S im i l ar resu l t s  wi th c att l e were reported by 

Se i deman and Theer ( 1 986 ) and Se i deman et �· ( 1 986 ) . I n  contrast , 

Se i deman and Crouse  ( 1 986 ) reported t hat a h i gh proport i on of red 

mus c l e fi bres was assoc i ated wi th l es s  off-f l avours . However , d r i p 

l o s s ,  taste pane l  t enderness , and J U l C l ne s s  were s i gn i f i cant l y  

pos i t i ve l y  corre l a ted wi th the d i ameter o f  ( aR )  red fi bres ( Moody et 

�. , 1 980 ) , and t hey conc l uded th at these  rel at i onsh i ps furth er s up

port the i de a  th at it  i s  th e ( sR )  red f i bre r ather than the  ( a  R )  
i ntermed i ate o r  ( aW )  wh i te fi bres t h at make the greatest contr i bu t i on 

to  meat p al atab i l i ty.  Staun  ( 1 968 ) s howed t hat tendernes s ,  water

ho l d i ng capac i ty and co l our of pork i mproved wi th a decrease i n  musc l e  

fi bre d i ameter .  Water-ho l d i ng capac i ty ( WH C ) was compared i n  muscu l ar 

fract i on s  from p i g  mus c l es of d i fferent metabol i c  types , i nc l ud i ng ii:_ 

l ongi s s i mus , a 11 f ast wh i te" musc l e ,  and both Mm . i ntraspi n at u s  and 

s uperspi natus  11 s l ow red 11 musc l es ( L aborde e t �. , 1 985 ) . They found 

that the ( aR )  red fi bre h ad s l i g ht l y  h i g h er water-ho l d i ng capac i ty 

th an the  ( aW )  wh i te fi bre of pork , s o  the  most j u i cy meat was a l so the 

most tender meat . 

Cassens  ( 1 97 7 )  s t ated that the  proper t i es of a musc l e ,  b e  they 

v i s ua l  appearance ,  phys i o l og i ca l  parameters or b i ochem i c a l  
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ch aracter i st i cs ,  were a refl ect i on of the  proport ion of musc l e  f i bres 

present .  Th i s  po i nt c an be construed t o  mean that the fat or co l l agen  

c h aracter i s t i c s of  a musc l e  are a ref l ect i on of the  proport i on of red 

vs wh i te mus c l e  fi bre types . The rel at i ons h i ps between fatness  and 

musc l e  fi bre types wi l l  be rev i ewed s eparate ly .  I t  may be  pos s i b l e  

t hat col l agen  amount  and/or sol u b i l i ty may b e  a refl ect i on of wh i te 

musc l e  fi bre types . Beatty et �· ( 1 96 6 )  i nves t i gated t he  connect i ve 

t i s sue  content  of predomi n antl y red and wh i te musc l e  i n  pr i mates by 

the  use  of h i s toc hemi ca l  sta i n i ng wi th s i r i us red and by u s e  of a 

b i ochemi ca l  method for detect i ng hydroxyprol i ne .  Both methods 

produced resu l t s  th at s howed more connect i ve t i s s ue in  wh i te musc l e  

t han red m u s c l e .  B i oc hemi cal l y  e st imated col l agen as a percent of 

we i ght  was 0 . 9% for M. so l eus  ( red ) ,  1 . 36% for M. s artor i u s  

( predomi nant l y  red ) , and 2 . 63% for M .  s uperfi c i a l brach i orad i a l i s  

( predomi n ant l y wh i te ) . Se i deman and Theer ( 1 986 ) and Se i deman � �· 

( 1 986 ) found t hat the amount of con nect i ve t i ssue was pos i t i ve l y  

correl ated t o  the proport i on of wh i te musc l e  fi bres and n egat i vel y 

corre l ated t o  the  p roport i on of i ntermed i ate mus c l e  fi bre ,  wi th n o  

rel at i onsh i p  w i th t he  red fi bre proport i on . Se i deman ( 1 986 ) stud i ed 

the  effect of  s ex o n  the rel at i on s h i ps between musc l e  fi bre types  and 

connect i ve t i s s u e  and found these correl at i ons  were 0 . 54 and - 0 . 54 for 

b u l l s  and -0 . 3 1 and 0 . 3 1 for steers for the proport i on s  of red and 

wh i te f i bres respect i ve l y . The corre l at i on between the  amount  of 

so l u b l e  co l l agen  and propor t i on of red and wh i te musc l e  fi bres were 

0 . 32 and -0 . 32 for b u l l s  and -0 . 46 and 0 . 46 for s teers , respect i ve l y .  

P art of t h e  confl i ct c an b e  exp l a i ned b y  the fact that Beatty e t  �· 
( 1 966 )  found t h at wh i te mus c l e fi bres were pos i t i ve l y  correl ated to  

col l age n d ue  t o  musc l e  fi bre s i ze  be i ng  l arger for wh i te f i bres . I n  

the study o f  Se i deman ( 1 986 ) ,  the s i z e  of the  whi te fi bre for steers 

and bu l l s  was  s i m i l ar ,  but red fi bres in  b u l l s  were s u bstant i al l y 

l arger .  

I t  may be  pos s i b l e  th at as  a musc l e  ce l l ,  regard l es s  of type ,  

approaches  i ts max i mum s i ze , co l l agen cros s l i nk i ng beg i ns ( Se i deman , 

1 986 ) .  Tenderne s s  h a s  been attr i bu ted t o  numerous  other musc l e  c harac

ter i st i cs wh i c h  i nc l u de co l d- s horten i ng ,  enzymat i c  proteo l ys i s  and pH 

dec l i ne .  A l l of these  phenomena  c an be u l t i mate ly l i n ked  to  musc l e  

fi bre type c h aracter i s t i cs and wi l l  b e  rev i ewed separate l y wi th i n  the  

s ect i on on  these  c h aracteri st i c s .  
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2-3-4 - 1 -2 F actors Affect i ng the  Proport i ons  of Mu s c l e  F i bre 

Types  

2-3-4- 1 -2 - 1  An i ma l  A ge  and Wei ght 

I t  i s  wel l estab l i shed th at musc l e  fi bre n umbers 

rema i n  essent i a l l y  unchanged from , or  s hor t l y  before , b i rth  throughout  

an  an i mal 1 s 1 i fe ( Hammond , 1 932 ; McMeek a n ,  1 940a ,  Joubert , 1 956 ; 

Staun , 1 963 ; St i c k  l and  et il· , 1 97 5 ) . H ammond , ( 1 932 ) demonstrated 

t hat average  musc l e  fi bre d i ameter i n  s even  mus c l es of the · l eg and 

th i g h  was 1 2 . 8  �m for n ewborn r ams , 40 . 3  �m at the age of fi ve month s 

and 54 . 1  �m  at four years . Joubert ( 1 95 6 )  found th at the  average 

d i ameter of f i bres from M .  l ongi s s i mus , M .  rectus femor i s  and M .  

gastrocnemi u s  i n  n ewborn l amb s was 9 . 3  �m , a t  the age o f  60  days i t  

was 33 . 6  �m , and i n  th e fu l l y- dev e l o ped s heep , 49 . 2 �m .  Ashmore and 

Addi s ( 1 972 ) reported th at a l l growth of musc l e  i n  l amb s after 1 40 

days of gest at i on was t he  res u l t  of  an  i nc rease i n  th e s i z e of fi bres 

present at t h at t i me .  Wh i te e t  il· ( 1 978 )  reported that i n  ov i ne 

q u ad r i ceps m u sc l e  the mean fi bre d i ameters i ncreased marked l y  after 

b i rth . S i m i l ar res u l t s  were reported by Moody et il· ( 1 980 ) . 

McMeek a n  ( 1 940a ) stud i ed the  effect of age on the d i ameter of  

musc l e  fi bres i n  p i gs from b i rth t o  28 week s of age , and n oted s i gn i 

fi cant i ncreases  i n  t he  mu s c l e fi bre d i ameter of M .  l ongi s s i mu s  at 

i nterva l s of four week s .  H i ner � il· ( 1 953 ) found i n  a s t udy of the 

s l aughter q u al i ty of beef c att l e  t hat the  d i ameter of t he  musc l e  

fi bres i n � l ongi s s i mu s  i ncreased wi th i ncreas i ng age o f  t h e  a n imal s .  

S i mi l ar resu l t s for catt l e were found by Tuma � il· ( 1 96 2 a )  and 

Guenth er et  il· . ( 1 981 ) .  

The reports referred to  above h ave deal t wi th untyped fi bres . 

S i nce  fi bre types h ave  been s hown to  d i fferent i ate at var i o u s  s tages  

and h ave d i fferent metabol i c  funct i on s  i n  the body ( As hmore et il· ' 

1 972 ) ,  age-re l ated c h anges i n  f i bre type profi l es need to  be  con

s i dered as wel l .  Cornforth � il· ( 1 973 ) reported a general  decrease 

i n  the proport i on of red musc l e  fi bres i n  Hol ste i n and Hereford musc l e  

wi th an  i ncrease  i n  a n imal  age . Dreyer et il· ( 1 97 7 )  reported that 

musc l es of you nger an i mal s conta i n more red musc l e  fi bres t h an those  

of o l der an i ma l s .  F u rth ermore ,  S e i deman et  il· ( 1 986 ) s howed that 

w i th an i nc rease  i n  age from 1 2  to  1 6  month s ,  the proport i on of  red 
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musc l e  f i bre d i d  not  s i gn i f i cant l y  change , whereas a s i gn i f i cant  

decrease  i n  the proport i on of  i ntermed i ate  fi bres res u l ted i n  a s i gn i 

fi cant i ncrease  i n  th e p roport i on of wh i te fi bre s .  Wh i te � �· ( 1 978 )  

reported that  i n  ov i n e q u ad r i ceps the  n umber of  ( a  R )  i ntermed i ate 

fi bres decreased and t h at of ( eR )  red fi bres i nc reased wi th  i ncreas i ng 

age from 1 day to  5 year s .  S h i fts i n  the proport i ons  of the d i fferent 

fi bre types as  we i ght  i ncreased h ave a l so been reported , wi th ( eR )  red 

becomi ng a s i gn i f i c a nt l y  l ower proporti on wh i l e ( aR )  i ntermed i ate  and 

( a  W )  wh i te fi bres become a greater proport i on ( Moody et �. , 1 980 ) . 

They conc l uded th at  th i s  fi nd i ng cou l d  h ave  i mportant i mp l i c at i on s  for 

musc l e  growth a nd deve l opment s i nce  i t  s hows t h at ATPase act i v i ty may 

not b e  fi xed at b i rth . However , no  s i gn i f i c ant changes i n  fi bre types  

were s hown i n  a s econd  exper i ment by the s ame authors , and they attr i 

buted th at to d i fferences i n  nutr i t i on and breed . These authors 

po i nted out that the proport i on of i ntermed i ate fi bres rema i ned fa i r l y  

con s t an t ,  whereas t h e  wh i te f i bres i ncreased w i th age . F urthermore , 

Mar i n ov a  � �· ( 1 984 ) reported that i n  ov i ne � l ongi s s i mus  the  

proport i on of ( a R ) i ntermed i ate fi bres i ncreased and the proport i on of  

( eR )  red fi bres and  ( a W )  wh i te fi bres decreased wi th i ncreas i ng we i g ht 

from 25  to 35  kg l i ve  we i ght , wi th s imi l ar d ata  bei ng obta i ned for the 

M .  s uprasp i n at u s  musc l e . S i mi l ar conc l u s i on s  were drawn from the 

study of  Hentges et �· ( 1 983 ) wi th c h i cken s .  I n  the s t udy of 

K i e s s l i ng et �· ( 1 982 ) the mus c l e  fi bre prof i l e  for p i g s c h anged wi th 

an i nc reas i ng proport i on of wh i te fi bres w i th i ncreas i ng we i ght from 

25 t o  1 00 k g .  Th u s  the  n umber of ( eR )  red a nd ( a  R )  i ntermed i ate 

fi bres decreased by about 8% i n  porc i ne � l ongi s s i mus  and 1 0% i n  M .  

semi membranos u s  w i th correspond i ng i ncreases i n  t he  number of ( a  W )  

wh i te fi bres . I n  a s i mi l ar study wi th L arge Wh i te p i g s ,  . Lefaucheur 

and V i gneron ( 1 986 ) found t h at the proport i on  of red musc l e  f i bres 

i ncreased from b i rth t o  23 kg body we i ght and l i tt l e change occurred 

unt i l 1 20 k g  body we i g ht , wh i l e  the proport i on of wh i te f i bres 

i ncreased r ap i d l y  up t o  30- 50  kg body we i g ht t o  reac h  60% , 30% and 1 2% 

wi th decreases by 30%,  4 5% and 55% i n  the  proport i on of i ntermed i ate 

fi bres for � l ongi s s i mu s , � psoas major and � t i b i a l i s  cran i a l i s  

respect i ve l y  and t h erefore , th ese va l ues  o n l y  changed s l i ght l y . How

ever , L i nd ho l m  a nd P i eh l  ( 1 974 ) found th at i n  the horse the n umber of 

(a R )  i ntermed i ate  fi bres i ncreased and ( aW )  wh i te f i bres decreased 

wi th i ncreas i ng age , and attr i buted that  to  the fact that the  horse 

ske l eta l  musc l e  i s  de s i gned for both rap i d  s peed of contract i on and 
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great enduranc e ,  as c a l l ed for i n  trott i ng ,  for examp l e .  These  obser

vat i ons are i n  agreement wi th other s t ud i es ( C l o s e ,  1 972 ; Go l l n i ck et 

�. , 1 972 ) i n  s ugge s t i ng th at after endurance trai n i ng the  ox i dat i ve 

enzymati c act i v i ty and m i toc hond r i a l  content of fast -twi tch  f i bres 

i ncreased and the ch a nges  i n  energy metabol i sm were ref l ected i n  the  

h i stoc hemi c a l  profi l e ,  s uch  t h at t he  proport i on of  fast -ox i d at i ve 

f i bre s was h i gher  i n  tra i ned mu sc l e s .  

2- 3-4- 1 -2-2  An imal  Genotype 

I nvest i gat i on s  of mu s c l e  fi bre s i z e and the 

d i str i but i on of the musc l e  fi bre types  h ave demon strated d i fferences 

between breed s of sheep ( So l omon et � - ,  1 981 ) and catt l e  ( Oreyer et 

�. , 1 977 ; B art l ett  e t � . ,  1 980 ; Sp i nd l er � �. , 1 980 ; Jeremi ah and 

Mart i n ,  1 985 ) . Staun  ( 1 963 ) found the d i ameter of musc l e  f i bres was 

l arger i n  P i etra i n  t h an i n  Dan i s h Landrace p i g s at the s ame we i ght .  

Sp i nd l er et �- ( 1 980 ) reported t hat Hol ste i n  steers h ad smal l er 

musc l e  f i bre d i ameter s than  Hereford or Angu s steers at the  s ame age , 

and thdt Ang u s  steers had a h i gher proport i on of ( aW )  wh ri te  f i bres and 

a l ower proport i on of ( aR )  i ntermed i ate  fi bres than the oth er two 

breed s .  Breed effects  o n  mus c l e  f i bre types  have been reported by 

Dreyer et � - ( 1 977 ) , who found t h at Fr i e s l and catt l e  h ad a h i gher 

proport i on of wh i te musc l e  f i bres and a l ower proport i on of red musc l e  

f i bres than  the  Afr i k aaner breed . I n  contrast , Johnston � �· ( 1 9 75 , 

1 981 ) reported that  there were n o  s i gn i f i cant  d i fferences between 

Angus and C h aro l ai s steers i n  one exper iment  and between An gus  and 

S i mmental  crosses  i n  another exper i ment  for the proport i on s  of any 

musc l e  f i bre types . However ,  the Ch arol a i s  group had l arger musc l e  

f i bre d i ameters than  the Angus  and t he  l atter h ad l arger mu s c l e  f i bre 

d i ameters t h an the S i mmental  cros s .  I n  contrast to these  res u l t s ,  

G uenther � �· ( 1 981 ) found that Ang u s  ca l ves  h ad l arger mu s c l e  f i bre 

d i ameters than  Charol a i s  at three age s ( 2 5 ,  240 and 650 days ) . 

B art l ett � �- ( 1 980 ) reported t hat at _ 2 5  days o l d ,  Ang u s  c a l ves  h ad a 

greater proport i on of  ( aR )  i ntermed i ate  and ( aW )  wh i te f i bres and a 

l ower proport i on of  ( sR )  red f i bres t han Charol a i s  c a l ves . They 

conc l uded that  even a t  th i s  ear l y  age t he  musc l es of the Ang u s  ca l ves 

were more mature t h an tho se  of the  C h aro l a i s  ca l ves . May et �

( 1 97 7 )  s howed t hat H ereford Cross s teers h ad more ( aW )  wh i te f i bres 

and s l i ght l y  fewer ( sR )  red and ( aR )  i ntermed i ate f i bres th an the 
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S i mment a l  and  L i mous i n  crosses , b ut  that t here were no  d i fferences i n  

musc l e  f i bre d i ameters at  the s ame age . Hawk i n s ( 1 986 ) found t h at 

l o i n  steak s  from Brahman s teer c arcasses were tougher and h ad a h i gher  
percent a-wh i te f i bre area th an d i d  l o i n  s teak s  from Hereford steer 

c arca s s e s .  In  s heep , So l omon et �· ( 1 981 ) reported that Suffo l k X 

( F i nn i s h L andrace-So uth down ) l amb s had a s i gn i f i c ant ly  h i gher propor

t i on of ( aW )  wh i te fi bres and l ower proport i on of ( aR )  i ntermed i ate  

fi bres th an Suffol k X ( Su ffol k-Rambou i l l et )  l amb s ,  s l aughtered at the  

s ame we i g ht .  Recen t l y, musc l e  types were ana l ysed on  musc l e  b i op s i es 

(� l ongi s s i mus  and  � gl uteus  med i u s ) obt a i ned p res l aughter at 1 00 k g  

l i ve we i g ht from H ampsh i re ,  Swed i s h Landrace  and Swed i s h York sh i re 

p i g s ( E s sen-Gustars son  and Fje l kner-Mod i g ,  1 985 ) . F i bre i dent i f i ca 

t i on was  based on  t he  ATPase  s ta i n ,  and i t  was  found that both mus c l es 

h ad a h i gh proport i on of  type I I  fi bres { 77 - 78% )  and a l ow proport i on 

of  type I f i bres ( 1 3-23% )  wi th no  s i gn i f i cant  d i fference be i ng found 

between the three breed s .  

L i tt l e i nformat i on i s  ava i l ab l e  concern i ng a poss i b l e  rol e of 

genet i c  se l ect i on upon the a l terat i on of 11 F i bre-type profi l es 11 i n  

musc l e s of meat a n i ma l  s pec i es .  However , the sugge st i on t h at 

u n i d i rect i ona l  s e l ect i on for l ean content may produce  fundament a l  

c h ange s i n  mus c l e  metabol i sm ( As hmore , 1 974 ) i s  s upported b y  res u l t s  

r eported by We i s s et �· ( 1 97 1 a ,  b ) ,  wh i c h showed t h at genet i c 

s e l ect i on for the meat-type p i g  has  i nf l u enced metabo l i c  and hormona l  

f unct i on s ,  wh i ch d i rect l y  or i nd i rect l y  h ave  i nfl uenced q u ant i t at i v e  

a nd q u al i tat i ve c h aracteri st i c s .  For examp l e ,  l ean s tra i n p i g s  

possessed l i ghter-co l oured mus c l e  than the fat s trai n p i g s , wh i ch p i gs 

h ad greater q uant i t i es of  s arcop l asmi c  prote i n  wh i l e  the l e an stra i n 

p i gs h ad greater q u ant i t i es of myofi bri l l ar prot e i n .  Ashmore ( 1 97 4 }  

s ugge sted t hat f actors  wh i ch act t o  promote  l arge-sca l e  transformat i on 

of  ( a R )  i ntermed i ate  f i bres to  ( aW )  wh i te fi b res may prove to  b e  

advantageous  for i mprov i ng the  quant i ty of  meat  per an i ma l  b ut  th at  

s uc h  a transformat i on may be d i s ad vantageous  to meat pa l atab i l i ty s i nce  

red f i bres are  more h i gh l y  correl ated wi th  i ntra- and  i nter-fi bre fat 

depots th an are wh i te fi bres . 

E ar l y  h i stol og i c a l  work o n  the effect of  s e l ect i on for or aga i ns t  

fatness  o n  mus c l e f i bre d i ameter o f  p i g s  at  th e same we i ght c arr i ed 

out by Staun ( 1 963 ) , s howed n o  s i gn i fi cant  c h anges . However , s k e l eta l  
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mus c l e  growth of  swi ne  d i ffer i ng i n  rate of growth and muscu l ar i ty was  

stud i ed by Ezekwe and Mart i n  ( 1 975 ) u s i ng the  � semi tend i nosus  of  

fast - grow i ng l ean p i g s ( York s h i re )  and  the  s l ow- growi ng  o bese  p i gs 

( O s s abaw ) . At th e s ame age the York s h i re p i gs h ad s i gn i f i cant l y  

greater musc l e  f i bre d i ameter and n umber t h an the  Os s abaw .  These  

res u l t s  are s upported by  those  of Buh l i nger et �· ( 1 978 )  who s howed a 

s i gn i f i cant  d i fference i n  musc l e  

( York s h i re )  and obese ( O s s abaw) p i g s ,  

and DNA a t  a s i mi l ar l i ve we i g ht . 

f i bre d i ameter between l e an 

wi th  the former h av i ng more RNA 

No stvo l d  et �· ( 1 97 9 )  reported that a h i gh- fat l i ne i n  p i g s  h ad 

smal l er musc l e  f i bre d i ameters than the l ow-fat l i ne  at the s ame 

we i ght , b ut  d i fferences were s i gn i f i c ant  for the ( aW )  wh i te f i bres 

o n l y .  However , F i e l d  et �· ( 1 970 )  s howed no s i gn i f i cant  d i fferences  

i n  fi bre d i ameter between two se l ect i on l i nes  of  Hereford bu l l s  

( l e aner l i ne and tendernes s l i ne ) . I n  sheep Moody et �· ( 1 970 )  found  

s im i l ar res u l t s  between two groups  represen t i n g  faster- a nd s l ower

growi ng l amb s .  

Smi th ( 1 963 ) reported th at se l ect i on o f  c h i cken s  for i ncreased 

body we i ght res u l t ed i n  i ncreased musc l e  f i bre n umber and f i bre 

d i ameter . Aber l e  and Stewart ( 1 983 ) found th at at  the  s ame body 

we i g ht ,  wh i te musc l e  f i bres were l arger i n  broi l ers  t h an i n  l ayer s and 

h ad a l arger d i ameter d u r i ng musc l e  growth . I n  contrast , red mus c l e 

fi bre type and i ntermed i ate mus c l e  fi bres were l arger i n  the l ayers 

th an i n  the bro i l er s .  The n umber and s i ze s  of mu s c l e  f i bres i n  

var i ous  domest i c  fowl musc l es · were determi ned by Pren t i s et a l . 

( 1 984 ) . They conc l uded that  i n  contrast to  the  s i tuat i on i n  mammal s ,  

f i bre d i ameter i n  the  domest i c  fowl was of greater i mportance th an  

f i bre n umber i n  determi n i ng musc l e  s i z e ,  when  compared at d i fferent 

body we i ght s .  For examp l e Hanrah an et �· ( 1 973 ) , u s i ng l i ne s  of m i ce  

th at h ad been se l ected for h i gh and l ow body we i ghts , conc l uded t h at 

s e l ect i on for body wei g ht c an h ave var i ous  effects  on the s tructure  of  

i nd i v i du al mus c l e s .  I n  most cases  l arge- l i n e  m i ce  h ad a greater f i bre 

n umber ,  b u t  not a l l h ad a s i gn i f i cant i ncrease  i n  f i bre d i ameter as  

we l l .  L uff · and Go l d s p i nk  ( 1 967 ) al so  s howed t h at s e l ect i on of m i ce  

for s i ze had a g reater i nf l uence on  f i bre n umber t h an on  f i bre 

d i ameter . P urchas et �· ( 1 985 ) s howed no s i gn i f i cant  d i fferences  

between genet i ca l l y  obese and l ean mice  i n  musc l e  f i bre d i ameter i n  
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sp i te  of  the fact t h at the o bese mi ce h ad s i gn i f i cant l y  l i ghter mu s c l e  

wei g ht s . Howeve r ,  Camp i on et �· ( 1 984 ) s howed that after 5 week s of  

age , fi bres i n  M .  gastrocnemi us  of  obese m i c e  h ad a smal l er d i ameter 

than  d i d  the  f i bres  of  l e an mi ce .  In  M .  s o l eus , fi bre d i ameter was 

i n i t i a l l y  sma l l er t hen  l arger at 3 and 5 week s of age , b efore aga i n  

becomi ng  smal l er at 8 and 1 6  week s of age for the obese mi ce  when  

compared to  l e an m i c e .  Ne i th er of those  s t ud i es eval u ated the effects  

of  s e l ect i on o n  t he  p rofi l e  of fi bre types . 

Post-mortem myofi bre h i stoc hemi s try was  stud i ed by L ax and 

P i s an s arak i t  ( 1 982 ) i n  mice random ly  s amp l ed from 8 l i tters i n  e ac h  of  

5 s e l ect i on l i ne s  for  h i gh and l ow 1 0-week body wei ght . The h i g h 1 0-

week -we i g ht l i ne h ad a s i gn i f i cant l y  h i g her proport i on of wh i te fi bres  

i n  t he  M .  l ongi s s i mu s  th an t h e  l ow 1 0-week -we i ght l i n e .  Nostvo l d et 

�· ( 1 9 79 ) stud i ed l i nes of  p i g s that h ad been se l ected for or aga i ns t  

fatnes s ,  and conc l uded t hat the h i gh fat l i n e  posses sed a 

s i g n i f i cant l y  h i g her proport i on of ( aR )  i ntermed i ate fi bres and  a 

correspond i ng l ower ( aW )  wh i te fi bre proport i on wi th n o  d i fference i n  

the proport i on of  ( aR )  red f i bre . 

H ausman � � · ( 1 983 ) reported s imi l ar musc l e  fi bre parameter s i n  

M .  s emi tend i n o s u s  i n  1 1 0  d ay- o l d foetuses  of  l ean and o bese p i g s .  

They co nc l u ded t h at the e ar l y  d i fferent i at i on of fi bre types i n  obese  

and l e an foetu s e s  co u l d be  refl ect i ng a l ac k  of se l ect i on press ure  for 

i nc reas i ng musc l i ng .  For i ns tanc e ,  l e an p i gs were s e l ected o n l y  o n  

t he  b as i s  of  l ow b ac kfat th i ckness  and were n ot se l ected for i ncreased 

musc l i ng ( Hetzer and Harvey, 1 967 ) . Accord i ng to Ashmore ( 1 97 4 ) , 

se l ect i on of an i ma l s for i ncreased body we i g ht wou l d not be expected 

to neces s ar i l y  prod u c e  the s ame resu l t s a s  s e l ec t i on for h i gh yi e l d ,  

or for muscu l ar i ty ,  s i nc e  the se l ect i on for h i gh muscu l ar i ty wou l d 

tend t o  counter h i gh fat depos i t i on as  a component of the  l arger body 

s i z e .  I ncreased b ody we i g ht as  a s e l ect i on p arameter cou l d ,  on  the  

oth er h and , encourag e  exten s i ve fat depos i t i on r ather th an h av i ng i ts 

mos t  s i gn i f i cant  effect on  musc l e  t i s s u e .  More recent l y , Hau sman  et  

a l . ( 1 985 ) s howed s imi l ar p atterns of l i p i d  depos i t i on and s i m i l ar 

dev e l o pmen t  of  cytop l asmi c and mi toc hondr i al enzymes i n  mus c l e  f i bres  

of  l e an and  obese  p i g s  d ur i ng  foetal  deve l opment .  
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2-3-4- 1 -2-3 Nutr i t i on 

N u tr i t i on i s  the pr i n c i pa l  antemortem env i ronmenta l  

factor that  reg u l ates mu s c l e  compos i t i on ( Asghar and Pearson , 1 980 ) . 

I t  h as been s hown i n  s heep th at at a set  age a l ow p l ane  of nutr i t i on 

res u l t s  i n  smal l m us c l e  fi bre s ,  wh i l e  a h i gh pl ane of n utr i t i on 

res u l t s  i n  a n  e n l argement  of fi bre d i ameter ( H ammond , 1 932 ; Joubert ,  

1 956 ; Moody et � . ,  1 980 ) , p i g s  ( McMeek an , 1 940b ; Stau n ,  1 963 ; 

K i ess l i ng � �. , 1 982 ) and cattl e ( Johnston et �. ,  1 981 ) . 

Research o n  the s ke l etal  musc l e  of l aboratory an i ma l s has  s hown 

t hat d i fferent n utri t i ona l  s tates can  affect the s i ze of a mus c l e by 

a l ter i ng the  s i ze  of the  fi bres wi th i n  i t  ( Gol d s p i nk ,  1 964 ; T i ms on and 

Oudenhoeffer , 1 985 ) , a l though the total  n umber of fi bres does not 

change . Howeve r ,  mal e r ats were u ndernour i s hed by Bed i et � - ( 1 978 ) 
e i ther d ur i ng  the  ges t at i onal  and s uc k l i ng per i od s  or for a per i od of  

t ime i mmed i ate l y  fol l owi ng wean i ng ,  and  h ad musc l es wh i ch showed 

defi c i ts i n  we i ght , fi bre n umber and fi bre s i ze . McMeek a n  ( 1 940b ) 
· observed t h at p i gs reared on a h i gh n utr i t i ena l  p l ane u n t i l 1 6  week s 

of age h ad f i bres approxi mate l y  50% l arger than the i r  l ow p l ane 

counterparts . He  attr i bu ted th i s  t o  a d i fference i n  l i ve wei ght  of 34 

kg between t he  two n u tr i t i ona l  group s . S i m i l ar res u l t s  were found by 

Joubert ( 1 956 ) , wh o s howed t hat s tarvat i on decreased the  d i ameter of 

the musc l e  f i bres i n  s heep at the s ame age , but  at the s ame c arcass  

we i ght s tarvat i on h ad n ot affected the  d i ameter of mus c l e  fi bres . 

Staun  ( 1 963 ) s t ud i ed the  effect of v ar i ous  l eve l s of d i etary prote i n 

on  the s k e l eta l  mus c l e  of p i gs at  90 k g  l i ve we i ght , and found that  

fi bre d i ameter i ncreased wi th i ncreas i ng prote i n  supp l ement  and was  

rel ated to  a heav i er musc l e  and  more l ean meat i n  the  who l e  h am .  

Yeates ( 1 964 ) , work i ng wi th bov i ne mu sc l e ,  a l so found th at there was a 

decrease i n  cross-sect i ona l  area of  musc l e  i n  starved adu l t  c att l e ,  

and th i s  was  a s soc i ated wi th a red uct i on i n  the mean d i ameter of t he  

mus c l e fi bres . W i th rega i n  of  l i ve we i ght , a fu l l recovery of  cross

sect i ona l  area  of  t he  musc l e  and  of i ts fi bre d i ameter was observed . 

H i ght and B arton ( 1 96 5 ) found that  the  d i ameter of musc l e  f i bres was 

negat i ve l y  affected by a l ow p l ane of n u tr i t i on for mat ure ewes , b ut  

on l y mi nor d i fferences ( 5 1 . 7  v s  47 . 8  �m ) i n  musc l e  f i bre d i ameter were 

observed . S i mi l ar l y ,  Asghar and Yeates ( 1 979 ) showed t h at l amb s kept 

on a m a i ntenance  d i et h ad a smal l er mean  fi bre d i ameter th an  those 
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l amb s on  the control  feed i ng ;  the d i fferenc e ,  h owever , was not 

s i gn i f i cant  ( 36 . 1  �m vs 39 . 3 �m ) . They conc l uded t h at l o s s  i n  body 

we i g ht was ev i dent l y  necess ary to  cause  a pronounced decrease i n  the  

d i ameter of the  musc l e  fi bres . Th e same authors showed t h at on l y  th e 

l amb s on  s ub-mai nten ance feed i ng had s i gn i f i cant l y  sma l l er mu s c l e 

f i bre d i ameters t han th e control  group . St i ck l and  � il· ( 1 9 75 ) 
stud i ed t h e  effect of "we l l - nour i s h ed " , " l ow energy" and " l ow prote i n " 

treatments  on the  musc l e  fi bre d i ameter of p i g s and found that the  

" l ow e n ergy" group· h ad smal l er fi bres wh i l e  th e "we l l nour i shed " p i gs 

had l arger fi bres th an the " l ow prote i n "  group at th e s ame age . 

L i tt l e ev i d e nce i s  av a i l ab l e  concern i ng n u tr i t i o n a l  i nf l u ences on 

the proport i on of musc l e  f i bre types i n  mu s c l es of meat  an i mal s .  

Joh n ston  � il· ( 1 981 ) reported that th e proport i on of ( aR )  i nter

med i at e  f i bres decreased and the proport i on of ( a  W) wh i te f i bres 

i ncreased as energy l ev e l  i ncreased i n  catt l e ,  when the s l aughter age 

for l ow and h i gh energy l eve l s  was  1 6  and 20 month s respect i ve l y . 

Sei deman and Crouse  ( 1 986 ) reported th at at th e s ame age , c att l e  fed a 

l ow-e nergy d i et h ad a s i gn i f i c ant l y  h i gher proport i on of red musc l e  

fi bres t h an catt l e  fed a h i gh-e nergy d i et .  Johnston  e t  il· ( 1 975 ) 

reported t h at the  proport i on s  of  i ntermed i ate and wh i te mu sc l e fi bres 

decrea sed as the prote i n content of the d i et i ncreased . Moody e t  il· 
( 1 980 ) p os t u l ated th at th e av a i l ab l e  source of energy i n  l amb rat i ons  

appeared t o  c au se  a phys i o l og i c a l  sh i ft from ( aR )  i n termed i ate  to  

( a  W )  wh i te fi bre wi th i ncreas i ng energy. The effect of  nutr i ent  

dens i ty l ev e l  i n  p i g  mus c l e  fi bre profi l es has  been  stud i ed by 

K i es s l i ng et  il· ( 1 982 ) . At th e s ame we i ght a nd i n  t h e  s ame mus c l e s ,  

l ow-e n ergy fed p i gs h ad more ( eR )  red fi bres t h a n  t h e  other s .  

Recent l y, h i sto l og i ca l  propert i e s  of � l ongi s s imus from 4 7  cros s bred 

l amb s ( 1 / 2  Hamp s h i re ,  1 /4 Suffol k and 1 /4 Rambuo i l l et )  were stud i ed by 

N i castro  et a l . ( 1 985 ) i n  order to  compare two prote i n  sources ( soy-

bean mea l  and d i st i l l ers • dr i ed gra i n  wi th  s o l u b l es )  and  three prote i n  

l eve l s ( 1 2 . 5% ,  1 5 . 7% and 1 8 . 9% ) . L amb s fed soybean mea l  prote i n  h ad 

l arger ( aW )  wh i te fi bres and s i gn i f i cant l y  sma l l er d i ameters of ( a  R )  

red f i bres  and ( aR )  i ntermed i ate  fi bres t han l amb s fed gra i n prote i n .  

Among p rote i n  l eve l s ,  l ambs fed t h e  1 2 . 5% prote i n  l ev e l  exh i b i ted a 

s i gn i f i c ant l y  h i gher proport i on of ( aR )  i ntermed i at e  f i bres and a 

greater d i ameter of ( aW )  wh i te fi bre s .  



64 

2-3-4- 1 -2-4 Sex 

Accord i ng to  Hammond ( 1 932 ) ,  untyped mu s c l e  fi bres are 

l arge s t  i n  ma l e  an i mal s ,  i ntermed i ate i n  castrates and smal l est  i n  

fema l es . Th i s  order was confi rmed by Moody et �- ( 1 980 ) ,  who showed 

that at t he  s ame we i g ht for ( sR )  red fi bres on l y , rams h ad s i gn i f i 

c ant l y  l arger fi bre d i ameters th an wethers and the  l a tter l arger than 

ewes . These resu l t s  are i n  agreement wi th the  s ugge st i on of Moody et 

a l . ( 1 970 ) th at r ams h ad l arger f i bres becau s e  they grew faster and 

were heav i er at th e s ame age . I n  p i gs ,  Staun  ( 1 963 ) s howed th at g i l t s 

h ad n on - s i gn i f i cant l y  l arger fi bre d i ameters than castrates at th e 

s ame we i ght .  S p i nd l er et �- ( 1 980 ) reported th at h e i fers  had l arger 

musc l e  f i bres th an steers at  th e s ame age ,  wh i ch d i s agrees wi th the  

resu l t s of West  ( 1 974 ) and  Joh n s ton et  �- ( 1 981 ) ,  s howi ng th at 

he i fers  had sma l l er musc l e  f i bre d i ameters t han steers at the s ame 
age . Mean fi bre d i ameters for both red and wh i te f i bres from M .  

semi tend i nosus  and  M.  s emi membranosus h ave been reported to  be l arger 

for b u l l s  than for s teers at  the same l i ve we i g ht ( Dreyer et �. , 

1 977 ) . 

Sex cond i t i on has  been found to affect the  musc l e  f i bre compo

s i t i on i n  mamma l s  ( Se i deman � �. ,  1 986 ) . Brooke ( 1 970 ) reported 

that i n  humans , fi bre type proport i ons  between ma l es and fema l es  were 

not d i fferent and the s i ze of the red f i bres of the two se�e s were 

comparab l e ,  but th at th e wh i te fi bres were smal l er than  the red f i bres 

i n  fema l es  and l arger i n  mal e s .  Steers h ad a h i gher proport i on of ( s  
R )  red f i bres and a l ower proport i on of ( aW )  wh i te fi bres th an he i fers 

i n  the s t udy of Joh nston et �- ( 1 981 ) .  Dreyer et �- ( 1 97 7 )  reported 

a s i gn i f i cant l y  h i gher proport i on of red f i bres and a l ower proport i on 

of wh i te f i bres i n  M. semi ten d i nosus  of b u l l s  th an steer s .  The pro

port i on of i ntermed i ate  fi bres was h i gher for bu l l s  th an  for steers , 

but  t he  d i fference was not s i gn i f i cant . Young and B a s s  ( 1 984 ) a l so  

reported t h at i n  M .  l ongi s s i mu s  o f  steers , t h e  propor t i o n  o f  wh i te 

fi bres was 32% , but i n  b u l l s  i t  was on l y  8% . The d i fference  was 

h i gh l y  s i gn i f i c an t .  A s im i l ar conc l u s i on was reported by Se i deman et 

a l . ( 1 986 ) , where bu l l s  h ad a s i gn i f i c ant l y  h i gher propor t i on of red 

and i ntermed i ate  mu s c l e  f i bres and l es s  wh i te musc l e  f i bres i n  M .  

l ongi s s i mus  th an  musc l e  from s teers . However ,  mu sc l e  f i bre type 

d i str i b u t i o n  i n  the � l ongi s s i mu s  was n o t  s i gn i f i can t l y d i fferent for 
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In  s heep , 

s i gn i f i cant l y  

h i gher proport i on of ( aR )  i ntermed i ate fi bres i n � l ongi s s i mus  and  a 

s i gn i f i cant l y  l ower proport i on of ( aW )  wh i te f i bres th an ewes . I n  

contras t ,  So l omon et �· ( 1 981 ) found th at ewe l amb s had a s i gn i f i 

c a nt l y  h i gher proport i on o f  ( aR )  i ntermed i ate f i bre th an wethers i n � 

semi membranos us . However , Moody et �· ( 1 980 ) found th at ram l amb s 

h ad a s i gn i f i c an t l y  h i gher proport i on of ( eR )  red f i bre th an wether 

l amb s and th e l atter h ad a h i gher proport i on than  ewe l amb s ,  wi th n o  

effect of s ex on  ( aR )  i ntermed i ate or ( aW )  wh i te f i bre proport i on .  

S i m i l ar resu l t s were reported for p i g s  by K i e s s l i ng et a l . ( 1 982 ) 

w i th the  proport i on of ( eR )  red f i bres be i ng s i gn i f i can t l y  h i gher i n  

c astrates t h an g i l t s . They conc l uded th at the  effect of  sex on the 

proport i on of musc l e  fi bre types was very l i mi ted . 

2- 3-4- 1 -3 Re l a t i onsh i ps Between Fatness  and Mu s c l e F i bre 

Type 

A l though  an es sent i al feature of  s ke l eta l  mus c l e  i s  i ts 

f i brous  s truct ure ( Swat l and , 1 982 ) ,  few i nv e s t i gators h ave  conducted 

exp er i ments to  exami ne a s soc i at i on s  between mu s c l e  fi bre type , fatness  

a nd meat q u a l i ty .  The  re l at i onsh i p  between fatness  and  meat qua l i ty 

h as been rev i ewed prev i ou s l y  ( Sect i on 2-3-3 ) ,  s o  th e s cope of th i s  

s ect i on of . the rev i ew wi l l  be restr i cted to f i nd i ng s  bear i ng on the  

q ue st i on of  whether rel at i on s h i ps between fatness  and  meat  q u a l i ty may 

ar i se from re l ati onsh i ps b etween fatness  and musc l e  f i bre parameters .  

H i stochem i c a l  i nv e s t i gat i ons  h ave  estab l i shed th at red musc l e  

f i bres cont a i n more l i p i d  th an  wh i te mus c l e  f i bres i n  p i geon s ( George 

a nd N a i k ,  1 958 ) , rat s  ( Padyku l a  and Gauth i er ,  1 963 ) , p i gs ( Moody and 

C a s sen s ,  1 968 ) and i n  c att l e ( Hunt  and Hedr i ck , 1 97 7 ;  S u z u k i  et �. , 

1 978 ) . I n  ad d i ti on the  total  l i p i d  content of  musc l es wi th predomi -

n ant l y  red musc l e  f i bre types i s  h i gher th an wh i te mu s c l e .  For 

i n st ance i n  p i g s ,  Beecher � �· ( 1 965 ) showed that p i g � trapez i us 

( red ) conta i ned more th an  twi ce as  much l i p i d  as  d i d  � l ongi s s i mu s  

( wh i t e ) . S im i l ar resu l t s were reported by Moody and Cassens  ( 1 968 ) i n  

s t u d i es w i th � trapez i us and M .  l ongi s s i mu s  ( 55 . 64% v s  1 5 . 06% red 

f i bres respect i ve l y ) . There was more ether-extract ab l e mater i al on a 

dry-we i ght  b as i s i n  M .  trapez i us ( 53 . 1 6% )  than  i n  M .  l ongi s s i mu s  



66 

( 38 . 69% ) . They co nc l uded th at � trapez i us u s ua l l y  cont a i ns l arger 

q uant i t i es of extrafas c i c u l ar fat compared to � l ongi s s i mus  and  the  

greater n umber of red fi bres i n  th e former probab l y  co ntr i butes to the 

l arger fat conten t .  These data  agree wi th ear l i er work of  George and 

N a i k  ( 1 958 ) who reported th at the n arrow or red fi bres of  p i geons were 

h i gh i n  l i p i d  content compared to  th e broad or wh i te f i bres wh i c h 

cont a i n ed more g l ycoge n .  Rahe l i c  and P uac ( 1 980 ) poi nted out th at the 

proport i o n of ( aR ) red f i bre i n  p i g s  was s i gn i fi c ant l y  h i gher i n  � 

s uprasp i natus  ( 5 . 4% l i p i d ) th an th e M .  l ongi s s i mus ( 1 . 88% l i p i d ) . 

F urth ermore , K i es s l i ng and Hans son ( 1 983 ) observed a c l o s e  correl at i on 

between the  r ate  of fatty ac i d  ox i dat i on and ( aR ) red or ( a  W )  wh i te 

fi bre proport i on i n  the v ar i ous  musc l es of p i g s 

coeffi c i ents  +0 . 76 and -0 . 79 ,  res pect i ve l y ) . 

( corre l at i on 

Tuma et �· ( 1 967 ) found th at musc l e  fi bre d i ameter was greater 

for moderate l y  marb l ed beef th an for beef wi th a smal l amount of 

mar b l i ng .  These  resu l t s were i n  agreement wi th those of Me l ton et � · 
( 1 974 ) ,  May et � · ( 1 977 ) and P i nkas  et �· ( 1 981 ) ,  i n  s howi ng th at 

th e d i ameter of ( aR ) red fi bres was pos i t i ve l y  corre l ated wi th fatness  

at  t he  s ame age . L i v i ng ston et �· ( 1 966 ) s howed a n egat i ve correl a

t i on b etween musc l e  fi bre d i ameter and fat depth of p i g s  at the s ame 

we i ght . Romans  � �· ( 1 965 ) found  a s i gn i fi c ant l y  greater f i bre 

d i ameter i n  b eef wi th moderate marbl i ng compared to th at wi th s l i g ht 

marb l i ng and hypothes i sed th at th i s  i nd i cated a depos i t i on of fat 

w i th i n  the  f i bre . Low and n on-s i g n i f i cant corre l a t i ons  of f i bre 

c h aracter wi th ether extract were found by Cooper et � · ( 1 968 ) for 

beef . S im i l ar anal yses by C a l k i ns et � · ( 1 98 1 ) d i d not reveal  any 

re l a t i o n sh i p  between mus c l e  fi bre d i ameter and marb l i ng .  Oc kerman et 

a l . ( 1 984 ) found that th e mean red and wh i te fi bre d i ameters were 

pos i t i ve l y  correl ated wi th marb l i ng ,  but  the va l u e s  were not l arge 

enough  to be s i gn i fi cant at  the same age .  

Reddy ( 1 97 1 ) found s i gn i f i cant pos i t i ve corre l a t i on s  between 

marb l i ng , i ntramuscu l ar fat and ( aW )  wh i te fi bre proport i on i n  beef , 

wh i l e Me l ton  et �· ( 1 975 ) i nd i cated that the proport i on of fi bre 

types  as demonstrated by a l k a l i ne stab l e  ATPase was not c l o se ly  asso

c i ated wi th marbl i ng ,  but  the proport i o n  of ( aR ) red fi bres was 

p os i t i ve l y  re l ated wi th f at th i cknes s .  Hunt and Hedr i ck ( 1 977 ) 

compared several  musc l es re l at i ve to  the i r  fi bre type compos i t i on and 
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fat content . I n  general , mus c l es wi th h i gher proport i ons  o f  red 

musc l e  f i bres had more fat and v i ce vers a .  C a l k i ns et a l . ( 1 981 ) 

reported th at th e proport i on of red musc l e  f i bres was pos i t i ve l y  

correl ated t o  marb l i ng a nd tenderness  rat i ng i n  hei fers and steers . 

I n  contrast , Sei deman � il· ( 1 986 ) found  a po s i t i ve re l at i on sh i p  

between  the proport i on  of wh i te fi bres and n umerous meas ures of c ar

ca s s  f atness , whereas th e proport i on of the i ntermed i ate fi bres was  

n egat i v e l y  corre l ated to  fatness  measurements  wi th no  re l at i on sh i p  

between fatness  and p roport i on of red musc l e  fi bres . However , Rae et 

a l . ( 1 968 ) and P i n k a s  et  il· ( 1 981 ) s uggested that no  con s i stent 

re l at i on s h i ps between proport i on s  of var i o u s  fi bre types and marb l i ng ,  

or  ether extract , ex i sted wi th i n  a musc l e .  

2-3-4-2 Con nect i ve T i s s ue 

Accord i ng t o  Asghar and Henr i c k son ( 1 982 ) ,  connect i ve t i s s u e  

cons i sts  o f  t h e  fo l l owi ng d i st i nct components : a ,  fi brou s prote i n s ,  

b ,  ground s u bstance  and c ,  ce l l s .  The major fi brous prote i n s  i nc l ude  

ma i n l y  co l l agen wi th  s ome e l ast i n  and  ret i cu l i n .  The ma i n funct i on s  

of  connect i ve t i s s ue are struct ural , prov i d i ng phys i ca l  s trength , 

c ement i ng  the  cel l s  together and at the s ame t i me serv i ng a s i eve- l i k e 

funct i on for passage  of metabo l i tes from ce l l to ce l l ( Asghar and 

Henr i ckson , 1 982 ) . Co l l agen const i tutes the  major prote i n  component of 

s k i n ,  b one , tendo n and oth er forms of connect i ve t i s s u e .  The bas i c  

s tructura l u n i t  o f  co l l agen i s  tropoco l l agen ,  wh i ch i s  composed of 

three pept i de c h a i n s  wound around each other to form a s trong u n i t  

( Ba i l ey ,  1 972 ) . Because  o f  i t s u n i qu e  phys i c a l  and chemi ca l  proper

t i es and i ts re l at i on s h i p wi th meat q ua l i ty ,  col l agen has rec e i ved 

cons i derab l e attent i on from a meat qua l i ty ,  med i c a l and i nd u s tr i a l  

v i ew-po i nt  ( Mi l l er et �. , 1 983 ) . 

2-3-4-2- 1  Qu al i ty Ch aracter i s t i cs Affected by  Connect i ve 

T i ssue  

F or many years connect i ve t i s s ue ( col l age n ,  e l ast i n  and 

ret i cu l i n )  was b e l i eved to  be primar i l y  respon s i b l e for any l ac k  of 

tenderness of meat ( Se i deman and Dur l and , 1 984 ) . S e i deman and Dur l and 

( 1 984 ) rev i ewed a n umber of stud i es i nto the re l at i onsh i p  between 

col l age n and t enderness  of meat and conc l uded th at total  co l l agen 



68 

co ntent i n  mus c l e  had l i tt l e effect on the u l t i mate t enderness  of 

meat . They a l so rev i ewed other research work wh i c h i nd i cated that the  

co l l agen  con tent of  meat had a s i gn i f i cant n egat i ve assoc i at i on wi th 

u l t i mate meat tenderness . S i mi l ar co nc l u s i ons  from s everal other 

s t ud i es h ave  been rev i ewed by Asgher and Pe arson ( 1 980 ) . They 

i nd i cated that  the  amount of con nect i ve t i s s u e  i n  mu s c l e  h ad l i tt l e  

effect on the  u l t i mate tenderne s s  of meat when the same mu s c l e  was 

compared between a n i mal s .  Howeve r ,  some musc l e s have been shown to 

h ave more co l l agen  than others ( Cross � �. ,  1 972 ; Smi th et �. , 

1 976 ; S e i deman , 1 986 ) and i t  i s  genera l l y  accepted t h at musc l es 

contai n i ng more con nect i ve t i s s u e  are l es s  tender th an those 

contai n i ng l i ttl e connect i ve t i s s u e .  

T h e  degree o f  i n tramusc u l ar co l l agen cross- l i nk i ng h as been shown 

i n  many i nv e s t i ga t i on s  to be an i mportant factor affect i ng the  tender

ness of meat ( Asghar and Pearson , 1 980 ) . The  so l u b i l i ty of the  con nec

t i ve t i s s u e  has  been reported to  be pos i t i ve l y  corre l ated wi th 

tenderness  i n  beef ( W i l l i ams and Harri son , 1 9 78 ;  Ha l l and H u n t ,  1 982 ) . 

Reagon � �- ( 1 975 ) conc l uded th at so l u b i l i ty of col l agen  i nfi u enced 

obj ect i ve tendernes s assessments , wh ereas  s ubj ect i ve tendernes s was 

more affected by amount of co l l agen . However , when the  effect of age 

and matur i ty was removed , t h e  effect of co l l agen  sol u b i l i ty on tender

ness  became i n s i gn i f i cant ( Asghar and Pearson , 1 980 ) . As  defi ned by 

Gol l et �- ( 1 964 )  the th erma l s hr i nk age temperature of co l l agen  i s  

that temperature at wh i ch co l l age n fi bres s udden l y  contract to about 

one-th i rd of th e i r  or i g i na l  l ength . The i mportance of degree and type 

of cross- l i nk i ng i n  i ntramu scu l ar co l l agen to meat tenderne s s  was  

s ub stant i ated by Pfe i ffer et �- ( 1 972 ) i n  a study wh i c h  s howed a 

c l o ser re l at i onsh i p  between  tenderness and the number of cross- l i nk s  

wi th i n  and between  col l agen  fi bres than  between tenderness  and tota l  

col l ag e n  content  or i ts s o l u b i l i ty .  

2-3-4-2-2  Rel at i on sh i ps Between Fatness  and Connect i ve 

Ti s s u e  

Accord i ng t o  Swat l a nd ( 1 984 ) a n d  Wood e t  a l . ( 1 986 ) , the 

proport i on of connect i ve t i s s ue decreases as an imal  fatness  i ncreases . 

Jen n i ng s  et �- ( 1 978 ) found no s i gn i f i c ant corre l at i ons  between 

marb l i ng score , fat th i ck n e s s ,  and amount  of con n ect i ve t i s s u e  i n  

beef . However ,  Smi th � �- ( 1 984 ) found that beef steaks  fr om 
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carcasses wi th h i gh er marb l i ng scores  ( i nd i cat i ve of more i ntra

muscu l ar fat ) were s i gn i f i can t l y  more d e s i rab l e for amount of 

connect i ve t i s s ue by a sensory pane l . 

Cover and Hoste l t er ( 1 960 ) demon strated that fat a l o ng  the  fi bres 

and between the mu sc l e  bund l es made the meat more tend e r .  S i mi l ar 

conc l u s i on s  were reached by L awr i e  ( 1 985 ) ,  who noted th at fat tended 

to d i l u te  t he  connect i ve t i s s ue e l ements  of the mu s c l e  i n  wh i c h i t  i s  

depos i ted . 

A n umber of s t ud i es have s hown re l at i onsh i ps between fat 

t h i cknes s  and connect i ve t i s s ue ( Smi th  et �. , 1 976 ; D o l e za l  et �. , 

1 982 ; R i l ey � �. , 1 983a , b ;  Wood � �. ,  1 986 ) . Smi th et �· ( 1 9 76 ) 

found th at l amb wh i c h had 7 . 1  mm back  fat t h i ckness  h ad l e s ser q u an 

t i t i es of  con nect i ve t i s s ue th an d i d  samp l e s  from carcas ses  wi th 1 . 1  

mm fat . I n  beef,  Do l ezal  et �- ( 1 98 2 )  fou nd that steak s from carcas

ses  wi th at l e ast 1 0 . 1 6  mm s u bcutaneous fat rece i ved s i gn i f i c an t l y  

h i gher r at i ng s  for con nect i ve t i s s ue  amount than tho se  from carcas ses  

that h ad l es s  t l1 an 5 . 08 mm of fat th i cknes s ,  wh i l e  steak s f�om carcas

ses  wi th l es s  than  2 . 54 mm of fat th i ckness  recei ved the  l owest rat i ng 

for co n nect i ve t i s s u e .  These f i nd i ng s  were s ubst ant i ated by the  

stud i es of  Tatum � �· ( 1 982 ) and  R i l ey � �· ( 1 983b ) . However , 

R i l ey � �· ( 1 983a )  stud i ed the  effect of fat th i c k ne s s  on  pa l at i 

b i l i ty of beef from young bu l l s  and fou nd that there was n o  re l at i on

s h i p  between fatness  and connect i ve t i s sue . Lawri e ( 1 985 ) s uggested 

that th ere was a strong tendency for h i gher connect i ve t i s s ue contents 

i n  c arcasses  w i th l ower commerc i a l grad i ng and l ower fat  content . 

S i gn i f i cant  neg a t i ve and pos i t i ve corre l at i ons  of fat th i ckness  i n  

cattl e wi th  tota l  col l agen  and s a l t so l u b l e  col l agen  of r i b  mus c l e  

samp l es ,  respe�t i ve l y, were found by Ha l l and H unt  ( 1 982 ) , wh i l e 

corre l a t i on s  wi th ac i d-so l u b l e  co l l agen  were non -s i gn i f i c ant . How

ever , Tatum � �· ( 1 980 ) reported t hat fat th i ck ne s s  and marb l i ng 

were muc h more var i ab l e  th an  connect i ve t i s s ue c h aracteri st i c s  of 

beef . 

2 -3-4-3  Degree of Musc l e  C ontract i on 

The  phenomenon of r i gor mort i s  wh i ch u s ua l ly t ak e s  p l ace between 

the de ath of the an ima l  and the  de ath of i ts mu scu l ature , i s  

accompan i ed by a contract i on of the  contract i l e u n i ts of the 
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myofi br i l s ,  the sarcomere ( Ho n i ke l  et �. , 1 986 ) . S horten i ng i s  

i nduced by the  re l ease  of  Ca i on s  from the s arcop l asmi c ret i cu l um i nto  

t he  i nter-myofi br i l l ar s p ace .  T he  movement of  .Ca i on s  w i th i n  the 

musc l e  ce l l s  postmortem depend s on temperature ,  pH and ATP 

conc entrat i on present ( Cornforth � �. , 1 980 ; Wh i t i ng ,  1 980 ; Hon i ke l  

et �. , 1 983 ) . Accord i ng t o  Davey ( 1 983 ) ,  r i gor  mort i s i s  brought 

about by ATP d i s appearance and i s  a consequence  of th e cross-br i d g i ng  

of the  heads of th e myo s i n  mo l ec u l es of the  th i ck fi l aments wi th the  

g-act i n  monomeres of the  th i n  fi l aments du r i ng p hys i o l og i ca l  

contract i on a s  r i gor  mort i s i s  deve l o p i ng .  These cross-br i dges are 

part of  the myos i n  mo l ecu l e ,  and d ur i ng  contract i on ,  they cyc l i c al l y  

extend o utward to  attach t o  t h e  th i n  o r  act i n  f i l amen t ,  and then  

swi ve l or  rot ate so  th at the  t op of e ach  cross br i d ge undergoes 

approxi mate l y  a 10 nm tran s l oc at i o n ,  p u s h i n g the act i n  fi l ament toward 

the c entre of t he  s arcomere ( Ga l l et �. , 1 974 ) . The re l at i on s h i ps  of 

toug hness  to the degree of  co ntract i on of  musc l e  r i gor mort i s  and to  

th aw s horten i ng h ave  been  rev i ewed by Loc ker � �- ( 1 975 ) . The 

present  rev i ew wi l l  be ma i n l y  concerned wi th the methods  to prevent  

co l d  s horten i ng and i t s effect s o n  meat q ua l i ty .  

2-3-4-3- 1  Qua l i ty Ch aracter i s t i c s  Affected by  Degree of  

Co ntract i on 

Ear l y  work of Loc ker ( 1 959 ) reveal ed that there was a wi de 

v ar i at i on  i n  the degree of  contract i on of d i fferent  musc l es and of 

f i bres wi th i n  musc l e s when  s et i n  r i gor mort i s .  Further stud i es u s i ng 

� psoas from beef s howed t h at at  c h i l l er temperatures exc i sed musc l es 

s hortened and were tougher th an musc l es l eft on  the c arcas s .  I t  was 

th erefore postu l ated th at contract i on s  of musc l es i nd uced toughnes s  i n  

meat ( Locker , 1 960 ) 

V a l ues for s arcomere l ength are u sed as  a meas ure of myofi br i l l ar 

contract i on s tate ,  and h av e  been s hown to be  pos i t i ve l y  rel ated to the 

t enderness  of ov i ne meat ( Smi th  and Carpenter , 1 9 70 ; Smi th et �. , 

1 970a , b ;  Bouton et �- , 1 973c ; Smi th et �· , 1 976 ; Purchas , 1 979 ; 

So l omon et �. , 1 981 ) ,  pork ( Dransf i e l d  and Lockyer , 1 985 ; Petaj a et 

�. , 1 985 ) and beef ( Cooper et �. , 1 968 ; Lee and Ashmore , 1 985 ) . I t  

i s  k n own t h at myofi br i l l ar contract i on to s arcomere l engths bel ow 1 . 8 

t o  2 . 0  �m i ncreases toughnes s  i n  the cooked post-r i gor  meat u n t i l ,  at 
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s arcomere l engt h s  of  1 . 2 to 1 . 3 �m and  bel ow,  the meat becomes more 

tend e r ,  eventua l l y  becomi ng as  tender as  th at at s arcomere l engths  

greater t h an 1 . 8 t o  2 . 0  �m  ( Harr i s ,  1 976 ) .  The i ncreased tenderness  

of  very s evere l y  co l d-s hortened mus c l e ( s arcomere l ength s < 1 . 2 to  1 . 3 

�m) h as been exp l a i ned as  due  to  the s evere struct ura l  d i srupt i on 

wh i ch produces zones  of s tretched and zones of h i g h l y  con tracted 

myof i br i l l s  ( Marsh � �. ,  1 974 ) . However , s uc h  l oca l i zed  c h anges  i n  

the myofi br i l l er contract i on wou l d  a l so  produce  c h anges i n  t he  s ur

round i ng connect i ve t i s sue  n etwork ( H arr i s ,  1 976 ) . The i nab i l i ty of  

the connect i ve t i s s ue  network to  accommodate to  further c h anges i n  th e 

d i ameter of  myofi br i l s  as s arcomeres contracted to  be l ow 1 . 2 to  1 . 3 �m 

co u l d wel l be  a f actor i n  c a u s i ng  the myofi br i l l ar d i s r upt i o n .  Rowe 

( 1 974 ) h a s  s hown th at i n  heav i l y-contracted mus c l e s ,  the co l l agen 

fi bres are under strai n s i nc e  the cr i mp h as been removed from the  

connect i ve t i s s ue network and  th i s  probab l y  l i m i ts  the c ros s - sect i ona l  

exp an s i on i n  the myofi br i l s .  O n  the  other h and , t he  fi nd i ng th at 

ad hes i on between  the meat fi bres i ncreases s i gn i f i can t l y  wi th myofi b

r i l l ar contract i on ( Bouton and Harri s ,  1 972 ; Bouton e t �. , 1 9 73b ,  

1 974 ,  1 9 75a 1 i nd i c ates th at co nnect i ve t i s s ue  may a l so  p l ay a p art  i n  

co l d-s horten i ng toughnes s .  Sh ear force va l u e s  decreased exponent i a l l y  

a s  s arcomere l ength i ncreased for mutton musc l es ( Bo uton et  �. , 
1 973c ) , wi th  i ncrease i n  s arcomere l ength of  0 . 23 ,  0 . 1 3  and 0 . 1 6 �m 

for M .  l ongi s s i mu s , � b i ceps femor i s  and � semi membranos u s  respec

t i ve l y , be i ng  a s soc i ated wi th decreases  of 1 04 ,  93 and 1 35% i n  s hear 

force v a l ues . Smi th � �· ( 1 976 ) reported th at decreases i n  s arco

mere l ength of  0 . 00 and 0 . 08 �m for � l ongi s s i mu s  o r  0 . 03 and 0 . 08 �m 

for � b i ceps femor i s  as fat th i cknes s decreased from 7 . 1  mm to 3 . 3  mm 

a nd 1 . 1 mm , were assoc i ated w i th i ncreases of 33 t o  6 3% i n  t he  fi rst 

mu sc l e ,  or 2 t o  22% i n  t he  second musc l e  i n  s hear force req u i rement . 

However , So l omon et �· ( 1 981 ) d i d  n ot fi nd  s i gn i f i cant  re l at i on s h i ps 

between s arcomere l ength and t enderness  for ov i ne M .  l ongi s s i mu s  and 
� semi membranos us , i ncu b ated at  3°C for 48 h .  Voy l e ( 1 96 9 )  s u ggested 

t h at t he  toughen i ng effect of  co l d-s horten i ng i s  d u e  to  the  accumu l a

t i ve effect of p hys i c a l  c h anges at fi bre l eve l  and macromo l ec u l ar 

c h anges  i n  t he  myofi l aments . Temperature ( L oc ker and Hagyar d ,  1 963 ; 

P urchas  and Barton , 1 976 ; P urchas , 1 97 9 ;  Dran sf i e l d  and Loc kyer , 

1 985 ) ,  p hys i c a l  restra i nt ( L ocker ,  1 960 ; Marsh  and Leet , 1 966 ; McCrae 

et �· , 1 97 1 ; B uege and Stouffer , 1 974 ; Jeremi ah et �· , 1 984 ) and 
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r ate  of postmortem pH drop ( Du tson , 1 983 ; Marsh , 1 983 ) are th e mai n 

determi n ants  affect i ng the  extent of shorten i ng .  

2 -3-4-3-2  Methods o f  Contro l l i ng Degree of Contract i on 

S i nce  i t  h as become wi de l y  accepted that co l d and t h aw 

s horten i ng are major c auses  of  meat toughnes s ,  cons i derab l e  research 

h as been d i rected toward s the i r  a l l ev i at i on ( L ocker et �. , 1 975 ) . 

The capac i ty for c o l d - s horten i ng can  be great l y  reduced by temperature 

control , e l ect r i c a l  s t i mu l at i on and by h ang i ng posture.  Accord i ng to  

Oavey and  Garnett ( 1 980 ) , c o l d-s horten i ng i n  pre-r i gor  l amb c an a l so  

be prevented by freez i ng carcasses  very rapi d l y  i n  l es s  th an  fo ur 

hours . The thaw-s horten i ng and toughen i ng t h at can fol l ow s u c h  a 

treatment c an be  prevented by stor i ng the c arcasses  for a per i od 

greater th an 1 0  days i n  the frozen s t ate not be l ow -1 2°C .  

2-3-4-3 -2 - 1  Temperature 

L ow temperatures c an c ause  pre-r i gor musc l e  wi th h i gh 

ATP l eve l s to  contract wi th an  accompany i ng two- or three-fo l d 

i ncrease i n  toughness  ( Marsh � �. ,  1 974 ; Mar sh and Cars e ,  1 974 ; 

C l i p l ef and Strai n ,  1 976 ; Loc ker  and Oa i nes , 1 976 ; Oran sf i e l d and 

Loc kyer , 1 985 ) .  Several  researchers h ave reported that cond i t i on i ng 

at e l evated temperature of 1 3° t o  1 6°C ,  or a de l ay i n  ch i l l i ng through  

i ncreas i ng th i c knes s  of  fat  c an res u l t i n  i mproved tendernes s ,  th e 

mechan i sms be i n g  attr i buted to the  prevent i on of co l d- shorten i ng a nd 

accel erated age i ng ( L ocker et �. , 1 975 ; O l son  et �. , 1 976a ; Smi th � 

�. , 1 976 ; D u t son e t �. , 1 977 ; Moel l er et �. , 1 97 7 ;  Loc hner  et �. , 

1 980 ) . 

Earl y post -mortem temperat ure has  a l arge effect o n  t he  r ate of 

r i gor d ev e l opment w i th r i gor  o n set t ak i ng about 1 . 6 t i me s  l onger at 

2 1 °C and 2 . 3  t i mes l onger at  1 0°C th an  at 3 7°C i n  p i g  mu s c l e  ( Br i s key 

et �. , 1 962 ) . I n  l amb , r i gor  deve l opment  takes  about 3 . 5  t i me s  

l onger at  5°C th an at 37°C ( Attrey et �. , 1 982 ) . Exc i sed  pork M .  

l ongi s s i �u s  

Dransf i e l d 

temperatures  

from 3 to  

from s ix Large Wh i te cross  p i gs were s u bj ected by 

a nd Loc kyer ( 1 985 ) to  a range of c h i l l i ng rates  u s i ng 

between 20°C and -20°C .  Onset of r i gor at 20°C v ar i ed 

7 . 5  h ,  and r i gor  was  comp l ete  i n  6 . 5  to  1 5  h .  They 
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conc l uded t h at co l d-s horten i ng was i nduced when samp l es were c h i l l ed 

at 3°C or be l ow b u t  not at 5°C or at amb i ent temperatures . A pos i t i ve 

correl at i on between tenderness and very ear l y  ( 2  to 5 h )  post -mortem 

temperature h a s  been reported ( L oc hner � �. , 1 980 ; Mar s h � �. , 

1 980/ 1 981 ; Mar t i n e t �. , 1 983 ; Petaj a et �. , 1 985 ) ,  u nder  cond i t i on s  

where musc l e  t emperature was ma i nta i n ed at about 37°C dur i ng th i s  t i me 

by heavy fat cover  or by an  appropr i ate amb i ent  temperature . Accor

d i ng to O l sen  et �- ( 1 976a )  and Moe l l er et �- ( 1 977 ) d e l ayed c h i l 

l i ng by 1 2  h ,  or a short per i od ( 3  h )  at e l ev ated temperatures  ( 25 to 

37°C )  p r i or to  c h i l l i ng ,  i ncreased myofi bri l l ar fragmentat i on .  

· Stromer and Go l l ( 1 96 7 ) , u s i ng � semi tend i nosus  and � psoas major 

mus c l es from 7 h e i fers , reported that mus c l e stored at 1 6°C was s i gn i 

f i cant l y  l es s  contracted th an that he l d at 2°C for a s i mi l ar t i me 

per i od ,  wh i ch s h owed th at at 1 6°C s ampl es exh i b i ted a marked 

th i cken i ng of  th e A-band , a s horten i ng of the ! - band and a rep l acement 

of  th e H-zone by a dark l i ne  or band , b u t  the 2°C samp l es s howed o n l y 

a l t ernat i ng l i g ht  and d ark b ands  of near l y  eq u a l  wi dth . Jeremi ah et 

�- ( 1 984 ) fou nd  th at musc l e  fi bre d i ameter was not affected i n  p i g � 

semimembranos u s  b y  del ayed c h i l l i ng ,  b u t  th at carcasses he l d  at  e i ther 

1 3  or 22°C for 24 h h ad s i gn i f i c ant l y  smal l er � l ongi s s i mu s  fi bre 

d i ameters for th e a i tchbone h ang i ng pos i t i on s  ( s i des  were s us pended by 

t he  os coxae from hook s  i nserted through  the obt urator foramen 

[ a i tc hbone] w i th th e l i mb s h ang i ng free ) th an for the Ach i l l es t en don  

h ang i ng pos i t i on ,  and  c arcasses he l d at 22°C for e i ther 1 2  or 24  h h ad 

s i gn i fi cant l y  l arger � psoas major fi bre d i ameters for a i tchbone than  

for Ac h i l l es tendon  h ang i ng pos i t i on s .  However ,  mu s c l e c an a l so 

s horten at h i g her t emperat ures , espec i a l l y  above 30°C .  Hon i ke l  � �

( 1 983 ) c a l l ed th i s  p henomenon " r i gor s horten i ng •• . They s ugge sted t h at 

r i gor  s horten i ng s t arted at pH 6 . 3  to  b 0 and at ATP content of  50% of 

t h e . concentrat i on i n  l i v i ng mus c l e .  Recent l y, Hon i ke l  et �- ( 1 986 ) 

reported th at t he  s arcomere l ength s  i n  u nrestra i ned , exc i sed beef M .  

s ternomand i b u l ar i s s hortened l es s  t han  1 0% i n  the pre-r i gor  s t ate 

b etween 6° and 1 8°C .  B e l ow 6° , s arcomeres contracted up t o  70% , 

between 20° and  38°C s arcomere shorten i ng of 40% was observed . The 

s ame authors a l so  reported th at the mi n i mum s horten i ng i n  pork M .  

c l e i doocc ipi ta l i s  was measured at about 1 0°C ,  a h i g her degree of 

s horten i ng u p  t o  50% be i ng obta i ned above and be l ow th i s  t emperature .  

I n  contrast , c o l d - s horte n i ng c an beg i n  at pH 7 . 0  and at t he  fu l l  ATP 

c ontent i n  l i v i ng musc l e  ( Petaj a et 2l· , 1 985 ) . Davey and G i l bert 



74  

( 1 973 ) exami ned cond i t i on i ng of l amb at  45°C and reported a greater 

extent  of r i gor  s horten i ng at th i s  h i g h t emperature , res u l t i ng i n  

greater toughnes s .  B owl i ng et �- ( 1 978 )  a l so  reported th at l amb s 

s ubj ected to  49° a nd 32°C env i ronmental  t emperatures after s l aughter 

s howed t he  mo st  pronounced s arcomere s horten i ng and toug her mus c l es 

than those  s ubjected to  +1 6° , 0° , -1 6° and -32°C .  Lee  and As hmore 

( 1 985 ) reac hed s i m i l ar conc l u s i o n s  from work wi th beef at 3 5°C .  

Dransf i e l d and Loc kyer ( 1 985 ) found th at pork he l d at 20°C tended t o  

be tougher th an th at he l d a t  5°C wh i ch cou l d  i nd i cate  t h at h i gher  

temperatures du r i n g  r i gor  may a l so g i ve r i se  to tougher meat . 

The d egree of  contract i on depends on  the  type of mu s c l e  f i bres 

( Mar s h  et �· , 1 9 74 ; Benda l l ,  1 975 ; Locker et �· , 1 975 ) ,  wi th cont

ract i on u s u a l l y  be i ng more extens i ve i n  musc l es w i th a greater 

proport i on of red mus c l e  fi bres than wh i te mu s c l e  f i bres because  

degree of  contract i on i s  d i rect l y  as soc i ated wi th the  re l at i ve n umber 

of m i tochondr i a and i nver sel y wi th the  amount of s arcop l asmi c 

reti c u l um ( Cornforth et �. , 1 980 ) . Cornforth et �· ( 1 980 ) sugge sted 

that the  m i trochond r i a rel ease an over l o ad of Ca i ons at l ow tempera

ture and f l ood the s aturated s arcop l asm i c ret i cu l um and i n i t i ate 

shorten i ng .  However , mi tochondr i a p l ay no  rol e i n  Ca  i on s  re

accumu l at i on and re l axa t i on u pon re-warmi ng , u n l i ke t he  s arcop l asm i c  

ret i c u l  u rn  ( Berman � �· , 1 977 ; Kand a et �- , 1 977 ; Cornforth � �· , 

1 980 ) . 

2-3-4-3-2-2  E l ectr i cal  S t i mu l at i on 

A sghar and Pearson ( 1 980 ) i nd i c ated th at Ca  i on s  and 

ATP content  are the major factors wh i ch govern the degree of mus c l e 

contract i on .  The post-mortem re l ease of  C a  i on s  from the  s arcop l asmi c  

ret i c u l um ( Tume , 1 979 , 1 980 ) and/or from the  mi tochondr i a  ( Cornforth 

et �. , 1 980 ) at t he  t ime when the ATP l ev e l  i n  musc l e  i s  s t i l l  h i g h 

resu l t s i n  a s i gn i f i cant  l eve l  of  s horten i ng .  However , i f  the Ca i on s  

are rel eased after s ome dep l et i on o f  ATP from mus c l e  h a s  t ake n  p l ac e ,  

on l y a mi nor amount  o f  s horten i ng wi l l  occur ( Asghar and Pearson , 

1 980 ) . Th i s  s uggests  th at dep l et i on of ATP to mi n i mum l eve l s by 

i ncreas i ng the  r ate  of post-mortem g l yco l ys i s  so as t o  exhaust  the  

g l ycogen wh i l e t he  t emperature of the c arcass  i s  s t i l l  h i gh wou l d  

m i n i m i s e  co l d- s horten i ng .  E l ectri c a l  s t i mu l at ion  was found to  
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i ncrease  the  rate of  post-mortem g l yco lys i s  ( Chrystal l a nd  H agyard , 

1 976 ; Davey et �. , 1 97 6 ;  Chrystal l and Dev i ne ,  1 978 ; N i chol s and 

Cros s ,  1 980 ;  Chrys t a  1 1 ,  1 982 ; Crouse et �· , 1 983 ; R a s h i  d et �· , 

1 983a , b ;  So l omon et �. , 1 986 ; Kondo s and Tay l or ,  1 987 ) , and  t o  

reduce  the  t i me for the  onset of r i gor mort i s  ( Davey et  �. , 1 976 ) . 

Benda l l and Rhodes  ( 1 976 ) reported th at wi th e l ectr ica l  s t i mu l at i on at  

pH 6 . 0 ,  50% of the i n i t i al rest i ng content of ATP had d i s appeared and 

at  pH 5 . 7  more th an  90% of the ATP h ad d i sappeared , th u s  m i n im i s i ng 

the c h ances of  co l d- s horten i ng .  S i mi l ar resu l t s were reported by W i l l  

et  �· ( 1 979 )  and V a l i n  et �· ( 1 981 ) .  Kondo s  and  Tay l or ( 1 98 7 )  

s howed that e l ectr i ca l  s t imu l at i on acce l erated t h e  g lyco l yt i c  proces

ses  re s u l t i n g  i n  an i mmed i ate i ncrease in  musc l e  l act ate and a 

reduct i on of about 30% i n  ATP . Therefore , th ese mech an i sms h av e  

enco uraged researcher s  t o  u se  e l ectr i ca l  s t i mu l at i on as  another way o f  

i mprov i ng meat tenderness  by avo i dance o f  co l d - s horten i ng ( Asghar and  

Pearson , 1 980 ;  V a l i ne et �. , 1 981 ; Rash i d  et �. , 1 983b ; Chrys t a l l 

and Dev i ne ,  1 983 ) . Accord i ng to Sori nmade � �· ( 1 9 78 ) , c arca s se s  

from stressed  a n ima l s d o  n ot  respond t o  e l ectr i c a l  s t i mu l at i on pro

b ab l y  becau s e  of th e l ow l eve l s of ATP . Rash i d  e t �· ( 1 983b )  s t ud i ed 

the effect i veness  of  e l ectr i ca l  s t i mu l at i on i n  r educ i ng the  i nc i dence  

of  c o l d-s horten i ng .  They s howed th at r ap i d  c h i l l i ng of  exci sed M .  

semi tend i nos u s  from e l ectr i ca l l y- s t i mu l ated l amb carcas ses  shortened 

about 7 . 3% l ess  i n  24  h than  mus c l es from u n s t imu l ated s i de s . 

2-3-4-3-2-3  Phys i cal Restra i nt  

Chang i ng th e method of c arcas s s u spen s i on h as been  

reported to  al t er s arcomere l ength s ,  mus c l e fi bre d i ameter and  

i ncrease tenderne s s  ( Jeremi ah et �. , 1 984 ) . A number of i nv e s t i 

gat i o n s  h av e  i nd i c ated th at by h ang i ng the  c arcass  i n  a spec i a l w ay 

certa i n  mus c l es are stretc hed , th u s  reduc i ng contract i on and m ak i ng 

the  meat more tender ( Bouton et  �. , 1 973c ; Hoste l l er et  �. , 1 97 6 ; 

Sol omon , 1 986 ) .  The degree of musc l e  contract i on has · been observed t o  

be  more pronounced i n  exci sed pre-r i gor musc l e  th an i n  i nt act mu s c l e 

on  t he  c arca s s  ( L oc ker ,  1 960 ; Marsh  and Leet , 1 966 ; McCrae et �. , 

1 971 ) .  However , s tr�tc h i ng of  exc i sed musc l e  resu l ted i n  more tender 

meat { Krugge l and F i e l d ,  1 971 ; Lewi s et �. , 1 97 3 ;  Buege  and Stouffer , 

1 974 ) . Because  t h e  ext ent of shorten i ng h as been shown to  be l arge l y  

dependent  o n  the amount  of tens i on exerted o n  a musc l e i n  the  c arcas s ,  
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h ang i ng c arc asses  from the a i tch- bone ,  wh i ch stretches s ev eral major 

musc l es ,  a l s o  i ncreases the tenderness of those  musc l es ( As ghar and 

Pearson , 1 980 ; Jeremi ah et �- , 1 984 ) . 

Ho stet l er et �- ( 1 972 ) u s ed s i des  from 40 young s teers i n  fi ve 

p ostures  ( vert i ca l , hor i zontal , neck -t i ed ,  h i p-free and h i p- t i ed )  to 

s how th at the greatest i mprovement i n  the unconvent i on a l  po s i t i on s  was 

i n  the M.  l ongi s s i mu s , b ut  t hat most of the major mus c l es  of the  l eg 

were s i gn i f i cant l y i mproved .  Some s uspen s i on s  f avo ured one  musc l e  and 

some a nother . In a s i mi l ar s t udy Bouton et �- ( 1 973c ) compared car

casses  h u ng from the  hock , but s tretc hed w i th metal s p l i nt s , hung  from 

the p e l v i s ,  and hung  from both pel v i s  and hock . The tend ernes s  data 

s howed t h at M .  l ongi s s i mu s  deri ved the greatest benef i t from pe l v i s  

s u spen s i on ,  b ut  maj or l eg mu sc l es a l so i mproved s u bstant i a l l y . They 

conc l u ded t hat h ang i ng from the  a i tch-bone so i mproved the  qua l i ty of 

severa l  i mportant mu sc l es th at the i r  tenderness  a t  1 to  2 days was 

eq u a l  to  th at of mu s c l es from norma l ly-hung carcas ses aged for 2 to  3 

week s at  0°C .  Davey and G i l bert ( 1 973 ) u sed a s t i ck  t o  s u p port a l amb 

carc a s s  i n  a normal stand i ng pos i t i on and s howed i mproved tenderness  

of M .  l ongi s s i mus , M .  b i ceps femor i s ,  M .  semi membranosus  and M .  

gl ute us  med i u s . S i m i l ar resu l t s  were reported by D avey and Curson 

( 1 97 1 ) for l amb hung  from the  a i tch-bone by an ana l  h ook . Qu arr i er et 

a l . ( 1 972 ) a l s o  reported i mproved tendernes s ,  assoc i ated wi th l onger 

s arcomere l ength s ,  i n  the l eg and l o i n  musc l es of l amb s on  pel v i c  

s us p en s i on .  B uege  and Stouffer ( 1 974 ) compared ei ther  we i g hted or  

mechan i c a l  means  wi th non-ten s i oned control s u s i ng 3 1  l amb c arcas ses . 

The t en s i on treatment  h ad a very h i gh l y  s i gn i f i cant  benef i c i a l  effect 

u pon  s hear force of � l ongi s s i mu s  when rap i d l y  c h i l l ed at  2°C .  Abban 

et �· ( 1 975 ) tr i ed tens i on i ng of the musc l e  by rotat i ng the femur of 

l amb carcas se s , and found s ome i mprovement i n  tendernes s  of certa i n 

musc l e s .  Hostet l er et �- ( 1 97 5 )  showed i ncreases i n  tendernes s ,  when 

they comb i ned h i p-free s u s pe n s i o n  wi th h i gh- temperature ( 1 5  to 1 6°C )  

age i ng .  Loc ker  et �- ( 1 97 5 )  po i n ted out that the effect of  posture 

a l o ne c a n  be  d i st i ngu i shed on l y under post-mortem cond i t i on s  wh i ch 

prevent  co l d - s horten i ng .  Mol l er et �- ( 1 983 ) u sed 1 6  l amb c arcasses  

to  c ompare Ach i l l es tendo n-hung wi th pe l v i c-hung  treatments for 24 h 

at  0° to 1 °C .  The data  s howed several mu s c l es o f  t he  pe l v i c-hung  

carcasses  wh i ch h ad s i gn i f i cant l y  l ower shear force  v a l ues  t han  those  

from th e Ach i l l es t endon -h u ng c arcasses . I n  pork , Jeremi ah et  �-
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( 1 984 ) i nd i c ated th at h i p-free s u spen s i on as  opposed to  conven t i ona l  

c arcas s  s uspen s i on ,  s i gn i f i cant l y i ncreased the l ength of s arcomeres , 

and reduced mus c l e fi bre d i ameters i n  M .  l ongi s s i mu s  and M .  s emi 

membranosus  wh i l e  s i gn i f i cant l y  shorten i ng s arcomeres , and i ncrea s i ng 

mu s c l e fi bre d i ameter i n  the � psoas maj o r .  

2-3-4-3-3  Re l at i on s h i p s  Between F atnes s  and Degree of 

Musc l e  Contract i on 

A coo l i ng r ate  th at i s  adequ ate for we l l - i n s u l ated c arcas ses 

wi l l  o b v i o u s l y  be  more th an adeq u ate for those that are l e aner , wi th 

t he  extent of th i s  1 1 0verch i l l 11 i ncreas i ng marked l y  w i th 

c arcass  fatness  ( Lochner et �. , 1 980 ) . Th i s  st atement  

decreas i ng 

h as been 

s ubstant i ated by a n umber of i nvest i g at i on s  ( Sm i th � �- , 1 976 ; 

Bowl i ng et �. , 1 97 7 ;  Tatum et �. , 1 982 ) . They a l l i nd i c ated that 

i ncreas i ng s ubcu taneous fat th i ckness  i mproved tenderness  through  i ts 

effect on  t he  r ate  of post-mortem ch i l l i ng .  The mec h a n i sm by wh i ch 

f atne s s  i ncreases tenderness  through  an i ns u l at i ng effect h as been 

rev i ewed prev i ou s l y  ( Sect i on 2-3-3- 1 ) .  

2-3-4-4 Degree of Protei n Breakdown 

The b i oc hemi c al a spects of th e age i ng process  of meat h ave  been 

rev i ewed by Asghar and Yeates ( 1 978 ) . Gal l et �- ( 1 974 ) proposed 

th at the i nc reased tendernes s  wh i ch resu l ts from the age i ng of  meat 

ar i ses  from trans verse break s or crac k s  i n  the myof i br i l s  and 

weaken i ng of t he  act i n-myo s i n comp l ex .  Several  stud i es h ave  doc umen

ted the c h anges  occurr i ng i n  or near the  Z-d i s k s  du r i ng  cond i t i on i ng 

of  meat ( Davey and D i ckson , 1 970 ; Hay e t �. , 1 97 3 ;  P arr i s h et �. , 

1 973 ; Penny,  1 974 ; Johnson  and Bowers ,  1 976 ; O l son et �. , 1 97 7 ;  Gann  

and Merke l , 1 97 8 ;  Go l l et �· , 1 983 ; Koohmara i e et �- , 1 984 , 1 986 ; 

Robson et �- , 1 984 ;  Zeece et �· , 1 986 ) . B u s h  et �· ( 1 97 2 )  des

c r i bed a e a - act i vated proteo l yt i c  enzyme wh i c h  destroys the Z - d i sk 

s tructure of myofi bri l s . The i mportance of ea+2 i on s  h ad prev i ou s l y  

been s hown b y  D avey and G i l bert ( 1 969 )  by demonstrat i ng t h at the 

weaken i ng of  l ateral  attac hments and the  d i s appearance of Z -d i sk s  

d u r i ng age i ng were i nh i b i ted by ethyl ene  d i am i ne tetraacet i c  ac i d  

( E DTA ) . Accord i ng t o  Eth eri ngton ( 1 984 ) , the free ea+2 concentrat i on 

reg u l ates t he  ea -act i vated n eutral  prote i nases  ( eANP ) wh i ch are 
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l oc ated at the Z - d i s k  a nd wh i ch h ave been found to re l ease  the Z - l i n e  

prot e i n 

prot e i n .  

attac hed 

fi l ament 

factors . 

a l pha-act i n i n  and a l so  to  degrade  tropon i n s T and I and  C 

Naga i n i s  a n d  Wo l fe ( 1 982 ) s ugge sted t h at Z- d i s k s  are 

to  th i n  fi l aments by an  act i n  th at d i ffers s u bt l y  from th i n 

act i n  i n  th at i t  i s  rap i d l y  c l e aved by ca l c i um-ac t i v ated 

The p r i nc i p a l  degrad at i ve c h anges detect ab l e  i n  e l ectron  

m i croscopy of post -mortem myofi bri l s  are  a weaken i ng of the j unct i on 

between the ! - fi l aments  and the  Z-d i s k  ( Davey and G i l bert , 1 96 9 ;  

Penny,  1 980)  and a reduct i on i n  Z- d i sk i nteg r i ty ( Henderson et  �. , 
1 970 ) . E i ther of  these  c hanges cou l d  c au s e  i ncreased tenderness  ( Ga l l 

� �. ,  1 983 ) . Recent l y, Zeece et �· ( 1 986 ) demonstrated t h at ea

act i v ated factor ( CAF ) i s  effect i ve i n  re l eas i ng sol u b l e  prote i n  from 

myof i bri l s  � v i tro and th at it  i s  effect i ve over a f a i r l y  wi de  r ange  

of p H  a nd  temperature cond i t i on s .  However , the rates of degrad at i on 

of Z - d i s k s  and the appearance of gaps at  I - Z  j unct i on are not the s ame 

for a l l types of f i bre . Wh i te fi bres wh i c h  h ave narrow Z-d i sk s  are 

degr aded at a faster r ate than red fi bres , wh i ch have Z- d i s k s  twi c e  as 

th i c k  as  those of wh i te fi bres ( Gann  and Merke l ,  1 978 ) . The degree of 

fragmentat i on has been u sed as  a measure of  the extent of cond i t i on i ng 

( Mo l l er et �. , 1 973 ; O l sen  et �. , 1 97 6 a ;  C u l l er � �. ,  1 978 ) . The 

h i g her proport i on of smal l er fragment s  i n  cond i t i oned meat th an  i n  

u ncond i t i oned meats i s  u sed as  an i nd i c ator of struct ura l  c hanges  i n  

the myofi br i l s ,  wh i ch corre l ate wi th i ncreased tendernes s of me at 

cooked  after cond i t i on i ng ( Mo l l er et �. , 1 97 3 ;  Cu l l er et �. , 1 97 8 ;  

Jeremi ah  and Mart i n ,  1 978 , 1 985 ; Koohmara i e et �. , 1 987 ) . Jerem i ah 

and Mart i n  ( 1 985 ) reported th at musc l e  fi bre d i ameters were genera l l y  

smal l er for aged s amp l es than  unaged and s arcomere l ength s became 

progres s i ve l y  l onger  w i th age i ng .  The s ame authors a l so  found t h at 

the  proport i on of wavy fi bres i ncreased w i th  the age i ng t i me and 

Cov i ngton � �- ( 1 970 ) showed that the proport i on of wavy f i bres  

i ncreased as  shear force v a l ues  i ncreased . They s uggested t hat if  t h e  

wavy f i bres i nd i c ate  t he  degree o f  musc l e  contract i o n ,  then , a s  t h e  

rel a t i on i nd i cates , th e greater the s tate o f  contract i on the  l es s  

tender the  musc l e .  

Several  stud i es h av e  reported the occurrence of ac i d i c  proteases 

that h ave  act i v i ty aga i n st  myofi bri l l ar prote i n s ,  i n  p art i cu l ar t he  

re l a t i on sh i p  between c atheps i ns B a nd  D w i th post-mortem c h anges  

i nc l ud i ng the degrad at i on of myo s i n ,  act i n  and tropo n i n-T  d ur i ng t h e  
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fi r st  24 to 48 h of mu s c l e  s torage as  the  pH drops be l ow the i n i t i a l 

p hys i o l og i c a l  va l ue  to  a r ange of 5 . 3  to 5 . 8  ( Penny et AI_. , 1 974 ; 

Pe riny, 1 976 ; Schwartz a nd B i rd ,  1 97 7 ;  Penny and Dransfi e l d ,  1 979 ) . 

The ab i l i ty of c athep s i n  D to  hydrol yse myofi br i l l ar prote i n  u nder 

d i fferent cond i t i on s  of pH  and temperature was i nve s t i g ated by Zeece 

� AI_. ( 1 986 ) .  SOS- PAGE a na l ys i s  of  myofi br i l s  treated at pH 5 . 5  and 

37°C a nd then  sed i mented , s howed degradat i on of  myos i n  heavy cha i n s  

a n d  t i t i n ,  a l so  a smal l amount  of act i n ,  tropomyos i n ,  tropon i ns T and 

I ,  and myos i n  l i ght cha i n s  were degraded . They conc l u ded t hat cathep

s i n  D does not p l ay a p r i nc i pa l  ro l e in  the tender i z at i on process  

occurr i ng i n  mus c l e  post -mortem because  ra i s i ng the  pH  and/or l ower i ng 

the  temperature great l y  red uced the effect i veness  of the enzyme . 

Tak a h a s h i  and Sa i to ( 1 97 9 )  demon strated th at proteo l ys i s  of connect i n  

t ake s  p l ace d ur i ng  post-mortem age i ng of mu s c l e . Th i s  i s  s trong 

ev i dence  s uggest i ng c ath pept i c- proteo l ys i s  of gap f i l aments d ur i ng 

conv e n t i ona l  age i ng .  These  res u l t s  were s upported by Orcutt and 

D utson  ( 1 985 ) who found t h at connect i n  u ndergoes proteo l ys i s  du r i ng 

post -mortem cond i t i on i ng .  The l atter authors conc l u ded that endo

genous ac i d  proteases may be respon s i b l e  for the major i ty of gap 

f i l ament degradat i on wh i ch oc curs du r i ng post-mortem cond i t i on i ng . 

However , S uzuk i et AI_. ( 1 985 ) s howed n o  changes i n  the e l ectrophoret i c  

c h aracter i st i cs of connect i n  i n  c h i cken  myofi br i l s  i so l ated by ge l 

p ermeat i on c hromatography from fresh and s tored musc l e .  Accord i ng to 

Lac ker et AI_. ( 1 977 ) and  Lac ker ( 1 982 t 1 •  gap f i  1 aments may be an 

i mportant musc l e  component  th at i nf l u ences musc l e  tenderne s s .  They 

s howed t h at gap fi l aments  ma i nta i n th e i r  struct ure after heat i ng to 

200°C .  Therefore , the  prote i n ( or prote i n s )  compri s i ng gap fi l aments 

were thought  to be respon s i b l e  for much of the  struct ura l  i ntegr i ty 

a nd ten s i l e  s trength of cooked and r aw u n aged musc l e .  However , Locker 

et AI_. ( 1 97 7 )  and Dav i es et  AI_. ( 1 978 ) demonstrated t h at gap fi l aments 

were sen s i t i ve to  proteo l yt i c  enzymes  of the c a l c i um- act i vated-factor 

system ( CAF ) . 

Other s tructural  c h anges  dur i ng age i ng of  meat i nc l ude  the  degra

d at i o n  of the M- 1 i ne  p rote i n ( Henderson et  AI_. , 1 97 0 ;  Hay et AI_. , 
1 973 ) ,  th e l o s s  of mi nor prote i ns  assoc i ated wi th act i n  ( Hay et A!_. , 
1 97 3 ,  and i n  p arti cu l ar ,  l o s s  of tropon i n -T ( C heng and P arr i s h ,  1 977 , 

1 9 78a ,  b ;  Locker et A!_. , 1 97 7 ;  MacBr i de and P arri s h ,  1 977 ; O l son  � 
AI_. , 1 97 7 ;  Yamamoto et  A!_. , 1 97 7 ,  1 979 ; Jer.emi ah and Mart i n ,  1 978 ; 
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Penny a nd Fergu son-Prye , 1 979 ; Penney and Dran sf i el d ,  1 979 ; Y ates et 

�- , 1 983 ; B a b i ker ,  1 985 ) . 

2- 3-4-4- 1  Qua l i ty C h aracter i s t i c s  Affected by Prote i n  

Break down 

As rev i ewed i n  prev i ous  sect i on ,  post -mortem age i ng of 

mu s c l es produces an i mprovemen t  i n  meat tendernes s .  The effects of 

age i ng on  other meat qu a l i ty a spect s h ave a l so been reported , i nc l u 

d i ng a n  i mprovement i n  f l avour ( S i nk and Smi th , 1 972 ; Jen n i ng s  et �. , 

1 976 ) ,  and reduc i ng cook i ng l os s  ( Save l l � �. ,  1 978b ;  Hopk i n son et 

�. , 1 985 ) .  However , o th er s t ud i es h ave found l i tt l e c hange i n  pa l a

tab i l i ty d ur i ng meat age i ng ( Harr i son  � �- , 1 970 ; Lyon et  �- , 

1 983 ) . A l s o  there i s  e v i dence th at ch anges a s s oc i ated wi th post

mortem age i ng may be dependent on the type of mu s c l e ,  wi th red musc l e  

fi bres tend i ng to undergo the  tender i z i ng c hanges  of age i ng to a muc h 

l es ser extent  than wh i te musc l e  fi bres ( H ay et �. , 1 97 2 ,  1 973 ; Seml ek 

and R i l ey, 1 974 ; Mo l l er et �. , 1 983 ) ,  and wi th the extent of  age i ng  

c h ange s vary i ng wi th s ex ( Purchas ,  1 972 ; Hopk i n son  et Al· , 1 985 ) .  

2- 3-4-4-2 Post -mortem F actors  Affect i ng Prote i n  Breakdown 

2-3 -4-4-2 - 1  T i me and Temperature 

Davey and G i l bert ( 1 976 ) s uggested that age i ng per i od s  

co u l d b e  reduced by s u bj ect i ng the c arcasses t o  h i g her temperatures 

( 1 4-44°C ) . A n umber of other stud i es h ave s hown t hat r ap i d  tender i z a

t i on of meat occurs  by age i ng at e l evated temperatures ( Newbol d and 

H arr i s ,  1 972 ; Bouton et  Al· , 1 973c ; P arr i sh et  Al· , 1 973 ; Fol l ett  et 

�. , 1 974 ; Locker and D a i nes , 1 975 ; P i erson and Fox , 1 976 ; Kasther et  

�. , 1 976 ; O l son  et Al. , 1 976a ; Mo l l er et Al. , 1 977 ; C heng and 

P arr i s h ,  1 978a ; Bowl i ng et �. , 1 978 ) . Accord i ng to  Dutson  and 

Pearson  ( 1 985 ) ,  the  i nc u b at i on of c arcasses  at an  e l evated temperature 

( 1 5  to 2 2°C )  c aused an  i ncrease i n  the free act i v i ty of l ysosomal  

e nzymes ,  a l l owi ng them to  be  av a i l ab l e  t o  act o n  the musc l e  prote i n s  

at  a h i g her  temperature and a l ower pH .  The  s ame authors rev i wed 

o th er stud i es and conc l ud ed t h at e l evated temperatures enh anced the  

degrad a t i on of  tropon i n- T ,  myos i n  and gap fi l aments . 
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Severa l  i nve st i gators have  shown th at the extent  of prote i n  

breakdown d u r i ng post-mortem age i ng i s  determi ned by t he  d urat i on of 

the proce s s  ( Jergen son et �. , 1 974 ; Davey and G i l bert , 1 976 ; Davey, 

1 983 ) . At n ormal age i ng temperatures {1  to 2°C ) ,  6 days of  agei ng h as 

been s hown to  produce  sat i sfactory t enderness  i n  young  beef c arcas ses  

of d i fferent degrees of fatness  { Mart i n  et �- , 1 971 ) .  Accord i ng to 

Cu l p  et a l . ( 1 973 ) ,  after 1 1  days of  post-mortem age i ng no  further 

tender i z at i on occu rs . 

Smi th et �- ( 1 971 ) demonstrated an i ncrease i n  tenderness of 

more than  40% when c arcas ses  were hel d at 1 6° for 1 0  to 1 6  h as 

compared w i th c arcasses  he l d at normal c h i l l  room temperature . Bouton 

et �- ( 1 9 73c )  reported greater th an  50% i ncreased tenderness  when 

c arcasses  he l d at 1 5° to  1 6°C for 2 d ays were compared w i th those he l d 

at 0°C for the  s ame peri od of  t i me .  Accord i ng to Locker  and Da i nes  

( 1 975 , 1 97 6 ) , cond i t i on i ng carcasses  at 35° t o  37° cau ses  greater 

tendernes s  i mprovement th an cond i t i on i ng at  1 5°C .  Sh ear force va l ues  

of  uns hortened � s ternomand i bu l ar i s ,  he l d  at 1 5°C ,  fal l by  60% ov er a 

peri od of  2 . 5  days wi th a s l i ght ad d i t i ona l  dec l i ne on  prol ong i ng 

storage to  8 days ( Davey, 1 983 ) . Mol l er et �- ( 1 983 ) stud i ed the  

effects of age i ng for  1 ,  2 ,  3 and 4 week s at  0 to 1 °C o n  shear force 

va l ues  obta i n ed for mutton M. l ongi s s imus  and � s emi membranosus  

cooked a t  80°C for 1 h .  The s hear force decreased rap i d l y  d ur i ng the  

fi rst week for  both musc l es ,  and from the f i rst to the  fourth week s 

the i mprovement  was very s l ow .  The act i v i ty o f  the ac i d i c  ( pH 4 . 9 ) , 

neutral  { pH 7 . 0 )  and a l k a l i ne ( pH 9 . 2 )  prote i n ases was meas ured by 

Bab i ker and Merke l  ( 1 985 ) for beef � l ongi s s i mus  extrac t s  at 1 ,  4 ,  8 ,  

1 6 ,  2 4 ,  4 8  and 1 68 h post-�ortem . They conc l uded th at wh i l e post

mortem storage t i me was  more i mportant t han age i ng t emperature on  

ac i d i c  and n eutra l  protei nase act i v i ty ,  age i ng temperature was  the  

most i mportant  determi n ant  of  a l ka l i ne prote i n ase  act i v i ty .  The con

c l u s i on from the rev i ew of  Outson  and  Pearson ( 1 985 ) was  t h at 

i ncreased t emperatures dur i ng pre-r i gor and pos t-r i gor  cond i t i on i ng 

defi n i te l y  i mproved meat tendernes s .  
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2-3-4-4-2-2  E l ectri cal  S t i mu l at i on 

The  pos s i b i l i ty th at e l ectr i c a l s t i mu l at i on i ncreases  

the  r ate of age i ng t ender i z at i on h as been  t he  subject of  a n umber of  

i nvest i gat i ons  ( S ave l l � �. , 1 981 , 1 982 ; Mcke i th et  �. , 1 981 ; 

B ab i ker  and L awr i e ,  1 983 ; Davey, 1 983 ; Bow l es et �. , 1 983 ; Lyon 

et �. , 1 983 ; Mart i n  et �. , 1 983 ; Mo l l er et �. , 1 983 ; H opk i n son  et 

�. , 1 985 ; Taylor  and Corne l , 1 985 ) . The res u l ts  are var i ab l e  w i th 

s ome stud i es s howi n g  th at  e l ectr i ca l l y- s t i mu l ated s amp l es h ave  l ower 

s hear force v a l u e s  than  u n st i mu l ated s amp l es up  to about 1 4  d ays of 

age i ng ( George � �. , 1 980 ) ,  8 days of  age i ng ( S ave l l � �. , 1 981 ) ,  

or  6 days of age i ng ( Marti n  et �. , 1 983 ) . The resu l t s of  Bow l es  Axe 

� �· ( 1 983 ) s howed no s i gn i f i cant d i fference i n  tenderness  of M .  

l ongi s s i mus  and � s emi membranosus  beef s amp l es wh i c h  rec e i ved e i ther 

e l ectr i ca l  s t i mu l at i on or  6 days 1 age i ng treatment .  S im i l ar res u l t s 

were reported by Lyon et �· ( 1 983 ) ,  but i n  d i fferent musc l es .  Mo l l er 

et �· ( 1 983 ) found that  s heep � l ongi s s i mus  and � semi membranosus  

s t i mu l at i on d i d  not appear to acce l erate age i ng tender i z at i on at the 

l ow s torage temperature ( 0  to 1 °C ) . Tay l o r  and Corne l l  ( 1 985 ) found 

n o  s i gn i fi cant  d i fference i n  t enderness  of  beef M .  l ongi s s i mu s  when 

e l ectr i cal l y- s t i mu l ated or  aged for 28  d ays , but s amp l es rece i v i ng 

both the  e l ect r i c � l  s t i mu l at i on and age i ng treatments were s i gn i f i 

c ant l y more tender than  those rece i v i ng t he  e l ectr i ca l  s t i mu l at i on 

a l on e .  There were no  s i gn i f i cant d i fferences between age i ng p l u s  

e l ectr i ca l  s t i mu l a t i on treatment and age i ng a l one . V a l i n  e t  a l . 

( 1 981 ) conc l u ded t h at e l ectri ca l  s t imu l at i on � �  h as no  s i gn i f i cant  

effect on meat age i ng ,  but  th at it  cou l d perhaps be u sed to  i mprove 

t he  effi c i ency of meat age i ng by reduc i ng i ts durat i o n .  I t  h as been 

s hown t hat e l ect r i ca l  s t i mu l at i on s hortens  the per i od of r i gor  and 

t h u s  a l l ows tender i z a t i o n  to beg i n  at h i g her temperatures ( George et 

�. , 1 980 ; Mart i n  e t �. , 1 983 ; Bab i ker  and Lawr i e , 1 983 ) . 

Dev i n e  e t �· ( 1 97 9 )  found that the  m i toc hondr i a  of e l ect r i c a l l y

s t i mu l ated m u sc l e  appeared to be swol l e n  and i n  some cases  ruptured , 

wh i c h  may h av e  enhanced the act i v i ty of  auto l yt i c  enzymes .  I t  h as 

been s ugge sted t h at t he  comb i nati on of l ow pH  and h i gh t emperature 

c aused by e l ect r i ca l  s t i mu l at i on promotes  the rupture of l ysosomal 

membranes and re l e ases  those enzymes  wh i ch act on musc l e  components 

( Moe l l er et �. , 1 977 ; Dutson et �. , 1 980 ; George e t �. , 1 980 ; 
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Chrysta l l ,  1 982 ; Crouse et �· , 1 983 ; D u tson , 1 983 ; Mar s h ,  1 983 ; 

R as h i d  et �. , 1 983a ,  b ;  Newbo l d and Smal l ,  1 985 ; Orcu tt  and Dutson , 

1 985 ; Wu e t �. , 1 985 ; E i ke l enboom and Smu l ders , 1 986 ; So l omon et �. , 

1 986 ) . D u t son  et �· ( 1 980 ) fou nd  that t he  act i v i ty of l ysosoma l  

enzymes i s  i ncreased by the r ap i d  pH  dec l i n e cau sed by  e l ectr i c a l  

s t imu l a t i o n .  Thu s ,  t h e  act i v i ty of a - g l ucuron i dase a n d  c athep s i n -C  

h ave been  s hown to  be i ncreased by 24% and 30% respect i ve l y  fol l owi ng 

e l ectr i c a l  s t i mu l at i on ( Du tson et �. , 1 980 ) . These res u l t s  h ave been 

s ubstant i ated by Wu � �· ( 1 985 ) . 

2-3-4-4- 2-3 Cook i ng Temperature 

The myofi br i l l ar prote i n s  a l ong wi th t h e  connect i ve 

t i s s ue prote i n s are the mai n  prote i ns  respon s i b l e  for the  u l t i mate 

tenderness  of  meat ( Se i deman and D u r l and , 1 984 ) . Sei deman and Dur l and 

( 1 984 ) s t ated t h at i n i t i a l c h anges  that t ake  p l ace i n  musc l e  t i s s ue 

when i t  i s  exposed to heat are e l ectrostat i c  and/or i nv o l ve hydrogen 

cross- l i nk age s .  Further heat i ng c auses  aggregat i ons o f  pept i de c h a i n s  

wh i ch a re  res pons i b l e  for t he  observed phenomena of  ge l a t i n furmat i on 

and h arden i ng .  Accord i ng to  Bramb l ett et �· ( 1 959 ) , temperatures 

between 5 7° a nd 7 5°C wi l l  res u l t i n  prote i n coagu l ati on , b u t  there i s  

probab l y  no  s pec i f i c coag u l at i on temperature because  musc l e  fi bres 

cons i st of s everal  prote i n s ,  eac h  wi th d i fferent propert i es .  Hamm and 

Death erage ( 1 960 ) found t h at myofi br i l l ar prote i n s  start  to  coag u l ate  

between 30° to  40°C and are  marked l y  coag u l ated at 55°C .  Heat- i nd uced 

change s i n  myof i br i l l ar prote i n s o l u b i l i ty were i nvest i gated by Cheng  

and Parr i s h  ( 1 97 9 )  i n  beef � l ongi s s imu s  at  death and after heat i ng 

at 4 5 ,  5 0 ,  5 5 ,  6 0 ,  70  and 80°C .  They found t hat al pha-act i n i n  was the 

most h eat- l ab i l e  prote i n  and b ec ame i nso l u b l e at 50°C ,  heavy and l i g ht 

cha i n s  of  myos i n  became i nso l u b l e  at 55°C ,  wh i l e act i n ,  tropomyos i n  

and t ropon i n  were more heat res i s t ant .  Act i n  was i n s o l u b l e  between 

70° and 80°C and tropomyos i n  and t ropon i n  became i ns o l u b l e  above 80°C 

( Cheng and P arr i sh ,  1 979 ) . H arts horne et �· ( 1 972 ) s uggested t h at at 

temperatures above 40°C ,  the  conformat i on of myos i n  may no l onger 

recogn i se tropon i n ,  wh i l e above 50°C the conformat i on of  myos i n  may be 

furth er a l t ered and the act i va t i on  by act i n  l ost ( Hartshorne et  �. , 

1 972 ) .  D ur i ng cook i ng the  toughness  i s  k nown to c h ange i n  at l east 

three s uc ces s i ve steps as  demons trated by Davey and G i l bert ( 1 974 ) .  

Heat i ng meat t o  around 5 0°C y i e l d s  an  i ncreased toughness , wh i ch i n  
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general  co i nc i de s  wi th i ncreased myofi br i l l ar denaturat i on and l arge 

c h anges  i n  water- h o l d i ng c apac i ty ( Hamm and Deatherage , 1 960 ; Bouton 

a nd H arr i s ,  1 97 2 ) . B etween 50° and 60°C ,  the toughness  t h en 

decreases , a c hange  wh i ch i s  u s ual l y  i nterpreted i n  terms of  co l l agen 

denaturat i on ( L a ak ko nen et �. , 1 970 ; Bouton  and H arr i s ,  1 981 ; B e i l ken  

� �. , 1 986 ) . A l so  du r i ng cook i ng ,  an effect of i ncreased p roteo l yt i c  

act i v i ty i n  the  musc l e  o n  meat tenderness  has a l so been post u l ated 

( L aak konen e t �. , 1 970 ; Penfi e l d and Meyer , 1 975 ; K i ng et �. , 1 981 ; 

B e i l ken  et �. , 1 986 ) . A l l these f i n d i n g s  s uggested t h at s everal  

proteol yt i c  e nzymes are act i ve i n  meat between 50° and 60°C but  that 

they were d e natured at  70°C .  F l uorescence and m i croc a l or i metr i c  

s tud i es o f  cured meat d u r i ng heati ng  ( Ores hk i n  � �. , 1 986 ) i nd i c ated 

t h at meat prote i ns heat-denature wi th i n  t h e  temperature range  from 20° 

to  90°C i n  two s t ages . The prote i n  s tructure i s  l oosened and  hydrated 

between 20° to 6 1 °C and comp l i cated by a reverse proces s  of coagu

l at i on d ur i ng  wh i c h the  prote i n cha i n s  ad here to one  anoth er between 

62° and 90°C .  Th i s  process  causes t i ghten i ng of the prote i n  s tr ucture 

and reduces  i ts water-ho l d i ng c apac i ty .  

2-3-4-4-3  Re l at i ons h i ps Between Fatness  and Musc l e  Prote i n  

Break down 

Accord i ng to th e rev i ew of Asghar and Pearson ( 1 980 ) , th e 

r ate of b i ophys i c a l  and b i oc hemi ca l  r eact i ons of the ce l l u l ar systems 

of mus c l e  depend o n  temperature ,  s o  i t  i s  not s urpr i s i ng t h at a t h i ck 

l ayer of fat acts a s  an i ns u l at i ng  b arr i er and a l l ows for a v ery 

gradua l  dec l i ne i n  mu sc l e  temperature dur i ng c h i l l i ng .  Th i s  permi t s  

i ncreases  i n  th e natural  break down of the  t i s s ue ( Jenn i ng s  et  �. , 

1 978 ) . These  r e l at i o ns h i ps  between fatness  and temperature are more 

i mportant at  an  ear ly  post -mortem per i od of c h i l l i ng wh i c h cause  

break down of m us c l e  prote i n  ( Sect i on 2- 3-4-4-2- 1 ) .  Howeve r ,  th e se  

re l a t i ons h i p s  w i l l  dec l i ne w i th i ncreas i ng post-mortem t ime , th ereby 

m i n i mi s i ng t h e  re l at i on sh i p  between  fatness and age i ng ( Parri s h ,  

1 974 ) . 

2-3-4- 5  R ate of Gycolys i s  and U l t i mate pH 

G l ycog e n  conta i ned wi th i n  the  mu s c l e  at death  i s  metabo l i zed  

through an  a n aerob i c  proces s  l ead i ng t o  the  format i on of  l ac t i c  ac i d  

and conseq u en t l y  to a l oweri ng of th e pH  ( Petersen , 1 984 ) . Meat from 
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n ormal a n i ma l s wi l l  u s u a l l y  ach i eve u l t imate pH  va l ues  of around 5 . 5  

b u t  h i gh u l t i mate p H  v a l u e s  ( 6 . 0  or above ) may be found i f  mu s c l e  

g l ycogen  stores h ave  been dep l eted p r i or t o  s l a ughter .  

2-3-4-5- 1 Q u a l i ty Ch aracter i st i c s Affected by pH  

The  rate of  g l ycol ys i s  and therefore of  p H  drop  i n  

postmortem mus c l e ,  and t he  u l t imate pH reached may affect  many meat 

q u a l i ty factors  ( Dut son , 1 983 ) . Severa l  stud i es h ave reported the 

effect s of pH at  spec i f i c t i mes du r i ng conver s i on of musc l e  to  meat , 

a s  we l l a s  the  u l t imate pH  of  meat , on the q u a l i ty of ov i ne  meat 

( Bouton  et �. , 1 97 1 , 1 97 2 a ,  1 982a , b ;  Smi th et �. , 1 976 ; Furn i v a l  e t  

�. , 1 977 ) . T he  re l a t i o n s h i p s between postmortem pH  dec l i ne and 

mus c l e  tendernes s  h ave  been rev i ewed by Dutson  ( 1 983 ) and Mars h  

( 1 983 ) . They conc l uded  th at a h i gh u l t i mate mus c l e  pH ( 6 . 2  o r  

greater ) i s  assoc i ated w i th more tender meat . 

The re l at i ons h i p  between rate of pH fa l l and u l t i mate pH i n  

pos tmortem mu s c l e  and t h e  q ua l i ty of  meat  h ave  been s tud i ed ( Kh an and 

N ak amura ,  1 97 0 ;  Joh n son  a nd Henri c k son , 1 970 ;  L uc kett et �. , 1 97 5 a , b ;  

Dransfi e l d and Rhode s ,  1 97 5 ; Smi th et �. , 1 976 ; As ghar and Yeates , 

1 97 7 ; Hon i k e l  and F i s cher , 1 977 ; I zumi et �. , 1 97 7 ) . A l l t hese  

reports s ug gest  t hat a re l a t i v e l y  s l ow r ate of  g l yco l ys i s  a nd  a mode 

r ate l y  l ow u l t i mate pH  a re  c h aracteri s t i c s  of n ormal , u s u a l l y  t ender 

meat . Others h ave  s hown  t h at h i gher u l t i mate pH  va l ues  are assoc i ated 

wi th more tender meat ( Kauffman et �. , 1 96 4 ;  Wal ter � �. ,  1 965 ; 

B outon and Shorth o s e ,  1 969 ; Bouton et �. , 1 97 1 , 1 972 a , b ,  1 973a , b ;  

K h an and Lentz , 1 973 ; F redeen et �. , 1 974 ; Mart i n et �. , 1 975 ; 

McDoug a l l et  �. , 1 979 ; Dransf i e l d ,  1 981 ; Dutson et �. , 1 981 ; 

F j e l kner-Mod i g  and Ruderu s , 1 983 ; Y u  and Lee , 1 986 ) . St i l l  other 

researchers h ave  found n o  s i gn i f i cant rel at i on sh i ps between u l t i mate 

pH and meat q u a l i ty ( Hu s ai n i  et �. , 1 950 ) . Bouton et �· ( 1 973b ) 

found bov i ne � l ongi s s i mu s  was max i mal l y  tough  i n  t h e  pH range from 

5 . 8  to 6 . 0 . M i l es and L awr i e  ( 1 970 ) i dent if i ed a rel at i o n sh i p  between 

p H  and meat tenderne s s  u s i ng cooked r abb i t  musc l e , whereby tenderne s s  

i nc reased l i ne ar l y  wi th i nc reas i ng pH  over the  range from 5 . 5  to  7 . 1 .  

Dransf i e l d ( 1 97 7 )  demon strated t hat s ome of t he  observed v ar i ab i l i ty 

i n  cooked meat tendernes s  between 1 8  beef mus c l es was assoc i ated wi th  

d i fference s  i n  th e i r  u l t i mate pH ,  wi th i mproved tenderness  be i ng 
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corre l ated wi th h i gher u l t i mate pH . Y u  and Lee ( 1 986 ) compared the  

effect of  three postmortem pH  r anges ( h i gh > 6 . 3 , i ntermed i ate  5 . 8  t o  

6 . 3  a n d  l ow < 5 . 8 )  on bov i ne � l ongi s s i mu s  tenderness  and found  t h at 

the  h i gh pH meat was most  tender , fol l owed by t h e  l ow and t hen  the 

i ntermed i ate pH meats . They attri bu ted the  tender i z at i on of  h i gh pH 

meat to  the remova l  of Z - l i ne s ,  whereas the  tenderi z a t i on of  l ow pH  

meat  was due to  the  degradat i on of  myos i n  heavy c h a i n s  and  M- l i nes , 

wh i l e  the  i ntermed i ate pH meat  s howed very l i mi ted degrad a t i on  of M

l i nes and myos i n  wi th we l l p reserved Z- l i nes  ( Yu and Lee , 1 986 ) . 

act i v i ty 

s trugg l e  

1 979 ) . 

ex c i s i on 

2-3-4-5-2  Factors Affect i ng Mus c l e  pH 

The pH of a postmortem mus c l e  i s  l arge l y  i nf l u enced by the 

of the  an i mal j us t  before i ts s l aughter and dur i ng the death 

( Ha l l u nd and Bend a l l ,  1 965 ; Benda l l ,  1 973 ; Dev i ne � �. ,  

I t  i s  a l so i nfl u e nced by the s t i mu l at i on of g l yco l ys i s  d ur i ng 

and s amp l i ng of the musc l e  ( Benda l l ,  1 973 ) . The l atter i s  

ev i de nced by the s trong c o ntract i on th at t akes  p l ace when mu s c l e  i s  

c u t  soon  after s l aughter . E l ectr i ca l  s t i mu l at i on soon after s l aughter 

h as a s i gn i f i cant  s t i mu l atory effect o n  the rate of pH fal l ( Bend a l l ,  

1 976 ; C h ryst a l l and Hagyard , 1 976 ; Davey et �. , 1 976 ; Bend a l l et �. , 

1 976 ; C hrysta l l and Dev i ne ,  1 978 ;  N i cho l s and Cros s , 1 980 ; Chrys t a l l ,  
1 982 ; Crouse � �. ,  1 983 ; R as h i d  et �. , 1 983b ;  Newbol d and Smal l ,  

1 985 ; E i ke l en boom and Smu l ders , 1 986 ; Sol omon et �. , 1 986 ) . 

Accord i ng to Chrysta l l and Dev i ne ( 1 978 ) , Hou l l i er et �· ( 1 984 ) 

and Newbo l d and Smal l ( 1 985 ) ,  i n  s t i mu l ated mus c l e ,  pH  fal l occurs i n  

two s t ages : a very fast  drop  dur i ng the  b r i ef peri od of s t i mu l at i on 

( ApH ) and a further s i gn i f i cant  drop at a r ate  ( dpH/dt ) s t i l l  about 

twi ce  as f ast  as that  wh i c h  occurs  i n  unst i mu l ated m u s c l e .  I f  

s t i mu l at i on i s  u ndertak e n  w i th i n  m i n utes  after s l aughter , l ow vo l t ages  

and c u rrent s  are s uffi c i en t  to  ac h i eve a l arge i ncrease i n  r ate of 

r i gor  onset , mai n l y  through  the  tr i ggeri ng  of a more rap i d  dpH/dt . 

R a sh i d  et  a l . ( 1 983b ) demo n strated t hat e l ectr i ca l  s t i mu l at i on and 

c h i l l i ng method s  h ad marked  i nf l uences on  musc l e  postmortem gyco l ys i s  

r ates of s heep carca s ses . Wal ter  ( 1 97 5 )  showed t h at a r ap i d  

a ntemortem o r  rap i d  postmortem dec l i ne i n  pH , wh i l e the  c arcas s  

t emperature remai ned h i gh may cau se  a denaturat i on of s arco p l a sm i c and 

myofi br i l l ar prote i n s .  L aborde et �· ( 1 985 ) postu l ated t h at the pH 
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of p i g  mus c l e  was  affected by musc l e  fi bre type , wi th the red musc l e  

fi bres h av i ng the  h i ghest  u l t imate pH . Further i nformat i on on  

rel a t i o n s h i ps between mus c l e  fi bre types and  s uscept i b i l i ty of  the  

an ima l  to  stre s s  was rev i ewed by  Ashmore ( 1 974 ) . He  postu l ated t h at 

the convers i on of g l ycogen  s tores to l act i c  ac i d  was affected by the  

proport i on of mu sc l e  fi bres ad apted for g l ycogenol yt i c  metabo l i sm ,  

becau se  t h i s  type of metabo l i sm respond s most dramat i c a l l y  t o  ep i ne

phr i n e ,  the hormone rel e as ed i n  proport i on to  the  l ev e l  of  stress  

i mposed u pon the  an ima l . Th i s  p attern of  g l ycogen dep l e t i on res u l t s  

from t h e  fact th at red f i bres h ave a more cop i ous  b l o od s u pp ly  t h an 

wh i te f i bres , 

r ate  ( As hmore , 

and wou l d th erefore " s ee the epi neph r i ne  at a faster 

1 974 ) . L awr i e  ( 1 978 ) st ated that red musc l es res i s t 

oxi d at i ve ranc i d i ty and d i sco l ourat i on on storage 

greater degree t han wh i te fi bres dur i ng froze n storage 

h as been s hown to be due to  t he  f act th at the u l t imate 

to  a marked l y  

a t  - 1 0°C .  Th i s  

pH attai ned i n  

red musc l e  was u s ua l l y  h i gher  th an  t hat i n  wh i te musc l e .  The rate of 

fal l of pH decreases wi th decreas i ng mu s c l e  temperat ure ( Newbol d and 

Harr i s ,  1 972 ) ,  but  pH fal l s  more rap i d l y at  1 °C than at 5 °C du r i ng the 

fi r st  few hours  postmortem ( C a s sens and Newbol d ,  1 96 7 ) . S i mi l ar 

observat i ons  were made  by Dransf i e l d  and Lockyer ( 1 985 ) .  They s howed 

that  p i g  s amp l es cool ed i n  a i r  at 3°C h ad the  l owest r ate  of pH drop 

and o n  average took 7 h t o  reach pH 6 . 0 , wh i l e ,  an  i ncrease or 

decrease i n  cool i ng temperature cau sed an  i ncrease i n  r ate  of pH fal l .  

On average pH  6 . 0  was reac hed i n  about  4 h at  20°C .  i n  a i r  and 5 . 5  h 

at - 1 °C i n  l i q u i d .  

2- 3-4-5-3 Re l at i on sh i ps Between Fatness and Mu sc l e  pH 

Smi th  et a l . ( 1 97 6 )  s t ud i ed the  effect of fat t h i ckness  on 

musc l e  pH of  l amb , and found t h at c arcasses  wi th t h i n  b ack  fat h ad 

s i gn i f i c ant l y h i gher pH v a l u e s  th an l amb s wi th t h i ck b ack fat . 

However , there was no re l a t i on  between pH  va l u e s  and b ac k  fat 

th i c k n e s s  for p i g  � l ongi s s i mu s  and � s emi membranos u s , i n  the  s tudy 

of Vos  and Sybesma ( 1 97 1 ) .  I n  pork , Mart i n  and Fredeen ( 1 974b ) found 

no  re l at i on s h i p  between i n i t i a l pH ( 40 mi n postmortem) a nd b ac k  fat 

th i c k nes s but u l t i mate pH ( 48 h )  was s i gn i f i can� l y  h i g her  for the h i gh 

fat grou p .  The reason for these  confl i ct i ng resu l t s was  not  c l ear . 
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2-3-4-6  Water-Ho l d i ng Capac i ty 

The water-ho l d i ng capac i ty of meat i s  i ts ab i l i ty to  absorb and 

reta i n water dur i ng the app l i c at i o n of  some external force or treat

ment ( Hamm , 1 960 ) .  The i mportance and chemi ca l  b as i s  of  th i s  charac

ter i st i c  has  been  exten s i ve l y rev i ewed ( Hamm, 1 960, 1 975 ; Lawr i e ,  

1 985 ; Offer and Tr i n i ck ,  1 983 ) . Accord i ng t o  Jeffrey ( 1 983 ) the  

myofi br i l l ar prote i n s  are the mai n water b i nders i n  meat , wi th t he  

quant i ty bound bei ng  proport i on a l  to  the s pace between  the  fi l aments . 

Therefore water-hol d i ng c apac i ty h as recei ved more attent i on than mos t  

b i ophys i c a l  propert i es o f  mus c l e because i t  i s  a sens i t i ve i nd i c ator 

of chang e s  i n  the c h arge and s truct ure of musc l e  prote i n s  ( Hamm, 1 960 ,  

1 975 ) .  Moreover ,  i t  i s  k nown th at the i nterfi l ament s pac i ng i s  by n o  

means con stan t ,  b ut  var i es wi th p H ,  s arcomere l ength , i on i c  strength , 

osmot i c  pre s s ure and whether the musc l e  i s  rel axed or  i n  r i gor  

( E l l i ot t ,  1 96 8 ;  Apr i l et �. , 1 972 ; Go l dman _§! �. , 1 979 ; M i l lman and 

N i cke l , 1 980 ; Mi l l m an et �. , 1 981 ) .  I t  h as been s u ggested t h at 

ch anges i n  the  water-ho l d i ng c apac i ty of meat are caused by changes i n  

the vo l ume of the myofi bri l s  res u l t i ng from changes i n  the · i nter

fi l ament  s p ac i ng ( Offer and Tr i n i ck ,  1 983 ) . 

2-3-4-6-1  Q u a l i ty C h aracter i st i c s  Affected by Water-Hol d i ng 

Capac i ty 

Several  stud i es h ave  reported pos i t i ve corre l at i ons  between 

water-ho l d i ng c apac i ty and tenderness  ( Tuma et �. , 1 967 ; Webb et �. , 

1 967 ; B o uton  et �. , 1 97 1 ; Berry et �. , 1 974 ) . Bouton et �· ( 1 972 a )  

stud i ed t h e  effect o f  p H  o n  some propert i es of ov i ne musc l e  and s howed 

th at an i nc rease i n  shear va l u e s  wh i ch are u s ua l ly a s soc i ated wi th  

co l d-s horten i ng .  Mart i n and  Fredeen ( 1 974a ) found  a n egat i ve corre l a 

t i on between water-ho l d i ng c apac i ty and s hear force v a l u e  of beef . 

The i mportance of i ntrafi bre water to meat  tenderness h a s  been emph a

s i zed by C u rr i e  and Wol fe ( 1 980 ) who correl ated c h anges  i n  the  

mechan i c a l  propert i es  of u ncooked beef musc l e  undergo i ng r i gor mort i s 

wi th c h anges  i n  the water- h o l d i ng capac i ty of musc l e  f i bres a s  

i nf l u en c ed by  pH , and the  r ate  of  fa l l of pH and showed t h at i ntra

fi bre water was affected by the o smot i c  pres sure wi th i n  the fi bre . 
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2-3-4-6-2  F actors Affect i ng Water-Ho l d i ng Capac i ty 

The  water- ho l d i ng c apac i ty of meat h as been s hown by Bouton 

et  a l . ( 1 97 1 , 1 97 2 a )  to be c l o s e ly  rel ated to pH , and t o  be  a s en s i -

t i ve i nd i c at i on o f  var i at i on i n  the  charges and struc t u re o f  musc l e  

prote i n s .  I n  the  work of Hamm ( 1 960 ) ,  pH was c l ear l y  i de n t i f i ed as a 

major f actor i nf l u enc i ng the water-ho l d i ng c apac i ty ( WHC ) of a h omo

gen i zed meat system , wi th a m i n i mal water- ho l d i ng capac i ty occurr i ng 

at  t he  i soe l ectr i c  po i nt  of the major prote i n s  i n  musc l e  ( pH 5 . 0  to 

5 . 5 ) . It then i ncreased marked l y  wi th c hang i ng pH on e i ther  s i de of 

th at p o i n t .  Penny et �- ( 1 96 3 )  demonstrated a s im i l ar phenomenon 

wi th p u r i f i ed beef myofi br i l s  over the pH r ange 4 . 5  to 7 . 5 .  Then u sed 

the  i ncrease  i n  water-ho l d i ng capac i ty to exp l a i n  myofi br i l l ar swe l 

l i ng and  i nc reased fi bre d i ameter . Furthermore , Gau l t  ( 1 985 ) showed 

th at mi n i mum swe l l i ng of the  raw meat occurred wi th i n  t he  r ange of pH 

5 . 2  to  4 . 5 .  B e l ow th i s  pH there was a marked i ncrease i n  swe l l i ng to 

the max i mum va l ue  ac h i eved around pH 3 . 5 ,  correspond i n g  t o  an  approx i 

mate d o ub l i ng of  the  vo l ume of the  meat d i scs . The data  showed a 

dec l i ne i n  swe l l i ng wi th further decreases i n  the pH of th e meat . 

Accord i ng t o  Y as u i  � �- ( 1 980)  the max i mum b i nd i ng s trength of 

myos i n  and actomyos i n  occurs at  pH 6 . 0 ,  and i s  reduced at l ower pH . 

M i l l er e t �- ( 1 980b )  and Sol omon and Schmi dt  ( 1 980) h ave  s hown that 

the amount  of extract ab l e  prote i n  i s  rel ated to the b i nd i ng s trength 

of proce s sed meats and th at i t  i s  h i g her i n  pre-r i gor meat wh i ch h as a 

h i gh p H .  Matyn i ak and Z i o l eck i ( 1 983 ) s howed t hat the  c hanges  i n  the 

amount  of expres s i b l e  water and i n  cook i ng l os s  of duck  meat  occurred 

i n  p ar a l l e l wi th c h anges i n  the pH v a l ues  of the meat . I ncreases i n  

meat ac i d i ty be l ow p H  5 . 9  were a s soc i ated wi th h i gher cook i ng l os se s , 

wh i c h  g r ad u a l l y  dec l i ned wi th an i ncrease i n  pH . The l owest pH v a l u e  

( 6 . 0 )  w a s  as soc i ated wi th a l most  t h e  h i ghest  l evel  of  expres s i b l e  

water . Offer and Tr i n i ck ( 1 983 ) observed an i ncreased swel l i ng of 

i nd i v i d u a l  myofi br i l s  over  the pH  r ange 5 . 0  to 9 . 0  and th i s  l ed to  the 

fi rst  s tructura l  hypoth es i s  of water-hol d i ng i n  meat b as ed o n  the 

swel l i ng o r  s hr i n k age of  myofi br i l s  caused by expan s i on or  s hr i n k age 

of t h e  myofi l ament  l att i ce s .  

Rece n t l y, re l at i on sh i ps between water-ho l d i ng capac i ty and musc l e  

fi bre c h aracter i st i c s ( L aborde et �. , 1 985 ) h ave revea l ed t hat the 

red m u s c l e  h ad a s l i ght l y  h i g her water-ho l d i ng capac i ty and pH  th an  
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t he  wh i te musc l e  f i bre .  Hamm ( 1 97 5 )  s howed t h at two th i rd s  of  the  

decrease i n  water- h o l d i ng capac i ty of post-mortem meat  was a s soc i ated 

w i th th e reduct i on i n  ATP conten t .  Hon i ke l  et �- ( 1 981 ) demonstrated 

th at as muc h as  two th i rd s  of the decrease i n  water-ho l d i ng c apac i ty 

of s a l t ed meat occ urred d ue  to  r i gor dev e l o pment  and t he  rema i n i ng 

th i rd was c aused by the  decrease i n  p H .  E l ectr i cal s t i mu l at i on d i d  

not affect th e amount  o f  free wa ter ( dr i p )  i n  the pack age d u r i ng 
reta i l d i s p l ay ( Morg a n ,  1 97 9 ;  Jeremi ah and Mart i n ,  1 980 ) , wh i l e  a 

n umber of reports i n  the  l i terature h ave s h own t h at e l ectr i ca l  s t i mu 

l at i on e i th er decreases  ( E l ga s i m  et �. , 1 981 ) ,  h as n o  effect on dr i p  

1 a s s  ( Gr i ffi n et �· , 1 981 ; B ab i ker and L awre i , 1 983 ; Bowl es  Axe n 
�. , 1 983 ; Wood and  Froeh i c h ,  1 983 ; D i k eman et �. , 1 985 ) or  br i ng s  

about a n  i ncrease i n  water-ho l d i ng c apac i ty ( Greathou se  n �. , 1 983 ; 

Lewi s a nd Bab i ker ,  1 983 ; E i ke l enboom and Smu l ders , 1 986 ) . I ncon s i s 

tent  f i nd i ng s  hav e  a l so  been reported o n  t he  effect of e l ect r i c a l  

s t i mu l a t i on o n  t h e  j u i c i ne s s  ( Bouton et �- , 1 980 ; E l ga s i m  n �- , 

1 981 ; S a l m n �. ,  1 981 ; R i l ey et �. , 1 983a , b ;  F a b i ans son and 

B uc hter , 1 984 ) ,  b u t  some other workers h ave  reported t hat meat from 

e l ectr i ca l l y- s t imu l ated c arcas s  s i de s  i s  l e s s  j u i cy th an that from 

u n st imu l ated s i de s  ( S ave l l et �. , 1 978a , b , c ;  Sor i nmade et �. , 1 978 ; 

Bouton et �. , 1 980 ; Crou s e  et �. , 1 983 ) . 

2-3-4-6-3 Re l a t i onsh i ps between F atness  and Water-ho l d i ng 

Capac i ty 

The re l a t i on of  water- ho l d i ng c ap ac i ty of meat to  fat i s  a 

very comp l i c ated prob l em because res u l ts  are d i fferent wi th d i fferent 

musc l es and  d i fferent  a n i ma l s ( Hamm, 1 960 ) . Saff l e and Brat z l er 

( 1 959 )  found n o  s i gn i f i cant corre l at i on between fat c ontent and  

d efrost i ng d r i p i n · c erta i n mus c l es of  swi n e .  L i n  et �- ( 1 985 ) found  

s i gn i f i cant  d i fferences i n  fat  content  among M .  semi tend i no s u s ,  � 

s emi membranos u s  and  M .  b i ceps femori s  from the s ame h am ,  b u t  

expres s i b l e  j u i c e  l ev e l s for three o f  t h e s e  mus c l es was not  

s t at i s t i c a l l y  d i fferent . They conc l uded th at expres s i b l e  j u i ce was a 

measure of bound mo i st ure i n  musc l e  ahd i t  was not affected by 

d i fferences i n  fat c o nte n t .  H awrysh et �- ( 1 975 ) , h owever ,  found  

t h at expres s i b l e  j u i ce l eve l s for  mature , marb l ed beef s amp l es were 

h i gher th an those  of  s imi l ar samp l es from reg u l ar beef.  They 

exp l a i ned t he  res u l t s  of  the i r  study on the  b as i s  of greater amounts  
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of fat i n  t h e  cooked meat from mature a n imal s ,  and by the fact that  i n  

mature ,  mar b l ed s amp l es the fat  wh i ch was very soft may h av e  permi t 

ted t h e  exp re s s ed musc l e  to  s l i de out  and cover a l arger area on  the  

fi l t er p aper , thus  enab l i ng the paper to  absorb l arger amounts  of  fat . 

The h i gher expressed f l u i d  y i e l d for mature , marb l ed s amp l es probab ly  

refl ected t h e  i ncrease i n  percent f at  expres sed rather th an act u a l  

re l at i onsh i p  

for q u an t i ty 

( 1 950 ) , who 

I n  c o n t rast ; a d i rect c urv i l i near 

between percent of fat i n  expres s i b l e  j u i ce and scores 

and q ua l i ty of j u i ce was reported by Gad d i s et �· 

fo und t h at th e percent of  express i b l e  j u i ce tended to  

decrease wi th i ncrease i n  i ts fat  content i n  beef , l amb , and mutton . 

The data  of  Swi ft and Berman ( 1 959 )  s howed t h at the i ncreas i ng water 

retent i on of beef musc l e  rel at i ve to  prote i n ,  was accomp an i ed by an 

i ncreas i ng f at content .  

2-3- 4 - 7  M us c l e P i gment  Content 

Fres h m u s c l e  co l our  i s  determ i ned ma i n l y  by the q u ant i ty of 

myog l o b i n  and the re l at i ve proport i on s  of the three p i gment s : purp l e 

reduced myog l o b i n ( Mb ) ,  red oxymyog l ob i n  ( Mb02 ) and brown metmyog l ob i n 

( MetMb ) ( Strange  et �. , 1 974 ) . 

2-3-4- 7-1  Q u al i ty Character i st i c s Affected by M us c l e  P i gment  

Content 

Meat co l our  i s  con s i dered by retai l ers to b e  of p r i me 

i mportance to  consumers when  choos i ng meat ( Truscott � �. , 1 984 ) . 

Accord i ng t o  Franke and Sol berg , ( 1 97 1 ) t he  cons umer cons i ders  the  

br i g ht red co l o ur of  oxymyog l ob i n i n  fresh meat des i rab l e ,  wh i l e  the  

brown co l o ur  of  metmyog l ob i n  i s  cons i dered u ndes i rab l e .  P i rk o  and  

Ayres ( 1 95 7 ) and Adams and Huffma n ,  ( 1 972 ) s howed t hat t he  consumer 

u ses  t he  co l o ur  of the  meat to a s sess  freshness  and as  a c r i ter i on of 

q ual i ty .  J eremi ah et �· ( 1 972 ) , stud i ed the  pal atab i l i ty r at i ng s  of 

s teak s  a s s i g n ed to var i ous  co l our  s core s ,  and s howed t h at mean s cores 

of f l avo u r ,  j u i c i ne s s  and tenderness  d i d  not d i ffer among t h e  groups . 

However , Fredeen et �· ( 1 974 )  showed t hat the  h i ghest  co l our  s cores , 

both subj ect i ve and obj ect i ve ,  re l ated to the  l owest  i n i t i al s hear 

force v a l u e s . 
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2-3-4- 7-2 F actors  Affect i ng Musc l e  P i gment  Content  

The co l our i n tens i ty of  meat i s  determi ned by t he  tota l  

concentrat i on of  Mb and  wi l l  be  affected by  such  antemortem factors as  

s pec i e s ,  s ex ,  and  age of an ima 1 ,  
anatom i cal  l oc at i o n ,  temperature , 

and postmortem factors  s uc h  as 

and pH  ( Se i deman e t  �- , 1 984 ) . 
T h . , �  

I I I U J '  

those  

mus c l e s  o f  the  beef c ar c a s s  h av e  mor e  myog l ob i n  per  gram th an 

of l amb , and l amb h as more t h an pork ( Wa l ter s , 1 975 ) . Mal e 

a n i ma l s h av e  mus c l es  wi th h i g her myog l ob i n  concentrat i on s  than  femal e  

a n i ma l s ,  and  the  concentrat i on of  bov i ne myog l o b i n  i nc reases w i th 

i ncreas i ng c hrono l og i c a l  age , s o  a l i ght  col our  i s  i nd i c at i ve of 

yo uthfu l ,  h i g h q ua l i ty meat ( Urbai n ,  1 952 ) . Accord i ng to  Se i deman et 

a l . ( 1 984 ) m u sc l es  u sed i n  l ocomot i on wi l l  u s u a l ly  cont a i n a h i gher 

concentrat i o n  of myog l ob i n  th an a s upport mus c l e  due  to  the  i ncreased 

amount  of oxygen req u i red for the product i on . of e nergy . S i m i l ar 

conc l u s i on s  were made by Ledward , ( 1 985 ) when he compared three 

mu s c l e s  (� b i ceps femor i s ,  � semi membranos us  and � l ongi s s i mu s )  for 

metmyog l ob i n conc entrat i on and fou nd h i gh l y  s i gn i f i cant  d i fferences 

between  musc l es .  Hood ( 1 980 )  s howed th at the degree of  d i sco l ourat i on 

after 96 h at  1 0°C was two to fi ve t i mes  t h at at 0°C ,  depend i ng on  the 

musc l e  wi th  the  effect  be i ng mos t  pronounced i n  the stab l e  M .  

l ongi s s i mu s  and l east i n  the  unstab l e �  psoas major . 

Accord i ng to  Ledward ( 1 985 ) th e rate of c hange of  temperature and 

pH  of the musc l e  d ur i ng postmortem g lycol ys i s  c an mod i fy t h e  perce i ved 

c o l o u r  i ndependent l y of met Mb format i on .  A r ap i d  fa l l i n  pH  at h i gh 

temperatures prod uces  a pa l e and watery appearance because the 

prote i ns i n  the  meat matr i x  are u n ab l e  to  b i nd the  water effect i ve l y, 

wh i l e  a s l ow r ate of pH  fal l at l ow temperatures g i ve s  r i se to  a 

compacted ( co l d - s hortened ) matr i x  and a dark appearance  ( Ledward , 

1 985 ) . I n  add i t i on ,  the  oxygen consumpt i on r ate i s  l i k e l y  t o  be  

greater i n  r ap i d l y, as  opposed to s l ow ly  c h i l l ed meat , ( Atk i nson  and 

Fo l l et t ,  1 97 3 ) and th i s  w i l l  i nh i b i t  the format i on of t he  br i ght red 

oxymyo g l o b i n ,  g i v i ng a d arker overal l appearance .  L awr i e  ( 1 985 ) 

s t ated th at at h i g h  u l t i mate pH v a l ues  the dark co l our  i s  present 

wi thout  a c ompacted . s tr uct ure bec ause  the  fi bres h ave  h i gh water

ho l d i ng c apac i ty and the oxygen con s umpti on  r ate  of the meat i ncreases 

wi th i ncrease  i n  p H .  
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Obv i ous  d i fferences  i n  terms of  p i gment concentrat i on ex i st 

between musc l es 

types  ( Ca s sens  

( 1 984 ) , red 

co nta i n i ng predomi n ant l y  r ed or wh i te mus c l e  f i bre 

and Cooper , 1 97 1 ) .  Accord i ng to Se i deman et �

mus c l e  fi bres genera l l y  t end to  h ave  a h i gher 

concentrat i on of myog l o b i n  th an wh i te musc l e  fi bres becau s e  of  the i r  

predomi nant l y  aerob i c  metabol i sm ,  wh i c h  r eq u i res  more oxygen ,  and 

th erefore mo re myog l o b i n 1  th an wh i te mu sc l e  fi bres t h at are 

predomi n an t l y  anaerob i c .  Th i s  was i l l u strated by Lawr i e  ( 1 950 ) , who 

reported concentrat i on s  of 0 . 465% myog l ob i n ( wet  wei g ht ) i n  hor se  M .  

l ongi s s i mus  a nd 0 . 7 05% i n � psoas . Correspond i ng f i gures  for p i g  

were 0 . 280% a n d  0 . 435% respect i ve l y .  Accord i ng to  Gauth i er ( 1 970 ) , 

t h e  re l a t i o n s h i p  of  mus c l e fi bre types  to co l our of meat c an a l s o  be 

demonstrated between the  u l trastruct ur al and  cytochemi ca l  features of 

the  three fi bre type s  and the  co l our  of a musc l e .  Chemi ca l  as we l l  as 

h i stoc hemi ca l  d ata  s ugge st  that red and i ntermed i ate fi bres contr i bute 

to  the  redne s s  of a mus c l e  and i n  both case s ,  mi tochondr i al content  i s  

a meas ure of redne s s  ( G a uth i er ,  1 970 ) . 

P an e l  e va l u at i on stud i es h ave  s hown t h at meat from e l ectr i ca l ly

st imu l ated c arcas se s  i s  general l y  br i ghter ( Asghar and  Henr i c k son , 

1 982 ; B ab i ker  and L awr i e , 1 983 ; Crouse  et �· , 1 983 ; Moody � �- ,  

1 984 ; Cros s et �. , 1 984 ; C l aus  et �. , 1 985 ) , than  t hat from u n s t i mu

l ated c arcas s e s .  The s e  d i fferences  h av e  been  i dent i f i ed when the 

c arcasses  are ev a l u ated wi th i n  24 h postmortem ( Save l l et �. , 1 978b ) . 

B eyond t hat t i me t h e  d i fference i n  co l our  of s t i mul ated and u n st i mu

l ated meat d i s appeared ( C a l k i ns et �. , 1 980 ) .  That i s  probab ly  why 

several  oth er s tud i es h ave  not found any i mprovement i n  l e an c o l our 

assoc i ated wi th  e l ectr i c al st i mu l at i on ( N i �hol s and Cros s ,  1 980 ; 

Dutson  et �. , 1 982 ; Greathouse et �. , 1 983 ; Ras h i d  et �. , 1 983a ;  

Mc l ntyre and Ryan , 1 984 ) . Accord i ng to  Orcutt et �· ( 1 984 ) , e l ec

tr i ca l  s t i mu l at i on c an i mprove the i n i t i al col our  of beef M .  

l ongi s s imus  by e l i mi n at i ng t h e  11 h eat r i n g 11 ,  a dark d i sco l ourat i on .  

The i mprovement  i n  l ean  col our assoc i ated wi th e l ectr i cal  s t im u l a t i on 

may be d u e  to  accel erated postmortem g l yco lys i s  caus i ng r ap i d  pH 

reduct i on i n  the  mus c l e  wh i l e  the  c arca s s  temperature i s  s t i l l  h i gh 

( C a l k i n s  et �. , 1 980 ; C l aus et �. , 1 985 ; Buts  et �. , 1 986 ) . Save l  

et �- ( 1 978a ) observed more struct ura l  d amage i n  e l ectr i c a l  s t imu l a

t i on th an i n  non- s t i mu l ated beef musc l e . Accord i ng to  S l eper et �

( 1 983 ) ,  th i s  t i s sue  d i srupt i on may resu l t  i n  a l ooser  musc l e  
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struc t ure  that  permi ts deeper oxygen penetrat i on ,  th u s  resu l t i ng i n  a 

th i cker  Mb02 l ayer and a deeper MMb l ayer . The  l ooser struct ure may 

a l so  c ause  more l i ght s catter and consequen t l y  a l i g hter mus c l e  

appearance w i thout  c hang i ng the  percent o� s u rf ace Mb02 ( S l e per et 

�. , 1 983 ) .  S i mi l ar conc l u s i on s  were reached by C l aus  � �- ( 1 985 ) . 

They reported t h at the  as soc i at i on of e l ectr i ca l  s t imu l at i on wi th a 

more open musc l e  struct ure may res u l t i n  greater refl ect i ve propert i es 

of  t h e  musc l e  c a u s i ng i t  t o  appear l i g hter .  These factors cou l d  a l so  

b e  re l ated t o  greater oxygen i ncorporat i on by t he  mu s c l e .  Contreras 

and Harr i son  ( 1 981 ) ev a l u ated the co l our  stab i l i ty of ground beef from 

e l ect r i ca l l y- s t i mu l ated a nd co ntrol carcas ses . The data  on  ref l ec

t ance ,  Hun ter Lab  spectrophotometer data  and Hunter a/b rat i os ,  

s uggested t h at ground beef from e l ectr i ca l l y- s t i mu l ated c arcasses  was 

more sens i t i ve to  metmyg l ob i n  format i on th an t h at from the control , 

when both were exposed t o  r ad i ant energy for 4 h .  

The co l our  i nten s i ty of  meat i s  a l s o  i nf l u enced by pH and the 

morpho l ogy of the mus c l e  s truct ure . A l ow u l t i mate pH wi l l  cause  the 

musc l e  s truct ure ( f i br i l s )  to  be  more open and to scatter l i ght 

( Wa l ters , 1 97 5 ) . I n  add i t i on ,  a l ow u l t i mate pH wi l l  a l so  cause  the 

myog l ob i n  fr act i on to  b e  more read i l y ox i d i zed t o  metmyog l ob i n  wh i ch 

h as a l ower co l our  i nten s i ty ( Wa l ter ,  1 9 75 ) . On the  other h and , the 

mus c l e fi bres of meat wi th a h i gh  u l t i mate pH are swo l l en and t i ght l y  

p acked t ogether formi ng a b arr i er t o  the d i ffu s i on of oxygen and the 

absorpt i on of  l i ght (Wa l t er s ,  1 975 ) .  Furthermore ,  the  h i gh-pH  musc l e  

does not  b r i g hten upon exposure to oxygen becau se  the h i g h  p H  does not 

p ermi t oxygen to comb i ne w i th myog l ob i n to form red o xymyog l ob i n  

( Urba i n ,  1 952 ) . The h i gh pH of  the meat w i l l  a l s o  accel erate res p i ra

tory act i v i ty of  the meat t i s sue ( Wa l ters , 1 97 5 ) . As  a resu l t ,  there 

i s  on l y  a very th i n  l ayer of  red oxymyog l o b i n  over the under l yi ng 

p urp l e  red u c ed myog l ob i n  (Wa l t er s ,  1 975 ) .  

2-3-4- 7-3 Re l a t i ons h i p  between F atness  and Co l o u r  

M art i n  and Fredeen ( 1 974b ) s howed t h at t h e  e l ectron i c  co l our  

record i ng s  of meat s amp l es were not  i nf l uence by fatnes s .  V a n  Den 

Oord and Wesdorp , ( 1 97 1 ) u s ed mi nced beef co nt a i n i ng 0% , 1 5% and 30% 

fat and s howed t hat the h i g her fat content s amp l es h ad h i g her oxymyo

g l ob i n proport i on s .  S i mi l ar res u l t s  were obta i ned b y  E l l i ott ( 1 967 ) 
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i n  an exper i ment  wi th meat s l i ce s  conta i n i ng cores of  fat  of vary i ng 

d i ameter . Szoc s et a l . ( 1 982 ) s howed t h at the meat s urface refl ec-

tance  percent was pos i t i ve l y  as soc i ated wi th  fat percent  i n  the musc l e  

s amp 1 e of  beef.  



CHAPTER 3 

MATERIALS AND METHODS 

3-1  ANI MALS AND EXPERIMENTAL DESIGN 

Exp er i menta l  a n i mal s came from f l oc k s  of South down and Romney 

sheep l oc ated o n  the Sheep and Beef Catt l e  Research U n i t  at Massey 

Un i vers i ty ( Tab l e  3- 1 ) .  

The  i n i t i a l popu l at i on of Southdown ewes was estab l i s hed i n  1 9 76 

wi th ewes be i ng a l l oc ated to e i th er the fat or meaty l i ne on the bas i s  

of we i ght -corrected fat depth meas urements ( Barton , 1 981 : Purcha s ,  

1 981 ; P urchas  � �. , 1 982 ) . S e l ect i on o f  repl acement an imal s has 

been from wi th i n  the  f l ocks  based o n  we i ght-corrected fat depth meas

urements  made d ur i ng th e fi rst 1 5  months  of l i fe . Two 1 5 -month s i res 

per l i n e  were u sed each year . I n  Exper iments 1 and 2 ,  offs pri ng from 

se l ected s i res cros sed wi th Romney ewe s were used ,  wh i l e i n  Exper i 

ment s  3 ,  4 ,  5 and 6 ,  pu rebred offspr i ng o f  se l ected s i res  were u sed . 

3- 1 - 1 EXPER IMENT 1 

Th i s  exper i ment was performed i n  th e years 1 982- 1 983 . Southdown 

Romney cross  l amb s ( r ams from se l ect i on l i nes ; ewe s se l ected at 

random ) were born wi th i n  a four-week peri od i n  Augu st -September 1 982 . 

They were i dent i f i ed and we i g hed at b i rth , and were ta i l ed and the 

rams castrated wi th  rubber r i ng s  at 3 to  4 week s of age .  A l l l amb s 

were weaned on 30 November ( 1 0  to  1 2  week s of age ) . 

O n  1 6  December 1 982 , 64  l ambs ( 3 1 ewes and 33 wethers ) were 

sel ected from . the  82 l ambs av a i l ab l e  ( se l ect i on of the  l i nes  as des

cri bed i n  S ect i on 3- 1 -3 ) . Where pos s i b l e  sel ected l amb s were between 

21  kg and 33 kg l i ve wei ght wi th eq u a l  n umbers i n  e ac h  s ex by s i re 

c l a s s i f i c at i on . On the d ay of s e l ect i on ,  the l amb s were random ly  

al l oc ated wi th i n  s ex and s i re group s  to  four pastures : wh i te c l over 

( Tr i fo l i um repens ) ,  l ucerne ( Mend i cago s at i va ) , l ot u s  ( Lotus  peduncu

l atus ) and  perenn i a l ryegras s ( Lo l i um perenne ) . The l amb s were rota

t i on a l l y  grazed � l i b i tum u nder s imi l ar management cond i t i ons  for an 

84- day per i od ,  and were i nd i v i du a l l y  we i g hed at 7 to  1 4  day i nterva l s .  

On 7 March 1 983 , the  l i ve we i ghts  ( fu l l )  were recorded , and on 9 Marc h 
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Tab l e  3 - 1 . Desc r i p t i ons of exper i me n t a l  des i g n s  and measurements . 

Age at 
Year of s l aughter No .  an imal s 

Experiment s l a ughter Breed and sex  ( month s )  Fat Meaty 

1 983 Southdown X 6 to 7 32 32 
Romney wether 
and ewe 1 amb s 

2 1 984 Southdown X 6 to 7 32 32 
Romney wether 
and  ewe 1 amb s 

3 1 981 Southdown r ams 16 to 1 7  1 2  1 8  

4 1 982 Southdown r ams 1 6  to 1 7  1 0  8 

5 1 g84 Southdown r ams 1 6  to 1 7  1 2  1 2  

6 1 985 Southdown r ams 1 6  to 1 7  1 2  1 2  

a The n umber of a n i ma l s a l loc ated t o  each  pasture type .  

Treatments 
Nutr i t i onal 
treatments 

Wh i te c lover ( 1 6 ) a 
L uc erne ( 1 6 ) :  
Lotus ( 1 6 )  
Perenn i a l ryeg ras� ( 1 6 )  

--

The s ame four 
pastures as for 
E xper i ment 1 

-

Wh i t e  c l over ( 1 2 ) a 
Lotus ( 1 2 ) a 

Post -mortem treatment s  
Whole carcass  W 1 th i n  carcass 

-

-

E l ec t r i c a l  1 .  F a t  t r i mmi ng 
s t i mu l a t i on 2 .  Co l d  shor t-
of 12  en i ng 
carcas ses 3 .  Age i ng 

treatment 

As  for As for 
Exper i ment 5 Experiment 5 

--------------- --

Measurements 

1 .  Meat qua l i ty 
2 .  Certa i n  i nd i v i du a l  

musc l e  we i ghts  
3 .  L i near meas urements 

As for Exper i ment 1 

1 .  S i de d i ssec t i on 
2 .  Carcass and l i near measu rement s  

1 .  Leg and rack d i ssect i on 
2 .  Carcass and l i near measurement s  
3 .  H i stol ogy and meat q u a l i ty 

1 .  S i de d i ssec t i on 
2 .  Carcass and l i near measurements 
3 .  H i s to l ogy and mea t  q u a l i ty 

As for Exper iment 5 
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the  l ambs were s l aughtered at the p l ant of Borthw ick  C . W . S .  Ltd . , 

F e i l d i ng ( Sect i on 3 -2 - 1 - 1 ) .  

The fo l l owi ng  measurements were taken : 

1 .  L i near  and area measurements on the cro s s - sect i on at the 1 2th 

r i b  ( Sect i on 3 - 2 - 2 - 1 ) ;  

2 .  Musc l e  pH ( Sect i on 3 -2-5- 1 ) ;  

3 .  Warner-Bratz l er Shear va l ue s  ( Sect i on 3 -2- 7-2 ) .  

3 - 1 -2 EXPER I MENT 2 

Th i s  experi ment was carri ed out i n  tne years 1 983 and 1 984 wi th 

the Southdown -Romney cross  l amb s ( rams from s e l ect i on l i nes ; ewes 

sel ected at random) wi th i n  the four s i re groups  be i ng born i n  1 983 , 

and managed as for Exper iment 1 ( Sect i on 3- 1 - 1 ) .  

A tota l  of 1 00 ewe and wether l amb s was ava i l ab l e  for s e l ect i on .  

O n  1 1  November 1 983 , 64 l amb s ( 3 1 ewes and 33 wethers ) were se l ected 

from the 1 00 l ambs by randomly a l l ocat i ng l amb s wi th i n sex and s i re 

groups  to the  same four pasture treatments u s ed i n  Exper i ment 1 

( Sect i on 3 - 1 - 1 ) .  The exper imenta l  per i od was 1 45 days . O n  4 Apri l 

1 984 , the l i ve we i ghts  ( fu l l )  of the l ambs were recorded and they were 

transported to Tak apa u , where they were s l aughtered on 6 Apri l at the 

p l ant of H awke 1 s  Bay F armers 1 Meat C o .  Ltd . ( Sect i on 3 -2 - 1 - 1 ) .  

The s ame meas urements were taken  as for Exper i ment 1 ( Sect i on 

3 - 1 - 1 ) .  

3- 1 -3 EXPERIMENT 3 

Southdown l ambs born i n  1 979  were managed as for Exper iment 1 

( Sect i on 3- 1 - 1 ) .  O n  1 4  Apri l 1 980 the 62 ram l ambs av a i l ab l e  for 

se l ect i on were reduced to 40 l ambs based on a we i ght -corrected u l tra

son i c  fat depth  meas urement ( Purchas  and Beac h ,  1 981 ) .  

I n  N ovember 1 979  four rams were se l ected as s i res  ( two fat and 

two meaty ) based on s i x  we i ght-corrected fat depth measurements . These 

meas urements  were tak en approx i mate l y  between 8 and 1 6  mont h s  of age .  

The 30 Southdown rams used i n  th i s  exper iment ( 1 2  fat and 1 8  meaty ) 
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were the  heav i es t  of the rema i n i ng 

i nd i v i d u a l l y  we i g hed at i nterva l s 

together u nder the s ame management . 

a n ima l s .  A l l 

of about  4 weeks 

the 

and 

rams were 

were r u n  

On  9 December 1 980 , t h e  an ima l s were a l l oc ated to one of  ten 

s l aughter l ot s ,  each  l ot be i ng s l aughtered on  d i fferent  days . The 

heav i es t  a n ima l s were s l aught ered f i rst to  m i n i mi z e the range of 

c arcas s we i g hts . A l l an i ma l s i ntended for s l a ughter were we i ghed at  

4 . 00 p . m . the day before s l aug hter . They were a l l owed water , but not 

feed overn i ght , pr i or to s l aughter at about 8 . 00 a . m . the next day.  

The fo l l owi ng mea s urements were taken : 

1 .  S i de and rack  d i s sect i on ( Sect i on 3 - 2 - 2 - 2  and 3-2-3 ) ;  

2 .  L i near and area measurements ( Sect i on 3-2-2- 1 ) .  

3 - 1 -4 EXPER IMENT 4 

F i fty-ei ght Sou thdown rams born i n  the spr i ng  of 1 981  were av a i l 

ab 1€  for sel ect i on ,  wh i c h took p l ace  on 2 6  May 1 982 . Th i rty- seven  

rams were se l ected from the 58 rams , b a sed on a we i ght -corrected 

u l trason i c  fat depth meas urement . 

E i ghteen rams ( 1 0  fat and 8 meaty ) were u sed i n  th i s  exper i ment . 

S e l ect i on of the an i ma l s and the s i res for the next generat i on were 

made fo l l owi ng the procedures outl i ned for Experiment 3 ( Sect i on 3-

1 -3 ) .  

O n  1 4  J anu ary 1 983 , the an ima l s were a l l oc ated to one of three 

s l aughter l ots , wh i ch were s l aughtered o n  d i fferent days wi th t he 

heav i est  l ot f i r st  to mi n imi z e  the range of c arcass we i ghts . The d ay 

before s l aughter , t h e  an i ma l s were fas ted as for Exper i ment 3 ( Sect i on 

3 - 1 -3 ) .  

The fo l l owi ng measurements  were taken : 

1 .  D i s sect i on of rac k  and l eg cuts ( Sect i ons  3-2-2-2  and 3 - 2 -3 ) ;  

2 .  L i near and area measurements ( Sect i on 3-2-2- 1 ) ;  

3 .  Ad i pose  t i s s ue  measurements ( Sect i on 3 - 2 -6 ) ; 

4 .  Musc l e  pH ( Sect i on 3-2-5 - 1 ) ;  

5 .  Meat qua l i ty measurements ( Sect i on 3 - 2 - 7 ) .  

1l1A:;SEY UNIVERSI TT 
Lirf�h y 
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3- 1 -5 EXPER IMENT 5 

The a n ima l s of th i s  exper iment  were born i n  the s pr i ng of 1 982 

and were managed as for Exper iment 1 ( Sect i on 3- 1 - 1 ) .  On  1 6  May 1 983 , 

40 Southdown rams were se l ected from the 1 07 rams ava i l ab l e ,  based on 

a we i ght -corrected u l trason i c  fat depth measurement . 

Twenty-four rams ( 1 2  fat and 1 2  meaty ) were used i n  t h i s exper i 

ment . Se l ect i on of the  24 rams and the s i res for the next generat i on 

were made fol l ow i ng the  procedures out l i ned i n  Exper i ment  3 ( Sect i on 

3- 1 -3 ) .  A l l rams were run together under the  same management and 

we i gh ed reg u l ar l y .  

O n  4 Janu ary 1 984 , the an ima l s wi th i n  each l i ne were a l l ocated to 

one of  e i ght s l au ghter l ots of three depend i ng on the i r  l i ve we i ghts , 

each l ot be i n g s l aughtered on d i fferent days . I n  order to mi n i mi ze  

the  range of  c arcass  we i ghts , the heav i est an ima l s wi th i n  a group were 

s l a ughtered fi rst . Lot compos i t i on al ternated between be i ng two fat 

and one meaty , and be i ng two meaty and one fat . Pr i or �o s l au ghter 

the an imal s were fasted as i n  Exper iment  3 ( Sect i on 3- 1 -3 ) .  

The fol l owi ng  mea s urements were taken : 

1 .  S i de and cuts  d i ss ect ion  ( Sect i ons  3-2-2 -2  and 3 - 2 - 3 ) ; 

2 .  L i near and area measurements ( Sect i on 3-2-2-1 ) ;  

3 .  Musc l e  fi bre parameters ( Sect i on 3-2-4 ) ;  

4 .  M u sc l e  character i st i c s ( Sect i on 3-2-5 ) ;  

5 .  Ad i pose t i s s u e  measurements  ( Sect i on 3-2-6 ) ; 

6 .  Meat qua l i ty meas urements  ( Sect i on 3-2-7 ) .  

3- 1 -6 EXPER IMENT 6 

Seve nty Southdown rams born i n  the spri n g  of 1 983 were av a i l ab l e  

for se l ect i on .  On 1 October 1 984 , 40 rams were se l ected from the 70 

rams based on a we i gh t - corrected u l trason i c  fat depth mea s urement .  

Se l ec t i on of the  24 rams ( 1 2  fat and 1 2  meaty ) for u se  i n  th i s  

experiment  and the s e l ect i on of s i res  for the next generat i on ,  and the  

genera l  man ag ement , were  as descr i bed for Exper iment 3 ( Sect i on 3- 1 - 3 ) . 
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On  t he  day of se l ect i on ,  the rams were random ly  a l l oc ated to 

e i ther a wh i te c l over ( Tr i fo l i um repens ) group or a l ot u s  ( Lotus  

pedunc u l at u s ) gro u p .  The r ams were rotat i on a l l y  gr azed ad l i b i tum on  

pure sward s of these two spec i es for 80  days . 

O n  30 November 1 984 , the an i ma l s wi th i n  each l i ne were a l l oc ated 

to one  of e i g ht s l aughter lots  of three depend i ng on t he i r l i ve 

we i g ht s , eac h l ot be i ng s l au ghtered on d i fferent days as descr i bed i n  

Exper i ment  5 ( Sect i on 3- 1 -5 ) .  

The s ame meas urements were taken as i n  Exper iment 5 .  
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3-2 . TECHNI QUES AND PROCEDURES 
• 

3-2-1  SLAUGHTER PROCEDURES 

3-2 - 1 - 1  Prepar at i on and We igh i ng of Nori-c arc ass Components 

3-2- 1 - 1 - 1  Exp er iments 1 and 2 

L amb s were d i spatc hed for s l aughter as  thei r age reached 

approx i mate l y  6 to 7 month s ( Tab l e  3- 1 ) .  Th i s  i s  wi th i n  the range i n  

wh i c h  l amb s wou l d  norma l l y  be s l aughtered i n  New Zeal and . 

A l l l amb s were trans ported to the Borthwi ck C . W . S .  Ltd . , Fei l d i ng 

and H awke ' s  Bay F armers ' Meat Co . L td . , Tak apau , meat p l ants for 

Exper i ments  1 and 2 respect i ve l y , where they were stun ned , b l ed and 

dres sed u s i ng norma l  procedures . Acce l erated cond i t i on i ng was u sed 

wi th Exp e r i ment 2 ( C hryst a l l ,  1 978 )  and carcas ses of Exper i ment 1 were 

cond i t i oned a nd aged ( L ocker � �. ,  1 975 ; Tab l e  I I I )  and then frozen .  

3-2 - 1 - 1 -2 Exper iments  3 ,  4 ,  5 and 6 

An i ma l s were d i spatc hed for s l aughter as the i r  age reached 

approxi mate l y 1 6  to  1 7  month s ( Tab l e  3- 1 ) .  The an ima l s were kept to 

th at age because i t  was e as i er to get l arge s ampl e s  of t i ssue  for 

ev a l u at i on ,  and to obta i n more i nformat i on from the an i ma l s to se l ect 

the s i res for the next ge nerat i on .  

S l aughter  and dress i ng method s fol l owed norma l commerc i a l proce

dures wi th  a c apt i ve bol t p i sto l  be i ng u s ed to stun the an i mal s .  The 

organ s  were removed accord i ng to  normal dres s i ng proced ures , a l ways i n  

the  s ame order . The foreg ut  and oesophagus  were c l e aned and was hed 

u nder co l d  run n i ng water and a l l owed to  dr i p before we i gh i ng .  

P reparat i on and we i gh i ng o f  the  organs and p arts were recorded a s  

i l l u strated i n  Tab l e  3- 2 .  

3-2 - 1 - 2  E l ectr i c a l  S t i mu l at i on 

H a l f of the  c arcasses  ( 1 2  whol e carcas ses )  were e l ectri c a l l y  

s t i mu l ated at  25 and 3 0  mi n utes post -mortem for Exper i ments 5 and 6 

respect i ve l y . 
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Tabl e 3-2 . Measurements that were t aken at the t i me of s l a ughter and 

24  h post -mortem i n  Exper iments 3 ,  4 ,  5 and 6 .  

Meas urements  

Carcas s we i g ht1 ( kg )  

T i me of s l aughter 

T ime of e l ectri c a l  

s t i mu l at i on 

3 

+ 

Omenta l  fat we i g ht ( kg )  + 

Mesenter i c  fat we i ght ( kg )  

K i d n ey fat we i g ht ( k g )  + 

Foreg ut  empty we i ght ( k g )  + 

I ntes t i nes  fu l l we i g ht2 ( k g )  + 

Smal l i nte s t i ne we i g ht ( k g )  

Large i ntes t i ne we i ght ( kg )  

L i ver we i g ht  ( k g )  + 

Heart we i g ht  ( k g )  + 

K i dney we i ght ( k g )  + 

Thyro i d  g l and we i ght ( g )  + 

Adrena l  g l and we i ght  ( g )  + 

Sp l een  we i g ht ( g )  

Metacarpa l  bone we i g ht3 ( g )  + 

Metacarpal  bone l ength3 {mm )  + 

Metacarpa l  bone  

c i rcumference3 ( mm)  + 

Exper iment No . 

4 5 

+ + 

+ 

+ 

+ + 

+ + 

+ + 

+ + 

+ + 

+ + 

+ + 

+ + 

+ + 

+ 

+ + 

+ + 

+ + 

C arcass  we i ght was the we i ght  of the c arcas s 24 h post -mortem 

2 I ntest i nes i nc l uded the mes entery and the mesenteri c fat 

'3 These  measurements  were made o n  both metacarpal  bones 

6 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 
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Dur i ng e l ectr i ca l  s t i mu l at i on the carcasses  were sus pended on  a gam

brel by a hook wh i ch was i n s u l ated from the ra i l by a nyl on  cord 

( F i gu r e  3- 1 ) .  

T h e  e l ect r i c a l  current was app l i ed by 4 wi res eac h termi n at i ng 

wi th a s p r i ng- l o aded j aw-type c l amp . Three c l amps were attached to 

musc l e s of the n eck ( po s i t i ve charge ) and the other c l amp was attac hed 

to t h e  gambrel  ( e arth ) .  The e l ectr i ca l  s t imu l at i on parameters  were 

800 v o l t s  RMS ( 1 1 30 V peak ) ,  1 0  MS pu l s e  wi dth , 1 4 . 28 Hz , for 90 sec . 

cont i n u ou s l y  ( C h rystal l ,  1 978 ) . 

3 -2- 1 - 3 S ubc utaneous F at Tr i mmi ng and Temperature Meas urement 

At about 36 +2 mi n post-mortem, the s ubcutaneous fat over the 

l o i n  of the r i g ht s i de of eac h  carcas s was carefu l ly  separated from 

the u nde r l yi ng mu s c l e  and d i s sected away from the dors a l  mi d l i ne to a 

po i n t approxi mate l y  1 00 mm l ateral t o  th e mi d l i ne .  Fat cover was 

removed from one  s i de on l y to permi t compar i sons on a wi th i n-carcass  

bas i s .  I n  th i s  way each  a n i mal  served a� i ts own contro l . 

Temperatures of � l ongi s s imu s  on both s i des were recorded at 2-h  

i nterva l s start i ng at  approx i mate l y  40  mi n post -mortem for 1 2  h .  Th i s  

was done  by i n sert i ng a th ermometer ( Model 1 001 , Type N i Cr/N iA l  

th ermoc o u p l e )  i n  t h e  mi dd l e  of � l ongi s s i mus to a po i nt 30 mm l ateral  

to the m i d l i ne ,  approx i mate l y  1 5  mm from the dor sa l  s urface of the 

musc l e .  

Each  carcass  was transferred to a cool er ( 0  to 3°C )  at 1 00 + 5 

mi n post -mortem . 

3-2- 1 -4 Temperature Treatment 

At 38  +2 m i n  post-mortem, � b i ceps femor i s  was removed from the 

r i ght  s i de of each c arcas s ,  c l eaned of fat and p l aced i n  a po l ythene 

b ag and  on i ce .  The l eft s i de mu sc l e  was removed at about 1 1 0 m i n 

post -mortem and kept at room temperature ( 1 6  to 20°C ) .  Twenty- four h 

post -mortem,  both mu s c l es were frozen for subseq uent assessments . 
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( a ) ( b )  

F i gure 3 - 1  P hotogr aphs i l l u strat i ng the response of a r am carcass i n  

Exper iment 6 to e l ect ri ca l  s t imu l at i on at 30 mi n post-mortem . 

( a )  Before s t i mu l at i on wi th the earth e l ectrode attac hed to the 

gambre l and 3 l i ve e l ectrodes  attached to n eck mus c l e ;  ( b ) at 

the start of the 90- sec s t i mu l at i on peri od ( 800 V RMS , 1 4 . 28 Hz ) 
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3- 2 - 1 - 5 Age i ng Treatment 

At 26  + 2 h post -mortem , th e l eft and r i ght  Mm . semi membranos us  

were removed from the c arcas s .  Tri p l i c ate 2 5  mm th i ck s l i ces  were cut  

from the  centre of e ac h  mus c l e ,  d i pped i n  an ant i b acter i a l so l u t i on 

( 1 00 mg s treptomyc i n  s u l phate and 1 00 mg proc a i ne pen i c i l l i n ,  both 

G l ax o  L aborator i es [ N . Z . ]  Ltd . , per l i tre ) a nd p l aced i n  p l as t i c  b ag s .  

The l eft s i de s amp l e s were cooked  i mmed i at e l y  ( 1 day age i ng )  and the 

r i g h t  s i de s amp l es were cooked after bei ng s tored at 3 + 1 °C for 1 5  d ay. 

3 -2-2  CARCASS MEASUREMENTS 

3-2 - 2 - 1  L i near and Area  Measurements 

At approxi mate l y  24 h post-mortem , carcas ses  were we i g hed and the 

l i ne ar meas urements i l l u s trated i n  F i gures 3-2 and 3-3,  and defi ned i n  
Tab l e 3- 3 ,  were mad e .  Those i n  F i gure 3-3 were taken after the cut

t i ng was  comp l eted ( Sect i on 3-2-2-2 ) .  Ca l i pers and a metal  ru l e  were 

u s ed to make the measu rements  (mm ) . 

After 

the  wei ght , 

ded ( F i g u re 

I 

I I 

I I I 

I V  

the d i s sect i on was comp l eted for e ac h  cut ( Sect i on 3-2-3 ) ,  

l ength and c i rcumference of the fol l owi ng bones was recor-

3-4 ) : 

H umerus  bone 

Rad i us bone 

Femur bone 

T i b i a  and fi b u l a bones 

The c i rcumference  of each  bone was meas ured wi th a f i ne cotton  

str i n g  at the  n arrowest  po i n t  on the  s haft . The l ength was  meas ured 

by c a l i pers  from the d i sta l  to  the prox i mal extremi t i es ( F i gu re 3-4 ) .  

3- 2-2-2  Cutt i ng Proced ures 

3-2-2-2-1  Experi ments 1 and 2 

The frozen  c arcasses were cut  i nto  four commerc i al u n i t s 

accord i ng to  DEVCO spec i f i cat i on s  ( The  Meat Export Deve l o pment Company 

[ N . Z . ] L td . )  ( F i gure 3- 5 ) .  
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F i gure  3-2 . A d i agr am i nd i cat i ng where mea s urement s  were t aken  on the  

h ang i ng c a rc a s s .  



S H O U L D E R  L O I N  L E G  

F i g u r e  3 - 3 . D i a g r ams i nd i c at i ng where meas u rements  were t ak e n  on some c u t  s urfaces of the c arcas-

s e s .  The s h o u l der c u t  w a s  made between r i b s 7 and 8 ,  the l o i n c u t  was between t h e  1 2th 

and 1 3th r i bs ,  and the l eg cut was  between the l as t  l umb a r  a n d  · t h e  f i r s t  s acra 1 
v e rtebrae . 

_, 
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Table 3-3 . Defi nitions o f  the carcass linear measurements 

Measurement Definition 

1 .  Body  length ( LB )  

2 .  L eg length ( L )  

3 .  Gigot width ( G )  

4 .  Maximum shoul de r  

width (WF ) 

5 .  Depth from scapula 

to sternum ( Th )  

6 .  Width behind 

shoulders (WTH )  

7a . Fat thickness ( C )  

Ba . Fat thickness ( J )  

From the point where the gambrel i s  inserted through the Achilles tendon to 

a point just anterior to the point of  the humerus ( Moxham and Brownl ie,  1 976) . 

From the distal end of the tarsal s to the centre o f  the tuberosity o f  the 

tibia , which is visible on the ventral aspect of the hanging carcasses 

( Pal sson, 1 939) . 

Maximum width o f  the gigots , with the carcass suspended from a gamb rel . The 
measurement was taken at  right angles to the length of  the carcass at a line 

level with the femoral trochanter ( Pal sson, 1 939) . 

Maximum width o f  the shoul de r ,  measured at the level of the scapula from one 

lateral surface to the other ,  using a cal iper ( Pal sson , 1 939) . 

Maximum depth o f  chest was taken behind the shoulders at a line cutting the 
posterior angles of the scapula and at right angles to the length of  the 

carcass ( Pal sson , 1 939 ) . 

Minimum width behind the scapula (Pal sson , 1 939) . 

The depth o f  subcutaneous fat over 8 at right angles to the skin ( Pal sson , 

1 939) . 

The depth of subcutaneous fat over the � obliguus externus abdominis 

( Pal sson, 1 939) . 

--------- ----------

( Continued ) 
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Table 3-3 ( continued ) 

Measurement Definition 

9a . Fat thickness (52 )  The depth o f  subcutaneous fat over the � latissimus dorsi at  a point at  

right angles to the mid-line bone ( Ki rton et �. , 1 967a) . 

1 0a . Tissue thickness The depth of tissue over the surface of the r ib at a point 1 1 0 mm from 

(GR )  the mid-l ine (F razer ,  1 976 ) . 

1 1 a . � longissimus The maximum width across the surface of the � longissimus . 

width ( A )  

1 2a . � longissimus The maximum depth at right angles to the width measurement . 

depth ( B )  

1 3a . Area o f  M .  

longissimus 

1 4b . Fat thickness 

( LG )  

1 5b . Fat thickness 

( L 2 )  

Area of  the cut surface was traced o n  a tracing paper and the area was 

determined by using a digitising tablet attached to an Hitachi personal 

computer (Model MB-1 6003[E ] ) .  

Fat thickness over the ventral edge of  � gluteus medius ( Kirton and 
Johnson, 1 979) . 

Fat thickness over the ventral edge of � obliguus internus abdominis ( Ki rton 

et �· , 1 967a) . 

a Measurements were taken on the cu t surface between ribs 1 2  and 1 3  (Figure 3-3 ) . 
b Measurements were taken on the cross-section of the leg cut (Figure 3-3 ) .  

---
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3-2-2-2-2  Exper iments 3 ,  4 ,  5 and 6 

E ac h  carc ass  was  c u t  i nto  four an atomi c a l  

s ho u l der , rac k , l o i n  and l eg ( F i gure 3-5 ) .  

cuts : 

k n i fe 

s i de ,  

from 

The s hou l der was separated from the  rack  by fi rst  cutt i ng wi th a 

a l ong a l i ne  aga i n st  the cauda l  ed ge of the 7th r i b  on  each  

and  then  the vertebra was s awn throu g h .  The r a c k  was separated 

th e l o i n  by c u ts aga i nst  the cauda l  ed ge of the 1 2th r i b ,  the 

ventra l  ed ge of  th e co sta l  cart i l age s ,  and through the cart i l age d i sc 

s eparat i ng t h e  1 2t h  and 1 3th  thorac i c  vertebrae . The l eg was 

s eparated by cutt i ng t h rough between the l ast  and second to l a st  

l umb ar vertebrae . 

The cuts  were e i ther d i s sected wi th i n  2 4  h or se a l ed i n  a p l ast i c  

bag  and frozen at approx i mate l y  -20°C for peri ods rang i ng from 4 to 2 2  

week s .  

3-2 -3 DI SSECT I ON P ROCEDURES  

The method was  based on  the sheep carcass  eva l u at i on as descr i bed 

by Brown and W i l l i ams ( 1 979 ) .  The who l e vertebral col umn was  l eft 

wi th  the l eft s i de of the  c arcass  to avo i d  errors due to s p l i tt i ng .  

Th i s  was done by c arefu l l y  d i s s ect i ng the  soft t i ssue and bone of  the  

r i g ht s i de away from the vertebral co l umn . The  we i g ht of  the  h a l f

vertebral  col umn was s ubtracted from the s i de we i ght wh i c h i nc l uded 

the who l e  vertebral co l umn . 

Pr i or to d i s sect i on ,  each cut  was  th awed i n  a cool er at 1 to  2°C 

over n i ght , wh i l e s t i l l  i n  i ts p l ast i c  bag . 

To reduce  mo i st ure l o s s e s ,  the d i s sect i on was done a s  qu i c k l y  as  

p o s s i b l e  u s i ng k n i ves , forcep s ,  sca l pe l s and  s c i ssors . The  c u t  and 

i t s p arts were kept covered wi th towe l s wh i ch h ad been soaked i n  co l d  

water and wr ung  dry. 

was wei ghed . 

As soon as a musc l e  or a bone was c l eaned , i t  
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L e g 

L o in Fl a p  

R a c k  B r e a s t  

S houlder S h a n k  

F i gure 3-5 . A s i de o f  c a rcass sh owi ng the pos i t i on o f  the s t a nd a rd i s ed 

c u t s  u s i ng dot ted l i nes for Exp e r i ments 3 ,  4, 5 and 6 and s o l i d  

l i nes for Expe r i ments 1 and 2 ( Devco ) . 

1 1 3  



E ach  c u t  was  then d i s s ected i nto  the fol l owi ng ti s sue  groups : 

I S ubc u t aneous  fat : th i s  compr i sed a l l the fat on t he  external  

s u rf ac e ,  i . e .  the  fat that  l i es  d i rect l y  under the s k i n  or 

under  M .  cut aneus  trunc i . Th i s fat was removed by a k n i fe 

wi thout  excavat i ng the grooves  between mu sc l es .  

I I  I n termu scu l ar fat : a l l t he  fat beneath the  deep  fas c i a  

a s soc i ated wi th musc l es and cuts  ( except i ntramu sc u l ar fat , 

wh i c h was determi ned chemi c a l l y ) . 

I I I  Mu s c l e :  th i s  was  the tota l  we i g ht of d i s sected mu s c l e  i n  each 

j o i n t , we i ghed after the comp l ete remov a l  of a l l ad herent 

i n termu scu l ar fat . The mus c l e  i nev i tab l y  conta i ned a l i tt l e  

fat and  tendo n .  A l so certa i n mu s c l es were removed and we i ghed 

i nd i v i du a l l y  from each cut . The d i s s ecti on of i nd i v i du a l 

mu s c l es wa s based on the de s cr i pt i on of Four i e  ( 1 962 ) . 

I V  Bon e :  th i s  was the tota l we i ght of tr immed bone i n  each  cut  

wh i c h i nc l uded cart i l age s ,  as  at  the dors a l  edge of the  

s c apu l a ,  and costa l  carti l age s .  A l so certa i n i nd i v i du a l  bones 

were removed and we i ghed from e ach  cut . 

V Scrap : t h i s  i nc l u ded a l l t i s s ues  not read i l y i de n t i f i ab l e  as 

mus c l e ,  fat or bone . The we i ght  of  th i s t i ssue  i nc l u ded : 

a .  Tendons  

b .  G l a nd s ,  nerves and  b l ood ve s se l s .  

3-2 -4 MUSCLE F I BR E  TYPES 

3-2-4-1  Co l l ect i o n  of Samp l es 

At appro x i mate l y  3 5  � 2 mi n post -mortem the r i ght M .  s emi 

ten d i nosus  was  separated from i ts n e i g hbou r i ng mu s c l es and  i ts cran i a

dor s a l  attachment to t he � b i ceps femor i s  severed . I t  was c l e aned of 

fat , p l aced i n  a p l a st i c  bag and kept on i ce pri or to  further 

proces s i ng .  
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3- 2-4-2  Secti o n i ng and Stai n i ng Procedure 

Approx i mate l y  60  to 90 mi n post -mortem ( depend i ng o n  the rank of 

s l aughter ) , a l ong i tud i na l  str i p w i th  an average s i ze of  7 mm i n  

l ength a l o ng the  musc l e  and 4 mm i n  d i ameter was removed . The s amp l e  

was  wrapped i n  a l umi n i um foi l and i mmed i ate l y  frozen i n  approx i mate l y  

1 00 ml of i so pentane cool ed to - 1 60°C i n  approxi mate l y  50 m l  of l i q u i d  

n i trogen for 1 0  to 1 5  mi n .  The frozen s amp l e  was mounted  o n  a cryo

s t at c hu c k  wi th a few drops of T i s s u e-Tek I I  O . C . T .  compound , s uc h  

t h at t he  or i entat i on s  of  musc l e  fi bres were perpend i cu l ar t o  the 

c u tt i ng b l ade a nd was al l owed to  eq u i l i brate to -20°C i n  a cryostat 

( L I DSHAW CRYO TOME Mode l  1 500 ) . Ser i a l tran svers e ,  1 0  �m  th i ck ,  

s ect i ons  were cu t ,  and mounted on c l ean  g l a s s  s l i de s .  The u n sta i ned , 

mou nted s ect i on s  were l eft i n  a refr i gerator for at l e a st  30 mi n 

before s t a i n i ng to  prevent the sect i on s  separat i ng from the  s l i des at 

l ater s tages  i n  the sta i n i ng procedur e ,  and then e i ther s t a i ned for 

a l k a l i - s t ab l e  myos i n  ATP ase by the method of Padyk u l a and Herman 

( 1 95 5 )  as mod i f i ed by Oav i es and Gunn  ( 1 9 72 ) ,  or stai ned for suc c i n ate  

dehydrogen ase  ( SOH ) u s i ng the N i tro B l u e Tetrazo l i um method ( N ach l as 

et �. , 1 95 7 ) , or  wi th PAS h aematoxy l i n  accord i ng to the  procedure of 

L i l l i e ( 1 96 5 ) . A cover s l i p  was then p l aced over the t i s s ue  sect i on 

u s i ng g l ycerol  j e l l y  to fi x i t  i n  p l ac e .  

3-2-4-3 Mus c l e F i bre D i ameter and P roport i on 

At 400X magn if i c at i on the sect i on s  were exami ned u s i ng a projec

t i on mi cro scope ( ERNST LE ITZ WETZLAR Type 3 1 . 047-500 ) . F o ur  hu ndred 

f i bres of  each musc l e  fi bre type were traced onto trac i ng p aper for 

e ac h  an i ma l . The cross-sect i on a l  area of each traced f i bre was 

meas ured u s i ng a d i g i t i s i ng t ab l et attached to  an H i t ac h i  persona l  

computer ( Mode l  MB-1 6003[ E ] ) .  The  d i ameter for  each traced fi bre was 

t ak e n  to be th at of a c i rc l e  wi th the s ame area .  

T he  proport i on of fi bres of  each of the mus c l e  fi bre types was 

c a l c u l ated by count i ng a l l the fi bres of each type i n  an  area con

t a i n i ng a t  l east 1 500 fi bre s ,  and d i v i d i ng t h e  tota l  n umber o f  e ac h  

type by t he  tota l  n umber of  fi bres counted , and then m u l t i p l yi ng the 

quot i ent by 1 00 .  
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3-2 -5 MUSCLE CHARACTER I ST I CS 

3-2 - 5 - 1  Musc l e  pH 

Samp l e cores ( approx imate l y  20 mm i n  d i ameter ) were taken  from 

the  i ns i de of a se l ected musc l e  and a 1 - g s u b - samp l e  from the centre 

of the core was dropped i nto 1 0  m l  of 5 mM i odoacetate and chopped 

fi n e l y  wi t h  s c i s sors ( Benda l l ,  1 973 ) . The m i x ture was homoge n i sed to 

a f i ne s l u rry u s i ng a g l as s  homoge n i ser . 

Mea s urements of  pH were taken  wi th a pH meter ( R ad i ometer pH 

meter 2 9 ) , c a l i brated ag a i nst  a buffer of pH 7 . 0  and then  c hecked 

aga i n st  a s econd  buffer of pH 4 . 0  at room temperature . 

The pH was meas ured by i n sert i ng the comb i ned g l a s s  e l ectrode i n  

the homogenate . The e l ectrode was was hed we l l wi th d i s t i l l ed water 

between mea s urements  and freq uent l y  wi th acetone as we l l i n  order to 

remove l i p i d .  

3-2-5-2  S arcomere Length 

3 -2 -5 -2- 1  Samp l e  se l ect i on and preparat i on 

Three mu s c l es (� semi tend i nos i s ;  M .  b i ceps femor i s ;  � 

l ongi s s i mu s )  from the  l eft and r i g ht s i des of each carcass  were as ses

sed for s arcomere l ength  at  approx i mate l y  12  h post -th awi ng . A 5 mm 

s ect ion was  removed from the centre of � semi tend i nos u s  and � b i cep s 

femor i s and a t  the 5th l umbar reg i on of M .  l ongi s s i mu s ,  and e ac h  

sect i on wa s  s u bd i v i ded i nto four eq ua l - s i z ed p i eces . Then one p i ece  

from eac h sect i on was random l y  chosen . Smal l bund l es of f i bres were 

d i s s ected from the meat pi ece , l a i d  out  on a g l as s  s l i de and covered 

wi th a drop  of buffered ( 0 . 05M Tr i s ,  pH  7 . 6 )  0 . 25M s ucrose  s o l ut i on 

( Stromer and Ga l l ,  1 967 ) .  Care was t aken to ensure that  s i ng l e  bun

d l es were teased out  and  covered wi th  a covers l i p .  

3-2-5-2-2  Meas urement  procedures 

3-2-5- 2 -2-1  O i l i mmer s i on  mi croscopy: S arcomere 

l engths  of M .  b i ceps femor i s  i n  Exper i ment 5 were measured u s i ng a 

convent i on a l  m i croscope . The s l i de ( see Sect i on 3-2-5-2- 1 ) was 

exam i ned under  the mi croscope w i th an o i l i mmers i on obj ect i ve 
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( magn i f i c at i on X 1 250 ) ( Rudd i c k  and R i chard s ,  1 975 ) .  S arcomere l ength 

was c a l c u l ated u s i ng a ca l i brated o bj ect i ve l en s  and the v a l ues were 

converted u s i ng t he  c a l c u l ated c a l i brat i on factor . 

meas urements  per s amp l e  was c a l cu l ated . 

The mean of 1 2  

3-2 -5-2-2-2  L aser d i ffract i on method : Sarcomere 

l ength by l aser d i ffract ion  was determi ned by proc ed u res  s i mi l ar to 

those descr i bed by Cross et a l . ( 1 980/ 1 981 ) .  

The apparatus  cons i sted of a h e l i um- neon l aser , wi t h  a wave l ength 

of  632 . 8  nm ( Spectra-phys i cs mode l  1 02 2 mW l aser head wi th the Mode l  

2 1 2 power s upp l y ) , wh i ch was  mou nted on  a retort s t and wi th a 

s pec i men-ho l d i ng dev i ce and s creen ( F i gure  3- 6 ) . The s l i de ( Sect i on 

3-2-5-2 - 1 ) was  then  p l aced hor i z ont a l l y  i n  the path of a vert i ca l l y

or i entated l aser beam to  g i ve an array of d i ffr.act i on b and s on th e 

screen . The  band s were perpend i cu l ar to the l ong ax i s  of the  fi bres . 

The d i s t ance  from the spec imen  to the  screen had a constant  va l u e of 

1 00 mm . A r u l er was u sed to make 1 0  meas urements for each  s amp l e and 
t he  res u l t s  averaged . Sarcomere l ength s were ca l cu l ated u s i ng a 

convers i on t a b l e  b ased on th e fol l owi ng formu l a :  

m .  = S s i n  9 ( Bouton  et �- , 1 973d ) 

where ). = 632 . 8  nm 

S = d i st ance from s amp l e  to  screen 

n = n th order of th e d i ffr act i o n  p attern 

and 9 = as d efi ned i n  F i gure 3-6  

3- 2 -5 -3  I ntr amusc u l ar Fat  

� l ongi s s imu s  from the l eft r ac k  cu t was tr immed of  subcutaneous 

fat , con nect i ve t i s s u e ,  i ntermu scu l ar fat and : ep imys i um and chopped 

fi n e l y  wi th  s c i ssor s .  Fat was measured by extract i ng t r i p l i c ate 1 0  to 

12 g s amp l es w i th petro l eum ether ( B . P .  40 to 60°C )  for 8 to  9 h i n  a 

sox h l et appar atus  ( A . O . A . C . ,  1 980 ) after these  s amp l es had  been dr i ed 

by a freeze-dryi ng  u n i t  for 3 to 4 d ays . 
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S p e c i m e n  

F i gu re 3 -6 . D i agram s howi ng t he  equ i pment  u sed to measure sarcomere 

l ength by l aser d i f fract i on . 



3-2 -6  AD I POSE T I SSUE MEASUREMENTS 

3 -2-6- 1  Ad i pose Ti s s ue S ampl i ng S i tes 

Approx i mate l y  1 0  mm cubes of ad i pose t i s s u e ,  represent i ng sub

c utaneou s ,  i ntermu scu l ar ,  per i ren al , omenta l  and mesenter i c depots , 

were t ake n  from the  fol l owi ng 5 s i tes : 

I S ubcu taneous fat : fat over M .  i l i ocosta l i s  from the  rack  cut  

I I  I ntermu s cu l ar fat : f at beneath M .  l at i s s i mu s  dors i from the 

rack c u t  

I l l  Per i rena l  fat : from a th i ck port i on of  the depot 

I V  Omenta l fat : from a th i ck port i on of the depot 

V Mesenter i c  fat : from a th i ck port i on of the depot . 

3- 2 -6-2  Fat H i s tol ogy 

The fat s amp l es after be i ng s tored i n  4% formal dehyde at 1 to 2°C 

for u p  to  3 months  were attached to chucks  wi th a few drop s of 

T i s s ue-Tek I I  O . C . T . compound , frozen ( - 2 5°C )  and then s ect i oned on a 

cryo s t at i c  m i crotome ( Sjos trom et �. , 1 97 1 ) .  The s ect i ons  were 
-

tran sferred to s l i de s , where they were mounted i n  a water-based moun-

tant  a nd covered wi th a covers l i p .  The  th i cknesses  of the  sect i on s  

were 1 00 ,  1 50 o r  200 �m, depend i ng o n  the s i ze of the fat ce l l s ,  wi th 

th i cker  s ect i on s  be i ng u sed when l arger fat cel l s  were expected . 

3-2-6-3 F at Ce l l Vol ume 

A proj ect i on mi croscope ( R E I CHERT W I EN V I SOPAN ) was u sed to  

meas ure t he  d i ameter of over 200 r andoml y- s e l ected ad i pocyt e s ,  a t  a 

magn i f i c at i on of 1 25X . Care was t aken  to ensure th at the  s ame reg i on 

was v i ewed o n l y  once .  The mean  d i ameter ( d )  of the ad i pocytes and i ts 
st andard dev i at i on ( s )  were c al cu l ated and the mean ad i pocyte vo l ume 

( V )  was o bt a i ned u s i ng the formu l a  of  Gol d r i ck  ( 1 967 ) : 

2 -2 -
V = ( �/6 ) ( 3s + d ) d  
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3- 2-6-4 F at Cel l N umber 

The n umber of cel l s  ( N )  was est i mated from the formu l a of 

Trus cott · et  �- ( 1 983 a ) : 

N = 
fat wei ght of d i s sected depot x proport i on l i p i d  i n  the depot 

mean  ce l l vol ume x 0 . 9 1 x 0 . 9  

wh ere i t  was a s s umed th at the  den s i ty o f  l i p i d  was 0 . 9 1 g/cm3 and that 

90% of  the  ce l l vo l ume was l i p i d .  

3 -2 -6-5  Chemi ca l  Analys i s  of Fat 

Fat  s amp l es represent i ng  the  depots were 

content  by Soxh l et extract i on proc edure ( A . O . A . C . , 

an a l ysed 

1 980 ) . 

for l i p i d  

Dupl i cate 

s amp l es ,  eac h  we i g h i ng about 5 t o  6 g were freeze-dr i ed for 3 to 4 days, 

and  then  the l i p i d  was extracted wi th petrol eum eth er ( B . P . , 40 to 

60°C )  for 8 to  9 h i n  a Soxh l et apparatus . 

3- 2 - 7  MEAT QUA L I TY MEASUREMENTS 

3- 2 - 7 - 1  Genera l  

Meas urements  of aspects of meat q u al i ty made on  major  l eg mu s c l es 
(� semi tend i nos u s , � semi membranos u s  and � b i ceps femori s )  and the 

m a i n back musc l e  (� l ongi s s i mus ) i nc l uded Warner-Bratz l er shear va l 

u e s  o n  cooked s amp l e s ,  water- ho l d i ng capac i ty and refl ectance s pectro

photometry . After be i ng d i s sected from the i r  res pect i ve cu ts and 

we i g h ed ,  th e mus c l es were kept  c h i l l ed ( 1  to 3°C )  i n  p l ast i c  bag s  for 

n ot more t h an 1 2  h pr i or to t he  above  meas urements be i ng  made . 

3-2 - 7-2  Warner-Bratz l er She ar Va l ues 

Tr i p l i c ate 2 5  mm th i ck s l i ces  were cut  from the M .  l ongi s s i mu s  

( L D )  ( 1 st to 4th l umb ar vertebrae i n  the  l o i n cut , and 9th t o  1 2th 

t horac i c  vertebrae i n  the r ac k  cu t ) ,  M.  s emimembranosus  ( SM )  and � 

b i ceps  femor i s  ( BF )  and 4 s l i ces  were cut  from the � s emi tend i nos u s  

( ST )  a t  t h e  t i me o f  musc l e  preparat i on .  The s l i ces were we i g hed and 

s tored a t  c h i l l er temperature ( 1  to 2°C )  i n  p l as t i c  b ag s  unt i l cooked 
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by i mmers i ng the  bags i n  a water bath at 70°C for 90 m i n  ( Purch as , 

1 9 7 2 ) . The cooked meat was  kept  at 1 to 3°C overn i g ht i n  the cool er . 

After cool i ng ,  3 cores ( 1 3  mm x 1 3  mm cros s - sect i on )  were cu t p ara l l e l  

to th e or i entat i on of the musc l e  fi bres for each  L D ,  SM and B F  s l i ce ,  

and 2 cores were cut  for each  ST  s l i ce .  Each  core was then sheared 

perpend i cu l ar l y  to the fi bres i n  2 p l aces , wi th  a Warner-Bratz l er 

s hear dev i ce .  Th i s  mac h i ne meas ured t he  maxi mum force req u i red to cut  

across  t he  mu s c l e  f i bres ( Pearson , 1 963 ) .  

After cook i ng and pr i or to  cutt i ng the cores , the cooked s amp l es  

were c arefu l l y  dr i ed wi th t i s s ues  to remove excess  s urface mo i s ture 

and re-we i ghed to determi ne  cook i ng l o s ses . 

3-2- 7 -3 Water -ho l d i ng C apac i ty 

Determi n at i ons  of the  water-ho l d i ng c apac i ty ( i n  terms of expres

sed j u i ce v a l u e s )  were based on measur i ng the l oose  water l i berated by 

app l yi ng pres s ure to the musc l e  t i s sue .  

Two pre l i mi nary i nve st i ga t i ons  were carr i ed out  to  

normal pres s method i nvo l v i ng t i ghten i ng screws by  h and 

�. , 1 957 ) wi th a method wh i ch u s ed a 1 0  kg we i ght for 5 

comp are th e 

( Hann i ng e t  

mi n ( Matyn i ak 
and  Z i o l eck i , 1 983 ) . The i nv e s t i ga t i on s  a l so  compared 3 d i fferent 

c a l c u l a t i ons  a s  fol l ows : 

I .  Expres sed j u i ce Loose  water area ( outer - i nner area )  
= 

Meat fi l m  area 

I I .  Expressed j u i ce = Loose water area  ( outer - i nner area )  

Samp l e  we i ght 

I I I .  Expres sed j u i ce = 
S amp l e weigh t  before - s amel e wei gh t  after 

Samp l e  we i ght 

1 2 1  

The fi r st  exper i ment  i nvo l ved musc l es from 1 0  an i mal s w i th 3 

me as urements  be i ng made on each  mu sc l e .  Repeatab i l i ty between  

tr i p l i cates  wa s  measured a s  i n trac l ass  corre l at i on s  ( Snedecor and  

Coc hran , 1 980 ) . The resu l t s  ( Tab l e  3-4 ) s howed no  s i gn i fi cant  

d i fferences between the  two method s ,  b ut  the  10  k g-method was more 



Tab l e  3- 4 .  Compar i sons of means , s t andard errors and i n trac l a s s  corre l a t i ons ( repeatab i l i t i es )  between two method s  ( 1 0 kg and 
hand - t i ght ened ) and between three methods of c a l cu l at i ng expressed j u i ce v a l ues for � b i ceps femor i s  and � semi membranosus 
from 10 an i ma l s .  

M .  b i c eps femor i s  M .  semi membranosus 
Def i n i t i on of 10 kg method Hand - t ightened 10 kg method Hand-t ightened 
expres sed j u i ce Mean + SE Repeatab i l i ty Mean + SE Repea tab i l i ty Mean + SE Repeat ab i l i ty Mean + SE Repeatabi  1 i ty 

-

I .  
Loose water area 4 . 48+0 . 1 9  0 . 42 * 5 . 1 3+0. 1 9  0 . 28 NS 4 . 47+0 . 1 9  0 .  7 7  *** 4 . 82+0 . 1 9  0 . 43 * 

meat f i l m  area 

I ! .  
Loose water area 34 . g+o . s  0 . 60 * *  3 5 . 7+0 . 5  0. 55* 34 . 3+0 . 5 0. 7 1 * *  3 5 . 1 +0 . 5  0 .  5 9  ** 

s amp l e  wei ght  

I I I .  

Samp l e  wt . before - s amp l e  wt . after 0 . 47+0 . 05 0 . 50 * 0 . 48+0 . 05 0 . 40 s 0 . 46+0 . 05 0 . 55 * 0 . 4 7 +0 . 05 0 . 33 s 
Samp l e  we i ght before 

* , ** , * * *  See Tab l e  3 - 1  

-" 
N 
N 



Tab l e 3- 5 .  Compar i sons  of means , s t andard error s and i ntrac l ass  corre l at i on s  ( repeatab i l i ty )  

among three method s o f  ca l cu l at i on for meas u r i ng expres sed j u i ce v a l ues  o f  three 

mu s c l es  (� l ongi s s i mu s [ LD] , � b i ceps femor i s  [ BF ]  and � semi membranosus  [ SM] ) 

from s i x a n i mal s 

Defi n i t i on of expres sed j u i ce Musc l e  

I .  

Loose water area LD 

meat fi l m  area BF 

SM 

I I. 

Loose water area LD 

s amp l e  wei ght BF 

SM 

Il l .  

Samp l e wt . before - s amp l e  wt . after LD 

S amp l e  wei g ht before BF 

SM 

Mean 

3 . 76 

4 . 76 

3 . 98 

30 . 9 

33 . 5  

33 . 2  

0 . 43 

0 . 46 

0 . 44 

S . E .  Repeatab i l i ty S i gn i f i cance 

0 . 08 0 . 47 * 

0 . 1 2  0 . 60 ** 

0 . 1 9  0 . 70 ** 

0 . 49 0 . 65 ** 

0 . 40 0 . 53 ** 

0 . 53 0 . 69 ** 

0 . 01 0 . 77 ** 

0 . 01 0 . 1 5  NS 

0 . 01 0 . 49 * 

--" 

N 
w 



repeatab l e  for al l 3 mus c l e s  and was adopted for rout i ne u s e .  The 

repeatab i l i ty va l ues  were most cons i s tent for defi n i t i on I I  acros s the 

two method s and two mus c l es .  The resu l t s  of the  s econd exper i ment 

( Tab l e 3- 5 ) ,  wh i ch i nv o l ved three musc l es from 6 an i ma l s confi rmed 

t h at  defi n i t i on I I  was most con s i sten t .  

Based o n  the resu l t s  of  these i nvest i gat i ons , the fo l l owi ng 

p rocedure was adopted . 

S amp l es of about 500 mg were wei g hed to the  nearest mg , p l aced on 

a t arred f i l t er p aper ( Wh atman No . 1 ,  1 1 . 0 cm d i ameter Qua l i t at i ve ,  

s tored prev i o u s l y  i n  a d e s i cc ator over s aturated KC l ) between p l ex i 

g l a s s  p l ates and a we i g ht of 1 0  kg  was app l i ed to the top p l ate 

( we i ght = 1 1 1 . 4 g )  for exact l y  5 m i n .  The per i meter of the pres sed 

meat and t he  tota l  wetted area of the fi l ter paper were then penc i l 

l ed ,  and expres sed j u i ce v a l u e s  were ca l cu l ated as : 

Exp res sed j u i ce ( cm2/ g )  = Tota l  area ( cm2 ) - Meat fi lm  area ( cm2 ) 

we i ght  of  s amp l e  ( g )  

1 24 

The areas were ca l c u l ated as  descri bed i n  Sect i on 3-2-4-3 . 

3 -2-7-4 Refl ectance Spec trophotometry 

The percentage  refl ect ance of l i ght at four wave l engths  was 

meas ured o n  fres h l y-cut  s u rfaces  of � l ongi s s i mus , � semi membrano

s u s , M.  b i ceps femor i s  a nd M .  s emi tend i nosus  at  approx i matel y 1 2  h 

post -th awi ng  a s  a measure of meat co l our .  S amp l es free from connec

t i ve  t i s s u e  and externa l  f atty t i s s u e  were exposed to the atmosphere 

at  coo l er t emperature ( 1  to  3°C )  for 1 h b efore meas urement . 

Refl ect ance was meas ured u s i ng a s pectrophotometer ( Bausch  and 

Lomb Spectron i c  20 )  wi th an  i ntegrat i ng sphere ref l ectance attac hment .  

A porcel a i n reference s tandard s upp l i ed w i th t h e  i n strument wa s  u sed 

a s  a s tandard and i ts refl ectance was cons i dered as 90 . Du p l i c ate 1 5  

mm th i ck s l i ces were cut  perpend i cu l ar to the f i bres . Eva l u at i on t i me 

averaged approximate l y  20  sec per wave l ength u s ed . A l l s amp l es were 

eva l u ated for percent ref l ectance at wave l engt h s  of 474 ,  5 2 5 , 572  and 

6 30 nm. Three ref l ect ance rat i os 474/525 , 5 72/525  and 630/525  were 

c a l c u l ated . The i n s trument was zeroed frequent l y  dur i ng measurement 

u s i ng the referenc e s tandard s uppl i ed by the manufacturer . 



3-2-8  STAT I ST I CAL METHODS 

The parameters i n  the  var i ous  l i near mode l s  assumed i n  the d i f

ferent  exper i ments  were e s t i mated by ord i n ary l east squares , wi th  

tests  of  hypotheses  about t he  parameters be i ng undertaken by ana l ys i s  

of var i ance procedures . The computat i on s  were c arri ed out  u s i ng the  

General i zed L i n ear Mode l s Comp ut i ng programme ( R EG )  he l d  at  the  Mas s ey 

U n i vers i ty Computer Centre ( G i lmour ,  1 985 ) .  A l l the ma i n  effects and 

i nterac t i on s  were con s i dered to be fi xed effect s .  The fol l owi ng  

mode l s  were a s s umed to descr i be the data  i n  Exper i ments 1 t o  6 .  

3-2-8-1  Exper i ments  1 and 2 

For t he  data i n  Exper i ments 1 and 2 ,  two mode l s  were co n s i dered : 

1 .  Meat Q u a l i ty Data Mode l  

The  mod e l  c hosen to descr i be the meat qua l i ty data was :  

= ll + A .  +B . + Ck + ( AB )  . .  + ( AC ) . k + ( BC )  . k + e . .  k l . . . . . . . ( 1 ) 1 J 1 J  1 J 1 J  

where 

Y i j k l  i s  the l th observat i on i n  the i th s i re l i ne , 

i n  the j th s ex and 

i n  the kth pasture grou p  

( the  n umber o f  s i res  and pastures var i ed from one exper i ment to 

another ) 

ll 

A .  1 
B .  J 
c k  

( A B ) . .  1 J  
( AC )  i k 
( BC ) j k  
e i j k l  

i s  the overal l mean , 

i s  the effect of the  i th  s i re ,  

i s  the effect of the j th s ex , 

i s  the effect of the kth  pasture , 

i s  the s i re x s ex i nteract i on ,  

i s  the s i re x pasture i nteract i on ,  

i s  the s ex x p asture i nteract i on  and 

i s  the effect of r andom error , a s sumed to  be normal l y  

and i ndependent l y  d i str i buted wi th zero mean and 

constant var i ance .  
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2 .  Carcass  Qua l i ty D at a  Mode l 

Least  squ ares means  for two se l ected l i nes  ( F at and Meaty ) , two 

s ex e s  ( ewe and wether )  and four past ures for the  var i ous  var i ab l e s  

meas ured , were computed after be i ng ad j u sted by covar i ance an al ys i s  

for d i fferences i n  the appropr i ate covar i at e .  T h e  i nterac t i ons  bet

ween the cov ari ate and the mai n effects were u sed to test for the 

s i g n i f i cance of d i fferences between s l opes of the regres s i on l i ne s  

wi t h i n  t he  d i fferent ma i n  effects ( i . e . to  t e s t  for t he  homogene i ty of 

the regress i on coeffi c i ents  wi th i n  ma i n  effect s ) .  

The mode l  u s ed to de scr i be carcass  q ua l i ty character i st i c s was : 

y i j k l = � + A ; + Bj + Ck + ( AB ) i j  + ( AC ) i k  + ( BC ) j k  + b ( x i j k l ) 

+ e i j k l  · · · · · · · · · · · · ( 2 )  
where 

Y i j k l ' � , A ; , Bj , C k ' ( AB ) i j ' ( AC ) i k ' ( BC ) jk  and e i j k l  are as 
defi ned for Mode l 1 ,  
b 

3- 2-8-2 

i s  t he  regres s i on coeffi c i en t  of Y i j k l  on  the  

covar i ate X i j k l  _ 
and 

i s  eq u a l  ( X i j k l  - X ) , X be i ng t he  overal l me an of  t he  

cov ar i ate X i j k l " 

Exper i ments 3 and 4 

1 .  Meat Qua l i ty Data  Mode l  

The  general form of  the l i near mode l  u s ed to an a lyse  me at qua l i ty 

data  i n  Exper i ment 4 o n l y  was : 

Y . . = + A . + e . . . . . . . . . . . . . . . ( 3 )  1 J  1 1 J  

where Y . .  , A .  and e .  . are as  defi ned for Mode l 1 .  1 J  1 1 J  

2 .  Carcass  Qua l i ty Data Mode l 

Th i s  mode l  was : 

Y . . = � +A . + b ( X  . . ) + e .  . . . . • . . . • .  ( 4 )  1 J  1 1 J  1 J  

where Y i j ' � ,  A; , b ,  ( x i j ) and e i j are a s  defi ned i n  Mode l  2 .  
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3-2 -8-3 Exper i ment  5 

1 .  Meat Qua l i ty Data Mod e l  

T h e  l i near mode l  u s ed to  anal yse meat q u a l i ty d a t a  i n  th i s  

experi ment was : 

y i j k = � + A i + D j + ( AD ) i j + e i j k . . . . . • . • . ( 5 ) 

where Y . .  k , 1 J  � , A . 1 and e . .  k are as defi ned prev i o u s l y, 1 J  
D .  J i s  t he  effect of e l ectr i ca l  st i mu l at ion  and 

( AD )  . .  i s  the  s i re x e l ectri cal  s t i mu l at i on i nteract i on .  1 J  

2 .  Carcass  Qua l i ty Data Mode l  

Mode l 3 as de scr i bed prev i ou s l y  was  u s ed for  anal ys i ng the carc a s s  

q ua l i ty data i n  th i s  exper iment .  

3 -2 -8-4 Exper i ment  6 

For the carcass  and meat qua l i ty data i n  th i s  exper i ment ,  two 

mode l s  were con s i dered to be s at i sfactory for the an a l ys i s :  

1 .  Meat Qua l i ty D ata  Mode l  

= � + A .  + C . + Dk + ( AC ) . . + ( AD )  . k + ( C D )  . k + e . .  k l . . . . . . .  ( 6 )  1 J 1 J  1 J 1 J  

where Y i j k l ' � , 
prev i o u s l y ,  

A . ,  1 C . , Dk , ( AC )  . .  , ( AD )  . k a nd e .  " k l  are as defi n ed J 1 J  1 l J  

i s  the p asture x e l ectr i cal  st i mu l at i on i nteract i on .  

2 .  C arcass Qual i ty Data  Mode l 

Y 1. J. k = � + A . + C . + b ( x . . k ) + ( AC ) . . + e . . k • . . . . • . . . ( 7 )  1 J 1 J  1 J  1 J  

where Y .  " k ' 1 J  
prev i ou s l y .  

A . ' 1 b ,  ( AC )  . .  and e . .  k are a s  def i n ed 1 J 1 J 

The growth of  var i ou s  body parts re l ati ve to eac h  other 

( Exper i ments 3 ,  5 and  6 )  was  exami ned u s i ng the al l ometr i c  eq uat i on 
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Y = axb descr i bed by H u x l ey ( 1 932 ) . Growth Coeffi c i ents  ( b-va l u es ) 
for a part ( Y ) re l at i ve to the who l e  ( X )  were cal cu l ated 

doub l e  l og a r i thmi c regre s s i on equ at i on s  l og 1 0Y = l og 1 0a + 

where a and b are con s t ants . 

by u s i ng 

b ( l og 1 0x ) , 

The hypothes i s  t hat the  growth coeff i c i ent ( b ) eq u a l s 1 . 0 was 

tested i n  each c ase  ( Steel  and Torr i e ,  1 981 ) . Th i s  test asses sed 

whether the  p art was becomi ng an i ncreas i ng or a decreas i ng proport i on 

of th e who l e as the who l e  i tsel f i ncreased ( Butterf i e l d and Berg , 

1 966 ) . 

1 28 



CHAPTER 4 

RESULTS 

4-1 SELECTION L I N E  EFFECTS ON CARCASS CHARACTER ISTICS  

4- 1 - 1 GROWTH RATE 

Growth rate i nformat i on for the an ima l s i n  each exper i ment i s  

presented i n  th i s  Sect i on as  b ac k ground to the ma i n  p urpose of these 

exper i ments , wh i ch was to  exp l ore the effect of se l ect i o n  for and 

aga i n s t  fatness  on  meat and c arc ass  qu al i ty .  

Average  d a i l y  ga i n s for d i fferent per i od s  of t i me for the s i x  

experi ments  are g i ven  i n  Tab l e  4- 2 ,  wh i l e  F i gures 4- 1 and 4- 2 show the 

growth curves  for th e two s e l ect i on l i nes  i n  Exper i ments  5 and 6 from 

b i rth to  s l aughter . The mode l  u sed for an a l ys i s  of Exper i ments 1 and 

2 i nc l uded s ex ,  pasture , and s e l ect i on l i ne effects , wh i l e for Exper i 

ment 6 i t  i nc l u ded pasture ,  and se l ect i on l i ne effect s  and for 

Exper i ments  3 ,  4 and 5 i t  i nc l uded on l y  the se l ect i on l i ne effec t .  

Genera l l y ,  th e ana l yses i nd i c ated th at se l ect i on for or aga i nst  fat

ness  h ad n ot i nf l u enced growth rate in  a stat i s t i ca l l y  s i gn i f i cant 

way .  

Average  d a i l y  ga i n s  for th e Southdown r am hoggets  of Exper i ments  

3 ,  4 ,  5 and 6 were ca l cu l ated for  a peri od from the t i me of mak i ng the  

f i rst fat depth meas urement  ( at about 8 to  9 months  o l d ) u p  to 

s l aught er , wh i l e those of  th e South down x Romney cros s ewe and wether 

l amb s of  Exper i ments  1 and 2 were c a l cu l ated for a per i od from wean i ng 

to  s l a ug hter . 
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Tab l e  4 - 1 . Defi n i t i on s  of abbrev i at i ons  used  i n  other Tab l es .  

Abbrev i at i on Defi n i t i on 

FLW F i na l  l i ve we i ght 

cw C arcass  we i ght 

SW S i de we i ght 

TSM Tota l  s i de mus c l e  

TSF Tota l  s i de fat 
TSB Tota l  s i de bone 

SHW Shou l der we i g ht 

RW Rack we i g ht 

LW Lo i n  we i g ht 

LGW Leg  we i g ht 

SCF Su bcutaneou s fat 
�MF I ntermu s c u l ar fat 

RSD Re s i du a l  st andard dev i ati on 

r2 Coeffi c i en t  of determi n at i on 

Level  of stati s t i ca l  

s i gn i f i cance 

NS ( P>0 . 1 )  

s ( P<0 . 1 )  
* ( P<0 . 05 ) 

** ( P<0 . 0 1 ) 
*** ( P<0 . 001 ) 
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Tab l e  4- 2 .  L e as t  s q u ares means for t he  average d a i l y  ga i n ( g/day )  

ov er t he  per i od s  i nd i cated for  the  two se l ect i on l i nes 

( fat and meaty ) of Southdown s heep ( Exper i ments 3 to 6 )  

and for the i r  crossbred progeny out of unse l ected Romney 

ewes ( Exper i ments 1 and 2 )  

1 33 

Exper

i ment 

N o .  Per i od of  growth 

S e l ec t i on l i ne 

F at Meaty 

RSD Leve l  of 

( g )  s i gn i f i c ance 

Southdown x Romney cros s 1 ambs 

1 30 Nov . 1 982 to  7 Mar . 1 983 1 45 . 0  1 41 . 0  1 7  NS  

2 21 Oct . 1 983 to 4 Apr . 1 984 83 . 2  86 . 8  1 4  NS  

S outhdown ram h og gets 

3 1 4  Apr . 1 980 to  9 Dec . 1 980 69 . 3 72 . 0  1 1  N S  

4 26 May 1 982 t o  1 4  Jan . 1 983 78 . 8  81 . 4  1 0  N S  

5 1 6  May 1 983 to 5 Dec . 1 983 1 1 2 . 0  1 20 . 0  1 6  NS  

6 8 Mar . 1 984 to 27  Nov . 1 984 1 1 7 . 0  1 1 3 . 0  1 6  NS  

·4- 1 - 2 NON-CARCASS BODY  COMPONENTS 

Least squ ares means of th e we i ght s  of certai n non-c arcas s  body 

components for Exper i ments 3 ,  4, 5 and 6 are g i ven i n  Tab l es 4- 3 ,  4-4 , 

4-5  and 4-6 , r es pect i ve l y .  When compar i sons  between l i nes  were made 

at th e s ame c arcas s  we i ght ( c arcass  we i gh t  as a covari ate ) , s i gn i f i 

c ant  d i fferences  between the two s e l ect i on l i nes ex i sted for non

c arcass fat wei g ht s . Rams from the  fat l i ne  had approx i mate l y  27%  and 

30% more oment a l  fat i n  Exper i ments 3 and 5 ,  respect i ve l y  and 32% more 

k i dney fat i n  Exper iment 5 th an those  from the meaty l i ne .  These 

t ab l es  al so s how the effect s of s e l ect i on for or ag a i nst  fatnes s  on  

t he  we i g ht of  empty foregut  and  i ntest i nes  ( smal l and  l arge i ntes

t i nes ) of rams . There were no  s i gn i f i c ant  d i fferences between l i nes 

i n  we i ght of empty foreg ut  except i n  Exper i ment 3 i n  wh i ch i n s t ance  



· I : 

Tab l e  4-3 . Least  squ ares means  of l i ve we i ght , carcass  we i ght , dres s i ng-out percent , and non-carcass component 

we i ghts  for two se l ect i on l i nes  ( f at and meaty ) of South down rams i n  Exper i ment 3 .  

· S e l ec t i on l i ne ( L )  S ign i f i c ance Covari ate 

I tem Fat ( F )  Meaty ( M )  F vs M L x covari ate r2 RSD Var i ab l e S i gn i f i cance 

N o .  of an i ma l s 1 2  1 8  

F i n a l  l i ve we i ght ( k g )  58 . 07 59 . 89 s - 0 . 1 1  2 . 66 

C arcass  wei g ht ( k g )  2 9 . 05 28 . 55 *** NS 0 . 55 1 . 1 7  FLW *** 

Dres s i ng-out  % 49 . 5 1 48 . 2 1 * NS 0 . 44 1 .  58 cw *** 

Omenta l  fat we i ght ( k g )  1 . 1 4  0 . 896 * Ns 0 . 36 0 . 1 95 cw * 

K i d n ey fat we i ght ( kg )  0 . 749 0 . 649 NS NS 0 . 26 0 . 1 57 cw * 

Foreg ut  empty we i ght ( k g )  1 .  66  1 . 84 *** NS 0 . 52 0 . 1 3  cw *** 

I ntest i nes  wei ght ( k g )  3 . 66 4 . 1 8  ** NS 0 . 47 0 . 39 cw ** 

L i ver  we i ght  ( kg )  0 . 840 0 . 880 NS NS 0 . 27 0 . 08 cw ** 

Heart we i ght  ( k g )  0 . 239 0 . 239 NS NS 0 . 04 0 . 029 cw NS 

K i dn eys we i ght ( kg )  0 . 1 35 0 . 1 45 * NS 0 . 2 7 0 . 01 3  cw NS 

Thyro i d g l and we i ght  ( g )  4 .  72  4 . 93 NS s 0 . 1 8  0 . 96 cw NS 

Adrena l  g l and wei ght ( g )  3 ·. 1 1  2 .  72 NS NS 0 . 1 0  0 . 6 7 cw NS 

For defi n i t i on s  of abbrev i at i ons  see Tab l e  4-1 . 
-" 
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Tab l e  4-4 . Least  squ ares means  of l i ve we i g ht ,  carc ass  wei ght , dres s i ng-out percent , and non-carcass  component 

we i ghts  for two se l ect i on l i nes  ( fat and meaty ) of Southdown rams of Exper iment 4 .  

Se l ect i on l i ne ( L )  S ign i fi c ance Covar i ate 

I tem Fat ( F )  Meaty ( M )  F vs M L x covar i ate r2 RSD Var i ab l e  S i g n i fi cance 

No. of an i ma l s 1 0  8 

F i n a l  l i ve we i g ht ( k g }  6 1 . 03 62 . 1 3  ** - 0 . 33 0 . 83 1  

C arcass  wei ght ( kg )  30 . 59 2 9 . 47 NS NS 0 . 29 1 . 1 91 FLW NS 

Dre s s i ng -out  % 49 . 67 48 . 70 ** NS 0 . 93 0 . 575  cw *** 

Omenta l  fat we i ght ( k g )  1 . 48 1 .  30 NS NS 0 . 25 0 . 358 cw s 
K i dney fat wei ght ( kg )  0 . 902 0 . 834 NS NS 0 . 1 6  0 . 1 68 cw NS 

L i ver we i ght ( k g )  0 . 940 0 . 955 NS NS 0 . 08 0 . 075  c w  NS 

H eart we i g ht ( k g )  0 . 239 0 . 264 s NS 0 . 33 0 . 026 cw NS 
K i dn eys we i ght ( k g )  0 . 1 60 0 . 1 65 NS NS 0 . 1 4  0 . 01 2  cw NS 

Thyro i d  g l and we i ght ( g )  6 . 79 6 . 68 NS s 0 . 2 1 1 . 596 cw NS 

Adrena l  g l and we i ght  ( g )  3 . 01 2 . 75 NS s 0 . 28 0 . 509 cw NS 

For defi n i t i on s  of abbrev i at i on s  see Tab l e 4-1 . 
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Tab l e  4-5 . Least  squ ares means  of l i ve we i ght , carcas s  wei ght , dres s i ng-out percen t ,  and non-carcass  

component  we i ghts  for  two s e l ect i on l i nes  ( fat and  meaty ) of Southdown rams of  Exper i ment 5 .  

Se l ect i on  l i ne ( L )  S i gn i f i c ance 
r2 Covar i ate  

I tem Fat ( FJ Meaty (M) F v s  M L x covari ate RSD Vari abl e S i gn i f i cance 

N o .  of a n i ma l s 1 2  1 2  
F i n a l  l i ve we i ght ( kg )  60 . 6  6 1 . 0  NS - 0 . 80 4 . 4  
C arcass  we i ght ( k g )  30 . 4  28 . 2 ** NS 0 . 82 1 . 1 FLW *** 
Dres s i ng-out  % 49 . 7 47 . 2 ** NS 0 . 6 7 1 .  7 cw *** 
Oment a l  fat we i ght ( k g )  1 . 1 7  0 . 90 * NS 0 . 63 0 . 23 cw *** 
K i dney fat we i ght ( kg )  0 . 805 0 . 606 * NS 0 . 67 0 . 1 65 cw *** 
Foreg ut  em�ty we i ght ( kg )  0 . 88 0 . 98 NS NS 0 . 1 0  0 . 29 cw NS 
I ntest i nes  we i ght  ( kg )  4 . 1 8  4 . 84 *** NS  0 . 37 0 . 46 cw NS 
L i ver we i ght ( kg )  0 . 835 0 . 846 n s  NS 0 . 09 0 . 569 cw NS 
Heart we i ght ( kg )  0 . 226 0 . 253 ** NS 0 . 52 0 . 0 1 6  cw * 
K i dneys we i ght ( k g )  0 . 1 39 0 . 1 49 * NS 0 . 42 0 . 094 cw ** 
Thyro i d  g l and wei ght ( g )  4 . 55 4 . 70 NS NS 0 . 04 0 . 99 cw NS 
Adrena l  g l and we i g ht ( g )  3 . 06 2 . 9 1 NS NS 0 . 07 0 . 4 1 cw 'NS 
S p l een we i ght ( g )  65 . 7  65 . 2  NS NS 0 . 06 8 . 87 cw NS 

a I ntest i nes  we i g ht i nc l uded the fu l l  sma l l and l arge i ntest i nes and mesenter i c  fat . 
F or defi n i t i on s  of abbrev i at i ons  s ee Tab l e  4- 1 . 
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Table 4-6 . Least squares means of live weight , carcass weight , dressing-out percent , and non-carcass components for two selection lines ( fat and 

meaty ) and two pastures ( Wh ite clover and Lotus) of Southdown rams of Experiment 6 .  

Selection l ine 

I tem Fat ( F )  Meaty ( M )  

No .  o f  animals 1 2  1 2  

Final l ive weight ( kg)  60 . 5  63 . 8  

Carcass weight ( kg )  3 1 . 3  30 . 1  

Dressing-out % 49. 85 47 . 63 

Omental fat weight ( kg)  1 .  3 1  1 .  25 

K idney fat weight ( kg)  0 . 954 0 . 890 

Mesenteric fat weight ( kg)  0 . 528  0 . 500 

Foregut empty weight ( kg)  1 . 90 2 . 04 

I ntestines a weight ( kg )  3 . 41 3 . 64 

Small  intestine weight ( kg)  1 . 40 1 .  54 

Large intestine weight ( kg )  2 . 02 2 . 1 0 

L iver weight ( kg)  0 . 980 1 .  02 

Heart weight ( kg)  0 . 220 0 . 252 

K idneys weight ( kg)  0 . 1 68 0 . 1 83 

Thyroid gland weight ( g) 7 . 91 7 . 08 

Adrenal gland weight ( g )  2 . 94 2 . 99 

Spleen weight ( g) 7 0 . 0  75 . 9  

For de finitions o f  abbreviations see Table 4-1 . 

Significance 

F vs M 

* 

* 

* *  

NS 

NS 

NS 

s 
NS 

NS 

NS 

NS 
** 

s 
NS 

NS 
* 

Pasture Signi ficance 

Clover (CL )  Lotus (LO)  CL vs LO r2 

1 2  1 2  

6 3 . 4  6 0 . 8  NS 0 . 43 

3 1 . 4  30 . 0  * 0 . 82 

49. 36 48 . 1 3 NS 0 . 53 

1 .  34 1 .  22 s o :11 

0 . 907 0 . 938 NS 0 . 61 

0 . 547 0 . 480 s D .  51 

1 .  99 1 .  94 NS 0 . 53 

3 . 46 3 . 59 NS 0 . 40 

1 . 46 1 . 47 NS 0 . 26 

1 .  99 2 . 1 2 NS 0 . 1 6  

1 . 05 0 . 941 NS 0 . 65 

0 . 240 0 . 232 NS 0 . 74 

0 . 1 76 0 . 1 75 NS 0 . 55 
7 . 87 7 . 1 2  NS 0 . 40 

2 . 85 3 . 07 NS 0 . 33 

74 . 1  77 . 7  NS 0 . 62 

Covariate 

RSD Variable Signi ficance 

4 . 02 

1 . 26 FLW *** 

1 . 94 cw * 

0 . 1 68 cw *** 

0 . 1 89 cw ** 

0 . 070 cw * *  

0 . 1 82 cw ** 

0 . 393 cw * 

0 . 302 cw 5 
0 . 381 cw NS 

0 . 065 cw *** 

0 . 023 cw *** 

0 . 01 8  cw * *  

39. 7 cw NS 

0 . 35 cw NS 

7 . 24 cw NS 

--> 
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rams from the  meaty l i ne had s i gn i f i cant l y  heav i er empty foreg ut 

wei ghts  than those  from the fat l i ne .  The apparent effect s of s e l ec

t i on on the we i ght  of empty i ntest i ne s  were con s i stent across  Exper i 

ments 3 and 5 ,  wi th  th e rams from th e fat l i ne hav i ng s i gn i f i c ant l y  

l i ghter i ntest i ne s  for th e s ame carc a s s  we i g ht th an those  from the  fat 

l i n e .  F urth ermore , rams from the meaty l i ne i n  Exper i ment  6 h ad 

approxi mate l y  7% greater i ntest i n a l  we i g hts  ( 1 0% and 4% more of the 

smal l a nd l arge i ntest i ne we i g hts , res pect i ve l y ) th an rams from the 

fat l i n e ,  b u t  th ese d i fferences were n ot stat i s t i ca l l y  si gn i f i cant  

( Tab l e  4- 6 ) .  Data on non-carcass components  al so showed d i fferences 

between l i nes  for h e art , k i dney ,  and s p l een we i ght s .  Meaty rams h ad 

s i gn i f i cant l y  h eav i er k i dn ey wei ghts  i n  E xper i ments 3 and 5 ,  h eart 

we i g hts  i n  Exper i ments  5 and 6 and s p l een we i g hts i n  Exper i ment 6 th an 

fat rams . S tat i s t i ca l  ana l yses d i d  not reveal any s i gn i f i c ant  l i ne 

effects  on the  s l o pes of  th e regress i on l i nes of non-carcass  com

ponents on c arcas s wei ght . 

Append i x  1 g i ves  the  a l l ometr i c  growth coeffi c i ents of the non
c arcass  compon�:1 t s  re l at i ve to l i ve we i g hts  in  Exper i ments  J ,  4,  5 and 

6 .  I ncon s i stent  resu l t s  wi th i n  and b etween exp er iments  and a l so h i gh 

s t andard errors are s hown , probab ly  because  there was l i tt l e var i at i on 

i n  th e age and we i gh t  of an i mal s wi th i n  experiments . The o n l y s i gn i 

f i cant res u l t s  obt ai ned were i n  Exper i men t 6 ,  where the  a l l omet r i c  

growth coeffi c i ents  for omental  fat , k i dney fat ,  and l i ver we i ght  were 

h i g her than 1 . 0 ,  i nd i c at i ng th at th e i r  proport i on i ncreased wi th 

i ncreas i ng l i vewe i g h t .  

4- 1 - 3 CARCASS D IMENS I ONS 

4- 1 -3- 1  Southdown X Romney Lambs ( Experi ments 1 and 2 )  

The d a ta  o n  l i vewe i ght , carca s s  wei ght and d i men s i on s  of the 

c arc asses represen t i ng four s i res  from two sel ect i on l i n e s , four 

p ast ures and two s exes i n  Exper iments 1 and 2 are g i ven i n  Tab l e  4-7  

and 4-8 ,  res pect i ve l y . In  ge neral , the data showed no  s i gn i f i c ant 

d i fferences between the two s i res wi th i n  each l i ne for a l l c arcass  

c h aracteri st i c s con s i dered i n  th i s  s t udy.  I nteract i on s  between al l 

factors stu d i ed were omi tted from the  Tab l es because s tat i s t i c a l 

ana l yses  showed none  of these t o  be s i gn i f i cant . 
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Table 4-7 .  Least squares means showing the effect o f  selection l ine, sex , and pasture on carcass characteristics of Southdown X Romney cross lambs 

in Experiment 1 .  

Sire 1 

No. of animals 1 8  
Final live weight (kg )  40 . 7  
Carcass weight ( kg)  1 8 . 2  
Dressing-out % 43 . 6  
M .  semitendinosus 

weight (g) 94. 7  
M .  semimembranosus 

weight (g) 2 71 . 7  
� biceps femoris 

275 . 3  weight C(' 
Femur weight g)  1 1 7 . 9  
Femur length (mm)  1 53 . 4  
Ultrasonic fat depth (mm) 4 . 92 
Fat depth C (mm) 4 . 91 
Fat depth J (mm)  1 4 . 0  
Fat depth S (mm) 1 1 . 6 
Tissue dept� GR (mm) 1 5 . 3  
Fat depth LG (mm) 1 1 . 9 
� l ongissimus width (A )  55 . 4  
� longissimus depth (B� 34 . 1  
� longissimus area ( cm ) 1 3 . 9  

Selection line 

Fat Meaty 

Sire 2 Sire 3 Sire 4 

1 4  1 6  1 6  
41 . 0  40 . 8  40 . 1  
1 8 . 5  1 7 . 7  1 7 . 7  
44 . 2  43 . 0  43 . 3  

91 . 3  99 . 1  95 . 0  

261 .4  266 . 2 259. 8 

2 72 . 3  279. 3 258 . 4  
1 1 6 . 9  1 22 . 8  1 31 . 1  
1 52 . 1  1 56 . 4  1 59. 1 

5 . 77 3 . 96 3 .  72 
5 . 37 4 . 29 3 . 58 

1 6 . 4  1 3 . 9  1 2 . 9  
1 2 . 9 1 1  • 1 1 0 . 2  
1 7 . 9  1 5 . 3  1 3 . 9  
1 1 . 9 1 0 . 3 1 0 . 4  
54 . 0  55 . 5  55 . 0  
33 . 9  34 . 3  33 . 2  
1 3 . 6  1 4 . 1  1 3 . 1  

For de finitions o f  abbreviations see Table 4-1 . 

Q) 
() c Pasture ro 
() ..... "-

..... 
c Clover Lucerne Lotus 
Ol ..... 

1 6  1 6  1 6  
NS 42 . 3  43 . 2  41 . 2  
* 1 8 . 7  1 8 . 0 1 7 . 7  
NS 44 . 3  42 . 8  42 . 7  

NS 95 . 0  95 . 0  99 . 9  

NS 258 . 5  268 . 4  269 . 8  

* 263 . 1  273 . 3  285 . 4  
** 1 1 3 . 9  1 23 . 7  1 27 . 7  
* *  1 53 . 1  1 54 . 6  1 56 . 6  

*** 6 . 72 4 . 33 3 . 35 
* 6 . 27 4 . 35 3 . 22 
s 1 6 . 4  1 4 . 3  1 2 . 8  
* 1 3 . 3  1 1  . 4  1 0 . 0  
* 1 8 . 3  1 5 . 7  1 3 . 7  

*** 1 3 . 2  1 0 . 3  9 . 6  
NS 54 .4  54 . 8  55 . 9  s 32 . 9  34 . 0  34 . 9  
s 1 3 . 4  1 3 . 9  1 4 . 1  

Q) Q) () () c Sex c ro ro Q) () () ...., 
Perennial ..... ..... ro "- "- ..... ..... ..... 2 ... 
ryegrass c Wether Ewe c r RSD ro Ol Ol > ..... ..... 0 lf) lf) u 

1 6  31  33 
37. 0 ** 42 . 2  39 . 6  NS 0. 61 3 . 7  
1 7 . 7  ** 1 8 . 1 1 8 . 0  NS 0 . 93 0 . 9  FLW 
44 . 2  NS 43 . 2  43 . 8  NS 0 . 70 1 . 9 cw 
95 . 2  s 98. 6  93 . 9  ** 0. 72 8 . 5  cw 

262 . 3  s 266 . 1  263 . 4  NS 0 . 78 1 7 . 6  cw 
263 . 4  ** 269 . 7  2 72 . 9  NS 0 . 85 1 6 . 9  cw 
1 23 . 5  NS 1 24 . 2  1 23 . 5  s 0 . 62 1 1 . 4 cw 
1 56 . 9  NS 1 56 . 2  1 56 . 9  s 0 . 57 4 . 99 Cl� 

3 . 97 *** 4 . 60 4 . 58 NS 0 . 85 1 . 08 FLW 
4. 31 *** 4 . 69 4 . 38 NS 0 . 82 1 .  32 cw 

1 3 . 8  ** 1 3 . 7  1 4 . 9  * *  0 . 85 2 . 3 1 cw 
1 1  . 1 * *  1 1  • 1 1 1 . 8 * 0 . 85 . 1 .  78 cw 
1 4 . 7  ** 1 5 . 3  1 5 . 9  *** 0 . 89 2 . 27 cw 
1 1 . 3  NS 1 1 . 3 1 1 . 0  s 0 . 74 2 . 27 cw 
54 .8  NS 5 5 . 7  54 . 2  ** 0 . 67 2 . 09 cw 
33 . 5  * 33 . 5  34 . 3  NS 0 . 79 1 . 57 cw 
1 3 . 3  s 1 3 . 8  1 3 . 6  NS 0 . 79 1 . 04 cw 

Q) () c ro () ..... "-
..... 
c Ol . .... 

lf) 

*** 
*** 

*** 

*** 

*** 
*** 

* 
*** 
*** 
*** 
*** 
*** 
*** 
*** 
*** 
*** 

--> 
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Table 4-8. Least squares means showing the effect of  selection line, sex , and pasture on carcass characteristics of Southdown X Romney cross lambs 

in Experiment 2 .  

Selection line 

Fat Meaty 

Sire 1 Sire 2 Sire 3 Sire 4 

No. of animals 

Final live weight (kg )  

Carcass weight ( kg)  
Dressing-out % 

M .  semimembranosus 
weight ( g )  

!!:_ biceps femoris 
weight ( g ) 

Femur weight ( g )  

1 6  

37 . 5D 
1 6 . 20 
44 . 01 

203 . 4  

209. 6 
1 01 . 2 

Femur length (mm)  1 44 . 9  

Ultrasonic fat depth (mm) 5 . 8  

Fat depth C (mm)  6 . 6  
Fat depth J (mm) 
Fat depth 52 (mm) 
Tissue depth GR ( mm)  
Fat depth LG (mm) 
!!:_ longissimus width (A )  

1 2 . 8  
1 2 . 4  
1 5 . 0  
1 1 . 1 5  

50 . 6  

!!:_ longissimus depth ( B )  29 . 0  
!!:_ longissimus area ( cm2 ) 1 0 . 76 

1 6  

36. 00 

1 6 . 26 
44 . 1 3  

2 1 1 . 8  

2 1 3 . 5  
1 1 1 . 6  
1 44 . 7  

5 . 7  

5. 5 
1 1 . 7  
1 1 . 3  
1 3 . 8  
1 0 . 7  

51 . 2  

30 . 8  
1 1 . 72 

1 6  

35 .42 

1 5 . 68 
42 . 98 

2 1 6 . 8  

2 1 4 . 8  
1 1 3 . 5  
1 48 . 8  

3 . 7  

3 . 4  
1 1 . 0  
9 . 6  

1 2 . 2  

8. 3 

52 . 1  

30 . 4  
1 2 . 1 4 

For definitions of abbreviations see Table 4-1 . 

1 6  

37. 22 

1 5 . 92 
43. 37 

2 1 9 . 0  

222 . 3  
1 1 4 . 8  
1 51 . 9 

4 . 1  

3 . 5  
1 0 . 1  

9 . 9  
1 2 . 0  

8 . 8  

52 . 0  

30 . 31 
1 1 . 42 

QJ QJ u u 
@ Pasture @ u 
� Perennial � 
� ·� 

Sex 

§, Clover Lucerne Lotus ryegrass §, Wether 
� � � � 

1 6  

NS 40 . 09 
5 1 6 . 64 
NS 44 .87  

1 6  

34 . 94 
1 6 . 52 
44 . 60 

1 6  

36 . 55 

1 5 . 40 
42 . 31 

1 6  

34. 56 

1 5 . 53 
42 . 71 

31 
* 37 .82 

*** 1 6 . 01 
*** 43 . 65 

Ewe 

33 

QJ u c C1l u 
·� .._ 
·� c CJ1 ·� � 

35 . 20 ** 

1 6 . 01 NS 
43 . 59 NS 

* 203 . 0  2 1 1 . 3  223 . 5  2 1 2 . 9  N S  2 1 5 . 3  2 1 0 . 2  NS 

NS 2 1 4 . 0  
5 1 01 . 8 
* 145 . 6  
** 6 . 1  

*** 6 . 5  
* 

* 

* *  

NS 
5 

1 3 . 8  
1 3 . 3  
1 5 . 8  
1 1 . 6  

50 . 6  

5 30 . 6  

NS 1 1 . 27 

2 1 1  . 3  
1 08. 3 
1 47 . 5 

5 . 0  

4 . 6  
1 2 . 0  
1 0 . 6  
1 3 . 9  
9. 7 

50 . 1  

30 . 3  
1 1 . 20 

222 . 8  
1 2 1 . 7 
1 47 . 7 

4 . 0  

4 . 1  
9 . 5  
9 . 2  

1 1 . 5  

7 . 6  

53 . 0  
30 . 4  
1 1 . 70 

2 1 2 . 1  
1 09. 3 
1 49 . 5 

4 . 2  

3 . 8  
1 0 . 2  
1 0 . 3  
1 1 . 8  

1 0 . 1  

52 . 1  
29 . 8  
1 1 . 49 

NS 2 1 2 . 9  
* 1 1 3 . 1  

N S  1 49 . 2  
** 4 . 6  
** 4 . 6 

*** 

* 

*** 

NS 
5 

1 1 . 3  
1 0 . 5  
1 3 . 0  

9 . 6  
51 . 5  

2 1 7 . 1 
1 07 . 4  

1 4 5 . 9  

5 . 0  
4 . 9  

1 1 . 5  
1 1 . 1  
1 3 . 5  

9 . 8  

51 . 5  

NS 
* 

NS 
* 

* 

NS 
5 
5 

NS 

NS 
NS 29 .8  30 �7  NS 
NS 1 1 . 1 9  1 1 . 66 NS 

--

/ RSD 

4 . 56 

QJ +) 
C1l 

·� '"' 
C1l > 
0 

u 

QJ u c C1l u 
·� .._ 
·� c CJ1 ·� � 

0 . 43 
0 . 98 
0 . 88 

0 . 6 1  FLW *** 

1 . 34 cw *** 

0 . 89 1 5 . 3  cw 

0 . 90 
0 . 68 

0 . 74 

0 . 89 

0. 91 
0 . 87 
0 . 85 
0 . 90 

0 . 68 

o .  74 

1 7 . 2  cw 
1 4 . 4  cw 

5 . 49 cw 
1 . 06 FLW 

1 . 08 cw 
1 .  98 cw 
1 .  93 cw 
2 . 1 3  cw 
2 . 96 cw 
2 . 43 cw 

0 . 80 2 . 1 5 cw 
0 . 83 1 . 09 cw 

*** 

*** 

*** 

*** 

*** 

*** 

*** 

*** 

*** 

*** 

*** 

*** 

*** 

-" 
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Tab l e  4- 7 s hows th at th e overal l d i fference of 0 . 65 k g  i n  the 

c arcass  we i ght  between fat and meaty l i nes was s i gn i f i cant , wi th the 

c arcas s e s  from the  fat l i ne be i ng al ways greater th an those from the  

meaty l i ne at  a constant l i vewe i ght . The c arcasses i n  the fat l i ne -
tended to  h ave  shorter femur bones i n  Exper i ments 1 and 2 ,  and l i ghter 

femur bones i n  Exper iment 2 .  When adj usted t o  the s ame c arc ass  we i ght 

there were s i gn i f i cant d i fferences i n  fat depth meas urements  due to 

s e l ect i on effect s ( Tab l es 4- 7 and 4-8 ) . On average the l amb carcasses  

from the  f at l i ne h ad 1 . 5  mm and  1 . 9 mm greater depth of bac k  fat as 

meas ured u l t rason i ca l ly  at fat depth C po s i t i on th an those from the 

meaty l i ne i n  Exper i ments 1 and 2 ,  respect i ve l y .  The l amb s i n  the fat 

s i re l i n e  a l so h ad s i gn i fi cant l y  greater fat depth measurements at C ,  

S2 and G R  i n  both exper iments and for L G  fat depth meas urements i n  

E xper i ment  1 ,  and J fat depth measurements i n  Exper iment  2 .  

The effects of  p astures and s exes on c arcass  character i s t i cs wi l l  

be  d i scu s s ed br i ef l y  because those  treatments  were a p art of the mode l  

wh i c h was  u s ed i n  th e anal yses . By us i ng orthogona l  contrasts ( a  

method for mak i ng compar i sons among treatment means ) ,  the  efft�ts of 

p asture treatments  were found to be  s i gn i f i cant for l i vewe i ght and 

carcass  we i g ht of l amb s i n  Exp er i ments 1 and 2 (Tab l es 4- 7 and 4-8 )  

and dres s i ng-out  p ercent i n  Exper i ment 2 .  A l so the fat depth measure

ments were s i gn i f i c an t l y  d i fferent between  p asture group s . 

4-1 -3-2  Southdown Rams ( Exper i ments  3 ,  4 ,  5 and 6 )  

1 41 

The  s e l ect i on effects o n  l i vewe i ght , c arcas s we i g ht and dress i ng 

o ut percent of rams i n  Exper i ments 3 ,  4 ,  5 and 6 are g i ven  i n  Tab l e s  

4-3 , 4-4 , 4-5  a n d  4- 6 ,  respect i ve l y .  Carcass  wei ght and dres s i ng-out 

percent  were cons i stentl y h i g her for rams from the fat l i ne acros s  a l l 

exper i ments , when  c arcass we i g ht was adj usted to a constant  l i ve 

we i ght . Tab l e s  4- 9 ,  4- 1 0 ,  4- 1 1 a n d  4-1 2 s how that t he  c arcas ses from 

the meaty l i ne were s i gn i fi c an t l y  l onger by 56 mm, 43 mm , 26 mm and 39 

mm th an those  i n  the  fat l i ne for E xper i ments 3 ,  4 ,  5 and 6 ,  respec

t i ve l y . For th e l ength of h i nd l eg ,  the c arcasses of the meaty l i ne 

were a l so  l o nger by 4 mm, 4 mm , 7 mm and 5 mm than those  from the fat 

l i ne for t he  s ame sequence of exper iments . Most l ength and c i rcum

ference  meas urements of i nd i v i dua l  bones a l so showed s im i l ar res u l t s  

to body and l eg l ength s ( Tab l es 4- 9 ,  4 - 1 0 ,  4 - 1 1  a n d  4- 1 2 ) . G i got  



Tab l e  4- 9 .  Least squ ares means of carcass  and metacarpa l  bone d i mens i ons  ( mm )  of Southdown rams i n  Exper i ment 3 
two se l ect i on l i nes ( fat and meaty ) . 

Se l ect i on l i ne ( L )  S i gn i f i c ance 
r2 Covar i ate 

I tem Fat {F) Meaty {M) F vs M L X covar i ate RSD Vari ab l e  S i gnffi cance 

N o .  of an i mal s 1 2  1 8  
Body l ength ( LB )  1 040 1 096 * NS  0 . 47 40 cw *** 
Maxi mum s ho u l der wi dth ( WF )  238 236 NS NS  0 . 45 6 cw *** 
W i dth beh i nd shou l der ( WTH ) 2 1 8 2 1 0  * *  NS  0 . 35 7 cw NS 
G i got  wi dth ( G )  2 54 251  NS NS 0 . 3 7 5 cw *** 
Leg  l ength ( T )  1 81 1 85 * NS 0 . 37 6 cw ** 
Metacarpa l  bone l ength 1 05 . 0  1 08 . 0  ** NS 0 . 44 3 . 7  cw *** 
Metacarpa l  bone c i rcumference 53 . 1  54 . 0  NS s 0 . 1 7  3 . 7  cw NS 
H umerus  l ength 1 33 . 7 1 40 . 7 NS NS 0 . 40 5 . 9  cw * 
H umerus  c i rcumference 62 . 7  66 . 6  NS NS 0 . 5 1 2 . 7 1 cw ** 
R ad i us and u l n a  l ength - 1 74 . 9  1 78 . 7  NS  NS 0 . 46 5 . 0  cw * 
R ad i u s and u l n a  c i rcumference 62 . 2  65 . 7  s s 0 . 46 3 . 2  cw ** 
Femur l ength 1 63 . 9  1 7 1 . 5  NS NS 0 . 68 3 . 6  cw *** 
Femur c i rcumference 65 . 1  68 . 7  NS  NS  0 . 53 2 . 68 cw * 
T i b i a l ength 1 76 . 3  1 80 . 7  NS  NS 0 . 44 4 . 5  cw * *  
T i b i a c i rcumference 53 . 8  56 . 8  NS NS 0 . 2 5 3 . 40 cw NS 
U l trason i c  fat depth 6 . 3  5 . 2  ** NS 0 . 24 1 . 1 cw NS 
F at depth C 7 . 4  5 . 5  *** NS 0 . 37 1 . 37 cw NS 
F at depth J 1 6 . 7  1 4 . 2 ** s 0 . 39 2 . 47 cw NS 
� l ongi s s i mu s  depth ( B )  35 . 5  34 . 7  NS  NS  0 . 1 0  2 . 3  cw NS 
� l ongi s s i mu s  wi dth  ( A� 59 . 3  60 . 5  NS  s 0 . 1 7  3 . 2  cw NS  
� l ongi s s i mu s  area ( cm ) 1 5 . 8  1 6 . 7  s s 0 . 37 1 .  4 cw ** 

For defi n i t i on s  of abbrev i at i on s  see Tab l e  4-1 . 
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Tab l e  4- 1 0 .  Least squ ares means  of  carcass  and metacarpal  bone d i men s i ons  ( mm )  of Southdown rams of Exper i ment 4 
two s e l ect i on l i nes  ( f at and meaty ) . 

Se l ec t i on  l i ne ( L )  S i gn i f i c ance 
r2 Covar i ate 

I tem Fat (F) Meaty (M) F vs M L X covar i ate RSD Var i ab l e  S i gn i f i cance 

N o .  of a n i ma l s 1 0  8 
Body l ength ( L B )  1 039 1 082 *** NS 0 . 5 7 22 cw NS 
Maxi mum s ho u l der wi dth ( WF )  245 244 NS NS 0 . 48 7 cw ** 
W i dth  beh i nd s ho u l der ( WTH ) 229 2 1 7  *** NS 0 . 6 7 6 . 28 cw * 
G i got wi dth ( G )  258  2 57  NS NS 0 . 3 1 5 cw * 
Leg l ength ( T )  1 77 1 81 NS NS 0 . 25 6 cw NS 
Metacarpa l  bone l ength 1 03 1 06 NS NS 0 . 25 1 0 . 4  cw NS 
Metacarpal  bone c i rcumference 55 54 NS NS 0 . 35 0 . 3  cw NS 
Metac arpal  bone we i ght ( g )  36 . 5  39 . 1 NS NS 0 . 28 3 . 2  cw NS 
Femur we i ght ( g )  1 26 . 9  1 39 . 2 ** NS 0 . 4 1 9 . 1 cw NS 
Femur l ength 1 59 . 9  1 65 . 6  ** NS 0 . 42 3 . 9  cw NS 
F at depth C 1 0 . 8  4 . 8  *** NS 0 . 94 0 . 8  cw * 
F at depth  J 1 9 . 5  1 4 . 1  *** NS 0 . 79 1 .  7 cw NS 
� l ongi s s i mu s  depth ( B )  31 . 6  32 . 4  NS s 0 . 60 2 . 6  cw *** 
� l ongi s s i mu s  wi dth ( A� 5 9 . 3 62 . 9  ** NS 0 . 57 2 . 4  cw * 
� l ongi s s i mu s  area ( cm ) 1 5 . 0  1 6 . 0  NS s 0 . 6 1 1 .  4 cw ** 

. 

For defi n i t i on s  of  abbrev i at i on s  see Tab l e  4-1 . 
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Table 4-1 1 .  Least squares means of  carcass and metacarpal bone dimensions (mm)  o f  Southdown rams of Experiment 5 
two selection lines ( fat and meaty) .  

--

Selection l ine ( L ) Significance 2 Covariate 
I tem Fat (FJ Meaty (M) F vs M L X covariate r RSD Variable Signi ficance 

No .  of animals 1 2  1 2  
Body length ( L B )  1 043 1 069 *** s 0 . 79 1 6  cw * *  

Maximum shoulder width ( WF )  244 241 NS NS 0 . 69 8 cw *** 
Depth from scapula-sternum ( Th )  289 293 NS NS 0 . 44 1 3  cw *** 
Width behind shoulder ( WTH ) 224 21 1 *** ** 0 . 88 5 cw *** 

Gigot width ( G )  L56 258 NS NS 0 . 78 5 cw *** 
Leg length ( T )  1 79 1 86 * *  NS 0 . 42 5 cw s 
Metacarpal bone length 1 04 1 07 * NS 0 . 30 3 cw NS 
Metacarpal bone circumference 53 . 2  54 . 7  5 NS 0 . 3 1 2 . 0  cw 5 
Humerus length 1 34 1 37 * NS 0 . 47 3 cw * 

Humerus circumference 63 . 5  66 . 5  *** s 0 . 65 1 . 4  cw s 
Radius and ulna length 1 74 1 79 * NS 0 . 45 5 cw * 
Radius and ulna circumference 63 . 3  66. 3 * NS 0 . 44 2 . 2  cw NS 
Femur length 1 63 1 69 * *  5 0 . 54 4 cw NS 
Femur circumference 65 . 5  69. 0 * NS 0 . 42 2 . 8  cw 5 
Tibia and fibula length 1 73 1 79 * NS 0 . 28 5 cw NS 
Tibia and fibula circumference 55 . 3  56 . 3  NS 5 0 . 34 2 . 1  cw NS 
Ultrasonic fat depth 8 . 5  4 . 3  *** NS 0 . 89 0 . 9  cw *** 
Fat depth C 9 . 0  4 . 4  *** NS 0 . 89 1 .  0 cw *** 
Fat depth J 1 8 . 2  1 2 . 2  *** NS 0 . 83 1 .  9 cw *** 
Fat depth 52 1 3 . 9  9 . 6  *** s 0 . 82 1 .  5 cw *** 
Tissue depth GR 2 5 . 4  1 8 . 3  *** NS 0 . 89 2 . 0  cw *** 
Fat depth LG 1 9 . 2  1 0 . 5  *** NS 0 . 67 4 . 0  cw * *  
Fat depth L2  22 . 0  1 5 . 7  * *  NS 0 . 47 4 . 5  cw * 
� longissimus depth ( B )  35 . 1  32 . 1  ** NS 0 . 63 1 .  8 cw *** 
� longissimus width ( At 61 . 5  63 . 8  * NS 0 . 22 2 . 7  cw NS 
� longissimus area ( cm ) 1 7 . 9  1 7 . 4  NS NS 0 . 38 1 . 4 cw ** 

For definitions of  abbreviations see Table 4-1 . 

for 
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Table 4-1 2 .  Least squares means o f  carcass and metacarpal bone dimensions (mm) of  Southdown rams o f  Experiment 6 
meaty)  and within two pasture treatments (White clover and Lotus ) .  

Selection line 
I tem Fat (F) 

No.  of  animals 1 2  
Body length ( L B )  1 063 
Maximum shoulder width ( WF )  249 
Depth from scapula to 

sternum ( Th) 298 
Width behfnd shoulder ( WTH ) 226 
G igot width ( G )  258 
Leg length ( T )  1 75 
Metacarpal bone length 1 02 . 1  
Metacarpal circumference 53 . 5  
Humerus length 1 29 . 0  
Humerus circumference 62 . 0  
Radius & ulna length 1 69 . 3  
Radius & ulna circumference 61 . 9  
Femur length 1 61 . 5 
Femur circumference 65 . 0  
Tibia  & fibula length 1 71 . 3  
Tibia & fibula circumference 55 . 5  
Ultrasonic fat depth 9 . 2 
Fat depth C 9 . 8  
Fat depth J 2 1 . 4  
Fat depth 52 1 5. 4  
Tissue depth GR 27 . 1  
Fat depth LG  23 . 3 
Fat depth L2  2 2 . 1  
� longissimus depth ( B )  35 . 2  
� longissimus width ( At 59. 0  
� longissimus area ( cm ) 1 7 . 4  

Meaty (M) 

1 2  
1 1 02 

242 

296 
2 1 8  
253 
1 80 
1 03 . 9  

55 . 0  
1 33 . 3  

64 . 8  
1 62 . 9  
65 . 8  

1 65 . 9  
66 . 5  

1 73 . 7  
55 . 9  

5 . 9  
6 . 0  

1 8 . 7  
1 2 . 4  
23 . 1  
1 5 . 9  
1 9 . 6  
34 . 3  
61 . 5  
1 7 . 6  

For definitions of  abbreviations see Table 4-1 . 

Signi ficance Pasture Signi ficance 
r2 F vs M Clover (CL )  Lotus (LO) CL vs LO 

1 2  1 2  
** 1 081 1 084 NS 0 . 59 
* 246 245 NS 0 . 66 

NS 295 298 NS 0 . 42 
** 223 220 s 0 . 79 
s 253 259 NS 0 . 61 
** 1 77 1 78 NS 0 . 52 
NS 1 02 . 6  1 03 . 5  NS 0 . 30 s 53 . 6  54 . 9  NS 0 . 34 
NS 1 28 . 3 1 33 . 9  NS o. 31 
** 62 . 9  64 . 0  NS 0 . 57 
NS 1 59 . 6  1 72 . 6  NS 0 . 26 
** 62 . 1  65 . 6  * 0 . 66 
* 1 61 . 8 1 65 . 6  * 0 . 52 
* 65 . 0  66 . 5  * 0 . 65 
NS 1 71 . 6  1 73 . 4 NS 0 . 38 
NS 55 . 5  55 . 9  NS 0 . 20 

*** 7 . 9  7 . 1  * 0 . 86 
*** 8 . 2  7 . 6  s 0 . 85 

** 20 . 7  1 9 . 4  NS 0 . 70 
*** 1 4 . 8  1 3 . 0  * 0 . 77 
*** 25 . 8  24 . 4  * 0 . 81 
*** 1 9 . 7  1 9 . 5  NS 0 . 63 
*** 21 . 3  20 . 4  NS 0 . 61 

NS 34 . 8  34 . 6  NS 0 . 56 
NS 59. 9 60 . 6  NS 0 . 1 5  
NS 1 7 . 7  1 7 . 3  NS 0 . 29 

for two selection lines ( fat 

Covariate 
RSD Variable Signi ficance 

25 cw ** 
7 cw *** 

6 cw * 
5 cw *** 
5 cw ** 
5 cw * 
3 . 4  cw NS 
1 .  9 cw NS 

1 0 . 9  cw * 
2 . 3  cw * *  

1 7 . 3  cw NS 
2 . 7  cw ** 
4 . 5  cw NS 
1 . 9 cw s 
5 . 4  cw s 
2 . 0  cw NS 
0 . 87 cw ** 
1 • 1 cw s 
2 . 1  Cl� *** 
1 . 8 cw *** 
2 . 0  cw *** 
3 . 7  cw s 
1 .  7 cw NS 
2 . 2  cw *** 
4 . 0  cw NS 
2 . 1  cw * 

and 
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wi dth measurements were s im i l ar for the  c arcas ses from the  two se l ec

t i on l i n e s . Max i mum shou l der wi dth and wi dth beh i nd the shou l der were 

greater i n  t he  c arcas ses from th e fat l i ne th an the meaty l i ne .  The 

regres s i on of wi dth beh i nd s hou l der on  carcass  we i g ht was not h omo

geneous between  th e two s e l ect i on l i nes , for eac h  1 kg i ncrease i n  

carcass we i ght  the wi dth beh i nd the  s hou l der i ncreased 2 . 33 mm i n  th e 

fat l i ne and 5 . 00 mm i n  the meaty l i n e  i n  Exp r i ment 5 .  The depth from 

s capu l a to s ternum was s l i ght l y  smal l er i n  the  fat l i ne .  S i gn i f i cant  

and co n s i stent  d i fferences between se l ect i on l i nes ex i sted for a l l f at 

depth mea s urements , wi th the carcasses  from the  fat l i ne h av i ng a l most 

twi ce  as  much  backfat th i ckness  as  those from the meaty l i ne as s hown 

u l tr ason i c a l l y  at fat depth C and by actua l  fat depth C measurements . 

The d i fference s  between th e two l i ne s  for oth er fat depth meas urements  

across  t he  exper iments  were al so  h i gh ( Tab l es  4- 9 ,  4- 1 0 ,  4 - 1 1 and 4-

1 2 ) . F at  r ams had approxi mate l y  1 7 . 6% ,  38 . 3%, 4 9 . 2% and 1 4 . 4%  more 

fat at fat d epth J for Exper iments 3 ,  4, 5 and 6 ,  respect i ve l y .  The 

d i fferences between th e two l i nes  for Exper i ments 5 and 6 for 52 , GR , 

LG and L2  a l s o  ex i sted , wi th the  percent i ncrease i n  the  fat l i ne ,  

rel ati ve t o  the  meaty l i n e ,  b e i ng  approxi mate l y  44 . 8% and 24 . 2% for 

52 , 38 . 8% and 1 7 . 3% for GR , 82 . 9% and 46 . 5% for LG and 40 . 1 % and 1 2 . 8% 

for L2 . The d i mens i on s  of the e l l i pt i ca l  tran sverse sect i on of the  M .  

l ongi s s i mus  at  the  1 2  to 1 3  r i b l eve l  were affected s l i g ht l y  by  se l ec

t i on .  Carc a s s es from the fat l i ne tended to have deeper ( B )  and 

s horter ( A ) � l ongi s s imus  th an those  from the  meaty l i ne ,  al though  

the d i fferences  were not s i gn i f i c ant  i n  a l l cases . 

4- 1 -4 S I DE D I SSECT I BLE  COMPONENTS 

4-1 -4-1  We i gh t  of I nd i v i dua l  Cuts  

Means  for  s i de we i ght and t he  we i ghts of the  four  an atomi ca l  c uts  

( see Sect i on 3 -2-2-2  and  F i gure 3- 5 )  adj u sted to the s ame s i de we i g ht 

are s hown i n  Tab l es 4- 1 3 , 4- 1 4  and 4- 1 5  for Exper i ments  3 ,  5 and 6 ,  

respect i ve l y .  The s i des  from the  fat l i ne h ad s i gn i f i c ant l y  heav i er 

rack s , b u t  t he  regres s i on of r ac k  we i ght on  s i de we i ght  was not h omo

geneous between  th e two se l ect i on l i nes  i n  Exper iment 5 .  The ana l yses 

revea l ed t h at for e ac h  i ncrease of one u n i t  i n  s i de we i ght , the r ack  

cut  i nc reased by 0 . 1 03 and 0 . 1 81 u n i ts for the fat  and  meaty rams , 

respect i ve l y .  Shou l der we i g ht ,  however ,  tended t o  be  heav i er from the  

1 46 



Tab l e  4- 1 3 .  Least squ ares means for the d i s sect i b l e  components of the s i de of Southdown rams i n  Exper i ment 3 
expre ssed as  we i ghts  ( k g )  and  as rati os  for two se l ect i on l i nes ( f at and meaty ) . 

Se l ect i on  l i ne ( L )  S i gn i f i c ance 
r2 Covar i ate 

I tem Fat {F) Meaty {M) F v s  M L X covari ate RSD V ar i ab l e  S i g n i fi cance 

No.  of an i ma l s 1 2  1 8  
C arcass  s i de we i ght 1 3 . 9  1 4 . 0  NS NS  0 . 96 0 . 1 6  cw *** 
Fore-quarter we i ght 7 . 62 7 . 6 7 NS NS 0 . 89 0 . 1 6  SW *** 
H i nd-quarter we i g ht 6 . 35 6 . 28 NS NS 0 . 88 0 . 1 6  SW *** 
R ack  we i ght 1 .  43 1 . 35 * s 0 . 55 0 . 09 SW *** 
S i de component s : 

M u sc l e  we i ght 7 . 99 8 . 37 *** s 0 . 80 0 . 2 3 SW *** 
Fat  we i g ht 3 . 97 3 . 34 *** NS 0 . 65 0 . 33 SW *** 
SCF  wei ght 2 . 34 1 . 83 *** NS 0 . 66 0 . 2 3 SW *** 
I MF we i g ht 1 .  63 1 . 5 1  * NS  0 . 44 0 . 1 5  SW *** 
Bone we i ght 1 .  69  1 .  91  * *  NS 0 . 48 0 . 1 7  SW ** 
Scrap we i ght 0 . 1 83 0 . 206 NS NS 0 . 27 0 . 037 SW * 
Musc l e : bone rat i o  4 . 74 4 . 42 * NS 0 . 20 0 . 35 SW NS 
Mu sc l e : f at rat i o  2 . 02 2 . 56 *** NS 0 . 5 1 0 . 3 1 SW NS 
SCF : I MF r at i o  1 .  43 1 . 2 1  *** NS 0 . 40 0 . 1 4  SW NS 

F or defi n i t i ons  of abbrev i at i on s  see Tab l e  4- 1 . 
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Tab l e  4 - 1 4 .  Least squares means  for the  d i ssect i b l e  components of the s i de of Southdown rams of Exper i ment 5 
expres sed as  we i ghts  ( k g )  and as rat i os  for two se l ect i on l i nes  ( f at and meaty ) . 

Se l ect i on l i ne ( L )  S ign i f i c ance 
r2 Covar i ate 

I tem F at (F) Meaty (M} F v s  M L X covar i ate RSD Var i ab l e  S i gn i f i cance 

No .  of  an ima l s 1 2  1 2  
C arcass  s i de we i ght 1 4 . 9  1 5 . 0  NS NS  0 . 99 0 . 2  cw *** 
Shou l der we i ght 6 . 1 1  6 . 29 * NS 0 . 90 0 . 1 7  SW *** 
R ac k  wefght 1 .  48 1 .  39 * ** 0 . 88 0 . 08 SW *** 
L o i n  we i ght  2 . 44 2 . 2 7 ** NS 0 . 9 1 0 . 1 2  SW *** 
Leg we i ght 4 . 89 4 . 92 NS NS 0 . 89 0 . 1 5  SW *** 
S i de components : 

Mu sc l e  we i ght  7 . 82 8 . 58 *** NS  0 . 88 0 . 26 SW *** 
Fat we i ght  4 . 89 3 .  77  *** NS  0 . 92 0 . 29 SW *** 
SCF we i g ht 2 . 88 2 . 00 *** NS  0 . 9 1 0 . 22 SW *** 
I MF we i ght  2 . 02 1 . 76  ** NS 0. 77 0 . 1 7  SW *** 
Bone wei g ht 1 .  95  2 . 22 *** s 0 . 81 0 . 03 SW *** 
Scrap we i g ht 0 . 1 95 0 . 201 NS NS  0 . 06 0 . 031  SW  NS 
Musc l e : bone rat i o  4 . 0 1 3 . 86 * NS  0 . 46 0 . 1 8  SW * 
Musc l e : fat rat i o 1 .  6 1  2 . 3 1 *** NS 0 . 80 0 . 22 SW *** 
SCF : I MF r at i o  1 .  43 1 . 1 3  *** NS 0 . 62 0 . 1 4  SW * 

For defi n i t i ons  of abbrev i at i ons  see Tab l e  4 - 1 . 
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Table 4-1 5 .  Least squares means for the dissect ible components o f  the side o f  Southdown rams of  Experiment 6 expressed as weights ( kg )  and as 

ratios for two selection lines ( fat and meaty ) and two pastures (White clover and Lotus ) . 

Selection line 

I tem Fat ( F )  Meaty ( M )  

No . of  animals 1 2  1 2  

Carcass side weight 1 5 . 37 1 5 . 27 

Shoulder weight 6 . 4 3  6 . 5 1 

Rack weight 1 . 56 1 .  51 

Loin weight 2 . 58 2 . 51 

Leg weight 4 . 78 4 . 81 

Side com�onents : 

Muscle weight 7 . 96 B .  1 9  

Fat weight 5 . 37 5 . 00 

SCF weight 3 . 20 2 . 83 

IMF weight 2 . 1 7  2 . 1 7  

Bone weight 1 .  78 1 . 92 

Scrap weight 0 . 1 64 0 . 1 80 

Muscle : bone ratio 4 . 48 4 . 29 

Muscle : fat ratio 1 . 48 1 .  65 

SCF : IMF ratio 1 . 47 1 . 30 

For de finitions of abbreviations see Table 4-1 . 

Significance 

F vs M 

NS 

NS 
* 

NS 

NS 

* *  

* *  

* * *  

NS 
** 

NS 

NS 
*** 

* 

Pasture 

Clover (CL )  Lotus ( LO )  

1 2  1 2  

1 5 . 39 1 5 . 25 
6 . 46 6 . 48 

1 .  54 1 .  53 

2 . 57 2 . 55 

4 . 78 4 . 80 

7 . 99 8 . 1 5  

5 . 30 5 . 08 

3 . 09 2 . 98 

2 . 2 1 2 . 1 4  

1 . 8 1  1 . 89 

0 . 1 75 0 . 1 69 

4 . 44 4 . 33 

1 .  52 1 . 61 

1 .  41 1 .  37 

Signi ficance 

CL vs LO 

NS 

NS 

NS 

NS 

NS 

* 

* 

* 

NS 
* 

NS 

NS 
* 

NS 

2 r 

0 . 97 

0 . 94 

0 .  91 

0 . 82 

0 . 89 

0 . 91 

0 . 92 

0 . 89 

0 .  77 

0 . 63 

0 . 1 9  

0 . 36 

0 . 75 

0 . 40 

RSD 

0 . 28 

0 . 1 5  

0 . 06 

0 . 1 4  

0 . 1 8  

0 . 22 

0 . 24 

0 . 1 9  

0 . 1 7  

0 . 1 1  

0 . 030 

0 . 30 

0 . 1 3  

0 . 1 4  

Covariate 

Variable Signi ficance 

cw *** 

SW *** 

SW *** 

SW *** 

S�l *** 

SW *** 

SW *** 

SW *** 

SW *** 

SW ** 

SW NS 
SI� s 
SW *** 

SW NS 

-" 
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meaty l i ne .  The  meaty s i des  al so h ad s l i ght l y  heav i er l eg s  and l i ghter 

l o i n s than the fat s i de s . 

A l l ometr i c  growth coeffi c i ents  between s i de we i g ht and we i ghts  of 

the  four c ut s  are g i ven i n  Append i x  3 .  

4- 1 -4-2 D i s s ec t i on Data 

4- 1 -4-2 - 1  P hys i ca l  components of s i de s  

Mean we i g hts  of  th e mai n t i s s ue  components i n  t he  who l e  s i de for 

fat and meaty l i nes wi th i n  Exper iments  3 ,  5 and 6 are g i ve n  i n  Tab l es 

4- 1 3 ,  4 - 1 4 a nd 4- 1 5  and as proport i ons  of s i de we i ght for E xper iments 

5 and 6 i n  F i gu res 4-3 and 4-4 , respect i ve l y .  

A c l e ar i nd i c at i on  of the effect s of s e l ect i on on  body com

pos i t i on c an be obt a i ned by a compar i son  of fat , musc l e ,  and bone 

we i ghts at the s ame total s i de we i g ht ( s i de we i ght as a covari ate ) . 

Se l ect i on s i gn i f i cantl y affected we i ght of fat , mu s c l e ,  and bone . 

The d i fference  in  side carposition between the two l i nes  was  l arge l y  

accounted for by s i gn i f i cant l y  greater we i g hts 0f 0 . 63 ,  1 . 1 2  and 0 . 37 

k g  of tota l  f at ( s ubcu taneous p l u s  i ntermusc u l ar f at we i g hts ) i n  

E xper iments 3 ,  5 and 6 ,  respect i ve l y .  On a fat percent b as i s ,  s i de s  

from t he  fat l i n e  h ad 7 . 0% and 2 . 9% more total  fat t h a n  t ho se  from t h e  

meaty l i n e  i n  Exper i ments 5 and 6 ,  respect i ve l y  ( F i gures  4-3  a n d  4-4 ) .  

There were c l e ar d i fferences between the se l ect i on l i nes  for 

s ubcutaneou s  fat  we i ght , wi th 0 . 5 1 , 0 . 88 and 0 . 37 kg d i fferences  

between t he  two  l i ne s  for  the exper i ments  3 ,  5 and 6 .  However , there 

were smal l er d i fferences between the two l i nes for i ntermu s c u l ar fat 

we i ght ( 0 . 1 2  k g ,  0 . 2 6 k g  and 0 . 00 kg  for the three exper iment s ) .  One  

of the s t r i k i ng po i n ts  was  the s i m i l ar i ty i n  i ntermusc u l ar f at we i gh t  

i n  t he  s i de s  from the  meaty and f at l i nes ( Tab l e  4- 1 5 ) .  Th i s  i nd i 

c ated th at d i fferences i n  the phys i c a l  components between l i nes  h ad 

l i tt l e effect on  i ntermuscu l ar fat . Rat i os of s ubcutaneou s  fat to  

i ntermu scu l ar fat were h i gher i n  the fat  l i ne as expected from the  

d i fferences  between the l i nes for both depot s .  Compar i son  of l e ast  

squares means  for percent of  i ntramuscu l ar fat of  M .  l ongi s s i mu s  
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F i gure 4-3 . The propor t i on  of musc l e ,  subcutaneous fat ( SCF ) ,  i nter

muscu l ar fat ( IMF ) ,  bone ,  and scrap i n  the c arcass s i de ,  

sho ul der ,  rac k ,  l o i n ,  and l eg cuts for Southdown rams 

- wi th i n  two s e l ect i on l i nes ( fat [ F ]  and meaty [M] ) i n  

Experiment 5 .  V a l ues were corrected t o  the s ame cut 

wei ght for e ach  t i s sue .  
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F i gure 4-4 . The proport i on of musc l e ,  subcu taneous fat ( S CF ) , i nter

mu scul ar  fat  ( IMF ) ,  bone , and scrap i n  the carcass  s i de ,  

s hou l der , rack , l o i n ,  and l eg cuts  for Southdown rams 

w i th i n  two s e l ect i on l i nes ( fat  [F] and meaty [M] ) i n  

E xperiment  6 .  V a l ues were corrected to the s ame c u t  

we i ght f o r  each t i s sue .  

1 52 



1 53 

adj u sted t o  a constant  c arcass we i ght  reveal ed t hat the me aty l i ne had 

s i gn i fi c an t l y  ( P<0 . 01 ) l es s  i ntramu scu l ar f at than d i d  t he  fat l i ne 

( 4 . 35% v s  6 . 89% for Exper iment 5 ,  and 5 . 1 7% v s  7 . 2 1 %  for Experi ment 

6 ) .  

Carca s se s  from the meaty l i ne h ad a s i gn i f i cant l y  greater we i ght 

of mu s c l e i n  the s i de by 0 . 38 ,  0 . 76 and 0 . 2 3 kg i n  Exper i ments  3 ,  5 

and 6 ,  respect i ve l y .  On  a percent b as i s  ( F i gu res 4-3 and 4-4 ) mus c l e 

was al so  h i gher  i n  t h e  meaty l i ne .  The h i gher r at i o  of m u s c l e  to fat 

i n  the meaty l i ne was as expected from the total  fat and mu s c l e  

va l u es .  

D i fferences  between  l i nes  were c l ear and cons i stent  for bone 

we i ghts  ( Tab l e s 4-1 3 ,  4- 1 4  and 4-1 5 ) ,  wi th the  l eaner s i de s  hav i ng 

0 . 22 ,  0 . 27 and 0 . 1 4  k g  more bone  for the three exper i ments . Bone 

percent i n  Exper iments  5 and  6 was s i gn i fi cant l y  l ower i n  the fat l i ne  

than  the  meaty l i n e .  S i des  from the  fat  l i n e  had s l i g ht l y  h i gher 

musc l e  t o  bone  rat i o s  th an d i d  t he  s i de s  from the  meaty l i ne .  

A l l ometr i c  growth coeffi c i ents  between s i de we i ght and wei ghts of 

musc l e ,  f at , a nd bone  are g i ven i n  Append i x  3 .  A l though  not  s i gn i f i 

c antl y d i fferent  from 1 . 0 ,  t h e  re l a t i v e  s i ze o f  the coeffi c i ents  for 

the three ma i n t i s s ues  were con s i stent  acros s  exper iment s .  

4-1 -4- 2 - 2  P hys i c al components o f  t h e  cuts  

A l l the  cuts  from the l eft  s i de of  each c arcas s were d i s sected 

i nto fat , mu sc l e , and bone . The l east  squares means of t h e  components 

expres sed both as  we i ghts  and  percen t s ,  are g i ven  i n  Tab l es 4- 1 6  to  4-

2 2  and F i gures  4-3  and 4-4 for Exper i ments 3 ,  4 ,  5 and 6 ,  

respect i ve l y .  

O n  an  adj u sted we i g ht bas i s ,  the  se l ec t i on l i nes  d i ffered s i gn i 

fi c ant l y i n  we i ghts  of total  fat , s ubcutaneous fat , and i ntermuscu l ar 

fat i n  a l l c u t s  wi th  these  d i fferences be i ng more h i gh l y  s i gn i fi c ant  

for  s ubcutaneous  fat th an for i ntermuscu l ar fat except for  the  l eg cut  

i n  Exper i ment  6 .  On a percent  b as i s ,  F i gures 4-3 and  4-4 show that 

total  fat  and subcutaneous fat were s i gn i fi cant l y  d i fferent between 

the two l i ne s  i n  a l l cu t s ,  b u t  th at  d i fferences were not  s i gn i fi cant  

for  i ntermu s cu l ar f at .  Al l c uts  from the  fat  l i ne h ad h i g her 



Table 4-1 6 .  Least squares means for the dissectible components o f  the fore-quarter ( FQW) and hind-quarter ( HQW) cuts 
of Southdown rams in Experiment 3 expressed as weights ( kg)  and as ratios for two selection lines ( fat 
and meaty ) .  

Selection line ( L )  Signi ficance 
r2 Covariate 

I tem Fat (F) Meaty (M) F vs M L X cova riate RSD Variable Significance 

No .  of animals 1 2  1 8  

Fore-guarter : 

Total weight 7 . 62 7 . 67 NS NS 0 . 89 0 . 1 6  SW *** 
Muscle weight 4 . 1 9  4 . 36 * *  s 0 . 71 0 . 1 5  FQW *** 
Fat weight 2 . 25 1 .  94 * * *  NS 0 . 62 0 . 1 9  FQW *** 

SCF weight 1 . 07 0 . 84 *** NS 0 . 62 0 . 1 2  FQW ** 
IMF weight 1 . 1 8  1 . 1 0  s 1\JS 0 . 46 0 . 1 1  FQW * 

Bone weight 1 . 09 1 . 1 9 * *  NS 0 . 50 0 . 09 FQW *** 
Scrap weight ( g )  89 . 3 99 . 9  NS NS 0 . 23 23 . 1 FQW NS 
Muscle : bone ratio 3 . 88 3 . 70 NS NS 0 . 1 1  0 . 30 FQW NS 
Muscle : fat ratio 1 . 87 2 . 30 *** s 0 . 51 0 . 26 FQW NS 
SCF : IMF ratio D. 91 0 . 76 *** NS 0 . 37 0 . 1 0  FQW NS 

H ind-guarter : 

Total weight 6 . 35 6 . 28 NS NS 0 . 88 0 . 1 6  SQ *** 

Muscle weight 3 . 79 4 .  01 * * *  NS 0 . 80 0 . 1 3  HQW *** 
Fat weight 1 .  72 1 . 40 *** NS 0 . 67 0 . 1 6  HQW *** 
SCF weight 1 . 26 1 . 00 *** NS 0 . 67 0 . 1 3  HQW *** 
IMF weight 0 . 458 0 . 403 * *  NS 0 . 38 0 . 052 HQW * 

Bone weight 0 . 61 3  0 . 688 *** NS 0 . 75 0 . 033 HQW *** 
Scrap weight ( g )  1 06 . 0  1 1 0 . 0  NS NS 0 . 42 2 . 49 HQW *** 
Muscle: bone ratio 6 . 1 9  5 . 85 * s 0 . 31 0 . 37 HQW NS 
Muscle: fat ratio 2 . 22 2 . 95 *** NS 0 . 48 0 . 44 HQW NS 
SCF :  IMF ratio 2.  77 2 . 49 * NS 0 . 23 0 . 36 HQW s 

For definitions of abbreviations see Table 4-1 . 
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Tab l e  4 - 1 7 .  Least squ ares means  for the d i s s ect i b l e  components  of the rack cut  of Southdown rams of Exper i ment 3 

expressed as  we i ghts  ( k g )  and as rat i os for two se l ect i on l i nes  ( f at and meaty) . 

Se l ect i on l i ne ( L )  S ign i f i c ance Covar i ate 

I tem F at ( F )  Meaty ( M ) F v s  M L X covari ate r2 RSD Vari abl e S i g n i f i cance 

N o .  of an i ma l s 1 2  1 8  

Rack  cut : 

Total  we i ght 1 .  43 1 . 3 5  * s 0 . 55 0 . 09 SW *** 

Musc l e  we i ght 0 . 624  0 . 680 ** NS 0 . 52 0 . 045 RW *** 

Fat  we i ght 0 . 534 0 . 453  *** NS 0 . 76 0 . 052 RW *** 

SCF we i ght 0 . 350 0 . 285 * * *  NS 0. 72 0 . 04 RW *** 

I MF we i ght 0 . 1 84 0 . 1 68 NS NS 0. 51  0 . 027 RW *** 

Bone wei ght 0 . 204 0 . 224 ** NS 0 . 36 0 . 01 7  RW s 
Musc l e : bone r at i o  3 . 05 3 . 05 NS NS 0 . 07 0 . 2 7 RW NS 

Mu sc l e : fat rat i o  1 . 1 7  1 .  58 *** NS 0 . 57 0 . 29 RW ** 

SCF : I MF r at i o 1 .  92 1 . 73 NS NS 0 . 1 5  0 . 33 RW NS 

F or defi n i t i on s  of abbrev i at i on s  see Tab l e  4 - 1 . 
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Tab l e  4- 1 8 . Least  squ ares means for the  d i s sect i b l e  components of the rack cut of Southdown rams of Exper i ment 4 

expre s sed as  we i ghts  ( k g }  and as r at i o s  for two se l ect i on l i ne s  ( fat and meaty ) . 

Se l ect i on l i ne  ( L )  S i gn i f i c ance Covar i ate 

I tem F at ( F )  Meaty ( M )  F v s  M L X covari ate r2 RSD V ar i ab l e  S i g n i f i cance 

N o .  of a n i ma l s 1 0  8 

R ac k  cut : 

Tota l  wei ght 1 . 49  1 .  40  * *  NS 0 . 74 0 . 05 cw *** 

Musc l e  we i g ht 0 . 630 0 . 686 *** NS 0 . 83 0 . 027 RW *** 

F at wei g ht 0 . 685 0 . 525  *** NS 0 . 93 0 . 033 RW *** 

SCF we i g ht 0 . 459  0 . 340 *** NS  0 . 86 0 . 032 RW * ** 

I MF we i ght 0 . 225  0 . 1 85 * ** NS 0 . 87 0 . 01 6  RW *** 

Bone we i ght  0 . 1 7 1 0 . 1 83 ** NS 0 . 42 0 . 01 5 RW ** 

Scrap ( g )  4 . 0  6 . 0  NS NS 0 . 1 5  1 . 1 RW NS 

Musc l e : bone rat i o  3 . 7 1 3 . 74 NS NS 0 . 1 5  0 . 35 RW NS 

Musc l e : fat rat i o  0 . 88 1 . 30 *** NS  0 . 83 0 . 1 3  RW *** 

SCF : I MF r at i o  2 . 06 1 .  84 s NS 0 . 1 3  0 . 26 RW NS 

F or defi n i t i on s  of abbrev i at i ons  s ee Tab l e  4 - 1 . 
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Table 4-1 9 .  Least squares means for the dissectible components of the shoul der and rack cuts o f  Southdown rams o f  
Experiment 5 expressed as weights ( kg) and a s  ratios for two selection lines ( fat  and meaty) . 

Selection line ( L )  Signi ficance 2 Covariate 
I tem Fat (F) Meaty (M} F vs M L X covariate r RSD Variable Significance 

No. of animals 1 2  1 2  

Shoulder cut: 

Total weight 6 . 1 1  6 . 29 * NS D . 9D D . 1 7  SW *** 
Muscle weight 3 . 1 9  3 . 58 *** NS D . 89 D . 1 0  SHW *** 
Fat weight 1 .  97 1 . 57 *** NS D. 91 D . 1 D  SHW *** 
SCF weight D .  791 D . 544 *** NS D . 9D D . D57 SHW *** 

IMF weight 1 . 1 8 1 .  D2 * *  NS o. 72 0 . 1 0  SHW ** 

Bone weight D . 874 D . 973 *** s D . 84 0 . 035 SHW *** 
Scrap weight ( g) 94 . 8  1 01 . 0 NS NS 0 . 1 4  1 3  SHW NS 
Muscle : bone ratio 3 .  72 3 . 64 NS NS 0 . 36 0 . 1 8  SHW NS 
Muscle : fat  ratio 1 . 66 2 . 28 *** s 0 . 84 0 . 1 5  SHW ** 
SCF : IMF ratio 0 . 67 0 . 54 *** NS 0 . 53 0 . 08 SHW NS 

Rack cut: 

Total weight 1 . 48 1 . 39 * * *  0 . 88 0 . 08 SW *** 
Muscle weight 0 . 606 0 . 697 *** NS 0 . 74 O . D43 RW * * *  
Fat weight 0 . 620 0 . 485 *** NS 0 . 95 D . 040 RW *** 
SCF weight 0 . 398 0 . 297 *** NS 0 . 88 0 . 042 RW *** 
IMF weight 0 . 222 0 . 1 87 *** s 0 . 900 0 . 020 RW *** 
Bone weight 0 . 1 86 0 . 23D *** NS 0 . 74 0 . 070 RW *** 
Scrap weight ( g) 9 . 2  8. 5 NS NS 0 . 1 2  2 . 3  RW NS 
Muscle: bone ratio 3 . 27 3 . 06 s NS 0 . 1 9  0 . 25 RW NS 
Muscle: fat ratio 0 . 99 1 . 48 *** NS 0 . 76 0 . 20 RW *** 
SCF :  IMF ratio 1 .  81 1 . 58 s NS 0 . 24 0 . 26 RW *** 

For definitions of abbreviations see Table 4-1 . 
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Table 4-20. Least squares means for the dissectible components of the loin and leg cuts of Southdown rams of 
Experiment 5 expressed as weights ( kg) and as ratios for two selecti on lines ( fat and meaty) . 

Selection l ine ( L )  Siani ficance 2 Covariate 
I tem Fat (F) Meaty (M) F vs M L X covariate r RSD Variable Significance 

No.  of animals 1 2  1 2  

Loin cut : 
Total weight 2 . 44 2 . 27 ** NS o .  91 0 . 1 2  SW *** 
Muscle weight 1 . 23 1 . 41 *** NS 0 . 77 0 . 08 LW *** 
Fat weight 0. 91 7 0 . 681 *** NS 0 . 94 0 . 074 LW *** 
SCF weight 0 . 648 0 . 470 *** NS 0 . 94 0 . 055 LW *** 
IMF weight 0 . 270 0 . 21 1 ** NS 0 . 79 0 . 038 LW *** 
Bone weight 0 . 1 65 0 . 1 89 *** NS 0 . 69 0 . 01 1  LW *** 
Scrap weight ( g )  23 . 1 23 . 9  NS NS 0 . 05 0 . 8  LW NS 
Muscle: bone ratio 7 . 51 7 . 40 NS NS 0 . 27 0 . 42 LW s 
Muscle: fat  ratio 1 .  37 2 . 1 3  *** NS 0 . 79 0 . 29 LW *** 
SCF : IMF ratio 2 . 42 2 . 24 NS NS 0 . 22 0 . 36 LW s 

Leg cut : 
Total weight 4 . 89 4 . 92 NS NS 0 . 89 0 . 1 5  SW *** 
Muscle weight 2 . 76 2 . 95 ** NS 0 . 85 0 . 1 1  LGW *** 
Fat weight 1 . 35 1 .  05 *** NS 0 . 79 0 . 1 2  LGW *** 
SCF weight 1 .  01 0 . 74 *** NS 0 . 82 0 . 09 LGW ** 
IMF weight 0 . 340 0 . 31 0  NS NS 0 . 45 0 . 063 LGW ** 
Bone weight 0 . 731 0 . 838 *** NS 0 . 66 0 . 054 LGW ** 
Scrap weight ( g )  66. 6 76. 9 NS NS 0 . 1 2  2 . 0  LGW NS 
Muscle: bone ratio 3 . 79 3 . 53 s NS 0 . 20 0 . 35 LGW NS 
Muscle: fa t  ratio 2 . 06 2 . 89 ** NS 0 . 56 0 . 43 LGW NS 
SCF : IMF ratio 3 . 1 1  2 . 41 * *  NS 0 . 42 0 . 53 LGW NS 

For de finitions of abbreviations see Table 4-1 . 
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Table 4-2 1 . Least squares means for the dissectible components of  the shoulder and rack cuts of Southdown rams of Experiment 6 expressed 
as weights ( kg )  and as ratios for two selection lines ( fat and meaty ) and two pastures ( White clover and Lotus) . 

Selection line Signi ficance Pasture Signi ficance 2 Covariate 
Item Fat (F) Meaty (M ) F vs M Clover (CL) Lotus (LO) CL vs LO r RSD Variable Significance 

No .  of animals 1 2  1 2  1 2  1 2  

Shoulder cut : 
Total weight 6 . 43 6 .  51 NS 6 . 46 6 . 48 NS 0 . 94 0 . 1 5  SW *** 
Muscle weight 3 . 32 3 . 35 NS 3 . 30 3 . 37 * 0 . 89 0 . 094 SHW *** 
Fat weight 2 . 1 3  1 .  99 * 2 . 1 2  2 . 00 s 0 . 78 0 . 1 64 SHW *** 
SCF weight 0 . 851 0 . 738 *** 0 . 840 0 . 748 ** 0 . 83 0 . 072 SHW *** 
IMF weight 1 .  27  1 .  25 NS 1 .  27 1 . 25  NS  0 . 59 0 . 1 32 SHW *** 
Bone weight 0 . 890 0 . 960 ** 0 . 894 0 . 956 * 0 . 65 0 . 056 SHW ** 
Scrap weight ( g )  84 . 5  96 . 7  NS 92 . 1  89 . 1  NS 0 . 23 2 5 . 6  SHW NS 
Muscle: bone ratio 3 . 75 3 . 49 * 3 . 70 3 . 54 NS 0 . 46 0 . 254 SHW NS 
Muscle : fat ratio 1 . 57  1 . 70 * 1 . 58 1 . 69 * 0 . 60 0 . 1 81 SHW * 
SCF :  IMF ratio 0 . 668 0 . 594 * 0 . 664 0 . 598 s 0 . 48 0 . 077 SHW NS 

Rack cut : 
Total weight 1 . 56 1 .  5 1  * 1 .  54 1 .  53 NS 0 . 91 0 . 06 SW *** 
Muscle weight 0 . 626 0 . 657  ** 0 . 630 0 . 652 s 0 . 78 0 . 029 RW *** 
Fat weight 0 . 704 0 . 652 ** 0 . 705 0 . 643 ** 0 . 95 0 . 035 RW *** 
SCF weight 0 . 467 0 . 42 1  ** 0 . 466 0 . 423 * 0 . 90 0 . 034 RW *** 
IMF weight 0 . 237 0 . 23 1  N S  0 . 239 0 . 229 NS 0 . 90 0 . 01 7  RW *** 
Bone weight 0 . 202 0 .  2 1 1 NS 0 . 201  0 . 2 1 2  NS 0 . 29 0 . 01 3  RW NS 
Scrap weight ( g )  5 . 49 5 . 42 NS 5 . 55 5 . 35 NS 0 . 22 2 . 30 RW NS 
Muscle : bone ratio 3 . 1 1  3 . 1 2  NS 3 . 1 4  3 . 09 NS 0 . 46 0 . 2 1 RW ** 
Muscle: fat ratio 0 . 889 1 .  01  * *  0 . 894 1 .  01 s 0 . 83 0 . 09 RW *** 
SCF : IMF ratio 1 .  97 1 .  55 * 1 .  95 1 . 8 5  s 0 . 37 0 . 23 RW NS  

For definitions o f  abbreviations see Table 4-1 . 
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Table 4-2 2 .  Least squares means for the dissectible components of  the loin and l eg cuts of  Southdown rams of  Experiment 6 expressed as weights ( kg)  
and as ratios for two selection lines ( fat  and meaty ) and two pastures ( WhiLe clover and Lotus ) . 

Selection line Signi ficance Pasture Signi ficance 2 Covariate 
Item Fat (F) Meaty (M) F vs M Clover (CL) Lotus (LO ) CL vs LO  r RSD Variable Signi ficance 

No .  of animal s 1 2  1 2  1 2  1 2  

Loin cut: 
Total weight 2 . 58 2 . 51 NS 2 . 57 2 . 55 NS 0 . 82 0 . 1 4  SW *** 
Muscle weight 1 .  26  1 . 37 *** 1 .  29 1 .  34 * D . 87 D . 055 LW *** 
Fat weight 1 . 1 2  D . 978 *** 1 . 08 1 .  02 * 0 . 92 0 . 063 Ll� *** 
SCF weight D . 81 3 D . 681  *** 0 . 764 0 . 730 NS 0 . 91 0 . 049 LW *** 
IMF weight 0 . 3D4 D . 297 NS 0 . 3 1 4  D . 287 NS 0 . 67 O . D48 L\� *** 
Bone weight 0 . 1 65 D . 1 87 *** D . 1 71 D . 1  81 NS 0 . 60 D . 01 3  LW s 
Scrap weight ( g )  2 5 . 7  2 7 . 6  NS 2 7 . 6  2 5 . 6  NS 0 . 25 6 . 7  LW NS 
Muscle: bone ratio 7 . 96 7 . 33 NS 7 . 6 1 7 . 41 NS 0 . 41 0 . 59 LW * 
Muscle: fat ratio 1 . 3D 1 .  43 *** 1 .  22 1 .  34 * 0 . 82 0 . 1 29 LW *** 
SCF : IMF ratio 2 . 69 2 . 39 NS 2 . 49 2 . 59 NS 0 . 1 9  D . 537 LW NS 

Leq cut : 
Total weight 4 . 78 4 . 81 NS 4 . 78 4 . 8D NS D . 89 D . 1 8  SW *** 
Muscle weight 2 . 8D 2 . 86 NS 2 . 8D 2 . 85 NS D . 89 D . 1 1 5  LGW *** 
Fat weight 1 . 38 1 . 27  s 1 . 34 1 .  3 1  NS D . 65 D . 1 34 LGW *** 
SCF weight 1 . D3 D . 93D s D . 994 D . 969 NS D . 64 D .  1 1 7  LGW *** 
IMF weight 0 . 348 0 . 343 NS 0 . 349 0 . 342 NS 0 . 29 0 . 042 LGW * 
Bone weight 0 . 533 0 . 562 NS 0 . 546 D . 549 NS D . 47 D . D55 LGW ** 
Scrap weight ( g ) 50 . 9  49 . 4  NS 5 3 . D  I 47 . 3  NS D . D9 1 6 . 7  LGW · NS 
Muscle : bone ratio 5 . 27 5 . 1 5  NS 5. 1 9  5 . 2 3 NS D . 35 D . 52 LGW NS 
Muscle:  fat ratio 2 . 03 2 . 28 s 2 . 1 1  2 . 20 NS D . 27 D .  31 D LGW NS 
SCF: IMF ratio 3 . D1 2 . 7D NS 2 . 87 2 . 84 NS D .  31 D . 439 LGW s 

For definitions of abbreviations see Table 4-1 . 
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1 6 1  

s ubc u t aneous  fat t o  i n termuscu l ar fat r at i os th an those  from the  meaty 

l i ne .  

T h e  h i gh fat content o n  a n  adj u s ted we i g ht b as i s  was refl ected i n  

the we i ght s  of  musc l e  and bone ,  wh i ch were l ower i n  a l l c uts  from the 

fat l i ne .  These  d i fferences  between the l i nes  for the  ma i n  components 

were a l s o  ref l ected in  the  rat i os of the  components . Cuts from the 

fat l i ne h ad s l i ght l y  h i gher musc l e  to  bone rat i o ,  but  s i gn i f i cant l y 

l ower musc l e  t o  fat rat i o  t han  t he  meaty l i ne .  

The a l l ometr i c  growth coeffi c i ents  between each  c u t  we i ght  and 

i ts t i s s u e  we i ghts  ( Append i x  3 )  revea l ed few s i gn i fi c an t  resu l t s for 

the rack and l o i n  cuts . 

4- 1 - 5 PARTIT I ON I NG OF FAT AMONG THE DEPOTS 

L i ne effects on fat part i t i on i ng at the s ame tota l  s i de fat 

we i ght  are g i ven  i n  Tab l es 4-2 3 ,  4-24  and 4-2 5 for Exper i ments 3 ,  5 

and 6 ,  respect i ve l y . Carcas s  s i de s  from the fat l i ne h ad more s ub

c utaneous  fat , more i ntramu s c u l ar fat i n  M. l ongi s s i mu s  and l es s  

i ntermu s c u l ar fat a t  the s ame tota l  s i de fat than those  from t h e  meaty 

l i ne .  

There was l i tt l e d i fference i n  the parti t i on i ng of the  non

carcass  fat depots in  the body of the an i ma l s of the  two l i ne s  

re l a t i ve  t o  tota l  s i de fat ,  w i th  n o  s i gn i fi c ant  d i fferences between 

the two l i ne s .  The a l l ometr i c  g rowth coeffi c i ents  for the fat depots 

re l at i ve t o  t ota l  s i de fat are presented i n  Append i x  2 .  The b v a l u e s  

for omenta l , k i dney, s ubcutaneou s ,  and i ntermu scu l ar f at  depots were 

not s i gn i fi ca nt l y  d i fferent from 1 . 0 ,  whereas mes enter i c  fat was 

s i gn i f i c ant l y l es s  th an 1 . 0 .  

4- 1 - 6 WE IGHT D I STR I BUT ION W I TH I N  SUBCUTANEOUS AND I NTERMUSCULAR FAT 

DEPOTS 

4- 1 - 6 - 1  F orequarter and H i ndquarter Fat D i s tri b u t i o n  ( Exper i ment  3 )  

S u bc utaneou s  fat d i s tr i b ut i on between the  forequarter and 

h i nd q u arter reg i on s  was s i mi l ar i n  the two l i nes  ( Tab l e  4-23 ) ,  when  



Table 4-23 .  Least squares means for measures o f  fat distribution ( kg )  within total side fat ( TSF ) of  Southdown 
rams of Experiment 3 from two selection lines ( fat and meaty ) .  

Carcass Selection line ( L )  Signi ficance 2 Covariate 
or cut Fat depot Fat (F) Meaty (M) F vs M L X cova riate r RSD Variable Signi fi cance 

Carcass 
Omental fat weight 0 . 930 0 . 965 NS NS 0 . 65 0 . 1 4 TSF *** 
Kidney fat weight 0 . 692 0 . 687 NS NS 0 . 20 0 . 1 6  TSF * 

Side 
SCF weight 2 . 05 1 . 99  * NS 0 . 95 0 . 09 TSF *** 
IMF weight 1 .  54 1 .  6 1  * NS 0 . 80 0 . 09 TSF *** 

Forequarter 
Fat weight 2 . 06 2 . 1 0 * NS 0 . 96 0 . 06 TSF *** 
SCF weight 0 . 944 0 . 91 9  NS NS 0 . 88 0 . 07 TSF *** 
IMF weight 1 . 1 2  1 .  1 8  ** NS 0 . 76 0 . 07 TSF *** 

Hindquarter 
Fat weight 1 . 54 1 . 50 * NS 0 . 95 0 . 06 TSF *** 
SCF weight 1 • 1 1  1 . 08 s NS 0 . 90 0 . 07 TSF *** 
IMF weight 0 . 427 0 . 425 NS NS 0 . 66 0 . 04 TSF *** 

Rack 
Fat weight 0 . 483 0 . 472 NS NS 0 . 83 0 . 05 TSF *** 
SCF weight 0 . 3 1 2  0 . 295 NS NS 0. 71 0 . 04 TSF *** 
IMF weight 0 . 1 71 0 . 1 77 NS NS 0 . 74 0 . 02 TSF ** 

For definitions of abbreviations see Table 4-1 . 
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Table 4-24 . Least squares means for measures of fat distribution ( kg)  within total side fat ( TSF ) o f  Southdown 

rams of Experiment 5 from two selection lines ( fat and meaty ) .  

Carcass Selection line ( L )  Significance Covariate 
or cut Fat depot Fat ( F )  Meaty ( M )  F v s  M L X cova riate 2 RSD Variable Significance r 

, C arcass 
Omental fat weight 0 . 98 1 .  02 NS NS o .  71 0 . 20 TSF *** 
K idney fat weight 0 . 637 0 . 655 NS NS 0 . 75 0 . 1 45 TSF *** 

Side 
SCF weight 2 . 54 2 . 33 * NS 0 . 97 0 . 1 3  TSF *** 
IMF weight 1 . 79 1 . 98 * NS 0 . 87 0 . 1 3  TSF *** 

Shoulder 
Fat weight 1 .  74 1 . 79 NS NS 0 . 92 0 . 1 0  TSF *** 
SCF weight 0 . 680 0 . 61 4  NS NS 0 . 89 0 . 061 TSF *** 
IMF weight 1 .  05 1 . 1 5  s NS 0 . 75 0 . 09 TSF *** 

Rack 
Fat weight 0 . 570 0 . 570 NS NS 0 . 93 0 . 046 TSF *** 
SCF weight 0 . 366 0 . 358 NS NS 0 . 90 0 . 038 TSF * * *  
IMF weight 0 . 205 0 . 2 1 3  NS NS 0 . 81 0 . 027  TSF * * *  
I ntramuscular fat8 

weight ( g )  24 . 7  1 7  . . 0 ·* NS 0 . 59 5 . 6  TSF *** 

Loin 
Fat weight 0 . 81 6  0 . 785 NS NS 0 . 67 0 . 01 2  TSF *** 
SCF weight 0 . 578 0 . 544 NS NS 0 . 93 0 . 058 TSF *** 
IMF weight 0 . 238 0 . 241 NS NS 0 . 86 0 . 031  TSF *** 

Leg 
Fat weight 1 .  2 1  1 .  2 1  NS  NS  0 . 89 0 . 09 TSF *** 

SCF weight 0 . 91 6  0 . 855 NS NS 0 . 90 0 . 070 TSF *** 
IMF weight 0 . 292 0 . 356 s NS 0 . 49 0 . 061 TSF ** 

For de finitions of abbrevi ations see Table 4-1 . 
a I ntramuscular fat for � longissimus from the rack cut .  
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Table 4-25.  Least squares means for measures of fat distributi on ( kg)  within total side fat ( TSF ) of Southdown rams of Experiment 6 for  two 
selection l ines ( fat and meaty) and two pastures (White clover and Lotus ) . 

Carcass 
or  cut 

Carcass 

Side 

Shoulde r  

Rack 

Loin 

Leg 

Selection line 
Fat depot Fat (FJ 

Omental fat weight 1 .  32 
K idney· fat weight 0 . 982 
Mesenteric fat weight 0 . 523 

SCF weight 3 . 01 
IMF weight 2 . 09 

Fat weight 2 . 03 
SCF weight 0 . 797 
IMF weight 1 . 23 

Fat weight 0 . 69 
SCF weight 0 . 454 
IMF weight 0 . 235 
I ntramuscular fata (g) 27 . 1 

Fat weight 1 . 07 
SCF weight 0 . 782 
IMF weight 0 . 287 

Fat weight 1 . 33  
SCF weight D .  981 
IMF weight 0 . 344 

Meaty (M) 

1 . 34 
0 . 972 
0 . 5 1 9  

2 . 87 
2 . 1 8  

2 . 1 0  
0 . 786 
1 .  31 

0 . 64 
0 . 420 
0 . 223  

1 8 . 9  

0 . 989 
0 . 688 
0 . 301 

1 . 33 
0 . 980 
0. 352 

For definitions of abbreviations see Table 4-1 . 

Signi ficance 
F vs M 

NS 
NS 
NS 

* 
s 

NS 
NS 
NS 

NS 
s 

NS 
**!' 

** 
*** 

NS 

NS 
NS 
NS 

a Intramuscular fat weight for � lonqissimus from the rack cut.  

Pasture S igni ficance 2 Covariate 
Clover (CL) Lotus (LO ) CL VS LO r -.RSD Variable Signi ficance 

1 . 33 1 .  33 NS 0 . 57 0 . 21 9  TSF *** 
0 . 91 0  1 .  04 NS 0 . 56 0 . 244 TSF ** 
0 . 535 0 . 504 NS 0 . 48 0 . 071 TSF ** 

2 . 95 2 . 93 NS 0 . 95 0 . 1 35 TSF *** 
2 . 1 5  2 . 1 3  NS 0 . 84 0 . 1 37 TSF *** 

2 . 1 0 2 . 03 NS 0 . 89 0 . 1 1 4 TSF *** 
0 . 823  0 . 761 s 0 . 87 0 . 067 TSF *** 
1 . 27 1 . 27 NS 0 . 67 0 . 1 1 5  TSF *** 

0. 69 0 . 64 NS 0 . 93 0 . 040 TSF *** 
0 . 452 0 . 421  s 0 . 89 0 . 034 TSF *** 
0 . 237 0 . 220 NS 0 . 85 0 . 021  TSF *** 

23. 1 2 2 . 9 NS 0 . 90 2 . 00 TSF *flf� 

1 . 03 1 .  02 NS 0 . 92 0 . 063 TSF *** 
0 . 735 o. 735 NS 0 . 90 0 . 053 TSF *** 
0. 299 0 . 289 NS 0 . 70 0 . 045 TSF *** 

1 . 29 1 . 37 NS 0 . 84 0 . 089 TSF *** 
0 . 944 1 . 02 NS 0 . 80 0 . 087 TSF *** 
0. 344 0 . 352 NS 0 . 43 0 . 037 TSF ** 

-' 
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comp ared at  t he  s ame tota l  s i de fat . At 3 . 60 kg  tota l  s i de fat , 

i ntermu scu l ar fat i n  th e forequ arter was s i gn i f i cant l y  l ower i n  

f at l i n e  ( 1 . 1 2 k g )  th an i n  the meaty l i ne ( 1 . 1 8  kg ) .  At the 

the  

the 

s ame 

tota l  s i de fat , the fat l i ne  had more s u bcutaneou s  fat and l es s  

i ntermu scu l ar fat . T he  meaty l i ne h ad a s i gn i f i cant l y  h i gher 

proport i on of  i t s total  f at ( s ubcutaneous  fat , p l u s  i ntermuscu l ar fat ) 

i n  the  forequ arter .  

4- 1 - 6 - 2  D i s tr i b ut i on  of  S ubcutaneous F at ( Exper i ments 5 and 6 )  

S ub cu t aneou s fat , e i th er after ad j u stment for total  s i de fat 

we i g ht ( Tab l es  4- 24  and 4- 2 5 )  or as a percent of the total fat i n  the  

s i de ( F i g u re s  4- 5 and  4-6 ) ,  was genera l l y  h i g her i n  th e fat  l i ne ,  b ut  

th i s  was  s i gn i f i cant on l y for the  who l e  s i de i n  Exper i ment 5 and  i n  

t he  s i de and l o i n  i n  Exper iment 6 .  The a l l ometr i c  growth coeffi c i ents 

for s ubcu taneous  fat from these  cuts are g i ven i n  Append i x  2 .  The b 

v a l u e  for s ubcutaneous fat re l a t i ve to  total  fat from the  r ack  cut  i n  

Exper i ment  5 was s i gn i f i c an t l y  h i gher t h an 1 . 0 ,  b ut  the  b v a l ues  for 

s ubcutaneous  fat from the other cuts d i d  not d i ffer s i gn i f i cant l y  from 

1 .  0 .  

4- 1 -6 -3  Di s tr i b ut i on of I ntermuscu l ar Fat ( E xper i ments  5 and  6 )  

The  d i s t r i b ut i on  o f  i ntermuscu l ar fat between the  four an atomi ca l  

c u t s  i n  Exper iments 

F i g ure s  4-5 a nd 4- 6 ,  

5 and 6 are g i ven i n  Tab l es 4-24  and 4- 25  and 

respect i ve l y .  The fat l i ne h ad s l i gh t l y  l ower 

i ntermu s cu l ar f at rel at i ve to total s i de f at for a l l c uts , b ut  these 

d i fferences were n ot s i gn i f i cant . One i nterest i ng feature of these 

res u l t s  i s  t he  c l ose  s im i l ar i ty between the two l i ne s  for i ntramus

c u l ar fat we i g ht i n  t he  M .  l ongi s s i mu s  a t  con stant  total  s i de fat 

we i ght . The l eg was the o n l y cut where the v a l ue  of the al l ometr i c  

growth coeffi c i ent ( b )  for i ntermuscu l ar fat was s i gn i f i c ant l y  l es s  

t h an 1 . 0 for the  two l i ne s  ( Append i x  2 ) .  

4- 1 - 7 D I STR I BUT I ON OF MUSCLE 

Least s q u ares means for th e we i g ht of musc l e  between the  v ar i ous  

c uts , b etween  musc l e  groups and  between i nd i v i du a l  musc l es at the s ame 

tota l  s i de musc l e  we i g ht are  g i ven i n  T ab l es 4- 26 ,  4 -27  and  4- 28 for 

1 6 5  
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I M F  

F i gure  4 - 5 . The proport i on o f  musc l e , fat , bone , s ubcu t aneous  ( SCF ) , 

and i ntermuscu l ar fat ( I MF ) i n  the s ho u l der , r ac k , l o i n ,  

and l eg cuts  expressed as  percentage s of the  tota l  s i de 

components for Southdown rams wi th i n  two s e l ect i on l i ne s  

( fat [ F ]  and meaty [M] ) i n  Exper iment 5 .  
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F i gure 4-6 . Th e proporti on of mu sc l e ,  fat , bone, s ubcu taneou s  ( SCF ) ,  

and  i n termuscu l a r fat ( I MF ) i n  the shou l der , rac k , l o i n ,  

and l eg cuts expressed a s  percentages of the tota l  s i de 

c omponents for Southdown rams w i th i n  two se l ect i on l i nes 

( f at [ F ]  and me aty [M] ) i n  Exper iment 6 .  
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Exper iments 3 ,  5 and 6 ,  respect i ve l y . For Experi ment 5 ,  rams from t h e  

f a t  l i ne h ad s i gn i f i cant l y  l es s  musc l e  i n  the  shou l der by 0 . 1 2  kg  a t  

t h e  s ame total  s i de musc l e  we i ght ,  b u t  s i gn i f i cant l y  more musc l e  by 

0 . 06 kg i n  the  l o i n  cut . Howeve r ,  i n  Exper iment 6, the  fat l i ne  r ams 

h ad a l ower wei ght of musc l e  i n  th e l o i n .  On a percent b as i s  of t h e  

tota l  s i de musc l e  ( F i gu re s  4- 5 a n d  4- 6 for Experi ments  5 a n d  6 ) ,  there  

were n o  s i gn i fi cant d i fference s  between the  l i ne s  for musc l e  percents  

i n  th e c uts except th at the  meaty l i ne h ad a s i gn i f i cant l y  h i g h er 

musc l e  percent i n  t he  s ho u l der c ut  ( 1 . 6% )  and a l ower percent i n  t he  

l o i n  c ut  ( 0 . 8% )  th an th e fat l i ne  i n  Exper i ment  5 .  

Append i x  4 s hows the  al l ometr i c  growth coeff i c i ents  for the  tot a l  

musc l e  i n  e ach c ut  re l at i ve t o  tota l  s i de mus c l e .  The b v a l ues  for 

musc l e  i n  the shou l der c ut  for Experi ment 5 and the musc l e  i n  the r ac k  

c uts for  both Exper i ments  5 and 6 were s i gn i f i cantl y l es s  t han 1 . 0 ,  

whereas the musc l e  i n  the l o i n  and l eg cuts  were not s i gn i f i cant l y  

d i fferent from 1 . 0 .  

O f  th e 1 7  i nd i v i du al musc l es and 6 mu sc l e  groups  s t ud i ed i n  

Experi ment 3 ,  on l y  2 mu sc l es  ( Mm .  trapez i u s  and quadri ceps femor i s )  

s howed s i gn i fi cant d i fferences  i n  th e i r  we i g ht d i str i bu t i on rel at i ve 

to  total  s i de musc l e  between the  two l i nes . I t  wou l d  appear that  t h e  

s el ect i on process  h a s  h ad on l y  mi nor effects on  the we i ghts  of  i nd i v i 

d u al and groups of  mus c l es adj usted to the  s ame tota l  s i de mus c l e  

we i g ht . The we i ghts  of  these  musc l es for the  two l i nes  at  8 . 2 1  k g  

t ota l  s i de musc l e  are g i ven i n  Tab l e  4-26 . 

The growth of musc l es re l a t i ve  to  tota l  s i de mus c l e  are g i ven  a s  

a l l ometr i c  growth coeff i c i ents  i n  Append i x  6 .  The b v a l ues  of  M .  

q uadr i ceps femor i s and M .  trapezi us were s i gn i f i c ant l y  l ower and 

h i gher than  1 . 0 res pect i ve l y, · whereas the  b v a l u e s  for a l l o t her 

musc l es were not s i gn i f i c ant l y  d i fferent from 1 . 0 .  

At the s ame s i de musc l e  we i ght , s e l ect i on  l i ne h ad no  s i gn i f i cant  

effects on musc l e  we i ght for f i ve of  the  s even mus c l es s t ud i ed i n  

Exper i ments 5 and 6 ( Tab l es 4- 2 7  and 4-28 ) . F or Exper i ments  5 and  6 ,  

rams from the fat l i ne h ad s i gn i f i cant l y  h eav i er � b i ceps femor i s  by 

30 g a nd 2 7  g ,  respect i ve l y  at the s ame total  s i de musc l e  we i ght  for 

Exper i ment 5. Tab l e 4-27 al s o  s hows th at the fat l i ne rams h ad 

1 68 



1 69 

Table 4 , 2 6 .  Least squares means for the muscle distribution within total side muscle ( TSM) for two 

selection l ines ( fat and meaty ) of Southdown rams of Experiment 3 .  

I tem Selection line Sign i ficance Covariate 

(l)  
Ill .... Ill "' 0 .... � .. "' 

r2 Ill 0 
Muscle weight Fat Meaty F VB M > RSO .... . ... 0 .0 .... 

( F )  (M)  
u "' .... .... c >< .. 01 "' .... ...J > IJ) 

F oreguarter: 

Total muscle weight ( kg) 4 . 28 4 . 30 NS NS 0 . 81 0 . 1 2  TSM *** 

� rhomboideus ( g )  67. 1 63 . 5  NS NS 0 . 09 1 0 . 1  T SM  NS 

� traeezius ( g )  81 . 8  75 . 6  ** NS 0 . 59 6 . 3  TSM *** 

� brachioceehalicus ( g )  1 7 2 . 6  1 6 5 . 7  NS NS 0 . 25 23.9 TSM ** 

� latissimus dorsi ( g )  143 . 6  148 .4  NS NS 0 . 73 8 . 1  TSM *** 

� serratus ventralis ( g )  448 . 4  458 . 8  NS NS 0 . 50 29.6 TSM *** 

� eectoralis ( g )  347. 5  347 . 6  NS 5 0 . 45 22 . 8  TSM -

Abdominal muscles ( g )  726 . 9  734 . 8  NS NS 0 . 52 62. 2  TSM *** 

� longissimus ( g )  794 . 0  820 . 9  NS NS 0 . 67 48. 0 TSM *** 

� selenius ( g )  3 7 . 6  38. 0 NS NS 0 . 1 4  6 .4  TSM 5 

� seinalis (g) 1 40 . 8  1 41 .6  NS NS 0 . 1 4  23. 9  TSM NS 

Brachial muscles ( g )  893 . 3  894 . 8  NS NS 0 . 37 46. 9  TSM -· 

Antebrachial muscles ( g )  224 . 6  2 1 2 . 8  * NS 0 . 37 1 5 . 8  T SM  -

� cut aneus ( g )  1 97 . 1  1 94 . 1  NS NS 0 . 43 21 . 9  TSM *** 

H indguarter: 

Total muscle weight ( kg )  3 . 92 3 . 91 NS NS 0 . 40 0 . 84 TSM *** 

� tensor fasciae latae ( g )  82 . 0  90 . 2  NS NS 0 . 66 5 . 9  TSM *** 

� gracilis ( g )  92 . 2  94 . 5  NS NS 0 . 32 5 . 9  TSM ** 

� bicees femoris ( g )  372 . 6  349 . 6  NS NS 0 . 52 26 . 7  TSM *** 

� semitendinosus ( g )  1 55 . 0  1 49 . 3  NS NS 0 . 42 1 2 . 4  TSM *** 

� semimembranosus ( g )  367 . 0  363 . 2  NS NS 0 . 58 20. 5  TSM *** 

� adductor ( g )  1 57 . 5 1 56 . 6  NS NS 0 . 35 1 9 . 8  TSM ** 

� gl uteus medius ( g )  334 . 7  328. 3 NS NS 0 . 55 20. 1  TSM *** 

Sublumbar muscles ( g )  259. 2 254 . 4  NS NS 0 . 62 1 4 . 3  TSM *** 

� guadricees femoris ( g )  486 . 0  473 . 4  * s 0 .48 20. 7  TSM *** 

Deep hip muscles (g)  93 . 2  1 04 . 3  NS NS 0 . 30 1 4 . 4  TSM NS 
Crural muscles ( g )  362 . 8  365 . 3  NS NS 0 . 41 20. 3  TSM ** 

Rack C ut :  

Total muscle weight ( kg )  0 . 67 0 . 66 NS NS 0 . 51 0.05 T SM  *** 

For de finitions of abbrev iations see Table 4-1 . 



Table 4-27. Least squares means for the muscle distribution within total side muscle ( TSM) of South down rams 
Experiment 5 from two selection lines ( fat and meaty) .  

Selection line ( L )  Significance 
r2 Covariate 

Cut Muscle F'at (FJ Meaty U:U r vs M L X covariate RSD Variable Significance 

Shoulder 
Total muscle weight ( kg)  3 . 34 3 . 46 * *  NS 0 . 90 0 . 1 0  TSM *** 
� infrasQinatus 

weight (g) 1 69. 3 1 79 .4  NS  NS 0 . 26 21  TSM * 
� SUQrasQinatus 

weight (g) 1 53 . 1 1 57 . 0  NS NS 0 . 77 1 0  TSM ** 
� triceQS weight ( g )  254 . 6  256. 3 NS NS 0 . 69 1 3  TSM *** 

Rack 
Total muscle weight ( kg)  0 . 645 0 . 623  NS  NS o. 72 0 . 045 TSM *** 
!t_ longissimus 

weight (g) 204. 7 1 90. 2 s NS 0 . 47 1 7  TSM ** 
Loin 

Total muscle weight ( kg)  1 . 33 1 . 27 * NS 0 . 85 0 . 06 TSM *** 

Leg 
Tots! muscle weight ( kg)  2 . 89 2 . 83 NS NS 0 . 88 0 . 1 0  TSM *** 
M .  semitendinosus 

weight (g) 1 54. 3 1 59. 1 NS NS 0 . 42 1 6  TSM ** 
M .  semimembranosus 

weight (g) 392. 5 364. 0 ** NS 0 . 68 23  TSM *** 
� biceQS femoris 

weight (g) 402. 0 3 72. 3 ** NS 0 . 80 20 TSM *** 

For definitions of abbreviations see Table 4-1 . 
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Table 4-28 . Least squares means for muscle distribution within total side muscle ( TSM ) of Southdown rams of Experiment 6 for two selection lines 

( fat and meaty ) and within two pasture treatments ( White clover and Lotus) . 

Cut Muscle 

Shoulder 

Total muscle weight ( kg)  

� infras�inatus ( g )  

� su�ras�inatus ( g) 

� trice�s ( g) 

Rack 

Total muscle weight ( kg)  

� longissimus ( g) 

Loin 

Total muscle weight ( kg)  

M .  lonqissimus ( g) 

Leg 

Total muscle weight ( kg)  

� semitendinosus ( g) 

� semimembranosus ( g) 

� bice�s femoris ( g) 

Selection line Signi ficance 

Fat ( F )  Meaty ( M )  F vs M 

3 . 36 3 . 33 NS 

1 74 . D  1 67 . 1 s 
1 52 . 8  1 48 . 2  NS 

224 . 1 232 . 6  NS 

D . 638 0 . 64D NS 

21 2 . 1  2 1 0 . 7  N S  

1 . 27 1 .  33 * 

440 . 3  465 . 6  NS 

2 . 87 2 . 84 NS 

1 68 . 4  1 58 . 8  5 
398 . D  389 . 8  NS 

406 . 5  379 . 1  ** 

For de finitions of abbreviations see Table 4-1 . 

Pasture Signi ficance 

Clover (CL )  Lotus ( LD )  CL vs LD 

3 . 35 3 . 34 NS 

1 71 . 9 1 59 . 2  NS 
1 47. 3 1 53 . 7  NS 

231 . 8  224 . 8  NS 

D . 634 D . 645 NS 

21 3 . 2  2D9 . 6 NS 

1 .  31 1 . 29 NS 

460 . 8  445 . 1 NS 

2 . 85 2 . 86 NS 

1 67 . 3  1 59 . 8 NS 

386 . 3  4D1 . 5  NS 
393 . 4  382 . 3  NS 

Covariate 

r2 RSD Variable Significance 

D. 91 O . D85 TSM *** 

D . 71 9 . 8  TSM *** 

D . 61 1 D . 6  TSM *** 

0 . 69 1 5 . 4  TSM *** 

D .  77 0 . 029 TSM *** 

D. 54 21 . 1  TSM *** 

0 . 77 0 . 073 TSM *** 

0 . 65 39 . 0  TSM *** 

D . 89 0 . 1 1 6  TSM *** 

D . 61 1 1 . 9 TSM *** 

D. 58 2 7 . D  TSM *** 

D . 71 1 9 . 4  TSM *** 
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s i gn i f i cant l y heav i er � s em imembranos us  by 28  g at  the s ame total  

s i de musc l e  we i ght . 

4- 1 - 8 D I STR I BUT ION OF BONE  

T he  we i ght of  t ota l  bone a n d  i nd i v i du a l bones of  each cut  for 

Exper i ments  3, 5 and 6 are presented i n  Tab l es 4-29 ,  4-30 and 4- 3 1  

respect i ve l y .  The we i ghts  of  bone i n  four anatomi ca l  cu ts  expres sed 

as  a percent of tota l  s i de bone for Experiments  5 and 6 are s hown i n  

F i g ures 4-5 and 4-6 . 

At the mean wei g ht of tota l  s i de bone t here were no  s i gn i f i cant  

d i fferences between t he  two se l ect i on l i nes  i n  e i th er we i g ht of  bone  

i n  each  cu t or  the we i ght of  e ac h  recorded bone except those as  

fo l l ows . At the s ame tota l  s i de bone we i ght  the  meaty l i ne rams h ad 

s i gn i f i cant l y  heav i er bone we i ght  by 0 . 03 k g  for the h i ndquarter and 

by 4 . 8  g for humeru s  bone i n  Experi ment 3 .  For Exper iment 6 the l o i n  

from the meaty l i ne h ad s i gn i fi cant l y  ( 0 . 01 3  k g ) more bone than  t hat 

from the fat l i ne at  the  s ame tota l  s i de bone we i ght . A l so the 

p ercent of bone i n  t he  r ac k  cu t was s i gn i f i c an t l y greater i n  the fat 

l i n e  than i n  the meaty l i ne i n  Exper i ment 6 ( F i gure 4-6 ) . 

The a l l ometr i c  growth coeffi c i ents for tota l  c u t  bone and i nd i v i 

d u a l  bones re l at i ve t o  tota l  s i de bone we i ght  i n  Exper i ments 3 ,  5 and 

6 are g i ven i n  Append i x  5 .  V a l ues  of b s i gn i f i cant ly  l es s  th an 1 . 0 

were observed for h umeru s ,  rad iu s  and u l n a ,  and  metacarpa l  bones i n  

Exper iments 3 and 6 .  I n  add i t i o n ,  the b v a l u e s  for femur ,  t i b i a  and 

f i b u l a  i n  Experi ment  3 were s i gn i f i cant l y  l ower than 1 . 0 .  

4- 1 - 9 MUSCULAR ITY 
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Least  squares means  for the r at i o s  of  certai n i nd i v i du al mu sc l e  

we i ghts , l eg mus c l e  we i ght ,  and s i de mus c l e we i ght re l at i ve to cert a i n 

l engths  for Exper i ments  3 ,  5 ,  and 6 are g i ven  i n  F i gure 4- 7 .  When 

compar i sons  between l i ne s  were made  at the s ame s i de mus c l e p l u s  bone 

we i g hts ,  th e fat l i n e  had s i gn i f i cant l y  h i g her  Mm . s emi tend i no s u s , 

s em i membranosus , and b i ceps femor i s  we i ghts  re l at i ve to femur l engt h . 

A l though  the s i de mus c l e we i ght to body l ength  rat i o  was s i gn i f i cant l y  

h i g her i n  the fat l i n e  acro s s  t hree exper i ments , no  s i gn i f i cant  



Tab l e  4-2 9 .  Least  squ ares means  for bone d i str i but i on wi th i n  total  s i de bone ( TSB ) of Southdown rams of 
Exper i ment 3 from two s e l ect i on l i nes  ( f at and meaty ) . 

S e l ect i on l i ne ( L )  S i gn i f i c ance 
r2 Covar i ate 

C u t  Bone Fat ( FJ Meaty (M} F vs M L X covar i ate RSD Vari ab l e  S i gn i f i cance 

Forequarter 
Tota l  bone we i ght ( k g )  1 • 1 9  1 . 1 6 NS NS 0 . 7 1 0 . 06 TSB *** 
H umerus  we i ght ( g )  1 1 6 . 0  1 20 . 8  * NS 0 . 84 4 . 7  TSB *** 
Rad i us and u l n a  

we i ght  ( g )  93 . 7  98. 3 NS NS 0 . 49 8 . 9 TSB *** 
Metacarpa l  bone we i ght ( g )  43 . 3  44 . 0  NS NS 0 . 45 2 . 9  TSB ** 

H i ndquarter 
Tota l  bone we i ght ( k g )  0 . 638 0 . 67 1  * NS 0 . 68 0 . 036 TSB *** 
Femur we i ght ( g )  1 45 . 5  1 49 . 1 NS s 0 . 81 6 . 1 TSB *** 
T i b i a and f i b u l a 

we i ght ( g )  1 1 5 . 9  1 1 6 . 4  NS NS 0 . 7 5 5 . 1  TSB * ** 

R ac k  
Total  bone we i ght ( kg )  0 . 226 0 . 220 NS s 0 . 38 0 . 01 7  TSB ** 

For defi n i t i on s  of  abbrev i at i ons  s ee Tab l e  4- 1 . 
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Tab l e  4-30 .  Least squ ares means for  bone we i ght d i str i but i on wi th i n  tota l  s i de bone  we i ght ( TSB ) of Southdown rams of  
Exper i ment 5 from two se l ect i on l i nes  ( fat and  meaty ) . 

Se l ecti on  l i ne ( L )  S ign i fi c ance 
r2 Cov ar i ate 

C ut  Bone Fat (F) Meaty (M) F vs M L X covar i ate RSD  Var i ab l e  S i gn i f i cance  

Shou l der 
Total  bone we i ght ( k g )  0 . 9 1 8  0 . 952  NS  NS 0 . 78 0 . 040 TSB *** 
H umerus  bone ( g )  1 1 5  1 1 7  NS NS 0 . 88 5 TSB *** 
Rad i u s and u l n a  ( g )  93  93 NS NS 0 . 81 4 TSB *** 
Metacarpal  bone ( g )  40 . 6  41 . 6  NS NS 0 . 2 1 4 . 0  TSB * 

Rac k  
Tota l  bone we i ght ( k g )  0 . 209 0 . 1 90 NS s 0 . 67 0 . 01 9  TSB *** 

Lo i n 
Total  bone we i ght ( k g )  0 . 1 82 0 . 1 70 s NS 0 . 68 0 . 01 1  TSB *** 

Leg 
Total  bone we i g ht ( k g )  0 . 793 0 . 782 NS NS 0 . 78 0 . 043 TSB *** 
Femur ( g )  1 46 1 54 s NS 0 . 89 6 TSB *** 
T i b i a and fi bu l a ( g )  1 76 1 76 NS NS 0 . 42 5 TSB *** 

For defi n i t i on s  of abbrev i at i on s  s ee Tab l e  4- 1 . 
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Table 4-31 Least squares means for bone distribution within total side bone ( TSB ) of Southdown rams of  Experiment 6 for two selection l ines ( fat 

and meaty ) and within two pasture treatments ( White clover and Lotus ) . 

Cut Bone 

Shoulder 

Total bone weight ( kg )  

Humerus ( g )  

Radius and ulna ( g )  

Metacarpus ( g )  

Rack 

Total bone weight ( kg )  

Loin 

Total bone weight ( kg )  

Leg 
Total bone weight ( kg )  

Femur ( g ) 

T ibia and fibula ( g ) 

Selection line Significance Pasture 

Fat ( F )  Meaty ( M )  F vs M Clover ( C L )  Lotus (LO)  

0 . 92 1  0 . 927  NS 0 . 921  0 . 933 

1 1 1 . 5  1 1 6 . 2  s 1 1 3 . 9  1 1 3 . 9  

93 . 7  95 . 3  NS 94 . 3  94 . 7  

38 . 9  40 . 8  s 39 . 5  40 . 2  

0 . 209 0 . 205 NS 0 . 206 0 . 209 

0 . 1 68 0 . 1 81 * 0 . 1 73 0 . 1 76 

0 . 561 0 . 541 NS o. 561 0 . 542 

1 40 . 8  1 43 . 1  NS 1 40 . 6 1 4 3 . 4  

1 1 4 . 9  1 1 1 . 6 NS 1 1 3 . 8  1 1 2 . 7  

For definitions of  abbreviations see Table 4-1 . 

Significance Covariate 

CL vs LO r2 RSD Variable Signi ficance 

NS 0 . 89 0 . 031 TSB *** 

NS 0 . 78 4 . 92 TSB *** 

NS 0 . 69 4 .  91 TSB *** 

NS 0 . 60 1 .  98 TSB *** 

NS D .  72 0 . 008 TSB *** 

NS 0 . 67 0 . 01 2  TSB *** 

NS 0 . 73 0 . 039 T SB *** 

NS 0 . 78 6 . 57 TSB *** 

NS 0. 68 5 . 5 1 TSB *** 

---" 
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Figure 4-7 . Least squa res means for the ratios of certain muscle weights 

relative to lengths for Southdown rams of two selection lines 

( fat  ( F )  and meaty ( M ) ) of Experiments 3 ,  5, and 6 adjusted to 

the same side muscle plus bone weights . Standard errors bars are 
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d i fferences between t he  two se l ected l i ne s  ex i sted for the rat i os of  

Mm. s upras p i n atus , i nfrasp i n atus , and tr i ceps we i g hts  to h umer u s  

l ength , b u t  these r at i os were i n  favour of  t h e  fat l i ne .  The rat i o  of  

l eg musc l e  we i ght to  femur p l u s  t i b i a l ength was a l s o  h i gher i n  the  

f at l i ne  wi th s i gn i f i c an t  d i fferences in  Exper i ment 5 o n l y .  

4- 1 - 1 0  ADI POSE T I S SUE CELLULAR ITY 

4- 1 - 1 0- 1  Ad i pose C e l l D i ameter and Vo l ume 

Ad i pose ce l l d i ameters and vo l umes wi th i n  the two s e l ect i on l i n e s  

for var i ous  fat depots of  an i ma l s i n  Exper i ments 4 ,  5 a n d  6 are g i ve n  

i n  F i g ures 4-8 ,  4 - 9  and 4- 1 0 , respect i ve l y . Rams from the fat l i ne 

h ad s i gn i f i c antl y l arger fat ce l l s  than the meaty l i ne for al l t h e  

depots except the omenta l  depot i n  Exper iment 6 .  Con s i stent d i fferen 

ces i n  ad i pose ce l l s i z e  between  depots were s hown i n  e ach  se l e ct i on 

l i ne wi th the omental de pot h av i ng the  l arge st  average ce l l s i ze and 

the  i ntermuscu l ar depot h av i ng the smal l es t  c e l l s i z e  ( F i gures 4-8  t o  

4- 1 0 ) . 

4- 1 - 1 0- 2  Ad ipose C e l l N umber 

F i gures 4-8 ,  4 - 9  and 4- 1 0  s how the ad i pose ti s s ue  c e l l n umber i n  

e ac h  depot stud i ed i n  E xperi ments 4 ,  5 and 6 respect i ve l y . The  

absence of  smal l c e l l s  i n  both l i nes  suggested th at hyperp l as i a  was 

n ot t ak i ng p l ace a nd th at the  vari ous  ad i pose t i s s ues  from the two 

l i nes of s heep were growi ng i n  mas s so l e l y  by ad i pose  ce l l hyper

trophy. However , th e on l y s i gn i f i cant d i fference between  the two 

l i nes  i n  ce l l number was found i n  Exper iment  5 ,  where the fat rams h ad 

a s i gn i f i can t l y  l arger n umber of s ubcutaneous f at c e l l s  i n  the s ub 

c u taneous f at  of  t he  r ac k  cut  th an t he  meaty l i n e .  

4- 1 - 1 0-3 D i ameter D i s tr i b ut i o n  o f  Ad ipocytes 

The resu l t s for Exper i ment 6, dep i cted i n  F i gure 4- 1 1  for fi ve  fat  

depot s , s how that  t he  d i ameter va l u es for ad i pocytes  from the  meaty 

and fat  l i nes  were norma l l y  d i str i buted . Regard l es s  of  the  anatom i c a l  

s i te , t h e  maxi mum d i ameter o f  ad i pocytes  from t h e  fat l i n e  w a s  

a pprox i matel y 2 4  �m greater th an for the meaty l i ne { 1 76 v s  1 52 �m ) . 

1 77 
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Figure 4 - 9 .  least squares means for adipocyte diameter ( a ) ,  volume ( b )  and 

number ( c )  for four adipose tissue depots ( intermuscular [ IMF ] ,  

subcutaneous [ SCF ] ,  kidney [ KID] , and omental [ OMN ] )  for Southdown 

rams of two selection lines ( fat [ F )  and meaty [t-1 ] )  of Experiment 5 .  
Standard error bars are included, and above each set of  two histo

grams is shown the signi ficance of the fat and the meaty lines. 
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Figure 4-1 0.  Least squares means for adipocyte diameter (a ) , volume ( b )  and 

number (c )  of various adipose tissue depots ( intermuscular [ IMF] , 

subcutaneous [ SCF ] , kidney [KID] , mesenteric [ MES ] ,  and omental 

[OMN] ) for Southdown rams of two selection lines ( fat [F ]  and meaty 

[M] ) of Experiment 6. Standard error bars are included, and abpve 

each pair of histograms is shown the significance of the fat and the 

meaty lines. 
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F i g ure 4- 1 1 .  Ad i pocyte d i ameter d i str i but i ons  from fat and me aty 

Sou thdown · rams i n  fi ve fat depots . E ac h  graph dep i ct s  

t he  average number i nc l u ded  i n  a r ange of  ±4 �m ( e . g .  80 

+4 i n  the fi rst bar ) . 
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Tab l e  4-32 . Means and st andard errors of corre l at i on coeff i c i ents s howi ng the c l oseness  of the ad i po

cyte d i ameter d i str i but i on to  a normal d i str i but i on .  Corre l at i ons  were ca l c u l ated for each 

an i mal w i th  h i gh va l ues  be i ng con s i stent wi th normal i ty .  

E xper i ment 4 Experiment 5 Experi ment 6 

Se l ect i on l i ne Sel ect i on l i ne Se l ect i on l i ne 

I t em Fat  Meaty Fat Meaty Fat Meaty 

N o .  of an i ma l s 1 0  8 1 2  1 2  1 2  1 2  

SCF u pper 0 . 98 + 0 . 01 0 . 99 + 0 . 0 1 0 . 99 + 0 . 02 0 . 99 + 0 . 02 0 . 99 + 0 . 01 0 . 99 + 0 . 01 
- - - - -

SCF l ower - - - - 0 . 99 + 0 . 01 0 . 99 + 0 . 01 
-

I MF 0 . 99 + 0 . 01 0 . 99 + 0 . 01 0 . 99 + 0 . 01 0 . 99 + 0 . 01 0 . 99 + 0 . 01 0 . 99 + 0 . 01 - - - -

Omenta l  fat - - 0 . 99 + 0 . 02 0 . 99 + 0 . 02 0 . 99 + 0 . 01 0 . 99 + 0 . 01 
- - - -

K i dney fat - - 0 . 99 + 0 . 01 0 . 99 + 0 . 0 1 0 . 99 + 0 . 01 0 . 99 + 0 . 0 1 
Mesenter i c  fat - - - - 0 . 99 + 0 . 02 0 . 99 + 0 . 01 

F or defi n i t i on s  of abbrev i at i on s  see  Tab l e  4 - 1 . 
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However ,  the norma l d i ameter d i str i b ut i ons  were d i st i nct l y  d i fferent 

between the fat and meaty rams for a g i ven s i te and were offset to t he  

r i gh t  s i de for t he  fat  r ams . The probab i l i ty p l ot corre l at i on coef

fi c i ent  test for norma l i ty ( F i l l i ben , 1 975 ) was u s ed to  confi rm the  

above res u l t s .  Tab l e  4- 3 2  s hows the average probab i l i ty p l ot 

corre l at i on coeffi c i ents  of  ad i pocyte d i ameter for v ar i ous  fat depots 

of Experi ments  4 ,  5 and 6 .  A very h i gh l y  s i gn i f i cant  corre l at i on for 

the meaty and fat l i ne s  i s  cons i stent wi th norma l i ty ( M i n i tab ,  1 982 ) .  

4-2 REGRESS ION EQUAT I ONS  FOR PRE D I CTING CARCASS COMPOSITION FROM THE 

COMPOS IT ION OF THE RACK CUT 

One of the obj ect i ve s  of th i s  s t udy was to ev a l u ate the usefu l 

nes s  of s amp l e cuts  for the pred i ct i on of phys i c al components  of t he  

s i de .  A compar i son of t he  four s amp l e cuts  ( s hou l de r ,  r ack , l o i n ,  a nd  

l eg )  as pred i ctors for  the  s i de compos i t i on i nd i c ated t hat no c u t  

afforded c l ear advantages  i n  terms o f  corre l at i on coeffi c i ents  and 

res i du a l  s tandard dev i at i on s  over  the others . Therefore , the pred i c

t i on equ at i on s  for th e r ack cut  ( r i bs 8 to 1 2 )  on l y  h ave  been 

presented i n  th i s  s tudy becau se  i t  c an be removed from the carcas s  

wi th greater prec 1 s 1 on th an most  others ( both s i des  d i s sected to  

e l i m i n ate  sp l i tt i ng errors ) and it  i s  rel at i ve l y  easy to  d i s sect . 

Three types of pred i ct i on equat i on wi th coeff i c i ents  of determi n at i on  

and res i du a l standard dev i at i on s  are  presented for e ach  s i de component  

i n  Tab l es 4-33 ,  4 -34  and 4-35  for Exper i ments 3 ,  5 and  6 ,  
respect i ve l y .  

The percent compos i t i on of t h e  s i de was con s i d ered as  t h e  depen

dent  var i ab l e  across t hree equ at i on s ,  wh i l e the  i nd ependent  vari ab l es 

were s i de we i ght and we i ght s  of r ac k  components  i n  the f i rst  equ at i on 

and the second eq u at i on i nc l u ded the percents of  r ac k  components  

bes i des  the  s i de we i g ht and on l y  the percent s  of r ack components i n  

t he  th i rd one .  The f i r st  equ at i on i n  each s et general l y  s howed more 

var i at i on between the two s e l ect i on l i nes  for e ac h  of the component s ,  

and the  coeffi c i ents o f  determi n at i on where l ower than  for the other 

two eq u at i on s .  

Compar i sons  between the  second and the  th i rd equ at i on s  s howed 

t h at th e i mprovement  from i nc l ud i ng s i de we i ght  d i d  not i ncrease  t he  

1 83 
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Table 4-3 3 .  Regression equations relating r ack cut compos ition to s ide composition for 

fat and meaty Southdown rams of Experiment 3 .  

Q) >.  (J +)  
c ro 
� � 

r2 Relationship studied Regression equation ..... RSD "- Cil  ..... > 
Y% x1 x2 

c Cl+> ..... ro 
Ul �  

Side muscle Side wt. Rack muscle wt. 69. 07 - 1 . 60X1 + 1 7 . 99X2 
*** 0 . 60 1 . 58 

S ide wt.  Rack muscle "' 51 . 1 1  - 0 . 64X1 + o . 35x2 s 0 . 68 1 . 41 ,. 

Rack muscle % 40 . 56 + 0 . 38X1 NS 0 . 64 1 . 48 

S ide fat Side wt. Rack fat wt.  20. 1 3 - 0 . 47X1 + 2 5 . 86x
2 

* 0 . 83 1 . 42  

Side wt. Rack fat % 7. 06 + o . 22x 1 + o . 45X2 
* *  0 . 90 1 . 1 2  

Rack fat % 9. 76 + 0 . 47X1 
* 0 . 8 9  1 • 1 1  

Side SCF Side wt. Rack SCF wt.  6 . 93 + 0 . 04X1 + 2 3 . 44X2 
** 0 . 8 6  0 . 9 8  

Side wt.  Rack SCF "' -0 . 68 + o . 5ox1 + o . 39X2 
*** 0 . 88 0 . 90 "' 

Rack SCF % 5 . 78 + 0 . 40X1 
** 0 . 86 0 . 97 

Side IMF Side wt. Rack IMF wt . 1 2 . 78 - 0 . 42X1 + 25 . 22x
2 NS 0 . 54 0 . 83 

Side wt. Rack IMF "' 8. 60 - 0 . 1 8X 1 + o . 41 X2 NS 0 . 61 0 . 76 "' 

Rack IMF ., 6. 47 + 0 . 38X1 NS 0 . 60 0 . 76 "' 

Side bone Side wt. Rack bone wt . 1 2 . 39 - 0 . 27X 1 + 1 9 . 65X2 
** 0 . 38 1 . 1 7  

Side wt.  Rack bone % 4 .8 1  + 0 . 1 1 X1 + o . 42X2 s 0 . 50 1 . 06 

Rack bone % 6 . 5 6  + 0 . 40X1 s 0 . 49 1 . 05 

For de finit i ons o f  abbreviations see Table 4-1 . 



1 85 

Table 4-34 . Regression equations relating r ack cut composition to s ide composition for 

fat and meaty Southdown rams o f  E xperiment 5 .  

Cll >. 
() -+-J  C CO 
CO C1l U E 

r2 Relationshi� studied Regression equation ..... RSD "- 00  
Y% x 1 x2 

..... > 
c Cl+' ..... CO 

(/) u... 

Side muscle Side wt. Rack muscle wt .  6 1 . 8 6  - 0 . 88X 1 + 9 . 8 1 X2 
*** 0 . 78 1 .  65 

Side wt. Rack muscle "' 38 . 24 - 0 . 06X1 + 0 . 39X2 
** 0 . 89 1 . 1 8  "' 

Rack muscle % 3 6 . 9 6  + 0 . 40X1 
** 0 . 89 1 . 1 5  

Side fat S ide wt.  Rack fat wt.  26 . 1 0 - 0 . 63X1 + 21 . 77X2 
** 0 . 94 1 .  25 

Side wt.  Rack fat % 5 . 44 + 0 . 248X1 + 0 . 5 1 X2 
* 0 . 96 0 . 98 

Rack fat "' 7 . 44 + 0 . 55X 1 
* 0 . 96 1 . 00 "' 

Side SCF S ide wt. Rack SCF wt . 1 3 . 8 5  - 0 . 33X 1 + 2 1 . 04X2 
*** 0 . 95 0 . 85 

S ide wt. Rack SCF % 3 . 06 + 0 . 26X1 + 0 . 38X2 
*** 0 . 95 0 . 8 1  

Rack SCF ... 5 . 93 + 0 . 42X 1 
*** 0 . 95 0 . 86 "' 

Sice IMF Side wt. Rack IMF wt.  1 2 . 1 7  - 0 . 28X 1 + 22 . 51X2 NS 0 . 68 0 . 89 

Side wt.  Rack IMF % 4 . 48 + 0 . 1 1 X1 + 0 . 45X2 NS 0 . 68 0 . 88 

Rack IMF ., "' 5 . 62 + 0 . 48 NS 0 . 68 0 . 87 

Side bone S ide wt. Rack bone wt . 1 9 . 47 - 0 . 52X1 + 1 1 . 47X2 
*** 0 . 80 0 . 66 

Side wt. Rack bone % 1 1 . 1 9  - 0 . 2 1 X1 + 0 . 42X2 NS 0 .89  0 . 49 

Rack bone "' 6 . 77 + 0 . 50X1 NS 0 . 85 0 . 55 "' 

For de finitions o f  abbrev iations see Table 4-1 . 



Table 4-3 5 .  Regr ession equations relating r ack cut composition 

fat and meaty Southdown rams of Experiment 6 .  

Y% 

Relationship studied 
x1 x2 

S ide muscle Side wt. Rack muscle wt.  

Side wt. Rack muscle % 

Rack muscle % 

Side fat Side wt.  Rack fat wt. 

Side wt. Rack fat % 

Rack fat % 

Side SCF Side wt. Rack SCF wt. 

Side wt. Rack SCF % 

Rack SCF IV "' 

Side IMF Side wt. Rack IMF wt. 

Side wt.  Rack IMF % 

Rack IMF IV "' 

S ide bone Side wt. Rack bone wt. 

Side wt.  Rack bone % 

Rack bone % 

Regression equation 

61 • 1 3  - 1 • 22X 1 + 1 6. 45X2 
28. 7 2  + 0 . 04X1 + 56 . 1 1 X2 
29 . 77  + 0 . 55X1 

29 . 9 8  - 0 . 94X1 + 26 . 1 9X2 
8 . 8 1  - o . o8x1 + 59 . 04X2 
8 . 34 + 0 . 57X1 

1 5 . 1 1  - 0 . 46X 1 + 25 . 36X2 
2 . 1 6  + 0 . 26X1 + 4 5 .  97X2 
4 . 1 6  + 0 . 53X 1 

1 3 . 85  - 0 . 35X1 + 22 .  99X2 
7 . 8 7  - 0 . 07X1 + 47 . 46X2 
7 . 2 7  + 0 . 44X 1 

1 1 . 8 0 - 0 . 66X1 + 50 .93X2 
5 . 25 - 0 . 04X1 + 55 . 04X2 
4 . 38 + 0 . 57X1 

For  definitions o f  abbrev iations see Table 4-1 . 
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to  s ide composition for 

Q) >,  
u ...., 
c: cc 
cc Q) 
u E / .... RSD "- Cil  .... > 
c: Cl ..., .... cc 

U1 u.. 

* 0 . 48 1 . 60 

NS 0 . 75 1 . 1 0 

NS 0 . 7 5  1 . 08 

NS 0 . 84 1 . 25 

NS 0 . 88 1 . 08 

NS 0 . 88 1 .  06 

s 0 . 88 0. 82  

s 0 . 8 5  0 . 93 

NS 0 . 83 0 . 95 

NS 0 . 40 0 . 99  

NS  0 . 46 0 . 95 

NS 0 . 45 0 . 93 

** 0 . 78 0 . 54 

s 0 . 83 0 . 48 

s 0 . 8 3  0 . 47 



coeffi c i ents of determ i n at i on across  a l l exper i ments and a l l 

components by more t h an 0 . 04 as  a max i mum . Therefore , the th i rd 

eq u at i on  i n  eac h  set  was u sed as a pred i ct i on equ at i on because  i t  

offered ease and s i mp l i c i ty i n  col l ect i on and c a l cu l at i on of  the data .  

When c a l cu l at i ng  t h e  eq u at i on s  g i ven i n  Tab l e  4-33 , data  for the two 

se l ect i on l i nes  were pool ed because  no s i gn i f i can t  d i fferences  i n  

s l ope were found between the two se l ect i on l i ne s . However , th ere were 

s i gn i f i c ant  l i ne effect s on the i ntercepts i n  some cases  and for these  

separate l i nes  are  g i ve n  i n  F i gures 4- 1 2 , 4- 1 3  and 4- 1 4  for  percent of  

musc l e ,  fat , s ubcu t aneous f at ,  i ntermuscu l ar fat , and  bone  i n  

Exp er i ments 3 ,  5 and 6 ,  respect i ve l y . The data from Exper i ment  3 

revea l ed t h at at t he  s ame fat percent i n  the  r ack the meaty l i ne s i de 

h ad s i gn i f i cant l y  l ower act ua l  s i de fat percen t  than d i d  the fat l i ne ,  

s o  i n  th i s  c as e ,  t h e  u s e  o f  the common l i n e  t o  pred i ct the percent of  

fat  of the two s e l ect i on l i nes  wou l d  h ave  cau sed an  over-est i mate for 

the meaty l i ne and an  under-est imate for the fat l i ne .  However , t h i s  

s i t u at i on ( over- and u nder-est i mates ) wi l l  b e  reduced by u s i ng t he  

tot a l  regres s i o n  l i ne .  S i mi l ar trend s occurred i n  the  ca se  of  s ub

cutaneous and  i ntermuscu l ar fat  depots ( F i gure  4- 1 2 ) . 

F i gure 4- 1 3  a l s o  prov i de s  an i l l u strat i on of extreme pred i ct i on 

b i as i n  Exper i ment  5 .  I f  the  commori regres s i on l i nes  were u sed t o  

est imate the  average mus c l e ,  fat , s ubcutaneous  fat , a n d  i ntermu s c u l ar 

fat percents  of t he  two se l ect i on l i ne s , t hey wou l d  res u l t i n  an  over 

est i mate for mu sc l e  and under-est i mate for fat i n  the fat l i ne and the 

oppo s i te i n  t he  c ase  of the meaty l i ne .  I n  the case of Experi ment  5 ,  

there may b e  a n  advantage by u s i ng t he  total  regres s i on equ at i on s  

computed from a l l t he  data  i n  order t o  decrease the b i as ari s i ng from 

the  common regres s i on .  For Exper i ment 6 ,  there were n o  se l ect i on l i ne 

d i fferences  for any pred i cted percent components . The i nc l u s i on of a 

q u adrat i c  component  i n  the  pred i ct i on eq u at i ons  d i d  not decrease the  

s i gn i f i cance of  t he  l i ne  effect s ,  and , i n  a l l cases , the  l i ne effect 

on s l ope was not s i gn i fi cant . These res u l t s  i nd i cated t hat , because  

the  c arcasses  d i ffered s i gn if i c an t l y  i n  the i r  components between  the  

two  sel ect i on s  l i ne s ,  part i cu l ar l y  i n  fat percent ,  u s e  of a common 

regres s i on eq u at i on was not a l ways an  accurate method for pred i ct i ng 

t he  s i de compos i t i on of t he  two se l ect i on l i nes . 
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F i gure 4- 1 2 .  Regres s i on l i nes  rel at i ng percent of rack cut compos i t i on 
to  s i de compos i t i on for fat ( F )  and meaty ( M )  Southdown 
r ams of Exper i ment 3 .  Regres s i on l i ne s  are shown over 
the appropri ate range for the fat and meaty l i nes wi th 
the  l i ne means  shown as dots . When there was a s i gn i f i 
c ant  l i ne effect on the rel at i on s h i p ,  the tota l  
regres s i on equ at i on i s  a l so shown as a da shed l i ne .  
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F i gure 4 - 1 3 .  R egres s i on l i nes re l at i ng percent of rack c u t  compos i t i on 
t o  s i de compos i t i on for fat ( F ) and meaty ( M )  Southdown 
r ams of Exper i ment  5 .  Regre s s i on l i nes  are shown over 
the appropr i ate r ange for the fat and meaty l i nes wi th  
the l i ne means  shown a s  dot s . When there was a s i g
n i fi c ant  l i ne effect o n  the re l at i on s h i p ,  the  total  
regres s i on equ at i on i s  a l so s hown as  a das hed l i ne .  
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F i gure 4 - 1 4 .  Regres s i on l i nes rel at i ng percent of rack c u t  c ompo s i t i on 

to s i de compos i t i on for fat ( F )  and meaty ( M )  Southdown 

rams of Exper i ment 6 .  Regres s i on l i nes  are s hown over 

the appropr i ate range for the fat and meaty l i nes  w i th  

the  l i ne means  s hown as  dot s . 



4-3 EFFECTS OF SELECTI ON LINE AND POSTMORTEM TREATMENTS ON MUSCLE 

CHARACTERISTICS 

4-3-1  PHYS I CAL RESPONSE TO ELECTR I CAL  STIMULATI ON 

As soon  as the current was app l i ed the  carcasses  contracted 

tetan i c a l l y  w i th f l ex i on of the fore l i mb s ,  contract i on of  the r i b 

c age , contract i on of the th i gh m us c l e  mas s and arch i ng of the b ack  

wh i c h  r a i s ed the  neck  reg i on about  1 5  cm from i ts res t i ng pos i t i on 

( F i gure 3 - 1 ) .  W i th i n  30 sec fat i gu e  was ev i denced by s l ow s agg i ng of 

the fore l i mb s ,  but at the end of 90 sec s t imu l at i on ,  the mus c l es were 

s t i l l  part l y  contracted and when the cu rrent was t urned off , th e 

c arcas ses  re l axed furth er to  ass ume the i r  or i gi n a l  posture . The 

c arcasses  from the meaty l i ne  appeared to respond to e l ectr i c al s t i mu 

l at i on more than t ho se  from the  fat l i ne .  Th i s  d i fference  may h ave 

been beca u se  the c arcasses  from the  meaty l i ne were l i g hter i n  wei g ht 

and h ad proport i on ate l y  more musc l e  than the fat l i ne .  

4-3-2 MUSCLE TEMPERATURE 

Because  the measurement  of the i nterna l  temperatures of M .  

l ongi s s i mu s  was n o t  a l ways a t  t h e  s ame t i me postmortem , qu adr at i c  

regres s i on eq u at i on s  ( S nedecor and Cochran , 1 980 ) were der i ved for the 

temperature/t i me rel at i onsh i p  for e ach  mu sc l e , so that  pred i cted tem

peratures  at 2 h i nterva l s co u l d be  cal c u l ated . These are s hown i n  

F i gures 4- 1 5  and 4- 1 6  for Exper i ments  5 and 6 ,  respect i ve l y .  For the 

quadrat i c  regres s i on equ at i on s  the  r ange of coeffi c i ents  of determ i n a

t i on was  from 0 . 98 to  1 . 00 wi th a n  average of 0 . 99 and for res i du al 

st andard dev i at i on the range was from 0 . 25 to  2 . 41 wi th  an  average of  

1 . 3 1  ( Exper i ment 5 ) . I n  Exper i ment  6 ,  the range was from 0 . 97 to  1 . 00 

wi th an  average of 0 . 99 for the  c oeffi c i ent of determi n at i on and from 

0 . 1 5  to 2 . 39 wi th an average of 1 . 29 for the res i du a l s tand ard 

dev i at i on .  Musc l es i n  the u n t r i mmed treatment group  h ad h i gher mean 

i nterna l  t emperatures i n  the � l ongi s s i mus  th an  d i d  the  tr i mmed group 

after 2 ,  4 ,  6 ,  8 and 1 0  h of c h i l l i ng postmortem, but  the  d i fferences 

were s i gn i f i cant  ( P<0 . 05 )  o n l y  for 4 ,  6 and 8 h postmortem. Th i s  

i nd i cated t h at u ntr immed s i de s  s howed a s l ower dec l i ne of  temperature 

for the  f i rst 8 h postmortem , r esu l t i ng i n  a maxi m um temperature  

d i fference of 2°C between t r i mmed and  untr i mmed s i de s  for  both  exper i -

1 9 1 
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KeY: e Fat l ine untrimmed 
o M e aty l ine untrimmed 

• Fat l ine t r immed 
o M e a t y  line trimmed 

30 

2 5  

2 0  
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5 

· Time postmortem (h) 

F i gure 4-1 5 .  Postmortem temperature dec l i ne s  wi th i n � l ongi s s im u s  for 

the  s i de wi th subcutaneous  fat removed ( tr i mmed ) and  for 

the s i de wi th  s u bcutaneous  fat l eft on ( u n tr i mmed ) .  

Resu l t s are s hown for Southdown rams from the f at and the  

meaty l i nes of  Exper i ment  5 .  
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F i gure 4- 1 6 .  Po stmortem temperature dec l i ne s  wi th i n � l ongi s s i mu s  for 

the s i de wi t h  subcutaneous  fat removed ( tr i mmed ) and for 

the s i de w i th s ubcutaneous fat l eft on ( un tr immed ) .  

Res u l ts  are s hown for Southdown rams from the fat and t he  

meaty l i nes  of Exper i ment 6 .  



men t s . The temperature d i fference ,  al though  

decreas i n g ,  was  ma i ntai ned u p  to  24 h postmortem . 

to  some extent  wi th i n  the  groups between fat 

part i c u l a r l y  at  4 and 8 h postmortem . However , 

i ts mag n i t ude  was 

Temperatures var i ed 

and meaty l i nes , 

the d i fferences were 

not s t at i s t i c a l l y  s i gn i f i cant . E l ectr i ca l  s t i mu l at i on h ad n o  s i gn i f i 

c ant  effects o n  musc l e  temperature .  

4- 3-3  ULTIMATE pH VALUES 

4- 3-3- 1 Southdown X Romney L ambs ( Exper i ments 1 and  2 )  

Tab l es 4- 36  and 4-3 7  present data  o n  u l t i mate p H  of d i fferent 

mu s c l es from four s i res ( two s i res wi th i n  fat and meaty l i nes ) , four 

past ures , and two sexe s .  A l though  the u l t imate p H  v a l u e s  for the four 

mus c l es vari ed to  some extent  between the  two s i re groups  wi th i n  each 

l i ne ,  the d i fferences were n ot s i gn i f i c an t .  I n  s p i te of  th i s  var i a

b i l i ty wi th i n  l i n e ,  there were no s i gn i f i cant  d i fferences i n  the 

u l t imate pH between the two l i ne s ,  b ut  the meaty l i ne had s l i ght l y  

h i g her pH v a l ues  th an the fat l i ne for each  mus c l e .  The i nteract i on s  

between  t he  ma i n factors were omi tted from t he  Tab l e s  because none was 

s i gn i f i c ant . P a i red t - tests  were u sed to a s se s s  t he  d i fferences 

b etween musc l e s  wi th i n  e ac h  exper iment .  I n  both exper i ments , the  M .  

b i ceps femor i s h ad s i gn i f i cant ly  ( P<0 . 05 ) h i gher p H  v a l ues  t h an M .  

s emi membranosu s  ( Tab l e  4-3 6 ;  Exper i ment 1 a nd  Tab l e  4-37 ; E xper i ment 

2 ) .  

4-3- 3 - 2  Southdown Rams ( Exper i ments 4 ,  5 and 6)  

U l t imate pH measurements  were made on � n s t i m u l ated musc l es from 

the  two l i nes  i n  Exper i ment  4 ( Tab l e  4-38 ) and o n  s t i mu l ated and 

u n s t imu l ated musc l es from the two l i nes  i n  Exper i ments  5 ( Tab l e  4-39 )  

a nd 6 (Tab l e  4-40 ) at  24  h postmortem . Aga i n  the  u l t imate pH v a l u e s  

v ar i ed to  s ome extent between t he  two l i nes a n d  between e l ectri c a l l y  

s t i mu l ated and u n s t imu l ated c arcasses , but  these d i fferences were not 

s i gn i f i cant . 

The d ata  for u l t i mate pH va l ue s  of the d i fferent musc l es and 

d i fferent pos tmortem treatments i n  Exper i ments 4, 5 and 6 are g i ven i n  

Tab l es 4- 3 8 ,  4-39  and 4-40 ,  respect i ve ly .  These  t a b l es i nd i c ate that 
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Table 4-36. Least squares means of shear force values, percent cooking losses, and pH values for four muscles 
selection l ines ( fat and meaty ) within four pastures and two sexes o f  Southdown 

Experiment 1 .  

Selection line 

·Overal l Fat Meaty 

I tem mean Sire 1 Sire 2 Sire 3 Sire 4 

No. of animals 64 1 8  14  1 6  1 6  

Shear force value: 

.!:!.:_ biceos femoris 3 . 1 5a 3 . 1 0  3 . 05 3 . 1 3  3 . 30 

.!:!.:.. semimembranosus 4 . 80b 4 . 85 4 . 44 4 . 70 5 . 20 

.!:!.:.. semitendinosus 3 . 1 4a 3 . 1 2  2 . 88 3 . 26 3 . 29 

.!:!.:.. l onoissimus 2 . 63c 2 . 58 2 . 52 2 . 66 2 . 74 

Percent cooking loss: 

.!:!.:.. biceos femoris 3 0 . 6a 3 1 . 0  30 . 9  30 . 3  30 . 3  

.!:!.:.. semimembranosus 3 1 . 2b 31 . 8  3 0 . 9  30. 5 3 1 . 5  

.!:!.:.. semitendinosus 3 1 . 6b 3 1 . 8  3 1 . 9  3 1 . 0  3 1 . 6  

.!:!.:.. lonoissimus 25 . 0c 24 . 0  23 . 8  2 5 . 7  26 . 6 

pH value: 

.!:!.:.. biceps femoris 5 . 68a 5 . 68 5 . 65 5 . 67 5 . 70 

.!:!.:.. semimembranosus 5 . 64b 5 . 64 5 . 62 5 . 64 5 . 66 

.!:!.:.. semitendinosus 5 . 67a 5 . 68 5 . 62 5 . 67 5 . 69 

M .  lonoissimus 5 . 68a 5 . 65 5 . 66 5 . 69 5 .  7 1  

For definiti ons o f  abbreviations see Table 4-1 . 

Q) 
u 
c Pasture cc 
u ..... Q) .... ... c .... Ill Ill ... 0) 
c ..., > Q) :J Cl ..... 0 u ... 

..... .c ..... :J 0 
lJ') 3: 0  _J _J 

1 6  1 6  1 6  

s 3 . 28 3 . 00 3 . 00 

s 4 . 94 4 . 83 4 . 84 

NS 3 . 02 3 . 25 3 . 24 

s 2 . 68 3 . 00 2 . 39 

NS 28 . 7  2 8 . 5  29 . 6 

NS 29. 6 29 . 7 29 . 5  

NS 30 . 3  3 1 . 0  3 1 . 2  

NS 2 6 . 6  2 3 . 8  25 . 1  

NS 5 . 67 5 . 63 5 . 68 

NS 5 . 64 5 . 58 5 . 64 

NS 5 . 70 5 . 65 5 . 68 

NS 5 . 66 5 . 66 5 . 66 

Q) u 
c ro 

Q) u 
>- . .... I ... .... 

c en . ..., Ill ...... 0) c ... ro cc Cl 
QJ -� '"" ·� 

a.. C Cl ll'l  

1 6  

3 . 37 NS 

4 . 59 s 
3 . 06 s 
2 . 47 s 

2 9 . 8  NS 

3 1 . 3  NS 
30 . 8  NS 
2 5 . 6 - NS 

5 . 60 5 
5 . 65 NS 

5 . 68 NS 

5 . 70 NS 

X Romney cross 

Q) 
u 

Sex c 
ro 
u 

. .... ... .... 
Q) .... 

.c c ... Q) Cl Q) 3: ..... 3: w lJ') 

31 33 

3 . 1 0  3 . 1 9  NS 

4 . 44 5 . 1 5  NS 

3 . 1 0 3 . 1 7  NS 

2 . 52 2 .  72 NS 

29 . 1  29. 2 NS 

29 . 8 30. 3 NS 
30 . 9  . 30 . 7 s 
2 5 . 2  24 . 8  ** 

5 . 67  5 . 68 NS 

5 . 63 5 . 65 NS 

5 . 82 5 . 83 NS 
5 . 67 5 . 69 NS 

from two 

lambs in 

2 r RSD 

0 . 42 0 . 53 

0 . 48 0 . 97 

0 . 51 0 . 39 

0 . 54 0 . 52 

0 . 53 1 . 94 

0 . 56 1 . 98 
0 . 53 1 . 40 

0 . 50 2 . 39 

0 . 57 0 . 08 

0 . 53 0 . 09 

0 . 61 0 . 1 1  

0 . 33 0 . 09 

a ,  b ,  c Ove rall means for a particular  characteristic which do not have a common superscript differ  significantly ( P<0 . 05 ) . -" 
1.0 l1l 



Table 4-37.  Least squares means of shear force values , percent cooki ng losses and pH values for two muscles from two sel ec-
tion l ines ( fat and meaty ) within four pastures and two sexes of Southdown X Romney cross lambs in E xperiment 2 .  

I tem 

No. of  animal s 

Shear force value: 

!:!.=._ biceps femoris 

M .  semimembranosus - --

Percent cooking l oss : 

!:!.=._ biceps femoris 

M. semimembranosus 

pH value: 

!:!.=._ biceps femoris 

!:!.=._ semimembranosus 

Overall 

mean Sire 1 

64 1 6  

4 . 23a 4 . 1 3  

6 . 38b 5 . 86 

3 0 . 27a 29 . 27 

3 1 . 90b 31 . 35 

5 . 66a 5 . 64 

5 . 62b 5 . 60 

Q) 
u 

Selection l ine c 
ro 
u 

Fat Meat� •.-i 
.._ 

Sire 2 Sire 3 
·.-i 

Sire 4 §, 
·.-i 
1./) 

1 6  1 6  1 6  

4 . 20 4 . 1 8  4 . 42 NS 

6 . 56 6 . 71 6 . 40 NS 

30 . 78 30 . 37 30 . 66 NS 

32 . 1 8  32 . 1 4  3 1 . 92 NS 

5 . 68 5 . 67 5 . 65 NS 

5 . 62 5 . 61 5 . 63 NS 

For definitions of  abbrevi ations see Table 4-1 . 

J-o 
Q) Q) 

+' >  ·.-i 0 
.r:. .-.  3: 0  

1 6  

4 . 22 

6 . 90 

29. 96  

3 1  . 1 3  

5 . 65 

5 . 60 

Pasture 
Q) 
c 
J-o (I) 
Q) :::J 
u ..., 
:::J 0 

-' -' 

1 6  1 6  

4 . 1 3  4 . 34 

6 . 94 5 . 83 

29 . 88 29. 71  

31 . 73 32 . 1 1  
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5 . 63 5 . 57 
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1 6  

3 .  72 NS 
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3: w 1./) 

3 1  33  

4 . 08 3 . 99 NS 0 . 41 

6 . 38 6 . 49 NS 0 . 53 

30. 05 30 . 49 NS 0 . 43 

31 . 94 31 . 76 NS 0 . 30 

5 . 66 5 . 65 NS 0 . 57 

5 . 62 5 . 59 NS 0 . 51 

a ,  b Overall means for a particular characteristic which do not have a common superscript di ffer signi ficantly  ( P<0 . 05 ) . 

RSD 

0 . 83 

1 . 27 

2 . 04 

1 . 75 

0 . 07 

0 . 07 

-" 
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0'> 



Table 4-38 .  Least squares means o f  shear- force values, expressed JU1Ce * ,  

percent cooking losses , and pH values for four muscles from the two 

selection l ines ( fat and meaty ) of Southdown rams of Experiment 4 .  

Overal l Selection line ( L )  Significance 

I tem mean Fat ( F )  Meaty ( M )  F vs M RSD 

No.  o f  animals 1 8  1 0  8 

Shear force value ( kg) : 

M .  semitendinosus 3 . 79a 3 . 74 3 . 83 NS 0 . 56 

� biceps femoris 3 . 89a 3 . 80 3 . 98 NS 0 . 62 

M .  semimembranosus 5 . 1 0b 5 . 03 5 . 1 5  NS 0 . 70 

M .  longissimus 3 . 39c 3 . 26 3 . 52 NS 0 . 51 

Expressed juice:  

� biceps femoris 3 1 . 65a 3 1 . 76 31 . 53 NS 1 . 32  

M .  semimembranosus 3 1 . 1 8b 31 . 36 31 . 00 NS 1 .  28 

M .  longissimus 3 1 . 25b 31 . 45 31 . 05 NS 2 .  81 

Percent cooking loss : 

M .  semitendinosus 30 . 51 a 30 . 68 30 . 34 NS 1 . 82 

� biceps femoris 30 . 25ab 30 . 26 30 . 24 NS 1 . 75 

M .  semimembranosus 3 0 . 70ac 30 . 84 30 . 55 NS 1 . 82 

M .  longissimus 2 6 . 29e 2 6 . 60 25 . 97 NS 2 . 62 

pH values : 

M .  semitendinosus 5 . 69a 5 . 68 5 . 70 NS 0 . 06 

� biceps femoris 5 . 68a 5 . 67 5 . 68 NS 0 . 07 

M .  semimembranosus 5 . 65a 5 . 64 5 . 66 NS 0 . 06 

M .  longissimus 5 . 60b 5 . 59 5 . 60 NS 0 . 04 

* Expressed juice = water area ( cm2 )/sample weight ( g ) . 

For definitions of abbrevi ations see Table 4-1 . 

a ,  b ,  c Overall means for a particular  characteristic which do not have a 

common superscript diffe r  sign i ficantly ( P<0 . 05 )  

1 97 



Table 4-39 .  The effect o f  post-mortem treatment on pH values for four muscles from two selection lines ( fat and 
meaty ) of Southdown rams o f  Experiment 5 .  Hal f o f  the carcasses were electrically stimulated ( least 
squares means) ,  

Selection Line ( L )  
Fat (F) 

Electrically 
Overal l Unstimulated stimulated 

I tem mean 

No .  of animals 24 

� *iceps femoris :  
2 h on  ice 5 .  72a 

24 h ambient 
5 . 63b temperature 

Difference 
( ice-ambient) 

M .  semimembranosus :  b -1 d ageing 5 . 6 3b 1 5  d ageing 5 . 61 
Difference 

( 1  d - 1 5  d )  

� longissimus ( from loin sut) : 
T rimmed fat 5 . 65b Untrimmed fat 5 . 63 
Difference 

( trimmed-untrimmed ) 

� longissimus ( from rack 8ut) : 
Untrimmed fat 5 . 58 
Difference 

( loin-rack)  

� semitendinosus:  
5 . 64b 

( C )  (ES)  

6 6 

5 . 69 5 . 7 1  

5 . 61 5 . 63 

0 . 08 0 . 08 

5 . 6 1  5 . 63 
5 . 60 5 . 62 

0 . 01 0 . 01 

5 . 59 5 . 66 
5 . 57 5 . 64 · 

0 . 03 0 . 02 

5 . 55 5 . 59 

0 . 02 0 . 05 

5 . 60 5 . 68 

For de finitions of  abbreviations see Table 4-1 .  

Meat:r (M) 
Electrically 

Unstimulated stimulated 
( C )  ( ES )  

6 6 

5 . 72 5 . 74 

5 . 63 5 . 64 

0 . 09 0 . 1 0  

5 . 62 5 . 64 
5 . 60 5 . 62 

0 . 02 0 . 02 

5 . 66 5 . 69 
5 . 65 5 . 66 

0 . 01 0 . 03 

5 . 56 5 . 60 

0 . 09 0 . 06 

5 . 63 5 . 65 

F vs M 

NS 

NS 

NS 

NS 
NS 

NS 

NS 
NS 

NS 

NS 

NS 

NS 

a, b, c Overall means in the same column with no common superscripts differ ( P<0 . 05 ) .  

Signi ficance 
L vs 

C vs ES Treatment RSD 

NS NS 0 . 05 

NS NS 0 . 05 

NS NS 0 . 05 

NS NS 0 . 06 
NS NS o . os 

NS NS 0 . 01 

NS NS 0 . 09 
NS NS 0 . 1 0  

NS NS 0 . 04 

NS NS 0 . 07 

NS NS 0 . 1 1  

NS NS 0 . 08 

--> 
1.0 DJ 



Table 4-40 .  The  effect o f  post-mortem treatment on pH  values for four muscles from two selection l ines ( fat  and 
meaty ) of Southdown rams of Experiment 6 .  Hal f of  the carcasses were electrical ly stimulated ( least 
square means ) .  

Selection Line ( L )  
Fat (F) �eat:t (M) 

Electrical ly  Electrically Signi ficance 
Overall Unstimulated stimula ted Unstimulated stimulated L vs 

Item mean ( C )  ( ES)  ( C )  ( ES )  F vs M C vs ES Treatment 

No.  of animals 1 2  6 6 6 6 

!:h. biceps femoris : 
5 . 69a 24 h on ice 5 .  72  5 . 67 5 . 65 5 .  72 NS NS NS 

24 h ambient 
5 . 53b temperature 5 . 52 5 . 53 5 . 51 5 . 55 NS NS NS 

Difference 
( ice-ambient ) 0 . 1 9  0 . 1 4  0 . 1 4  0 . 1 7  NS NS NS 

M. semimembranosus : 
5 . 57b -1 d ageing 5 . 51 5 . 54 5 . 61 5 . 65 NS NS NS 

!:h. longissimus:  
T rimmed fat ( loin) 5 . 57b 5 . 54 5 . 58 5 . 60 5 . 6 1  NS NS NS 
Untrimmed fat 

5 . 57b ( loin)  5 . 51 5 . 55 5. 58 5 . 58 NS NS NS 
Difference 

( trimmed-untrimmed ) 0 . 03 0 . 03 0 . 02 0 . 03 NS NS NS 

M. semitendinosus : 
5 . 60b 5 . 60 5 . 55 5 . 61 5 . 58 NS NS NS 

For definitions of  abbreviations see Table 4-1 . 
a ,  b Overall means i n  the same column wi th common superscripts di ffer ( P<0 .05 )  

RSD 

0 . 1 0  

0 . 06 

0 . 1 1  

0 . 63 

0 . 07 

0 . 07 

0 . 02 

0 . 09 

__, 

� � 



200 

the u l t i mate pH was n ot affected by age i ng or  by the tr i mmi ng of the  
s u bcutaneous  f at from th e l o i n reg i on ,  but  was affected by  co l d  

s horten i ng .  

I t  appears from the  present stud i es th at the  th i ck nes s  of the fat 

or  e l ectr i ca l  s t i mu l a t i on  were not i mportant  factors determi n i ng t he  

u l t i mate pH v a l ues . 

4- 3-4  RATE OF POST-MORTEM GLYCOLYS I S  

I n i t i a l p H  measureme n ts were made  on � semi ten d i no s u s  from the  

two s e l ect i on l i nes  comme n c i ng  between 60 and 70 mi n post -mortem i n  

Exper i ments  5 and 6 .  The  i n i t i a l pH v a l u e s  var i ed s l i g ht l y  wi th i n  

l i nes , b ut  were not s i gn i f i cant l y  d i fferent .  These var i at i ons  pos

s i b l y  refl ect the degree of s trugg l i ng at t he  t i me of death . 

The  pH v a l ues  at s pec i f i c t i mes postmortem were pred i cted by 

u s i ng q uadrat i c  regres s i on equ at i ons  ( Sn edecor and Cochran , 1 980 ) 

re l at i ng pH to  t ime for e ac h  musc l e .  The r ange of coeffi c i ents of 

determi n at i on and res i du a l s t andard dev i at i on for these  re l at i on s h i ps 

were from 0 . 93 to 1 . 00 wi th an average of 0 . 97 for the former and from 

0 . 01 to 0 . 1 1  wi th an  average  of  0 . 04 for the l atter i n  Exper i ment 5 .  

I n  the s ame s equence for Exper i ment 6 they were from 0 . 96 to  1 . 00 wi t h  

a n  average  of 0 . 96 a n d  from 0 . 02 to 0 . 1 7  w i th an  average of 0 . 07 .  I n  

both exper iments the  p H  fel l at a lmost a constant r ate for 4 h o r  

more . The r ate o f  fa l l o f  p H  at ear l y  s t ages i n  the st i mu l ated 

musc l es was  s i gn i f i cant l y  greater th an i n  the unst i mu l ated musc l es i n  

both exper iments , b u t  there were no  s i gn i f i c ant  d i fferences  between 

the two l i nes . 

F i gures 4- 1 7 and 4- 1 8 s how pH va l ues  at  v ar i ou s  t i mes postmortem 

for the fat and meaty l i ne s  and for e l ect r i ca l l y  s t i mu l ated a nd  

u nst i mu l ated carcasses  w i th 1 2  r am c arcas ses  i n  each grou p .  The pH  

v a l ues  ( from 1 h through  24 h postmortem ) were con s i sten t l y  h i gher for 

t he  meaty l i ne group t h a n  for the fat l i ne ,  b u t  the d i fferences were 

not s i gn i f i cant . 

When compar i ng the  pH dec l i ne between e l ectr i c a l l y  s t imu l ated and 

u nst i mu l ated musc l es w i th i n  e ac h  l i ne ,  i t  i s  ev i dent  that the pH 
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F i gure 4 - 1 7 .  Least  squ ares means and standard errors for p H  o f  � 

semi tend i nosus  of South down rams for e l ectri ca l l y  

s t i mu l ated and unst i mu l ated groups and two s e l ect i on 

l i nes ( fat and meaty ; Exper i ment 5 ) .  
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F i gure 4- 1 8 .  Least squ ares means and standard errors for pH of � 

sem i tend i nosus  of  Southdown rams for e l ectr i ca l l y  

s t i mu l ated and unst i mu l ated groups and two s e l ect i on 

l i n es ( fat and meaty ; Experiment 6 ) .  



dec l i ned s i gn i f i can t l y ( P<0 . 01 ) faster for the  e l ectr i c a l l y  s t i mu l ated 

carcasses  part i cu l ar l y  d ur i ng the fi rst 4 h postmortem . The d i fferen
ces b etween the pH of  e l ectr i ca l l y  s t imu l ated and unst i mu l ated carcas

ses  from 4 to 1 2  h pos tmortem were al so s i gn i f i cant ( P<0 . 05 ) . 

4- 3-5  MUSCLE F I BRE  TYPE  AND NUMBER 

4-3- 5 - 1  H i sto l oa i c a l  E v a l u at i on 

Musc l e  fi bres i n  sect i on s  prepared to measure succ i n i c  

dehydrogenase ( SOH ) act i v i ty were c l as s i f i ed a s  ( aR )  red f i bre s ,  ( aR )  

i ntermed i ate fi bres and ( aW )  wh i te fi bres ( As hmore et �. , 1 972 ) as 

s hown i n  F i gure 4- 1 9 . The red f i bres were a l l i nten s e l y  s ta i ned and 

l oc ated mos t l y  i n  c l u sters wi th i n  a musc l e  f asc i c l e .  They s howed 

heavy d i ffuse depos i t i on of d i formazan  gran u l a .  The i ntermed i ate 

s t a i ned fi bres ( aR )  were most l y l ocated around  the ( aR )  red c l u s ter , 

and ex h i b i ted a den se  s ubsarco l emmal  accumu l at i on of d i formazan 

gran u l a .  The rema i n i ng weak l y  sta i ned fi bres were referred to as ( aW )  

wh i te fi bres . 

Musc l e  fi bres s t a i ned for ATPase act i v i ty were c l as s i f i ed i nto  

two types ( F i gure  4 - 20 ) , n ame l y  d ark f i bres wh i ch were a l l negat i ve l y  

s t a i n ed ,  wh i l e  t he  l i ght fi bres were a l l pos i t i ve l y  s ta i ned . 

4-3- 5-2  F i bre Type Proport i ons 

F i gures 4- 2 1  and  4-22 s how a compar i so n  of  the three musc l e  f i bre 

type proport i on s  based on  sta i n i ng w i th SOH for the two s e l ect i on 

l i n es  i n  Exper i ments  5 and 6 ,  respect i ve l y .  One  of the ma i n  po i nt s  t o  

n ote  i s  that musc l es from the  fat l i n e  s h eep posses sed s i gn i f i c a nt l y  

h i g her proport i on s  of red fi bre type ( h i gh i nten s i ty )  compared w i th  

musc l e  from s heep i n  the meaty l i ne for  Exper i ments 5 and  6 .  A l though  

t he  d i fferences  were  not  s i gn i fi cant , there were correspond i ng dec

reases  i n  the propor t i on s  of  i ntermed i ate  and wh i te musc l e  f i bres i n  

t h e  fat l i ne a s  compared wi th the meaty l i n e .  I n  F i gure 4- 23  the 

proport i on s  of t he  two f i bre types c l as s i f i ed accord i ng t o  ATPase  

act i v i ty for  the  two  se l ect i on l i ne s  i n  Exper iment 6 are  presented . 

The  average v al u e s  of  l i ght and dark fi bres d i d  not d i ffer s i gn i f i 

c ant l y  between the  l i ne s .  
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( a ) 

1 00 �m 

( b )  

F i gure  4- 1 9 . ( a ) P hotomi crograph of tran sverse s ect i on of M .  
semi tend i nos us , s ta i ned for succ i n i c  dehydrogenase  

( magn i f i cat i on X 250 ) . ( b )  A drawi ng  of ( a ) wi t h H ,  L 

and I i nd i c at i ng the h i gh sta i n i ng act i v i ty ( red fi bre ) , 

l ow s t a i n i ng ac t i v i ty (wh i te fi bre ) and i n terme d i ate 

s t a i n i ng act i v i ty ( i ntermed i ate fi bre ) , res pect i ve l y .  
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( a ) 

l 200 �m 

F i gure 4 - 2 0 .  Photomi crographs 

( b )  

of transverse sect i on s  of 

sem i ten d i nos us , s t a i ned for s ucc i n i c  dehydrogen as e  

a nd for myo s i n ATPase ( b )  (mag n i f i c at i on X 1 00 ) .  
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F i g ure  4 - 2 1 . Percent s of  t h e  three mus c l e  f i bre types ( h i gh ( red ) , moderate ( i ntermed i at e ) , and l ow ( wh i te )  
i nten s i ty of s t a i n i ng react i on s  for s u cc i n i c  dehydrogenase )  of � semi ten d i no s u s  for Southdown rams 
w i th i n  two s e l ect i on l i nes  ( fat and meaty ) of  Exper i ment 5 .  St andard error b ars  are i nc l uded , and  
above  each set  of two h i stograms i s  shown the  l eve l  of s i gn i f i c ance of the  fat ( F )  ver s u s  the  meaty 
( M )  l i nes . N 0 O'l 
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F i gure  4-22 . Percents  o f  three mu s c l e  f i bre types  ( h i gh ( red ) ,  moderate ( i ntermed i ate ) , and l ow ( wh i te )  i nten

s i ty of s t a i n i ng react i on s  for  s ucc i n i c  dehydrogen ase ) of � semi tend i nosus  for Southdown r ams 

w i th i n  two s e l ect i on l i ne s  ( fat and meaty ) of  Exper i ment  6 .  St andard error b ars  are i nc l u ded , and 

above eac h set of two h i stograms i s  s hown the l eve l  of s i gn i f i c ance of the fat ( F )  ver s u s  the meaty 
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Figure 4-2 3 .  Muscle fibre diameter and percent of  two muscle fibre types ( low [ light] and high [ dark ) intensity 

of  staining reactions for ATPase) of  � semitendinosus for Southdown rams from two selection lines 

( fat  and meaty ) of  Experiment 6. Standard error bars are included , and above each set o f  

histograms i s  shown the level of significance of  the fat ( F )  versus the meaty ( M )  lines , o f  the 
unstimulated ( C )  versus the electrically stimulated (ES )  treatments and of  the interaction. 

--

8 0  

7 0. 

6 0  

5 0  

4 0  

3 0  

2 0  

Q) 
c. 
>--
Q) .... 

.0 
·--
Q) -
0 
m 
:::1 
E 

-0 
-
c: 
Q) 
0 .... 
Q) 

Q.. 

N 0 CO 



4- 3 - 5-3  F i bre D i ameter 

Least  s q u ares means and s t andard errors for the d i ameters of the 

d i f ferent fi bre types b ased on SOH s ta i n i ng for the  two se l ect i on 

l i n e s  ( fat and meaty ) and two treatments  ( e l ectr i c a l  s t i mu l at i on v s  

control ) i n  Exper iments 5 and 6 are g i ve n  i n  F i gures 4-24 and 4-25 , 

respect i ve l y .  I n  both l i ne s ,  th e red fi bres h ad t h e  smal l es t  d i a

met er s  and  the  wh i te fi bres the l argest , wh i l e the i ntermed i ate  f i bres 

were i ntermed i ate i n  s i ze . The meaty l i ne posses sed non-s i gn i f i c ant l y  

l arger f i bre d i ameters regard l es s  of h i stoc hemi ca l  type . The e l ec

tr i c a l l y  s t i mu l ated carcas ses  had s l i g ht l y  smal l er mean f i bre 

d i ameters  th an the control c arcas ses  for a l l musc l e  fi bre types but  

t he  d i fference s  were not s i gn i f i can t .  S im i l ar resu l t s were obta i ned 

for the  d i ameter of musc l e  f i bre types based o n  ATPase s ta i n i ng 

( F i g ure  4-23 ) . The i nteract i on s  between treatments and l i nes  were not 

s t at i s t i c a l l y  s i gn i f i cant for any of the  mus c l e  fi bre parameters .  

4- 3 - 5 -4 F i bre D i ameter D i s tr i b u t i on 

D i ameter d i str i bu t i on  c urves for the three musc l e  fi bre types 

b a s ed o n  s uc c i n i c  dehydrogenase  sta i n i ng i n  Exper iments 5 and 6 are 

s hown i n  F i g ures 4-26 and 4- 2 7 , respect i ve l y .  These curves were 

con struc t ed by s ummat i ng the i nd i v i du a l  percent v a l u e s  of the 1 2  fat 

and 1 2  meaty rams . The i nd i v i dua l  h i stograms were b ased on meas ure

men t s  of  at l east 50 red fi bre s ,  1 50 i n termed i ate f i bres , and 1 80 

wh i te f i bres per an ima l . The three F i gures reveal  p a i rs of s im i l ar

s h aped c u rves , wi th the meaty l i ne curves extended to  the  r i ght of the  

correspond i ng fat  l i ne curves  i n  the  ascend i ng p arts of the d i agrams . 

4-3- 6  REFLECTANCE SPECTROPHOTOMETRY FOR ASSAY OF MUSCLE COLOUR 

Tab l es 4-4 1 , 4-42 and 4-43 present the  mean percent ref l ectance 

v a l u e s  for the  two l i nes and for d i fferent t reatments for a l l mu sc l es 

con s i dered i n  Exper iments 4 ,  5 a nd 6 ,  respect i ve l y . 

The fat l i ne mus c l e  s amp l es had a h i gher ref l ectance at a l l four 

wav e l engths  across  exper i ments , but  the  d i fference s  were not s tat i s 

t i c a l l y  s i gn i f i c ant . Measurements  to est i mate reduced myog l ob i n (R474  

nm/R525  nm) and metmyog l ob i n  ( R572 nm/R525 nm or R630 nm/R525 nm)  
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F i gure 4-2 7 .  Di ameter d i str i but i ons  curves for M .  semi tend i no s u s  red 

fi bres ( a ) , i nt ermed i ate fi bres ( b ) , and wh i te fi bres ( c ) 

for two s e l ect i on l i ne s  of Southdown rams i n  Exper i ment 

6 .  Each po i nt i nc l udes  the average n umber �2 ( e . g .  20 � 2 
for the f i rst  p o i nt of t he  red musc l e  fi bres curve ( a ) ) . 



i nd i c ated th at th ese  chemi ca l  s tates were u n i form between the two 

l i nes  across a l l musc l es con s i dered . 

E l ectr i c a l l y  s t i mu l ated musc l es appeared' more faded and l i g ht er 

c o l oured t h an u n s t i mu l ated musc l es for a l l exper i ments , b u t  the  

d i fferences were smal l and non-s i gn if i cant . 

The most  i nterest i ng features i n  the ref l ectance res u l t s were the 

d i fferences between postmortem treatments and between d i fferent mus

c l es at any part i cu l ar wave l ength ( F i gures 4- 2 8 ,  4-29 and 4 -30 ) . 

General ly ,  d i fferences b etween musc l es w i th i n  eac h  exper i ment are 

c l ear from the F i g ures  and l eve l s of s i gn i f i c ance  are s hown i n  Tab l es 

4-41 , 4-42 and 4-4 3 ,  wi t h  the  M .  semi tend i no s u s  h av i ng the  h i g h est  

refl ect ance v a l u e s  at a l l four  wave l ength s i n  E xper i ment  6 ( F i gure  4-

30 ) .  After � semi tend i nosus , � l ongi s s i mu s  h ad the  h i ghest  refl ec

t ance v al ues  at most  wave l ength s  and � sem i membranos u s  h ad the l owest  

for  a l l wav e l engt h s . S i mi l ar res u l t s  were found i n  Exper i ments  4 

( F i gure  4- 2 8 )  and 5 ( F i g ure 4- 2 9 ) .  I n  general , for the rat i o s  R474 

nm/R525 nm , R572  nm/R525 nm and R630 nm/R525  nm the d i fferences bet

ween musc l es were s l i ght and non-s i gn if i c an t .  I n  Exper i ment 6 ,  no  

s i gn i f i cant d i fferences  were found at 474 nm or  525  nm or 5 7 2  nm 

b etween M .  b i ceps femor i s  at  amb i ent  temperature and those  on  i ce .  

H owever ,  a t  630 n m  the  s amp l e s  a t  amb i ent  temperature h ad s i gn i f i 

c ant l y h i gher ( P<0 . 01 ) refl ect ance va l ues than  those on  i ce .  

4-3- 7 EXPRESSED JU I C E  

The  d ata  i n  Tab l es 4-38 , 4-44 and 4-45 s how t he  expres s i b l e  j u i ce 

a s  a measure of water-ho l d i ng c ap ac i ty of d i fferent mus c l es  from the  

f at and meaty l i ne s  for  Exper i ments 4 ,  5 and 6 ,  respect i ve l y .  

E l ect r i c al s t i mu l a t i on  d i d  not s i gn i f i c ant l y  affect  t h e  amount  o f  

e xpres s i b l e  j u i ce for Exper i ments 5 and 6 ( Tab l es 4-44 and 4-45 , 

r espect i ve l y ) , b u t  t he  s t imu l ated musc l e s  h ad s l i ght l y  h i gher expres

s i b l e  j u i ce v a l u e  th an the  u n st i mu l ated musc l es .  The s ame Tab l e s  s how 

t h e  d i fferences between d i fferent musc l es and between d i fferent treat

ments . In  Exper i ments  5 and 6 the expres s i b l e  j u i ce content was 

s i gn i f i can t l y  l ower for M .  b i ceps femor i s  o n  i ce th an  th at at amb i en t  

t emperature . 
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Table 4-41 . Least squares means for percent reflectance of fresh cut muscle at 

various wavelengths ( nm) for three muscles from two selection lines ( fa t  

and meaty) o f  Southdown rams of  Experiment 4 .  

Overall Selection line Significance 

I tem mean Fat ( F )  Meaty ( M )  F v s  M RSD 

No. of  animals 1 8  1 0  8 

!:!:._ biceps femoris:  

Wavelength ( nm) : 

474 5 . 98a 6 . 06 5 . 90 NS 1 .  06 

525 5 . 25a 5 . 28 5 . 21 NS 0 . 91 

572 4 . 53a 4 . 67 4 . 38 NS 0 . 96 

630 1 5 . 95a 1 5 . 96 1 5 . 94 NS 1 .  39 

474/525 1 . 1 4a 1 . 1 5  1 . 1 3  NS 0 . 09 

572/525 0 . 86a 0 . 88 0 . 84 NS 0 . 1 0  

630/525 3 . 05a 3 . 03 3 . 06 NS 0 . 44 

M .  semimembranosus : 

Wavelength ( nm) : 

474 5 . 23b 5 . 28 5 . 1 8  NS 0. 57 

525 4 . 74b 4 . 81 4 . 66 NS 0 . 45 

572 3 . 65b 3 .  72 3 . 58 NS 0 . 40 
630 1 6 . 43a 1 6 . 48 1 6 . 38 NS 1 . 49 

474/525 1 . 1 1  a 1 . 1 0  1 . 1 1  NS 0 . 07 

572/525 0 . 78b 0 . 77 0 . 78  NS 0 . 08 

630/525 3 . 48b 3 . 44 3 .  51 NS 0 . 37 

M .  longissimus: 

Wavelength ( nm)  

474 6 . 92c 6 . 96 6 . 88 NS 0 . 70 

525 6 . 1 3c 6 . 1 1  6 . 1 4  NS 0 . 80 

572 5 . 1 9c 5 . 28 5 . 09 NS 0 . 85 

630 1 7 . 7 7b 1 8 . 14 1 7 . 39 NS 2 . 28 

474/525 1 . 1 4a 1 . 1 5  1 . 1 2  NS 0 . 07 

572/525 0 . 85a 0 . 87 0 . 83 NS 0 . 09 

630/525 2 . 91 c 2 . 98 2 . 84 NS 0. 51 

For definitions of  abbreviations see Table 4-1 . 

a ,  b, c ,  Overall means for  a particular wavelength or ratio o f  wavelengths which do  

not  have common superscripts differ significantly ( P<0. 05 ) .  
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T a b l e  4-4 2 .  Percent ref l ec t ance o f  fresh cut mus c l e  at var i ous wav e l eng ths ( nm) for three musc l e s  from two 

s e l e c t i on l i nes ( f a t  and meaty) of Sou thdown rams of Exper iment 5 .  Ha l f  of the carcasses were 

e l ec t r i c a l l y  s t i mu l ated ( l e as t  squares means ) .  

S e l ec t i on L i ne 

F a t  (F) Meaty (M) 

2 1 6  

E l ec tr i c a l l y  E 1 e c  t r  i c a 1 1  y ___ ___:S:.:.i_,_gnc..i:.:.f:.:.i.::.c::.:anc.:c:.::e ____ _ 

Overa l l  Unst imu l ated s t imul a t ed Unst imul ated s t i mu l a t ed 

I tem means ( C )  ( E S )  

No . o f  a n i ma l s  24 6 6 

� �e..E2_ f emor i s :  ( 24 h amb i en t  temperature) 

Wave l ength ( nm ) : 

474 

525 

572 

630 

474/525 

572/525 

630/ 5 2 5  

6 .  1 4 a 

4 . 86a 

4 . 06ab 

1 6 . 7 5a 

1 . 27 a 

0 . 84 a 

3 . 46a 

6 . 2 :? 

4 . 88 

4 . 02 

1 6 . 7 7 

1 . 28 

0 . 83 

3 . 49 

M. semimembranos u s :  ( 1  d age i ng )  

Wave l ength ( nm) : 

474 

525 

5 7 2  

630 

4 7 4 / 5 2 5  

5 7 2 / 5 2 5  

630/ 5 2 5  

4 . 9 7b 

4 . 55a 

3 . 74a 

1 5 . 4 1 b 

1 . 1 0b 

0 . 82 a 

3 . 79a 

5 . 00 

4 . 50 

3 . 75 

1 5 . 29 

1 .  1 2  

0 . 83 

3 . 87 

6 . 2 3 

4 . 95 

4 . 20 

1 7 . 3 5 

1 . 2 2  

0 . 85 

3 . 40 

5 . 0 7 

4 . 68 

3 . 84 

1 5 . 6 3  

1 . 09 

0 . 83 

3 . 53 

M. longi s s i mus : ( untr inmed subcutaneous fat s i de )  

Wave l ength ( nm ) : 

4 7 4  

525 

5 7 2  

6 3 0  

4 74 / 5 2 5  

5 7 2 / 5 2 5  

630/ 5 2 5  

6 . 30a 

5 . 23b 

4 . 30b 

1 7 . 05 a 

1 . 2 1 a 

0 . 82
a 

3 . 26a 

6 . 35 

5 . 29 

4 . 4 5  

1 7  . og 

1 . 2 0  

0 . 84 

3 . 23 

6 . 4 2  

5 . 36 

4 . 52 

1 7 . 23 

1 . 2 0  

0 . 84 

3 . 2 1  

For def i n i t i on s  o f  abbrev i at i o n s  see T a b l e  4-1 . 

( C )  

6 

5 . 9 7 

4 . 78 

3 . 90 

1 6 . 1 5  

1 . 28 

0 . 82 

3 . 45 

4 . 85 

4 . 4 2 

3 . 60 

1 5 . 20 

1 . 1 0 

0 . 81 

3.87  

6 . 1 9  

5 . 1 1  

4 . 09 

1 6 . 92 

1 . 2 1  

0 . 80 

3 . 3 1 

( E S )  

6 

6 . 1 5  

4 . 82 

4 . 1 0  

1 6 . 7 3  

1 . 28 

0 . 8 5  

3 . 4 8 

4 . 9 7 

4 . 60 

3 . 7 5 

1 5 . !0 1  

1 . 09 

0 . 82 

3 . 32 

6 . 25 

5 0 1 7  

4 . 1 3  

1 6 . 95 

1 . 2 1  

0 . 80 

3 . 28 

I n ter-

vs M C vs ES act i on 

NS 

NS 

NS 

NS 

NS 

NS 

N S  

NS 

NS 

N S  

NS 

NS 

NS 

NS 

NS 

N S  

NS 

NS 

NS 

NS 

N S  

NS 

NS 

NS 

NS 

NS 

NS 

NS 

NS 

NS 

NS 

NS 

NS 

NS 

NS 

NS 

NS 

N S  

NS 

NS 

NS 

N S  

NS  
N S  

NS 

NS 

NS 

NS 

NS 

r�s 
NS 

NS 

NS 

NS 

NS 

N S  

r�s 
I�S 

NS 

NS 

N S  

NS 

NS 

RSD 

0 . 86 

0. 58 

0 . 48 

1 . 64 

0 . 22 

0 . 0 7  

0 . 4 i  

0 . 48 

0 . 6 1  

0 . 48 

1 . 05 

0 . 1 0  

0 . 1 0  

0 . 4 9  

0 . 83 

0 . 69 

0 . 72 

2 . 1 0  

0 . 09 

0 . 1 0  

0 . 4g 

a ,  b, c Overa l l  means for a part i cu l ar wave l en g th or r a t i o  of wave l eng ths wh ich do not have conmon supers c r i p t s  

d i ffer s i g n i f i c ant l y  ( P< 0 . 05 ) . 



T a b l e  4 -4 3 .  Percent ref l ect ance of fresh cut musc l e  at var i ous wave l engths for four mus c l e s  from two s e l ec t i on 
l i nes ( f a t  and me a ty )  o f  Southdown rams of Exper ime n t  6 .  Ha l f  o f  the carcasses were e l ec t r i c a l l y  
s t imu l ated ( l e a s t  squares mea n s ) .  

S e l ec t i on L i ne 
rat F 1 E ectr •ea lly 

Over a 1 1  U n s t l mu l a ted s t i mu l ated 
l l�m mean ( C )  ( E S )  

No . o f  a n i ma l s  2 4  6 6 

M. b l c�ps femor i s :  ( 2 4  h on I c e )  
-wave en9tilfiiiiiT : 

5 . 9Da 4 74 6 . 03 5. 75 
5 2 5  5 .  1 6a . 5 .  33 5 . 3 3 
5 7 2  4 . 05! 4 . 1 8  4 . 60 
630 1 3 . 4 4 b 1 3 . 1 0 1 4 . 23 
4 74/525 1 . 1 4: 1 . 1 3  1 . 08 
5 7 2/525 0 . 7 9ab o. 78 0 . 89 
630/ 525 2 . 6 1  2 . 54 2 . 7 3 

M. b l c�ps femor i s :  
-wave engtilfiiiiiT : 

( 2 4  h amb i en t  temperature) 

6 . 2 3:b 4 7 4  6 . 4 5 
525 5 . 60ab 5 . 5 5  
5 7 2  4 . 58b 4 . 08 
630 1 5 . 95 a 1 5 . 65 
474/525  1 . 1 1  1 . 1 7  
5 7 2/525 0 . 82a o. 73 
630/ 525 2 . 85a 2 . 85 

M. sem i membranosus : ( 1  d age i ng )  
-wavelength (nm) : 

6 . 1 8: 4 7 4  
525 5 . 30ab 5 7 2  4 . 40ab 630 1 4 . 9 7  b 4 74/525  1 .  1 7a 

572/525 0 . 83a 

630/525 2 . 83a 

!:!, �Ti ss tmu(' ( u n t r t mmed 
Wave cngth nm) • b 4 7 4  7 . 1 3b 5 2 5  5 . 89b 

5 7 2  4 . 7 9b 
630 1 6 . 84 
474/525  1 . 2 1 b 

5 7 2/525 0 . 8 1 : 
630/5 2 5  2 . 86 

M. semi tend i nosus : 
--wavelength (nm)• 

8. 55c 4 7 4  
5 2 5  7 . 6 1 c 

5 7 2  6 . 6 1 c 

630 1 8 . 87� 
4 7 4/525 1 . 1 3b 572/525 0 . 87b 630/ 525 2 . 48 

6 . 50 
5 . 20 
4 . 40 

1 4 . 4 3  
1 . 2 5  
0 . 8 5 
2 . 7 9 

subcutaneous 

6 . 80 
5 . 6 3 
4 . 88 

1 7 . 1 7  
1 .  2 1  
0 . 87 
3 . 05 

8 . 40 
7 .  4 7 
6 . 83 

1 9 . 08 
1 . 1 3  
0 . 92 
2 . 64 

6 .  77 
6 . 23 
5 .  37 

1 6 . 25 
1 . 08 
0 . 8 7 
2 . 63 

6 . 60 
5 . 63 
4 . 50 

1 5 . 50 
1 .  1 7  
0 . 80 
2 .  75 

fat s i de )  

7 . 7 2 
6 . 6 7  
5 . 08 

1 7 . 50 
1 . 1 6  
o.  76 
2 . 62 

a. 7 2  
8 . 05 
7 . 0 7  

1 g . 5Q 
1 . 08 
0 . 88 
2 . 39 

Ae at:�: 

Un s t i mu l a t ed 
( C )  

6 . 02 
5 .  1 5  
3 . 85 

1 3 . 88 
1 . ,  7 
0 . 76 
2 . 75 

5 . 5 5 
5 . 30 
4 . 38 

1 5 . 50 
1 . 1 8 
0 . 8 2  
3 . 23 

5 . 7 5 
5 . 1 3  
4 . 2 7  

1 4 . 36 
1 .  1 2  
0 . 83 
2 . 80 

6 . 7 5 
5 . 4 1  
4 . 4 1  

1 5 . 75 
1 . 2 5 
0 . 8 2  
2 . 9 1  

8 . 50 
7 . 33 
6 . 20 

1 8 . 33 
1 . 1 8 
0 . 85 
2 . 57 

!f;jt lect n c ally S i9n i f i c ance 
s t lmu l  ated In ter-

( E S )  v s  M c vs E S  a c t  i o n  

6 

5 . 81  NS NS NS 
4 . 83 NS NS NS 
3 . 55 s NS NS 

1 2 . 55 NS NS s 
1 . 20 HS NS r1s 
0. 73 s N S  NS 
2 . 63 N S  N S  NS 

6.  1 5 s N S  NS 
5 .  33 s N S  NS 
4 . 4 7  NS s s 

1 6 . 40 HS NS NS 
1 . 06 NS s N S 
0 . 83 NS s NS 
3 . 00 s NS NS 

5 . 88 s N S  NS 
5 . 23 N S  NS HS 
4 . 43 N S  N S  NS 

1 5 . 5 7  NS N S  NS 
1 . 1 2  N S  H S  NS 
0 . 85 NS NS NS 
2 . 98 NS N S  NS 

7 . 23 NS NS NS 
5 . 85 N S  N S  NS 
4 . 80 NS HS NS 

1 6 . 92 H S  HS NS 
1 . 24 NS NS N S  
0 . 82 HS N S  NS 
2 . 89 N S  N S  N S  

8 . 53 N S  N S  NS 
7 . 58 NS HS NS 
6 . 33 s N S  NS 

1 8 . 58 s N S  NS 
1 . 1 3  H S  H S  N S  
0 . 84 N S  N S  N S  
2 . 45 N S  H S  N S  

21 7 

R SD 

o. 70 
0 . (1 4 
0 . 6 1  
1 .  5 3  
o.  1 2 
o. 1 8  
0 . 5 2  

0 . 76 
o. 7 6  
0 . 84 
1 .  7 1  
o.  1 3  
0 . 09 
0 . 50 

0 . 9 2  
0 . 60 
0 . 8 3  
2 . 0 1 
o. 1 7  
0 . 1 5 
0 . 38 

1 . 38 
0 . 9 7 
o. 7 5  
4 . 1 2 
0 . 1 4 
o. 1 5  
0 . 78 

0 . 97 
1 . 0 1  
0 . 85 
1 . 1 2  
0 . 08 
0 . 1 0  
0 . 31 

ror def1 nltlons of abbreviations see Table 4-1. 
a, b, c ,  Over a l l means f o r  a par t i cu l ar wave l ength or ratio  of wave l engths wh i c h  do not have common su per s c r i p ts 

d i ffer s i g n i f i cantly ( P <0 . 05 ) .  



K e y: e M.semimembranosus 
b._ M.biceps femoris (at  ambient) • 1 8  
+ M.longissimus . 
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F i gure 4-28 .  The refl �ct ance spectra of d i fferent musc l es for South

down rams of Exper iment 4 ( r i g ht-hand s ca l e ) , s u per

i mposed on  curves represent i ng the ref l ectance s pectra of 

myog l ob i n  ( Mb ) , oxymyog l ob i n  ( Mb02 ) ,  and metmyog l ob i n  

( Met . Mb )  ( l eft-h and scal e ) . ( So urce of d i agram ,  Strange 

� .!1_. , 1 974 . ) 
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down rams of Experiment 5 ( r i g ht-hand sca l e ) , s u per

i mposed on curves represent i ng the refl ectance spectra of 

myog l ob i n  ( Mb ) , oxymyog l ob i n  ( Mb02 ) ,  and metmyog l ob i n  
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Table 4-44 . The effect of post-mortem treatment on expressed juice* for three muscles from two selection lines ( fat 

and meaty ) of  Southdown rams of Experiment 5. Hal f of the carcasses were electrically stimulated 

( least squares means ) .  

Selection Line 

Fat ( F )  Meaty (M )  

Electrical ly  E lectrical ly Significance 

Overall Unstimulated 

I tem mean ( C )  

N o .  of  animals 24 6 

� biceps femoris:  

24 h on ice 31 . 33a 31 . 25 

24 h ambient 

temperature 32 . 35b 32 . 03 

Difference 

( ice-ambient ) -0 . 78 

M .  semimembranosus: 

1 d ageing 29 . 1 8c 29. 21  

� longissimus : 

Untrimmed fat 

( rack )  30 . 42d 30 . 77 

stimulated Unstimulated stimulated 

(ES)  ( C )  (ES )  

6 6 6 

31 . 82 30 . 90 31 . 34 

3 3 . 02 3 1 . 84 32 . 50 

-1 . 20 -0 . 94 -1 . 1 6  

29 . 73 2 8 . 91 29 . 49 

30 . 72 2 9 . 93 30 . 68 

* Expressed juice = water area ( cm2 )/sample weight ( g ) . 

For definitions o f  abbrevi ations see Table 4-1 . 

Inter

F vs M C vs ES action 

NS NS NS 

NS NS NS 

NS NS NS 

NS NS NS 

NS NS NS 

a ,  b, c Overall means in the same column with no common superscripts differ ( P<0 . 05 ) .  

RSD 

1 . 73 

1 . 45 

1 . 63 

1 .  78 

2 . 37 

N N 
_,. 



Table 4-45 . The effect of  post-mortem treatment on expressed juice* for three muscles from two selection l ines 

( fat and meaty ) of Southdown rams of Experiment 6 .  Hal f o f  the carcasses were electrically stimulated 

( least squares means ) .  

Selection line 
Fat (F) 

Electrical ly 
Overal l Unstimulated stimulated 

I tem mean ( C )  (ES )  

No .  of  animals 24 6 6 

� �iceps femoris : 
2 h on ice 32 . 39a 31 . 1 8  3 3 . 8 5  
2 4  h ambient 

34 . 79b temperature 33 . 94 36 . 24 
Difference 

( ice-ambient)  -2 . 76 -2 . 39 

M .  semimembranosus : 
2 9 . 74c -1 d ageing 29. 86 2 9 . 95 

� longissimus:  
Trimmed fat 

30 . 43c ( loin)  30 . 41 30 . 46 
Untrimmed fat 

30 . 35c ( loin)  30 . 37 30 . 40 
Difference 

( trimmed-untrimmed ) 0 ; 04 0 . 06 

* Expressed j uice = water area ( cm2 )/sample weight ( g ) . 
For definitions of abbreviations see Table 4-1 . 

Meatt (MJ 
Electrical ly 

Unstimulated stimulated 
( C )  (ES )  

6 6 

3 1 . 96 3 2 . 57 

34 . 3 1 34 . 67 

-2 . 35 -2 . 1 0  

29 . 50 2 9 . 64 

30 . 2 1 30 . 62 

30 . 1 3  30 . 48 

0 . 08 0 . 1 4  

F vs M 

NS 

NS 

NS 

NS 

NS 

NS 

NS 

a ,  b ,  c Overall means in the same column with no common superscripts differ ( P<0 . 05 ) .  

Signi ficance 
Inter-

C vs ES action RSD 

NS NS 2 . 23 

s NS 1 . 84 

NS NS 2 . 51 

NS NS 2 . 1 0  

NS NS 2 . 46 

NS NS 2 . 99 

NS NS 0 . 34 

N N N 



The expres s i b l e  J U l ce content of  M .  b i c eps femor i s  was  h i gher 

than � semi membranos u s  and � l ongi s s i mus  acros s  al l exper i ment s , and 

i t  was  s i gn i f i cant  i n  Exper iments 5 and 6 .  However ,  the on l y  s i gn i f i 

cant  d i fferences  between  M .  l ongi s s i mu s  and M .  semimembran o s u s  was i n  

Expe r i ment 5 .  

4-3- 8 SARCOMERE L ENGTH 

Mean s arcomere l ength s for d i fferent musc l es i n  the two s e l ect i on 

l i ne s  are presented i n  F i gures 4-31  t o  4-35 . Musc l es from s heep of 

the fat l i n e  h ad s l i ght l y  l o nger  s arcomere l ength s ,  b u t  these  

d i fferences were  n ot s i gn i f i cant .  

A s i mi l ar trend oc curred i n  the  c ase  of  e l ectr i c al l y  s t i mu l ated 

and u n s t i mu l a ted s amp l es { i n  the s ame F i gures ) , wi th s arcomere l ength 

be i ng  i n  some cases  s i gn i fi c antl y s horter for the unst i mu l a ted grou p .  

The on l y  non-s i gn i f i cant d i fference between the two s t i mu l at i on  

treatments i n  Exper i ment  5 was  for � l ongi s s i mus  from t he  u n tr i mmed 

s i de , wh i l e i n  Exper i ment 6 the  s t i mu l at i on effect was not s i gn i fi c ant  

i n � l ongi s s i mu s  from e i ther s i de o r  for � b i ceps femor i s  a t  amb i en t  

temperature . The i nteract i on between  s t i mu l at i on and s e l ect i on  l i ne 

was not s i gn i f i cant . 

F i gures 4-3 1  and 4-32 show a l arge effect of treatment  d ur i ng the  

fi r st 24 hours  ( on  i ce v s  amb i en t )  o n  s arcomere l ength from � b i ceps 

femor i s .  The  mu s c l es o n  i ce had s i gn i f i c antl y shorter s arcomeres th an 

those  at amb i en t  temperature ( Tab l e  4-48) . The e l ectr i c a l  s t i mu l at i on 

treatment s i gn i f i c an t l y i ncreased t h e  s arcomere l ength s of � b i ceps 

femor i s s amp l es o n  i ce and at amb i ent  t emperature for one  exper i ment . 

S t i mul at i on  res u l ted i n  a non-s i gn i f i c an t  reduct i on i n  the  d i fference 

between these  two treatments . Al s o  a cons i derab l e d i fference  betwee n  

the  l eft and r i g ht  s i de M .  s emi tend i no s u s  s arcomere l ength s w a s  found 

i n  Exper i ment  6 ( F i gu r e  4-35 ) .  The  r i ght s i de musc l e  was  kept  on  i ce 

at 30 m i n postmortem and i n  l i q u i d  n i trogen at about 70 m i n post

mortem ,  wh i l e  the  l eft s i de was l eft wi th the  c arcass ove r n i ght at 

1 °C ;  these  d i fference s  were very h i gh l y  s i gn i f i c ant ( Tab l e  4-48 ) . 

A s i m i l ar ,  b ut  muc h smal l er ,  trend occurred wi th respect to  the  

effect of t r i mm i ng t h e  s ubcutaneo u s  fat from over  the  M .  l ongi s s i mu s  
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Figure 4-31 . The effect o f  postmortem temperature and o f  electrical stimulation on sarcomere lengths of  M .  
biceps femoris for Southdown rams from two selection lines ( fat and meaty ; Experiment 5 ) .  Least 
squares means for the two treatments during the first 24 h and for the di fference between the 
treatments are  shown. Standard error bars are included , and above each set of four histograms are 
shown the levels of significance of the fat versus the meaty lines , of  the unstimulated ( C )  versus 
the stimulated ( ES )  treatments and of the interaction.  
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Figure 4-32 . The effect of  postmortem temperature and of electrical stimulation on sarcomere lengths of M .  
biceps femoris for Southdown rams from two selection l ines ( fat and meaty; Experiment 6 ) .  Least 
squares means for the two treatments during the first 24 h and for the di fference between the 
t reatments are shown. Standard error bars are included , and above each set of four histograms are 
shown the levels of signi ficance of the fat versus the meaty lines,  of the unstimulated ( C ) versus 
the stimulated (ES ) t reatments and of the interaction.  
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F i gure 4-33 . The  effect of tr immi ng the  s ubcutaneous  fat from M .  

l ongi s s i mu s  of the ri ght s i de and of e l ectr i c a l 

s t i mu l at i on on  s arcomere l engths of that musc l e  for 

Southdown rams from two se l ec t i on l i nes ( fat and meaty ; 

Exper i ment 5 ) .  Least  squ ares means for the two treat

ment s  and the d i fference between the treatments are 

s hown . Standard error bars are i nc l uded , and above each 

set of four h i stograms are shown the l eve l s of s i gn i f i 

cance  of the fat versus  the  meaty l i nes , o f  the 

u n s t i mu l ated ( C )  versus  the s t i mul ated ( ES )  treatments 

and of the i nteract i o n .  
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Figure 4-34 . The effect o f  trimming the subcutaneous fat from � longissimus of the right side and of electrical 
stimulation on sarcomere lengths of that muscle for Southdown rams from two selection l ines ( fat 
and meaty; Experiment 6 ) .  Least squares means for the two treatments and the di fference between 
the treatments are shown. Standard error bars are included , and above each set of four histograms 
are shown the level s o f significance nf the fat versus the meaty lines, of the unstimulated ( C )  
versus the stimulated ( E S )  t reatments and o f  the interaction . 
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Figure 4-35.  The effect of postmortem temperature and of  electrical stimulation on sarcomere lengths 
semitendinosus for Southdown rams from two selection lines ( fat and meaty; Experiment 6 ) .  
squares means for the two treatments and the difference between the treatments are shown. 
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Least 

Stan-
dard error bars are included and above each set of four histograms are shown the levels of signifi
cance of the fat versus the meaty lines, of the unstimulated (C )  versus the stimulated (ES)  and of 

the interaction. 
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from one s i de o n l y  i n  Experi ments 5 and 6 ( F i g u res 4-33 and 4-34 ) . 

Thu s ,  s arcomere l ength s  were s i gn i f i c antl y s horter for t he  musc l e  from 

the  tr immed s i de t h an those  from the u n tr i mmed s i de ( Tab l e  4-48 ) . 

Aga i n  the s arcomere l ength  v a l ues  for � l ongi s s imu s  from t h e  tr i mmed 

and u ntr immed s i des  i nd i c ated t hat the  i nteract i on between s t i mu l at i on 

and t r imm i ng s ubcu taneous  fat for the two s e l ect i on l i nes  was  not 

s i gn i f i cant . 

4- 3 - 9  PERCENT COOK I NG  LOSSES  

4- 3- 9- 1  S o�thdown X Romney Cros s Lambs ( Exper i ments 1 and 2 )  

The overal l percent cook i ng l o sses for d i fferent musc l es were not 

great l y  affected by s i re group ,  pas ture treatment , or s ex group i n  

Exper i ments  1 and 2 ( Tab l es 4-36 and 4-37 ) .  H owever , percent cook i ng 

l o s se s  were s l i g ht l y  greater for the s amp l es from the  fat l i ne .  S i g

n i f i cant  d i fferences were found between musc l es ,  wi th M .  s emi 

ten d i nosus  h av i ng the  h i ghest percent c ook i ng l os ses  and M .  

l ongi s s i mu s  the  l owes t .  

4-3-9-2 Southdown Rams ( Experi ments 4 ,  5 and 6 )  

The d a ta  i n  Tab l es 4- 38 , 4-46 and 4-4 7  s how the  percent cook i ng 

l os se s  for the d i fferent  musc l es from the  two l i ne s  and postmortem 

treatments . The four mus c l es from the  fat l i ne h ad s l i g ht l y  ( non

s i gn i f i can t )  h i g her percent  cook i ng l os ses th an thos e  from the  meaty 

l i ne . The s ame Tab l es s how that the  d i fferences i n  percent cook i ng 

l os se s  between mus c l es from e l ectr i ca l l y  s t i mu l ated and u n s t i mu l ated 

groups  were not s i gn i f i cant . The d i fferences  i n  percent cook i ng 

l o s se s  between musc l es were s i gn i f i cant ,  wi th  � semi tend i no s u s  h av i ng 

t he  h i ghest  percent cook i ng l os ses  and M .  l ongi s s i mu s  h av i ng t h e  

l owest .  

An 

cook i ng 

b een  on 

i nteres t i ng feature  was the s i gn i f i cant l y  h i g her percent  

l os s e s  from t h e  � b i ceps femor i s  i n  Exper i ment  6 t hat h ad 

i ce re l at i ve t o  the  mus c l e  that  h ad been he l d at  amb i en t  

temperature for 2 4  h .  I n  Exper i ment  5 ,  h owever , n o  s i gn i f i c an t  d i f-

ferences b etween the s ame two treatments were found . 
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Ta b l e  4 - 4 6 .  T h e  effect o f  post -mortem treatment on percent cook i ng l o s ses for four mus c l e s from two s e l e c t i c n  

l i ne s  ( fat and me aty) o f  Southdown r ams of E�per i ment 5 .  H a l f  of the carcasses were e l ec t r i c a l l y  

s t i mu l ated ( l e a s t  squares means ) .  

Se l ec t i on L i ne 

F a t  (F) Meat>: (M) 

E l ec t r i c a l l y  E l ect r i c a l l y  S ign i f i c ance 

Over a l l Un s t i mu l ated s t i mu l ated Un s t i mu l a ted s t i mu l ated I n ter-

I tem mean ( C )  ( E S )  ( C ) ( ES )  V S  M C vs ES act ion RSD 

No. of a n i ma l s  24 6 6 6 6 

!:!..:_ b i ceps femor i s :  

2 4  h on i ce 31 . 60ad 31 . 58 3 1 . 83 31 . 27 31 . 74 NS NS N S  1 . 02 

24 h amb i en t  

temperature 30 . 87 a 30 . 7 7 31 . 05 30 . 76 30 . 9 1 NS NS NS 1 . 48 

D i f ference 

( i ce-amb i en t )  0 . 81 0. 78 0 . 5 1 0 . 83 NS NS NS 0 . 99 

M. semimembranosus : 

1 d age i n g  29. 95b 29 . 7 5 3D . 27 29 . 66 3Q . 1 g NS NS NS 1 . 1 4  

1 5  d age i ng 30 . 08b 2 9 . 92 30 . 35 2 9 . 75 30 . 26 NS NS NS 0 . 80 

D i f ference 

( 1 d - 15 d) -0 . 1 7  -0 . 08 -0 . 1 3  -0.07 NS NS NS 0 . 84 

M .  l ongi s s i mus : ( from l o i n  c u t )  

T r i mmed f a t  2 5 . 6 1 c 2 5 . 7 5  2 5 . 98 25 . 02 2 5 . 68 NS NS NS 1 . 79 

U n tr i mmed f a t  26 . 33c 26 . 40 26 . 77 2 5 . 88 2 6 . 2 7  N S  NS NS 1 . 30 

D i f ference 

( t r i mmed-un tr i mmed ) -0 . 65 -0 . 79 -0 . 86 -0 . 59 NS NS NS 1 . 1 2  

M .  l ongi s s imu s :  ( from rack cu t )  

U n t r i mmed fat 24 . 62c 24 . 33 2 5 . -2 24 . 40 24 . 7 3 NS NS NS 1 . 38 

D i f ference 

( r ack- l o i n ) - 1 . 55 - 1 . 2 5  -2 . 00 -2 . 04 NS NS NS 1 . 29 

!:!..:. semi tend i nosu s :  

31 . 65d 31 . 7 5 3 2 . 2 7  31 . 1 3 31 . 35 N S  NS NS 1 .  32 

For de f i n i t i ons o f  abbrev i at i on s  s e e  T ab l e  4- 1 .  

a ,  b ,  c ,  d ,  Ove r a l l means i n  t h e  s ame col umn wi th no common super s c r i p t s  d i ffer (P<O . OS ) . 
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T a b l e  4- 4 7 .  The effect of post-mortem tre atment o n  percent cook i ng l os ses for four musc l e s  from two s e l ec t i on 

l i nes ( f a t  and meaty) of Southdown rams of Expe r i ment 6 .  H a  1 f  o f  the carcasses were e l ectr i c a l l y  

s t i mu l ated ( l e ast squares mean s ) .  

S e  1 ec t 1 on L 1  ne 

F a t  (F) Meatl (M) 

E l ect r i c a l l y  E l ectr i c a l l y  S ign i f i c a nce 

Over a 1 1  Unst i mul ated s t i mu l ated Un s t l mu l ated s t i mu l ated I n t e r -

I tem mean ( C )  ( E S )  ( C )  ( ES )  v s  M c vs ES ac t i on RSD 

No . o f  an i ma l s  2 4  6 6 6 6 

� b i ceps femor i s :  

2 4  h o n  l e e  3 0 . 9 1 a 3 1 . 02 3 1 . 1 4 29 . 99 3 1 . 48 NS NS NS 1 . 34 

24 h amb i ent 

temperature 2 9 . 59b 2 9 . 99 2 . 960 2 9 . 51  2 9 . 26 NS NS NS 1 . 44 

D i fference 

( l ee-amb i ent)  1 . D3 1 . 54 0 . 48 1 .  22 NS NS NS 1 . 57 

M. semi membranosus : 

1 d age i ng 29 . 96bc 2 9 . 8 5  30. 35 2 9 . 78 2 9 . 86 NS NS NS 1 . 85 

1 5  d age i ng 30 . 1 0c 
2 9 . 9 1  3D . 53 29 . 89 3D . D6 NS NS NS 1 .  57 

D i fference 

( 1 d - 15 d )  -0 . 06 -0 . 1 8 -0 . 1 1  -0 . 2 0  NS NS NS 1 . 02 

M. l ongi s s imus : ( from l o i n  cut ) 

T r i 11111ed fat 2 6 . 4 5d 2 6 . 44 26. 56 26 . 36 26 . 4 3 NS NS NS 1 . 63 

Untrl11111ed fat 26 . 60d 2 6 . 62 26. 70 2 6 . 47 26 . 59 NS NS NS 1 . 45 

D i fference 

( t r i nrned-untr i rm�e d )  -0 . 1 8  -0 . 1 4  -0 . 1 1  -0 . 1 6  NS NS NS 1 . 89 

M .  semi tend i no s u s :  

30 . 57a 30. ss 30 . 65 30. 48 30 . 6 1 NS NS NS 1 . 28 

For def i n i t i on s  of abbrev i at i ons see Tab l e  4 - 1 .  

a ,  b ,  c ,  d ,  Overa l l means i n  the same col umn w i t h  no common supersc r i pt s  d i f fer ( P<O. OS ) .  



Tab l e  4-48.  Overa l l means  for WB s hear force va l ues and s arcomere 

l engths  for d i fferent musc l es and d i fferent post-mortem 

treatments i n  Exper i ments  5 a nd  6 .  

I tem 

No . of an i ma l s 

!i.:_ b i ceps femor i s :  

24 h on i ce 

24 h at amb i ent  

temperature 

M .  semi membrano s u s : 

1 d age i ng  

1 5  d age i ng 

M .  l ongi s s i mu s : 
-

Tr immed fat 

Untr i mmed fat 

M .  semi tend i no su s :  

24 h on c arca s s  

Co l d treatment* 

E xper i ment 5 Experi ment 6 

Shear force 

v a l ue  

24 

7 . 07a 

4 . 64b 

6 . 85a 

4 . 82b 

4 . 50bc 

3 . 93d 

4 . 27bd 

S arcomere S hear force Sarcomere 

l ength  val ue  l ength  

24  24 24  

1 . 63a 6 . 33 a 1 .  66a 

1 . 76 b 3 . 76b 1 .  82b 

6 .  1 5a 

4 .  1 2b 

1 . 68a 3 . 49bd 1 . 70a 

1 . 74b 3 . 2 1 d 1 .  79b 

4 . 1 2c 2 . 38c 

1 .  7 1  d 

a ,  b ,  c ,  d Overa l l means  i n  the s ame co l umn wi th no common s uper

s c r i pts  d i ffer ( P<0 . 05 ) . 

* The meat s amp l es were p l aced on i ce at 35  + 2 m i n  postmortem and at 

about 60-90 m i n postmortem were tran sferred to l i q u i d  n i trogen for 

1 5  m i n  and f i n a l l y  kept at -30°C for 24 h .  
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4-3- 1 0  WARNER-BRATZLER SHEAR FORCE VALUES 

4-3- 1 0- 1  Southdown X Romney Cros s L ambs ( Exper i ments 1 and 2 )  

Warner- B r atz l er shear force v a l u e s  represent the  k g  press ure 

req u i red to s hear throug h a 1 3  x 1 3  mm core of cooked musc l e .  Compa

r i sons  of l east squares means for  s hear force va l ues  between  the  fat 

and meaty l i nes  from Southdown X Romney l ambs are presented i n  Tab l es 

4-36 and 4- 3 7  for Exper iments 1 and  2 ,  respect i ve l y .  The d ata  

revea l ed t h at th e shear force v a l u e s  were h i gher from � b i ceps 

femor i s ,  � semimembranos u s , � semi tend i no s u s  and � l ongi s s i mus  from 

the  meaty l i ne th an  from the fat l i ne ,  b u t  the d i fferences were not 

s i gn i f i can t .  I n  t he  s ame Tab l e s ,  i t  i s  s hown th at there were s i gn i f i 

c ant  d i fferences between d i fferent mus c l es ,  wi th M .  sem i membranosu s  

h av i ng the  h i ghest  shear force va l u e s  a nd � l ongi s s i mu s  h av i ng t h e  

l owest .  T h e  s ame Tab l es s how that  there were n o  effect s o f  t h e  four 

p ast ures or the  two sexe s on  shear force v a l ues of the  mu s c l es 

s t ud i ed .  

4- 3- 1 0- 2 South down Rams ( Exper i ments 4 ,  5 and 6 )  

D i fferences between t he  fat a n d  meaty l i nes  for meat tendernes s  

of four mu s c l e s ,  as  meas ured by Warner-Brat z l er s hear force v a l u e s  are 

presented i n  T ab l e  4-38 ( Exper i ment 4 )  and i n  F i gures 4-36 to  4-42 for 

E xper iments 5 a nd 6 ,  respect i ve l y .  S l i g ht d i fferences were observed 

between the s hear force v a l u es for the  fat and meaty l i nes  i n  Exper i 

ment 4 ,  i n  wh i ch the  shear va l u e s  were l ower for s amp l es of M .  

l ongi s s i mu s , M .  s emimembranos us , M .  b i ceps femor i s  and M .  s em i 

ten d i nosus  from s heep of  the  fat  l i ne ,  b u t  the  d i fference s  were not 

s t at i s t i c a l l y  s i gn i f i cant . S i mi l ar res u l ts were observed acro s s  

Exper iments 5 a n d  6 ,  wi th the  fat l i ne h av i ng s l i ght l y  l ower ( non

s i gn i fi can t )  s hear force va l ues  than  the  meaty l i ne .  

The effect s of e l ectr i ca l  s t i mu l a t i o n  on  musc l e  tenderness  are 

presented i n  F i gures  4-3 6 ,  4-37 , 4 -39  and 4-41 ( Exper i ment  5 )  and 

F i gu res 4-3 6 ,  4-38 , . 4-40 and 4-42 ( Exper i ment 6 ) . I n  Exper i ment  5 ,  

s hear force v a l u e s  i nd i c ated th at � l ongi s s i mu s ,  � semimembranos u s , 

� b i ceps femor i s and � semi tend i nosu s  from s t i mu l ated carcasses  were 

h i gh ly s i gn i f i c an t l y  more tender t han correspond i ng musc l es from the  
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F i gure 4-36 . The effect of e l ectr i ca l  s t i mu l ati on  on s hear force 

v a l ues of M .  semi tend i nosus  for Southdown rams from two 

s e l ect i o n  l i nes  ( fat and meaty ; Exper iments  5 and 6 ) .  

H a l f of the carcasses were e l ectr i c a l l y  s t i mu l ated ( l east 

squares means ) .  St andard error bars are i nc l uded and 

above e ac h  s et of four h i stograms are shown the  l eve l s of 

s i gn i f i cance  of the fat vers us the meaty l i nes , of the 

u n s t i mu l ated ( C )  versu s  the s t i mu l ated ( ES )  treatments 

and of the  i nteract i on .  
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F i gure 4-37 . Effect of tr immi ng the subcutaneous fat from M .  

· l ongi s s i mu s  of the r i ght s i de and of e l ectr i c a l  

s t i mu l at i on on s hear force va l ues of  that mu sc l e  for 

Southdown rams from two s e l ect i on  l i nes ( fat and meaty ; 

Exper i ment  5 ) . Least squares mean s for the two 

treatments  and the d i fference between the treatments are 

shown . Standard error bars  are i nc l uded and above each 

set of four h i s tograms are shown the l eve l s  of 

cance of the fat versus  the meaty l i nes , 

u n s t i mu l ated ( C )  vers us  the s t i mu l ated ( ES ) 
and of the  i nteract i on .  
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F i gure 4-38 . Effect of 

l ongi s s i mu s  

s t imu l at i on 

tri mmi ng the s ubcutaneous fat from M .  

of the ri ght s i de and of e l ectr i c a l  

on shear force v a l ues of t hat musc l e  for 

Southdown r ams from two se l ect i on l i nes ( fat and meaty ; 

Exper i ment  6 ) . Least squares means for the two 

treatments  and the d i fference between the treatments are 

s hown . Standard error bars are i nc l uded and above each  

set  of four h i stograms are s hown the l eve l s of s i gn i f i 

cance of the fat versus the  meaty l i nes , of t he  

unst i m u l ated ( C )  vers us  the s t i mu l ated ( E S ) treatments  

and of the  i nteract i o n .  
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F i gure 4-39 . The effect of postmortem temperature and e l ectr i ca l  

s t i mu l at i on on shear force v a l ues  of  M .  b i ceps femor i s  

for Sou thdown rams from two s e l ecti on l i nes ( fat and 

meaty ; Experiment 5 ) . Least squares means for the two 

treatments  and the d i fference between the treatments  are 

shown . Standard error bars are i nc l uded and above each  

set of four h i stograms are  shown the  l eve l s of s i gn i f i - . 

cance of the fat versus  t he  meaty l i nes , of the  

u nst i mu l ated ( C )  vers us  the  s t i mu l ated ( ES ) treatments  

and of the  i nteract i on .  
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F i gure 4-40 . The effect of postmortem temperature and e l ectr i cal  

s t i mu l at i on on  s hear force v a l ues of M .  b i ceps femor i s  

for Southdown rams from two se l ect i on l i ne s  ( fat and 

meaty ; Exper i ment 6 ) .  L east  squares mean s for the two 

treatments and the d i fference  between the treatments  are 

s hown . St andard error bars are i nc l uded and above each 

set  of four h i s tograms are shown the  l eve l s of s i gn i f i 

cance  of the fat vers u s  the meaty l i ne s ,  of the 

u n s t i mu l ated ( C )  ver s u s  the  st i mu l ated ( ES ) treatments 

and of the  i nteract i o n .  
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F i gure 4 - 4 1 . The effect of  postmortem ag i ng and of e l ectri ca l  s t i mu l a

t i on on shear force va l ues  of M .  semi membranos u s  for 

Southdown rams from two se l ect i on l i nes ( fat and meaty ;  

Exper i ment  5 ) . Least squ ares means for the two treat

ments  and the d i fference between the treatments are 

s hown . Standard error bars are i ncl uded and above each  

set  of four  h i stograms are s hown the l eve l s  of 

cance of the fat versus  the meaty l i nes , 

u n s t i mu l ated ( C )  vers us  the s t i mu l ated ( ES ) 
and of the i n teract i on .  

s i gn i f i 

of the  

treatments  
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F i gure 4 -42 . The effect of pos tmortem ag i ng and of el ectr i ca l  s t i mu l a-

t i on on  s hear 

Southdown rams 

Expe r i ment 6 ) . 

me nts  and the 

force va l ues  of M.  semimembrano s u s  for 

from two s e l ect i on l i nes ( fat and meaty ; 

Least squ ares means for the  two treat

d i fference between the treatments  are 

s hown . St andard error b ars  are i nc l uded and above each  

set of four h i stograms are s hown the l eve l s  of s i gn i f i 

c ance of the fat versus  the  meaty l i nes , of  the  

u n s t i mu l ated ( C )  versus  the s t i mu l ated ( E S ) treatments  

and of the i nteract i on .  
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u n s t i mu l ated c arc a s s e s ,  regard l es s  of the se l ect i on l i n e  or the 

postmortem treatments . I n  Exp er i ment 6 ,  the  s hear force v a l u e s  of  the  

s ame four  musc l es from the two treatment  group s were a l s o  s i gn i f i 

c antl y d i fferent , b u t  t he  d i fferences between the two groups  were l es s  

t h an those  i n  Exper i ment  5 .  The smal l er s t i mu l at ion  effect s o n  s hear 

v a l u e s  i n  Experiment 6 ,  as  compared wi th Exper i ment 5 ,  can  p robab l y  be  

exp l a i n ed by the f act  t h at the s t i mu l at i on was  appl i ed 5 m i n  l ater for 

Exper i ment  6 .  I n  general , meat from the meaty l i ne s howed s l i ght l y  

l arger responses t o  s t i mu l at i on th an th at from the fat l i ne ,  b ut  th i s  

r espon se  was not ref l ected i n  s i gn i f i cant  i nteract i on effects for 

e i ther Exper i ment 5 or  6 .  

The  i mportance of i nteract i on s  between th e two se l ect i on l i nes  

and  t he  p ostmortem treatments other than  e l ectr i cal  s t i mu l at i on , was  

a s ses sed by anal ys i ng for  l i ne  effect s o n  the  d i fferences between the 

mean s hear forces  for the  var i ous  treatments in  Exper i ments  5 and 6 .  

The most  s a l i ent  ev i dence for the rel at i onsh i p  between s u bcutaneous 

f at and tenderness  i s  prov i ded i n  F i gure s  4- 3 7  and 4-38 , wh i ch s how 

s i gn i f i cant d i fferences  ( P<0 . 05 )  between tr i mmed and u n tr immed s i de s  

for t enderness  of M .  l ongi s s i mu s  for Exper iments  5 and 6 .  The i nter

act i o n s  between s t i mu l at i on  and t r i mmi ng  treatments  were not 

s i gn i f i cant  i n  e i ther exper i ment . Thi s i nd i c ated that the s t i mu l at i on 

treatment  was not h e l p i ng to prevent co l d  s horten i ng when the  fat h ad 

b een tr immed from over � l ongi s s i mus . F urthermore , s e l ect i on l i ne by 

tr immi ng treatments  i nteract i on was a l so  n ot s i gn i fi c an t .  

F i gures  4-39 and 4-40 s how resul t s  for the M .  b i ceps femor i s  

wh i ch h ad been he l d e i th er at 0°C or at amb i ent  temperature for 24 h 

p ostmortem . These res u l t s  revea l ed a h i gh l y  s i gn i f i c an t  d i fference  

between  t he  two temperatures  regard l es s  of  t he  two l i ne s  and s t i mu l a

t i on treatments ( Tab l e  4-48 ) . I n  Exper i ment 5 ,  the  reduct i on s  i n  

s hear v a l u e s  i n  response  to  e l ect r i cal  s t im u l at ion were 45% and 39% 

for the  meaty and fat l i nes , respect i ve l y, wh i l e the  correspond i ng 

reduc t i on s  i n  Exper i ment  6 were 25% and 23% . However , i nterac t i ons  

between s e l ect i on l i n e  and  s t i mu l at i on were n ot s i gn i f i cant . On the  

other  h and , the toughen i ng effect of hol d i ng a musc l e  o n  i ce for 24 h 

postmortem was muc h l es s  ( P<0 . 01 ) for mus c l e s  from c arcasses  that  h ad 

been e l ectr i cal l y  s t i mu l ated ( F i gures 4-39  and 4-40 for Exper i ments 5 

and 6 ,  respect i ve l y ) . 
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Least  squares means  for s hear force v a l u e s  ( k g ) for the two 
se l ect i on l i nes , the two age i ng t i mes and for e l ectr i ca l  s t i mu l at i on s  

are g i ve n  i n  F i gures 4-4 1  ( Exper i ment 5 ) and 4-42 ( Exper i ment  6 ) , for 

M. s emi membranosus . The shear force va l ues  for musc l es from the 1 -day 

age i ng treatment  were s i gn i fi c ant l y  h i gher t han  those from the 1 5- day 

age i ng treatment . S hear force v a l ues  decreased i n  response to age i ng 

treatments  by 29 . 6% ( 6 . 85 v s  4 . 82 ) and 33% ( 6 . 1 5  v s  4 . 1 2 ) over 1 4- days 

age i ng for Exper iments 5 and 6 ,  respect i ve l y  ( Tab l e  4-48 ) . I n  Exper i 

ment  5 ,  t h e  d i fferences  between the two age i ng t i mes revea l ed th at the  

shear force v a l ues  i n  the f at l i ne dropped s i gn i f i c ant l y  by  30% bet

ween st i mu l ated and u n s t i mu l ated treatments , whereas a 42% drop was 

observed u nder the s ame c i rcumstances for the meaty l i n e ,  but th e 

d i fference of 1 2% was not  s i gn i f i cant .  I n  Experiment 6 a l s o ,  the  

d i fferenc e of 7%  between the  sel ect i on l i nes was  not  s i gn i f i c ant . 

The s i gn i f i cant i mprov ement i n  tendernes s  res u l t i ng from age i ng ,  

or age i ng p l u s s t i mu l at i on treatments , compared to  the untreated 

control  w as ev i dent i n  F i g ures 4-41 and 4-42 for Experi ments  5 and 6 ,  

respect i ve l y .  The s i gn i f i cant d i fference between s t i mu l at i on ,  and 

s t i mu l at i on p l u s age i ng treatments , and a l so b etween s t i mu l at i on and 

age i ng treatments ,  was a l so shown i n  the  same F i gure , but no  s i gn i f i 

cant  d i fference between  age i ng and st i mu l at i on p l u s age i ng treatments  

was found i n  e i ther exper i ment . 

4-4 CORRELATIONS BETWEEN FATNESS AND OTHER CARCASS AND MUSCLE 

CHARACTERISTICS 

S i mp l e  correl at i on coeffi c i ents between c arcas s fatnes s ,  l i ne ar 

meas urements , we i ghts of  certa i n non-carcass  components , phys i co 

chem i ca l  ch aracter i st i c s of  musc l e ,  and  meat q u a l i ty p arameters are 

presented i n  th i s  Sect i on .  The homogenei ty of  the two correl at i on s  

(wi th i n  t h e  fat and meaty l i nes ) was tested for e ach ch aracteri st i c  by 

f i rst  transformat i on of t he  two correl at i on s  v a l ues  to  z • s  and then  

app l y i n g  the  normal T-test  ( Steel and  Torr i e ,  1 981 ) . Th i s  test  showed 

th at the two corre l a t i o n s  were homogeneou s for a l l t h e  v ar i ab l es 

cons i dered so  that corre l at i on s  are g i ven wi thout  regard for the two 

s e l ect i on l i nes . 



4-4- 1 CORRELAT I ONS B ETWEEN VAR IOUS  MEASURES OF FATNESS 

Tab l e 4-49 pre s ents  s impl e correl at i on  coeffi c i ents  between 

v ar i ous  fatness  mea s urements for e ac h  of the 6 exper i ment s .  H i gh 

pos i t i ve corre l a t i on s  ex i sted between most of the fatness  meas urements 

con s i dered i n  th i s  s tudy . An i nterest i ng feature i s  the  con s i s tent l y  

h i gh corre l at i on between the u l trason i c  fat d epth measurement at 

pos i t i on C w i th  c arcass  fat depth C across a l l exper i men t s . These 

correl at i on s  refl ect the  prec i s i on of  the se l ect i on .  Among the 

h i ghest  and most con s i stent corre l a t i ons  between var i ous  f at depth 

meas urements  were those  between f at depth J and a l l other fat  depth 

meas urements  ( Tab l e  4-49 ) . W i th i n  these re l at i onsh i ps the h i ghest  

corre l at i on s  were found between J a nd GR , wh i l e the l owest  were 

between S2 and L2 . 

The wei ght s of th e fi ve fat depots and t otal s i de fat were 

s i gn i f i cant l y  corre l ated wi th e ac h  o ther and wi th a l l fat depth 

measurements , wi th t h e  h i g hest c orre l at i ons  be i ng wi th t i s s ue depth 

GR . The corre l a t i on s  i n  Tab l e  4-49 s how that a l l fatness  mea s urements 

i ncreased a s  c arcas s we i g ht i ncreased . These correl a t i o n s  were 

con s i stent l y h i gher i n  Exper i ments  1 and 2 th an i n  the other four 

exper i ments , probab l y  bec au se  of the  w i der range i n  carcas s we i ght . 

4-4-2 CORRELATI ONS B ETWEEN FATNES S ,  CARCASS L I N EAR MEASUREMENTS AND 

CERTA I N  NON -CARCASS COMPONENTS 

S i mp l e  correl at i on coeffi c i ents  between fatness measurements  and 

c arcass l i near meas urements and the wei ght of certa i n non-carcas s  

components are  g i ven  for the  s i x exper i ments i n  Tab l e  4- 5 0 .  These 

resu l ts s ug ge s t  th at  a l l l i near and n o n -carcas s  components  i ncreased 

as  c arcas s wei ght i nc reased . Re l at i o ns h i ps between c arcas s  l ength  and 

measures  of  fatness  s howed t h at i n  about  h al f of the compar i s o n s ,  the 

corre l at i on coeffi c i ents  were s i gn i f i cant l y  negat i ve des p i t e  the fact 

that a l l were pos i t i ve l y  rel ated to c arcass  we i ght . A s im i l ar trend 

was found for l eg l ength , b u t  the  corre l at i on s  wi th fatnes s  were non

s i gn i f i c an t .  T ab l e  4-50 a l s o  s hows many s i gn i f i c an t  corre l at i on s  

between maxi mum s hou l der wi dth , w i dth  from s c apu l a  to sternum ,  wi dth 

beh i nd the s ho u l der , and g i got  and fatnes s ,  w i th the h i g he st  corre l a

t i on s  b e i ng  p os i t i ve ones between fatnes s  and wi dth beh i nd t he  
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Table 4-49. SiMple correlation coefficients between .... rious .eaaurea of fatness from eh e•peri�nents . 
Table correspond to the nurbered variables l i sted on the left-hand stde. 

The numbers along the top of the 

Variable E •peri•ent 
l te• No. No . 1 4  1 J  1 2  1 1  1 0  

Carcaee weight 1 1 - . 8 1  • 7 5  . 77 . 67 . 6 7  
2 . B J  • 78 .81 .64 . 66 
' • )6 . JB · " . Sl . )9 .60 . SB . BO 
4 , )6 · " . 44 . 4 )  
s , 4 )  . so . 74 . 6 )  . SB . 48 . 4 5  . 72 . 69 . 56 . 78 .84 
6 . 24 • JB . 6 2  . 5 7  .66 . 4 0  . J O  . 59 . 49 .69 . 7 1  . 7 5  .BB 

Total side fat 2 J - . 58 . 78 . ss - • 70 . eo  . 6 8  . eo  
• 71 . BJ .94 .as . 8 7  • 7 9  . BO .BJ . 8 1  . eo • 98 
.49 . 48 .BS .81 .as . so . SB .66 . SJ • 75 . 77 . ea 

Subcutaneous fat J J - - - .64 . 72 .65 - .6) • 76 • 70 
( side) s • 70 . 8 )  .92 . 8 )  .91 .86 .86 - . 7 7  . 77 .92 

. 56 • )4 . 7 7  . 8 0  . SJ . 45 . 68 . ea .46 • 7J .6) 

lnte�W.�scular fat 4 ) - - - .46 . SJ . 4 1  - • 75 .65 
(aide) s . 64  • 7 1  . 86 • 76 .69 . Sl . 5 7  - .BZ • 78 

.52 · "  .69 . 4 9  .62 , )7 . JO .52 . 90 .92 

Omental fot s J - .4) . so . 4 1  .69 
4 - - - . 4 1  .46 - - . 6) 
s .69 , 67 . 7 7  . 6) .67 .62 .62 - . B B  
6 .59 .57 • 71 . 56 .66 . 52 . 52 .65 • 74 

Kidney fat 6 J - - - . 4 5  .40 . Ja 
4 - . 59 ,48 
5 .60 . 66 • 75 . 59 .67 . 60 • 59 
6 . 2 8  , ) 7  . so . )8 ,47 . )9 . 28 . 35 

Heaenter ic fat 7 6 .26 . )8 .55 ,67 . 7 J  , 4 0  , )5 

Ultrasonic fat 8 1 - - . 89 . 87 .87 .96 
depth c 2 - - .86 .85 .BJ .9) 

- - - . 44 . 9 1  
. 70 . 8 2  . 81 .80 .85 . 97 
. 6 1  . 7 2  • 79 . 69 • 75 .95 

rot depth c 9 1 - . 89 . 8 9  .87 
2 - . 8 6  . 8 5  . 8 J  
J - - .84 
4 - - .85 
5 . 6 5  . 77 . 8 1  • 7 9  , 8 )  
6 . 6 9  . 6 6  • 77 .80 . 80 

rat depth J 1 0  1 - . 98 .94 
2 - - . 98 .92 
5 . 7J • 74 . 92 . 84 
6 .68 . 68 . 90 .eo 

rat depth 52 1 1  1 - .94 
2 - . 91 
5 . 60 . 7 3  . 9 )  
6 . 4 2  . 52 • 74 

T houe depth GR 1 2  5 , 7) . 7 7  
6 . 50 . 60 

rat depth lG 1 J  s .66 
. 5 1  

rat depth l2 1 4  5 -
6 -

ror N:64: P<0.05 when r> . 25 and P<0.01 •hen r> . J J  ( Experionents 1 and 2 ) .  
ror N:JO: P<O.OS .,.,en r> . J� and P<O.Ol when r> . 4 S  ( (xperil•ent J ) .  
ror N : 1 8 :  P < 0 . 0 5  when r>.44 and P < 0 . 0 1  when r> . 56 (Experiment 4 ) .  
ror N:24: P<O.OS .,.,en r> . J9 and P<0.01 when r> . SO ( E•oer imenta 5 and 6 ) .  N C, J, 52,  CR, LC and L2 &re rlto!\Ct ib�d tn T �hle J-J nnd r i gure J - } .  +=:> +=:> 



Table 4-50. Simple correlation coefficients showing relationships between fatness and carcass linear measurements 

and certain non-carcass components for four experiments. 

Experiment Carcass 

No. weight 

Carcass length (LB) 

4 

6 

Maximum shoulder width (Wf ) 3 

Depth from scapula to sternum ( Th) 

4 

5 

6 

6 

Width behind shoulder (WTH) 3 

4 

6 

Gigot ( G )  3 

Leg length ( T )  

!!:_ Longissimus depth ( B )  

!!:_ Longissimus width (A )  

� L ongissimus area 

foregut empty (kg) 

Intestines 

L i ver weight 

Heart weight 

Kidney weight 

4 

6 

4 

5 
6 

2 

3 

4 

5 

6 

3 

6 
3 

6 

4 

5 

6 
3 

4 
5 

6 

4 

5 

6 

.41 

. 1 9  

. 30 

. 1 9  

.64 

.66 

.80 

. 29 

.64 

. 2 1  

• 2 4  

. 36 

• 78 

. 3 1  

. 55 

. 5 5  

.87 

.07 

. 52 

.29 

. 32 

. 25 
• 75 
. 79 

. 24 

. 68 

.61  

. 1 0  

. 54 

. 55 

. 1 6  

.46 

. 24 

. 32 

• 78 

. 80 

. 42 

.65 

. 59 

. 50 

. 49 

. 26 

. 64 

. 36 

.07 

. 4 8  

.44 

.27 

. 1 8  

. 76 

. 1 7  

. 25 

. 35 

. 5 3  

. 33 

. 20 

. 48 

. 27 

TSf 

- . 25 

- . 1 9  

- . 1 5  

. 40 

• 75 

. 34 

. 50 

. 2 5  

. 5 3  

. 91 

. 2 8  

. 42 

.• 63 

. 1 8  

- . 1 0  

- . 02 

- . 1 4  

. 2 8  

• 7 4  

. 1 6  

- . 1 9  

- . 1 0  

. 1 3  

. 3 2  

. 52 

. 37 

. 25 

. 1 0  

. 24 

- . 1 5  

- . 3 1  

- . 25 

. 30 

-.02 

. 1 2  

. 07 

- . 20 

. 1 7  

- . 1 6  

- . 2 6  
- . 27 

c 

- . 5 9  - . 2 7  

- . 65 - . 52 

- .45 - . 46 

- . JJ - . 34 

. 26 . 24 

. 22 . 1 4  

. 49 . 5 2  

. 35 . 40 

. 23 . 35 

. 40 . 44 

. 5 3  . 36 

. 63 . 5 1  

. 75 . 8 3  

. 42 . 46 

. 28 . 2 3  

. 1 2  . 1 5 

. 34 . 33 

. 39 . 37 

- . 59 - . 23 
- . 27 - . 26 

52 GR LG 

- . 39 - . 36 - . 4 1  

- . 2 5  - . JJ - . 40 

• 71 . 75 . 55 

. 4 2  . )6 . )9 

. 40 . 4) . )) 

. 33 ,44 . 4 7  

. 91 . 94 . 77 

. ) 7  . 45 . 4 7  

. 42 . 52 , 4 )  

. 27 . )7 . 4 5  

- . 1 9  - . 24 - . 1 2  - . 1 3  - . 28 

- . 34 - . 33 - . 24 - . 32 - . 2 1 
. 51 

. 50 

. 3 3  

. 24 

. 61 

. 36 

. 2 1  

. 1 7  

- . 1 7  

- . 4 5  

- .  28 

-. 34 

. 52 

.46 

. 28 

.06 

. 32 

. 03 

- . 5 1  

-.OJ 

- . 1 0  

-. 35 

. 6 8  

. 69 

. 21 

. 2 )  

. 67 

. 35 

. 25 

. 2 1  

- . 27 

- . 4 )  

- .  23 

- . )2 

. 65 

. 62 

• JB 

. 08 

. 3 3  

. 07 

- . 36 

. 0 5  

. 1 5  

- . 1 2  

. 64 

. 65 

. 79 

. 26 

. 29 

. 26 

- . 01 

-. 23 

. 6 5  

. 60 

. 6 1  

. 1 4  

. 06 

. 28 

-.45 - . 46 - . 34 

- . 1 6  - . 23 - . 02 

- . 1 0  

- . 06 

- . 1 1  

.06 

.04 

-.42 

- . 45 

-.44 

- . 33 

- . 1 2  

- . 1 5  

. 01 

- . 07 

- . 1 3  

. 1 3  

- . 03 

- . 40 

- . 22 

- . 1 4  

- . 06 

-. 1 1  
- . 03 

- . 28 - . 1 8 

- . 1 1  

. 1 1  

- . 21 

- . 1 0  

. 01 

. 1 0  

. 71 

. 71 

. 80 

. 35 

. )2 

. 26 

- . 04 

- . 32 

. 71 

.66 

.58 

• 20 

.09 

. 29 

. 69 

. 4 3  

- .  2 9  

- .  2 1  

. 42 

- . 03 

. 06 

. 1 0  

- . 37 - . 4 1  

- . 1 6  - . 04 

-.04 

. 1 3  

- . 1 8  

- . 1 4  

. 1 0  

. 1 8  

- . 09 

. 1 4 

- . 22 

- . 4 3  

. 1 3  

. 1 5  

for N=64• P<0 . 0 5  when r> . 25 and P<0.01 when r> . 3 3  (Experiments 1 and 2 ) .  

for N:JO: P<0 . 05 when r> . J5 and P<0.01 when r> . 4 5  (Experiment 3 ) .  

for N=1 8 :  P<0 . 0 5  when r> .44 and P<0.01 when r> . 56 (Experiment 4 ) .  
for N=24: P<0 . 05 when r> . J 9  and P<0.01 when r> . 50 (Experiments 5 a nd  6 ) .  

ror definitions o f  abbreviations see Table 4-1 . 

C, J, 5 2 ,  GR, LG and L2 see Table J-3 and figure 3-3 . 

L2 

- . 5 1  

- . 1 2  

. 45 

. 33 

. 06 

. 22 

. 72 

. 1 7  

. 30 

. 1 7  

- . 45 

- . 1 3  

. 59 

. 1 6 

- . 31 

- . 1 5  

. 36 

. 03 

- . 04 

- . 29 

- . 46 

- . 46 

. 0 1  

- . 1 2  

- . 1 8  

- . 4 1  

. 10 

. 07 
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s hou l der .  The corre l at i on s  between depth , wi dth , and area of M .  

l ongi s s i mu s  wi th f atnes s were a l so exami ned . H i g her l eve l s  of fatnes s 

were a s soc i ated wi th i nc reased � l ongi s s i mu s  depth ( B ) , i ncon s i stent 

c h anges  i n � l ongi s s i mu s  wi dth  ( A )  and i ncreased � l ongi s s i mu s  area .  

The  corre l at i on coeffi c i ents between the wei ghts of  non-carcass  

components a nd fatness were general l y  l ow and  n on-s i gn i fi cant . 

4-4-3 RELAT I ONSH I P S B ETWEEN THE CELLULAR I TY OF F I VE FAT DEPOTS AND 

CARCASS FATNESS 

Tab l e  4-51 g i ves the  s imp l e  correl at i on coeff i c i ents  between 

f atnes s meas urements and t h e  ce l l u l ar i ty c h aracter i st i c s of s ub

cu taneou s ,  i ntermu scu l ar ,  omenta l , mesenter i c ,  and k i dney fat depots 

for three exper i ments . The we i ght of fat i n  the fi ve  fat depots , as 

wel l a s  i n  the  tota l  s i de , was pos i t i ve l y  correl ated wi th the average 

n umber and d i ameter of ad i pose cel l s .  H i gher correl a t i on s  were found 

between each fat depot we i gh t  and the i r  average cel l d i ameter than 

wi th  the i r average cel l n umber for a l l three exper iments . As expec

ted , p os i t i ve corre l at i on coeffi c i ents  ex i sted between  the ce l l u l ar i ty 

c h aracter i st i c s of th e f i ve fat depots and f at depth measurements .  

Across  the  three exper i ments , i ncons i stent re l a t i on s h i ps were found 

b etween th e number and average  d i ameter of ad i pocytes  ( Tab l e  4-5 1 ) .  

Corre l at i ons  between the  d i ameters of ad i pocytes  from d i fferent depots 

are a l so s hown i n  Tab l e  4 - 5 1 . 

4-4-4 CORRELAT ION BETWEEN  FATNESS AND MUSCLE F I BRE PARAMETERS 

Re l at i ons h i ps between  fatness meas urements  and musc l e  f i bre types 

and d i ameters from Exper i ments  5 and 6 are g i ve n  i n  Tab l e  4-52 as 

s i mp l e  corre l at i on coeffi c i ents . The proport i on of red musc l e  fi bres 

was s i gn i f i cant l y and p os i t i ve l y  corre l a ted w i th a l l fat th i ckness  

measurements  i n  Experi ment� 5 and 6 and w i th total  s i de f at we i ght  i n  

Exper i ment 5 .  Al so i n  Exper i ment 5 ,  a few s i gn i fi c ant  n egat i ve cor

re l at i ons  were found b etween fatness  and i ntermed i ate  mus c l e  f i bre 

propor t i o n .  L ow ,  negat i ve ,  a nd non-s i gn i f i cant  ( P>0 . 05 )  corre l at i on s  

were obta i ned between fatness  and wh i te musc l e  f i bre proport i on across  

b oth exper i ment s .  Corre l at i ons of measures of fatness  w i th the  

d i ameter of the three mu s c l e f i bre types  were l ow and  non-s i gn i f i c an t .  



Tab l e  4 - 5 1 . S i mp l e  corre l a t i on coeff i c i ents between v ar i ous measures of fatne s s  and cel l u l ar i ty character i s t i c s  of fi ve ad i pose t i ssue depot s .  

Exper i ment K i dney Omental  Mesenter i c  D i ameter 

I tem N o .  TSF c J S2 GR SCF I MF fat fat fat SCF IMF K i dney Oment a l  Mesenter i c  

I MF d i ameter 

I MF number 

SCF d i ameter 

SCF number 

K i dney fat d i ameter 

K i dney fat number 

Ome n t a l  fat d i ameter 

Oment a l  fat number 

Mesenter i c  fat d i ameter 

Mesenter i c  fat number 

4 

5 

6 

4 

5 

6 

4 

5 

6 

4 

5 

6 

5 

6 

5 

6 

5 

6 

5 

6 

6 

6 

. 4 8  

. 35 

. 62 

. 50 

. 59 

. 4 2  

. 76 

. 58 

. 55 

. 44 

. 4 7  

. 4 1  

. 60 

. 56 

. 62 

. 4 3  

. 3 7 

. 35 

. 65 

. 63 

. 60 

. 1 1  

. 31  

. 1 8 

. 38 

. 57 

. 36 

. 70 

. 66 

. 35 

. 53 

. 52 

. 25 

. 1 1  

. 6 7  

. 50 

. 40 

. 06 

. 52 

. 28 

. 55 

. 61 

. 50 

. 1 5  

. 4 5  

. 26 

. 34 

. 6 4  

. 54 

. 8 2  

. 73 

. 50 

. 4 3  

. 52 

. 4 5  

. 33 

. 50 

. 56 

. 54 

. 32 

. 5 3  

. 28 

. 44 

. 4 4  

. 5 5 

. 24 

. 60 

. 4 7  

. 68 

. 43 

. 54 

. 4 5  

. 26 

. 1 1  

. 57 

. 69 

. 4 7  

. 38 

. 49 

. 24 

For N = 1 8 :  P<0 . 05 when r> . 4 4  and P<0 . 01 when r> . 56 ( E x periment 4 ) .  

. 4 7  

. 65 

. 64 

. 3 5  

. 66 

. 50 

. 73 

. 5 1  

. 50 

. 6 1  

. 46 

. 31  

. 58 

. 53 

. 62 

. 39 

. 54 

. 09 

For N=24 : P<0 . 05 when r> . 39 and P<0 . 0 1  when r> . 50 ( E xper iments 5 and 6 ) .  

For defi n i t i on s  o f  abbrev i at i ons see T a b l e  4-1 . 

C ,  J ,  S2 , GR see Tab l e  3-3 and F i gure 3-3 . 

. 60 

. 59 

. 39 

. 24 

. 4 7  

. 38 

. 78 

. 80 

. 6 7  

. 45 

. 62 

. 4 1  
. 52 

. 4 6  

. 4 2  

. 38 

. 59 

. 54 

. 58 

. 45 

. 50 

. 31 

. 83 

. 72 

. 68 

. 43 

. 4 1  

. 63 

. 43 

. 56 

. 48 

. 54 

. 70 

. 38 

. 51 

. 44 

. 54 

. 38 

. 37 

. 6 1 

. 77 

. 39 

. 4 7 

. 22 

. 36 

. 39 

. 33 

. 1 8 

. 6 3  

. 37 

. 26 

. 39 

. 42 

. 1 6 

. 74 

. 1 9  

. 70 

. 86 

. 4 7  

. 45 

. 57 

. 29 

. 50 

. 38 

. 1 9  

: 09 

. 20 

. 29 

. 35 

. 44 

. 77 

. 48 

. 36 

. 4 3  

. 33 

. 46 

. 6 5  

. 52 

. 57 

. 40 

. 50 

. 42 

. 9 1  

. 7 1  

. 4 1  

. 45 

. 38 

. 33 

. 1 9  

. 1 8  

. 26 

. 4 7  

. 1 6  

. 24 

. 43 

. 33 

. 59 

. 42 

. 26 

. 2 7  

. 37 

. 23  . 1 1  

. 32 - . 24 

. 1 2  - . 2 1  
. 26 

. 27 

. 37 

- . 23 . 06 

. 1 6  

. 38 

. 48 

. 3 1 

. 46 

. 52 

. 2 1  . 57 . 37 

, 0 7  . 08 . 20 

. 46 • 1 6  

. 52 . 38 

. 08 . 28 - . 29 

. 04 - . 01 . 06 

. 65 . 25 . 59 

. 56 . 29 . 4 2  

. 1 8  . 08 . 33 

- . 07 . 1 4  . 20 

. 46 . 58 . 65 

- . 1 3  - . 24 . 37 

. 25 

. 29 

. 26 

. 32 

. 6 5  

. 56 

. 27 

. 1 4  

. 59 

. 42 

• 1 1  

. 03 

. 15 
- . 29 

. 38 

. 23 

. 58 

- . 05 

. 46 

. 03 

. 6 5  

- . 08 

. 38 

- . 1 2  

- .  15 

N � 
" 



Table 4-52 .  Simple correlation coefficients between various measures o f  

fatness and muscle fibre parameters for two experiments. 

Experiment 

I tem 

Red muscle fibre % 

I ntermediate % 

White fibre % 

Red fibre diameter 

I ntermediate diameter 

White fibre diameter 

No . TSF 

5 . 56 

6 • 31 

5 - . 47 

6 - . 22 

5 - . 02 

6 - . 05 

5 . 2B 

6 . 1 5  

5 - . 02 

6 - . 29 

5 - . 01 

6 - . OB 

c 

• 61 

. 62 

- . 26 

- . 21 

- . 1 2  

- . 07 

. 37 

. 24 

- . 1 1  

- . 1 5  

- . 1 2  

- . 1 6  

J 52 GR LG L 2  

. 57 . 4B . 60 . 55 . 4B 

. 43 . 45 . 41 . 40 . 39 

- . 39 - . 40 - . 50 - . 35 - . 30 

- . 22 - . 21 - . 2B - . 26 - . 25 

- . 1 9  - . OB - . 1 0  - . 1 7  - . OB 

- . 05 - . 02 - . 06 - . 1 0  - . 01 

. 33 . 29 . 30 . 23 • 2 1  

. 32 . 07 . 27 . 24 . 1 7 

- . 1 9  - . 09 - . 05 . 04 . 1 7 

- . OB - . 33 - . 23 . 1 1  . 3B 

- . 1 6  . OB . 06 . 02 . 03 

- . 1 7  . 1 2 - . 1 4  - . 03 - . 26 

For N=24: P<0 . 05 when r> . 39 and P<0 . 01 when r > . 50 ( Experiments 5 and 6 ) . 

For definitions o f  abbreviations see Table 4-1 . 

C ,  J ,  52 , GR ,  LG ,  L2 see Table 3-3 and Figure 3-3 . 
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4-4 - 5  CORRELAT I ONS BETWEEN CARCASS FATNESS MEASUREMENTS AND MEAT 

QUA L I TY PARAMETERS 

249 

S i mp l e  corre l at i on coeffi c i ents  between  fatness  and meat q ua l i ty 

p ar ameters i nc l ud i ng shear force va l u e s , s arcomere l ength s ,  percent 

cook i ng l os s e s , pH  va l ues , expres sed j u i ce ,  and ref l ectance v a l u e s  are 

recorded i n  T ab l e  4-53 for M. s emi ten d i nos u s ,  � sem i membranos u s ,  � 

b i ceps femor i s and M.  l ongi s s i mu s . Low and non-s i gn i f i c ant  cor

re l at i on coeffi c i ents between meat q u al i ty parameters across a l l four 

mus c l es and f atness  wi th i n  the s i x exper i ments were obt a i ned . How

eve r ,  t h e  corre l at i on coeffi c i ents between s arcomere l ength s from the 

l eft s i de  of � l ongi s s i mu s  and fat d epth s C and J ( Tab l e  4- 5 3 )  were 

found t o  be s i gn i fi cantl y pos i t i ve for Exper iment 5 .  The s ame Tab l e  

s hows t h at the  re l at i on s h i ps between fatness and meat q ua l i ty i n  

genera l , were h i gher for Exper iments 1 and 2 th an  for the other 

exp e r i ments . These d i fferences  were most ev i dent i n  t he  case  of the 

corre l a t i ons  between fatness  and percent cook i ng l os s e s .  

I n terre l a t i onsh i ps between v ar i ou s  meat qua l i ty p arameters w i th i n  

e ac h  m us c l e  are s hown i n  Tab l es 4-54 ,  4-5 5 ,  4-56  and 4-57  for M .  

semi tend i nos u s , � semimembranos u s , � bi ceps femor i s  a nd � l o ngi s 

s i mu s , r espect i ve l y .  These resu l t s s how that h i gher  p H  va l u e s  were 

as soc i ated w i th decreased s hear force v a l ues  and expres sed j u i ce ,  and 

th at  h i g her percent cook i ng l os ses were assoc i ated w i th i ncreased 

expres sed j u i ce ,  p arti cu l ar l y  i n  Exper i ment 6 .  A few corre l at i on s  

between s arcomere l engt h s  and shear force va l ues  were negat i ve l y  

s i g n i f i cant  for M .  semi tend i no s u s  and � l ongi s s i mu s . The refl ect ance 

va l u e s  at d i fferent wav e l ength s were negat i ve l y  correl ated w i th 

n umerou s  meat q ua l i ty character i st i c s ,  but most were not s i gn i f i cant . 

Across mu sc l es and exper iments  l ow and non-s i gn if i c an t  corre l a t i on s  

were found  between d i fferent mus c l es w i th i n  e ach  exp e r i ment ,  s o  these 

data  a re not presented . 



Table 4-5). Simple correl a t i on  coefficients showing the rel ationships between various �neoeurea of fatness end parameters o f  objective qua l i t y  assesement for four 
muscles from fhe experiments. 

Experiment !!.:_ semitendinoeus1 !!:_ semimcmbranosus2 !:!!_ biceps femoris3 !:!!_ IQ!!!JIBsimuo 4 

Ilem No. TSf c J GR rsr c J GR rsr c J GR rsr c J 

Shear force value: 
Iert .rae 1 - .  22 - . 1 J  - . 1 8 - . 1 )  - . 1 9 - . 1 5  - . 0 1  - . 02 - . 06 - . 2 2  - . 28 

2 - . 07 - . 2 1  - . 1 9  - . 1 4  - . D8 - . 1 J  
4 - . 10 - . 1 5  - . 1 D  - . 1 2  - . 1 6  - .  2D -. 2 1  - .  2 9  
5 - . 1 4  - . D4 - . DJ - . DJ -. )2 -. JD - . )2 - . )6 -. 24 -.D2 - . D6 - . 1 4  - . D2 - . D9 - . 1 5  
6 - . 1 1  - . 1 J  - . DJ - . D4 - . 1 4  - . 1 2  - . D4 - . D6 - . )5 - . D5 - . 1 D  - .  2D - . 1 7  - . 1 )  - . 2 8  

right oldc 5 - . D4 - . DO - . 1 J  - . 1 4 - . 1 D  - . 10 - . D8 - . 02 - . 1 2  - . 04 - . 0 1  
6 - . 1 2  - . 1 9  - .  25 - . 1 8  - . D7 - . 1 D  - .D9 - . D5 - . 0 1  - . 09 - . 1 J  Sarcomere l eQgth: left aide 5 . 2 5  . JO . )2 . 28 . JJ .40 .45 
6 - . 0) - . 01 - . 05 - . D8 . JO . )6 • )7 . 29 . 28 . 36 . 2 J  

right aide 5 . 1 0 . 1 5  . 1 8 . 1 )  .05 .OJ . 1 7  
6 - . 1 7  - . 02 - . 04 - . 1 4  - . 2D . 1 9  . n  . 1 2  .02 . 1 0  .04 

cot}£9 .ld!a % :  1 .ZJ .21 .2) . 21  . 1 6  . 19 • )2 . 29 . 28 . J2 . JO 
. 1 6  • 2D . 2 1  . 4 6  . 48 .45 -

. 1 5 . 1 )  . 1 6  . 22 . 10 . 1 0 . 1 7  . 1 5  
. 1 0  . )8 . 1 4  .09 .04 . 1 )  . 0 7  . 04  . 20 . 1 5  . 1 9 . 2 1  . 1 6  . 2 6  . 1 4  
.01 .02 . 26 . 1 9  . 04  . zo . 04 . 1 )  .45 . 1 8  . JJ . 4 1  . 2 2  . 2 6  . 1 9 

right aide 5 . 1 0  .D5 .01  .03 . 1 0  . 1 7  . 1 7  . 1 4  - . 28 - . 2 1  - . 14 
6 - . 1 0  . 1 8  .zz  . 1 9  . 2 8  . 2 1  . 29 .05 -.05 . 1 1  . 1 2  

�: side 1 - . 1 5  - . 1 4  - . 2) - - . 2 1  - . 1 8  - . zo - . J 1  -.  2 7  - . J 1  - - . 1 6  -.04 
z - . 1 1  - . 04 - . 04 - . 0) - . 01 - . 02 -
4 - . ZJ - . 1 8  - -. 25 - . 4 1  - . 2 1  - . 1 6  - . 06 .01  
5 - . 05 - . 07 - . 1 1  - . 04 - . 02 - . 07 - . 07 - . 09 -.26 - . 04 - . 2 1  -.ZJ  - . J6 - . J8 - . 2 J  
6 - . 04 - . 04  - . 0 1  - . OJ - . 2 9  -.  J 1  - . 02 - . 0 1  - . 3 8  - . 2 5  - . )7 - . J8 - . 2 1  -.  2 4  - . 1 9  

right aide 5 .06 .04 .0) .01 - . 1 9  - . 2 1  - . 1 6  - . 1 6  - . ) 3  - . 38 - . 1 5  
6 - - . Z J  - . 0 1  - . 1 9  - . 1 7  - . 1 8  - . 29 - . 1 0  

E xyressed�uice: eft al 4 -. 26 - . JJ - . 2 5  . ZJ 
5 - . 1 2 .09 - . OJ - . 1 8  . 2 5  .08 . 1 1  . 1 2 .4J • 2 7  . 4 2  
6 - . 1 4  - . 1 9  - . 21 - . 05 . 28 • )4 • J8 . 1 8  . zo . zz . 26 

right side 5 • 20 . 1 7  . oz . 09 
6 . J2 . J2 . J6 . JO . J 1  . 0 9  . 05 f!�flectarce value: 

left side 
474 nm 4 .OJ . 1 0 - . 1 5  . zo . 1 2  . JO 

5 - . zo . 1 J  . J4 . ZJ . 1 6  . zo . zo . 1 2  . 1 2  . 1 J  . 1 5  
6 . 1 2  .03 . 1 2  .05 . )8 . ) 7  . JO • 52 . 2 1  . JZ . )5 • ZJ . 1 5  . 1 2  .07 

525 .... 4 .05 . 1 6  . 1 )  . 2 8  - . 1 )  . 1 6  
5 • 30 . zo . zo . 29 . 1 )  . 1 2  . 10 . 1 9 . 2 1  . 1 9  . 1 7  
6 .OJ . 1 2  .08 .05 . 4 8  . J 7  . JZ . 44 . J 1  . 2 7  . 2 7  • 2J . 2 6  . 2 7  . 20 

572 nm 4 . 2 5  . J J  .04 . 06 . 1 9  . 2 2  
5 • 29 . 1 5  . JZ . 21 .05 .OJ . 1 1  . 1 2  • J2 . 1 5  . 1 8  
6 . 1 7  . J6 . 2 5  • J 1  . 51 . 1 7  . J8 . J 1  . 14 . 08 .09 . 1 2 .48 .29 • 2 7  

6JO nm 4 . 14 . 1 8  . 1 5  . 1 5  . 24 . 1 8  
5 . 22 . 1 6  . 1 2 . J8 . 1 2  . 2 9  . 29 . 10 . 20 . 1 8  
6 . 1 8  . 1 2  . 1 0  .OJ • Jl . 1 9  . 24 . 22 . 2 1  • Z J  . J6 . 1 6 .OJ . J4 .09 

r ight a ide 
474 nm 5 

6 . 1 9 . 14 . 1 2  . 1 0 
525 nm 5 

6 . 1 )  . 1 1  . 1 4  .07 
572 nm 5 

6 . 1 1  • )5 . 1 2 . 09 
6JO nm 5 

6 . 1 9 . 1 )  . 1 8  . 14 

for N:64: P<0.05 when r> . Z5 and P<O.OI when r> . JJ ( Experiments 1 end Z ) .  for N:JO: P<0.05 when r> . J5 end P<0.01 when r > . 4 5  (Experiment J ) .  
for N:1 8: P<0.05 when r > . 44 end P<0.01 when r> . 56 (Experiment 4 ) .  for N:Z4: :(0.05 when r) . J9 end P<O.OI when r> . 50 (Experiments 5 end 6).  
For definlUone o f  abbrev iations see Table 4- 1 .  
C ,  J ,  GR see Table 3-3 and rtgure J-J , 

0 1 The meot samples from the left side were lcfl with the carc�ss for 24 h �:tt •:!.1 C, while l�1e meYt �ampJ es from lhe r�ht side were pl aced on ice at J�2 mi n 
postmortem and at about 60-90 min poslmcrtf'm were t ransfer red lo J iquJc1 nitrogen for 15 m 1 n  and fJnol l y  kept et -JO for 24 h. 

2 for the lefl and right M. semimembranosus see Section J-2- 1 - S .  
) for the lr.fl and r J ghl R:" ftcees femoriS sec SecUon J-2 - 1 - 4 .  
4 for the Jrfl and right � onQJ Ss�e Section J-2- 1 - J .  

GR 

- .  31 

- . D9 
-. 3 1  
- . D2 
-. 27 

• )8 
• 26 
. 1 )  
. 1 0 

. ) 1  

. 09 

. 1 9  
- .  2 1  

. 01 

- . 1 5  

- .  28 
- . 24 
-. ZJ 
- . 1 6  

. J9 

. 24 

. 2 6  

. 1 0 

. 1 )  

. zo 
• 26 

. )1 

. 48 

. 1  J 

. 2 J  

N 
(J1 0 



Table 4-54. Simple correlation coefficients between shear force values, percent cooking losses, pH values, 

sarcomere lengths, and reflectance values for � semitendinosus from four experiments. The 

numbers along the top of the Table correspond to the numbered variables listed on the left-hand 

side. 

I tem 

Shear force value: 

left side 1 

Variable 

No . 

Experiment 

No . 9 8 7 6 4 3 

- . 1 6  

- . 02 

2 

. 1 }  

- . 20 

- . 37 - . 33 

4 

5 

6 - . 1 0  - . 45 - . 54 - . 39 - . 38 - . 43 - . 32 - . 22 

Cooking loss � :  
l e f t  side 

�: 
left side 

Sarcomere length:  

left side 

right side2 

Reflectance value: 

l e ft side 

474 nm 

525 nm 
572 nm 

630 nm 

2 

3 

4 

5 

6 

7 

8 

9 

4 

5 

6 

6 

6 

6 

6 

- . 1 0  - . 42 

- . 04 - . 1 4  

- . 1 5  

. 1 6  

. 29 

. 37 

. 55 

- . 31 

. 27 

. 52 

. 62 

- . 32 

- . 22 

- . 21 - . 26 

- . 29 - . 1 1  

- . 48 - . 25 - . 08 

. 1 8  . 06 

. 85 

For N:64: P<0 . 05 when r> . 2 5  and P<0 . 01 when r > . 3 3  (Experiment 1 ) .  

For N: 1 8 :  P<0.05 when r> . 44 and P<0 . 01 when r> . 56 (Experiment 4) . 

For N:24: P<0 . 05 when r> . 39 and P<0 . 01 when r> . 50 (Experiments 6 and 6 ) .  

- . 1 2  

- .  2 2  

- . 1 8  

- .  31 - . 01 

- . 02 

1 ,  2 :  The meat samples from the left side were left with the carcass for 24 h a t  1;t1 °C ,  while the meat 

samples from· the right side were placed on ice at 3st2 min postmortem and at about 60-90 min postmortem 

were transferred to liquid nitrogen for 1 5  min and finally kept at -30°C for 24 h. 

25 1  
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T ab l e  4-5 5 .  S impl e  correl at ion coeff i c i ents between shear force val ues,  percent cook i ng l os ses , 

pH va lues ,  expressed ju ice ,  and  refl ectance val ues for  � semimembranosus from f i ve 

exper iments .  The numbers a l ong the  top  of  the  Table  correspond to the  numbered 

vari ables l i sted on the l eft-hand s i de .  

Var i ab l e  Experiment 

I tem No. No. 1 1  1 0  9 8 7 6 5 4 3 2 

Shear force va lue :  

l eft  s i de1 - . 33 - . 1 9  

2 - . 25 . 1 9  

4 - . 27 - . 1 1  - . 07 - . 01 - . 21 - . 08 - . 27 

5 . 30 . 26 - . 1 5  - . 1 5  - . 1 8  - . 3g - . 02 - . 2 1  - . 22 . 6 2  

6 - . 45 . 31 - . 1 4  - . 1 0  - . 32 - . 22 . 27 - . 25 . 48 

r i ght s i de 1 2 5 - . 1 2  . 2 1  - . 1 9  - . 31 - . 1 2  - . 1 5  - . 25 - . 29 

6 . 1 9  . 1 3  - . 2 5  - . 22 . 23 - . 28 . 04 - . 1 4 . 24 

Cook i ng l oss % :  
l eft  s i de 3 1 - . 01 

2 - . 35 

4 - . 03 . 40 - . 1 7  - . 01 - . 08 - . 23 

5 - . 09 . 1 0  . 1 4  . 1 0  . 07 . 05 . 54 

6 - . 08 . 1 7  . 29 . 1 9  . 55 - . 1 5  - . 34 . 71 

r i ght s i de 4 . 07 . 3 1  . 40 . 33 - . 01 . 05 

6 . 03 . 27 . 43 . 4 1  - . 32 . 1 0 . 1 0  

�H v a l ue:  

l eft  s i de 4 - . 26 - . 33 - . 1 8  - . 27 . 31 

5 - . 1 5  - . 33 - .  31 - . 1 3  - . 1 9  

6 - . 26 - . 22 - . 1 1  - . 01 - . 49 . 74 

r i ght s i de 6 5 - . 33 - . 30 - . 35  - . 1 5  - . 27 

Ex�ressed ju i ce :  

l eft  s i de 4 . 1 5  - . 29 - . 2 1  . 3 2  

5 . 1 7  . 01 - . 1 7  . 08 

6 - . 05 .06 - . 1 1  . 02 

Ref l ectance v a l ue :  

l e f t  s i de 

474 nm 8 4 . 39 . 49 . 81 

5 . 1 4  . 32 . 48 

6 . 1 6  . 1 7  . 52 

525 nm 9 4 . 42 . 50 

5 . 29 . 61 

6 . 45 . 38 

572 nm 1 0  4 .01  

5 . 30 

6 . 1  3 

630 nm 1 1  4 

5 

6 

For N =64 : P<O . OS when r> . 2 5  and P<0.01 when r> . 33 (Experi ments 1 and 2 } .  

For N = 1 8 :  P<O . OS when r> . 44 and P<0 . 01 when r> . 5 6  ( Experiment 4 } .  

For N=24 :  P<O. OS when r> . 39 and P<0 . 01 when r> . SO ( Experi ments 6 and 6 } .  

Left and r i ght s i de see Sect i on 3-2- 1 - 5 .  



Toble 4-56. Simple corre lation coefficients between shear force values, percent cooking losses, pH values, e�epresaed juice, sarcomere lengths and reflectance 
values for � biceps � from five experiments. The m.mbers along the top o f  the Table correspond to the nunbered variables listed on the 
lert-hond s1de. 

' 
Var ieble Experiment 

I tem No. No. 10 1 7  1 6  1 5  1 4  1 )  1 2  1 1  1 0  

Shear force �alue: 
left aide 1 1 . 10 - . 06 

- . }7 .00 
- . 1 0  - . 22 - . }4 - . 4 1  - . 14 - . 52 .02 

. 1 1 - . 26 - . 110 - . JO - . 1 5  - . 0 1  - . 1 0 -. J7 - . 25 - . 1 6 - . 1 2  . 1 8  . 75 
- . 2 5  - . 07 - . 01 - . 02 . 1 8  - . 20 - . 44 - . }2 - . 1 8  - . 1 2  - . 04 . 20 - . 01 -. 21 .21 - . 1 2  .46 

r ight side2 2 5 . 01 -. J5 -. J1 - . 1 6  - . 10 . 02 - . 21 -. J1 -. 29 - . )5 . 07 - . 09 
6 . 1 1  - . 111 . 08 . 08 . 02 -. )9 - . JJ - . 05 - . 07 - . 1 )  - . DJ .01 - . 1 6  . 02 . JO . 05 

Coo�!IT !Id: �: } 1 . OB 
-. }9 

. 4 2  . 0 1  . 1 )  .04 . 2 2  - .  2 1  
. 1 2 . 1 9  • 2 5  . 07 .09 . 1 )  . 09 . 05 . 01 - . J2 . 4 2  

. 1 9  - . 21 - . )6 - .  }0 . 1 6 . 1 4 • 26 . 05 . 04 . 2 7  . 1 1  . 1 2  . 1 4  - . 1 9  . }4 

right side 4 5 - . 01 . 1 0 . 1 5 . 1 2 . OJ .05 . 1 2  . 1 1  . 1 2  - . 1 )  
6 .07 - . 28 - . 2 }  - . 02 - . 0 7  . 0 1  . 0 5  . 07 - . 07 . 07 - . 1 6  - . 28 .08 - . 1 2  

�· side 5 4 - . 05 - . 1 4  - . 1 )  - . 2 5  -.40 - . jo - . 2 5  - . 1 7  - . 10 . 1 9 . 1 6 - . 44 - . } }  - . 54 
. JO - . 1 0  - . 06 - . 2 1  - .  6 - . 2 7  - . 05 - . 06 . 1 4  . 2 5  . 08 - . 116 . 20 

right side 6 5 - . 09 - . 2 1  - . 0 1  - . 0  . JO . 2 6  - . 5 5  - . 4 9  
6 - . 01 - . 0 1  - . 1 9  - . 1 9  - . 1 5  - . 24 - . 08 . -.07 . 1 9  . 08 . 05 - . 1 1  

Expressed juice: 
left side 7 11 - . :u . 28 .01 . 06 

. 29 . 2 7  • }0 . JO - . 06 - . 1 )  . 6} 
. 0 1  . 2 }  • 1 5  . 2 5  . }0 . 26 . 2 7  • } 4  - . 05 . 1 4  . )5 

right side 8 5 . 22 -. 22 - . 09 . 06 • 27 • JO 
6 - . }8 - . 1 6  - . 1 2 -. }2 . 20 - . 1 5  - . 02 - . 0 1  . 4 1  . 65 

Sarcomere l e!!]lh: 
left side 9 5 • 1 5  . 1 ) . )1 . 1 7  . 78 

- . 1 9  . 04 - . 04 - . ZJ • 1 2  . 0} . 24 . 1 4  .45 

right side 10 5 . 09 . 1 1  . 25 . 09 
6 - . 14 . 1 5  . 1 ) - . 1 4  . 6 }  .OJ . 14 . 06 

Reflectance value: 
left ude 

474 nm 1 1  4 . 25 .8} .91 
• 27 . 06 . 2 5  

. }1 . 25 . J5 . 20 • 27 . 50 . 7 J  

5 2 5  nm 1 2  4 • 29 . 77 
• 1 8  . 46 

. 2 7  . 1 6 . 1 8 - . 04  • 22 .82 

572 ""' 1 )  4 • 1 4  
. 04 

. 1 6  . 2 5  • 2 1  . 05 . 1 5  

6}0 nm 1 4  4 
5 
6 - . 10 - . 04 - . 01 - . 01 

rl gl1l oidc 
474 nm 1 5  6 . 77 . 51 - .04 
525 nm 16 6 .66 . 1 4 
572 nm 1 7  6 • 1 5  
6JO nm 1 8  6 

ror N:64: P<0.05 when r> . 25 and P<0.01 when r> . JJ ( Experiments 1 and 2 ) .  N 
r or N:JO: P<0.05 when r> . J5 and P<0.01 when r> . 4 5 ( Experiment J ) .  (J1 
for N:1 8 :  P<0.05 when r > . 44 a nd  P<O.Ol when r> . 56 ( E xperiment 4 ) .  w 
for N:24: P<O.O� when r> . 39 and P<0.01 when r> . SO ( Experiments S Ofld 6 ) .  
1 ,  z Left and right sides for Experl�ents 5 and 6 see Section }-2-1-4. 



Table 4-57. Simple correlation coefficients between shear force velueo, percent cooking losses, r*t value s ,  expressed juice, sarcomere lengths and reflectance 
values for ti:_ longiss imus from five experiments. The numbers along the top o f  the Table correspond to the numbered variables listed on the le rt-hand side. 

I t em  

Shear force value: 
left side (rsck) 

left side 1 ( loin) 

right side2 ( loin) 

C ook!� loss � =  
left side (rack) 

left side ( loin) 

right side ( rsck) 

�: e ide ( rsck) 
left side ( loin) 

right side ( loin) 

E x�ressed�uice: 
eft si (rack) 

left side ( loin) 

right side ( loin) 

Sarcomere length: 
left side (loin) 

right side ( loin) 

Reflectance value: 
left side 

474 nm 

525 nm 

572 nm 

630 nm 

Variable Experiment 
No. No. 

1 1 
4 
5 

2 5 
6 

3 5 
6 

4 1 
4 
5 

5 5 
6 

6 5 
6 

7 5 
8 5 

6 
9 5 

6 

1 0  5 
1 1  5 

6 
1 2  5 

6 

1 3  5 
6 

1 4  5 
6 

1 5  5 
6 

1 6  5 
6 

1 7  5 
6 

1 8  5 
6 

1 8  1 7  1 6 

-

- . 09 - . 30 - . 1 7  
. 1 J  - . 3 1  - .  2 0  
. 08 - . 2 2  - . 27 
. 1 5  - . 1 6  - . 27 
. 1 2  - . 1 3  - . 31 

-
- -

. 1 0 . 1 4 . n  

. 05 - .  21  - . 1 5  

. 0 1  - . n  - .  21  

. 07 . 09 . 1 7 

. 1 2  . 1 8  . 1 6 

- . 1 5  - . 1 3  - . 09 
- . 2 9  - .  2 5  - . 0 1  
- . 24 - . 14  - . 02 
- . 20 - . 36 - . 25 
- . 1 5  - . 3 1  - . 1 8  

. 1 4 . 04 . 1 3 

. 26 - . 1 9 . 21  

. 1 9  - . 24 . 1 1  

. 30 . 27 . 09 

. 2 7  . 32 . 1 5  

. 3 5  . 38 . 35 
• 25 . 34 . 31 
. n  - . 1 1  . 2 7 
. 34 - . 1 8  . 2 1  

. 38 . 52 . 87 

. 38 . 42 . 75 

. 2 8  . 62 

. 30 . 4 1  

. 1 5 

. 25 

for N:64 P<0.05 when r> . 25 and P<0.01 when r> . 33 (Experiment 1 ) .  
for N:1 8 P<0.05 when r> . 44 and P<0.01 when r> . 56 (E xperiment 3 ) .  

1 5  

- . 30 
- .  35 
- . 43 
-. 37 
-.. 45 

. 20 
- . 1 1  
- . 21 

. 09 

. 1 4 

-. 35 
- . 01 
- . 03 
- . 1 3  
- . 1 0  

. 1 0 

. 1 5  

. 03 

. 1 7  

. 1 3  

. 0 1  

. 25 

. 1 5  

. 1 1  

for N:24 P<0.05 when r> . 39 and P<0 . 0 1  when r> . 50 ( E xperiments 5 and 6 ) .  
Left and right sides for Experiments 5 and 6 see Section 3-2 - 1 - 3 .  

1 4  1 J  1 2  1 1  1 0  9 8 7 6 5 4 

- - - - . 1 0 - . 01 
- . 40 - . 29 

-.43 - . 55 - - . 30 - . 29 - . 2 1  - . 1 0  . 02 - . 1 2  - . 06 • 74 . 77 
- . 41 - . 43 - . 27 - . 1 4  - . 0 1  . n  . 05 . 03 - . 1 0  . 91 
- . 0 7  - . 30 - . 1 8 - . 0 1  . n  - . 1 5  . 08 . 37 . 86 
- .  24 - . 30 - . 07 - . 1 2  - . 03 . n  - . 03 - . 03 - . 07 
- . 05 - . 40 - . 1 0  - . 0 1  - . 03 - . 27 - . 2 3  . 39 

- - - - . 05 
- - - . 40 

. 05 . 03 - . 1 9  . 30 - . 39 - . 40 . 49 . 42 

. 0 7  - . 1 7  . 20 - . 03 - . 1 3  - . 4 2 . 34 

. 1 0 - . 39 . 1 0 - . 44 - - . 2 1  - . 1 2 - . 36 

. 1 9 - . 05 - - . 06 - . 31 -. 29 - . 4 9  
- . 0 1  - . 1 5  . 10 - . 1 1  - - . 1 3  - . 28 

- . 05 - . 1 6  - - - . 1 5  . 1 3 . }} 
. 2 5  - . 09 - - . 1 8  . 90 

- . 03 . 1 4 . 2 3  - . 1 5  - • 74 
. 3 1  . 2 3  - . 22 

- . 2 1  - . 25 - . 2 2  - . 37 

. 1 5  
-

- . 0 1  . 04 . 33 
- -

. 38 . 43 

. 6 0  

. 4 1  

N (Jl 
+::> 



5-1 I NTRODUCTI ON 

CHAPTER 5 .  

D I SCUSS I ON 

The major p urpose of  th i s  study was to  prov i de i nformat i on on 

c arcass and meat q u a l i ty of sh eep from two genet i c  l i nes s l aughtered 

at approx i mat e l y  t h e  s ame ages  and we i ghts . It shou l d  be noted t h at 

for the  exper i ments  i nvo l v i ng Southdown rams ( Experiments 3 ,  4 ,  5 ,  and 
6 ) ,  the an i ma l s u s ed were not str i ct l y  random s e l ect i on s  of the fat 

and meaty l i n e s ,  becau se  rams to be  u sed as s i res ( 2  per l i ne per 

year ) h ad a l ready been removed , and s ome cu l l i ng on the b as i s  of 

a n i mal s i ze and we i g ht -corrected u l trason i c  fat -depth measurements  h ad 

t aken  p l ace ( see  Sect i on 3- 1 -3 ) . Th u s ,  reference to l i ne effects  and 

responses to se l ect i on i n  th i s  Chapter do not neces s ar i ly  i nd i c ate 

total l y  genet i c  effect s .  

L i ttl e i nformat ion  i s  av a i l ab l e  o n  t h e  effects o f  se l ect i on for 

or aga i nst  fatn e s s  on c arcass and meat q u al i ty i n  s heep or on the 

phenotyp i c  and ge net i c  corre l ati ons  among c arcas s character i s t i c s  i n  

s heep .  Becau se  o f  the l ack  of i nformat i o n  o n  s heep se l ected for or 

aga i nst  fatness  th i s  Sect i on wi l l  be l arge ly  concerned wi th 

i nformati on from groups of s heep th at d i ffered i n  fatness  for reasons  

other th an genet i c  s e l ect i on ( p art i cu l ar l y  from d i fferent genotypes ) ,  

or  from genet i c  l i nes wh i ch have been se l ected on the bas i s  of fat

n es s ,  but  wh i c h  are of s pec i es other t han the ov i ne .  The res u l t s  of 

s e l ect i on aga i n s t  fatne s s  i n  p i gs are part i cu l ar ly re l evant to the 

present study, and so  wi l l  be d i scus sed i n  some detai l .  On the other 

h and , compar i sons  of  se l ect i on resu l t s reported here i n  wi th  those  of 

p i g  exper iments  are on l y of l i mi ted v a l i d i ty .  Many s e l ect i on 

exper iments reported i n  the l i terature  h ave  been carr i ed o u t  u nder 

d i fferent env i ronments , u t i l i s i ng d i fferent se l ect i on procedures . I n  

ad d i t i on ,  many p i g  se l ect i on exper iments  h ave h ad a s  the i r  o bj ect i ve 

t he  i mprovemen t  of  a group of trai ts i n  an  i ndex rather than  a s i ng l e  

tra i t ( Tab l e  5 - 1 ) .  Many e at l y  se l ect i on exper iments a i med at red uc i ng 

t he  depth of  b ac kfat u t i l i sed 11 prob i ng 11 or d i rect measurement  of  the 

an ima l ' s  backfat , wh i l e more recent s t ud i es h ave u sed u l trason i c  

procedure s .  
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Tab l e 5 - 1 . Res u l t s  from exper iments i n  wh i ch s heep , p i gs ,  c h i ckens , or mi ce have  been se l ected for and/or 
aga i n st fatness . 

Se l ect i on An i ma l s No .  Measurement 
cr i ter i on generat i ons  Comment  Reference 

Low a nd h i gh Duroc p i g  1 6  Lean Contro l Fat At the same Hetzer and M i l l er 
b ac kfat Fat depth ( mm )  -=-15 00 10 1 i ve we i ght . ( 1 97 3 )  

H am f a t  % - 6 00 20 F at depth was 
an average of 

York s h i re 1 4  Fat depth ( mm )  - 1 0  00 25  fi ve s i tes 
p i g  Ham fat % - 8 00 6 

Se l ect i on P i g  7 Se l ect i on Contro l At s i mi l ar C h adwi ck  ( 1 97 7 )  
i nd ex ( h i gh No . an i ma l s 20 20 c arcass 
growth rate,  Fat depth C ( mm )  1 3 . 4  1 8 . 3 we i ght 
h i gh food C arcass fat % 24 . 3  28 . 1 
effi c i ency and 
l ow b ackfat ) 

Se l ect i on  L arge 1 0  Se l ect i on Contro l At the same Wood et a 1 .  
i ndex ( h i gh Wh i t e  No . a n i ma l s 8 8 s i de we i ght ( 1 983bT -
growth r ate , p i g  Fat depth C ( mm )  1 3 . 2  1 7 . 4  ( 2 1 . 26 kg ) 
h i gh food S i de fat we i ght ( k g )  6 . 42 6 . 97 
effi c i ency and 
l ow b ackfat ) 
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Tab l e  5- 1  ( con t i nued ) 

Se l ect i on An i ma l s No .  Measurement  
c r i ter i on generat i on s  

L ow b ac kfat P i g 8 
and h i gh No . a n i ma l s 
growth r ate  Fat depth  C (mm ) 

C arcas s fat % 

L ow b ac kfat L arge 1 0  
Wh i te No .  an i ma l s 
p i g  Fat  depth C ( mm ) 

Carcas s fat % 

Low b ackfat P i g 9 
No .  an i ma l s 
Fat depth ( mm ) 
Ham l e an we i ght 

L ow and h i gh Wh i te Rock 3 
abdom i n a  1 type c h i cken  No . a n i ma l s 
fat Abdomi na l  fat ( g ) 

Abdomi na l  fat t o  
body we i ght rat i o  

Lean F at -- -
1 8  mm d i fference 
between the two 
1 i nes 
20 . 3  1 7 . 3  

Se l ect i on Contro l 
40 39 
1 8 . 6 2 1 . 8  
1 6 . 2  1 7 . 3  

Se l ec t i on Contro l - -
-24 . 6  00 

5 . 52 00 

Low !il9.b_ 30 30 
1 0 .  1 1 6 . 7  

2 .  7 7  1 . 78 

Comment 

At 90 kg  
l i ve we i ght 

At the same 
l i ve we i ght 

At 90 kg  
1 i ve we i ght .  
Fat depth was 
the  s um of 
three fat depth s 

At 28 d of 
age w i th no  
d i fference i n  
body we i ght 

References 

Stand a l  ( 1 97 9 )  

Henderson e t  a l . 
( 1 983 ) 

- -

Fredeen and M i k ami  
( 1 986 ) 

Lec l ercq et a l . 
( 1 980 ) - -

N tJ1 
" 



Tab l e  5 - 1  ( co nt i nued )  

S e l ect i on An i ma l s No Meas urement  
cr i teri o n  generat i on s  

L ow and h i gh C h i cken  4 
abdomi n a l  No .  a n i ma l s 
fat Abdomi na l  fat depot 

( g/ k g  body wt . )  
Subcutaneous fat 
( g/ k g  body wt . ) 
Th i g h  + drums t i ck  
Neck 
Rema i n i ng c arcas s  
Tota l  c arcass  fat 

Low and h i gh C h i cken  3 
abdom i n a  1 No . an i ma l s 
fat Mean rel at i ve we i ght 

( g/ 1 00 g) body we i ght 
of :  

Abdomi n a l  fat 
G i z zard fat 
S artori a l  fat 
Neck fat 
Mesenter i c  fat 

Low H i gh 
8 8 

6 . 4  25 . 5  

2 . 7 7 . 3  
2 . 4  5 . 6  
4 . 2  1 3 . 0  
9 . 3  26 . 0  

Low H i gh 
-9- 9 

0 . 74 1 . 67 
0 . 2 1 0 . 52 
0 . 1 6  0 . 32 
0 . 34 0 . 70 
0 . 22 0 . 25 

Comment 

At 52 d a.)li of 
age w i th no  
d i fference i n  
body we i ght 

At 9 week s 
of age wi th no  
d i fference i n  
body we i ght 
(ma l e on l y ) 

Reference 

R i card et a l . 
( 1 983 )  - -

C ah aner et a 1 .  
( 1 986 ) 

- -
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Tab l e  5- 1  ( co nt i n ued )  

Se l ect i on 
cr i ter i on 

Low and h i gh 
r at i os of 

An i mal s No Measurement  
generat i ons  

M i c e  9 
No .  an i ma l s 

Low 
1 76 

gonad a 1 fat p ad Gonad a l  fat p ad ( mg )  264 
we i ght ( GFPW )  GFPW/body wt . 
to  body we i ght ( mg/ g )  8 . 4  

L ow and Sheep Low Control -
h i g h No . a n ima l s - -
b ac kfat F at depth C ( mm )  1 . 86 3 . 01 

!!:i.9.!! 
1 59 
634 

1 8 . 7 

Fat --
5 . 1 0 

Comment 

At 1 0  week s of 
age ( ma l e )  wi th 
no d i fference 
i n  body we i ght 

At 34 kg l i ve 
we i ght ewe l ambs 
After 5 years 
of se l ect i on 

Reference 

Sh arp et a l . 
( 1 984 )-- -

Fennessy et �· 
( 1 98 7 )  

N U1 � 



5-2 CARCASS QUALITY CHARACTERISTICS 

5 - 2 - 1  L I VE WE I GHT , CARCASS WE I GHT AND DRESS I NG-OUT PERCENT 

Mus c l e  mass and fat depos i t i on are c l a s s i f i ed as  h i gh l y  and 

moderate l y  her i t ab l e ,  r e spect i ve l y  ( W i l son , 1 975 ) . Growth rate i s  

a l s o  moderate l y  her i t ab l e ,  and pos i t i ve l y  corre l ated genet i c a l l y  wi th  

r educed body fat  content  and  tota l  musc l e  mas s .  The i r  her i t ab i l i ty 

e st i mates i nd i cate t h at cont i n ued genet i c  progress  can be made toward 

i ncreased carcass l e anness  by se l ect i on of i nd i v i dua l s on  the i r  own 

p henotypes . I n  the present study, data on average d a i l y  ga i n  from 

b i rth to  s l aughter we i ght i n  Exper i ments 5 and 6 ,  and from wean i ng to 

s l a ughter we i ght i n  Exper iments 1 ,  2,  3 and 4 were an a l ysed to 

eva l u ate  the correl ated responses of th i s  tra i t to  se l ect i on for h i gh 

and l ow backfat  th i c k nes s of sheep . For both pre- and post-wean i ng 

growth there were no  d i fferences between the two sel ect i on l i ne s ,  b u t  

t he  meaty l i ne u s u a l l y  h ad s l i ght l y  h i gher growth rates than  the f at 

l i ne .  Th i s  i nd i c ates  t h at sel ect i on for l eannes s ,  al though  effect i ve 

i n  reduc i ng fat content , h a s  not brought about a commens urate i ncrease 

i n  growth rate .  These  f i nd i ngs  are con s i stent  wi th the res u l t s  of 

Scott � �· ( 1 981 ) ,  who found no d i fferences  i n  growth rates between 

obese and l e an p i g s  from b i rth unt i l 6 month s of age . Wood et �· 
( 1 983b ) conc l uded t h at 1 0  generat i ons  of s e l ect i on for an i ndex com

b i n i ng growth r ate ,  b ac kfat th i ckness , and  feed conver s i on h ad resu l 

ted i n  neg l i g i b l e  c h anges  i n  growth rate . A contemporary study 

( Henderson et �. , 1 98 3 )  i nvol v i ng l arge numbers  from these s ame l i ne s  

d i d  revea l  s i gn i fi c an t  l i ne d i fferences i n  growth rate w i th the  s e l ec

ted l i ne growi ng faster than  the control l i ne .  Low and n eg a t i ve 

p henotyp i c  and genet i c  correl at i ons  between f at depth C and average  

d a i l y ga i n  h ave  been reported for  s heep ( Tab l e  5-2 ) , for  catt l e  

( Sh e l by et �. , 1 96 3 ;  D un n  et �. , 1 970 ; D i nke l  and B u s c h ,  1 97 3 ;  

W i l son et �. , 1 97 6b ; Koch et �. , 1 982 ) and for p i gs ( Fahmy and 

B er nard , 1 970 ; Young et �. , 1 978 ; Beresk i n  and Frob i s h ,  1 982 ; D av i d  

e t �. , 1 983 ; Gogu e  and Gueb l ez , 1 983 ; Dav i d ,  1 984 ; Beres k i n ,  1 986 ; 

S ang et  �. , 1 986 ) . Ste i ne ( 1 982 ) conc l uded from ana l yses  of  

Norweg i an d ata  that t he  genet i c  corre l at i on s  between c arcas s · fatness  

i n  sheep and  growth r ate was  zero . Bowman and Hendy ( 1 97 2 )  s uggested 

t h at s e l ect i on to decrease  b ackfat th i ckness  wou l d  be effect i ve ,  and  

wou l d most probab l y  res u l t  i n  a red uct i on i n  the age at a fi x ed 
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s l aughter we i ght and an  i ncrease i n  growth rate to s l aughter . 

F en n e s sy ( 1 985 ) i nd i c ated th at se l ect i on aga i n s t  fatness  wi th i n  the 

C oopworth breed h ad l ed to i ncreased growth r ates . The l atter con

c l u s i on was i n  contrast wi th the res u l t s  of the present study, but i s  
s upported by those from p i g sel ect i on l i nes  ( Pond et �. , 1 981 ; 

B eres k i n  and Hetzer ,  1 986 ; Tess  et �. , 1 986 ) . These workers con

c l uded that the i r  l e an p i gs grew faster than the obese p i g s .  Hetzer 

and M i l l er ( 1 97 2 )  fou nd a reduct i on i n  growth rate ari s i ng from 

s e l ect i on aga i n st fatnes s  i n  York s h i re p i g s ,  b u t  an i ncrease i n  growth 

r ate i n  D uroc s .  Leve l s  of fatnes s i n  the  D urocs were h i gh ,  and 

s e l ect i on cou l d  be expected to i mprove effi c i ency and growth rat e ;  

whereas i n  t h e  much l e aner York s h i re p i g s  se l ect i on aga i n st fatness  

c ou l d  l ead to reduced appet i tes and  growth r ates ( Hetzer and  Mi l l er ,  

1 973 ) . These res u l t s  are of i nterest i n  the context  of our s e l ect i on 

p rogramme where the reduct i on i n  fatness  h as been q u i te  marked , and no 

s i gn i f i cant ch ange i n  growth r ate has as yet been observed . Moreover , 

B eres k i n  et  �· ( 1 974 ) presented ev i dence s ugge s t i ng th at p i g s from 

the  l ow fat l i nes were better mothers as measured by p i g l et we i ght  at 

wean i ng .  Tab l e  5-3 s hows the res u l t s  of s ome s t ud i es i n  wh i c h  corn-

p ar i sons  were made 

d i ffered i n  fatnes s .  

of the  growth rates of genotypes  o f  s heep that 

I ncons i stent d i fferences  between the fatter and 

l eaner genotypes  make a fi rm i nterpret ati on  d i ff i cu l t .  However , i n  

most s i tu at i on s  the l eaner genotypes grew faster than  the fatter 

genotype s .  When comp ar i son  are made at the s ame we i ght , genotypes 

wh i ch are heav i er at mat ur i ty genera l ly  grow faster and conta i n l es s  

f at  i n  the i r  bod i es and carcasses th an do an i ma l s of  smal l er mature 

s i z e  { McC l e l l and et �. , 1 976 ; Sear l e  and Gr i ff i t h s ,  1 976 ; Thompson et 

�. , 1 979a ; Wood et �. , 1 980 ) . 
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Tab l e  5�2 .  E s t i mates  of phenotyp i c and genet i c  corre l at i on s  between backfat th i ckness  and severa l  c harac
ter i st i cs i n  sheep,  i nc l ud i ng meas ures of growth rat e ,  dres s i ng-out  percent � carcass  l i near 
meas urements , � l ongi s s i mu s  area ,  and carcass  compos i t i on .  

Data 
No . No . No . adj u sted Corre l at i on  w i th fat deeth 

Tra i t  a n ima l s s i res  breed s for Genet i c  Phenotyp i c  Reference 

Average 2 1 8  40 4 age -0 . 4 1 -0 . 09 A l - B arhawe ( 1 966 ) 
d a i l y  802 58  3 we i ght 0 . 07 -0 . 1 2  Botk i n  et a l . ( 1 97 1 ) 
g a i n 1 78 1 8  1 we i ght -0 . 20 - Bowman and�endy ( 1 97 2 )  

1 67 1 7  2 cross  we i ght -0 . 09 - Bradford and Spur l ock ( 1 972 ) 
2 585  1 02 6 we i ght 0 . 08 -0 . 30 Wo l f � �· ( 1 981 ) 

L i ve 1 826  2 1 6  ·- age 0 . 32 -0 . 1 9  Thorste i n s son and Bjornsson  ( 1 982 ) 
we i ght  1 600 5 1  4 age - 0 . 21 Bennett et a l . ( 1 982/1 983 ) 

850 5 1  1 age - 0 . 1 8  C l arke e�aT: ( 1 984/ 1 985 ) 
1 43 1  1 1 0  4 age 0 . 47 0 . 39 Parratt et a l . ( 1 987 ) 

C arcas s  1 20 _, 2 0 . 1 7  Boy l an and Sear l e ( 1 96 5 )  r - -

wei ght  2 1 8  40 4 age - 1 . 26 0 . 1 1  A l - Barhawe ( 1 96 6 )  
802 58 3 we i g ht 0 . 22 0 . 42 Botk i n  et a l . ( 1 971 ) 
1 78 1 8  1 we i ght  0 . 36 - Bowman  andiHendy ( 1 972 ) 
474  1 2  1 age 0 . 04 0 . 42 Mohamed ( 1 97 6 )  
584 85 7 age 0 . 3 7 -0 . 08 O l son et a l . ( 1 976b ) 

1 637 8 t o  1 2  2 cross  age - 0 .  7 1  Bennet�e�al .  ( 1 981 / 1 982 ) 
1 637  8 t o  1 2  2 cross  age - -0 . 03 Bennett et aT. ( 1 981 / 1 982 ) 
1 826  2 1 6  - - age 0 . 43 0 . 22 Thorste insson and Bjornsson  ( 1 982 ) 
1 600 5 1  4 age 0 . 53 0 . 1 6  Bennett et a l . ( 1 982/ 1 983 ) 
850 5 1  1 age - 0 . 1 5  C l arke e�aT: ( 1 984/ 1 985 ) 

1 43 1  1 1 0  4 age 0 . 45 0 . 4 1 P arratt et a l . ( 1 987 ) N 
"' N 



Tab l e  5-2  ( co n t i nued ) 

Data 
N o .  No . No . adj usted Correl ati on  wi th fat de�th 

Tra i t an i ma l s s i re s  breed s for Genet i c  Phenotyp i c  Reference 

Dres s i ng - 1 20 - 2 - 0 . 1 9  0 . 1 3  Boy l an and Seal e ( 1 96 5 )  
out  % 802 58  3 we i g ht -0 . 1 0  -0 . 1 8 Botk i n  et al . ( 1 971 ) 

1 67 1 7  2 cross we i ght 0. 1 4  - Bradfordiand Spurl ock ( 1 972 ) 
584 85 7 age 0 . 23 -0 . 08 O l son et �· ( 1 976b ) 

C arcass  802 58 3 we i ght -0 . 1 0 -0 . 1 8  Botk i n  et a l . ( 1 97 1 ) 
l ength 474 1 2  1 age -0 . 1 4  -0 . 1 9  Mohamed-rf976 ) 

1 826 2 1 6 - age -0 . 20 -0 . 25 Thorste i n s son and Bjornsson ( 1 982 ) 
1 600 5 1  4 age -0 . 28 -0 . 1 2  Bennett et  a l . ( 1 982/1 983 ) 
1 600 5 1  4 we i ght -0 . 25 -0 . 3 1 Bennett et aT. ( 1 982/1 983 ) 
850 5 1  1 age - 0 . 1 2  C l arke et a l . ( 1 984/ 1 985 ) 

T i b i a  and 474 1 2  1 age -0 . 1 0  -0 . 23 Moh amed ( 1 976 ) 
tarsus  1 826 2 1 6 - age -0 . 1 8  -0 . 25 Thorste i n s son and Bjorn s son ( 1 982 ) 
l ength 

Leg 474 1 2  1 age -0 . 29 -0 . 36 Moh amed ( 1 976 ) 
l ength 1 826 2 1 6  - age -0 . 22 -0 . 24 Thorste i nsson  and Bjornsson  ( 1 982 ) 

Depth of 474  1 2  1 age 0 . 1 6  0 . 46 Moh amed ( 1 976 ) 
thorax 1 826 2 1 6 - age -0 . 1 4  -0 . 35 Thorste i nsson  and Bj orn sson  ( 1 982 ) 
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Tab l e  5-2  ( co nt i nued ) 

No . No . 
Tra i t  an i ma l s s i res  

W i dth of 474 1 2  
g i got 1 826  2 1 6 

W i dth of 4 74 1 2  
chest  1 826  2 1 6  

C i rcum- 1 826  2 1 6 
ference of 
chest  

Max i mum 474 1 2  
s hou l der 
wi dth 

Max i mum 474 1 2  
wi dth beh i nd 
s ho u l der 

Metacarpal  474 1 2  
we i ght 1 826 2 1 6  

Data  
N o .  adj u sted 

breed s for 

1 age 
- age 

1 age 
- age 

- age 

1 age 

1 age 

1 age 
- age 

Corre l ati on  wi th fat de�th 
Genet i c  Phenotyp i c  

-0 . 95 -0 . 07 
-0 . 1 2  -0 . 1 4 

0 . 22 0 . 2 7 
0 . 1 8  0 . 00 

-0 . 02 -0 . 24 

0 . 27 -0 . 5 1 

0 . 45 0 . 45 

-0 . 38 - 0 . 66 
-0 . 24 -0 . 42 

Reference 

Mohamed ( 1 976 ) 
Thorste i ns son and Bjornsson  ( 1 982 ) 

Moh amed ( 1 976 ) 
Thorste i n s son and Bjornsson ( 1 982 ) 

Thorste i ns son and Bjornsson  ( 1 982 ) 

Moh amed ( 1 976 ) 

Moh amed ( 1 976 )  

Mohamed ( 1 976 ) 
Thorste i n s son  and Bjorns son ( 1 982 ) 

N 0'\ 
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Tab l e  5 -2 ( co nt i n ued ) 

Data  
No . No .  No . adj usted Corre l at i on wi th fat deeth 

Tra i t  an i ma l s s i res  breed s for Genet i c  Phenotyp i c  Reference 

Metacarpa 1 474 1 2  1 age -0 . 29 -0 . 31 Mohamed ( 1 97'6 ) 
l ength 1 826 2 1 6  - age -0 . 1 6 -0 . 04 Thorste i n s son and Bjornsson  ( 1 982 ) 

Metacar.Pa l  1 826 2 1 6  - age -0 . 1 3  -0 . 1 6 Thorste i n s son and Bjornsson  ( 1 982 ) 
c i rcumference 

!:h_ l ongi s - 1 20 - 2 cros s we i ght -0 . 1 6  -0 . 37 Boyl an and Sea l e ( 1 965 ) 
s i mu s  2 1 8  40 4 age - 1 . 07 -0 . 1 5  Al - B arhawe ( 1 966 ) 
area 802 58  3 we i g ht -0 . 24 0 . 1 1  Botk i n  et a l . ( 1 97 1 ) 

1 78 1 8  1 we i ght -0 . 05 - Bowman and�endy { 1 972 ) 
1 67 1 7  2 cros s we i ght  -0 . 26 -0 . 32 Bradford and Spur l ock  ( 1 982 ) 

1 884 7 9  6 we i ght 0 . 05 -0 . 47 Wo l f  et a l . ( 1 981 ) 
1 637 8 t o  1 2  2 cross  age - 0 . 45 Bennett et a l . ( 1 981 / 1 982 ) 
1 637  8 to  1 2  2 cros s we i ght - 0 . 1 7  Bennett et aT. ( 1 981 / 1 982 ) 
850 5 1  1 age - -0 . 25 C l arke et a l . ( 1 984/ 1 985 )  

!:h_ l ongi s - 474 1 2  1 age -0 . 45 -0 . 28 Moh amed ( 1 97 6 )  
s i mu s  1 826 2 1 6  - age -0 . 1 8 0 . 0 1 Thorste i n s son and Bjorns son  ( 1 982 ) 
w i dth ( A )  850 5 1  1 age - 0 . 01 C l arke et �· ( 1 984/1 985 ) 

!:h_ l ongi s- 474 1 2  1 age -0 . 1 2  -0 . 1 9  Mohamed ( 1 976 ) 
s i mu s  1 826  2 1 6 - age -0 . 1 0 -0 . 39 Thorste i n s son and Bjorns son  ( 1 982 ) 
depth ( B )  850 51  1 age - -0 . 03 C l arke et �· ( 1 984/ 1 985 ) 
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Tab l e  5-2 ( co n t i nued ) 

Tra i t 

Data  
No . No . No .  adj usted 

an i ma l s s i res breed s for 

Shou l der % 1 20 
1 78 1 8  

2 
1 

we i ght 
we i ght 

L eg % 1 20 
1 78 

Best  end % 1 78 

Lo i n  % 

Rack  % 

Mu sc l e 
we i ght  

Mu sc l e  % 

1 20 
1 78 

1 20 

1 43 1  

944 
850 

1 43 1  

1 8  

1 8  

1 8  

1 1 0  

6 5  
5 1  

1 1 0 

2 
1 

1 

2 
1 

2 

4 

6 
1 
4 

we i ght 
we i ght 

we i ght 

we i ght  
wei ght 

we i ght 

age 

we i ght 
age 
age 

Corre l at i on wi th fat depth 
Genet i c  Phenotypi c Reference 

-0 . 42 
0 . 08 

-0 . 56 
-0 . 54 

-0 . 5 1 

0 . 64 
0 . 32 

0 . 30 

0 . 20 

-0 . 6 1 

-0 . 58 

-0 . 4 1  

-0 . 56 

0 . 64 

-0 . 27 

0 . 30 

-0 . 80 
-0 . 75 
-0 . 4 1 

Boyl an and Seal e ( 1 965 ) 
B owman and Hendy ( 1 97 2 )  

Boyl an and Seal e ( 1 965 ) 
Bowman  and Hendy ( 1 97 2 )  

Bowman and Hendy ( 1 972 ) 

Boy l an and Sea l e ( 1 96 5 )  
B owman and Hendy ( 1 97 2 )  

Boyl an and Sea l e ( 1 96 5 )  

P arratt et �· ( 1 98 7 )  

Wo l f  e t  a l . ( 1 981 ) 
C l arkeetal .  ( 1 984/ 1 985 ) 
P arratt-et-al . ( 1 987 ) 

N O'l O'l 



Tab l e  5-2 ( cont i n ued ) 

Data 
N o .  No .  No .  adj u sted Corre l at i on wi th fat de�th 

Tra i t an i ma l s s i res  breed s for Genet i c  Phenotyp i c  Reference 

Bone 802 58 3 we i ght  -0 . 22 -0 . 30 Botk i n  et a l . ( 1 97 1 ) 
we i ght  584 85 7 age 0 . 22 -0 . 1 6  O l son e�a� ( 1 976b )  

1 43 1  1 1 0 4 age 0 . 1 7  0 . 1 8 Parrat�et �· ( 1 987 ) 

Bone % 584 85 7 age -0 . 90 - 1 . 2 1 O l s on et a l . ( 1 976b )  
944 6 5  6 we i ght -0 . 50 - 0 . 1 4  Wo l f  e�a� ( 1 981 ) 
850 5 1  1 age - -0 . 35  C l arkee�al .  ( 1 984/ 1 985 ) 

1 431  1 1 0  4 age -0 . 53 . -0 . 40 Parratt et a l . ( 1 987 } 

Mu sc l e :  944 6 5  6 we i ght 0 . 1 2  -0 . 6 1 Wo l f  et �- ( 1 981 ) 
bone r at i o  

F at 802 58 3 we i ght 0 . 5 1 0 . 6 2 Botk i n  et  a l . ( 1 97 1 ) 
we i ght  1 43 1  1 1 0 4 age 0 . 83 0 . 53 Parratt et al . ( 1 987 ) 

Fat  % 944 6 5  6 we i ght 0 . 68 0 . 74 Wo l f  et a l . ( 1 981 
1 637 8 t o  1 2  2 cros s  age f 0 .  5 1  BenneTf et a l . ( 1 981 / 1 982 ) 
1 637 8 t o  1 2  2 cross  we i ght  - 0 . 2 7 Bennett €f aT. ( 1 981 / 1 982 ) 
850 5 1  1 age .,. 0 . 76 C l arke e�a� ( 1 984/ 1 985 ) 

1 43 1  1 1 0 4 age 0 . 81 0 . 50 P arratt et a l . ( 1 987 ) 

Musc l e : 944 6 5  6 we i ght -0 . 57 -0 . 64 Wo l f  et �- ( 1 981 ) 
fat rat i o  

N 0'1 -......! 



Tab l e  5-2 ( co n t i n ued ) 

D at a  
No . No . N o .  adj usted 

Tra i t an i ma l s s i re s  breed s for 

Subcu t- 944 6 5  6 we i ght 
aneous  850 51  1 age 
fat 

I nter- 944 6 5  6 we i ght 
muscu l ar 850 5 1  1 age 
fat 

Subcut- 944 6 5  6 we i ght  
aneous : i ntermu sc u l ar fat rat i o 

K i d ney 584 58  7 age 
fat % 1 637 8 to  1 2  2 cro s s  age 

1 637  8 t o  1 2  2 cross  we i ght 
K i dney 1 600 5 1  4 age 

fat  1 600 5 1  4 we i ght  
wei ght 850 5 1  1 age 

C a u l  fat % 1 826 2 1 6 - age 

Corre l at i on wi th fat deeth 
Genet i c  Phenotyp i c  

0 . 69 0 . 80 
- 0 . 74 

0 . 43 0 . 50 
,.. o .  7 7  

0 . 37 0 . 1 8  

0 . 06 - 1 . 4 7 
- 0 . 35 
i 0 . 01 

0 . 58 0 . 49 
0 . 39 0 . 3 1 

T 0 . 49 
0 . 1 0  -0 . 08 

Reference 

Wo l f  et a l . ( 1 981 ) 
C l arke-et �· ( 1 984/ 1 985 ) 

Wo 1 f et a l . ( 1 981 ) 
C l arke-et �· ( 1 984/ 1 985 ) 

Wo l f  et �. ( 1 981 ) 

O l s on et a l . ( 1 976b )  
Ben net�e�al . ( 1 981 / 1 982 ) 
Bennett et aT. ( 1 981 / 1 982 ) 
Bennett et aT. ( 1 982/ 1 983 ) 
Bennett et aT. ( 1 982/ 1 983 ) 
C l arke e�a� ( 1 984/1 985 ) 
Thorste i nsson and Bjorn sson  ( 1 982 ) 

N 0"1 OJ 



At the s ame l i ve we i ght the fat l i ne h ad heav i er c arcass  we i ght s  

a nd  h i gher dres s i ng-out  percents t han  t he  meaty l i n e .  Pos i t i ve p heno

typ i c  and genet i c  correl at i on s  between c arcas s we i ght , dres s i n g -out  

percent , and b ackfat  th i ckness  have been reported for s heep ( Tab l e  5-

2 ) ,  and for  catt l e ( D i nk e l  and  Busch ,  1 9 7 3 ;  Koch et �. , 1 982 ) , and  

for p i g s  ( Smi th  e t �. , 1 962 ; Smi th and Ro s s , 1 965 ) . The i r f i n d i n g s  

i mp l y  t h at an i ncrease  i n  c arcass  we i g ht a nd  dres s i ng-out  percent are 

assoc i ated wi th  an  i nc rease i n  the th i c kn e s s  of  backfat . Accord i ng to  

Hammond ( 1 932 ) ,  Seebeck and  Tu l l oh ( 1 966 ) and Four i e  et  a l . ( 1 9 70 ) , 

the degree of fatness  of the an ima l  i s  a very i mportant  contr i butory 

factor to dres s i ng-out  percent , wi th fatter an ima l s h av i ng h i g her 

dres s i ng-out percent s .  K i rton et �- ( 1 984 ) conc l uded that fat l amb s 

h ad heav i er carca s s e s  and h i gher dres s i n g -out  percents t han  l ean  
l amb s .  Wood � �- ( 1 983a )  n oted that h i gh correl at i ons  between fat 

th i ckness  measurements  C and J and dres s i n g -out  percent sugge sted th at 

fatness  had a marked effect on dres s i ng-out  

conc l u s i ons  for  catt l e  were reported by 

Hend r i ck et �· ( 1 969 ) ,  Z i nn et �· ( 1 970 ) , 

percent i n  sheep . S i mi l ar 

Str i nger et �- ( 1 968 ) , 

and D i keman et a l • ( 1 985 ) . 

Resu l t s  from a s amp l e  of pub l i s hed s t ud i es showi ng  re l at i on s h i ps 

between the l ev e l  of f atness  and dres s i ng-out  percent are s ummar i sed 

i n  Tab l e  5-4 .  The resu l ts  i n  the Tab l e  s u pport the genera l i s at i on 

that the fatter breed s h ave a h i gher dre s s i ng-out percent th an the 

l eaner breed s .  However , Bennett et �- ( 1 983 ) reported that  l i ve 

we i gh t  and carcas s we i ght  were  not apprec i ab l y  d i fferent between l ambs 

by fat  and meaty s i res . The resu l t s  of the  present  s tudy for 

Southdown rams are i n  good agreement  wi th those  of Hetzer and M i l l er 

( 1 97 3 )  and C h adw i c k  ( 1 97 7 )  w i th p i g s ,  i n  that  the fatter p i g s  h ad 

h i gher dres s i ng-out  percents than  the l ean  p i gs .  Furthermore , the  

effect of  se l ect i on aga i n st  fatness  on  t h e  wei ghts of non-carcass  

components ( Sect i on 5 -2 - 2 )  i s  of p art i cu l ar i nterest i n  v i ew of the i r  

rel a t i on s h i p to dres s i ng-out  percent . The d i fference i n  d res s i ng-out  

percent between  the  two genet i c  l i nes  cou l d  be due  t o  the  f at ne s s  

effect , t o  t h e  greater  we i ght o f  non-carc a s s  component s ,  or t o  both 

these effects .  I n  th i s  respect , work o n  p i gs ( Chadwi c k  et �. , 1 980 ) , 

c att l e ( But l er-Hogg and Wood , 1 981 ) and s h eep ( Wood et �. , 1 983a ) 

s howed t hat a h i gh dres s i ng-out  percent i n  some breed s wa s spec i f i 

c al l y  due to l ow we i ghts  of non-carcas s components . On  th e other 

h and , there were n o  d i fferences i n  the  d re s s i ng-out percents of 
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progeny of r ams from the  two s e l ect i on l i nes  i n  th i s  present  st udy and 

th i s  conc l u s i on was  con s i stent wi th the  res u l t s  of Bennett et a l . 

( 1 983 ) who found t h at the  progeny of fat and meaty s i res  were s i m i l ar 

for dres s i ng-out percent .  
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Table 5-3 . Results from several studies in  which growth rate differences were reported 

for genetical l y  distinct groups of sheep that differed in fatness. 

Animals Trait 

Romney ( R )  

Southdown ( S O )  Carcass fat % 

( rams and ewes)  Weight at 80 

weeks 

B lackhead Mutton 

Group ( number ) 

Fatter Leaner 

SO ( 64 )  R ( 64 )  

39 . 3  

56 . 7  

33 . 1  

63 . 4  

BMXM ( 30 )  TXM ( 3 0 )  

X Merino ( BMXM ) F a t  depth C 4 . 0  2 . 9  
Texel X Daily gain ( g )  208 2 1 0  

Merino ( TXM) 

wethers 

South down (SO )  

Suffolk ( S )  

F a t  depth C 

Weight at  

94 d ( kg )  

s o  (209)  5 ( 268 ) 

7 . 0  

24 . 9  

58 ( 4 )  

4 . 0  

2 7 . 1 

T ( 6 )  

Comment Refe rence 

The leaner group Fourie et al . ( 1 970)  

grew faster 

The groups did 

not differ in 

growth rate 

Osikowski and Borys 

( 1 976)  

The  leaner group Coop et �· ( 1 979) 

grew faster 

Scottish 

Blackface (58)  
Texel ( T )  

Carcass fat % 21 . 5  9 . 9  The leaner group Butler-Hogg and 

Charmoise ( CH )  

Texel ( T )  

Weight a t  6 29. 21 30 . 50 grew faster Whelehan ( 1 984) 

months 

CH ( 1 04 )  T ( 1 25 )  

Side fat % 3 2  

Weight a t  1 6  31 . 0  

weeks 

2 3  

32 . 4  

The leaner group C ameron and Orury 

grew slightly  ( 1 98 5 )  

faster 



Table 5-4 . 

T rait 

Carcass fat % 

Dressing-out % 

C arcass fat % 

Dressing-out % 

Fat depth C 

Dressing-out % 

Carcass fat % 

Dressing-out % 

C arcass fat 

weight (Kg)  

Dressing-out % 

272 

Results from a sample of studies in which dressing-out percent differences 

were reported for geneticall y  distinct groups of sheep that differed in 

fatness. 

Group ( number) 

Fatter Leaner 

Southdown ( 64 )  

39. 3 

58 . 6 

Southdown 

2 5 . 5  

4 5 . 8  

S. X ( FXSD ) a 

5 . 4  

5 1 . 2  

Clun ( 67 )  

34 . 1  

5 1 . 7  

( ;- )  

( 2 6 )  

Scott_i.sh. 

Blackface ( 4 ) 

2 .  72  

4 3 . 2  

Romney ( 64 )  

33 . 1  

52 . 1  

Suffolk 

21 . 3  

43 . 9  

( ...: ) 

SXRb ( 34 )  

4 . 5  

49. 8  

Suffolk ( 92 )  

29. 6 

48. 3 

Texel ( 6 )  

1 . 24 

41 . 0  

Comments Reference 

The leaner group 

had a lower 

dressing-out % 

Fourie et al . 

( 1 970 ) 

The leaner group Rattray and 

had a lower ( 1 976) 
dressing-out % 

The leaner group Kemp et al . 

had a lower 

dressing-out % 

The leaner group Wood et al . 

had a lower ( 1 983a) 

dressing-out % 

Drew 

( 1 981 ) 

The leaner group Butler-Hogg and 

had a lower Whelehan ( 1 984) 

dressing-out % 



Table 5-4 ( continued ) 

Trait 

Fat depth C 

Dressing-out % 

Fat weight (Kg )  

Dressing-out % 

Fat depth C 

Dressing-out % 

Group ( number) 

Fatter Leaner 

Suffolk ( 1 0 )  

5 . 95 

50 . 1 

Finnish ( 1 0 )  

3 . 30 

47 . 7 

Charmoise (258 )  Texel (358)  

2 . 5  

42 . 1  

1 .  9 

41 . 2  

H X ( FXSD ) c ( 56 )  HX ( SXR ) d.-J.2.2l 
5 . 9  

52 . 3  

4 . 7  

51 . 0  

a Su ffolk X 1/4 Finnish-Landrace X 1 /4 Southdown 

b 3/4 Suffolk X 1 /4 Rambouillet 

c Hampshire X F innish-Landrace X Southdown 

d H ampshire X Su ffolk-Rambouillet 

Comments Reference 

The leaner group Lirette et al . 

had a lower ( 1 984) 

dressing-out % 
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The leaner group Cameron and Drury 

had a slightly ( 1 985)  

lower dressing-out % 

The leaner group Hawkins et al . 

had a lower ( 1 985a) 

dressing-out % 



5-2-2 NON -CARCASS COMPONENTS 

Cons i stent  d i fferences were recorded between rams from the fat 

and meaty l i ne s  i n  th i s  st udy for the i nternal  organ we i ght s ,  wi th  the  

meaty l i ne a n ima l s general ly  h av i ng heav i er organs  than the  fat l i ne 

after correct i on . for c arcass  we i ght d i fferences . I n  th i s  respect , 

Davey and Bereskin ( 1 978 ) , Pond et � . ( 1 981 ) , Koong et � . ( 1 983 ) , 

Pekas et �- ( 1 983 ) , and Tes s  et � - ( 1 986 ) found s i mi l ar res u l t s when 

compar i sons  were made between fat and l ean genet i c  l i ne s  of p i g s .  

Lean p i g s  h ad heav i er we i ghts  of s tomac h ,  sma l l i ntest i ne ,  l arge 

i ntest i ne ,  l i ver ,  k i d ney, heart , and s p l een than the  fat p i g s .  

Mersman et � - ( 1 984 ) s uggested that  the  greater gut mass  may prov i de 

the mecha n i sm for i ncreased growth i n  l e an compared wi th  obese  p i g s 

when feed i nt ake s  are s im i l ar .  S u nd sto l  et � - ( 1 979 ) reported t hat 

the  d i ge s t i b i l i ty of crude protei n ,  ether extract , organ i c  matter and 

dry matter was s i gn i f i cant l y  h i gher for the l ean l i n e  p i g s .  Yen et 

a l . ( 1 983 ) , h owever ,  found s i mi l ar d i ge st i b i l i ty va l ue s  for d i etary 

energy and n i trogen i n  l ean and obese p i g s .  

I t  s hou l d be noted th at i n  the  present  st udy, al though  t here were 

no d i fferences throughout th e exper i ment  i n  average growth r ate bet

ween the two l i nes , the d i gest i ve organs  of the fat l i ne an ima l s 

we i ghed l es s .  Th i s  i mp l i es t hat s heep from the  fat l i ne may h ave  more 

effi c i ent d i ge st i ve processes  as th e i r  smal l er a l i mentary t ract s 

y i e l ded s i m i l �r growth rates . Accord i ng to Church et � - ( 1 97 9 ) there 

i s  a s i gn i f i cant corre l at i on between stomach we i ght and feed i nges t i on 

per u n i t  t i me . 

There i s  ev i dence  t hat genet i c  red uct i ons i n  fatness  are 

as soc i ated wi th  i ncreased ma i ntenance feed req u i rements  i n  s heep 

( O i thoff et � - ,  1 985 ) and p i g s ( S undsto l  � �- ,  1 979 ; Koong et �- ,  

1 983 ; Ferra l l et �. ,  1 983 ; Tes s  et � . ,  1 984a ) . Several  workers h ave 

demon strated h i gh fract i onal  prote i n  synthet i c  rates of v i scera l  organ 

t i ssues  compared wi th musc l e  t i s s ue  i n  r ats ( N i cho l as  et � . ,  1 97 7 ) , 

rabb i ts  ( L ob l ey et �. ,  1 978 ) , p i gs ( S i mon et �. , 1 982 ) , c att l e  

( S i nnett-Sm i th  e t �. ,  1 983 ) , and s heep  ( Leymaster and Jenk i ns ,  1 985 ) , 

wh i c h  i s  con s i stent wi th resu l t s  demonstrat i ng h i gher energy expen

d i ture by the metabol i c a l l y  act i ve t i s sues  such as  the i nterna l  organs 

t han wi th carcas s  t i .s s ues  for s heep ( O i thoff et �- ,  1 985 ) and p i gs 
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( Bal dwi n e t ..!)_. , 1 980;  Tess  et ..!)_. , 1 984a , b ) .  Th i s  s uggests  that  

reduced body fat may l ead to h i gher mai ntenance req u i rements  ( fast i ng  

heat prod uct i on )  per  un i t  of l i ve we i ght . . These  fi nd i ng s  and i nter

pretat i on s ,  take n  together , s uggest th at if the s ame phenomenon 

ex i s ted i n  the a n i ma l s of the exper iments reported here i n ,  then the 

var i at i on i n  the we i g hts  of i nterna l  organs  between t he  two s e l ect i on 

l i nes  may h ave  been assoc i ated wi th correspond i ng var i at i on i n  fast i ng 

heat product i on .  Add i t i ona l  exper imentat i on i s  warranted to a s sess  

the  effect of  v i s ceral -organ we i ghts  on  the effi c i ency w i th  wh i ch feed 

i s  converted i nto  ed i b l e  prod uct by s heep of the  two s e l ect i on l i ne s .  

5-2-3  CARCASS L I N EAR MEASUREMENTS 

The externa l  carcas s d imen s i on s  ( F i gure 3-2 ) are i ntended to g i ve 

an i nd i c at i on of s h ape, s i nce  l ess  carcass  l ength i n  re l at i on to 

we i ght  and greater carcass depth and wi dth meas urements  can  produce an 

i mpres s i on of carcass  fatnes s  ( Kempster et ..!)_. , 1 982b ) .  The cor

rel at i o n s  between c arcass l i near measurements and fatness  measures  i n  

th i s  s t udy 

( 1 982b ) . 

genera l ly  co nfi rmed the  s t atement  of Kempster  et a l . 

I t  s eems l i ke l y  that the greater carcass  l ength for the meaty 

l i ne was  a conseq uence of s e l ect i on for reduced b ac kfat depth s .  

Purchas  et ..!)_. ( 1 982 ) compared fat and meaty l i nes from Southdown and 

Romney breed s for body l ength for four s ucces s i ve year s . They found 

that t he  fat l i ne of both breed s h ad s horter average body l ength s at a 

set we i g ht  th an  the  correspond i ng meaty l i ne .  At t he  s ame we i gh t , 

K i rton ( 1 982 ) fou nd that l amb s from P export grade ( moderate to  h e avy 

fat cov e r )  h ad s i gn i f i cant l y  s horter carcasses  than t ho se  from Y grade  

( l i ght fat cover ) .  S i mi l ar l y ,  Kemp and  B arton ( 1 966 ) found that  the 

carcas s l ength was  affected by fatness  i n  s heep . Fennessy et ..!!_. 
( 1 982 ) found  th at  the  d i fference i n  carcass  l ength between the progeny 

of t he  l ean  and fat Coopworth s i re s  fa i l ed t o  reach s i gn i fi cance , but  

the  l ean  l amb s h ad s l i ght l y  l onger carcas ses . Negat i ve genet i c  cor

rel at i o n s  between  c arcas s l ength and average backfat t h i ckness  at a 

constant we i ght  h ave been reported for s heep by Thors te i n sson  and 

Bjorns so n  ( 1 982 ) and Bennett et ..!!_. ( 1 982/1 983 ) , wh i l e  C l arke et �· 

( 1 984/1 985 ) found a l ow pos i t i ve correl a t i on between t he  two var i ab l es  

( Tab l e  5 -2 ) ,  but  th i s  was  at a co nstant  age . On t he  other  h and , the  
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cannon  bone ha s  been u s ed as  a s e l ect i on cr i ter i on for meat q ua l i ty 

i mprovement  i n  sheep becau se  of i ts assoc i at i on wi t h  other carcass  

mea s urements , i ntern al a nd  externa l  ( Thorste i n s son and Bj orns son , 

1 982 ) . These authors prov i ded ev i dence that cannon bone we i g ht was 

stron g l y  n egat i ve l y  re l ated to  fat th i ckness  ( Tab l e  5 -2 ) . The c i rcum

ference  of  the cannon bone was weak l y  negat i ve l y  rel ated to  fat 

th i cknes s .  I n  th i s  respect , Purser ( 1 980 ) s e l ected sheep for l o ng or 

s hort cannon  bones and found th at l o ng-cannon-bone l amb s were l e aner 

at a constant  we i ght . Good et �- ( 1 961 ) reported that at eq ua l  l i ve 

we i ght , c att l e  h av i ng a l arge cannon bone c i rcumference h ad a l arger 

M .  l ongi s s i mu s  area and l es s  fat th i ckness  a t  pos i t i on C .  F urther

more , re l at i onsh i ps between the fat depth C and certa i n l i near 

meas urements  from a s amp l e  of stud i es i n  the l i terature ( Tab l e  5 - 5 ) 

genera l ly  s u pport our res u l t s ,  a l though  i n  s ome of these cases , the  

s e l ect i o n  was  carri ed o u t  for  both  c haracters . A l s o  the res u l t s  of 

s e l ect i on f.or or aga i n s t  fatness  i n  p i g s h ave been con s i s tent wi th  our  

res u l t s .  Th u s  Mac i ver ( 1 97 1 ) ,  Hetzer and M i l l er ( 1 9 73 ) ,  Wood et �

( 1 983b ) ,  Kuh l ers � � - ( 1 984 ) and Mersmann et �- ( 1 984 ) reported 

that  at the s ame we i g ht the l ength of p i g  carcasses  s e l ected for 

reduced backfat th i ck n e s s  was greater ,  wh i l s t  Duc kworth and Ho lmes  

( 1 968 ) , who se l ected p i g s for i ncreased carcas s  l en gth , reported a 

reduct ion  i n  backfat th i ck ne s s .  Kersey DeN i se et �- ( 1 983 )  conc l uded 

t h at se l ect i on for i ncreas ed musc l e  percent i n  p i g s was as soc i ated 

w i th a reduct i on i n  b ac kfat th i ckness  and i ncreased carcass  l ength 

after fi ve  generat i ons . In  cattl e ,  Co l omer-Rocher � �- ( 1 980 ) and 

Andersen and I ngovartsen  ( 1 984 ) s uggested that  l ower degrees of fat

ness were re l ated to l onger  c arcas ses  at s i mi l ar carcas s we i ght s .  I n  

p i g s ,  Enf i e l d and Wh at l ey ( 1 961 ) ,  Smi th et �- ( 1 962 ) ,  Smi th and Ros s 

( 1 965 ) ,  D uc kworth and Hol mes ( 1 968 ) , Fahmy and Bernard ( 1 970 ) , 

B ere sk i n  and Frob i s h  ( 1 982 ) ,  Gogue and Gueb l ez  ( 1 983 ) , and Fredeen and 

M i k am i  ( 1 986 ) reported n egat i ve genet i c  corre l at i ons  between the 

average backfat th i ck ne s s  and carcass  l ength at a constant we i ght or  

age . I t  appears that  genet i c  se l ect i on for i ncreased we i ght - ad j us ted  

carcass  l ength wou l d h ave  a favourab l e  genet i c  outcome on  carcas s fat 

depth . 
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Tab l e  5-5 . A s ummary of s ome �heep stud i es i n  wh i ch l i near c arcass meas urements ( mm )  and the cro s s 
sect i ona l  area ( cm ) of � l ongi s s i mus  were compared between groups of  carcasses  wh i c h 
d i ffered i n  l eve l of fatne s s .  Meas urements were e i ther adj u sted to  a const ant carca s s  
we i ght or  were made a t  approx i mate l y  the  same carcass  wei ght . Abbrev i at i on s  u sed are 
exp l a i ned i n  Tab l e  3-3 . 

Exper i mental  group 
( No .  an i mal s i n  
p arentheses ) 

Fat 
depth C 

B l ocky conformat i on ( � )  5 . 05 
Leggy conformat i on ( - ) 3 . 95 

F atter grades ( 1 4 )  
Leaner grades  ( 1 4 )  

B l oc ky confor
mat i on ( 1 5 )  

Leg gy confor
mat i on ( 1 5 )  

Good confor
mat i on ( ... ) 

P oor co nfor
mat i on ( .- ) 

4 . 80 
2 . 90 

5 . 00 

2 . 30 

5 . 20 

4 . 00 

Carcass  
l ength 

536 
5 38 

550 
580 

680 

6 90 

- -

Leg 
l ength 

1 66 
1 75 

2 1 3  
249 

1 6 1 

1 83 

300 

31 0 

G i go t  

22 1  
2 1 8  

223  
2 26 

Wi dth 
beh i nd 

s hou l der 

1 7 5 
1 70 

1 79 
1 69 

M .  l ongi s s i mus  
area wi dth depth 

( A )  ( B ) 

5 1 . 4  31 . 2  
5 1 . 6  29 . 5 

Reference 

B arton et a l . ( 1 94 9 )  

1 1 . 6 1 49 . 1 29 . 0  Kemp and B arton 
9 . 87 5 1 . 4  25 . 0  ( 1 966 )  

9 . 1 6  

9 . 29 

1 3 . 9  

1 3 . 2  

K i rton and P i cker i ng 
( 1 96 7 )  

Jack son and Mansour 
( 1 974 )  

N -....J -....J 



Tab l e 5-5  ( cont i n ued ) 

Exper i menta l  group Wi dth 
( No .  a n i ma l s i n  Fat Carcas s Leg beh i nd M .  l ongi s s i mus  
p arentheses ) depth C l ength l ength G i got  s ho u l der area wi dth depth Reference  

( A )  ( B )  

F i nn i s h  ( 42 )  - 977  282 - - 1 2 . 3  - - H anrahan et a l . 
Ga l way ( 44 )  - 985 280 - - 1 3 . 7  ( 1 978 )  - -- -

C l u n ( 73 )  4 . 30 5 2 1  265 - - 1 5 . 9  55 . 9  28 . 4 Wood et �· ( 1 980 ) 
Col bred ( 1 02 )  3 . 30 5 63 2 79  - - 1 6 .  1 58 . 0  2 7 . 7 

--
sxq�xso ) a ( 2 6 )  5 . 40 - - 2 1 3  1 83 1 3 . 9  53 . 8  29 . 0 Kemp et �· ( 1 981 ) 
SXR ( 34 )  4 . 50 - - 2 1 0  1 7 5 1 4 . 2  5 5 . 8  28 . 9 

P carcass  grade  ( � ) 2 . 55 - - - - 8 . 26 46 . 7  2 5 . 9  K i rton ( 1 982 ) 
Y carcass  grade  ( � ) 1 . 33 - - - - 7 . 94 47 . 9  24 . 6  

--
Good musc l i ng ( 7 )  4 . 1 0  - 1 6 7 - - 9 . 54 50 . 8  25 . 5  K i rton et a l . 
Poor musc l i ng ( 7 )  1 . 80 - 1 86 - - 7 . 74 50 . 1  2 2 . 7  ( 1 983 ) - -

--
HX ( Fxsot ( 5 6 )  5 . 90 - - 2 1 1  1 86 1 4 . 1  54 . 2  31 . 6  H awk i n s et a l  
HX ( SXR ) ( 5 7 }  4 .  70 - - 2 1 2  1 79 1 4 . 8  55 . 7  31 . 8  ( 1 985a )  - -

a 1 /2 Suffol k ( 1 /4 F i nn i sh L andrace  X 1 /4 Southdown ) b 3/4 S uffol k X 1 /4 Rambou i l l et 
c H amp s h i re X F i n n i s h  L andrace-Southdown d H amp sh i re X S uffo l k -Rambou i l l et 

N -.....! CO 
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One of t he  i nterest i ng po i nt s  of t he  present  st udy was that  the  

c arcasses  from the  fat l i ne had a greater wi dth  behi nd t he  s hou l der 

( WTh ) ,  b u t  n ot at other s i tes th an those  from the  meaty l i ne .  S i nce 

the  th i c k ne s s  of fat beh i nd the s ho u l d er reg i on wi l l  be i nc l uded i n  

t hat measurement  of body wi dth , a pos i t i ve correl at i on was to be 

expected ( see F i gure 5- 1 ) .  In accordance  wi th these res u l t s ,  K i ng 

( 1 957 ) reported pos i t i ve phenotyp i c  corre l at i ons  between the  wi dth of 

the body ( WTh ) , and meas urements of b ackfat th i cknes s .  Depth of 

c arcass wou l d s i mi l ar l y  be expected to  be affected by fat depos i t i on 

i n  the  thorax reg i on .  Th i s  appears to be the case from the  pos i t i ve 

phenotyp i c  and ge net i c  corre l at i on s  between fat depth measurements and 

depth of c arcass  reported at co n stant  we i g ht by Smi th et �· ( 1 962 ) .  

These resu l t s s u pport those of Kemp and Barton ( 1 966 ) and are s hown i n  

Tab l e  5-5 . 

The cros s - s ect i ona l  area of the  M .  l ongi s s i mus d i d  not s how any 

s i gn i f i c ant  s e l ect i on effects at eq ua l  carcass  we i ght i n  any of the 

exper iment s . Compar i ng obese and l e an p i g s at eq ua l  we i g ht  ( Buh l i nger 

et �. , 1 978 ) obta i n ed s i mi l ar res u l t s . After adj ust i ng to the s ame 

we i ght , Kemp and B arton ( 1 966 ) found that  the l on g i s s i mu s  area was not 

affected by fatnes s i n  s heep , wh i l e Mersmann � il· ( 1 984 ) s howed that  

� l ongi s s i mu s  area was l arger i n  l e an p i gs th an obese p i g s .  However , 

most i nv e s t i gators h ave  shown t h at t he  area of � l ongi s s i mus  i s  

n ega t i v e l y  corre l ated ( phenotyp i c a l l y  or  genet i cal l y )  to  measurements 

of fatnes s  i n  s heep ( see Tab l e  5 -2 ) ,  for catt l e  ( She l by et �. , 1 963 ; 

C und i ff et �. , · 1 96 4 ;  D i nke l  and B u s c h , 1 973 ; Koch et �. , 1 982 ; 

He i d ar i  and V ogt , 1 983 ; He i dar i , 1 985 ) and for p i g s  ( E nfi e l d  and 

What l ey, 1 96 1 ; Smi th et il· , 1 96 2 ; Smi th and Ros s ,  1 96 5 ;  I s l er and 

Swi ger , 1 96 9 ;  Beres k i n  and Frob i s h ,  1 982 ; Gogue and Gueb l ez , 1 983 ; 

S andu et �. , 1 985 ; Fredeen and M i k ami , 1 986 ) . I n  contrast , Jensen � 

a l . ( 1 967 ) prov i ded ev i dence wh i ch s uggested th at there was no  

re l at i on s h i p  between  the  two tra i ts  at the genet i c  or t he  p henotyp i c  

l eve l s i n  p i g s .  A l though  d i fference i n � l ongi ss imus  area  fa i l ed to  

reac h  s i gn i f i cance b etween the two se l e ct i on l i ne s ,  the  wi dth (A )  was  

genera l l y  smal l er and  the depth  ( B )  genera l l y  greater for  the fat 

l i ne .  I n  th i s  res pect , B utterf i e l d ( 1 965 ) s uggested t h at the M .  

l ongi s s i mu s  area was i nf l uenced by ske l eta l  l ength , wi th l o nger 

c arcasses  h av i ng smal l er musc l e  areas . A s i mi l ar conc l u s i on was 

reached by K i rton and P i cker i ng ( 1 967 ) ,  w i th the l e aner l o nger 



F i g u re 5-1 . Ram carcasses  of the same wei ght from the fat ( on l eft ) and meaty ( on r i ght ) groups of Exper i ment  

3 ,  showi ng typi cal d i fferences in  carcass  shape and appearance ( Purchas , 1981 ) . 
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carcasses  h av i ng s l i gh t l y  smal l er � l ongi s s i mus  areas . The  negat i ve 

p henotyp i c  corre l at i on s  between fat depth of s heep and both depth and 

wi dth  of  M. l ongi s s i mus  ( Tab l e  5 - 2 ) i nd i cate  that i mprovement  i n  the  

wi dth  of  eye musc l e  cou l d be greater t h an i mprovements  i n  depth  w i th 

s e l ect i on a imed at red uc i ng carcass  fatnes s .  On the other h and , the  

negat i ve genet i c  corre l at i on s  between the  � l ongi s s i mus  d i mens i on s  

and fat depth i nd i cate th at both wi dth and depth o f  eye musc l e  s hou l d  

be i mproved by s e l ect i on aga i n st fatnes s .  These resu l t s are i n  accor

dance  wi th th ose  of  Wood et a l . ( 1 983b ) , wh i ch showed that s e l ect i on 

for decreased b ac kfat th i ckness  i n  p i g s  res u l ted i n  wi der ( A )  ( 86 . 6  v s  

80 . 7  mm) b u t  not  deeper ( B ) ( 43 . 0  v s  44 . 0  mm ) , cros s- sect i on s  o f  M .  

l ongi s s i mu s . 

B arton ( 1 966 ) , 

s i mu s  ( B )  than  

I n  s heep ,  s i mi l ar conc l u s i ons  were reported by Kemp and  

w i th f atter carcas ses  tend i ng to have deeper � l ongi s 

t h e  l e aner c arcasses ( Tab l e  5 -5 ) . 

5 - 2 -4 CUT WE I GHT D I STR I BUT ION 

Where th i s  tra i t  was asses sed , the  fat- l i ne s i de h ad a h i gher 

proport i on of we i ght  i n  the r ack cut . a l tho ugh some l i ne d i fferences 

were found i n  the  proport i on s  of the other three cuts , these were not 

as  marked as for the rac k  cu t .  I n  general , the s i des  from the  fat 

l i ne had a h i g her proport i on of the fatter cuts s uch  as the rac k  and 

l o i n  and tho s e  from the meaty l i ne h ad a h i gher proport i on of the 

l e aner cuts  s uc h  as  the l eg and sho u l der .  Boy l an and Sea l e  ( 1 96 5 ) 

reported s i gn i f i cant l y  pos i t i ve genet i c correl at i ons between b ac kfat 

t h i ckness  and the proport i on s  of the l o i n  and rack  cuts , but n eg at i ve 

corre l at i ons  w i th t h e  proport i on of l eg and s hou l der cuts . They 

conc l uded th at the  pos i t i ve correl at i on s  between rack and l o i n  c uts  

w i th fatness are  to  b e  expected , as an i ncrease i n  the amount  of fat 

i n  the an i ma l  wou l d res u l t  i n  greater depos i t i on i n  the l o i n  c ut  

re l at i ve to t he  rest  of the  carcas s ,  wh i l e the presence of  t he  k i dney 

k nob i n  the l o i n ,  w i th i ts assoc i at i on of fat ,  may h ave con t r i buted 

m arked l y  to  the  correl at i on .  The neg a t i ve corre l at i on wi th t h e  l eg 

c u t  was a l so  expected fo l l owi ng the s ame l i ne of argument . Th i s  must  

l arge l y  be  due  to  the  n ega t i ve re l at i onsh i p  k nown to  ex i st between 

c arcass  fatne s s  and c arcas s  musc l e  content ( C l arke � �. ,  1 984/ 1 985 ) .  

S i m i l ar resu l t s were reported by Bowman and Hendy ( 1 972 ) for t he  

p henotyp i c  corre l at i on s  between backfat th i ckness a nd  cut we i ght  d i s

t r i but i on ( Tab l e  5 -2 ) .  I n  p i gs ,  h i gh ly negat i ve phenotyp i c  a nd 



genet i c  

( h ams , 

I s l er 

corre l a t i o n s  between backfat t h i c k ne s s  and percent l e an c u ts 

l o i n s and s hou l der s )  were reported by Jensen et �- ( 1 967 ) and 

and Swi ger ( 1 969 ) . F urther stud i es showi ng t hat fatter groups 

of  s heep have  h i gher  proport i ons  of the l o i n  and rac k cuts and l ower 

proport i ons  of t he  l eg and shou l der c ut s  are - summari s ed i n  Tab l e  5-6 . 

These var i at i on s  between the two l i ne s  were as expected , bec ause 

t he  rack and  l o i n  cuts  contai ned more fat ( F i gures 4-3 and 4-4 ) .  The 

l o i n  h ad a b i g p art of the f l ank wh i l e the r ack had a th i c k l ayer of 

s ubcutaneous fat i n  the l ower part of t he  r i b .  Shou l der  we i ght , 

however ,  tended to  be  heav i er i n  the meaty l i ne because  i t  conta i n ed a 

h i g her proport i o n  of bone ( F i gu res 4-3 and 4-4 ) . The above conc l u s i on 

c a n  a l so be exp l a i ned by the fi nd i ng s  of  Four i e  ( 1 965 ) that the  s uper

f l u o u s  fat i s  ma i n l y  l a i d  down arou nd the l ater-matur i ty abdomi n a l  

mu s c l e s  and m u s c l es of  t he  shou l der a n d  thorax and wi l l  be s l i ght l y  

h i g her i n  the l o i n  and rack cuts  a s  a proport i on of the carcas s .  

S i mi l ar conc l u s i on s  were drawn by L u i t i ng h  ( 1 962 )  for c att l e  and 

K i rton et �- ( 1 967b) for l amb s ,  wi th t h e  proport i on of va l u ab l e  cuts  

dec reas i ng as  t he  p roport i o n  of  fat i ncreased .t n  the c arcas ses . I n  

l amb s ,  Boyl an  and Sea l e ( 1 96 5 )  reported t h at  the percents of l eg and 

s ho u l der and M .  l ongi ss i mu s  area decreased wi th an i ncrease i n  fat

n e s s ,  but  th at the percents of l o i n  and rack i ncreased . 
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Table 5-6 . A summary o f  some sheep studies in which proportions o f  the leg , loin ,  rack 

and shoulde r cuts were compared in carcasses from groups of animals which 

diffe red in level s of fatness . Measurements were either adjusted to a con

stant carcass weight or were made at approximately the same carcass weight.  

Experimental group Fat 

( No .  animals in depth c Cut u� of carcass) 

parentheses) (mm) Leg Loin Rack Shoulder 

Fatter  grades ( 1 4 )  4 . 8D 3 1 . 1  1 D . O  8 .  1 24 . 4  

L eaner grades ( 1 4 )  2 . 9D 3 1 . 2  9 . 4  7 . 5  24 . 8  

Blocky con for- 5 . 0D 3 1  . 1  1 1 . 4  1 2 . D  2 1 . 2  

mation ( 1 5 ) 

Leggy con for- 2 . 30 3 3 . 0  1 1 . 0 1 D . 5  2 1 . 5  

mation ( 1 5 ) 

P erendale ( -- )  2 . 9D 32 . 5  1 1 . 4  1 D . 6  2 2 . 4  

Merino (-- )  D . 66 33 . 5  1 D . 6  1 D .  D 2 1 . 6  

Dorset Down ( - ) 2 . 44 33 . 3  1 2 . 2  1 D . 2  1 9 . 9  

Suffolk ( - )  1 . 83  34 . 3  1 1 . 5  9 . 9  2 D . 8  

S X ( FXSDa (26 )  5 . 40 29. 4 1 D . 5  7 . 8  2 3 . 8  

SXRb ( 34 )  4 . 5D 3 D . 4  1 D .  1 7 . 7 23 . 3  

S u ffolk ( 1 D) 6 . 0D 33 . D  8 . 1 3D . 5  

F i nnish ( 1 D )  3 . 3D 3 3 . 8  7 . 1  3D . 8  

H X ( FXSD ) c (56 )  5 . 9D 29 . 9 1 D. 5 8 . 4  23 . 4  

H X ( SXR ) d ( 57 )  4 . 7D 31 . 2  1 D . 2  8 . 3 23 . 3  

a 1 / 2  Su ffolk ( 1 /4 Finnish Landrace X 1 /4 Southdown) 

b 3/4 Su ffolk X 1 /4 Rambouillet  

c Hampshire X F i nnish L andrace-Southdown 

d Hampshire X Su ffolk-Rambouillet 

Refe rence 

Kemp and Barton 

( 1 966) 

Kirton and Pickering 

( 1 967)  

Kirton et  al . ( 1 974) 

Kirton et al . ( 1 978)  

Kemp et al . ( 1 98 1 ) 

Lirette et al .  ( 1 984) 

Hawkins et al . ( 1 985a) 



5-2-5  CARCASS COMPO S I TI ON 

Corre l at i on s  between u l trason i c  fat depth measurements  at  

pos i t i on C and carcass  fat depth C ranged from 0 . 9 1 to  0 . 97 i nd i c at i ng 

t hat  c arcas s b ackfat  th i ckness  can  be  pred i cted s at i sfactor i l y on  the 

l i v e  an ima l s .  P u b l i s hed e st i mates of the  l eve l  of prec i s i on i n  

mea s ur i ng s ubcutaneous fat u l trason i c a l l y  i n  s heep general l y  s u pport 

th i s  conc l u s i on ( Pu rchas and Beach , 1 981 ; Fennessy et �. , 1 982 , 1 987 ; 

Bennett et �. , 1 983 ) .  Se l ect i on exper i ments  wi th p i gs h ave  s hown 

t hat backfat th i c knes s  c an be s ucces sfu l l y c h anged by bas i ng s e l ect i on 

on  l i ve measurements  of fat depth ( Hetzer and M i l l er ,  1 973 ; S tanda l , 

1 9 7 9 ; Henderson  et �. , 1 980 , 1 981 ; Wood et �. , 1 983b ; Fort i n  and 

E l l i ot ,  1 985 ; Fredeen  and Mi kami , 1 986 ) . 

Mos t  of th e var i at i on i n  body compos i t i on of sheep appears to be 

a s s oc i ated wi th the amount of fat ( Tu l l oh ,  1 964 ; Coop et �· , 1 97 9 ;  

B l ac k ,  1 983 ) . F at  th i ckness  C at 1 3th  r i b i s  current l y  u s ed as an 

i ndex  of fat depos i t i on because  of i ts h i g h pos i t i ve assoc i at i on wi th 

the  total  fat i n  the  carcass  ( Kempster and C uth bertson , 1 97 7 ;  Thompson 

and At k i ns ,  1 980 ; Tab l e  5- 1 ) .  F urthermore ,  genet i c  corre l at i ons  

reported between b ac kfat th i ckness  and c arc ass  compos i t i on ( e . g .  c ar

c a s s  fat , s u bcu taneous fat , i ntermu s c u l ar fat , bone , and mu s c l e )  i n  

s heep h ave been moderat e l y  h i gh ( Tab l e  5- 2 ) . The effect i veness  of the 

s e l ect i on for reduced b ackfat th i c k ne s s  i n  the meaty l i ne  found i n  

th i s  st udy s upports such  est i mates of genet i c  correl at i on s  and s uggest  

t h at s i gn i f i cant  progress  i n  se l ect i on can  be made . 

The reduc t i on i n  backfat th i c kne s s  was accompan i ed by . an  i ncrease 

i n  we i ght of musc l e at the s ame s i de we i g ht . Fennessy et �· ( 1 982 ) 

found th at l amb s from the  l e an s i re s  tended to h ave l es s  fat than  

those  from the  fat s i res wi th  the d i fference i n  the fat  th i ckness  

meas urements C and  52  b e i ng s i gn i f i c an t ,  b u t  

c hemi c a l  fat f a i l i n g  to reac h  s i gn i f i c a nc e .  

i n  agreement  wi th  those of Fennessy � �· 

( 1 983 ) showed that  u l trason i c  se l ect i on for 

the d i fference s  i n  GR and 

Our res u l t s  are part i a l l y  

( 1 982 ) .  Bennett et a l . 

l o i n  fat depth i n  6 to  1 8  

month -o l d s heep res u l ted i n  l ambs t hat  d i ffered favo urab l y  a t  pos i t i on 

C ,  b ut  the d i fferences between the progeny of the two s i res  for GR and 

k i d n ey fat were sma l l .  S i mi l ar observat i ons  were made for two l i nes 

of  p i gs ( He nderson  et �. , 1 980 , 1 98 1 ) who reported t h at s e l ect i on h ad 
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l i tt l e effect on  the  overa l l carcass  compos i t i on desp i te  a s i gn i f i c ant  

red u ct i on i n  b ackfat  th i cknes s .  Wood et �- ( 1 983b)  found t h at after 

1 0  generat i on s , s e l ect i on for l ow bac kfat th i ckness  s h i fted s i tes  of 

fat depos i t i on wi th i n  the s ubcutaneou s fat depot s l i ght l y  and was 

as soc i ated w i th s l i ght i ncreases i n  musc l e  we i g ht . Moreove r ,  Tes s  et 

�- ( 1 986 ) reported that s e l ect i on for l ow backfat th i ckness  decrea sed 

tota l  empty body fat and i ncreased the prote i n conten t .  E l  l i s � �· 

( 1 983 ) showed th at L arge Wh i te p i gs from a l i ne se l ected for decreased 

backfat th i ck nes s  conta i ned more prote i n  and l ess  fat than the con

trol s .  Fredeen  and M i k ami  ( 1 986 ) reported that after n i ne generat i on s  

of se l ect i on aga i n st fat , t h e  se l ected p i gs h ad s i gn i f i c ant l y  l es s  

backfat and greater l e an content t h a n  the  control p i g s .  These d i f

ferences were con s i stent wi th i n  d i s s ected fract i ons correspond i ng to 

tho se  u s ed by Te s s  � �- ( 1 986 ) and i n  genera l , support our  res u l t s .  

F urthermore , res u l t s from bro i l ers  se l ected aga i n st  we i g ht  of 

abdomi na l  fat ( R i c ard et �. , 1 983 ; C ah aner and N i ts an ,  1 985 ; Cah aner 

et �. , 1 985 , 1 986 ) and i n  mi ce se l ected ag a i nst  we i ght of gonad a l  fat 

p ad ( S h arp � �. ,  1 984 ) , h ave shown t hat d i fferences i n  c arcass  

fatnes s can  be  s uccessf u l l y  ac h i eved by s e l ect i on .  

A l though  a n  i ncrease i n  we i g ht o f  mu s c l e  t i ssue  occurred i n  the 

meaty l i ne ,  th i s  was accompan i ed by an i ncrease i n  bone we i ght . 

I ndeed , con s i der i ng the rol e of the s ke l eton as  a support i ng framework 

for the mu s c u l ature , s ome i ncrease i n  bone wei ght wi th i ncreas i ng 

mu s c l e  we i g ht mi g ht be  expected i n  order to ma i nta i n the fu nct i ona l  

s t ab i l i ty of  t he  an ima l  ( Fowl er ,  1 968 ) . S i mi l ar ly ,  i f  s e l ect i on for 

reduced s ubcutaneous fat prod uced a l ater-mat ur i ng s heep then  more 

bone  mi g ht be expected i n  the meaty l i n e  an imal s due  to  them be i ng 

l es s  mature t h an the fat l i ne at a fi xed s l aughter we i ght . H owever ,  

h i g her mature we i g hts  are  u s ua l l y  as s oc i ated wi th h i gher average d a i l y  

g a i n s ,  b u t  t h e  res u l t s  i n  t h e  present s t udy i nd i cated t hat the two 

l i nes d i d  not  d i ffer i n  th i s  respect , s o  d i fference i n  bone  we i gh t ,  

d u e  t o  th i s  effect , c an  b e  d i s counted . However ,  t h e  c arca s s  we i ghts  

from the fat l i n e  were heav i er than  those  from the meaty l i ne ,  and 

accord i ng to  the f i nd i n g s  of Four i e  et �· ( 1 970 ) ,  the mu s c l e  to bone 

r at i os i ncreased wi th  i ncreas i ng carcass  we i ght . I t  wou l d appear , 

t h erefore , t h at musc l e  to bone r at i o  h as not been i mproved i n  the  

meaty l i ne re l at i ve to  the  fat l i n e  by se l ect i on for reduced s ub

c u t aneous fat depth , and  i n  fact may h av e  been  s l i ght l y  reduced . I n  
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sheep , Wo l f  et �· ( 1 981 ) found a negat i ve genet i c  correl a t i on  ( -0 . 6 1 ) 

between mus c l e  to  bone rati o and b ac kfat th i ckness . Compar i ng two 

groups of s heep K i rton � �· ( 1 983 ) reve a l ed that  the fatty group had 

a h i gher musc l e  to bone rat i o  t han  the  l eaner group at the same 

we i g ht . F urth ermore , R u s se l  and B arton ( 1 96 7 )  and Kemp and B arton 

( 1 9 66 ) i nv e s t i gated data res u l t i ng from the comp l ete d i s s ect i on of 

l amb carcasses  i nto fat , musc l e  and bone . These data  covered the 

norma l range of c arcass  we i ghts  and grade s found in  New Zea l and , and 

as was the c ase  wi th our resu l t s ,  the fatty c arcasses  h ad h i gher 

mus c l e  to bone r at i os than those from the l e aner carcas ses . S i mi l ar 

conc l u s i o n s  were reac hed by B ut l er-Hogg and Whe l ehan ( 1 984 )  for com

par i sons of fatter and l eaner genotypes  of sheep .  Butterf i e l d  et �· 

( 1 983a ) found t h at a smal l stra i n of  Mer i no ( f atter )  h ad a h i gher 

mu s c l e  to bone rat i o th an a l arge stra i n  of Mer i no ( l eaner )  at a 

constant we i ght . Compar i ng two l i n es  of  se l ected p i g s Wood et  �· 

( 1 983b )  found n o  d i fference i n  musc l e  t o  bone rat i os .  Vos  and Sybesma 

( 1 97 1 ) and Mart i n  and Fredeen ( 1 974b ) h ave s ugge sted t hat fat depth 

and musc l e  to  bone rat i o  are o n l y  weak l y  rel ated i n  p i g s ,  wh i l e a 

s i gn i fi cant l y  negat i ve phenotyp i c  corre l at i on ( -0 . 42 )  b etween fat 

depth and musc l e  to bone rat i o  was found i n  p i gs by Edward s et a l . 

( 1 980 ) . 

The term muscu l ari ty can be defi ned as a v i s ua l  a s s e s sment of 

mu s c l e  to  bone  r at i o  ( Anon . , 1 982 ) as ment i oned abov e .  Kempster et 

�· ( 1 982a )  defi ned muscu l ar i ty as the t h i ckness  of musc l e  i n  re l at i on  

to ske l eta l  s i ze .  T he  l atter a uthors  conc l uded t hat  fatness  i s  

pos i t i ve l y  re l ated to musc l e  to  bone  r at i o  and musc l e  th i c knes s  when  

adj u stments for  c arcass  we i ght and  s ubcutaneous  fat h ave been mad e .  A 

s i mi l ar f i nd i ng was reached by Co l omer-Rocher et �· ( 1 980 ) and Bass  

et �· ( 1 984 ) who conc l uded t hat s e l ect i on aga i nst  fatness  res u l t ed i n  

a decrease i n  muscu l ar i ty .  The present  st udy confi rms the i r  con

c l u s i on .  P urch as  ( 1 986 ) noted that i mprovements i n  mus c u l ar i ty are 

u s u a l l y  as s oc i ated wi th i ncreased mus c l e  to bone rat i os .  I n  the 

present study,  at  co n stant s i de mu s c l e  p l u s bone we i ght , t he  rat i os of 

i nd i v i du a l  musc l e  we i ghts  to  adj acent bone l engths were h i gher i n  

c arcasses  from the  fat l i ne .  Furthermore ,  the  rat i os of s i de musc l e  

t o  body l ength and total  l eg mu s c l e  to femur p l u s t i b i a l ength were 

h i g her i n  the  fat l i ne .  Th i s  i nd i c ates  t hat i n  rel at i on to the  d i men

s i ons  of the mu s c l es  at  con stant  s i de musc l e  p l u s  bone we i ght , fat 
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carcasses  were as soc i ated i n  th i s  s t udy wi th  s horter and t h i cker 

mu s c l es .  I n  accordance  wi th these res u l t s , Col omer-Roc her et �· 

( 1 980 )  found for beef that fat c arcas ses tended to h ave  rel at i ve l y  

shor t ,  th i c k  musc l e s ,  whereas l ean carcasses  tended t o  h av e  l o ng , th i n  

mu s c l es when compared at the s ame carca s s  we i ght . 

5-2-6  PAR T I T I ON I NG AND D I STR I BUT I ON OF CARCASS FAT 

I t  was  of part i cu l ar i nterest i n  the present study ,  to  fi nd 

s i gn i fi c ant  l i ne d i fferences i n  the part i t i on i ng of fat wi th i n  carcass  

depots s u c h  t h at ,  at the  s ame total  s i de fat , s i des from the  fat  l i ne 

had a greater proport i on of s ubcu taneous fat and a l ower propor t i on of 

i ntermusc u l ar f at .  Th i s  d i fference s uggests that se l ect i on on  s u b

cutaneous fat depth h ad resu l ted i n  the  proport i onal  re l oc a t i on of fat 

from the i ntermu scu l ar fat to the s ubcu taneous  fat depot s , a l though 

the  effect co u l d  h ave been due  to  d i fferences i n  st age of matu r i ty 

between the  two l i n e s .  Subcutaneous  to  i ntermuscu l ar f a t  rat i o wou l d  

be expected t o  be h i g her i n  fatter , ear l y-matur i ng  an i ma l s as  s ub

cutaneous fat i s  a l ate-deve l op i ng depot re l at i ve to  tota l  fat 

( Thompson  et �. , 1 979a ;  Kempster , 1 980 ; B utterfi e l d  � �. , 1 985 ) .  

I n  p i g s ,  D u n i ec � �· ( 1 961 ) s uggested that  s ubcutaneo u s  f at and 

i ntermusc u l ar f at depos i t i on were re l at i ve l y  i ndependent genet i c a l l y ,  

wh i l e Rook et �· ( 1 987 ) expressed the  v i ew t hat sel ect i on for reduced 

backfat th i c knes s  i n  p i gs mi ght l ead to  an i ncrease i n  i n termuscu l ar 

fat . Furth ermore , the  two fat depots h ave d i fferent p hys i o l og i c al 

funct i on s ; w i th  s u bcu taneous fat act i ng pr i mar i ly  as an e nergy store , 

wh i l st i ntermu scu l ar fat fu l f i l s  the  rol e of a l u br i c ant  between 

mu s c l es ( Ch adwi c k ,  1 977 ) .  They a l so  h ave d i fferences i n  fatty ac i d  

compos i t i on ( Pu rchas et �. , 1 986 ) . 

When adj u s ted to  the  s ame s i de we i ght , i ntermu scu l ar fat we i ght 

was h i gher  for the s i des  from the fat l i ne  as  mi ght be expected i n  

v i ew of t he  h i g h genet i c  corre l at i on reported between s ubcutaneou s and 

i ntermusc u l ar fat depots for s heep ( Wo l f  et �. , 1 981 ; C l arke et �. , 

1 984/1 985 ) .  The r at i o  of s ubcutaneou s  fat to  i ntermu s c u l ar fat was 

reduced at  the s ame s i de we i ght for the meaty l i ne.  I n  p i g s ,  at the  

s ame s i de we i gh t , Wood et �· ( 1 983b ) found no s i gn i f i c an t  d i fferences 

i n  the we i ght  of d i s s ected subcu taneou s  and i ntermu s c u l ar fat depots 

between the s e l ect i on l i ne and control l i ne .  However ,  t he i r  s amp l e  
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popu l at i on was sma l l ,  wi th o n l y two p i gs from eac h of  t he i r  se l ected 

and control  l i ne s  be i ng s l aughtered at e i ght l i ve wei ghts  rang i ng from 

1 5  to 1 20 k g .  Kempster and Evans  ( 1 979 ) s howed a l ower rat i o  of 

subcu taneou s  fat to  i ntermu scu l ar fat i n  commerc i al hybr i d s wi th a 

p art i cu l a r l y  h i gh l ean conten t .  S i mi l ar res u l t s  were reported by 

L i ster ( 1 976 ) w i th catt l e .  I t  s eems that  genet i c  factors  l ead i ng to 

i ncreased fat wi l l  tend to res u l t  i n  a greater rat io of  s ubcu taneous  

fat t o  i ntermu s c u l ar fat . Suc h resu l t s are compat i b l e  wi th the fact 

that s ubcutaneous  fat i s  l ater deve l op i ng th an i ntermu sc u l ar fat 

( But l er-Hog g ,  1 984b ) .  The resu l t s i n  the present s t udy d i ffer from 

those for p i gs reported by Wood et �· ( 1 983b ) , where s e l ect i on over 

10 generat i on s  had n o  effect on  the p art i t i on i ng of fat between the  

s ubc u t aneous  and i ntermuscu l ar depots  of l ean and obese  carcasses  at 

the s ame tota l  fat we i g ht . C h adwi c k  ( 1 97 7 )  found t h at wh i l st  the  

proport i on of  s ubcu taneous fat  was l ower i n  the  l ean l i ne ,  no l i ne 

d i fference was found i n  the proport i on of i n termusc u l ar fat .  The 

d i fference 

d i fference , 

rat i o  of 

between our  res u l t s  and those wi th p i g s  may be a s pec i es 

as  c l ear s pec i es d i fferences have been reported for the 

s ubcu taneous to i ntermu s c u l ar fat . Th us  Kempster et a l . 

( 1 982a )  reported th at the rat i os of s u bcutaneous to i ntermu s cu l ar fat 

were 3 . 67 and 1 . 1 0  for p i g s  and s heep , res pect i ve l y .  I n  s heep ,  at a 

s i m i l ar percent of tota l  body fat ,  Perry et �· ( 1 986 ) fou nd that the 

Border L e i cester rams h ad a h i g her proport i on of subcutaneous  fat t han 

d i d  Po l l Dorset and S uffol k rams . They co nc l uded th at breed v ar i at i on 

i n  fat p art i t i on i n g  i n  mature a n i ma l s i nd i cates that i t  may be pos

s i b l e  to  man i pu l ate c arcass fatness  at  the s ame proport i on of mat ure 

body we i ght . But l er-Hogg and Whe l ehan ( 1 984 ) compared Texe l  r ams 

( l e aner ) wi th Scott i s h  B l ackface  ( fatter )  for carc a s s  f at part i 

t i o n i n g .  They found that  t h e  carcasses  from Scott i s h  B l ackface r ams 

had a h i g her proport i on of s u bcutaneous  fat , k i dney and c h anne l  fat 

( KKCF ) ,  and c a u l  f at ,  but l es s  i ntermuscu l ar fat and mesenter i c  fat 

than  those  from Texel  rams . B u t l er-Hogg ( 1 984b ) reported breed d i f

ferences  i n  fat p art i t i on i ng wi th C l un l amb s ( l e aner ) depos i t i ng 

proport i onate l y  more body fat i ntra- abdomi na l ly compared wi th 

Southdown l amb s ( fatter ) . B utterfi e l d et �· ( 1 985 ) s howed d i fferen

ces i n  s u bc utaneous  and i ntermuscu l ar fat p art i t i on i ng between Dorset 

Horn r ams and wethers ,  wi th the wethers ( fatter ) hav i ng s i gn i f i c an t l y  

more s ubcutaneous fat and l es s  i ntermu scu l ar fat t h an the rams 

( l e aner ) . 
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Resu l ts from the  present s tudy demonstrated t h at se l ect i on 

aga i n s t  f atnes s h a s  brought about l i m i ted re l ocat i on of body fat from 

the s ubcutaneous  fat to the i nternal  fat depots ( omenta l , k i dney and 

mesenter i c  fat depots ) .  Th i s  conc l u s i on i s  cons i s tent  wi th the  

resu l t s of Wood et �- ( 1 983b ) , and Fort i n and E l l i ot ( 1 985 ) for p i g s ,  

a l t ho ugh  for t h e  present stud i es a t  the  same c arcass we i g ht  the  we i ght  

of these  depots  was l ower i n  the  meaty l i ne .  Our  res u l t s  are s upper-

ted by t he  pos i t i ve genet i c  corre l at i ons  between backfat 

i nterna l  fat depots i n  sheep ( Tab l e  5-2 ) reported by 

( 1 981 ) ,  B ennett et  a l . ( 1 981 / 1 982 ) ,  and C l arke et a l . 

th i ckness  and 

Wo l f et a l . 
- --

( 1 984/ 1 985 ) .  

These workers  found that a decrease i n  th e s u bcutaneous fat depth of 

the c arcass  was  as soc i ated wi th decreases i n  the i nterna l  fat depots . 

B utterfi e l d  et  a l . ( 1 985 ) found a s i mi l ar parti t i on i ng for the i nter-

nal fat depots between Dorset Horn rams ( l eaner ) and wethers  ( fatter ) ,  

desp i te a l arge d i fference between the two s exes i n  extramu scu l ar fat 

part i t i on i ng ,  except t hat the mesenter i c  fat depot was heav i er i n  rams 

than  i n  wethers . 

S ubcutaneous  and i ntermusc u l ar fat wei ght d i str i b u t i o n  between 

the four  anatomi ca l  cuts  ( s ee Sect i on 3-2- 2-2 , and F i gure 3- 5 ) , were 

s i mi l ar i n  the  two se l ect i on l i nes , except th at carcasses  from the fat 

l i ne h ad a greater proport i on of s ubcutaneous  fat i n  the  l o i n  c u t .  

Wood e t �· ( 1 983b ) obt a i ned s imi l ar res u l t s when compar i ng s i x  

an atomi c a l  reg i on s  from l i nes  o f  p i g s  se l ected aga i n st  fatnes s .  I n  

s heep , breed d i fferences i n  the  d i stri but i on of s ubcutaneous and 

i ntermu scu l ar fat depots at constant  we i g ht of fat depots were presen

ted  by  Seebeck  ( 1 968 ) . He  conc l uded that the  proport i on  of the tota l  

s ub c u taneous  fat  was h i gher i n  the  l o i n  and f l ank reg i on s  and l ower i n  

t he  thorax reg i on i n  fatter th an  l e aner an i ma l s ,  wh i l e  the i nter

muscu l ar fat was h i gher i n  the neck and l o i n  and f l ank  reg i on s  and 

l ower i n  the thorax reg i on i n  fatter than i n  l eaner an i ma l s .  Ga i l i  

( 1 978 ) reported s i gn i f i c ant  d i fferences between the Dorset Horn , C l un ,  

and H ampsh i re breed s i n  i ntermu scu l ar fat d i s tr i but i o n ,  wh i l e Thompson 

et �- ( 1 979b )  were unab l e  to  detect a s i gn i fi cant effect of breed on 

t he  d i s tr i b u t i on  of e i ther s ubcutaneous or i ntermuscu l ar fat . Res u l ts 

from the  MLC ram breed compar i son  s howed re l at i ve l y  l i tt l e  var i at i on 

between breed s i n  th i s  character i s t i c ( Kempster , 1 980 ) . Wo l f  and 

Smi th ( 1 983 ) reported res u l t s  wh i ch were i n  good agreement  wi th those  
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of Kempster ( 1 980 ) i n  showi ng on l y  smal l effects of b reed on the  

d i str i b u t i o n  of  both  s ubcut aneou s  and i ntermu scu l ar fat at  a con stant  

we i g ht of tota l  fat . Resu l ts from Jack son and Mansour ( 1 974 )  a l s o  

s upport our  f i nd i ngs , wi th l i tter v ar i at i on i n  fat d i s t r i b ut i on bet

ween groups  of good or poor conformat i on .  A s i mi l ar conc l u s i on was 

reported by B u tterfi e l d et �· ( 1 984 ) and B u t l er-Hogg e t  �· ( 1 984 ) 

for d i fferent  sexe s .  

Fat  p art i t i on i ng between depots  shows genet i c  var i at i on and s u b

stan t i a l  d i fferences  have ar i sen  d u r i ng the  evo l u t i on of domest i c  

breed s ( Kemp ster , 1 980 ) . Fat d i s tr i but i on wi th i n  depots on the other 

h and , fol l ows a more c l o se ly  defi ned pattern , so  that at  equa l  depot 

we i g hts , b reed d i fferences i n  fat d i str i but i on are sma l l .  Berg and 

B utterf i e l d  ( 1 97 6 )  s uggested t h at d i fferences i n  fat d i str i but i on 

cou l d  b e  exp l a i ned i n  terms of l i nes  of l east res i s tance .  They hypo

thes i s ed t h at  the mu s c l es and body s h ape create var i ab l e  pres s ures and 

that  growth of the h i ndquarter i n termuscu l ar fat meets  wi th more 

res i s t ance  t han i n  the forequ arter , res u l t i ng i n  a s h i ft forward of 

i ntermu scu l ar fat as fatten i ng progres ses . Subcutaneous  fat expands 

under  the s k i n  i n  the l e ast res i s t ant areas , gradua l l y  res u l t i ng i n  

the overa l l smooth  appearance of  very fat a n i ma l s .  S u c h  a hypothes i s  

may exp l a i n  why re l a t i v e ly  l i tt l e  var i at i on ex i sts  i n  fat d i str i bu t i on 

wi th i n  a fat depot at the s ame l ev e l  of fatnes s .  S i mi l ar o bservat i on s  

for i n termu scu l ar fat depos i t i on were found i n  the present  st udy. 

Wh i l s t d i s s ect i on tec hn i ques  emp l oyed were detai l ed and a natomi c a l l y  

based , o n l y  t h e  major i nd i v i du a l  musc l es and musc l e  g roups were 

separated i n  deta i l .  These observat i ons  i mp l y  that for more prec i se 

measurement  of i ntermuscu l ar fat content deta i l ed m u s c l e-by-mu sc l e  

d i s sect i on techn i q ues  shou l d b e  emp l oyed . The meas urement  of i nter

musc u l ar . f at i n  th i s  study, therefore ,  may be assoc i ated wi th s ome 

error wi th some of the i ntermu s cu l ar fat rema i n i ng w i th  the  musc l e , 

part i c u l ar l y  i n  the  case  of the  s h o u l der and rack cuts . 

5-277  MUSCLE AND BONE D I STRI BUT I ON 

There were o n l y  smal l d i fferences i n  musc l e  we i gh t  d i str i but i on 

among  the  a natom i ca l  cuts  between the fat and meaty l i ne s .  I t  th ere

fore s eems t h at when genet i c  s e l ect i on produces the re l at i ve l y  b i g  

c h anges  i n  fatne s s  that h ave been ach i eved i n  th i s  c a s e ,  t h e  effects 
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on  musc l e  and bone t i s s ue d i s tr i b u t i on  are l i ke l y  to  be smal l .  

R es u l ts from compar i sons of  two genet i c  l i nes i n  p i g s ( Wood et �. , 

1 983b )  and two conformat i on groups  i n  s heep ( J ac k son  and Man sour ,  

1 9 74 ; B ut l er- Hogg and  Whe l ehan , 1 98 7 )  s upport our conc l u s i on .  I n  
c a tt l e ,  the  mus c l e  d i s tr i bu t i on o f  i mproved Br i t i s h and Brahman cattl e 

was  compared w i th t hat of u n i mproved Shorthorns by B u tterfi e l d ( 1 964 , 

1 965 ) .  H e  found  t hat no ch anges h ad occurred i n  musc l e  we i ght d i s tr i 

b u t i o n  as  a res u l t  of se l ect i on based on  conformat i on .  Furthermore , 

t h e  res u l ts  of the  present s t udy are i n  agreement w i th  the v i ew of  a 

genera l  an atom i ca l  harmony i n  musc l e  t i s s u e  d i stri but i on ,  wi th smal l 

d i fferences between breed s when compar i sons  h ave been made at a con

s tant we i ght of total  musc l e  ( see  Sect i on 2 -2-6- 1 ) .  Jury et �· 

( 1 97 7 ) , Bergstrom ( 1 978) , Tay l or  et �· ( 1 980 ) and C ameron and Drury 

( 1 985 ) conc l uded that  the sma l l but  s i gn i f i cant d i fferences wh i ch 

e x i s t  between breeds i n  musc l e  d i str i bu t i on are proba b l y  genet i c  and 

c o u l d  pos s i b l y  be exp l o i ted . Mu s c l e  d i s tr i but i on i n  sma l l ( fatter ) 

and l arge ( l eaner )  mature-s i z ed Mer i nos  s t ud i ed by B u tterf i e l d  et �· 
( 1 983b )  s howed th at the smal l s tr a i n  h ad a l ower proport i on  of musc l e  

i n  t he  prox i mal  and d i sta l  h i nd l i mb s ,  b ut  a h i gher proport i on i n  the 

abdom i n a l  wal l ,  neck  to  fore l i mb ,  and thorax than i n  the  l arge stra i n .  

B u t l er-Hogg and Whel ehan ( 1 984 ) found smal l d i fferences i n  mu s c l e  

d i s tr i b ut i o n  between Texe l r ams ( l eaner ) and Scott i sh B l ackface rams 

( fatter ) . They conc l uded t h at t he  proport i on of mu s c l e  i n  the h i gh

v a l u e  c ut s  was 1 . 8% h i gher for the  Texe l . Kempster et a l . ( 1 983 ) 

c o nc l u ded from the  MLC ' s  ram breed eva l u at i on th at t he  range of d i f

ferences between s i re breed s i n  the d i str i but i on of  total musc l e  

between  var i ous  j o i nts  was smal l but s i gn i fi c ant . They found  t h at 

Texe l crosses  ( th e  l eanes t )  h ad a l ower proport i on of l ean i n  the l o i n  

t h an  South down cros ses ( the fattest ) .  I t  i s  c l ear , however , from 

t he se  ob servat i on s  than  any s e l ect i on accompany i ng breed format i on i n  

s heep , c att l e  and p i gs has  h ad l i tt l e  i nf l uence on mu s c l e  d i s tr i bu

t i on .  Wo l f  ( 1 982 ) found  that adj u s tment  to  an eq ua l  s tage of mat ur i ty 

( between breed s )  general l y  t ended to  reduce the v ar i at i on between 

breed s i n  musc l e  d i str i but i o n .  He conc l uded , however , that  d i fferen

c e s  between s heep breed s for musc l e  we i ght  d i s tr i b ut i on  at constant 

we i ght  of  tota l  musc l e  cou l d not be exp l a i ned ent i re l y  i n  terms of 

d i fferences i n  s t age of matur i ty .  
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C arcas ses  from an ima l s s e l ected for i ncreased or decreased fat

ne s s  i n  the present st udy s howed on l y  s l i ght d i fference s  i n  bone 

we i ght  d i str i but i on ,  wh i ch i s  i n  agreement  wi th the res u l t s  presented 

by Wood et  �- ( 1 983b ) and Rook et �- ( 1 987 )  for p i g s se l ected 

aga i ns t  fatnes s .  However , b reed d i fferences i n  bone d i s tr i but i on at 

constant  total  bone were reported for catt l e  ( Kempster et �. , 1 97 7 ;  

Jones  � �- , 1 978 ;  Berg et �- , 1 978 ;  Kemp ster , 1 978 ) , and p i g s  

( Dav i e s , 1 975 ; R i chmond e t �. , 1 979 ) . I t  i s  pos s i b l e  that these 

d i fferences are to some extent a ref l ect i on of mature s i z e ,  the l arger 

breeds  h av i ng more of thei r bone  i n  the ear l i er-deve l op i ng l eg cut at 

a con stant  total  bone we i g ht . 

5 - 2 -8 FAT CELLULAR ITY CHARACTER I ST I CS 

Ce l l u l ar i ty stud i es on  s e l ected ad i pose t i s s ue depots  of s heep 

( Merke l et �- , 1 97 3 ;  Burton et �- , 1 974 ; Hood and Thornton , 1 979 ; 

Broad � �. ,  1 980 ; But l er-Hogg and Wood , 1 983 ; Thornton � �. , 1 984 ; 

V i g neron et �. , 1 984 ; Thompson  and B utterfi e l d ,  1 987 ; Thompson  et 

�. , 1 98 7b ) , c attl e ( Robel i n ,  1 981 ; C i an z i o  et �. , 1 98 5 )  and p i gs 

( Anderson , 1 972 ; Anderson and Kauffman , 1 973 ; Mersman � �. , 1 97 5 ;  

Wood et �. , 1 975 ; Hood and A l l en ,  1 977 ) h ave been reported , and th i s  

s ubj ect h as been rev i ewed by A l l en ( 1 976 ) , Hood ( 1 977 , 1 982 ) and 

Robe l i n  ( 1 986 ) ( see for examp l e  Tab l e  5 -7 ) .  The present res u l t s  

s u p port t h e  general  conc l u s i on s  o f  a l l these stud i es i n  s howi ng  that 

d i fferences  i n  fatnes s  of meat-prod uc i ng an i ma l s resu l t  pr i mar i ly  from 

hypertrophy rather than hyperp l as i a  of ad i pose cel l s .  
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Tab l e  5 - 7 .  Examp l es of ad i pose ce l l u l ari ty c haracter i s t i c s i n  groups wh i c h d i ffered i n  the i r  l eve l  of 
fatne s s .  

Exper i mental  group 
( No .  a n i ma l s i n  
p arentheses ) 

Hereford X Angus  h ad 
1 2 . 2  mm fat th i ckness  
Hol ste i n h ad 3 . 6  mm 
fat th i ckness  

Growth ad  l i b i t um 
h ad 1 2 . 9  mm fat 
depth C ( 1 6 ) 
Growth for mai n
tenance h ad 7 . 6  
mm fat depth C ( 1 6 )  

Duroc p i gs se l ected 
for 1 8  generat i ons  
for fatness  ( 1 0 ) or  
for l eannes s ( 8 )  

F at 
depot 

S ubcu taneous  

K i dney 

S ubcutaneous 

K i dney 

I ntermu scu l ar 

Subcutaneous 

Ad i�oc�te ch ar acter i s t i c s 
D i ameter 

1 33 . 3  J..lm 

1 06 . 9  J..lm 
1 38 . 2 J..lm 

Vo l ume 

1 . 50 J..lm3x 1 06 

3 6 0 . 92 J..lm3x 1 06 

No .  

-

- 9 

Comment  Reference 

At the  s ame age Hood and A l l en 
and we i ght ,  the ( 1 97 3 )  
fatter breed h ad 
l arger but  l es s  

1 1 9 . 5  J..lm 
1 . 68 J..lm3x 1 06 1 . 1 6 J..lm x 1 0  

7 . 44x1 09 9 . 65x 1 0 n umber of ad i pocytes  

1 . 1 0 J..lm3x 1 06 0 . 96x1 o6 

3 6 0 . 82 J..lm3x1 06 1 . 56 J..lm3x1 06 0 . 85 J..lm3x 1 06 0 . 38 J..lm3x1 06 0 . 3 1 JJm x 1 0  

6 1 . 34x 1 06 0 . 77x1 06 1 . 43x 1 06 2 . 90x 1 06 3 . 49x1 0 

The fatter group 
h ad 1 arger but  
l e s s  n umber of 
ad i pocytes 

2 . 4 1 J..lm3x1 06 1 . 65x 1 o1 0  The fatter l i ne 
h ad more 
ad i pocytes  

0 . 92 J..lm3x 1 06 0 . 92x1 o1 0  

Haugebak et a 1 • 

( 1 974 ) - -

Stee l e  et a l . 
( 1 974 ) - -
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Tab l e  5 - 7  ( cont i nued )  

Exper i mental  group 
( No .  an i mal s i n  
p arentheses ) 

O s s abaw p i gs se l ected 
for fatness ( 7 )  
York s h i re p i g s  s e l ected 
for l eanness  ( 7 )  

O s s abaw p i gs se l ected 
for fatness ( 1 2 )  
York s h i re p i g s se l ected 
l e anness  ( 1 2 )  

Obese rats s e l ected 
for fatnes s  ( 6  to  1 0 )  
Control r ats ( 6  t o  1 0 )  

F at Zucker mi ce  ( - )  
Lean Zucker mi ce ( - )  

Fat 
depot 

Subcutaneous 

Subcutaneou s 

S ubcutaneous 

Subcutaneous 

Ad ipocyte ch aracteri s t i c s  
D i ameter Vo l ume No . 

1 1 8  llm 

88 llm 

1 43 llm 

97  llm 

58 . 5  llm 

50 . 7  llm 

60 . 9  llm 
5 2 . 2  \.lm 

3 5 1 . 1 9  llm3x 1 05 0 . 76 llm x 1 0 

Comment  Reference 

The fatter group Etherton ( 1 980 ) 
h ad l arger 
ad i pocytes  

The  fatter group 
l arger 
ad i pocytes 

At 1 0  week s of 
age the obese 
rat s  h ad l arger 
ad i pocytes  

The fatter l i ne 
h ad l arger and 
more ad i pocytes  

Hausman and Mart i n  
( 1 981 ) 

Smi th et a l . 
( 1 983 )- - . 

Rogers et a l . 
( 1 984 ) - -
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Tab l e  5 - 7  ( co nt i n ued ) 

Exper i mental  group 
( No .  a n i mal s i n  
p arentheses ) 

Fat  
depot 

Duroc and York s h i re Subcutaneous  
p i g s se l ected for 1 8  
and 1 5  generat i on s ,  
res pect i ve l y , 
for fatness  ( 20 )  
o r  l e an ness  ( 20 )  

Dorset Horn X 
Corr i eda l e  ( 1 06 )  
Dorset Horn X 
Mer i no ( 34 )  

K i dney 

Duroc X York s h i re p i g s Subcutaneous 
se l ected for 1 6  
generat i on s  for 
obese ( 8 )  
l e an ( 8 )  

Adipocyte ch aracter i s t i c s  
Di ameter Vo l ume · No .  

88. 8 11 m  
72 . 0  11 m  

90 . 0  11 m 

83 . 9  11 m  

62 . 2  11 m  
5 5 . 1  11 m  

3 5 6 4 . 94 11 m3x1 05 2 . 63x1 06 2 . 62 11 m  x 1 0 5 . 00x 1 0  

3 5 1 . 80 11 m3x1 05 1 . 22  11 m  x 1 0 

--

Comment  Reference 

The fatter l i ne Mersman ( 1 985 ) 
h ad l arger but  
l es s  ad i pocytes 

The fatter group Ch ' ang  et a l . 
h ad l arger ( 1 986 ) -- --

ad i pocytes  

At  5 6  d ays of  
age obese p i g s 
h ad l arger 
ad i pocytes 

Mersman ( 1 986 ) 
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Tab l e  5 - 7  ( cont i nued )  

Experi menta l  group 
( No .  a n i mal s i n  
p arentheses ) 

Romney rams ' Se l ected 
for · fatness  ( 6 )  
or for l eannes s ( 6 )  

Pepp i n  Mer i no s heep 
se l ected for h i gh 
wean i ng we i g ht 
( fatter ) ( 9 )  
l ow wean i ng we i ght 
( l eaner ) ( 1 3 )  

Fat 
depot 

Subcutaneous 

K i dney 

I ntermusc u l ar 

Omental  

S ubcutaneous 

I ntermu sc u l ar 

K i dney 

Omental  

Mesenter i c  

Ad i pocyte c h aracter i s t i c s  
D i ameter Vol ume No . 

1 04 . 6  �m 
92 . 3  �m 

1 1 0 . 6  �m 
1 00 . 7 �m 
94 . 6  �m 
81 . 9  �m 

1 32 . 6  �m 
1 1 3 . 2  �m 

-
. .  

-

3 5 9 . 23 �m3x 1 05 9 . 87 �m3x 1 05 8 . 09 �m3x 1 05 8 . 81 �m3x1 05 1 . 74 �m3x 1 05 1 . 7 5 �m3x 1 05 1 . 99 �m3x 1 05 2 . 08 �m3x 1 05 1 . 2 1  �m3x 1 05 1 . 1 8  �m x 1 0  

-

-

9 6 . 67x1 09 5 . 08x1 09 6 . 27x1 09 4 . 05x1 09 1 . 5 1 x 1 09 1 . 22x 1 09 2 . 2 1 x 1 09 1 . 32x 1 09 1 . 22x1 09 0 . 93x 1 0  

Comment  Reference 

The fatter l i ne P urchas  
h ad 1 arger ( u npub l i s hed 
ad i pocytes  dat a )  

A t  t h e  s ame Thompson et a l . 
matur i ty ,  hyper- ( 1 987b ) -- -

p l as i a  h ad a 
greater contr i b ut i on  
to  i ncreased fat  
we i g ht 

N � 0'1 



A l though  i ncreased fat ce l l s i ze i n  the s ubcutaneous  fat depot 

was mai n l y  res pons i b l e  for the i ncrease i n  ad i pose t i s s ue mass for the 

fat l i n e  i n  the present s t udy, the smal l d i fferences i n  average ad i po

cyte n umber between the two se l ect i on l i nes  across  exper iments 

( p art i cu l ar l y  i n  Exper i ment 5 )  suggests  that ad i pocyte hypertrophy 

a l o n e  was not the on l y  cause  of ad i pose t i s s ue  en l argement i n  sub

cu t aneo us  fat  as fatten i ng proc eeded . U s i ng l amb s at  b i rth from the 

s ame two s e l ect i on  l i ne s  u sed i n  th i s  st udy, C u l l en ( 1 985 ) found a 

s im i l ar n umber of ad i pocytes  i n  subcutaneous , i ntermu scu l ar ,  cav i ty ,  

per i c ard i a l and omenta l  fat depots . Thus  the d i fference i n  t h e  s i ze 

and n umber of subcutaneous  fat ad i pocytes between t he  two se l ect i on 

l i nes  i n  the  present st udy wou l d  appear to h ave  ar i s en d ur i ng the 

per i od from b i rth unt i l s l a ughter . The number of recogn i s ab l e ce l l s  

i n  s u bcutaneou s fat i s  not f i xed even i n  very fat an imal s and may 

cont i nu e  to i ncrease dur i ng fatten i ng i n  sheep ( Broad et �. , 1 980 ; 

Thompson  and B utterfi e l d ,  1 98 7 ; Thompson et �. , 1 987b ) ,  p i g s  ( E n ser 

et �. , 1 9 76 ) , catt l e ( Ro b l i n ,  1 981 ; Tru scott et �. , 1 983b ) , and rats 

( Johnson  and H i r sch , 1 97 2 ; Bertrand � �. ,  1 978 ; Bjorntorp et �. , 

1 9 7 9 ;  K l yde and H i rsc h ,  1 9 79 ) , probab ly  d u e  t o  new fat ce l l s  formi ng  

e i ther  by hyperp l as i a  or by f i l l i ng of pre-ex i st i ng c e l l s  wi th storage 

l i p i d .  Such events may b e  tr i g gered by an unknown mec h an i sm where the 

s i ze of the ad i pocyte p l ays a reg u l atory funct i on ( F aust  et �. , 

1 978 ) . A l l en ( 1 976 ) s u g gested that ad i pocyte number i s  fi xed at some 

po i nt d ur i ng  growth and that  ad i pocyte vo l ume h as some max i mum. I f  

th i s  i s  t he  c ase , t hen  fat accret i on shou l d  p l ateau a s  prote i n 

accret i on does . The fact th at  i t  apparen t l y  does not  s u gge sts  that 

d u r i ng  the i n i t i a l p hase  of pro l i ferat i on a l arge n umber of pre

ad i pocyt es are formed , b u t  not al l of them fi l l  wi th l i p i d  at the same 

t ime . Greenwood and H i rsch  ( 1 974 ) h ave cr i t i c i sed the  h i stometr i c  

method and the cou l ter-co u nt i ng method u s i ng osmi um-f i xed c e l l s  

emp l oyed by other workers  on  the grounds that both method s fa i l to 

i nc l ude  pre -ad i pocytes and newl y-formed ad i pocytes  wh i ch h ave not yet 

accumu l ated recogn i s ab l e  depos i ts of fat . However ,  no  s i mp l e  method 

for d i s t i ng u i s h i ng these c e l l s  yet ex i sts . The resu l ts of the present 

st udy for s u bcutaneous fat  are con s i stent wi th the  above suggest i o n s .  

Th e s i ze o f  ad i pocytes  t aken from t h e  outer and i nner l ayer of 

s ubcutaneous fat from both s e l ect i on l i nes  for Exper i ment 6 was not 

d i fferent , a s i mi l ar res u l t  to  that reported by Anderson et �· ( 1 97 2 )  
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for very fat p i g s .  Wood � �· ( 1 97 5 )  s howed th at fat cel l s  i ncreased 

i n  s i z e  faster i n  the i nn er l ayer of backfat for p i g s  compared wi th  

t he  o uter l ayer as overa l l fatness  i ncreased . 

I n  the other four fat depots ( i ntermuscu l ar ,  omenta l , k i d ney ,  and 

mesenter i c )  the degree of hypertrophy was the major ce l l u l ar i ty d i f

ference between  rams from the meaty and the fat l i nes . I ncon s i stent 

d i fferences i n  the n umber of ad i pocytes between the two se l ect i on  

l i ne s  were found . Larger ad i pose t i s s ue ce l l s  i n  obese  t han i n  l e an 

p i gs of the s ame genet i c  b ac k ground h ave been found ( Stee l e et �. , 

1 9 74 ;  A l l en ,  1 9 76 ; H a u sman and Mart i n ,  1 981 ; Scott � �. , 1 981 ; 

Mersman et �. , 1 984 ; Mersman , 1 985 ) and a l so  i n  obese rodents 

( Jo h n son  and H i rsc h ,  1 9 72 ; Trayhurn  et �. , 1 9 79 ) . Hood and Thornton 

( 1 9 79 ) , however , fou nd a l arge var i at i on i n  the s i ze of omental  and 

per i rena l  ad i pocytes re l at i ve to the  we i ght of  fat i n  these  depots . 

Hood and Al l en ( 1 9 7 7 )  i nd i c ated that ad i pos i ty i n  the p i g  i s  due 

p r imar i l y to ce l l u l ar hypertrophy, s i nce  l e aner  p i g s conta i ned a 

l arger number of ad i pose  ce l l s  i n  both per i rena l  and extramu scu l ar 

depots  th an  the fatter p i g s . I n  catt l e ,  the smal l er fat depots i n  

Ho l s te i n  s teers h as been s hown to be due to fewer and sma l l er ad i pose 

ce l l s  th an . i n  Hereford X Angus  steers ( Hood and A l l en ,  1 973 ) .  A 

s im i l ar conc l u s i on was reported by C i an z i o et �· ( 1 985 ) .  They sug

gested t h at ad i pocyte hypertrophy was  the pr i nc i pal  cause  for  the 

i ncrease  i n  ad i pose t i s s ue mass  in  the bov i ne .  The ab sence of d i f

ferences  between the two Southdown se l ect i on l i nes i n  fat cel l n umber 

may be  because ,  i n  the  meaty l i ne ,  the major i ty of fat ce l l s  

accumu l ated l i p i d  and e n l arged to a moderate s i z e ,  wh i l e  i n  the fat 

l i n e ,  the a l ready part i a l l y  f i l l ed ce l l s  expanded further , resu l t i ng 

i n  t h e  observed i ncrease i n  s i ze ,  b ut  not i n  n umber . 
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S i mp l e  pool ed corre l a t i on s  revea l ed that both me an ad i pocyte s i ze 

and n umber for eac h  ad i pose  t i s s ue depot was s i gn i fi c ant l y  pos i t i ve l y  

correl ated wi th backfat th i ckn e s s .  The f i ve  fat depot we i g hts  and 

the i r  res pect i ve s i ze and n umber of ad i pose ce l l s  were a l so  s i gn i f i 

c an t l y a s soc i ated , b ut  correl at i on s  wi th s i ze  were con s i stent l y  

h i g her . Th i s  observat i on i s  i n  agreement wi th  the res u l t s  of V i gneron 

et �· ( 1 984 ) who found a pos i t i ve assoc i at i on between fat ce l l s i ze 

and n umber  i n  three fat depots  and total  fat i n  the s i de ,  but  o n l y  the  

corre l at i on wi th s i ze was s i gn i f i cant .  S i mi l ar conc l u s i on s  were 
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reported by H auge bac k  � �· ( 1 974 ) , C h ' ang  and Evans  ( 1 978/ 1 9 79 ) , 

Hood and  Thornton ( 1 979 ) , Moody � �· ( 1 980 ) ,  and So l omon et �· 

( 1 981 ) i n  s heep , by Hood and A l l en ( 1 9 73 ) and C i anz i o et �· ( 1 985 ) i n  

c att l e ,  and by Hood and A l l en ( 1 9 7 7 )  i n  p i g s .  

5-3 PREDI CT I ON OF CARCASS COMPOS I T I ON FROM RACK COMPOS I T I ON 

Among the d i fferent c arcas s s amp l e  cuts  av a i l ab l e ,  those from the 

r ac k  h av e  frequent l y  been u s ed and have been s hown to prov i de a useful  

i nd i rect i ndex of carca s s  compos i t i on ( H ank i n s ,  1 947 ; Barton and 
K i rton , 1 958a ; F i e l d � �. ,  1 963 ; T imon and B i chard , 1 96 5 ;  Kemp � 

�· , 1 970b ;  H i nk s  and Prescott , 1 974 ; Kempster et �· , 1 97 6 ,  1 986 ; 

H anrahan et �. , 1 9 7 8 ;  Cook et �. , 1 983 ; Moran , 1 983 ) . However , the 

a pproache s  of these var i ous  workers h ave var i ed wi th regard to the 

exact  n ature of the s amp l e  cuts  and the form of the pred i ct i on 

equat i on s .  F u rthermore , the extent of var i at i on has ranged wi de l y  for 

t h e  var i ous  sets of data  and th i s  can h ave  a marked effect on the 

regres s i on parameter e st i mates . Accord i ng to Kempster et �· ( 1 976 ) , 

t h e  better pred i ctors  wi l l  be those  wh i ch g i ve max i mum prec i s i on i n  

re l a t i on to the money and t i me wh i c h can  be spent  on eva l u at i on ,  and 

wh i c h are most  stab l e  between groups . 

I n  the present s t udy, e i ther the percents or the we i g hts of the 

p hys i cal  components of the  rack cut  were u s ed a l one ( percents  on l y )  or 

t ogether wi th s i de we i ght i n  mu l t i p l e  regress i on eq uat i on s  wi th cor

respond i ng components of the s i de ( percents ) a s  dependent  v ar i ab l e s .  

The  prec i s i on of the three eq uat i on s  u sed i n  the present st udy were 

compared both i n  terms of correl a t i ons  coeffi c i ents as we l l as i n  

th e i r  res i du a l  st andard dev i at i on s .  No outstand i ng d i fferences i n  the 

u s efu l n e s s  of . the s i mp l e  or mu l t i p l e  pred i ct i on eq uat i on s  ( as per

cents ) were apparent from the corre l at i ons  and res i du a l  st andard 

dev i at i on s .  I n  th i s  respect , Barton and K i rton ( 1 958a ) conc l uded that  

regre s s i on eq u at i ons  based on the we i ght of  muscu l ar t i s s u e  i n  the l eg 

and l o i n  c u t s  gave no greater accuracy of pred i ct i on of tota l  carcass  

muscu l ar t i s s ue  th an e i ther cut al o ne .  However , the accuracy of  

pred i ct i on s  of s i de components from rack  components wi th  or wi thout 

s i de we i g ht were i mproved marg i n a l l y  by u s i ng percents r ather than  

ab so l u te we i ght s .  Many of the reported stud i e s have u sed the cor

re l at i on c oeffi c i ent and res i dua l  standard dev i at i on as a measure of 



pred i ct i ve accuracy,  b u t  s i nce  the magn i tude of the corre l at i on coef

f i c i ent i s  i nfl uenced by the extent to wh i ch the data v ar i e s ,  i ts u s e  

i n  th i s  context i s  s u s pect ( Harr i ngto n ,  1 963 ) . Accord i ng t o  Kempster 

et  �· ( 1 982a )  a more mean i ngfu l meas ure of  prec i s i on i s  prov i ded by 

t he  res i du a l st andard dev i at i on .  T imon and B i c hard ( 1 965 ) s uggested 

t h at greatest emph as i s  shou l d be p l aced o n  the  res i du a l  standard 

dev i at i o n  s i nce i t  i s  a d i rect funct i on of the  corre l at i on coeffi c i en t  

we i g hted by  t he  var i at i on i n  t he  i ndependent var i ab l e .  Norton ( 1 968 ) 

s t ated t h at the corre l a t i on coeffi c i ent tended to  be  decept i ve l y  

mea n i ngfu l and that  the  res i du a l  st andard dev i at i on was rel at i ve l y  

mean i ng l e s s  un l ess  the  i n i t i a l st andard dev i at i on and the u n i t s  of 

meas urement  are known . P urchas ( 1 97 7 )  po i n ted out that the i mportant 

d i st i nct i on between correl at i on coeffi c i ents  and res i du a l  st andard 

dev i at i on s  i s  that the res i du a l  st andard dev i at i on g i ve s  an i nd i cat i on  

of the  abso l u te amount  of  var i at i on not  accounted for , whereas the  

corre l a t i on  coeffi c i en t  g i ves an i nd i cat i on of the proport i on of 

var i at i on accounted for . In th e present s t udy, the regress i on 

eq u at i on s  showed genera l l y  h i gher mu l t i p l e  corre l at i on coeffi c i ents  

for  tot a l  fat  and s ubcutaneous fat  percents t h an for mu sc l e  or bone  

percents , wh i ch was  to  be  expected wi th the c h aracter i s t i ca l l y  greater 

var i at i on i n  fat t i s s ue content . Th i s  genera l i s at i o n ,  together wi th  

the  fact that  the r ac k  compos i t i on was  more effect i ve i n  terms of 

corre l at i on coeffi c i ents  i n  pred i ct i ng s i de f at than musc l e  or bone 

s upports the fi nd i ng s  of H ank i n s ( 1 947 ) and T i mon  and B i c hard ( 1 965 ) . 

Furthermore , the proport i on of fat i n  the rack  cut  i s  h i gh i n  com

par i s on wi th other c ut s  and i t  c hanges more r ap i d ly t han the other 

parts  of the carcass  a s  s h own by the a l l ometr i c  growth coeffi c i en t  

va l u e s  i n  Append i x  2 .  

The present st udy s howed th at the i ntercept  for mu s c l e  or bone 

percent meas urements  was n ot s i gn i f i cant  between  the two l i nes , s o  a 

common i ntercept was appropr i ate.  On the other h and , the  i ntercept 

for fat percent measurements was s i gn i f i cant l y  h i g her for the fat 

l i ne ,  proba b l y  because  o f  the l ac k  of over l ap between the  two l i ne s  

( see  F i g ure s  4- 1 2 ,  4 - 1 3 and 4- 1 4 ) . Henc e ,  t he  tot a l  regres s i on 

eq u a t i ons  were found to  be  the appropr i ate pred i ct i on equ at i on s  · i n  

th i s  study.  A l though  there are many reports of  ana l yses  to compare 

pred i ctor s  w i th i n  s i ng l e  groups of l amb s ( Barton and K i rton , 1 958a ; 

K i rton  and B arton , 1 962 ; F i e l d  et �. , 1 963 ; T i mon  and B i c h ard , 1 96 5 ;  
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Kemps t er et �. , 1 976 ) ,  few workers  h ave  exam i ned t he  s ame pred i ctors 

over a s er i es of groups d i ffer i ng i n  breed or sex to  determi ne  the 

stab i l i ty of pred i ct i on eq uat i on s .  Samp l e  s i z e  has genera l l y  been too 
smal l or the data  i ns uffi c i en t l y  var i ab l e  i n  or i g i n  to do th i s  

( Kemp ster � �. , 1 982a ) . Several  tr i a l s h ave , h owever , prov i ded 

i nd i rect ev i dence of i n stab i l i ty i n  pred i ct i on re l at i on sh i ps .  I n  

part i cu l ar ,  Kempster et �· ( 1 9 76 )  found s ubstant i a l  i n stab i l i ty i n  

regres s i on eq uat i ons  between seven breed type groups , part i cu l ar l y  for 

s imp l e l i n ear meas urements and v i s ua l  s cores . A s i mi l ar conc l u s i on 

has  been  reached by Hanrahan et �· ( 1 978 ) who used a rack cut  ( 7th  to 

1 2th r i b )  as a pred i ctor for s i de compos i t i on i n  three s i re breeds 

( Ga l way ,  F i nga l w ay and 1 /4 F i n n X 3/4 Ga l way ) . They found s i gn i f i c ant 

heterogene i ty among three breed s i n  the rel at i on s h i p  between fat 

we i ght  i n  the s i de and fat i n  the rack c u t .  They con c l uded t hat 

cons i derab l e  b i as may resu l t  i f  breed compar i sons re l y  on  the com

pos i t i on of a s amp l e  cut  to est i mate the  carcass compos i t i on u n l e s s  

appropr i ate pred i ct i on eq uat i ons  were der i ved wi th i n  breed . More 

spec i f i c i nd i cat i on s  emerged from a l arge -sca l e breed compar i son tr i a l 

carr i ed o u t  i n  Great Br i t a i n by the An ima l  Breed i ng Research 

Organ i s at i on i n  col l aborat i on wi th MLC ( Kempster , 1 983 ) . Th i s  i nv o l 

ved t he  d i s s ect i on of 894 cro s s bred l amb s from two dam types  by Dorset 

Down , I l e de  Franc e ,  O l denburg , Oxford Down , S uffol k and Texe l  s i re s .  

The res u l t s  i nd i c ated th at b i as between breed s i n  pred i ct i on eq uat i on s  

for l ean percents from four s amp l e c u t s  ( bes t-end neck , s ho u l der , 

l o i n ,  and l eg )  can  s t i l l  be  a prob l em even when breed s are compared 

wi th i n  f l oc k  and year . The Texe l cross appeared q u i te  d i fferent from 

other breed s i n  s everal of t h e  pred i ct i on re l at i on sh i ps ,  d ue  l arge l y  

t o  the i r  h i gh l e an t o  bone rat i o  and l ow percent of per i nephr i c  and 

retroper i toneal  fat . A s i mi l ar conc l u s i on h as been reac hed by 

Kempster et �· ( 1 986 ) .  Moreove r ,  between s exe s ,  O l i ver  et �· ( 1 968 )  

and Carpenter et �· ( 1 969 ) s ug gested the u s e  of d i fferent pred i ct i on 

equat i on s  for each s ex when  pred i ct i ng c arcass  compos i t i on .  S im i l ar 

conc l u s i on s  were reached by Led ger and H u tc h i son ( 1 96 2 ) wi th  catt l e ,  

who found t h at the  pred i ct i on o f  total  fat i n  the carca s s  from a rack  

cut  was i mproved by the  u se  of s eparate pred i ct i on eq uat i on s  for steer 

and cow c arcas s e s .  The s e l ect i on of pred i ctors h av i ng s t ab l e  

eq uat i on s  i s  part i cu l ar l y  i mportant i n  t r i al s wi thout  b ase  l i ne 

eval u at i on ,  s i nc e  no  amount  of  rep l i cat i on w i l l  compen s ate  for b i as .  

The occurrence of  s amp l e  cuts  wi th unstab l e  pred i ct i on eq u at i ons  for 
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total  s i de fat i s  of  p art i cu l ar concern becau se  i t  me ans that  separate 

regres s i on equ at i on s  need to be app l i ed wi th i n  each l i ne i n  order to 

pred i ct fatness  d i fferences between carcas ses  from the fat and meaty 

l i nes . However , i t  i s  d i ffi cu l t  to  compare these res u l ts  wi th those  

obtai n ed by other  workers  because  of  d i fferences i n  c uts , breed , s ex , 

and treatments . 

5-4 MEAT QUAL ITY CHARACTER I ST I CS 

5-4- 1 I NTRODUCTION 
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I nvest i gat i on s  i nto  the feas i b i l i ty of a l teri ng  l amb carcas s  

compo s i t i on genet i ca l l y  by se l ect i on has  been s t imu l ated i n  New 

Zeal and by the i nc reas i ng cons umer demand for l e aner l amb carcas se s . 

However ,  the effects  of s e l ect i on for or aga i n st fatness  on meat 

q u al i ty i n  s heep h ave n ot yet been i nvest i gated , al though  i nten s i ve 

genet i c  se l ect i on progr ammes i n  p i g s ,  wh i ch began many years ago i n  

order to  decrease c arcass  fatness , have been eva l u ated for s h i fts  i n  

c arca s s  compos i t i on and meat q ua l i ty .  For ex amp l e ,  Fredeen and M i k ami  

( 1 986 ) s howed t h at s e l ect i on on the b as i s  of an i ndex comb i n i ng 

i ncreased growth r ate and red uced backfat i n  p i g s for 1 2  generat i on s  

res u l t ed i n  a n  i mprovement i n  l e an content w i thout compromi s i ng meat 

qua l i ty attr i butes  s uch  as pH and meat col o u r .  The re s u l t s  of Standa l  

et �- ( 1 97 3 )  corroborate those of Fredeen and M i k ami  ( 1 986 ) ,  i n  t hat  

a l though  i ncreased fat  mob i l i s at i on occurred i n  a l i ne of p i gs se l ec

ted for l ow b ac kfat  for four ge nerat i on s ,  meat c o l our  d i d  not  

s i gn i f i cant l y d i ffer from control s .  Mart i n  and Fredeen ( 1 974b ) a l s o  

conc l uded t hat s e l ect i on of  swi ne for l ow b ackfat th i c knes s  and h i g h 

percent  of l ean appeared not to affect meat p H ,  col our , or  s hear force 

va l u e s . Tope l  et �- ( 1 97 5 )  compared a l ean  and fat l i n e  of cros sbred 

p i g s  from u n spec i f i ed background , d i ffer i n g  by 6 . 4% l e an i n  the c ar

cas s . Smal l ,  non-s i gn i fi cant  d i fferences  were found for  dr i p  l o s s  

from three musc l e  groups  exc i sed from the h am ,  but i n  a l l th ree groups  

there was  a trend  t oward s h i g her dr i p l os s e s  i n  the l ean l i ne .  O l l i vier 

( 1 977 ) reported t h at n i ne generat i on s  of s e l ect i on based on  an i ndex  

comb i n i ng average da i l y ga i n  and  backfat i n  p i g s ,  res u l ted i n  a n n ua l  

decreased of 0 . 5  mm  i n  c arcas s backfat th i c k nes s ,  but  n o  ev i dence was 

found of any c h ange i n  the meat qua l i ty attr i bu tes of pH , co l our  and 

water-ho l d i ng capac i ty .  S i mi l ar conc l u s i on s  were reached by Standa l  



( 1 979 ) , who comb i ned b ac kfat th i ckness  and average da i l y ga i n  as  

se l ect i on cr i ter i a  for  e i ght  generat i on s  and  s howed 18  mm d i fference 

i n  average  b ackfat th i c k ne s s  between the two s e l ect i on l i ne s .  

The res u l t s  of t h e  present st udy, where smal l and non - s i gn i f i cant  

d i fferences were s hown between the fat  and  meaty l i nes of Southdowns 

for meat qua l i ty c haracter i s t i cs , are con s i stent  wi th the above fi n

d i ng s .  Vos  and Sybesma ( 1 9 7 1 ) conc l uded from the ir  stud i es wi th p i g s 

t h at i ncreas i ng carca s s  q u a l i ty by decreas i ng s ubcu taneous  fat wou l d  

h ave l es s  effect on  meat qua l i ty than  se l ect i on for extremes of 

musc l i ng 

q u a l i ty .  

between 

i n  wh i ch case  th i s  wou l d have a neg a t i ve effect on meat 

E s t i mates of  genet i c  re l at i onsh i ps found in the l i terat ure 

backfat depth and mu sc l e  q ua l i ty c h aracteri s t i c s  such  as  

co l o u r ,  pH , and  dr i p  l os ses  i n  p i g s were antagon i st i c  ( Ch adwi c k , 

1 977 ) .  I n  c h i ckens , the  amount of fat at d i fferent l oc a t i ons  of the 

c arc ass  was s i gn i fi c an t l y  d i fferent between two s e l ected l i nes  for or 

aga i n st  abdomi na l  ad i pose  t i s s u e ,  but  there was no ad verse effect on  

meat  q ua l i ty s uc h  as t endernes s ,  j u i c i ness , f l avour and cook i ng l os s  

( R i c ard et �. , 1 983 ) . 

5-4-2  p H  VALUES 

Mu s c l e  pH i s  l arge l y  determi ned by the concentrat i on of l act i c  

ac i d  present ( L awr i e ,  1 985 ) and as a res u l t can be u sed as an 

i mmed i ate  i nd i cator of  t he  extent of post-mortem g l yco l ys i s .  Accor-

d i ng to  Out son  ( 1 983 ) u l t i mate pH va l ues , as one of the b as i c  

b i ophys i c a l  propert i es o f  musc l e ,  h ave an i mportant i nf l uence  on many 

mus c l e  c haracter i st i c s  s u c h  as col o u r ,  water-ho l d i ng capac i ty ,  and 

t endernes s .  Several s t ud i e s h ave reported effects of p H  a t  s pec i f i c 
. t i me s  du r i ng convers i on of  mu s c l e  to meat , as wel l as the u l t i mate pH 

of  meat , on the qua l i ty of ov i ne meat ( rev i ewed i n  Sect i on 2-3-4- 5 - 1 ) .  

I n  the present study ,  across a l l exper i ments  and musc l es tested , 

u l t i mate pH va l ues  were s im i l ar i n  the two s e l ect i on l i nes , but  were 

l ow i n  compar i son wi th  p ub l i s hed va l u e s  for s heep ( Smi th et �. , 1 976 ; 

F urn i va l  et �. , 1 97 7 ;  P i n kas  et �. , 1 982 ; Aa l hus  and Pr i ce ,  1 986 ) .  

Moreover ,  the corre l at i on s  between pH v a l u e s  and certa i n carcass  

fatness  meas urements i n  th i s  study were not s i gn i f i c an t .  Th i s  fi nd i ng 

i s  i n  accordance wi th those  of Vos and Sybesma ( 1 97 1 ) and Wood et a l . 

( 1 986 ) who reported t h at there was no rel at i on between pH va l u es and 
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backfat th i ckness  for p i gs .  S i m i l ar l y  P urchas  and Dav i es ( 1 974b )  

reported l ow corre l a t i o n s  between i ntramu scu l ar fat and  pH of beef . 

I n  sheep , however , Smi th et �· ( 1 976 ) found that meat from l ean 

c arcas ses  ( fat depth C 3 . 3  mm) h ad s i gn i fi c a n t l y  h i gher pH va l ues  t h an 

d i d  meat from fat carcasses  ( fat depth C 7 . 1  mm) . A s im i l ar resu l t  

h as been reported by Lochner et �· ( 1 980 ) who found that  � l ongi s

s imus  from a l e an group  of  c att l e  ( fat depth  5 mm) h ad h i gher pH  

v a l u e s  t h an those  from a fat  group  ( fat depth 2 6  mm) . However , i n  

p i g s  Marti n and Fredeen ( 1 974b ) found t h at u l t i mate pH was 

s i gn i f i c ant l y  h i g her for the h i gh fat group than for the l ow fat 

gro up .  The compar i son  of  pH va l u es  between  d i fferent exper iments , 

h owever ,  i s  comp l i c ated by  d i fferent t i mes  and  temperature at  post

mortem age i ng ( C assens  a nd Newbo l d ,  1 966 ) . I n  the present st udy, when 

s ome of the var i ab l e  factors were overcome by u s i ng an i ma l s of s im i l ar 

breed i ng ,  comparab l e  age s and reared u nder i dent i cal  cond i t i on s ,  the 

pH  meas urements d i d  not  i nd i cate any s i gn i f i c an t  s e l ect i on effects . 

I t  was ev i dent i n  the  present s tudy that the cond i t i on s  of e l ec 

tr i c a l  s t i mu l a t i on emp l oyed were successf u l  i n  great l y  acce l erat i ng 

the  rate of pH  fal l d u r i ng post -mortem g l yco l ys i s  when app l i ed to  

c arc asses  at 2 5  to 30 m i n after de ath . Th i s  accel erat i on was  p ar

t i cu l ar l y  marked wh i l s t  the  current  was  f l owi ng , but a l so  ex i sted 

d ur i ng t he  post- s t i mu l a t i on phase .  The  acce l erat i on of  pH dec l i ne 

after s t i mu l at i on reported here was of a s im i l ar order a s  that  repor

ted by S horthose et �· ( 1 986 ) u s i ng a s im i l ar s t imu l at i o n  techn i q ue  

for s heep musc l es .  The d i fferent post-mortem mu sc l e  g l ycol yt i c  

p atterns observed for the  e l ectr i c a l  s t i mu l a t i on  treatment groups 

between Exper i ments 5 and 6 ,  cou l d  be due to  the 5 mi n greater de l ay 

i n  app l yi ng the e l ectr i c a l  s t i mu l at i on to the  c arcasses i n  Exper i ment  

6 .  These  res u l t s  are  s upported by  those of  H agyard et �· ( 1 980 ) ,  who 

reported th at the pH of � l ongi s s i mu s  a t  2 h post-mortem was 5 . 96 and 

6 . 04 for c arcasses  s t i mu l ated at 2 5  and 30 m i n post-mortem, respec

t i ve l y . A l though the e l ectr i c a l  s t i mu l at i on treatment brought about 

more rap i d  pH  dec l i ne i n  these s amp l es d ur i ng  the 6 h per i od 

i mmed i ate l y  post�s t i mu l at i on ,  th ere were no s i gn i f i cant d i fferences i n  

p H  v a l ue  after 24  h when t he  pH of t he  unst i mu l ated mus c l e  h ad fal l en 

t o  i ts u l t i mate l eve l . These res u l t s are i n  accordance wi th those of 

McCol l um and Hendr i ck so n  ( 1 9 77 ) , Dutson  et �· ( 1 982 ) ,  Mart i n et �· 

( 1 983 ) ,  Mc l ntyre and Ryan ( 1 984 ) , Takahas h i  __ et __ a l . ( 1 984 , 1 987 ) , 
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Ledward e t  a 1 .  ( 1 986 ) and So l omon et �- ( 1 986 ) , who a l s o  found no  

s i gn i f i c an t  d i fferences i n  the  u l t i mate pH of d i fferent musc l es fol -
-

l owi ng  e l ectr i c a l  s t i mu l at i on .  The � b i ceps femor i s  p l aced on  i ce i n  

the  present  s tudy h ad s i gn i f i c an t l y  nigher." u l t i mate pH va l u e s  t h an 

those  hel d at amb i en t  t emperature poss i b ly  d ue  to  those s amp l es not 

reac h i ng the i r  u l t i mate pH  va l ues  at 24 h as compared wi th the samp l es 

at amb i ent temperature . S i mi l ar res u l ts have been reported by L oc ker  

and H agyard ( 1 963 ) , who  compared u l t i mate pH from . s ternomand i bu l ar i s 

musc l e  of a cow at 2° and 25°C .  Th i s  a s sumpt i on i s  s upported by the  

fact  th at the  rate  of fa l l of  pH  depend s u pon  musc l e  temperature 

( Newbo l d  and H arr i s ,  1 9 7 2 ;  Hon i ke l  et �. , 1 981 ) ,  and pH fe l l more 

rap i d l y  at 0°C th an at 1 5°C j u st  dur i ng the f i rst few hours post

mortem , wh i l e pH  fel l more  rap i d l y  at  1 5°C dur i ng the fo l l owi ng  hours  

post -mortem { W i nger � �- , 1 979 ;  Hon i ke l  � �- , 1 981 ) .  The  

phenomenon of acce l erated post-mortem mus c l e  metabol i sm at l ower tem

peratures i s  k nown to be cau sed by col d-s horten i ng ( H amm, 1 981 ) .  Rate 

of  pH  dec l i ne was not determi ned i n  the present st udy , but  u l t i mate pH 

of � b i ceps femor i s  was h i ghest  for both 1 i nes  from i ce treatme11t . I n  

accordance wi th these  resu l t s ,  Hon i ke l  et �- ( 1 981 ) showed th at 

u l t i mate pH  at 24 h post-mortem from bov i ne neck musc l es kept at 0 . 5°C 

was h i gher ( 5 . 95 )  th an  those  kept at 1 4°C ( 5 . 52 ) . S i mi l ar re s u l t s  

h ave  been obta i ned by  W i nger et �- ( 1 979 ) . 

The d i fferences i n  u l t i mate pH among the f i ve mu s c l es exami ned i n  

th i s  study are general l y  con s i stent wi th  the resu l t s reported by Smi th 

et �- ( 1 976 ) , Furn i va l  et �- ( 1 977 ) , P i n k as et �- ( 1 982 ) and Aa l h u s  

and Pr i ce ( 1 986 ) ,  i n  s howi ng � l ongi s s i mu s  h av i ng l ower pH  v a l u e s  

t han M .  sem i tend i no s u s , � semimembranos u s  or � b i ceps femor i s ,  wi th  

� sem i tend i nosus  h av i ng the  h i ghest  pH va l u e .  S uch  d i fferences mi g ht 

be  exp l a i ned by the fact t hat s i nce  mu s c l e s  d i ffer i n  the i r  proport i on 

of red and wh i te f i bres they mi ght , therefore , d i ffer i n  the i r  pat

terns  of energy metabo l i sm ,  both ante- and post-mortem ( Beec her et  

�. , 1 968 ; Swatl and , 1 982 ; Hou l i er et �. , 1 984 ) . Ante- and post

mortem g l yco l yt i c  rates  as  re l ated to  the proport i on of musc l e  f i bre 

type s  have been wi de l y  i nves t i gated ( Ashmore , 1 974 ;  Laborde et �. , 

1 985 ) .  General l y  the  red musc l e  fi bres wou l d  be expected to  h ave 

h i g her u l t i mate pH  v a l u e s  becau se  of l ower g l ycogen contents and 

greater dependence on ox i da t i ve metabo l i sm ( Cassens  and Cooper , 1 97 1 ) .  

Accord i ng to  Swat l and ( 1 982 ) ,  red mus c l e  fi bres der i ve the i r  energy 
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aerob i c a l l y  from b l ood-borne nutr i ents and oxygen ,  wh i l e  wh i te mu s c l e  

fi bres o bt a i n  energy anaerob i c a l l y  by u t i l i s i ng th e i r  s tores o f  g l yco

gen t o  produce l actate .  I n  th i s  r espect , Sol omon et �· ( 1 981 ) s howed 

that  M .  l ongi s s i mu s  h ad a l ower proport i on  of red mu s c l e  f i bres and a 

h i gher  proport i on  of wh i t e  musc l e  fi bres than M .  semimembranos u s  i n  

s heep . I n  c att l e ,  Joh n ston et �- ( 1 981 ) a l so reported that  M .  

sem i tend i nosus  h ad more red musc l e  fi bres than � b i ceps  femor i s  or � 

semi membranosu s . S u z uk i ( 1 97 1 a ,  b )  compared several mu sc l es i n  s heep 

and conc l u ded t h at M. l ongi s s imus  had more wh i te mu s c l e  f i bres , b ut  

l e s s  red musc l e  f i bres t han  M .  semimembrano sus . The s ame author 

showed that � l ongi s s imus  h ad l e s s  wh i te mu s c l e  fi bres t han M .  s emi 

tend i n os u s , wi th  no  d i fference i n  red musc l e  fi bres . H owever , i t  

shou l d be ment i oned that S u z uk i ( 1 97 1 a ,  b )  u sed a d i fferent c l as -

s i f i c a t i on system for mu s c l e  fi bre types t han other worker s .  I n  the 

present  s t udy, a l t hough  no  s i gn i f i cant d i fferences were shown between 

the two s e l ect i on l i ne s  i n  u l t i mate pH or rate of pH dec l i ne ,  the M .  

semi tend i no s u s  from t he  fat  l i ne ,  wh i c h h ad more red mu s c l e  fi bres , 

had l ower pH v a l ues  than those  from the meaty l i ne .  I t  i s  pos s i b l e  

that the s amp l e s eval u ated for p H  were from areas of the  musc l e  wh i ch 

were not  d i fferent for mus c l e  fi bre types ,  or that the smal l d i fferen

ces i n  t he  proport i on of red mu sc l e  fi bres d i d  not h ave  an  i nf l u ence 

on u l t i mate pH of  the � semi tend i nos u s . I n  th i s  respect , S i vac he l v an 

and D av i es ( 1 981 ) reported t h at s amp l es from the centra l  port i on of 

ov i ne � semi tend i no s u s  (where s amp l es for fi bre ev al u at i on were t aken  

i n  t he  cu rrent s t udy) conta i ned a h i g her proport i on of  red mu s c l e  

fi bre , whereas the  s u perfi c i a l p ort i on o f  the s ame musc l e  ( where 

samp l es for pH eva l u at i on were taken ) conta i ned a l ower proport i on of 

red musc l e  f i bre s . 

5-4 - 3  MUSCLE F I BRE  PARAMETERS 

I n  the meaty l i ne ,  th ere was a s l i ght l y  i ncreased occurrence of 

the i ntermed i ate  and wh i te mu s c l e  fi bres i n  the M.  semi tend i nos u s ,  

apparent l y  at t he  expense o f  the proport i on o f  red musc l e  fi bre s , 

a l t hough  on l y  t he  decrease proport i on of red musc l e  f i bres was stat i s

t i c a l l y  s i gn i fi c ant . These  fi nd i ng s  are s upported by those of 

Beermann et �· ( 1 985 )  who stud i ed the effect s  of admi n i strat i on of 

c i materol ( CL263 , 780 ) on  t i s s ue repart i t i on i ng and mus c l e  metabol i sm 

i n  l amb s .  They found that  a 60% reduct i on  i n  fat th i c knes s  at the 



1 2t h  r i b  was  accompan i ed by marked reduct i on s  i n  the  proport i on of 

type I ( red ) f i bres i n  Mm . sem i tend i nosus  and l ongi s s i mu s .  

I t  i s  general ly  be l i eved th at the n umber of tota l  mu sc l e  f i bres 

i s  set at  b i rth or soon after and does not c hange d ur i ng  the l i fe of 

an a n i ma l  ( As hmore et �. , 1 9 72 ; S t i c k l and et �. , 1 97 5 ;  Swat l and , 

1 9 76 ; S i v ache l v an and Dav i es ,  1 986 ; Se i deman et �. , 1 986 ) . Th u s  

postnata l  i ncreases  i n  mus c l e  mas s are accomp l i shed b y  t he  en l argement 

of musc l e  fi bres ( hypertrophy ) . Some of the musc l e  growth i s  due to 

the e n l argement  of a l l mu s c l e  f i bres and some i s  due  to  the conver s i on 

of smal l red f i bres to  l arge wh i te fi bres . Furth ermore , i t  has  been 

s ug ge s ted that u n i d i rect i ona l  se l ect i on for l ean content  may produce  

changes  i n  musc l e  metabol i sm ( We i s s  et �. , 1 971 a ,  b ;  As hmore et �. , 

1 972 ) . The l atter authors  h ave  s uggested t hat an i ncrease  i n  the 

degree of  mu s c u l ar i ty may be ac h i eved by i ncreas i ng the  rel at i ve 

proport i on s  of wh i te mus c l e fi bres . Lax and P i s an s arak i t  ( 1 982 ) 

se l ected mi ce for h i g h  and l ow 1 0-week body we i ght for 2 7  generat i on s ,  

and found that the  h i gh we i ght l i ne had a s i gn i fi c ant l y  h i gher propor

t i on of wh i te mu sc l e  fi bres i n  the � l ongi s s i mu s .  The re s u l ts  of the 

present  s tudy s uggest  that s e l ect i on aga i nst  fatness  brought about a 

transformat i on of smal l red f i bres to i ntermed i ate and l arge wh i te 

mus c l e f i bres . I n  th i s  respect , K i es s l i ng et �- ( 1 982 ) s uggested 

that  as  wh i te musc l e  fi bres are th i cker than the red mu s c l e  f i bres , 

a l l factors wh i ch favour a transformat i on of red fi bres  i nto wh i te 

fi bres s h o u l d i ncrease  the tota l  musc l e  mas s .  Res u l t s  o f  the present 

study s uggest  t h at i n  a mus c l e  such as � sem i tend i no s u s ,  w i th dec

reased red fi bre occurrence due  t o  se l ect i on aga i n st fatnes s , there 

mi ght  be s ubt l e  s h i fts from ox i d at i ve metabo l i sm towards  g l yco l yt i c  

metabo l i sm ,  the  domi n ant metabol i sm of wh i te fi bre s .  F urther , i f  a 

s i gn i f i c an t  fr act i on of the  muscu l ature has  an a l terat i on i n  fi bre 

type occ urrence ,  i t  i s  pos s i b l e  th at mu sc l e  metabol i sm as  a who l e  

wou l d be  s l i ght l y  a l tered . However ,  the extent cannot  be  determi ned 

from the present  data s i nce  on l y  one musc l e  h as been exami n ed . 

S i m i l ar conc l u s i on s  were reported by Nostvo l d  et �- ( 1 979 ) , who found 

that  l ean  p i g s  h ad s i gn i fi cant l y  h i gher proport i on s  of  i ntermed i ate 

musc l e  f i bres t h an fat p i gs . 

I n  the  present study the  wh i te fi bres were l arger i n  d i ameter 

than  i ntermed i ate  fi bres , wh i c h were l arger t han red f i bres ; a trend 
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wh i c h i s  con s i stent  wi th res u l ts  reported by Padyk u l a  and Gauth i er 

( 1 9 70 ) , Johnston  � �- ( 1 975 ) , May et �· ( 1 977 ) and S p i nd l er et �

( 1 980 ) . 

There were on l y  s l i ght d i fferences  i n  mu sc l e  fi bre d i ameter 

between se l ect i on l i nes and between treatment  groups wi th i n  l i nes , 

wi t h  t he  fat l i ne h av i ng a sma l l er mean d i ameter for a l l three mu s c l e 

fi bres than  the meaty l i ne , b ut  the d i fferences were not  s i gn i f i c an t .  

Th i s  s uggests t h at se l ect i on for h i gh o r  l ow fat th i ckness  wi l l  n ot  

nec e s s ar i l y  cau se  a c h ange i n  the s i ze of musc l e  f i bres . These  

fi nd i n g s  are  i n  agreement wi th Nostvo l d  � �- ( 1 979 ) who u s ed p i gs 

from the  e i ght generat i ons  of  a s e l ect i on exper iment based on  a n  i ndex 

i ncorporat i ng r ate of ga i n and backfat th i ckne s s .  At approx i mate l y  87  

Kg l i ve we i g ht ,  musc l e  from l ean p i g s h ad l arger d i ameters i n  a l l 

mu s c l e  f i bre types t han fat p i g s ,  but the  d i fferences were s i gn i f i c an t  

on l y for t he  wh i te fi bres . S t a u n  ( 1 963 ) s howed t h at  there were no  

s i gn i f i cant d i fferences  i n  the d i ameter of mus c l e  fi bres i n  two s e l ec

t i on l i nes  ( l ean and obese )  of  York s h i re and D uroc p i g s .  I n  rats , 

Camp i on et �- ( 1 984 ) found th at l e an rats  h ad l arger mu sc l e  f i bre 

d i ameters t han obese ( ob/ob ) ,  wh i l e Purc h as et �- ( 1 985 ) reported no  

d i fferences between the two genet i c  l i nes  of m i ce for  musc l e  fi bre 

d i ameter . 

D i ameter d i s tr i but i on an a l ys i s  for t he  three mus c l e  fi bre types 

i n  th i s  st udy revea l ed no dev i at i ons  from normal i ty for the two 

genet i c _ l i ne s ,  b u t  the meaty l i ne  d i str i but i on was extended to the  

r i ght  of  the correspond i ng fat  l i ne i n  the  ascend i ng p art of  the  

d i s tr i b ut i on .  These  observat i on s  are i n  accordance w i th those  for 

p i g s  reported by Nostvo l d et �- ( 1 97 9 )  who a l so found that the  d i s

tr i b ut i on of the  t hree musc l e  f i bre type s  from two se l ect i on l i ne s  was  

norma l , wi th the  musc l e  f i bre d i s tr i bu t i on cu rves from the meaty l i n e  

extend i ng t o  the  r i g ht s i de of the  correspond i ng fat l i ne i n  both 

ascend i ng 

to Hegarty 

and descend i ng parts of the d i s tr i b ut i on curve .  

( 1 97 1 ) ,  f i bre d i ameter d i s tr i b ut i ons reported 

Accord i ng 

i n  the 

l i terature for farm and l aboratory a n i ma l s have been monophas i c .  

Howeve r ,  i n  beef,  Johnston et �· ( 1 97 5 )  found that the red mus c l e  

fi bres d i d  not h ave  a normal d i s tr i but i on for f i bre d i ameter i n  t he  M .  

l ongi s s i mu s , b u t  that  the d i str i but i on was  s kewed to the  r i ght  a s  a 
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res u l t of a l arge n umber of fi bres h av i ng d i ameters three or more 

s t andard dev i at i ons above the group mean . 

The overal l m u s c l e  fi bre d i ameters found  i n  the present s tudy 

were l arger th an comparab l e  v a l ues  reported i n  the l i terature for 

s heep and l amb s .  For examp l e , S u z u k i  ( 1 97 1 a )  who u sed the s ame musc l e  

and H i ght  and Barton ( 1 965 ) ,  S u z u k i  ( 1 97 2 ) , Wh i te et �· ( 1 978 ) and 

Mari nova et a l . ( 1 984 ) u s i ng d i fferent musc l es i n  s heep . Th i s  was  

probab l y  because  the s amp l es for  fi bre ev a l u at i on i n  our  st udy were 

p l aced o n  i ce wi th i n  3 5  m i n of s l aughter . Th i s  res u l ted i n  s arcomere 

l engths  th at were 38% s horter than  for the contra l ateral  mu s c l e  l eft 

o n  the c arc as s .  S u c h  a reduct i on i n  s arcomere l ength wou l d be 

a s soc i ated wi th a 27% i ncrease i n  d i ameter i f  the vo l ume rema i ned 

constant  ( Arango et �. , 1 9 70 ;  Lewi s et �. , 1 973 ; C l ancy and Her l i hy ,  

1 978 ; Jeremi ah et �. , 1 984 ) . 

I n  our  st udy , the  proporti on of red mu sc l e  f i bres was found to  be 

pos i t i ve l y  correl ated to  v ar i ou s  i nd i ces  of fat ( e . g .  total s i de fat , 

C ,  J ,  52 , GR , LG and L 2 ) ,  wh i l e the proport i on s  of i ntermed i ate  and 

wh i te fi bres s howed n egat i ve ,  but l ow corre l at i ons  wi th var i ou s  

i nd i ces o f  fat content .  H i s toc hemi ca l l y ,  red musc l e  fi bres contai n 

more l i p i d  th an wh i te musc l e  fi bres ( George and N a i k ,  1 958 ; P adyk u l a  

and G auth i er ,  1 963 ; Moody and Cassen s ,  1 968 ; H u nt  and Hedr i c k ,  1 977 ; 

S u zu k i et �. , 1 978 ) p os s i b l y  due  to the greater m i tochondr i a l content 

of red fi bres and the as soc i ated phos phol i p i d  i n  the membran e .  Me l to n  

et �· ( 1 975 ) and Ca l k i n s et �· ( 1 981 ) reported that the  proport i on 

of red musc l e  fi bres was  pos i t i ve l y  corre l ated wi th marb l i ng i n  

s teers .  S i nce  red musc l e  fi bres h ave substant i a l l y  more ox i dat i ve  

metabo l i c  capac i ty compared wi th wh i te mus c l e  f i bres , wh i ch are  g l yco

l yt i c ,  i t  i s  poss i b l e  th at red fi bres may be  assoc i ated wi th fat 

depos i t i on because red musc l e  fi bres u s e  l i p i d  as a fuel ( C assens  and 

Cooper , 1 97 1 ) .  In the  present s tudy, the pos i t i ve corre l at i ons  bet

ween red musc l e  f i bre d i ameter and var i ous  i nd i ce s  of fat content were 

s i mi l ar to those reported by May � �· ( 1 977 ) , So l omon et �· ( 1 981 ) 

and H awk i n s et �· ( 1 98�b ) . S i nce  red musc l e  f i bres con t a i n n umerou s  

l i p i d  drop l ets  and more tota l  i ntramu sc u l ar l i p i d  t h an other f i bre 

types , a pos i t i ve as soc i at i on wi th fatness  was expected . 
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The  concept t hat sensory propert i es of meat a�e re l ated to the 

proport i on s  of musc l e  fi bre types was d i scus sed by C a s se n s  ( 1 977 ) who 

conc l uded t hat the propert i es of a mu s c l e , be they v i s u a l  appearanc e ,  

phys i o l og i c a l  p arameters o r  b i oc h emi c a l  ch aracter i st i c s ,  are a ref l ec

t i on of t he  proporti ons  of types of mus c l e  fi bres present  wi th i n  that  

musc l e .  I n  th e present study,  corre l at i on coeffi c i ent s  between  h i s to

l o g i c a l  c h aracteri s t i c s  and  i nd i ces  of q ua l i ty were genera l l y l ow and 

non- s i gn i f i cant , except for s hear force va l ues , i n  wh i ch c ase the 

d i ameter of red musc l e  fi bres was  n egat i ve l y  corre l ated wi th shear 

force  v a l u es i n  Exper iment 6 on l y  ( data  not presented i n  tabu l ar 

form ) . A l though  wh i te fi bres h ave been s hown to  be pos i t i ve l y  

as soc i ated wi th  i ncreased amounts  of  connect i ve t i s s ue ( co l l agen ) 

( Se i deman , 1 986 ) ,  red musc l e  f i bres h ave been s hown to  be more s u scep

t i b l e  to  c o l d-s horten i ng ( Cornforth et �. , 1 980 ) and to n ot exh i b i t  

post-mortem degradat i on of Z - l i nes  t o  the s ame extent  ( Gann and 

Merk e l , 1 978 ) . However ,  Locker  ( 1 985 ) s t ated that the co l d  shorten i ng 

respon se  s eems to  app l y  i n  a l l mus c l es no  matter what t he  proport i on s  

were of  t he  two musc l e  fi bre types . The l atter conc l u s i on was i ncon

s i stent  wi t h  other workers ( rev i ewed i n  Sect i on 2 -3-4- 1 - 1 ) .  However , 

the present  st udy fa i l ed to confi rm As hmore • s  suggest i on ( 1 974 )  t h at 

the musc l e  fi bre type p l ays a part , not on l y  i n  rel at i o n  to quant i ty 

of mu s c l e ,  b ut  a l so i n  rel at i on t o  s heep meat q ua l i ty .  

5-4-4 REFLECTANC E SPECTROPHOTOMETRY 

The major v ar i at i on i n  the forms of myog l o b i n  present  i n  meat i s  

fi rst th e extent of oxygenat i on of  myog l o b i n  ( Mb )  to  y i e l d oxymyo

g l ob i n ( Mb02 ) a nd second l y  i n  the  l eve l  of oxi dat i on y i e l d i ng metmyo

g l ob i n ( Mb+ ) ( Snyder , 1 964 ) . The  co l our  of the  meat s u rface depends 

not o n l y on the  quant i ty of myog l ob i n  present ,  but  a l s o  on the 

re l at i ve proport i on s  of the three m a i n  s tates of myog l o b i n  present at 

the s urfac e .  The concentrat i on of each of these forms ( oxymyog l ob i n ,  

myog l ob i n and metmyog l ob i n )  i n  turn  i s  determi ned by a v ar i ety of 

factors  ( rev i ewed i n  Sect i on 2 -3 -4- 7-2 ) . In the present  st udy, to  

e l i m i n ate  t he  ante- and  post-mortem factors wh i ch affect  the  form of 

myog l o b i n ,  a l l the an ima l s i nv o l ved were approx imate l y  at the s ame 

we i ght  and age and were reared together . The on l y  k nown d i fference 

was wi th  respect to fatness . A l t h o ugh  not stat i s t i c a l l y  s i gn i f i c an t ,  

musc l es from the fat l i ne had s l i ght l y  h i gher refl ectance  v a l ues  th an  
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those  from the  meaty l i n e .  These fi nd i ng s  s upport those  of O l l i v i er 

( 1 97 7 )  who s howed th at  t he  co l o ur  s core was not  s i gn i f i cant l y  d i f

ferent between l i nes  of p i gs s e l ected for b ac kfat  th i ck nes s  and growth 

r ate .  S i mi l ar conc l u s i on s  were reached by  Fredeen a nd  M i kami ( 1 986 ) ,  

Wood � �- ( 1 986 ) and Jones  et �- ( 1 987 ) . Mart i n  and Fredeen  

( 1 974b ) reported th at t here was no correl at i on between percent trans

mi s s i on and  percent i ntramuscu l ar fat  i n  p i g s .  S i mi l ar l y , Mart i n et  

a l . ( 1 981 ) s howed th at fat  th i ckness  h ad l i tt l e or  no  rel at i ons h i p  

w i th p i g  co l o ur .  I n  l amb s ,  Hunt  et �- ( 1 97 5 )  al s o  conc l uded th at 

degree of marb l i ng i n  the M .  l ongi s s i mus d i d  not  s i gn i f i cant l y  affect 

a ny s u bj ect i ve or obj ect i ve meas urements  of  c o l our .  Jost et �

( 1 983 ) co l l ected data  from 31 5 s teer and h e i fer c arcasses  and found n o  

s i gn i f i c ant corre l at i on s  between fat content a n d  co l o u r .  Kuh l ers  et 

a l . ( 1 984 ) conc l uded t h at s ubject i ve co l o ur  s cores for pork were not 

s i gn i fi cant l y affected by l ow or h i g h bac kfat t h i c knes s . The l ow 

corre l at i on s  between certa i n c arcass  fat meas urements and ref l ect ance 

v a l ues  i n  th e present  st udy were i n  accordance  w i th the above fi n 

d i ng s .  However,  Jeremi ah  et �- ( 1 972 ) conc l uded that as  fat depth 

i nc reased from 2 . 0  to  8 . 1 mm i n  l ambs the s u bj ect i ve co l o ur  s cores ( 9  
= grey i s h  or green i s h ;  1 = very br i ght ) decreased . 

I t  i s  d i ffi cu l t  to c ompare the present  f i nd i ngs  wi th the  l arge 

n umber of reports i n  wh i ch both pos i t i ve and n egat i ve effect s  of 

e l ectr i c al  s t imu l a t i on on  mus c l e  co l o ur and u n i formi ty of mus c l e  

co l our  h ave been pub l i s hed . Th i s  i s  becau se  o f  the wi de var i ety of 

s t i mu l at i on techn i q ues  th at have been app l i ed .  The l ac k  of an effect 

of  e l ectr i ca l  s t imu l a t i on  on  co l o ur  reported h ere s upports 

f i nd i ng s  th at were rev i ewed i n  Sect i on 2-3-4 - 7 -2 . However , 

S ave l l et �- ( 1 978b , c )  a nd S a l m  � �- ( 1 981 ) found t hat a 

prev i ou s  

i n  beef , 

s i gn i f i -

c ant  i mprovement i n  l e an c o l o ur occurred when t he  rate of pH dec l i ne 

was i ncreased by e l ectr i c a l  s t i mu l a t i o n .  I n  s h eep , R i l ey et �

( 1 980a , b )  reported th at  the l e an co l o ur of  e l ectri ca l l y- s t i mu l ated 

s i de s  was s i gn i f i cant l y  i mproved when compared w i th control s i des . A 

3 6  percent i mprovement  i n  l amb l ean co l our was a l s o  found by Smi th et  

a l . ( 1 980 ) . These  d i fferences were i dent if i ed when the carcasses  were 

eva l u ated wi th i n  24 h post-mortem ( S ave l l et �. , 1 978b ) ; beyond that  

t i me no  d i fference i n  co l o u r  of s t i mu l ated and  u n st imu l ated musc l es 

ex i s ted . Bowl es  et �- ( 1 983 ) s uggested t h at tenderness  i mprovement  

a nd the  more rap i d  pH dec l i ne of e l ectr i ca l l y- s t i mu l ated mu s c l e  may be  
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assoc i ated w i th a more open  musc l e  struct ure , wh i ch i n  turn  may res u l t 

i n  greater ref l ectance  propert i es of the mu s c l e  caus i ng i t  to appear 

l i g hter . The open s t ruct ure wou l d a l s o  be re l ated to a greater oxygen 

i ncorporat i on by the  musc l es .  On the other h and , Buts  et �· ( 1 986 ) 

s ug gested th at the  effect of e l ect r i c a l  s t i mu l at i on on c o l o u r  

( br i ghtnes s )  was t he  res u l t  o f  t h e  acce l erated denat urat i on of 

protei n s . H owever , Bre i denste i n et �· ( 1 968 )  reported that l arge 

amounts  of marb l i ng i nterfered wi th co l our  refl ectance meas urements  

and  gav e  

po i n ted 

l i ghter co l o ur  v a l u e s . Van  Den Oord and Wesdorp ( 1 97 1 ) 

o ut  th at a h i g her fat content res u l t s  i n  h i gher ref l ectance 

between 400 a nd 700 nm.  S i m i l ar resu l t s were obtai ned by v a l ues  

E l l i ot ( 1 967 ) i n  exper i ments  wi th meat s l i ces  conta i n i ng cores of  fat 

of varyi ng d i ameter . 

The re l at i ons h i p  of u l t imate pH to  meat c o l o ur i s  we l l documented 

wi th a h i gh pH  g i v i ng a darker meat co l o ur ( rev i ewed i n  Sect i on 2-3-4-
7-2 ) .  I n  general , t he  ref l ectance va l u e s  i n  th i s  st udy for four  

mu s c l es  were not  affected s i gn i f i cant l y  by u l t i mate pH probab l y  

because n o  part i cu l ar l y  h i gh pH v a l ues  were observed . 

Among  four d i fferent mu s c l es  i n  th i s  s t udy the � sem i tend i no s u s  

h ad t h e  h i ghest  ref l ect ance va l u e s  and t h e  � sem imembranos u s  h ad the  

l owest  v a l ues  wi th the � l ongi s s i mus  and � b i ceps femor i s  i n ter

med i ate .  Jeremi ah et �· ( 1 985 ) a l so  showed t h at beef � l ongi s s i mu s  

h ad h i gher  ref l ect ance v a l u es t h an d i d  � sem imembranos u s .  Tem

perature treatments ( on i c e v s  amb i en t )  h ad a marked effect on  

ref l ectance v a l ues  for M .  b i ceps femor i s .  Mus c l es at amb i ent tem

perature i n  the present  work h ad s i gn i f i c an t l y h i gher ref l ectance  

v a l u e s  than  those kept  o n  i ce p art i cu l ar l y  at 6 30 nm wh i ch in  th i s  

case  ref l ected the re l at i ve proport i on of oxymyog l ob i n  ( Mb02 ) on the  

meat s urfac e .  Th i s  i mp l i es that � b i ceps femor i s from the  i ce treat

ment  h ad a c l o ser m u s c l e  s truct ure as a res u l t of con trac t i on of  

myofi br i l s  wh i ch i n  t urn  may produce  l ower ref l ectance v a l u e s .  

Converse l y ,  M .  b i ceps femor i s  h e l d  at amb i en t  temperature h ad h i g her  

ref l ectance v a l ues  pos s i b l y  a s  a res u l t 

s uggested by B owl es ..!. �· ( 1 983 ) .  I n  

s ug ge sted t h at the r ate  o f  c hange of 

post -mortem g l yco l ys i s  c an mod i fy the 

of  metmyog l ob i n  ( MetMb ) format i on .  

of an open mus c l e  structure as  

th i s  res pect , Ledward ( 1 985 ) 

temperature of musc l e  d u r i ng  

perce i ved co l our i ndependent l y  

I n  add i t i on ,  the  oxygen  
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con s umpt i o n  r ate 

s l owl y ,  c h i l l ed 

i s  l i ke l y  to  be  l ower i n  rap i d ly ,  

meat  ( Atk i nson  and  Fo l l et t ,  1 973 ) , 

as opposed to  

and th i s  w i l l  

i nh i b i t  t h e  format i on of the br i ght red oxymyog l ob i n ,  g i v i ng a darker 

overal l a ppearanc e .  Furthermore , Brown and Dol ev ( 1 963 ) s uggested 

that temperature h a s  a profound effect on ox i d at i ve react i on rate s .  

They reported do u b l i ng the r ates by i ncreas i ng the temperature from 

0°C to 1 0°C .  A s i mi l ar conc l u s i on h as been reached by S nyder and 

Ayres ( 1 961 ) .  I n  accordance wi th the  present study, P urchas  ( u npub

l i s hed data )  app l i ed s i mi l ar post-mortem treatments ( on i c e  v s  

amb i en t )  for � l ongi s s imus  of  s teers and  showed that the s amp l es from 

amb i ent t emperature h ad s i gn i fi c an t l y h i gher refl ectance v a l u e s  at 630 

nm than those  from the col d treatment . 

5-4-5  EXPRESSED  JU I CE 

Water retenti o n  of meat i s  s u pposed to be cau sed pr imar i l y  by an 

i mmob i l i s at i on of t i s s ue  water wi th i n  the myofi bri l l ar system ( H amm , 

1 981 ) .  Offer and Tri n i ck ( 1 983 ) prov i ded ev i dence that  most  of the 

i mmob i l i sed water was l oc ated wi th i n  the  th i ck fi l aments  and between 

the th i c k  and th i n  f i l aments of t he  myofi br i l .  I t  can be  expected by 

u s i ng a pre s s  method that a s h i f t  of water takes p l ac e  from the 

i ntracel l u l ar i nto the extracel l u l ar space and then onto t he  meat 

s urface as  a resu l t  of structura l  a l terat i on s  at the l ev e l  of the 

s arcomeres or of t he  myofi l ament  structure . I n  the present  

s l i ght but  non- s i gn i f i cant d i fferences  in  expres sed j u i ce were 

between t he  two s e l ect i on l i ne s  wi th  the musc l es from the  fat 

st udy, 

fou nd 

l i ne 

h av i ng more expre s sed j u i ce t han  the  musc l es from the  

Hawrysh et �- ( 1 975 ) found that  expressed j u i ce l eve l s 

meaty l i ne .  

for fatter 

beef s amp l es were h i gher than those  from l eaner s amp l e s  wh i ch i s  i n  

agreement wi th  the present res u l t s .  I n  contrast , Gadd i s  et �- ( 1 95 0 )  

found that  t he  percent  o f  expres sed j u i ce became l ower w i th  i ncreases  

i n  fat  c o ntent  and  attri buted th at to  an  i ncrease in  the  percent of 

fat i n  expres sed water .  Sator i us and C h i l d  ( 1 938)  i nd i c ated th at no  

re l at i ons h i p  ex i sted between fat content  and  the amount of expressed 

j u i c e .  As an  exp l an at i on for these d i fference s ,  Hawrysh et �· ( 1 97 5 )  

s uggested t h at mar b l ed s amp l es from t h e  fat carcasses were s ofter , 

permi tt i ng the  expre s sed musc l e  to  s l i de out and cover a l arger are a ,  

t h u s  enab l i ng t he  fi l t er paper t o  absorb  l arger amounts o f  fat . L i n  

et �- ( 1 985 ) conc l uded that expres sed j u i ce was the meas ure  for bound 

31 3 



mo i sture i n  musc l e  and was not affected by the d i fference s  i n  fat 

content i n  t h e s e  mu s c l es ,  but the s l i g ht l y  h i g her expres s ed j u i ce for 

fatter s amp l es probab l y  ref l ects t h e  i ncrease i n  percent fat expressed 

rather than  act u al  i ncreases i n  j u i ce expres sed . 

I ncon s i stent  f i nd i ng s  have  been reported on  the effect of e l ec

tri ca l  s t i mu l a t i on  on water-ho l d i ng capac i ty of meat s amp l es .  

However , t he  present  res u l ts s upport the conc l u s i on t hat  n o  effect 

ex i sts ( rev i ewed i n  Sect i on 2-3-4-6-2 ) .  Many stud i es h ave  reported 

s i gn i fi cant l y  n ega t i ve corre l at i on s  between pH and water-ho l d i ng 

capac i ty i n  meat  ( rev i ewed i n  Sect i on 2 -3-4-6-2 ) .  Th i s  i s  the  expec

ted s i tu at i on becau se  l es s  expres sed j u i ce sho u l d  be expected as pH 

r i ses and moves  away from the average  i soe l ectr i c  poi n t .  The present 

res u l ts revea l ed neg a t i ve correl at i on s  between the two var i ab l es ,  b ut  

these were ge nera l l y  not s i gn i f i c a n t .  The  d i fferences  i n  water

hol d i ng c apac i ty between three musc l es ( Mm .  semi tend i no s u s ,  b i ceps 

femor i s ,  and s emi membranos u s )  h ave been reported by Bo uton  et �· 

( 1 97 1 ) w i th M .  s emi tend i nosus  h av i ng th e h i ghest water-ho l d i ng 

capac i ty compared to the other two musc l es .  However , i n  p i g s ,  L i n  � 

�· ( 1 985 ) found th at  the amount of  expressed j u i ce of three  d i fferent 

mu sc l es was not  stat i s t i ca l l y  d i fferent between the musc l e s s t ud i ed .  

The i nf l u ence of post-mortem temperature of s heep mu sc l es on  

expressed j u i ce i s  of  pract i ca l  i nterest ,  part i cu l ar l y  t he  effect of 

l ow temperatures  because  u nder s u c h  cond i t i on s , not on l y  r i gor mort i s ,  

but al so  c o l d s horten i ng cou l d i nf l u e nce the  expres sed j u i ce of the 

meat . Howeve r ,  c l e ar i nformat i on on  the  i nf l u ence of c o l d s horten i ng  

on th e expres s ed j u i ce of sheep  musc l es i s  not ava i l ab l e .  In  the 

present s t udy ,  the � b i ceps femor i s  s amp l e s wh i ch were h e l d at 0°C 

had s i gn i f i c a nt l y  l ower expres sed j u i ce v a l ues  than t ho se  kept at 

amb i ent temperature.  Fab i ansson  e t �- ( 1 984 ) reported t h at  beef meat 

s amp l es th at h ad been rap i d l y  c h i l l ed h ad a h i gher water-ho l d i ng 

capac i ty and s i m i l ar l y  the myofi br i l l ar prote i n water-ho l d i ng c apac i ty 

was h i g her , i nd i ca t i ng l es s  prote i n  denaturat i on and probab l y  a pH 

effect . The i r fi nd i ng s  are i n  accordance wi th those of  t h e  present 

study. I n  contrast , Bouton et �- ( 1 972a )  s howed th at s tretched deep 

pectoral m u s c l es from ov i ne ( s arcomere l ength 2 . 8  to 3 . 0  �m )  h ad a 

h i gher water- h o l d i ng capac i ty t h a n  i ts co l d - s hortened counterpart 

( s arcomere l ength  1 . 3 to  1 . 5 �m) . They con c l u ded that p art  of the 
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d i fference i n  water-ho l d i ng capac i ty between these musc l es wou l d  be 

due  to  th e c o ntract i on st ate of the s arcomere and hence  to  the number 

of water- ho l d i ng capac i ty s i tes av a i l ab l e ,  b ut  the range of s arcomere 

l ength was  greater t h an that of  the present study. Hon i ke l  et �· 

( 1 986 ) s uggested that  the  c l os e  and a l most l i near rel a t i o n s h i p  between 

shorten i ng of  the s arcomeres i n  the pre-r i gor  state and d ur i ng the  

onset of  r i gor mort i s  and  the extent  of  dr i p  l os s  dur i ng the  storage 

of meat post-r i gor i s  another factor wh i ch i nf l uence s  the water

hol d i ng c a pac i ty of meat . However , Hon i ke l  et �· ( 1 981 ) i ncubated 

bov i ne neck  musc l es between 0°C and 30°C soon after s l aug hter for up 

to 24  h and found t hat temperature h ad no  effect on  water-ho l d i ng 

capac i ty of t he  mus c l es .  The l atter res u l t  i s  a l so i n  agreement wi th 

th e report of  Jo l l ey et �· ( 1 980/1 981 ) t hat post-mortem c h anges i n  

water-h o l d i ng capac i ty meas ured by a f i l ter-press method of  r aw i nt act  

neck  bov i ne musc l e ,  were not  i nf l uenced by the range of temperatures 

from - 1 °C to 30°C .  

5-4-6 P ERCENT COOK I NG LOSSES 

Cook i ng l o s s  v a l ues  from the musc l es tested i n  th i s  study,  when 

expressed a s  a percent of i n i t i a l we i ght , were s l i g ht l y , but  not 

s i gn i f i c an t l y  h i gher i n  the fat l i ne than i n  the meaty l i ne .  The 

smal l d i fference between the percent cook i ng l o sses  from the meaty and 

fat l i ne s  s ug gests  th at there i s  much l es s  effect of the fat content 

on the  we i g ht loss when an i ntact musc l e  samp l e  i s  presented . S i mi l ar 

res u l t s  were reported by R i l ey et �· ( 1 983a )  who found t hat the 

th i cknes s of  b ackfat d i d  not affect the cook i ng l osses i n  beef . How

ever , Smi th e t �· ( 1 976 ) reported t h at cook i ng data from l amb s wi th 
• 

th i ck fat depth  s u s t a i ned greater cook i ng l os ses  than d i d  musc l es from 

l amb s wi th  th i n  fat depth s .  They s ugge sted t hat these d i fferences may 

h ave  refl ected the l ower pH and thu s t he  l ower water-ho l d i ng c apac i ty 

of s uc h  m u s c l es ,  

fat d ur i ng  cook i ng .  

or they may h ave resu l t ed from greater render i ng of 

So l omon et  �· ( 1 980 ) reported t h at d i fferences 

in  cook i ng l osses  among r i b  roasts  cooked under s i mi l ar cond i t i on s  

were d u e  p r imari l y  to  d i fferences  i n  fatnes s ,  a s  l e aner roasts  h ad 

more cook i ng l o sses . I n  beef , Coste l l o  et �· ( 1 985 ) s h owed t h at 

restruct u red steak s that  contai ned 25% fat h ad s i gn i f i c a nt l y  greater 

cook i ng l o s s e s  t han s teak s wi th 1 5% or  20% fat . Howeve r ,  i n  th e i r 



work the  fat p ercent  d i fferences  were much greater t han i n  t h e  present 

s tudy. 
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Numerou s  reports h ave a l so i nd i c ated th at fol l ow i ng e l ect r i c a l  

s t i mu l at i on percent cook i ng l o sses i s  e i ther decreased ( E l ga s i m  et 

�. , 1 981 ) ,  u n c h anged ( Gr i ffi n et �. , 1 981 ; B ab i ker and Lawr i e ,  1 983 ; 

Bowl e s  et �. , 1 983 ; Wood and Froh l i ch ,  1 983 ) ,  or i nc reased ( S ave l l � 

�. , 1 9T8a ;  Greathouse  et �. , 1 983 ; L ewi s and B ab i ke r ,  1 983 ) . 

However ,  i t  i s  d i ffi cu l t  to rel ate these  fi nd i ngs to  the  res u l t s  

obta i ned i n  t he  present s t udy or t o  each other , d ue  t o  t he  w i de 

var i ety of s t i mu l a t i on and cook i ng techn i q ues empl oyed . The re s u l t s 

of the  present  s t udy do , however , s upport f i nd i ng s  from prev i ou s  work 

i n  wh i ch sheep were u sed ( R ash i d  et �. , 1 983b ) , and where a l terat i on s  

i n  cook i ng l o s s  d u e  to st i mu l at i on were not  observed . 

A reduct i on i n  cook i ng l o ss  percent of � b i ceps femor i s  d u e  to 

co l d s horten i ng i n  the present s t udy agrees w i th other resu l t s ( Locker  

and  D a i nes , 1 97 5 ,  1 976 ) .  However ,  L ocker  and  D a i nes  ( 1 974 ) reported 

th at a s i gn i f i c an t  2 9% s horten i ng between c o l d-s hortened and contro l  

musc l es h ad n o  effect  on coo k i ng loss  percent .  A s i mi l ar res u l t was  

obta i ned by Hon i ke l  e t �· ( 1 981 ) .  Davey and G i l bert ( 1 975 ) , however , 

found cook i ng l o s s  p ercent i ncreased wi th degree of co l d s horten i ng 

from th i n  s tr i ps of  musc l e s .  Accord i ng to  Loc ker and D a i ne s  ( 1 976 ) 

the major i ty of fi bres i n  col d-s hortened meat were cr i mped , and t h e  

effect i ve f i bre l ength  w a s  greater for the  s ame l ength o f  p i ece t h a n  

i n  u n s hortened meat . Loc ker and Dai nes  ( 1 97 4 )  suggested t h a t  cook i ng 

l o s s  percent was pos i t i ve l y  re l ated to  l ength al ong the  f i bre , and 

s i nce  the M .  b i ceps femor i s  s amp l es on  i ce for 24 h h ad s i gn i f i c ant l y  

shorter s arcomere l ength s  than those at amb i ent temperature , s o  a 

l ower l o s s  on  cook i ng shortened s amp l es wou l d  be expected . The s i g

n i f i c an t l y  h i gher  pH of the M .  b i ceps femor i s  on i ce may h av e  

acco unted for t he  greater water-ho l d i ng c ap ac i ty .  

Bouton  et �· ( 1 972a )  r eported i ncreased cook i ng l os s  wi th  age i ng 

and s uggested t h at  i t  was rel ated to t he  s ame myofi br i l l ar prote i n  

struct ura l  c h anges  wh i ch produced the i mproved tenderne s s  a s s oc i ated 

wi th the age i ng proc e s s .  However ,  age i ng for 1 5 -days i n  the present  

st udy d i d  not  affect the M .  s emimembranosu s  cook i ng l os ses  from the  

two s e l ect i on l i nes . I n  the  present st udy and acros s  a l l exper i ments , 



the M .  s em i tend i no s u s  h ad the h i g hest  percent cook i ng l o s s  wh i l e the 

M.  l ongi s s i m u s  had t he  l owest and the  other two musc l es ( Mm .  sem i 

membranos u s  a nd b i ceps  femor i s )  were i ntermed i ate .  D i fference s  i n  

percent cook i ng l os se s  between d i fferent musc l es reported by R as h i d  et 

�- ( 1 983b )  were i n  co ntrast wi th the  present study i n  that � l ongi s 

s imus  had h i gher  va l u e s  than � sem i tend i no s u s  i n  l amb s .  

5-4- 7 WARNER-BRATZLER  SHEAR FORCE VALUES 

Reported re l at i on s h i ps between fatness  and meat tenderness have 

i nd i c ated t h at  i ncre ases i n  s ubcutaneous  fat th i ckness  may i mprove 

meat tenderne s s  by decreas i ng the rate of post -mortem c h i l l i ng 

( rev i ewed i n  Sect i on 2-3-3- 1 -2 ) .  Therefore ,  the quest i on of whether 

se l ec t i on for or  aga i n st  fatness  affected meat tenderness  was of 

part i cu l ar  concern . Th i s  quest i on was addres sed by e l ectr i ca l l y  

s t imu l at i ng h a l f the carcas ses and by app ly i ng severa l  treatments  to 

musc l es w i th i n  eac h c arcass , s o  t hat the effect of s e l ect i on l i ne 

co u l d  be ev a l u ated not  on l y  on sh ear force va l ues , b ut  a l s o  on the 

response of  s h e ar force va l ues  to  these treatments . The wi th i n 

carcass  treatments  i nc l uded subcutaneous  fat t r immi ng  from one s i de 

over M .  l ongi s s i mu s ,  age i ng of � semi membranosus for 1 or 1 5  days and 

s ubj ect i ng one � b i ceps femor i s  to  co l d - s horten i ng cond i t i on s .  

5 -4- 'l- 1 L i ne Effects 

The re l at i o ns h i p between fatness  and tenderness h as been i nves

t i gated by many workers , and the general  conc l u s i on h a s  been  that 

i ncreased s ubcu taneou s  fat th i ck nes s  may i mprove the tendernes s of 

meat throug h  i ts effect on the r ate  of post -mortem c h i l l i ng .  Two 

pos s i b l e  mech a n i sms for these observ at i on s  are f i rst by t he  prevent i on 

of co l d  s horten i ng and s econd l y  by the acce l erat i on of p roteo l yt i c  

c hanges  ( rev i ewed i n  Sect i on 2-3-3 - 1 -2 ) .  The former mec h an i sm wou l d  

app l y  when we l l � i n s u l a ted carcasses  w i th a th i ck l ayer of s ubcutaneous 
' 

fat are compared wi th those  i ns u l ated by a th i n  l ayer of s ubcu taneous 

fat , espec i a l l y  when th e carcasses  are s ubjected to  fast c h i l l i ng 

( Lochner et �- , 1 980 ) . I n  the present s tudy, o n l y  s l i ght d i fferences 

were found between t h e  two se l ect i on l i nes for shear force va l ues , 

wi th va l u e s  b e i ng non-s i gn i f i �ant l y  l ower for s amp l es  from the fat 

l i ne .  I n  th i s  respect , Al -Barharwe ( 1 966 ) reported non - s i gn i f i cant 
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negat i ve genet i c  and phenotyp i c  corre l at i ons  between fat t h i ckness  and 

s hear force va l u e s  i n  sheep . Howeve r ,  i n  an  i nve s t i g at i on of the  

effects of s ubcutaneous fat depth  on  l amb tendernes s ,  Smi th et  a l . 

( 1 976 ) s howed that tenderness i ncreased s i gn i f i cant l y  wi th  i ncreas i ng 

fat cover d ue  to the  s l ower cool i ng r ate .  I n  cattl e ,  a s i mi l ar con

c l u s i on h as been reac hed by Jenn i ng s  et �- ( 1 978 ) . On the other 

h and , on l y  s l i ght l y  shorter s arcomere l engths  were s hown for mu sc l es 

from c h i l l ed s i de s  of the meaty c arcasses  as compared to  the  fat ones 

i n  the present  study,  suggest i ng  that very l i tt l e  co l d  s horten i ng took 

p l ace .  Moreover , the ch i l l i ng rates  for the  meaty l i ne c arcasses , 

a l though  faster ,  were not  s i gn i f i cant ly  d i fferent from those  of  the  

fat  l i ne c arc asses , so  d i fferences  due  to  i n s u l at i ng effects  wou l d  not  

be  expected to  be  very l arge . These  res u l t s  were po s s i b l y  due  to  the 

fact th at  a l l carcas ses  i n  th i s  st udy had a reasonab l e fat cover , were 

qu i te l arge and were not tran sferred to the coo l er unt i l 1 00 mi n post

mortem . I n  contrast ,  Smi th et �- ( 1 97 6 )  u s ed carcasses  t hat were 

l i g hter and that had l es s  fat t han those i n  the present st udy, and 

they tran sferred t hem to the coo l er at 1 °C wi th i n  40 m i n post -mortem .  

Temperatures a t  4 h post-mortem for the two stud i es ( 1 8° t o  2 5°C vs  

3 . 8° to  7 . 9°C )  prov i de ev i dence t hat the r ates of  temperature dec l i ne 

were muc h fas ter i n  the st udy of Smi th � �- ( 1 976 ) . F u rthermore , a 

pos i t i ve corre l at i on between meat tenderness  and very ear l y  post

mortem temper ature i n  beef has been reported by Lochner et �· ( 1 980 ) , 

Marsh ( 1 983 ) , and Petaj a  et �- ( 1 985 ) . Th erefore , the  1 00 mi n 

at 1 8° t o  1 9°C pr i or to c h i l l i ng i n  the present st udy m i g ht h ave 

decreased t h e  benefi c i a l effect s  of s ubcu taneous fat as  an  i ns u l ator 

and th i s  co u l d h ave contr i buted i n  part to the non - s i gn i f i can t  

d i fferences  i n  meat tenderness between  t he  f at  and meaty c arcas ses . 

5-4 - 7 - 2  L i ne Effects  on the  Res ponse to E l ec tri c a l S t i m u l at i on 

I n  t h e  present st udy, e l ect r i c a l  st i mu l at i on was app l i ed to ha l f 

the carc a s se s  to test the hypothes i s  that accel erated c arcass  con

d i t i on i ng mi g ht reduce  the benefi c i a l effects of fat as  an  i ns u l ator . 

The res ponse  of both l i nes  to e l ectr i ca l  s t i mu l at i on was an  i ncreased 

rate of pH dec l i ne d ur i ng the fi r st  2 h post -mortem, and a s i gn i fi cant 

decrease i n  s hear force va l u e s ,  but  the i nteract i on s  between 

s t i mu l a t i on  and se l ect i on l i nes  were not s i gn i f i cant .  I n  beef ,  R i l ey 

et a l . ( 1 983b )  conc l uded that a fat th i ckness  of 7 . 6  mm or  more may 
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mi n imi se  th e benef i c i al effect s of e l ectr i c a l  st i mu l at i on .  I n  the 

present s t udy ,  the l ac k  of an  i nteract i on between fatness  and 

s t i mu l at i o n  wi th res pect to tenderne s s  cou l d  be due to  the l eve l of 

fat th i ck ne s s  be i ng suffi c i ent to  decrease cool i ng rates for both 

l i nes  and due t o  the cond i t i on i ng wh i ch took p l ace d ur i ng  the 1 00 mi n 

pr i or  to  c h i l l i ng .  Accord i ng to Dutson  et �- ( 1 982 ) , i mprovements i n  

meat tendernes s do not res u l t from e l ectr i ca l  s t imu l at i on u n l e s s  i t  

marked l y  acce l erates post -mortem g l yco l ys i s .  A s i mi l ar conc l u s i on has  

been reported by Wu et �- ( 1 985 ) . I n  the present study ev i dence of 

the effect i veness  of the e l ectr i c a l  s t i mu l at i o n  tec h n i q ue i n  

acce l erat i ng g l ycol ys i s  for both fat and meaty l i ne carcasses  was 

prov i ded by t h e  con s i stent l y  l ower pH  va l ues  for s t i mu l ated samp l es 

d ur i ng t he  8 to  1 0  h per i od i mmed i ate l y  post -mortem .  S u c h  f i nd i ng s  

are i n  agreement  wi th t he  reports of J eremi ah et �· ( 1 985 ) , S horthose  

et �- ( 1 986 ) and So l omon et �- ( 1 986 ) . However , Marsh ( 1 983 ) s ug 

gested t h at t he  rap i d  drop i n  pH assoc i ated wi th e l ectr i c a l  

s t i mu l at i on wa s  not ent i rel y respons i b l e  for t he  tendernes s  i mprove

ment , b u t  t h at e l ectr i ca l  s t i mu l at i on exerted mo st of i ts t ender i s i ng 

effects through  mu s c l e-fi bre d i srupt i on .  He  s ugge sted that  s l ow ,  

rath er than  rap id  g l yco l ys i s  promoted tenderness  and  t h at mu sc l e  

temperature at 3 h post -mortem was muc h more cr i t i cal  t han musc l e  pH . 

I n  the  present st udy, musc l es from c arcasses  st imu l ated at 25  mi n 

post -mortem i n  Exper i ment 5 were s l i ght l y  more tender than  the  same 

musc l es st i mu l ated at 30 mi n post -mortem from Experiment 6 .  The 5 m i n 

d i fference i n  st i mu l at i on t i me a l s o  i nf l u enced the rate of  pH  dec l i ne .  

S i mi l ar ly ,  Hagyard et �- ( 1 980 ) s howed that mus c l es from c arcasses  

s t i mu l ated 25  m i n  post -mortem were s l i g ht l y  more tender than  those  

s t i mu l ated 30 m i n post -mortem .  They conc l u ded that  the t i me of s t i mu 

l at i on was very important s i nce  wi th s t i mu l at i on at l ater t h an 25  t o  

30 mi n post -mortem t he  pH a t  2 h wa s  s i gn i f i cant l y  above 6 .  F urther

more , ac cord i ng to Chrysta l l and Oev i ne ( 1 978 ) if the d e l ay i s  

protracted , then  the mus c l e  pH can  have  fa l l en cons i derab l y ,  reduc i ng 

the  magn i tude  of the pH drop ach i eved on eventual l y  app l y i ng the 

s t i mu l u s . I n  th i s  respect , l i near re l at i on s h i ps between t i me post 

mortem a t  wh i ch s t imu l at i on t akes  p l ace  and meat tenderne s s  h ave  been 

s hown by Hagyard et �· ( 1 980 ) .  

3 1 9  



5-4- 7 -3 L i ne Effect s  on  the Response  to  F at Tr i mm i ng 

� l ongi s s i mu s  from carcas ses  of the  two s e l ect i on s  l i nes d i d  not 

d i ffer s i g n i f i cant l y  i n  the extent to wh i ch shear force i ncreased and 

s arcomere l ength decreased i n  response to remov i ng the s ubcutaneous 

fat from over the musc l e .  The s horter s arcomere l engths  and h i gher 

shear v a l u e s  i n  the M .  l ongi s s i mu s  from fat-tr immed s i de s  i nd i cated 

that c o l d s horten i ng contr i bu ted to  the t enderness d i fferences . I t  i s  

i nterest i ng t o  note that the musc l e  temperature d i fferences between 

tr immed and  untr i mmed s i de s  was on l y  about 2°C for t he  f i rst  8 h from 

the 24 h ch i l l i ng peri od . Yet even suc h a re l a t i v e l y  sma l l d i fference 

i n  temperat ure apparent l y  caused a s i gn i f i cant d i fference i n  sarcomere 

l ength . I n  ac cordance wi th these resu l t s ,  Smi th � �- ( 1 976 ) repor

ted s i gn i f i cant  d i fferences between tr immed and untr i mmed s i des  of 

l amb for i n ternal  temperature of the � l ongi s s i mus  d ur i ng  c h i l l i ng at 

1 ,  2 ,  and 3 h post -mortem and i n  tendernes s .  S i mi l ar res u l ts  were 

reported i n  beef by Meyer et �- ( 1 977 ) , and Lochner et �- ( 1 980 ) 

stated t h at i n  the f i rst few hours  after s l aughter the  temperature of 

tr immed s i de s  of beef fel l more rap i d l y  even if exposed to muc h mi l der 

than c o l d-c h i l l i ng cond i t i ons . The response of tr immed and untr immed 

M .  l ongi s s i mu s  t o  e l ectr i c a l  s t i mu l at i on i n  the present  st udy showed 

that t h e  treatment brought about a marked i mprovement i n  meat tender

ness for musc l es from both s i de s ,  but that the mus c l es  from the 

tr immed s i de res ponded s l i g ht l y  more . These res u l t s are i n  agreement 

wi th the s uggest i on of Save l l e t  al . ( 1 978a ) t h at e l ectr i c a l  

s t imu l a t i on wi l l  benefi t the  tenderness  of meat from tr immed carcasses  

more t h an th at from untr immed carcasses . 

5 -4- 7 -4 L i ne Effects o n  the  Response  to  C o l d - shorten i ng 

Cond i t i ons 

A common l y  accepted cr i ter i on for co l d s horten i ng i n  l ambs i s  

that i t  wi l l  occur on l y  i f  t he  meat temperature drops  be l ow 1 0°C 

before t h e  pH  has  reached 6 . 2  ( Benda l l ,  1 972 ) . I n  the present study, 

co l d - s horten i ng cond i t i ons  produced changes i n  shear force va l u e  and 

s arcomere l ength for � b i ceps femor i s  wh i ch were very s i mi l ar for the 

fat and meaty l i nes . I n  contrast , Purchas  and Dav i es ( 1 974b )  s howed 

s i gn i f i c ant  negat i ve re l at i on s h i ps between shear force v a l ues  and 

i ntramu s cu l ar fat percent for M .  s em i tend i no s u s  wh i ch was permi tted to 
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co l d-shorten at 2° to  4°C for 24 h .  S i mi l ar conc l u s i on s  h ave  been 

reached by P urchas  � �- ( 1 979 )  w i th  s heep .  However ,  the propor

t i ona l  i nc rease  of i ntramu scu l ar fat percent ( 1  to  5% ) was muc h 

greater than  t he  present s tudy ( 4  to  9% ) .  The res u l t s of the  present 

st udy conf i rm those of  other stud i es i n  showi ng that the  extent of 

s horten i ng d ur i ng  the e ar l y  post-mortem per i od decreases tendernes s  to 

a remarkab l e  degree ( rev i ewed i n  Sect i on 2-3-4-3 - 1 ) .  

The genera l l y  ac cepted fi nd i ng t hat col d shorten i ng of meat can  

be reduced by  app l yi ng  el ectr i ca l  s t im u l a t i on  ( rev i ewed i n  Sect i on 2-

3-4-3-2-2 ) was  s upported by the res u l t s  of th i s  st udy, wi th t he  

mus c l e s  from the  unst i mu l ated grou p  h av i ng shorter s arcomere l engths  

and  h i gher s hear force va l ues  than  those  from the  s t i mu l ated group .  

I n  accordance  wi th these  resu l t s ,  Bo uton e t  � - ( 1 980 ) s u ggested that 

the major effect of e l ectr i c a l  s t i mu l at i on was the prevent i on of co l d 

s horten i ng ; wh i l e George et �- ( 1 980 ) and Mart i n  et �- ( 1 983 ) repor

ted th at very rap i d  cool i ng soon after s l aughter red uced the 

e l ectr i c a l  st i mu l at i on effect to al most  zero , not i ng ,  therefore , that 

the extra tender i sat i on coul d not b e  ent i re l y  due to mu s c l e  damage 

dur i ng st i mu l at i on .  

5-4-7-5  L i ne Effec ts on the Res ponse  to Age i ng 

The age i ng treatment  i n  th i s  s t udy showed that M .  semi membrano sus  

aged for 1 d ay was  s i gn i f i cant l y  toug her t han that aged for 1 5  days 

wi th the  shear-force v a l u es for both fat and meaty l i nes s howi ng an  

average red u c t i on of  28% to 33% between 1 and  1 5  days age i ng for 

Exper i ments 5 and 6 res pect i ve l y . These fi nd i ng s  su pport those of 

many other workers  ( rev i ewed i n  Sect i on 2-3-4-4-2- 1 ) . The s hear force 

of the meaty l i ne samp l es dropped s l i ght l y  more between 1 and 1 5  days 

age i ng than  those  from the fat l i ne ,  b u t  the i nteract i on was not 

s i gn i fi can t .  

The pos s i b i l i ty th at e l ectr i c a l  s t i mu l at i on i nfl uences t h e  rate 

of tender i s at i on d ur i n g  age i ng has been the s u bj ect of a n umber of 

i nvest i gat i on s ,  b u t  the resu l ts  have been var i ab l e . I n  t he  present 

c ase ,  e l ectr i c a l  s t imu l at i on h ad a muc h l arger and more s i gn i f i cant  

effect on s hear force va l ues  of � sem i membranosus  at  1 day than at 1 5  

d ays . These res u l t s  are i n  good agreement  wi th  Mo l l er et �- ( 1 983 ) 
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who u s ed s i mi l ar s t i mu l at i on techn i q ues  and found that st i mu l a t i o n  h ad 

a s i gn i f i cant  effect on  shear force v a l u es from ov i ne M .  sem i 

membranosus  at 1 day but  not after 2 week s age i ng at  0° to  1 °C .  

F urthermore ,  Save l l et �· ( 1 981 ) and Mart i n  et al . ( 1 983 ) reported 

t h at e l ectr i c a l  s t i mu l a t i on  h ad the greatest  i mpact on  beef tenderne s s  

i f  t h e  per i od o f  age i ng was 6 t o  8 days o r  l es s .  I n  beef Tay l o r  and 

Corne l l ( 1 985 ) fou nd that e l ectr i cal  s t i mu l at i on ,  age i ng for 28  days , 

and a comb i n at i on of both treatments res u l ted i n  s amp l es t h at were 

s i gn i f i cant l y more tender th an the control s ,  but there were no 

s i gn i f i c ant d i fferences i n  tenderness  between the age i ng and t he  

e l ectr i c al  st i mu l at i on a nd  age i ng treatment s .  These resu l t s s howed 

t hat e l ectr i c a l  s t i mu l at i on decreased t h e  response o f  tenderness  to 

age i ng ,  a re s u l t  wh i ch i s  s u pported by the present st udy and by t h at 

of George et �· ( 1 980) and Mo l l er � �· ( 1 983 ) .  Furth ermore , V a l i ne 

et  �· ( 1 981 ) i nd i cated th at e l ectr i c a l  s t i mu l ati on  per � had no  

s i gn i f i c ant effect on the  rate of meat age i ng ,  but cou l d  perhaps be  

u s ed to i mprove the  effi c i ency of  me at age i ng by red u c i ng the  t i me to 

reach a set l ev e l  of tenderness . 

5-4- 7-6 Between Musc l e  Compar i s ons  

D i fferences  i n  shear force va l u e s  between d i fferent mu s c l es th at 

h ad recei ved the  s ame post -mortem treatment i n  th i s  st udy were cons i s

tent wi th tho se  reported by many i nve st i gators ( Batc her � �. , 1 962 a ;  

J eremi ah et �. , 1 9 7 1 ; Khan and Vo i s ey ,  1 973 ; Purchas � �. , 1 97 9 ;  

Mo l l er et �. , 1 983 ; Ras h i d  � �. , 1 983b ; DeVol et �. , 1 984 ; L i n  � 

�. , 1 985 ) i n  s howi ng that � l ongi s s i mu s  s amp l es h ad shorter s arco

meres and general l y  l ower shear force va l u e s  than  � sem i ten d i n os u s  

s amp l e s .  The d i fference i n  s hear v a l u e s  was probab l y  due  to  the  

greater connect i ve t i s s ue content of � sem i tend i nosus  ( L i ght et �' 
1 985 ) , as n umerous  i nvest i gators h ave  reported that l onger s arcomeres 

are assoc i ated wi th  more tender meat wi th i n  a musc l e  ( rev i ewed i n  

Sect i on 2-3-4-3- 1 ) .  
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CHAPTER 6 

CONCLUSIONS 

1 .  The resu l t s  reported i n  th i s  t hes i s  have prov i ded further 

ev i dence th at bac kfat th i ckness  over M .  l ongi s s i mus  at  th e 1 2th  

ri b can  be  ac curatel y measured u l t r ason i cal l y  i n  l i ve s heep . 

Therefore , s e l ect i on on the bas i s  of s uch  meas urements after 

correct i on for l i ve we i ght shou l d be effect i ve ,  as pub l i s hed 

va l ues  for h er i tab i l i t i es of fat depth  and genet i c  corre l at i on s  

among fat depots  i nd i cate th at i mprovement wou l d  b e  made . 

2 .  Based ent i re l y  on the res u l t s  obtai ned wi th the Southdown s heep 

and the i r cross bred progeny u s ed i n  the present ser i es of 

exper i ments , i t  c an be conc l uded t h at th e decreased fatness  of 

sheep sel ect ed aga i n st  fatnes s  rel a t i ve to those  sel ected for 

fatness  i s  l i k e l y  to  be  as soc i ated wi th : 

( a ) 

( b ) 

No c h ange i n  e i th er pre- or po st-wean i ng growth rates up to 

1 6  to 1 7  month s of age under gr az i ng  cond i t i on s . 

An i ncrease i n  th e we i ght of sever a 1 non-carc ass  components  
i nc l ud i ng 

decrease 

omental , 

the  foreg u t ,  

i n  t h e  we i ght 

k i dn ey and 

i ntest i ne s , k i dneys and heart , but a 

of non-c arcas s fat depots i nc l u d i ng 

mesenter i c  fat rel at i ve to c arca s s  

we i ght . 

( c ) A decrease i n  dres s i ng-out  percent d ue  probab l y  to h i gher  

i nterna l  organ  we i g hts  and to l ower c arcass fat  content . 

( d ) A decrease  i n  c arcass  s i de fat percent ( subcut aneou s ,  i nter

mu scu l ar and i ntramu scu l ar fat ) and a correspond i ng i ncrease 

i n  the proport i on s  of carcass s i de mu s c l e  and bon e ,  i n  s u c h  

a way t h at mu sc l e to  bone rat i o  decreases s l i ght l y . For 

examp l e ,  i n  Exper i ment 5 ,  c arcasses  from the  meaty l i ne ,  

when  c ompared wi th those  from the  fat l i ne at the  s ame 

we i ght , h ad fat depth C va l u es t hat were 5 1 %  l ower at 4 . 4  

mm ,  s i de fat percent v a l ues  t h at were 7 . 0  percent po i nt s  

l es s  a t  25 . 7% , s i de mus c l e percent va l ues th at were 5 . 1 

percent p o i nts  h i gher at 5 7 . 6% , and a musc l e  to  bone rat i o  

wh i ch was  l ower by 0 . 1 5  at 3 . 86 .  

( e ) Carcasses  wi th  l arger frames i n  terms of total  carcas s 

l ength , l eg l ength and the  l ength  of certai n bones at t he  

same carcas s  we i ght . 

323 



( f )  Carcasses w i th l ower muscu l ar i ty s cores i n  t erms of musc l e  

we i ghts r e l a t i v e  to s ke l eta l  s i ze and i n  terms of s ha l l ower , 

but wi der cros s - sect i on s  of � l ongi s s i mus at the 1 2th r i b .  

( g )  No c hange i n  the  d i str i bu t i on of s u bcutaneou s  and i n ter

muscu l ar fat depots among  four cuts  ( shou l der , rack , l o i n ,  

and l eg ) , b u t  a greater ch ange i n  fat depth C over M .  

l ongi s s i mu s  a t  the 1 2th r i b  th an  i n  other fat depth s a t  t h e  

shou l der or  t h e  l eg .  

( h )  A rel ocat i on of fat from the subcut aneou s fat t o  the i nter 

mu scu l ar f a t  and t o  some extent t h e  re l ocat i on o f  body fat 

from the s u bcutaneous fat to the i nterna l  fat depots . 

( i )  A decrease i n  t he  ad i pocyte s i ze i n  the subcu taneous ,  i n ter

mu scu l ar ,  omenta l , k i d ney ,  and mesenter i c  fat depots , b ut  

l i tt l e ch ange i n  th e n umber of  ad i pocytes per  depot . 

( j ) No c h ange i n  th e d i st r i bu t i on of mu s c l e  and bone we i g hts  

amongst the  s h o u l der , rack , l o i n ,  and  l eg cuts , or between 

several m u s c l es and several  bones at the same total s i de 

mu sc l e  we i ght  and tota l  s i de bone we i ght , respect i ve l y .  

( k )  A ch ange i n  th e re l at i on s h i p  between t h e  percent fat i n  t h e  

rack cut and t h e  percent fat i n  t h e  who l e  carcas s ,  s u c h  t hat 

a certai n l eve l  of fat i n  th e rack cu t was as s oc i ated wi th 

l ower l eve l s of c arcass  fat i n  the l e aner carcasses  t han  i n  

the fatter carca s ses . 

( 1 )  No c h ange i n  s everal meat ch�racter i st i c s wh i ch h ave i mpor

tant i mp l i c at i on s  for meat qua l i ty ,  i nc l ud i ng u l t i mate 

mu s c l e  pH , exp re s sed j u i ce va l ues , percent cook i ng l o s s e s , 

ref l ect anc e  va l u e s ,  Warner-Bratz l er s hear force  va l u e s  and 

s arcomere l ength s .  

( m )  A decrease i n  t he  proport i on of red ( aR )  musc l e  fi bres i n  M .  

semi tend i no s u s  re l at i ve to  t h e  proport i ons o f  both i nter

med i ate  ( aR )  and wh i te ( aW )  musc l e fi bres . 

( n )  No c h ange i n  th e extent to  wh i ch e l ectr i ca l  s t i mu l at i on 

decreased the  shear force va l ues  for Mm . s emi tend i n os u s , 

semi membranos u s , b i ceps femor i s ,  and l ongi s s i mu s . 

( o )  No c hange i n  t h e  extent t o  wh i ch age i ng for 15 dajs at 3+1 °C 

decreased t he  shear  force v a l ues  of M .  s emi membranos u s . 

( p )  No c hange i n  t he  extent to wh i ch tr i mmi ng th e s u bcutaneous  

fat over � l ongi s s i mu s  dur i ng t h e  f i rst  24 h post -mortem a t  
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3 .  

0° to 3°C i ncreased the  s hear force va l ues  of M .  l ongi s 

s imus .  

( q )  No c h ange i n  th e extent t o  wh i ch co l d- s horten i ng cond i t i on s  

du r i ng the fi rst  24  h post -mortem i ncreased t h e  s hear force 

va l u es of � b i ceps  femor i s .  

( u )  No c h ange i n  t he  extent to  wh i ch e l ectr i ca l  st i mu l at i on 

decreased the effect of : 

( i )  Age i ng for 1 5  days at 3+1 °C on the s hear force va l u es  

of  M .  s em i membranos u s .  

( i i )  Tr immi ng  t h e  subcutaneous  fat over � l ongi s s i mu s  for 

the f i rst  24 h post -mortem at 0° to 3°C on the s hear 

force v a l u e s  of � l ongi s s i mu s .  

( i i i )  Col d-s horten i ng for the fi rst 2 4  h post -mortem o n  the  

shear force va l ues  of � b i ceps femor i s .  

The present res u l t s  

pub l i s hed conc l u s i on s  

are ge neral ly  co n s i stent wi th 

w i th the except i on that most  

prev i ou s l y  

o f  those  

conc l u s i on s  h ave  s hown th at l e aner an i mal s grew faster  than fat 

an ima l s ,  wh i l e i n  th e present st udy no d i fferences  i n  growth rate 

were found . 

4 .  A l though  the present s t udy h a s  descr i bed t h e  effects o f  se l ect i on 

for and aga i n st fatness  on  body compos i t i on and meat qua l i �y 

c haracter i st i c s ,  th ere i s  a n eed for more fundamenta l  work to 

eval u ate  the phys i o l og i ca l  i mp l i c at i on s  of s e l ect i on for i mproved 

carca s s  and meat q u a l i ty .  I n  p art i cu l ar ,  t h e  endoc r i nol ogy, and 

fat enzyme systems of  the two l i nes  wou l d mer i t  i nvest i gat i on .  

5 .  From the  New Zeal and meat i ndu stry ' s po i nt  of v i ew ,  t he  present 

fi nd i n g s  prov i de good
.
ground s for the estab l i shment of a nat i ona l  

se l ect i on programme for s heep breeders des i g ned to reduce  fatness  

at  heav i er carcass  we i ght s .  Th i s  programme cou l d make  use  of  th e 

u l trason i c  probe . S e l ect i on aga i nst subcutaneous  fat , corrected 

for l i ve  we i ght d i fference s ,  wi l l  b e  effect i ve i n  reduc i ng other 

body fat  depot s .  I t  i s  a l so  i mportant to n ote , however ,  th at 

th i s  w i l l  be ac h i eved w i thout marked deteri orat i on i n  mus c l e 

q u al i ty character i st i c s .  
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The  i mportance of meat q u al i ty to the cons umer i s  we l l known and 

accepted . To meet th i s  demand the sheep producer and the meat 

proc es sor must  be  comm i tted to th e attai nment of co n s i stent l y  h i gh 

q u a l i ty st andards for meat produc t s . Th i s  i s  e s pec i a l l y  urgent 

becau se  of the i ncreas i ng i mpact non-meat prote i n  and proce s sed food s 

are h av i ng on  red meat cons umpt i on .  
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Appendix 1 .  Allometric growth coefficients ( b )  and their standard errors ( SEb) relating weights of non

carcass components to live body weight for Southdown rams of Experiments 3 ,  4, 5 and 6 

I tem 

Omental fat 

Kidney fat 

Mesenteric fat 

Foregut empty 

I ntestines 

Small  intestine 

Large intestine 

Liver 

Heart 

K idneys 

Thyroid g land 

Adrenal g land 

Spleen 

Experiment 3 

b SEb r2 

1 . 66 0 . 98 0 . 30 

2 . 1 8  1 . 1 7  0 . 1 8  
- - -

1 . 1 4  0 . 30 0 . 59 

1 . 09 0 . 38 0 . 56 
- - -

- - -

1 . 1 7  0 . 41 0 . 29 

0 . 51 0 . 6 8  0 . 03 

0 . 83 0 . 38 0 . 33 

0 . 83 0 . 44 0 . 08 

0 . 86 1 . 30 0 . 1 5  
- - -

b 

2 . 83  

2 . 92 
-

-

-

-

-

1 .  79  

1 . 1 6  

0 . 84 

1 . 35 

0 . 97 
-

Experiment 4 

SEb r2 

1 . 04 0 . 21 

1 . 25  0 . 22 
- -

- -

- -

- -

- -

1 . 32 0 . 1 5  

2 . 09 0 . 22 

1 . 43 0 . 07 

2 . 98 0 . 1 0  

1 . 32 0 . 22 
- -

* ( P<0 . 05 )  a coefficient significantly more or less than 1 . 0 .  

Experiment 5 

b SEb r2 

2 . 46 0 . 79 0 . 56 

1 . 93 0 . 75 0 . 57 
- - -

1 .  71  0 . 59 0 . 30 

1 . 08 0 . 26 0 . 64 
- - -

- - -

1 . 37 0 . 50 0 . 26 

0 . 65 0 . 23 0 . 50 

0 . 73 0 . 20 0 . 47 

0 . 37 0 . 68 0 . 05 

0 . 6 7  0 . 45 0 . 1 6  

0 . 87 0 . 43 0 . 1 9  

Experiment 6 

b SEb r2 

2 . 03* 0 . 47 0 . 51 

2 . 53* 0 . 71 0 . 50 

1 . 20 0 . 40 0 . 31 

1 . 25 0 . 20 0 . 73 

1 . 03 0 . 27 0 . 50 

1 . 37 0 . 50 0 . 36 
0 . 76 0 . 50 0 . 1 7  

2 . 1 7* 0 . 35 0 . 66 

0 . 75 0 . 27 0 . 67 

1 . 06 0 . 25 0 . 60 

0 . 41 0 . 62 0 . 1 8  

0 . 61 o .  31 0 . 37 

0 . 08 0 . 27 0 . 62 

w N '-J 
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Appendix 2 .  Allometric growth coefficients ( b ) and their standard errors ( SEb ) relating 

the weights of each fat depo� and of depot weights within cuts to total side fat 

weight for Southdown rams of Experiment s  3 ,  5 and 6. 

I tem 

Omental fat 1 . 1 6  

Kidney fat D .  91 

Mesenteric fat 

Side: 

Subcutaneous fat 1 .  22  

I ntermuscular fat 0 .  7 1  

Shoulder : 

Total fat 

Subcutaneous fat 

Intermuscular fat 

Rack:  

Total fat 1 . 29  

Subcutaneous fat 1 . 40 

Intermuscular fat 1 . 1 4  

Loin : 

Total fat 

Subcutaneous fat 

Intermuscular fat 

�: 
Total fat 

Subcutaneous fat 

Intermuscular fat 

Experiment 3 

Total side fat 

0 . 30 0 . 61 

0 . 33 D . 81 

0 . 1 2  D . 95 

0 . 1 5  D . 8D 

0 . 28 0 . 82 

0 . 47 0 . 67 

0 . 27 0 . 79 

is 

b 

E xperiment 5 

independent variate 

1 . 27 D . 29 0 . 66 

1 . 1 4  0 . 26  0 .  71 

1 . D5 D . 06 0 . 98 

0 . 90 D . D8 0 . 9D 

D .  79* D . 07 0 . 93 

D . 82 D . 1 2  0 . 90 

D . 76 0. 1 2  D .  77 

1 . 30* 0 . 08 0 . 95 

1 . 38* 0 . 09 0 .  91 

1 . 1 8  0 . 1 2  0 . 89 

1 . 44 0 . 1 3  0 . 94 

1 . 49 0 . 1 6  0 . 92 

1 . 33  0 . 1 9  0 . 85 

0 . 90 D . 1 2  0 . 88 

1 . 04 D . 25 D .  91 

0 .  91 0 . 1 2  0 . 55 

* ( P<0 . 05)  a coefficient sign i ficantly more or less than 1 . 0 

Experiment 6 

1 . 1 8  0 . 21 D . 63 

1 . 1 4  D . 37 D . 51 

0 . 84* D . 1 7  0 . 43 

1 . 1 0  D . D6 D . 95 

D . 85 D . 08 0 . 86 

D . 97 D . 08 0 . 89 

1 . 27  D . 1 2  D . 86 

D . 75 D . 1 2  D . 69 

1 . 22* 0 . 08 0 . 94 

1 . 29  0 . 1 8  0 . 89 

1 . 1 9  0 . 1 1  0 . 85 

1 . 1 5  0 . 08 0 . 93 

1 . 32 0 . 22 D . 91 

1 . 08 0 . 1 0  D . 7D 

0 . 84 0 . 1 0  D . 81 

0 . 95 0 . 1 3  0 . 76 

0 . 6 1 *  0 . 1 5  0 . 54 
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Appendix 3 .  Allometric growth coefficients (b )  and their standard errors ( SEb ) relating 
carcass side cuts to  side weight and dissectible components to total weight 
for the whole side , and for each cut of Southdown rams in E xperiments 3, 5 and 
6.  

Ex12eriment 3 Ex12eriment 5 ExQeriment 6 · 

I tem b SEb 2 b SEb 
r

2 b SEb 2 r r 

Side weight as independent variate 
Shoulder a . 82 a . a6 a . 91 a . 89 a . a5 a . 93 
Rack 1 . 26 a . 24 a . 57 1 . 46 a . 1 3  a . 89 1 . 1 2  a . a9 a . 89 
Loin 1 . 38 a . 1 2  a . 9a 1 . 1 4  a . 1 3  a . 8a 
Leg a . 87 a . a7 a . 9a 1 . a5 a . a9 a . 87 

Side tissue com12onents : 
Total muscle a . 94 a . 1 2  a . 8a a . 89 a . a8 a . 89 a .  77 a . a8 a . 85 
Total fat 1 . 34 a . 4a a . 64 1 . 49 a . 1 7  a . 91 1 . 59 a . 1 6  a . 85 
Subcutaneous fat 1 . 64 a . 5a a . 65 1 .  61 a . 22 a . 91 1 .  73 a . 1 9 a . 84 
I ntermuscular fat a . 95 a . 4a a . 46 1 . 34 a .  21 a . 78 1 . 38  a . 21 a . 7a 
Total bone a . 62 a . 33 a . 54 a . 56 a . 1 a  a . 82 a . 45 a . 1 5 a . 52 

Shoulder weight as independent variate 
Shoulder tissue com12onents:  

Total muscle a . 88 a . a9 a . 9a a . 77* a . 1 a  a . 77 
Total fat 1 . 55* a . 1 5  a . n  1 . 53 a . 26 a . 64 
Subcutaneous fat 1 . 58* a . 22 a .  91 1 . 82* a . 34 a . 62 
I ntermuscular fat - 1 . 49 a . 25 a . 74 1 . 34 a . 29 a . 53 
Total bone a . 5a a . 1 1  a . 85 a . 52* a . 1 8  a . 56 

Rack weight as  independent variate 
Rack tissue com12onents : 

Total muscle a. 71 a . 1 6  a . 52 a . 74 a . a8 a . 83 a . 46** a . 1 a a . 67 
T otal fat 1 .  73* a . 28 a . 75 1 . 39 a . 1 4  a . 93 1 .  7 9** a . 1 3  a . 93 
Subcutaneous fat 1 . 9a* a . 39 a . 66 1 . 41 a . 1 9  a . 89 1 . 73*** a . 1 7  a . 88 
I ntermuscular fat 1 . 44 a . 33 a . 56 1 . 37 a . 1 6  a . 88 1 . 73* a . 1 7  a . 85 
Total bone a . 45* a . 1 7  a . 37 a . 78 a . 1 2  a .  72 a . 53 a . 1 4 a . 64 

Loin weight as  independent variate 
Loin tissue com12onents : 

Total muscle a . 78* a . a9 a . 79 a . 63** a . 1 a  a . 79 
Total fat 1 . 56** a . 1 8  a .  91 1 . 5a** a . 1 4  a . 89 
Subcutaneous fat 1 . 66** a . 1 9  a .  91 1 . 67 a . 33 a . 89 
I ntermuscular fat - 1 . 34 a . 26 a . 78 1 . 44 a . 1 4 a . 66 
Total bone a . 64** a . 1 a  a . 7a a . 51 *** a . 1 7  a . 66 

Leg weight as independent variate 
Leg tissue com12onents 

Total muscle 1 .  a2 a . 1 1  a . 86 1 . a4 a . 1 a  a . 87 
Total fat 1 . 42 a . 34 a . 75 1 . 1 9  a . 22 a . 61 
Subcutaneous fat 1 . 45 a . 33 a . 8a 1 . 36 a . 26 a . 61 
Intermuscular fat - 1 . 42 a . 58 a . 39 a . 69 a . 26 a . 28 
Total bone a . 75 a . 21 a . 64 a . 61 a . 22 a . 38 

* ( P<a . a5) , ** ( P<a . a1 )  and *** ( P<a. aa1 ) a coefficient significantly more or less than 1 . a .  
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Appendix 4.  Allometric growth coefficients (b)  and their standard errors (SEb ) relating 

muscle weight of  the side , muscle weight of  each cut ,  and the weights of 

individual muscles to total side muscle weight . 

I tem 

Shoulder total muscle -

M.  infraspinatus 

M.  supraspinatus 

M .  triceps 

Rack total muscle 1 . 1 9  

!:!.:._ longissimus 

Loin total muscle 

!:!.:._ longissimus 

Leg total muscle 
M .  semitendinosus 

M .  semimembranosus 

!:!.:._ biceps femoris 

Experiment 3 

Total side 

0 . 24 

muscle 

0 . 54 

b 

Experiment 5 

as independent variate 

0 . 82* 0 . 07 0 . 91 

0 . 99 0 . 32 0 . 25 

1 . 1 9  0 . 1 8  0 . 76 

0 . 87 0 . 1 3 0 . 69 

0 . 76* 0 . 09 0 . 76 

1 . 00 0 . 23 0 . 45 

1 . 28  0 . 1 2 0 . 85 

1 . 04 0 . 09 0 . 88 

0 . 85 0 . 26 0 . 43 

0 . 94 0 . 1 6  0 . 66 

1 . 1 3  0 . 1 3 0 . 81 

* ( P<0 . 05 )  a coefficient significantly more or less than 1 . 0 .  

0 . 88 

1 . 07 

1 . 30 

0 . 97 

Experiment 6 

0 . 09 

0 . 20 

0 . 20 

0 . 1 9 

0 . 73* 0 . 1 2  

1 . 06 0 . 26 

0 . 93 0 . 1 8 

1 . 08 0 . 24 

1 . 33 0 . 1 7  

0 . 98 0 . 20 

0 . 88 0 . 1 9 

1 . 1 0  0 . 1 5 

0 . 85 

0 . 69 

0 . 60 

0 . 64 

0 . 74 

0 . 51 

0 . 67 

0 . 61 

0 . 76 

0 . 54 

0 . 53 

0 . 76 
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Appendix 5 .  Allometric growth coef ficients (b )  and their standard errors ( SEb) relating 

bone weights of the cuts ,  and individual bone weights to total side bone 

weight . 

I tem 

Shoulder cut : 

Total bone 

Humerus 

Radius and 

ulna 

Metacarpal bone 

Rack cut : 

Total bone 

Loin cut : 

Total bone 

Leg cut : 

Total bone 

Femur 

Tibia and 

fibula 

Experiment 3 
2 r 

Total side bone 

0 . 75* 0 . 1 1  0 . 84 

o .  72 0 . 22 0 . 57 

0 . 5 9* 0 . 1 8  0 . 49 

0 . 67 0 . 1 9  0 . 42 

0 . 68** 0. 1 1  0 . 81 

0 . 69* 0 . 1 2  0 . 75 

b 

Experiment 5 

as independent variate 

0 . 75* 0 . 1 7  0 . 80 

0 . 90 0 . 1 7  0 . 88 

0 . 85 0 . 1 6  0 . 82 

0 . 41 0 . 38 0 . 22 

0 . 78 0 . 1 5 0 . 75 

0 . 78 0 . 61 0 . 1 6  

1 . 1 0  0 . 22 0 . 77 

0 . 90 0 . 1 5  0 . 89 

0 . 97 0 . 55 0 . 59 

* (P< 0 . 05 )  a coefficient significantly more or less than 1 . 0 .  

Experiment 6 

0 . 81 0 . 1 2  

0 . 63* 0 . 1 4 

0 . 60* 0 . 1 7  

0 . 40* 0 . 1 6  

0 . 66 0 . 1 2  

0 . 68 0 . 27 

1 . 36 0 . 22 

0 . 80 0 . 1 6  

0 . 78 0 . 1 6  

0 . 88 

0 . 78 

o .  71 

0 . 57 

0 .  71 

0 . 56 

0 . 73 

0 . 76 

0 . 67 



Append i x  6 .  A l l ometr i c  growthb coeff i c i ents ( b )  and the i r  
st andard errors ( SE ) re l at i ng we i ght s  of i nd i v i du a l  
mus c l es and mu sc l e groups t o  total  s i de mus c l e 
we i ght for Southdown rams of Exper i ment  3 .  

Mus c l e  

M .  rhombo i deus  ( g )  
M: trapez i u s (g ) 
M: brach i ocepha l i cus ( g )  
M .  l at i s s i mus  dor s i  ( g )  

M .  s errat u s  ventra l i s  ( g )  
M: pectora l i s  
Abdomi na l  mu sc l e s 
M .  l ongi s s imus  -

M .  s p l en i u s  
M: s p i n a l i s  
Brac h i a l  mu sc l es  
Antebrac h i a l musc l es 

M .  c u t aneus  
M: ten sor fasc i ae 1 atae 
M .  grac i l i s  
� gl uteo b i ceps 

M .  s emi tend i nos u s  
M: s emimembranosus  
M: adductor 
M.  gl uteus  med i u s 

S u b l umb ar musc l es 
� quadr i ceps femori s 
Deep h i p  musc l es 
Crura l  mus c l es 

* ** see Tab l e  4-1 . ' 

b SE b r2 

0 . 84 0 . 56 0 . 09 
1 . 59* 0 . 28 0 . 60 
1 .  53  0 . 66 0 . 23 
1 . 30 0 . 1 9  0 . 74 

0 . 94 0 . 22 0 . 52 
0 . 83 0 . 2 3  0 . 48 
1 . 35 0 . 28 0 . 54 
1 . 25 0 . 20 0 . 74 

1 .  1 2  0 . 1 7  0 . 62 
0 . 92 0 . 1 7  0 . 58 
0 . 63 0 . 1 9  0 . 37 
0 . 86 0 . 2 5 0 . 39 

1 .  48 0 . 40 0 . 4 1 
1 .  36 0 . 31 0 . 66 
0 . 60 0 . 23 0 . 3 1 
1 . 1 6  0 . 26 0 . 53 

1 . 08 0 . 27  0 . 43 
0 . 99 0 . 1 9  0 . 58 
1 . 39 0 . 38 0 . 40 
1 . 1 0 0 . 2 1 0 . 57 

1 . 2 1  0 . 1 9  0 . 64 
0 . 59** 0 . 1 5  0 . 48 
0 . 81 0 . 44 0 . 35 
0 . 67 0 . 20 0 . 40 
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