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PART I 

CO�JPARI80T\TR OF G:;:I(lWTH \.�ro BODY COMPOS I'£ ION 
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CHAPTER I 

INTRODUCTION 

Plant breeders have been improving pasture species towards 

higher production for many years. Unfortunately, in many cases, 

because of associated ill erfeets on animal health, the great 

potential of these improved species f or increased animal pro-

duction has not been realised. Animal metabolic and deficiency 

disorders due to these high 1roducing pastures a re well known. 

In Hew Zeal and, where �here is a tendency to reduce the pasture 

Sl:ecien to a high producing ryegrass- clover combination, 

nutritional disorders such a s  hogget ill thri:ft, goitre, rickets, 

bloat and mlneral imbalances a.Lpear with disquieting regularity. 

Considerable loca l wor>k has been don e on these disorders. One 

outcome has been the demonstration that improved strains of 1.'fhite 

clover have goitrogenic properties. Also, vario......s di:ff'erent 

grass s�ecies grovrn on the sane soi l  type have been sho�n to 

c ontain different amounts of iodine. As a f'urther contribution 

to this f'ield the present experiment was designed to study among 

other things, the goitrogenic effect on sheep of perennial rye­

grass (high in iodine ) and Short r otation ryegrass ( low in iodine ) 
both alone and in association With goitrogenic bite clover. 

This experimental plan has also enabled a study to be made on 

the oft'eet.s of these four pas t ure types on the body composition 

of the Romney e e. This lat-ter aspect forms the study l'"eported 

1n Part I d 1n addition o'bservations on the eU ots on body 

... 
composi tJ.on of lambing status are pHsent.ed. 



CHAPTER II 

��EW OF LITERATURE 

1 • MEASUREMENT OF GROWTH .AND DEVELOPMENT 

Growth is a fUndamental characteristic of 1iv1ng organisms 

and realization of this has led to detailed studT uy many 

investigators. Yet the literature is confused mainlY due to· 

two factors : first that growth is an extremely complex process, 

and secondly that the methods used to study it have b.aen 1ncon-

siatent and in many cases inadequate. Waddinr;ton ( 1950) says 

that-

• • . the realization of' the complexity of the growth of 
all but the most elementar.y iS olated biological systems 
has largely r�noved the interest from attempts to dis­

cover the formal properties of growth by mathematical 
analysis. 

There are a m.liDlJer of different schools of· thouc'ht in this 

field \n1ich have similar ideas but different means of expressing 

them • Thus Richards and Kavanagh (1945) state: 

• • • • growth has most frequently been defined as multi­
plicative increase of self-t:erpetuating living matter, 
although each school of thought uses a characteristic 
wording. 

They might have added lhat the schools seem to have dif'ferent 

approaches to the probl.em of measUP1ng the tlu>ee pri.JDIU7 

variables whieh d ine growth and development : size. shape 

and age. 

In the present work we are concerned w1 t.h me suriJig '\he 

rel.ative cbange in the ccm,p onents of the bo� with size. It 

1s really a question of' 41f'f' .rential change ln size. Much 

of the work in this 1'1 ld has been pioneex-ed by Huxle7 (1932), 



who, using his allometric concept. noted that all but the 

simplest animals reach their adult shape am size by dif'f'er-

ential growth in different directions. Huxley (1924) 

in traduced the al�ooetric equation: y = b.xo. and has used 

it extensively to study problems of' re .la t1 ve growth. This 

exponential relationship has been severely cri tic1zed 1n the 

literature but it must be realized that Hu.xley is per:f'ectly 

aware of' its shortcomings. Recently (Huxley 1950) he stated 

th at: 

• · o · the large number of cases of quite different kinds 
o1' organs and other constituents of' the body whose 
growth show·s an approximation to the simple allome tr1 c 
f'OJ�nrula indicates that some gener•al principle must be 
involved, and it is dirficult to see wh at this could 
be except a constant ratio between the rates of self­
multiplication in dir.ferent parts. I would sugges\ 
that this is the basic factor but that there is some 
second order :factor at work which prevents too allo­

rootric f'o�la from ever being precise�v reulized, and 
relates or adjusts the growth rates of separate parts 
to that of' the whole. 

A f'ew attem:pts have been made to investigate this possibility. 

Robb (1929), Lumer (1937), Glaser (1938) and Zucker and Zucker 

(1942) have tried adding constants to the allometric rormula, 

however these have little theoretical �uatiricat1on. Some 

members of' the Hammond school studying the growth and develop­

ment of farm animals at Cambridge have cri tic1zed the use o� the 

allometric equati on in situations where external environment 

affects growth and dev lo�nt. Huxley (1932) says that 

gl'Olfth is -

• • • much aft et d by the external en 1ro nt� e.g. 
by temper-ature and nutrition, 

and that external environmen• 

• • • •  affects •11 parts of the body equal]¥. 

> 



Wallace (1948) and Palsson and Verges (1952) alatm that this 

assumption of Huxl.ey' s is invalid and that external :factors 

such as the level o:r nutrition alter the equilibrium constant 

between one part o:f the animal and the rest of its body, and 

thus do no·t affect all p1:1rts equally. 

up the si tuatio.n as follows: 

Tvaddington ( 1950) sums 

. . • • the allome try equation has the status, not of a 
physiological principle, but of' a rough and ready 
shox·t-hand method of' description. 

The biologlcal changes which take place during evolu ti on are 

not, according to Waddington, due to alterations in the allo-

metric growth partition, l)ecause this growth par•ti tion is not 

a real :physiological vapia"ble, 'but rP.erel;;.r 11. derivttti ve :function 

from an empirical Jencri:ption \7hich ic a reasonably good 

approxL.1o.tion. It seems therefore that allometric equati ons 

may be regarded as Sll��le fonns of regression with both sets 

of vapiables i:n a logarithmic form which :fits reasonably well 

in many situations presumably because much growth is essentially 

multi�licative 1n nature. It is not a fundamental law o:f growth 

and mu.ch ot: the cmJ.:fusion in the literature appears to be due to 

workers who have not realized its limitations. 

A great amount or work on relative growth has been con­

ducted by the Hammond school at Cambridge, (H&.::llllOlld, 1932J 

Pilsson. 1939, 1940; Malleekan, 1940. 1941; Wallaee, 1948; 

Robins on. 1948 J Palsson and Verges • 1952f Joubert, 1956) 
and much ot this has been r vie ed by Pallsson ( 1955). These 
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workers have not been concerned so much with the purely 

theoretical aspects of growth and developnent, but have a 

more practical bias. They have used many methods of measure-

ment and the more corrmon ones will be discussed below: 

(a) The relative development of an organ or part as a 

percentage of the whole body, part or tibEUe in question. 

This method has the serious disadvantage that proportions 

or one or�an, p��t or tissue are affected by changes 1n 

others, e.g., muscle and :fat might both be increasing 

absolutely, yet becacille fat is increasing relatively more 

the percentage of mu.r;cle declines. 

(b) C omparison of parts or tissues of the body 'l'li th a 

standaro_ oPgcm or J:B rt. 'ft1e weight of brain plus eyes is 

f'av0Ul"'ed on the grounds that they make the sr:mllest gr:)'.vth 

of' all orga"ls a:fter birth, and that they are less af'f'ected 

b;{ differonti<:tl nutrition tha.,. any others. This comy�rison 

has little, if any, advantage over the mean weights of organs 

bei!l{.:; cor.J.:pared, due to the very fact that there is little variation 

1n brain plus eye weight. Cannon bone weight and heart muscle 

weight are of'te!"l taken as standards for bone and muscle res­

prectively; however the same disadvantage holds here. Any 
small variation in the standard chosen would seriously arrect 

any comparison. 

Pilsson and Verses {1952) ccmpare organs t dirferent 

ages using the ratio 

100exp pel"Centa 

x 100 at birth." as the dependent variat • 
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This is a particul.a.rly complex and meaningless comparison 

(Coekrem 1960) and is virtually the same as comparing the 

part as a percentage of' 1 ts weight at birth (see next 

paragraph). 

(c) Comparison of the weights of' organs, parts or 

tissues at different ages., With the weight of the same 

organs, parts or tissues at a constant age, e.g. birth or 

maturity. These are often plotted on a percentage basis. 

There are two main objections to this method. First an,y 

error in the part at the standard age will be magn1�1ed 

through the whole growth series. Secondly, large numbers 

of' animals ar•e requiPed because killings must be at frequent 

intervals throughout the series. 

(d) Rate of gain in weight of' an organ or part per 

f'ixed unit of' time. For accuracy this method also requires 

a su:ff'icient number of' animals to be killed at frequent 

intervals. 

(e ) Expression or the weight ot: organs, pi rts or tissues 

of' different treatment groups at any age as a percentage of 

the weight of' the same organs. parts or tissues, ot' one of 

the treatment groups. usually the low plane group, at the same 

age. This method which has been used extensively by McMeekan 

( 1,40, 1 941). P'lsson and Vergcls ( 1952 ) and Joubert (1956), 

has b en criticized by Wallace (1948). Wallace cla.lmed that 

it was sounder to cCID,Pare animals at qual tissue weights 

rather than equal. a • Al ougb Palsacm aad V r 
" 

w1 th this cri tic ism 'hey do not l1.ke ll e•s all 



approach and so fall back on the method or McMeekan and compare 

at equal ages. These workers used this method to study the 

e�fects of environmental factors such as plane of nutrition, 

o�. d_evelop�.nental changes. AB this is the aspect of growth 

and development of direct interest 1n the present study the 

literature of the disagreement between the above workers wi ll 

be reviewed in detail la ter . 

In fair.ner.s to the Jambridge School it should be pointed 

ou.t that they were aware of most o:f the faults in their methodS 

and in fact many of the criticisms have been self-imposed. 

These cri ticisrns do not at'fect the economic considerations which 

their experiments have broue�t out, and from the butcher's point 

of' Vit;;VI the results are very good. The cri tic isms apply only 

to the mor•e them•etical aspects of' the measurement of' growth. 

In the prese:1t study mean weights and percentages of' com­

ponents have been weigh� to allow ror unequal sub class numbers 

using tha method of' fitting constants by least squares, and test­

ing f'or dif'f'ePences by simple analysis of' variance (Kempthome 

1952). �1e wei� means were then compared directly to 

determine the effects of p�ane of nutri�ion and birthrank on 

body composition. Heeding the advice of Shall (19.50) no attempt 

was made to extra-polate beyond the data. It was t.hought by 

keeping the analysis simple and studying means there was less 

chance of' encountering the type of errors mentioned above. 



a. 

2. THE PATTERN OF GROWTH AND DEVELOPMENT WITH PARTICULAR REFERENCE 

TO THE SHEEP 

(1) Change in Anato�cal Components. 

Jackson {1928) pootula·t;ed a '"'Law of Developrm!ltal Direction", 

in which -

•• • •  gPowth correcpondingly appeR.rs at first relatively more 
.rapid in the dorsal head region, and less rapid in the pa rts 
located vent.ralue.rd and ta.il'ward. Only gradually, through 
progr·essive changes in the relat.ive growth rate, do the 
various rogionc o� the body later attain their adult pro­
portions. 

Huxley (1932) puts this in more fo rma l language and states that, 

ace m�ding to the law -

• • • •  anterior {and proxime.l) regionn are formed first, nre 
soonest thr:Jurll with their orir::i:1 t:md histological dif':fer­
entiation, and can embark eaPlier on tlleir main growth 
:period. 

Tllcse la·,;s have bee:--1. s!1own to fl}).:_ly to the gr·owth and development 

o:r many vertebrates b:i Robbins et al (1928) and HuxJ.ey (i932). 
Harnmond (1932), Palsson (1939, 191.�0), McMeekan (1940- 1941), 
Wallace (1948), Palsson and Verges (1952), Wilson (1952, 19 54�, 

195L�:£, 1958!.• 1958:2) and Joubert ( 1956) h�ve extended these la\vs 

by studying the erowth and development of' the constituent tissues 

and orga-r.s of' the farm animal. 

Pre-natal growth in the sheep hea been smdied extensively 

by Curzon and Malan (1935)• Winters and Feuffel (1936)- Cloete 

(1939). Green and Winters (1945)_, Wallace (1948) and Joubert 

( 1956) and so Will not. be detailed here. 

Banr.nand ( 1932) ini ti t 4 the study of the relative changes 

1n body composition of sheep during :post-natal growth and 

development by exsmtning da from com_pletely die ected animals. 



Earlier workers (Nathusius, 1 905; Eckles and Swett, 1918; 

Moulton, et al., 1921 ; Brody snd Rags dale, 1924; Lush, 

1928) using external body measurements had established that 

the skeleton was rela't.i_vely more d.evel·'lped than. t�e flesh 

at birth. They also concluded that the head, limbs, and 

:f'orequa.c>t.el� \Vcl"'e i.:>atter developed A-t bi:c-th than t1e hind­

quarters. 

'fhe work of H<'*n.mond (1932) and Palsson (1939, 1940) was 

conducted on sheep that were not under complete experimental 

control. Few sheep were used for comparisons yet these 

workers were able to outline the fundamental principles 

i:nvvlvcJ.. Later McMtck<:m ( 1940, 1941) with the pig1 and 

Wallace ( ·t948). Palsson and Vel-\:}�S ( 1952), and Joubert ( 1956) 

with the sheep ccjl..f'i:;:r;-ed and extended these f'j_ndings under 

s ti•ict e.x.;_:;<;.Pimeutal condi tion.q. 

will be e.;ive:.1 1n·iefl.J- "!:lelow. 

Th1.m results of' this work 

By o.i·viding tho animaLs into anatomical joints 1 t was 

ponsible to detect z( prima.ry -Tave of gr·m;th from the cranium 

down to the f'aoial pi.rts of the head and backwards to the 

lumbar region. Secondar-y waves start in the limbs at the 

level of the metacarpals and metatarsals and pass down to 

digits and upwards along the limbs and trunk to the lumbar 

region. Thus the lumbar region is the laa t part of the body 

to Peach max1mwn .!$rowth rate and is consequently the lates� 

developing p1rt or the body. Me ekan {1.940) tlet'lnes an 

early developing rt. as one Vlh1ch• rel tive to another. 

makes a ter proportion 0� 1 ts growth e rl..y 1n lit' • nese 
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waves of growth were d etected within each ma j or tissue as ell 

as f'or the Ylhole body. Thus, f'or example, in the hind limbs 

in pos t-natal life the cannon bones are the e arliest maturing 

bones, followed by the tibia, :femur and p elvis. A similar 

pattern exists in the f'ore limbs. The axinl skeleton develops 

in an BJ1tero- post erior manner. Pa lsson (1940) found that his 

dat a  did not agree exactly with this pattern but attributed the 

di:f':ferences to the af'f'ec t of' d11'.feren ti al nutrition. These 

.::rowth gradients appear to run 1n the opposite direction to 

those postulated by Jacks on (1914) in his Law of' Developmental 

Direction. However, �lallace (194o) and Joubert (1956) have 

clarified the pict ·..1re with th e ir studies of' prenatal develop­

ment in the sheep. Wallace (1948) suggested that the growth 

pat tern changes during post-natal growth. In the limbs ini tial].y 

the grovtth gradient runs proximo-distallyt but the high point 

of' the gradient early becomes more dis tal , the cannon bone at 

some time pPior to 56 days in prenatal lif'e becoming the site 

of' maximum growth impul.se. During the remainder of' the foetal 

period the gradient gradually becomes reversed so that the growth 

centre �grates buck up the limb. Joubert (1956) conf'irmed this 

result. Wallace's interpretation 1s, in the c as e  of' the hind 

limb• that he would prefer to consider that the most proximal, 

and therefore oldest part of' the limb, the femur, early attains 

its maximum specific growth rate, followed in turn b� the more 

dis tal bones. 

After this 1n1 tial period the sp eific growth rate of each 

or the bon s declines, thb being re abrupt 1n th distal bones. 
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:fhua tlt 'i.ii.rth the ear.dlon bane if;; growing slowest � all l.J.Dab 

bones.. 'l'his wo:rk :reconc1le-B the proxi.mo-d1atal idea or Ja.ckaon 

with the oen tripetu.l one of Ham;JOild and his followers. Another 

:facet oi' bO.t'"1.e growth ls that length is an earlier developing 

oha�ctaris tic than tJ'l�ekness. 

The a'bove mentioned gradients afi'ect all tiss'U.OS - not 

Thus the devt.loproon t o:t· muscle and .fat 1n the 

dif'feren·t bod,y Pegi ons ia governed by growth grad1en ts similar 

to those descPibed for the skeleton. 

Thu various ·tisnue.s also z-each their maximum growth rates 

in a <lef'inite orde1.., \11th age. Thus nervous tissue is the 

ea..t·liest dovelo.i�:Ln.r follow ,d by bone then ll1Uf3Cle , nd f'i:n:c·lly 

f'at. Jcl top of this, fat i3 ::1CCUI11Ulated in the V<Jriov..r: f'at 

d�pots \�·ith ago in tlle f'ollowinr order: mescnt3ri.::: ft· ::. , kidney 

f'at. i.nte.::>:hlSCu.l�r :fut. subc...ttlUleous .fat t:md intt·�*--"'III.lSCular :fat. 

T.his \'t.:Wk l�s also shotm t.hli t muHc ular t:.;.sGue 1ncreanes mainly 

in fio1->e n"U."G'.bero pre-natal�· a.""ld :fibre diumeter :post-natally. 

The V"Ul""io-w; internal org•;.n.s also show mu�ked di:tf'tU'Em t1al 

growtJ.1. Falssan ( 1 955) s·wns up the f'1nd1n�s of the Hammond 

school aa f'olloos t 

The heterogonic growth of' t 
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Scammon ( 1 923 )  grouped human o rgans into fou r  clas ses ac cording 

to the character of the ir pos t-na tal grow th .  Hi s class i fic a ti on  

in to eeneral• geni tal, neural and lymphoid types , whi le s imi lar 

to that of the Hammond school , does not oring out the f'unc tional 

aspe c t  as v1e 1 1 .  Th i s  a spec t a_ppears t o  be :I;erhaps the mos t 

impor tant one with regards t o  pos t-nR ta l deve lopment . Thos e  

parts , tissues � or organs which are requi red immedi a tely after 

bir th are the one s Wh i ch have the e � rl i es t  pos t-na t�l develop­

ment , and as the anima l ages , devel opment fo llows a ma rkedly 

func tional path. 

(2) Chanc;e in Chemical C omponen ts .  

The lite rature on tl"..e changes in the ch emic a l  cons tituents 

of the body dur in� �rowth and deve lopment f o l lows a s omewhat 

dif'f'eren t path to the anatomi c ul apJ ·roach .  Very 1 1  ttle work 

.has been don e fo llowing the changes through a grow th period. 

Ru ther the al)1J roach has be en to de termine body compos 1 t ion per s e  

a t ,  say , the end o f  an e xperim:mt . This i s  fAi rtic Ularly true 

in the case of the sheep .  

We ill de al firs t wi th gene ral changes in the chemic al 

� ompos i t ion of mamma ls , and then spec if ically with the sheep . 

Spray and Widdows on { 19 50 ) and Re1d et a l. ( 1 955 ) revie 

the effects of growth an the chemi cal c a:apos 1t1on of mammals .  

The greates t c ause of ch ange during growth 1 e  due to inc rease 

1n rat. Call01'1 ( 1 948 )  has shown that chemic al f'at clos ely 

follows d1asec t1bl f t during growth. '!'his is :re s onable 

on th grounds that dis s ectible f'at inc ludes all but intra-



muscular and b ane fats . Various workers (Cnllow , 1 948;  

Kraybill e t  s.k, 1 9 51 ; 

1 95� have sho'l'm that there i s  a high ne gative corre h! tian 

be twe en rat per c er .. t and ·ua te r p e:I' cent . �his led He id e t  al 

( 1 955 ) t o  sur:6e s t  tha.t a .3  the se two ccm:t- oncn ts cons t i tute the 

ma j or part of the nr. im<:A.l i. O·:i;y· , fa t uen i.nt.s ap:r,;c <: rs lli&.inly to be 

a rep lacement of' wa te::- t,y :fat . However , this i s  not qui te 

correct ana Keys �LI'1.d Erozek ( 1 953 ) J;--oint o ut thfl. t to some 

extent t:a ter end fa t. :1re laid down tor;e t�e r ,  al t.ho�l :rat 

re la t i vely more . �1u.r .. ay ( 1 91 9 )  p o inted o ut t. a t  m·.:>st of 

the vari ati on h1 t"!-;e c omp .)s :l. ti on of ; .� t w·e an ii..nals '.'las due 

to fa t ,  and t"l at the chemic a l  C O!iJ..L '�f:.; i  tion J.f tl;. o non-fat matter 

This een e ra l  i de .:1  f'i rs t a t tributed 

Moul/.; on ( 1 923 ) continuL�� th ia work said 

tha t whG re f'a t ten i:n �· d )O::: S n ot ini e rvune to oo s c -l.re chwi.ges in 

the othel'' c ons t i tuent::; ,  age tmd s_pe c ies lRrge l,r de te mline com-

pos i ti on .  Murre.y ( 1 S22 ) and Moulton ( 1 923 ) s tudi ed :from data 

in the litet�t ure the chemic al developmnt o1' the :ra t-f'ree 

bodies or many mammals . Moulton ( 1 9�3 j  s howed tha t  in all 

c a s e s  s tudied, 

• • • •  mammals show a rap id decre H s e  in re lative water 
content and inc rease in prote in (nitrogen) and ash 
content from earli es t life unti l the time of chemi cal 
maturity is reached. At thi s time the change becomes 
ra ther suddenly les s , an d  nearly cons tant ce&pos iti on 
1s shown. 

Many people h ve c cnt1nu.ed thi s early work. Spra.y and 

Widdo s cm  (1 950 )  conducted experiments and conc luded th t 

Moul tan • s term "chemical ma tur1 ty "• can only b applied to 
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the body as a whole when a ll its c ons ti tuents except fat have 

reached a cons t.ant l evel. However ,  the c ons tancy of' thi s :fat-

free body wi th age has been queried., and Hopper ( 1 944 )  1 Re id 

et a� ( 1 955 ) , and Kirtan ll..!l· ( 1 95� have shown that water 

k� rcentage dec �eases whi le prote in and ash percentages increase 

with age , in the fat-free body . Fatness ha s also been shown 

to P.f'f'ec t this cons tan.cy (Mi tche ll e t  al. ( 1 928;2,; Claws on et al. 

1 955; K1rton e� . f!�, 1 959a) . So we have the general pic ture 

of re la t i ve cor� tancy of the fa t-fre e body after chemical 

m& turi ty , whj le chemical f'at inc reas e s  wi th age . However i t  

h e n  been sho�n tha t the decre a s e  in water and increases in 

pro tein and e sh s ti ll c on tinued the i r  trends , al though a t  a 

d.:.min i � h in,r: rn te , after chemi cal mn turi ty . Moul ton ( 1 923 ) 
:' Oints ou t tha t chemic al ma turi ty i s  reached at d iffe rent ages 

in all sr.:.ec .:i.es , but tha t these ages a re fairly c ons taut re lat ive 

tc the who le l ife cyc le . There are very few c as e s  in the 

li t e rature where the chemical c omp os i t ion of' sheep has be en 

follovred through a growth series . Many workers however ,  give 

the body compos i t i on  at one s tage ; usually the mature animal 
(Hank1ns , 1 947 ; Shorland et al!, 1 947 ; Barnicoat and Shorland, 

1 952 ;, Bartcm and Kirton . 1 958; Kirton e\ a].., 1 95� Garre t t 

ttt al_P 1 959 ) .  These workers have usually been tnte ree ted 1n 

body compos iti on  J?!-P s e  and not in growth. by and Moulton 

{ 1 925} report that work on the soft parts of th c rcass was 

oondue'Led b7 llenn be.rg ( 1 881 ) ,  Kern and attenberg ( 1 8781 1 880 ) ,  

d pt 1f'fer Dd Pr1 � ( 1 91 1  ) .  Lalrea and 

Gilb rt (1 859) . 1tohe ll t !1· ( 1 926• 1 92&.!) and 0 llo (19471 



15. 

1 948, 1 958 ) _vresent da ta sho7line the chemic al com:pos i tion of 

s hecy at various ages while Ki rton et al. ( 1 9 59� show the fa t­

free c ompos i t ion o� a s e ries o� sheep from foe ta l lqmbs to 

m· :t�e ewes . 

The chm:liC = \l corrrpos i t i on of' the five she ep annlysed by 

Lawes U."ld Gi lbert ( ·1 859 ) are p :>en ented in Tab le 1 .  

� 1 

C om�o� i t ion of hlnt ire Bodies of' :->beep - Ernpty We ight Bas i s  

(Lawes and Gilbert ) 
Percen tage Compos ition 

!:,\ge C�J!:!'!l � Prom in Ell Dr,- Matter Wa ter NJ1roc;en 
6 mon ths Fa t 3. 2 1 3 . 4 31 . 2  h7. 8 !)2 . 2  

A ye H r  S t ore 3 . 4  1 5 . 8  1 9 - 9 39. 0 61 . 0  I 

1 *  years Fat 3.0  1 3 . 0  37. 8 53 . 8 46 . 2  

1 ->�. 
<, ye ars .bXtz>a fat 3 - 1 1 1 . 6 43 . 3 62 .9 37. 1 

3i ye ars Half' fat 3. 5 1 5 . 5  25. 9 44. 8 55. 2 

Data abs tracted from Mi tche ll e t  al. ( 1 926 , 1 928�) are 

pres ented in Table 2. 

2 . 1 4 

2 . 53 

2 . 08 

1 . 86 
2 . 48 



TABLE 2 

Compos i tion of' Emp ty llouies (Mitcllell et al ) 

�e1�entage Campos�tion 
Age Condition � Water Cru.de Protein ClUE Fat Cr:u:te Ash 

Newborn 4 76. 58 15. 50 2. 72 3-39 
3 mon ths Average 6 60 . 54  1 7. 54 1 6 . 85 3-32 

5 » , 8 60 . 6.3 1 � . 52 14 . • 1 5  4 . 79 

1 1  11 Ma:in.ta'larre 8 53 -32 1 6 . 29 21 . 57 4. 09 

8 - 11 If Fat 9 50e 88 1 7 . 43 24. 89 4. 1 7  

1 5  " remtsR-ce 6 60 . 42 1 8 . 1 2  1 5. 52 4-37 

21 1 1  Fat 6 53 - 45 1 6 . 82 23 . 51 4.18 

The fi gures above should b e  L�t e rpreted wi th care . 

The methvds of chemical analys in us e d  by Lawes and G i lbert 

were crude by presen t  day s tan da r ds . No breed eff'ec ts we1"e 

taken into acc oun t. The range of' f a tne ss is l imi ted and 

even thos e  shee:9 c lassed as "!'a t "  are not marked ly s o .  

I t  is difficult t o  interpre t da ta of' the se type which 

we re oollec teu originally for non-growth purposes ; ho ever 

certain general age trends are obvious .  Thes e are : an 

increase 1n f'at percentage ; decreas es in protein and water 

percentage . Ash percentage is very variab le and it is 

imposs ible to de tect any trend. 



3.  EFFECT OF NlJI' RIT! ON  ON BODY COW?OH ITI ON 

In the previous section we have drawn a p i c ture of the 

IJa t tern o:f growth end development in the sheep . The next 

s top ls to rr� e  how thiE is H f'f'ec ted by r 1 �me of' m:ttri ti on .  

{ 1 )  Ch!ffip;e in Anatomical C omponents . 

Knowledge on the er:fe c ts of nutri tion on the f arm animal 

has progressed a long way s ince the pioneering work on cattle 

a t  the Mi ssouri AgriculturR.l JtJxpe rimantal S tati o.."l { Moulton 

e t  a� 1 921 , 1 922!.• 1 923 ) .  Most or the work h 1.B  be en con-

dt.l.C tet.l .. at Cambridge lmder care:t'ully contro l le d  expe rimental 

condi t1ons by the Ha. :Jnond school (Verges 1 939�, 1 9.39lH viallace 

1 948 a d l)alss on and Verges • 1 952 in the sheep : Mc Meekan 1 940 , 

1 91..1.1 ; 8.nd Pornero,y 1 ')L, 1 , in the J:lir-; . ) The gene J'8.liz�d plan 

of those exl·e ri.:me:rltG ue s to s ub:mi t tvto g!"..; ups o f'  .-:.u1.imnls to a 

hi [;-!1 and a low p larw o:f nutri ti on. At'ter a pez•l od on this 

trea tment each group was di v1ded into a high and low plan� sub-

This type of' eXl; eriment ha s  a ls o b�en conduc t e d  by 

Wilson ( 1 952 . 1 954�, 1 954£. 1 958a, 1 958�) on poultry and on 

the goa t .  'l"hese authors have demo..'"lS tl"'s. ted tha t an animal ' s  
-

:form is greatly dependen t on the shape of its growth cUI>ve . 

We will not be concerned he re vn th the effec ts of di£f�_ential 

nutri ti on during pregnancy on foe tal develop 1ent . bu · ru ther 

w1 th the more general e.f't'eets on l.he growing and matur animal. 

In gene ral terms we can think of three levels of' nutri tion :  

super 1nt nance , maintenanc and eub intenanc • Uaynard 

and Loosll ( 1956 ) d fine maintenance 1n 1 ts simple&� :f'ol'lll as ,  
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" the amount of f'ood re quired to ho1d adult animals a t  c ons tant 

wei ght .  u This d.e:t'ini tion a ls o  implies c ons tant body c omposi t ion. 

Hrunmond ( 1 947 )  argues tha t an animal mus t  be bred under optimal 

environmental condi ti ons to enable i t  to fUlly ex� res s  its 

genotype . While this contention i s  inaccur•a te rrom a breeding 

point of vi ew ( Falc oner and Latyszewski• 1 952 ) i t  i s  he lpfUl 

in defining plane of nutri tion .  Thus to ge t optimal develop-

ment super-ma intenance is involved. This is es sent i a l ly what 

we deucribed in the p r�vi o us  s e c ti on  on � the Patte rn of Growth 

and D 3velo:pmen t . " Theref ore all that r•emains to be done in 

this section is to des crioe the at'f'ects of' sub-maintenanc e on 

bodJ compos i ti on "  

The findings of the worke 1� mentioned ab ove will b e  des cribed 

in the follow ing .  lles tric teJ. nutriti on a t  any s tage d 1.1ring 

grow th re tar•ds the parts or ti . s ue s  in the dil•eet m.•der of thei r 
� 

maturity . 'rhe e arlies t ma turing p arts or t i ss ue s  are le�s t ,  and 

the la te maturing ones mos t aff'ec ted, e .  g.  , :fa t is more af':fec ted 

than mus c le whi ch  is more affec ted than bone . The loin is the 

area mos t af'f'ec ted oy bad nutriti on. 

During growth any part. organ or t issue is proporti onately 

mos t af'fected at the age when i t  has its highes t grow th int ens i �y .  

When an anima� 1s kept on a sub-main�ens.nce die\ the di fferent 

tissues and body regions are utili zed :for the suppJ.7 o f  enerSY" 

and proJ��ein re quired for the main tenanoe of lif'e 1n the reverse 

order of their turi 'ty �  i . e . , rat is utilized :fir s t .  t'ollowed 

by mus<Sle then bone ; these tissues an �11"8 t depleh4 in the 

la s t  maturing body regions such as the loin and pelvi • 

Hammcmd ( 1 944) attempted to explain th is in his •theo1"7 of 



parti tion of nutrien-ts accw:·ding to metabolic rate ". Child (1920 ) .  

FIGURE _j 

Brain and 
C entral � :e :L..,VOilS 
Sys tem 

Placenta : Foe tus 

firs t sugGes ted tha t the incoming nut r ients are parti tione d 

acc ording to the me tabolic rates of the va ri ous tissue s ; 

thos e wi th the highe s t  me tabo lic rate hRving priority. 

Hammond ( 1 944 )  shows the si tua t ion di agramma t ica lly in Fig .  1 
where the numbe r  of arrows indica tes the rela t ive me tabolic 

rates or the t i s sues invo lved. If the plane of nutrit ion i s  

limit ed an arrow may be de due ted fran e ach tissue and thus 

fa t gro th is s topped. It' the p lane 1s fur'Ule r  reduced 

another arrow may be deduc ted and 1n this case musc le groarth 

stops while fa t depos its are broken down. This may t;o on 

\Ultil the level i s  reached whe the brain and central ne rvous 

sye t m re af'feeted and at 'that s tage tha ani 1 die • 

These worker have not d a gre t recuperative capacity 

when an animal which has been on low plan of nutri ti on• 

is swi tehed to a high plane ; providing 1 t has not been tmder-
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nourished :ror too long. Robinson ( 1 948 )  no ted VJ i th sheep 

�at the various parts of the body inc reased and decreased 

along simi lar developmental curves . This i s  not in agreement 

wi th Keys and Brozek { 1 953 ) who f'ound w1. th humans that there 

is a tendency t o  put on extra :fat du ring a pe ri od o:f nutriti onal 

rehabil i ta tion. They f'otm.d tha t af'ter a pe riod oi' tire this 

extra :rat was los t  and b ody  compos iti on returned to ne ar its 

value before under-nutri ti on. 

There is one ma j or point over 1'1h ich soiJE workers of the 

C ambridge school dis agree. McMeekan ( 1 940 , 1 941 ) and Palss an  

and Verges ( 1 952 ) agree that not only does res tricted nutriti on  

aff'e c t  individual organs and tissues of the b ody  diffe rentia l lY ,  

but als o tha t  \"ti th1n a ti ssue sone pi rts are penalized proport-

ionately 1no1,e than o thers . Wall.ace ( 1 948 ) agrees wi th this 

hypo 1hesis as regards the dii'f'erenti al effects on the ind ividual 

organs and ti ssue s , but he di d  not find di fferent i al e ffec ts 

wi thin a tissue due to poor nut r·i ti on .  Wallace dis agree s 

wi th McMeekan ' s method of me asur ing relative growth whereby, at 

a cons tant age or body weight , the low plane group is expressed 

as 1 00  and the othe r  grouiS re la ti ve to th is . Wallace claimed 

that it was s ounder to compare p lane of nutri ti on ef'f'ects a t  

equal t issue we ights a nd  s o  he t'ollowed an allometric anal,ys is 

for his data . He a ls o  re-examined sane of Mclleekan ' s  ( 1 940,  
1 941 )  data using his own me thod ,  and concluded tha t  the apparent 

di.ff'eren ti al effects on anatomic a l  1m1 ta W1 thin a �issue were 

not caused by the low plane of nutriti on having changed the 

normal patt�rn of dev tlo nt , bu� we due to KcMeekan 's 
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me thod of' analys is . ,·ial l uc Et thus conc luded. that the pat tern 

of' C.evc l oproont of a tissue is the s ame L'"l. a rap1dl¥ grown and 

in a s tunted an ima l ,  t.he propo r- t i ons each made of the whole 

t i s s -.re  de:.·en ded E: ole ly on the we ight atta ine d by the ti ssue .  

In o th '� r wor•dG , 'r·'Rllace c la 5.roo d thn t UJ'lda r-:n utri tion d id not at'f'ect 

th8 .f8 tte:."'l of' deve l opw.e.."lt wi t hin  A. t issue d1ff'erentially ,  e. g. , 

the later developing loin muscle is not pena l i z ed any more than 

muscle in any other p art o:f the 1Jod,y by a low plane of nutri tion. 

Thus there vto w.ld b e  :.·1 o  p :.•iori t ie:.-> wi thin a tissue t:or nutrients 

frorr. the blood s tream. 

Pa lss on and YJe�·g�s ( -1 952 )  agre�-:: ',7i th ' 'R. llace that 1 t is 

s ounuer to c omr1aJ."d anirnaJ.s it t �qL1Ul tis�ue '<7eights , but they 

do not like his ,re thod of an �-!lys is a·.1d fall b ti.ck on the one 

used by McMt;; eka:n. ( 1 940 , 1 9L�1 ) .  They claim that plot.ting :part 

agains t v:hole on lo, art thulic ,pape r 'f:i ll disgui s e  any ei'f'ec ts 

J:;l'esent iJy c on'Lrr 'c T,ine the s e a  le: and thus crowdinp; the plotted 

!Joints . To sur�.:)O:i?t thei1• ideas they carry out regress i on 

compea"'is ons on some parts or the skele ton us ing the ske le ton 

1 tself' ( less the :f.ll'l!'t rJeing studi ed ) as independent vai>ia te .  

From this they c Ol'OO t o  the c onc lus ion t ha t  plane of nutriti on 

does have a di�ferent iul effec t on d1 1�erent anatomical uni ts 

of the same tissue . Cockrem ( 1 960 ) cri ticized this regression 

approach an the grounds that Palsson and Verges ( 1 9.52) have 

Cc:JIU:l re d  relative abs olute inc:n•eases in s ize and no\ growth 

rates , and als o that the results :trom this type of analys is 

4o not egre w1 th their e arlier conclusions using different 

thods ot measurement.  
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In an interesting s eri es o!' papers on the e:ft'ec ts o� 

nutri ti on on the fowl ( 1 952 ,  1 9 54�, 1954£) and the East 

A!'ricm1 dwarf goat ( 1957 • 1958,!.J 1 958�) , W11son presents 

evi dence which ta�ds to support Wallace ' s  ( 1 948 ) contenti ons . 

Wi ls on analysed b irds on t he bas l s  of e qual age and equal 

weight Rnd found that there were no c ons is tent age or tre a t­

ment e:ff'ec ts on the fat content of' c .)C��ere ls . He f'oW'ld a 

s ignificant e:ffec t on the weight of' mus cle of' birds of the 

e rune age but no s ignif i c ant dif':fe renc es on the b 11s is of' 

equal b i rd  we i ght .  Wi lson concluded from his work tha t 

there wa s no oPderly seq1.lence of fa t dep os i ti on comparab l e  

to the srowth o f  organs and o ther tiss�es . He thought , 

along wi th Brody ( 1 945 ) and Wallace ( 1 94� ) ,  that whi le :fat 

was c l os e ly re lated to g r �wth it was not an integral part 

of i t ,  and that varying amounts of' f'a t in a carcass le ad 

to seri ous dif'f'iculties in the interpr'etation of o ther 

body tissues and orgs� . W1lson ( 1 957 ) c laimed that the 

large dif'f'erenc es found by othe r  workers in the carc a s s  

pro1:.ortions of' ma ture animals reared on dif't'erent planes 

of nutri t1on must be largely ascribed to the di fferences 

which such treatments exert an the P' rcen tages of fat in 

the body. He therefore proposed that this type of 

nutri ti onal work sho�d be ana lYsed on a f'at-f'ree carcass 

basis .  In support of this Wilson re-analysed Me ekan 's 

( 1 940)  data an muscle weight and :found tha t re-calculating 

the muscle percen�ges 1n the c rcRS on fat-free basis 

l.ed to a c omplete reversal of matl1' of the � .L gnif1cant results 



23. 

claimed. While Wllsan throws doub t an the validity of the 

me tho(ts used by Mc.Meekan and PRlsson and Verg�s he does n.ot 

:pi•ovide uny ev idence on the ef'fec t of' nutri t 1 an  wi thin a 

tiss·u.e .  The e omi:laris a11 of animals o.a a f'at-:free basis 

woul<l seem to be a useful tech.Tlique in tl1is type of \''JCl rk . 

Ilovwvel"' , i t  should be regarded as a tech..l'l.ique only baaring 

in mind tl'w t the final b i o l ogic a l  in terpre t a ti on of the 

effec ts of nutri tion on body c ompos i tion mus t  also include 

fat. 

( 2 )  Q.hJ:U?.ie in Chemical, Com;ponents . 

J.l"'l•om the :::'CS lllts of: workers s uch as Moulton et al. ( 1 922]2) 1 

:J i t che ll e t  al. ( 1 928b ) ,  �nrr£by and Moul t on  ( 1 925 ) and Callow 
( 1 �47 , 1 �48, 1 949 , 1 950 ) i t  is poss ib le to asc erta in in general 

te1�nn tlle effec t  of nut ri tion on the ctJ.emical compos i ti on of 

the c ar·casses of f'ar'l11 a:1iraa l .  

Mi tcl1ell et a_l.. ( 1 928]2) compared the c cmp os i  t i on o:r sheep 

which v-Iere tw ll-:fed and then emac ia ted in a c ompar·a tive 

slaughter ty�e of experiment . They found tha t bone fat was 

the las t of' the fat depo ts to be deple ted in unde1-nutri ti an 

and als o that the \Vi thdrawal of' :tat :from the tissues was 

accompanied by an increase in mois ture on a fa t-�ree bas is . 

This meant th t the ratio of :prote in to water was grea tly 

decreased by under-nutri t1on .  Kirt.on et al. ( 1 95� found 

similar results on a fat-free basis . 

Barnicoat and Shcu-land ( 1 952 } and Gar.t-e t• �.-..1· ( 1 959) 

present the carcass eo os i tions of ¥ rioua eo rc ial gra� s 



of sheep . Although thes e  are not in nutri tiona l c lasses 

and the ageo ure not krwr..a , they !Hlve ue en graded acc ording 

-'t;e; condi t i on. By c omparing these da ta with that provided 

oy tl1e \t'O J.·kers ment i oned above i t  is :pos s .i. b J.e to see the 

fo llo';dng tJ.•enU.s : r i th a lowering of grade th ere is a 

r•educ tion in .ra t percen t.age E:..D.d an inc rease in water ,  

:vt•otein and a:...h ,IJercen tages . 



4. . ;VALUATING PASTU RES BY M3&11JS OF SHEEP 

As moa t  grass land. products are converted to human use 

via the graz ing animal i t  is of �por tance to be able to 

me asure the va lue of pas ture s  in terms of anima l p roduc ti on ,  

i . e . , wool , mea t  or milk. The value of thi s type or assay 

has been reali zed for many ye ars and Wa ts on ( 1 948 ) rep or ts 

that Somerv i lle in 1 897 s ta rted an experiment a t  Cockle 

Park in an eff'ort to meas ure the effe c t  of various sys tems 

of' manuring on the livewe igh t  ga ins of the sheep grazing 

the vari ous plots . The work reporte d in the li tera ture 

has improved very li ttle in technique s i nc e  the s e  early 

days and doe s not seem to have p rogressed beyond liveweight 

as a me asure of' pas ture wor th .  V/i l liams ( 1 947 )  reali zed 

tha t many fac t ors influenc e d  the :finn l lj.vewe ight in this 

type of trial. He included the :fo llowing : s i ze or ini t i a l  

li veweight; age ; :food intake or appe ti te ;  varia tions i n  the 

c ompos ition of the livewe ight gain ;  sex ; effic iency o:f 

diges t i on ;  effic iency of me tabolism. Will iams showed that 

the vari abili ty in livewe ight between animals on graz ing 

trials is c ons iderable. The reduc ti on or such variabi li "Y 

be i\7een animals and the s tandardizati on of t chn.iques used 

have been the sub ject of a report submi tted by a Joint 

Oommi ttee of the Ameri.can Soeie\Y o:r Agrcnom..v. tbe Ameri can 

Dairy Science Assoc1 tion and the .Ame ri.can Socie ty or Animal 

Production 1n 1 94,3. This :report Sl.J8gests proceduros �or 

rollo ing 1n this �ype o� wo • 
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Wats on ( 1 948 ) cons idered tha-t sh eep are not suitable for 
-

long tern e:xperj_ments because the ewe w ill not put on the full 

inc re ase whic h might be expected from the nut rients ,  wh ile the 

lamb �vh1eh gx�'3WS �v¥ery quiekl.v a t  t'i rs t has a di:ft'erent com-

pos iti on  o:f' inc rease to the mature tve t.her. He s t a tes tha t 

the gl"'OWth !•ate of· the wethe r  :falls as the se ason progresses . 

Houcver , the Joint C oct� ttee ( 1 943 ) cons ider tha t it is bes t 

t0 us e  wethers . 

J:>'ollowing the pioneering w ork a t  Cockle Park a s eries 

of' expe riments were e onduc ted using she ep by sore Welsh 

7rorkers .  This was s tLu� ted by Stapledon and Jones ( 1 927 ) ,  
who conduc ted a behavi oura l  t r i a l  on grazing sheep. The y 

f'ou..."l.d t ha t  the amount of: ;p as ture ea ten :per day varied c on-

s ide rab]_.J. and that more dry mu tter •vas conswned ti' they a te 

a grea te r amow1t of c l uver s tem than leaf. They als o  showed 

that s b.oe:p !Jl .. e:ferrod: grt-lS S b lades to sheath or s tem; green 

le at'age to e 1 the r burned or drying ma teri al or to weeds ; and 

red clover to grasses . 

Jonea ( 1 928 ) compared a te:1;porary and a permanent pas ture 

using fou.r-mon th-old lambs . The li vewe i gh  t 1ncremen t was much 

greater on the tem!Jorary :pas ture and th is was thought to be due 

to the fac t t.ha·t the sheep obtained a higher proport ion of l eaf 

to s tem. and there:fore a more nutritive ra tion on the temporary 

pas t'l.l.I'e . 

Roberts ( 1931 ) s tud1ed the et:f< et o:f so 1ng wild 1fh1 te 

c lover an the me t p roduc ing  c pae i ty o f  temporary p as ture 

three years old. Both cattle and sheep ot Y'8r1ous ages were 



used. He r :'):'1C l'...i.ded tha t the ei':f'ec ·;; of adding Wi ld white clover 

to a ter:r.flCl' tll'Y :pac ture was to increase the produc t! vi ty by about 

35 J:'€1 .. c ent as r;�as'..lre Q by liveweight increase. This was due 

!r..cs t ly  t o  an inc r· .. H.lsed s tock c arrying capaci ty. In a contin-

ua t i o�  of this trial for a furthe r year Rober�s ( 1 93 2 )  showed 

tha t the animals on ·the plot containing wi ld wh i te c lover gained 

p t:!r cent r.1o '\3 in llvewe ight tlum t.he aninw.la on the plot 

·:rl thout clove:..., . 1\gain this dit'f'erence was due to an inc rease 

in C -'l.ioc::.:..:.lc::; :,.:at0. C .Jnc w•.r-ent l,y ,  Robcrts ( 1  �32 )  c ompared these 

t\7 0 te:�:!por·a.l··y paD t·..uaes w i th  u pe!'IIliinent one and round tha t  the 

live·.I�i,::) .. t increaG � from t.lle \Ti ld \1h1te temporary pas ture was 

46 ::- �.:· c ;,;,nt grua ��r, awl ·::.hat :rrom >�he tam.llorary p as t ure  without 
rr i :c1 c .l:.rrer• 1 8  l: i.:l' cen"'.. grli.!a ter than tha t from the permanen t  

Tlle iHc rew.:;ed p1·· oct.u.c tion f' r an  the teHlporary pas ture 

we.s acai:.. . ��e to greu t�.C' 8 toc.k carrying capac i t.Y . Howeve r ,  

tl:e e-.·:'c� n..'lt'i ue ::,ler·s on t.nc te�:.,e;>orary 1- oo tur•e thrived be tter . 

Ho �Je£·ts (-' S.3 5 )  a.hoYJed -thtl t -.. �:nen these -�l·ials were con tinue d 

simila:c> d:.i.ff�re:.J.c es np:pc:u•ed be tween the p as ture types as 

me asu.:;:-·eC.. by livew�lgilt. 

navis and Be ll ( 1 957. 1 958 )  compared two pas tures , one 

of' bir· d.sf'oot trefo i l  and Kentucky bluegrass , end the other of 

Ladino �twhite clover and Kentucky bluagrasa . us ing  the response 
of lambs aB a m.ecwure o:r .Pl'oduc tion. During the firs\ grazing 

ye a r  the Ls.dino clover-blue grass mixture was more produc tive 1n 

terms of carrying capac1 t.v. gain p r ·ere , and T .D.lf. consumption 

pe r  acz-e . 

for t.he remaining t C) '¥ ars of the 'est. B rb ge 7leld 8D4 
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animal gain p er acre were not re l ated. 

It appears from the type of tri a l described above that 

real differenc es between pas ture types c an be de tec ted us ing 

animal produc tion as a method of' evaluati on .  It is also 

noticeable tha t mos t  of the dif'ferences in li veweigh t are due 

to increased ca rrying c apac i ty and not to increased growth by 

the individual s he ep. Thus mos t of' the dif'f'erences in p1 s ture 

types could probably be a t tributed t o  difrerenc es in p as ture 

growth. An intere st ing f'inding wi th regards to the pre sent 

work is the demons trati on of' the ranking order of' the dif'f'er­

enc es be twe en �ernporary pas ture , wi th and wi t hout whi te clover, 

and permanent pas ture , by Roberts ( 1 932 , 1 935 ) .  It is a p i ty 

tha t the above \"/Ol,kers did not follow the examp le s e t  by 

Mitche ll e t  al. ( 1 926 , 1 928 ) who eva luated var ious sheep 

1'o o ds tui'f"s by de te rmining di:f:ferences in body compos i ti on 

us ing a comparative s laughter technique . Di fference s  be tween 

the pas ture types in term o:r body compos i ti on may have been 

de tected. 

In a very thorough experiment C larke e t  al . ( 1 953 )  

s tud.1ed the ef'f'eet 0'£ highly improved and topdreesed pas tures 

on the thrif' t and produc ti on  of sheep. The ir experiment c an­

prised two p arts : fi� t a ferti li zer trial cons is ting at f'iYe 

treatments and secondly a pasture s train tri al which c ompared 

:fi e pas ture types . Characters of economic importance such 

as wool growth• caroass grade. and l.amb production were 

me ured. Oarcass ts descrlbe4 by Pilsson ( 1 939) 

were used to esti te carcass compos1Ucm. ID the pas ture 
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s tra� trials there were large differences in annual and 

se asona� produc ti on be tween the five pas ture types . However 

the l'e was no ev idenc e � any dift'erential ef'f'ects on the 

thrift and production of ewes and lambs under the sys tem of' 

management adopted. Similarly 1n the manurial tri al the 

dif:fer·ent ia.l pas t ure p roduc tion effec ted by the various 

:re r t i l i  zers clid no t cause an,y dlf'ferencea in aninml pro­

duc t i on. �1i s work by Cla rke  et al. ( 1 953 ) appears to be 

the only acc o'l.mt in the ll tera ture L1 which s ome  attemp t has 

been made t o  determine the e:rf'ec t on bociy com:pos i t i on of 

v�.ri ous pusture tyJ.�es . 
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5• EFFECT OF BIRTHRANK ON BODY COMPOS IT ION 

The effec ts or bir tl�nk or lambing s ta tus on the body 

c ompos i tion of' the ewe may be expressed during two pe ri ods ; 

ges tation and lac tation. 

The literature of the chAnges in body c ompos i ti on  during 

the ges ta ti on period have be en reviewed. by Spray (1950 ) ,  

Marshall ( 1 952 ) and Dewar (1 957) . In mos t s pe c .L e s  i t  seems 

that the pregnant female s tores more rA t ,  wa ter ,  prot e in and 

mine ra l tha.YJ. c an  be account ed f'or by the :roe tus and 1 ts 

ass oc iated tissues . There a:p:r:e ar to b e  specie s  differences 

however , and i t  seems tha t  those spec ie s which lac tate abun­

dantly lay in a c tore during p rer:n n .. ""l cy , whi le thos e that do 

not J:.'l'od.uce much milk pass on more to the foe tus before i t  

is  born. 

Kirton e t  al , ( 1 959� compared the :ra.t-f'ree body composition 

of three p regnant ewes with that of' the non-pregnant ewes and 

wethers p res ente d by Garre tt e t  al. ( 1 959 ) .  From thi s they 

c onc luded that p regnancy has no ef'f'ec t on the fa t-:free body 

eompos i ·�ion ot: the ewe. However this result mus t  be 

interpreted care�ly as the sheep be ing compared were of 

differm1t breeds and in various s ta tes of fatne s s . 

The l.i tera ture QJl the en'dct of lac tation on the body 

eomposi t1 on of the ewe is scant ; howev-er, the e ffect of 

bi rthrank cm laetatlon and lamb production has been e ll 

1nvee t1ga\ed ( Bonsma ,  1 93�; Unde ood and Shier* 1 942 ; 

Wallace , 1 948 ;  Barnieoat l. 1 949; Barn1cG '• 1 '52 ) .• 
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Pala.s on ( 1 95.3 )  has s tudied in detai l the effects r4 

:pz-egnancy and milk produc tion o:f yearling ewes on the 1r 

gro-.vth und deve lopment . Wi th two exceptions he used the 

carcass measurements described by Pa lsson ( 1 939 ) to measure 

gr�vth and deve lopment . The exc ep tions were the wid th  of 

ches t l.Jehind the shoulde:i.:•a and the minimum c ircwnfe rence 

of h..:. art gir th . In the f'i rs t part o:f' this eX],) eri ment 

Pal.Gs on s t.udie d the efi'ec ts or :r;: 1"'egrwncy and lamb production 

o:f e-ees lamb ing a t  1 2  months o:f ap;e on their gr-owth and 

development up t o  1 6  months . At this stage 43 ewes in the 

threa "U lr thrw .. k c a tegori es , barren ( 1 1 ) , los t lamb (1 1  ) , or 

euckla<l (2 1 ) were killed. ·The fi gures in paren theses refes.-

to the numbe r of she ep in the respec tive groups . Falsson 

e oncluded f'porn tl1e met�surements taken tha t p .regna.ncy i'rom 

c even to 1 2  months of age ha d a s it-�i!'icant re ta rding effec t 

on the crowtll of' f'at whi le i t  had no ef'1'ect on the g::: mvth 

and developl!lent of' the e n rl i er me. tw:·ing tis s uec . Howeve r ,  

a four month lac tati on pe r i od resulted in a lighter , narrower 

carc ass Wi th reduc ti ons in the as c ending order of· bone 

thickness ,  mus c le development and fat depos i ti on .  

The seeond par' of h is  trial was des igned t o  s tudy 

the extent to which e s that had been re tarded at 16 months 

by rearing lambs could make up the lo� s  by 28 months . The 

b1rthrank e t.egories s tudied are shown in Table 3 .  
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!!BLE 3 
Birthrank Oat,egorie s o:f the Ewes S tudied by Palsson (1 953 )  

No . o! E"les 1 2  months 24 months 

1 0  Barren BatTen or 

1 5  Barrer- S tngle 

29 Single Single 

5 S ir.g le Twins 

5 Single Dry 

Res ults f r om  this part of the work showed that ewes 

whos e growth and development h ad been re tarded up to 1 6  

months of age by suckling l arr1bs as ye a rlings , cnn make up 

L.L .  

oy 2 8  months a oout 60 p er cent or the returdati on in carcas s 

weight , whe the r t.he,y a re re aring singles or twins when two 

years old , com:r-ared to ewes wnich were barren as year•lings 

and reared s ingles as two-tootll s .  

_hus i t  appears that the body composi ti on  of' sheep, 

while mainly una:f'f'ec ted by pregnancy, d oes show changes 

due to lac tati on .  Fat i s  most severely dep leted, fo llowed 

by muscle, and then to a lesser extent bone . 



CHAPTER III 

WlTERIALS AND METrlODB 

1 • INT .RODUOTI OH 

The ,P as t\.lre types to be described below were s own 1n 

.Nov-ember 1 956. F!"om March t o  Apri l  1 957 a tri a l  was con-

duc ted on these pR S tt�e typen to s tudy ��Y efrec t of fac i a l  

eczema on Southdown cro ss lambs removed for s laughter at 

weekly inte rvals . From 1 0  May 1 957 u.nti l 1 6  December 1 958 

the mn in trinl wa f'! c arr ied out to s tud:r the effec t of short 

rota. t i on and pePenn i A l  ryegrHsses vr�. th an d wi thout wh ite 

c lover en the i odine s ta tus of s he�, . I t  was f'rom t his 

t1• i a l  that 40 C A.rca n s e 3  becru.1e RV;J i l �:� h le f'or ana lys i s . 

Thus sec t i ons 2 and 3 of this ch ,.•p ter des cribe the experi­

mental des iF;ll and management of the whole ex}Jerirmnt , whi le 

the remaining s ecti ons deal oole ly w i th th0s e e ea tPken 

for carc as s analys is . 
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2. EXPERIMENTAL DESIGN 

( 1 )  Pas tures . 

Two paddocks on the Mas sey College Terrace Sheep Farm 

were us e d  for the experiment. They were of the same soil 

type ( Ye llow Grey Earth ( Tokornaru Silt Loam) ) and s eparated 

by approxima te ly half a �le . Fig. 2 shows the division 

of' the paddocks . Paddock 1 6  is approximately eight acres 

in area and was subdivided into e ight one acre plots. 

Four of these plots were SO\nl with perennial and four wi th 

short rotati on ryegrass . The ryegrass s tra ins were the 

la test released by the Grass lands Div ision , D . S . I . R . and 

were allotted to plots by a sys tem of' res tric ted randorniz­

a tion. These p lo ts were topdressed in the firs t ins tance 

with superphosphate and ground limes tone . Sulphate of' ammonia 

was a pp l ied · as required thr oughout the ex:pe rimen t .  Paddock 

30 is approximately :five acres 1n area and was divided into 

:four plots as in Fig. 2.  Two of these , diagonally op�os i te ,  

were chos en by a sys tem of res tric ted randomisation to be 

s own 1n perennial ryegrass plus whi te clover whi le the other 

two were sown in short rotation ryegrass plus whi te c lover. 

These plots were �pdressed with superphosphate and ground 

limes tone only. �e difference between the two paddooks 

in the topdressing programne is due to the :f"act t.ha t 1 t was 

necessary to supply ni trogen to the plots Which w r w1 th out 

clov r. 

( 2 )  Shee,P. 

On 1 0  May 1 957 Romney ewe lambs were put on to \he plots 



F IG. 2. D IVISION OF PAD DOCKS. 
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a �  the rate of 1 0  pe:r acre. Half' the sheep from each plot , 

selec ted a t  r·andom, were in jec ted intra-muscularly wi th 1 ml . 

iodinated poppy s ead oi l (Neo-Hyd.riol, May and Baker ) .  This 

compound contained 40 per cent i odine and :formed a depot giving 

a c ontinuous re lease of iodine into the blood. On 27 February 

1 958 a ;::;ec or;.d 8 irn1 lar injec tion was given to thes e  sh eep .  

Ex-l)Crir.-Jc.mtul sheep were removed at ran dom from the p lots and 

v;er(; !lot rc turn.ed to the exr·t�rimen t ;-':hen the ::; tocking rate 

wa s fou..J.d to l>e too high. Vfuen i� creased nambe rs of sheep 

wore needed, we the rs were added but we re not inc lude d. as 

ez::. ·er1ment8 l sl1eep . 

In !r-� IJZ.::)erirD.ent of' th is m1 ture c cer't 3 in �:unount of 

t' lexib ili t:/ i.n !" , Gt1ed in the des ir";l to t n 1:e i n t o  acc 0-:.:mt 

I.Ulf'o .:.··e� 2CL1. c i rr; n  ·; sto2�.ces . Th.P t ·th i s  des i gn  \Ta s q_ui t e  good 

in th is respect is b orn e out in the fol l ow ing s ec t i on on 



36 .  

3 . MANAGEMENT 

( 1 ) Pre-exper!men tal. 

The 13 acres of Mas sey College Sheep Far.M se t  aside 

i'Ol" this experiment had been in crop and c onsequently were 

very weedy. Theref'Ol"e a pr>e-emergent spraying with 24D 

was given prior to S.awing the pas ture, in November 1 956 . 

There was exce llent es tablishment but the dry summer 

resulted in paddock 30 go ing to grass dominance . A fairly 

heavy c ontrunination of th is paddock wi th Black Nightshade 

(Solanum ni�rum) neces s i tated treatment o f  the area wi th 

M . O . P . B . The pure gras s swards of paddock 1 6  were in 

good c ondi t i on and ess en t i a lly weed :free.  The short 

rotati on rye grass :pers is ted we ll throup:h the dry su:..:r:1e r  

and was noted to be superior t o  perennial rye gruss in 

rus t re.s is tance . 

Af'ter subdivision in to plots paddocks 1 6  and 30 were 

s tocked f'rom Fe1)ruary t o  April 1 957 wi th Southdown cross 

lambs a t  the rate of' six and seven per acre respec tively. 

(2 ) Experimental. 
On 1 0  ll8y 1 957 the ewe l81Iibs being used to study the 

effect of short rotation and perennial ryegrass ,  wi th and 

wi thout Wh1 te clover. on the iodine s tatus of sheep • were 

plaeed on the plots . 

The sheep at the hogget s tage were Shorn cm 1 3  s p temb r 

1 957· 

Considerable difficulties were encountered in establishing 



the p erennia l ryegras s pl� clover p ss tures on paddock 30 .  

The reas on was the very poor clover estab lishment which was 

followed by s tunted grass growth. Sheep on thi s pas ture 

type showed very poor livewe ight gains and s o  were taken 

off' the plots for two months from December to January to 

enable the pas tUI�e to be spelled . ( see Fi g. 4)  These 

srLeep wePe put on to a si mi lar type of' pas t ure elsewhere 

on the College sheep :fa rm. .i\J. though they made up some o f  

the los t  we ight on this :p as ture they were s t i ll in. poor 

conditi on a t  ma ting. However .  when the se ewes were put 

back on the plots they nmde an exce llent recovery .  

Becaus e o:f the abs enc e o f  c lover in paddock 1 6  i t  was 

ncc c c s ary to t opdre8s wi th sulpha te of ammoni a  at frequent 

intel•vals to keep the nit rogen leve ls in the s o i l  h i �jh and 

thus to r.m intain lus h growth for as much of the ye ar as 

poos ib le . There was s low dea th of the short rot a t i on 

rye grass ove r a p eri od of weeks following an app licat ion 

o:f sulphate of ammonia t o  paddock 1 6  in February 1 958 .  At 

the same time the pe rennial ryegrasa plots resp onded well.  

It is thought that the  death o f'  the s hort rotati on ryegrass 

as more li.kel.y due to an inf'esta t ion Wi th Argentine s tem 

oevil (ijyperodes gr1goys) than to damage caused by the 

ni trogenous fertilizer at tba t seas on  or tbe year. This 

c onc lus ion was reached when the short rota ti on plots were 

killed off by AI-gentire s tem weevi l 1n the following s 

The d a th of hort "tati on ry egrass on paddock 1 6  meant 

t-hat t-hese plot became very sparse and Wlpalat ble and that 



the sheep on them were suoje ct to very poor nutriti onal 

condi tion.s . Thus i t  was necessary t o  overs ow wi th the 

la tes t release of short rotation seed early in March 1 958 .  

The aP-llt� ls grazing these plots were put on t o  short 

rotation ryegrass plus c lover d1n-•ing the e s tF..bl is hment 

o1' the new p as ture . Unfortuna tely , the f i rs t  overs o�ing 

v;as unsuccessr"'ul Rnd thus it was necessary to res ow .  The 

second overs ov.ring '.:ms suc c essful n� 1C. when es tabl ishment was 

comple te the ewes wer•e re tu1•ne d at a s tockint; ra te of s ix  

per acre . 

Pnddock 1 6  s heep were shut up as a p 1:>ecauti on agains t 

:rac ial eczema on 4 Febz>unl'Y 1 958 and re leased s even days 

later.  T"nese :.) rec aut1ons were repeated from 1 8 to 2 6  o :f  

Fac ial eczema preca lltions ho•r.ever were not 

thought n8censary for t he s hee:p in I addock .30 .  During the 

:peri od the she0� v,;e1.•e ::?hut up they were fed sh o rt rotation 

rye grass hay . Desp i te the r:recautions taken s ome  of' the 

shee1-: on the l)e ren...'1i al rye gras s plots in paddock 1 6  becarre 

affected and two of them died. 

OVer the late swnme r p eriod the f'ence lines in both 

paddocks were spra,yed with uphytazole u (a mixture of: 3-

(P-Ch�om phenyl )- 1 .  1 - dimethyl urea and 3 - animo - 1 . 2 .  
4 triazol ) .  The same compound was us d for the control 

r4 weeds and the spot-spraying of' invading clovez- plants 

iA paddock 1 6. 
On 25 M rch 1 958 Romney rams • re put out w1 th the 

ewes . This 1 la�z- than usual f'armer praetic:e in th. 



district.  The reas on b eing that delayed mating could 

result in higher ferti li ty ( MeDonald, 1 958 ) .  The rams 

were rotated around the plots so tha t arlY fert i li ty 

differences among them would be di s tributed randomly 

over the treat.rnents . 'l'his as pec t  is important ith 

z•egards to the ef':fec t. of' hirth:L•ank on the bod,y comJ)os 1 ti on 

of' the ewes . 

The pe rennial plots o.f vaddock 1 6  were grazed down 

hal'd dw•ing rna tinr; s o  they we re spe lled f' or a shor t time 

dtu:·in[� v1h1ch the animals were run on the Co llege She ep 

:b ... arm. On paddock 30 the an imals grazed the shOI•t ro-

tu tion l)lUtJ clover trea tm.ent 1 1ttrd Eo they were 1 .. emoved f'or 

app l'OXimutely a Lortni ght und gra z e d  on a mixed pas ture 

c ontaining li t tle :;:A:l rGn1 l i a l  1-.ye g::.-·nss . 

,-\pax· t  fr•om f' i.aa l  liveo;;e ight , no ,_-;eighings we r>e taken 

of' the e'.i\?3 af ter· 7 M;:.y -1 958 bec n ·J.S e  differenc es due to 

pregn��cy wer� becoming marke d .  

We aning o f'  all lam1)S took plu ce on 4 December 1 958 

and the ewes were s laughtered approx ima tely two weeks 

la ter. 

OVer the whole expe riment the to t al number of d.ea ths 

was s ven; o;f these three occurred on perenni 1 rye grass • 

one on eltort rotation ryegre.ss t one on perennial ryegrass 

:plus clover. and two on short rota ti on rye grass plus c lover. 

Fig . 4 gi vee gener 1 pie ture of t . management over 

the e.xp rinental period. 
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4.  THE SELECTION AND MANAGEMENT OF THE ANIMALS USED FOR· CARCASS 

ANALYSIS 

( 1 ) Sele cti on . 

Towards the end or the experimen t the 38 surviving Neo­

Hydri ol in jec ted ewes were made ava i lable for carcass analys is . 

I t  was thoup;ht tha t becaus e  of the injec ti on they should not 

be sold for human consumpti on. Table 4 compares the final 

livewei ghts of the injec ted and non-in jec ted ewes wi thin 

pas ture types . Livewe ight differences between iodine 

trea t:-oonts wi thin pas ture types were not s i gni ficant . There-

f'o:r>e as far as c ould be ascerta ined from the available ev idenc e , 

i t  was asBume d. tha t the re were no differences i n  bocly compos i tion, 

'he tv:een the in jec ted and non-injected ewes . On Lhe bas i s  

o:r this a s sumpt ion two dry non-injected ewes we re added to the 
c a rc ass ana lys is group t o  make up p,roup numbers f'or the s tudy 

of bir thrank effects . N o .  5 was f'rom t he perennial ryegrass 

croup and No . 3 7 from the pe rennia l  ryegras s plus c lover group. 

Compapis on of' the Livewei ghta ( lb . ) o:f Inj ec te d  and !Ion-Inj ec ted 

Ewes . 

a p 8 + c p + c 

lii I If I I lfi I NI I 

No. 1 2  1 1 14  1 1  6 8 8 

:Livewe1 t 1 16 1 16 1 02 1 04 134 1 37 1 1 9 1 1 9 
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At slaughter one cf the ewes :from the short rotation plus 

clover :pas ture was very light compared to the res t of 1 ts grwp. 

At dissection, this ewe (No. 1 20 )  had extremely yellow body :fat,  

and t.-vas markedly different from the rest o:f the group in body 

o omp os i  tion. I t  was thought tha t t'ac i n l  e c z ema might have 

been the cause of this abnormali ty but examina tion of the liver 

at slaughter had shown none of the typical fac i al eczema le sions . 

Bartlc tt ' s tes t of' homogene1 ty of va1�i anc e ( Snedec or , 1 957) was 

applied to s evera l components of' livewe ight both b1cluding and 

excluding Uo . 1 20 .  and the se analyses showed that , in general ,  

th e grou.P l"Je�s we i.:>e much moPe homozene ous wi th No . 1 20 excluded. 

On t;�t.i.S :::'u:.:.' ther evide:rlC e i t  was c ons i dc:'ed wise to dis card de. ta 

i':..' oL :No. 1 20 .  

�-:1ws da tu on the compos i t i on o1' 39 ewes vere a·.rai lable for 

01, the;:;;:: , 1 2  v:eJ.•e f'rom .f: •erennia l rye gl··as a , 1 1  f'rom 

slwl··� ro tation ry�grc.s s ,  nine f'1'0m p arennia.l 1-.ye gras s plus c lover 

and c cv�) 1 i"rom s l1or t ro ta ti on rye grass IllUS cl over. The break-

dorm of' the 39 ewes into tyr-e of' bir thrank was us t"o l lows : 21 

ewer> reu:a:'ed s ingl\3 lrunJ)G • f'ou.r ewes rea..:·ed twiru> , f'iv e ewes 

b ore a lamb but di d not rear 1 t ,  S.ild nine ewes were dry. Far 

the d ls tl•1bution ot' inuividusl sheep to the va.ri om cub-groups 

s oe Table 1 6 .  

( 2 )  Management 

The es were llotted randomly into three slaugh ter 

groups. These groups contained 13. 1 3  and 1 4  e ea wh ich were 

ld.lled. on 1 6 •  1 7 and 1 8  of December 1 9.58 respectively. The 



sheep were taken ott pas ture 24 hours before slaughter. 'l'hey 

were then lorrie d to the Massey C ollege woolshed and kept indoors 

without t'ood or water unti l slaughter. 

5. PRE-SLAUGHTER TECHNIQUES 

Lean-meter � as urements were taken. These measurements 

will be dealt w1 th in de tai l in Part I I .  

6 .  SLAUGHTER TECHNIQUES AND RECORDS 

Slaugh ter comnenced at approximately 2.00 p .m. each 

day. The ki lling and dress ing was done by a skilled pro-

f'ess i anal butcher and was in acc ordanc e wi th normal commercial 

pract ic e ,  w ith the excep tion tha t the kidneys were removed. 

In addi t ion to the butche r ,  f'i ve other a s s i stants were required 

1n the c o llecti on  of data.  

The fo llowing inf orma tion was obtained f' or each ewe : 

( 1 ) Liveweight 

( 2 )  Bled wt . 

Blood w t .  {by differenc e ) 
(3 ) Fee t  wt. ( four toge ther ) 
(4) Skin wt. 

( 5) Head wt . (with tongue )  
( 6 )  Hot carcass t .  (minus kidneys ) 

(7) Wt. left fore cannon bone . 

( 8 )  \Vt . s tonach + oesophagus (full) 
( 9 )  Wt. s tomach + oesophagus ( empty) 

Wt. stomach eonten�s 

( 1 0 ) Wt. s ll and larg 1nteat1n s (:tu.ll) 

( 1 1  ) Wt. a ll an4 l.arge 1ntes inee (empty) 

t. 1nt s tinal contents 

h • 1ntes t1n 1 conten 



( 1 2 )  Wt . heart 

( 1 3 )  Wt . lungs + trachea 

(1 4 ) Wt . spleen 

( 1 5) Wt . liver 

( 1 6 )  Wt . omental (Caul ) t"at 

( 1 7 ) Wt. me s enteric (gut )  fat 

( 1 8 ) Wt . kidneys 

( 1 9 ) Wt . geni ta l trac t + bladder 

( �20 ) Wt . Res t ( includes diaphragm and mis cel laneous 
pieces of' skin ) .  

A I;i ece of trachea inc luding the thyroid gland -..vas 

re<noved and the gland di ssec tcd out . Arter s laugh te ring 

had fini s hed the cat�cas ses were hung in a chi ller on 
s tandard gambre ls . 

7 • POST SLAUGHTBR T�HNIQUES 

On the moPning f'o llovrinr: s laughter the c arcas ses were 

removed from the ch i lle r and we ighed to dete rmine cold carcao s 

we ight and then speci fic gravi t y  de te r.minati or£ werG carried 

out as detai led in Part I I .  

The carcasses were then transported to the Manawatu 

Meat Company for fre ezing and s torage . 



8. CARCAS S  DATA 

( 1 ) Whole Carc ass Treatment . 

De taile d  descriptions have been n� de elsewhere of the 

btmdsaw and chemi cal tec hniques us ed in this work ( Barton 

and Kirto::1 ,  1 956 ;  Kir ton 1 957; Kir ton and Barton 1 958f • 

Howeve .i..· t�w procedure fo llowed in the present s tudy , differs 

in many zoespec ts from the above mentione d inves tiga tions and 

s o  w i l l  be described i..?J. de ta il.. Laboratory ·,;ork comHlenced 

on 1 4  January 1 95:3. l'io:rmall.y three carcasses wer-e brought 

fl'om the colcJ. s tore on �onday rr .. ornings and two on Wedne s day . 

Thus dls sec tion was :finished by Fl"iday afternoons and chemic al 

wor·k by Sa turda;y- evenings . To keep up to this s chedule i t  

was UGU!illy nec essary t o  dissect two nights a week. Th re e  

pers ons �ere us �a lly ew�loyed mos t of the time ,  but towards 

the end of' the labopat ory per·i od an extra person was needed 

f'or· e ight to ten hours a week. 

Ec:ch frozen cai•cas s was we ighed when brought into the 

meat lab ora tor·y . I t  was divided down the middle of the 

back with a meat bandsaw whi le s ti ll frozen , and then each 

a ide was weighed. Following this both s i des were divided 

wi th the bandsa into .f'our joints ; leg, loill., 9-1 o-1 1 rib. 

cut and ••res t " .  This was done in t he  :f"ollowing manner: 

1/he leg was removed by m 1ng a cu� at. right anglea to the 

backbone at. the level of th lumbar-sacral �unction; a 

f'urtJler out at the t.hor e1co-lumbar 3unc t1on which follow 4 



down the curve or t.he rib removed the loin.J the 9-1 0-1 1 

rib: out was removed by making two cuts mi dWay between the 

1 1 th S..."'ld 1 2th , and 8th and 9th ribs respec tively. These 

cuts als o followed the c urve of the ribs . The rema 1nder 

of the s ide c ons t i tuted the ":res t " .  Fig . 3 i l lus tra tes 

this me thod of j ointL�. The j oints from e a c h  s i de were 

weighed. 

( 2 )  Right s ide . 

Each of the four j oints was bands awed whi le s till 

frozen into ap_!.roximately � inch slic es . The slices were 

then minced thrice to give a homogeneous mix ture and two 

50 gm. samples taken frorn each j oint . '!'he remaining mince 

f'rom all the j o ints was then bulked and mince d  agai n .  As 

1 t was minced i t  wa.� s ubsamp led at regular in\erva ls unti l, 

at the end, a sub-sample of' 4 to 6 lb . was ob ta i ne d .  This 

was minc e d  twi ce and six 50 gm. s amples taken fo r chemical 

analys is . When chemically analys ed the se s ix s amp les gave 

an e s timate of' the chemical comp os i ti on of the right side of 

the carcass . 

Kir� and Barton ( 1 9ssr des c ribe the chemical analys i s  

as follows : 

A modification of the me thods reported by Barnicoat 
and Shorland (1 952) was used. S�les wer3 dri&d 
1n an oven (not an air-draught type ) at 1 05 -1 1 0  C 
tor p:r-raxi� tely 1 8  hr . and then weighed to gi v 
wa"er los by difference .  Liquid rat w decanted 
off,. ;petroleum et.her as dd d and the re id waa 
orusb d 1 th a tal rod. Uter s t tl1ng 1 the 
ether s decsnted or� and the toregoiD.g rat extraction 
procedure was repe ted tw1c mo;p • 'fhe ma'teri l was 
then replaced 1n the ov to driv off the ether. 



F I G. 3. ME THODS O F  JO I NT I NG 
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Ba n d  s aw Joints : 
As ind icated 8y A rr ow s .  

A no t o  m i c a I J o i n t s : 

I. L tt g.  
2. P e l v i s  .. 
3. L o i n. 
4. 9- 1 1  R i b Cu t. 
5. Th o r ax .  
6 .  Shou Id er. 

7. N e c k .  

C u t  



Ufat-.t'I�idrtc "' W1ll be ret'ezared to as ncrude residUe " be­

cause in t'ltOt 1 t ca.'''l contain ove.r 20 r;er cent fat. 

� e� NSldu.eB from �· Silt ide aamplea • N 

�1 1  .. or CBCb side enubl.J.n€ ccaeNOUon t'actol'e ror cbfDi l 

rat, "--� l1Wh to be ca.J.clll.n tsd aepa.:NJtely �or each carcass . 

1.1-_. c:ro:di& l'Oaidue& t'!'Om t two sumples from each jOint 

. re btJ.lked for �ll .39 eareaseee. 

Tho Stiottll>les of crude reaidue !'lel"\t powdered in n 

slde SJlt�la "�Jd etAOh ;loi.nt was extracted with � troleum 

ethcv for a u  hr-. 1n a Soxhlet a.P�- artttus to obti.'lin t'ut 

cm.t�t.J.on t"actoro. F\ll•ther vowdered s�m,ple.s weJ.-e GShed 

L1'1 u nutf'le t\lrnl'.tce to give f'i�s fox- ash per cent. 

From the fa t ..-�ld t<�ah po;;.-cent.ages in the orude residue, 

together wi:th tl1a -eight of each reeid • i t  po ible 

- . 
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(3 ) Le1'.t Side. 

Th.e f'our bandsawed joints of the left s ide were allowed 

to �1aw prior t o  dis s ec ti on. However before they had thawed 

tracine;s were ma de on the anteri or and pos te ri or faces o:f the 

loin fol.' la ter s tudie s on ticsue areas . At the s ame  time 

measu.remer..ts >�!ere made ot· the depth of :fa t a t  the Lean-meter 

probe l;i tes . '.rhis was done by cutting away the subcutaneous 

fat and me as uring i ts dep th wi th c a llipers. This aspect 

howeYer . 1'1111 be de a lt wi th in Part I I .  

The fo� b ands aw�d j o ints were � undivided to give seven 

S1 .. a ller joints simi la.:· in def'ini ti on to the nna tomi c a l  j o ints 

o1' the Harm-;iond school ( Palsson, 1 9.3� ) .  The leg was div i ded 

:fro£n the .f. el vis in the manner descl"' ibed by Pals son ( 1 939) .  

: 'res t "  '.'lUG dii: illed into neck . t , orax , and sh oulder f'ol lm7ing 

the [;rocedu.re of Pals san ( 1 93 9 ) .  The loin and 9-1 0-1 1 rib 

c ut were �touched. Th� onl.f rua j or di s crepancy be twe en the 

j oin tint_; and th.a t of Piilsson is tha t in this case part of the 

ilium \Vas removed wi th the loin in the original bandsawing . 

Thie sma ll 1->ieca of' bone was , how eve1• ,  we ighed separately .  

Th e  jointing is illus trated in Fig. 3 . The anatomical 

joints were then Vleighed. 

The j oints · ere di ssec ted into ht, muscle , bone and 

tendon plus was te as deacr•ibed by Pil.sson (1939 ) .  'lh fat 

was subdivide d into subcutaneous and intermuscul&.P components 

while other :rats s uch  as kidney, channel, and mrunm ry ere 

eighed se:parately and includ d 1n the loin, pe lvis and le g  
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respectively. Mus c le  us ua lly compri sed "skin " e...'ld "general " 

with the exception that individual we i ghts of' t he  ps oas 

ml.l.3 c le in the loin were determine d. All bone s  except the 

vertebrae and ribs were wei ghed end rec orde d indivi dually. 

Chemical analys is was carri ed out on the m1� c le and 

fatty tis sue s .  The t otal mus c le from e ach joint was 

minc ed_ three times and two 50 gm. s ub s Bmples taken . The 

total f'at f'rom each jo int was mh�� e d  onc e only before 

s ampling. Further minc ing was kno?rn t-o r·oduce a s t icky 

tenacious rn.as s that was extrerre ly d if':fic uJ.t to s ub-s ample 

eff'ec t 1 -._rely. The cllemi c a l  pro�edures u s ed Tere as de-

scribed earlier. 

9. STA'l'I STICAL ME.'THO:OO 

The data resulting :from this s tudy are arranged 

according to a 2-way classificati on  (pasture t ype and 

birthrank ) wi th unequal subc la ss nwnbers . The s ta tis-

tical procedure mos t appropriate in these circ wns tances 

is the me th.od of :fit ting cons tants by leas t  s quares . 

The mode l chosen 1n this case was : 

1 = 1 , 2 ,  • . . · � I'  . 
11 = 1 , 2 • . . . . , s  

k = o • 1 , 2 ,  • • • , n1 � 

7i jlt is the obsel"V&tion on th ktb. anima l  or the �th 

birthrank on th 1 th pas ture type . 

The cons tant )J. i.s an efi'ect cQDIDOTl to all s in tbe 
»opulaUan. It is 1n eft, et a populatJ.on mean. 
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The constant pi is an eft'eet common to a J.l  ewes on 

the i th pas ture ty:pe. The types of: pas ture are represented 

by the symbols : p1 ( or P) for 1)e rennial rye grass . p2 
( or s )  f or s hort rotation ryegrass , p3 ( or p + c )  for 

perenn i al rye grass plus cl over and p4 ( or S + a )  for 
short rotati on rye grass plus cl over. 

The b j  c ons tant is an effec t common to all ewes in 

th e j th  cl�s s i f i c R ti on of birthrank. 

The four types of birthrank s tudied here are represented 

by : b1 for ewes that reared s ing le lambs , b2 for ewes that 

rea red twins , b3 for los t lamb ewes (bore a lamb but did not 

roar i t ) , and b4 f'or dry ewes .  

The int erac ti on c ontributi on t o  t he individu&ls in the 

( i , j ) th ce ll is me�sured by the cons tant (pb )i j • 
The c o1�stant eijk is a deviat i on o r  error . In tes ting 

the s i cnific anc e of differences between the c lass ificati ons 

the deviati ons are assumed to be normall_y and independently 

dis tributed around a me nn of' zero w i th vari ance � 2 • 

A formal presentati on of' the p rocedure f'ollowed in 

estima ting the unknown parame ters in this partic ular model 

is se t out by Kempthorne ( 1 952 ) .  

In the pres en t s tudy the normal e quations for es tima ting 

be wr1t taru 



fo + :p1 

Jl1 + p1 
1 2  

JJ. + p2 

p. + p3 
)J. + l?4 

b
1 

7 

b2 2 

b3 1 

b4 2 

)l + :p2 }l ... p 

1 1  

9 

5 5 

1 1 

2 1 

3 2 

so .  

b1 b2 b3 b, 4 

7 2 1 2 

5 1 2 3 

5 1 1 2 

7 4 0 1 2 

4 21 

0 4 

1 5 

2 9 

Th·� )l- + :p 1  were then al >s orbed in the b j  to :f orm a 

mo. trix i:f c ocf'f'ic ients in terrrs of' bj . To ob tain an 

wl.i \::J.e S �)lution the c ondi ti on tha t b4 = 0 was then irn:posed. 

'l'lrus the f'ollo\"ling 3 x 3 r.lUtrix was obtai ne d: 

9. 580448, -2 . 1 76769 , -2 . 61 9404 

2 . 176 767, 3- 464646 , -o . 459595 

-2 . 61 9408, -().459596, 4. 299063 

This matrix was then inverted follow ing the me thod 

o:f Mood ( 1 950 ) • The solutions of the equa t1 ons for b � 

were thus "' -

::: c . 
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".1hero C is tru inverse ma trix and 

:o: Y _ L, n1 j Y i • •  

• j .  i n1 • •  

In order to es timu te euch # + :p1 i t  was necessary to 

subs t i tute back in the no1�al e qua ti ons  the value s  obtained 
A :tor t11e b . s. In the res ults 

J �  sentod as (ji + :p1 ) and. 

the :pas ture effects are pre­
A 

the bir thr>ank effec ts as bj 

The next s tc];) was to c ot:lpute the :folla.v ing reduc ti ons 

in !:r urrrs of' s qua l'es due t o  f it t ing the cons tents in t }1e 

br>uckc tc 

H (T )  = 

R (p, p ,  

R (p, l ' 

R (p, p) 

F� (p, 0 )  

b ,  

b )  2:." y .  + . b _.,y j � . . J tl • • 

The a.nal.ys is o.:r varianc e tes ting f'oP interaction, 

pas ture a...rtd birth rank e:f:fec ts can be p resent ed as :fo llowe : 

TABY 5 

Source df s s  M S  
- - -

In terac t 1an rs-m-r-a + 1 {p.,p,b.pb) - R{}l,p,b ) I 

Past� r - 1 R(}l..p,b) - R(p,b ) p 
B1rthPank s - l R(,u,p.b) - R{p,p) B 

rror n - (re - m) R(T )  - R{p.,p.b,pb )  
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Here m equa ls  the nteil"Der of s ubc las ses c on ta ining no 

observations which in this case equals one (pb42 ) .  Inter-

action \Jas te::;ted l' ii•s t .  'wJhere 1 t was f'ound non-signi:ficant 

it \7af- pos sill le to pl•occ:ed to the tes t :f ar  the s i gnif ic anc e  

of yas t u.re and bir thra..-rl..k eff'eci.s . However , ·when int & rac tion 

\-i tiS :ruu.nd s i gnif i c an t , the tes ts o 1' si gnif icance of' the p as ·t;ure 

and ui .t'tilJ.PO.:J.k ma in e:ffec ts are no longer applic abl e . In the se 

c..i.Pcums tauc es it '1/ao necessar·y to refer back to subc la s s  means 

f'o1 ... inte1•pr•e tati on ol' res ults . 





CHAPTER IV 

RESULTS 

1 • LIV£\"!EIGIIT GROr1TH 

Livcr:eicht grc.w;th c urves r. re p 1·e s ented in Fig . 4 . 

\'le i :j1ir-L!::� ·:.:a n  o to:rj1x:: c� n 1'te r 7 MAY 1 953 bee amJ e � re gna..Tlcy 

wm: bcgir:nj_r�.c t.(J aff't.;ct liv emeigh t  u t1d theret'cre final 

liv evre i gLt ·,;as tlw only we ight af'f'ected by birtllrank . 

Thus di. f'f'erences a t  a l l  p revi ous we i ghin.gs were due to 

pas ture t;;rpe alone a nd  v1ere an R J..yzed uy s imple analysis 

of' vnriaa(! e ( Gne de.:!or , 1 957 ) .  
Tf!ble 6 .t.J l.''e�e.nts mean l ive1·.·e i ghts on 10 May 1 957 , 

1 0  J'.lly 1 957 1-;1nu 1 6  December 1 9 58 , and sllows any s ignif­

ic ant cli1'f'e rcncc G  'b<3 tween p atJ tUl� t yp es  Vli thin each or 

thes e c.lates . The reas on f'or ch ooc in[; the s e  three da tes 

in to 8ht:tv that at the ne ginning o:f the tri a l  there were 

no clii'f'ePenc 0s in live\:re ight betwe en t:-J.e four pas ture 

ty:pes but tr...a t bJ' the second we igh ing two months la ter , 

s i gni:f'ica.n t d if'f'erences h d appeared. 

The trea tmen ·Ls remaine d  s ta tis t ically d i f':ferent 

throughout the rest of the trio. l. In an et"f'ort to guage 

the p attern of' these differenc es Duncan 's ( 1 957 ) multiple 

range tes t was used. It howed t hat on 1 0  May 1 957 there 

were no s ignif icant differenc es between any individual means . 

B¥ 1 0  July 1 957 the an of the S g.t-OUJ) was s1gnU1cant]¥ 

langer than An¥ of the o the l.'S • hich ere not 1gnit'1cant l7 
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dif'f'ere�t f'rom each o ther. Th is s i  tua t1 on was main tained 

until 3 December 1 9 57. At this da. te all � ans were s ignif­

icantly different :f'rom e ach o ther . By the end o:f the trial 

these di fferenc es had decline d somewha t and with :final live­

we i ght there were non s i cnif' i can t  differences between S + C 

and s ,  and between S and P + c .  
The grCAvth curves shown 1n Fig .  4 demons trate qui te 

c learly s orre o1' the ef':f"ec ts of management on li vewe1ght . 

The poor es tablishmen t of the P + C p as tures is reflec ted 

in the s low growth of the an imals on them. 'fhe ettec t of 

shut ting up the 3h.eep on the P t'·nd 8 plots ( th a t  is , paddock 

1 6 )  as a precaution agains t f'acial eczema is most marked. 

The livewe i ghts of b o th the s e  groups of animals dropped 

shar•ply a t  this time wh i le s he ep on :D nddock 30 whi ch were 

not s hut up continued to grow over tl1:e same p eri od. Also 

not icetible is the fac t tha t  ilh ile sheep on the S pas ture 

made a good Pecovery af't� x· the precautions had been re laxed, 

thos e on the P did not and continued to lose we ight. This 

la tter s i tuat i on  is probably due to the :fac t tha t mos t o:f 

the P sheep had contrac ted facial eczema to some extent as 

shown by the presence or liver lesi ons at slaugb�r. while 

there as lit tle si gn � liver damage 1n the S sheep. 

Up to this s tage 1 t has been 1nf rred that anr 

diff 1�no es discovered b t een s heep haye be en  due to 

the particular p as tl&re type they re grazing . However 

this ass tion 1s rar from being a p;royen het. The 



aectiru.�. OJ.l ex.tJer•imtmtal mantigement has shown that i t  was a' 

times necet>sar·y to graze sheey af'f' the pas tures allotted to 

them i.L"J. th.e expe rimental des ign. Als o, in many cases 

management on the allotted pas tures had a profound ef't"ee t on 

liveuei��t grow th. How ever• � simi lar tri al to tha t be ing 

described \Vas s tart0d on 1 6  July 1 959 and pre l1minacy .results 

are av a i lnble . Appeno.ix I sh oviS the liveweight growth s o  

far in this sec ond tri a l .  In t l-li s  case the re were no 

pas tUl,e e s tab l i shment prob lems s o  prob ably a truer pic ture 

is given . A point of grea t  imrortanc e is the rBn.king order 

of the means . If' both trials are camp:·, red a t  the end of 

their f'ir·st December it wi l l  be seen tha t the ranking orde r 

is not the s ame . The d ifferenc e i s  due to the P + C group . 

In the f irst ti'i u l  thi s group 1�ank.s four th wh i le in the 

second tri a l  � t  is third. T""l is d ii'fe1 .. ence can be explt�ined 

as before in te pras of' .Pas tu  re e s  l ab lishment .  The interes ting 

thing is tha t on 21 J·anua ry 1 960 the second tri al means rank 

in the same order as the f'irs t trial means a t  the end of 1 ts 

exper imenta l p e r i od .  This ranking order ( P  ( P + O <  S < S + o )• 
is of' grea t  impor tance, :fo r, as Wi l l  be shown later 1n thi s  

chapteP mos t  of the c omponents of 1 1  veweight follow it . 

'lhe additi onal ev idence suppli ed by the second trial 

suggests that the differences observed 1n ftnal liveweigbt 

in the first tri al are 1nt'luenoed to a lai'g extent by 

pas ture type .  However, on the evidenc available we cannot 

• 
( indicates , u1s less than" ,  and ) "is grea ter than" . 

nomencl.ature will be followed throughout. 
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s tate definitely that the d ifrerenc es were due to pas ture 

type . We c an  only s ay tha t t he animtils were on di fferent 

plo.nes of: nutri t ion. For c nnvenience the :four planes of 

nutriti on w i ll be nruned P• s ,  P + C and S + C throughout. 

t his rrork .. 

'.fhe effec t  of bj.rthrank on f'ino 1 live :re ight was n on  

s ignif icant , althoue-,h i t  can be s een :f rom  the me a.11.s tha t 

ecres \1i th twins nere more e.ffec ted th: .n thos e wi th singles . 

This tJt:P-0 of' pesult i s  to be expe c te d ,  as the s train of 

lac ta tion i n  :nuch gre a te r  w ith twins t hail with single lambs . 

:u1 analys es o:f vari a"lc e f'or 11ve·.:re 1 ght and i t s  corn-

pon.ents ure :preoented in A:r)pendix II and will not be 

I•efel're d to in the text . 

2 .  CA!<CAS8 WEIGHT AND COMPOSITION 

( 1 ) Ca.f•cas s ¥/e ight . 

Trtble 7 sets out the ef'f'ec ts of pas ture tyr...e and 

bir th1�a.nk on r.te an cal"C ass weisht . 'l'he p HS t ure type 

e:rf'ec tt� are s i gnificantly di:f':fe ren t  at the 1 per cent 

level or probability .  The 8 + C sheep have the highest 

p 

Oaftl8s Wfl!IGht - 56. 2 

'fABI.B 7 
llean Froz n Carcass Weight ( lb} 

Pas�_ Effect 

s p + c S + O  SiB• 

74. 7 70. 2 �1 • .5 .. 

Bir��rtk Mrect 
� 'i'wln L. L. Dry 

•10.6 -16 . 6  0. 7 8 

Sig. 

u . s .  



c a re ns� 't're i r,ht followed in c1e r. c encl. :!.P� ol�er by s ,  F + c .  and 

P .  Tl:.i s  ir: t h e  A &me ord er' R D  vJa.s :fo'Wld v:i t h  liveYTeigh t .  

The b i rth.rank eff'e c ts are non c ign i:fic ant t'or carcass weight 

r,lthoug!1 tile c a rc a s s es frcm ewes tha t reared t"vVins are aga in  

lighter than from thos e  ITh ich reared singles . Los t  lambs 

and di•y evr2s n re  verJ s imila r in weight. 

( 2 ) Chr0�0 s Composition .  

By us ing chemical and dis section analys es the res ults 

are IH"�.;;sented f'rom two slightly dif':ferent views . c:r.emical 

da ta shows any chtmges in chemical componen ts while dis s ecti on 

data sb.ows chanRes at the t i ssue leve l which are of'ten due to 

c ombinati ons oi' the chemic a l  c omponents . 

'ffe i ght c omponents give results in absolute tenns whi le 

pe rcentar;e components give a be t ter idea of' changes in body 

coraposi ti on. However , bo th are ne eded !'or a f'ull inte rpretation 

of' res u.l ts . 

(a ) Chemical Data . 

( i )  'tlei'lht Com;ponents . The me an  weights ot: the chemical 

comp onen ts of' cai·cass weight are pre sented in Table 8 .  The 

meano are s ie,ni:ficantl.y di:f:ferent for pa s ture ef'f'ect in the 

%ABLE 8 
Weight or Chemical Components ( lb) 

Pasture Effect Birthrank Effect 
p 8 P + O S + C  Sig. inEje 1n L . • L. Dry 

Fat 25.48 36. 81 35·36 qo. 6,3 •• -9. 09 -1 4.37 0.51 0 

Water 22. 86 28. 12 26.05 29. 73  •• -1.30 . 1 .  76 .0. 59 0 
Prowm '·47 1. 95 7.40 8. 59 • •  -o. 1 8  - 0.)6 0 • .39 0 
Ash 2.03 2 .49 2. 28 2. 62 •.a. -o. 1 6  - 0.31 o •. 1 9  0 

Si g. 
•• 

N. s .  
N . s .  
B . s .  



ss. 

case of fa t, water and prote in but non s ign1!'1cant for ash. 

The z•anking order of the me ans  in each c ase :fo llows the 

pa ttern noted before (s  + c )  S )  P + C )  P) . 

With birthrank e:ff'e c t  only fat we ight shows a s ig-

nif'icnnt difference be tween me ans . The ewes that reared 

lambs are by :far the mos t affec ted. Also twin rearing ewes 

have less carcass fat than ewes with s i ngles . although inter­

pre tati on of tl . is mus t  be c aut i ous bec ause there are only 

f our ewes in the twin re aring c lass ifica tion. Thus the 

differences in carcass weight due to birthrank se em to be 

due to f'a t differences . 

( ii )  :?ercontage C omponen ts . The analys is of variance 

is based 0.."'1 the c:ts sump tion t r1a t the e rrors are not c orre late d, 

are no.i..-·mall,y d is tributed , hu·V'e the s ame  vnri unce and have a 

mean o:r zer·o. Percen t ae;es ha ve a Hlul tirwm.ial dis tribut ion 

and tlle l'ef'ore theoretic ally violate the homogeneity or 

variance assumption. Ilo\vever expe ri enc e has shown that 

wlwr-e the rjl:obabili ties invo lved in a multinomial dis trib­

ution are ne ar nei ther z e Po or 1 00 Ier cent , the an alys is 

of vari ance proc ed!.l.re und tes ts o:f si gn i ficance are not 

greatly dis tort.ed. The refore 1n the present work percen tage 

data were analysed by analys is of v ari anc e .  

ean percentages in terms of f'at ,  water. protein and 

ash for pas ture type and b1r thrank effec ts are presented 

1n 'rable 9.  

The dift"erenc s 1n fat p ercentage re highly a ig:nj.ficant 



TABLE 9 

Pe rcentages of Chemical C omponen ts 

Pas ture Effect Bir thrank Ettee t 

p s P + O S + O  Si g. Single Twin L. L. Dry Si g. 

Fat 39. 6 4 7. 6 48 . 9  49 . 6 � *  -,5. 1  -1 0 .3 1 . 4  0 • 

Water 43. 9  3 8 . 1 37 . 2  36. 4 * *  3 . 7 7. 8 -1 . 5  0 •• 

Protein 1 2 . 6  1 0. 8  1 0 . 5 1 0. 6  * *  1 . 3 2 . 4 0 . 2  0 • 

Ash 3. 8 3 . Lr 3 ·3 3. 2 � 0 . 2  0.3 0. 2 0 N . s .  
- -
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bet\veen the :four pa s ture ef'fcc J-.n .::t.."'l.d s 1gni:f1c ant a t  the 

five :per cent level for bir thNmk effec ts . For p � t� 

ef':rec ts the ranking or de :· is no t the sa..ll'e f or fat J! Cr 

c ent as wi th f'� t wei g�t . Here the 3scendir� orde r iE 

P, s ,  P + C ,  S + c .  For bir thrank effec t  d i:f'fe r��c es 

in the 100 ans a re s i gn if'icant only a t  the f'ive pe r  cent 

le vel of' :prob abil.i ty , with twin rearing ewes being the 

wors t effected :fo llowed by ewes with singles . Dry and 

los t lamb ewes are as usual f'o irly simi lar and are not 

affec ted much . 

Mean water pe rc entaees are highly s ignificantly 

different f'or p as ture effe c t s . However , t hey rank in 

the reverse orde r to :rat :pe rcenta ge s . This p a t te rn 

was als o  noted for the mean y.:e rcent n ges of pro tein and 

ash . Birthrank effe c ts are also s ta t is tically d if f'e rent 

1"'or \7ater Je rcentage s .  Here twi n rea ring ewes ha ve the 

h i gh es t  percent age followed by ewes wi t.h s i ngle s ,  d.ry 

ewes and f'ina l ly los t lamb ewes . 

The dif'fe rences in me a n  protein percentages e re  m9inly 

due to the P group which. i s  ma rkedly hi gher th an  the o ther 

three .  Birthrank efrects are on ly  s i gnif ic antly d i fferent 

at the f' ive pe� cent level and follow the same order as 

water percenta ge .  

Mean as h percentages are s ign1�1cantlY different a t  

the five per cent 1 el frr paa t.Ul'e etroct and are not 

s1gni fican tly dif� rent ror bl rth rank ert'ec t.. In both 



TABLE 10 

!11#1\ of Dieseotibla Oamponenta ( lb )  

Pas ture &�eet Buthrttnlc ti'teo t 

p 8 P + O s + 0 S$s. Blngla '1\fla L. L. - S1a. 

Fat 25. 58 37 . 41 35.20 41 . 81 •• -9.56 -14. 86 0.1 6  0 • •  

�ole 22.76 29 . 1} 26.29 29. 86 •• -o. 10 -1 . 80  o.o, 0 u.s. 

Bone Bl&nU1can� IntArao\ion 
� . .... S1gnU1cant In"l'd.lcm 

I 
I 



Fat 

tlusol.e 

Bone 

Tendon + wu te 

--·--- ---

'IABLE 11,· 

Percentages of Dissec t1ble Oo.mponente 

Pas ture Eft'ec t 

l? B P + O  S + O  SiB· 

40. 2  48 .3 5() . 1 51 . 1  • •  

43· 9 39· 1  37.6  36. 7 • •  

10. 7 8.0 8.3 8. 2 • •  

). 6 2. 7 2 . 6  2 . 5 • 

�--------------------�------ -� ------�--

Birthrank Etteo't -

8Jngle Twin L.lu Dry Sig .  

-5· 7 -1 0 . 9 o. a 0 • 

4. 6 7. 7 -o. s 0 •• 

1 .0 2. 5  ..0. 2 0 B . s .  

o.2 o. s -o . 1  0 N. s .  

------�---- ----------�---------- --�------� 
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cases the me ans  i' olloH t he G �.1C o�:der u s  v.ruter and :.pro tein 

pe rcentages. 

{b ) Dissecti on Da ta .  

( i )  Weigh,.LOQ!!ll?onentfl. Results a re w esented 1n 

Tab le 10 . Mean dissec tible fat weights have the same 

ranking order as chemical f'at weight f or both pasture and 

birt}u�ank ef'fec ts. Both these effects are s tat1e t1 cally 

different a t  tJl.:; one per cent level . 

Mus c le  weight shows a highly s ignif'icant di:N'erence 

in me ans  for pa s ture effec t .  I t  exhibit s the same general 

ranking order as noted before . The effec t  of bir thrank an 

mean mus c le we 1w1t is not si gn ificant. 

Both b one and tendon plus was te weights showed s i g­

nific ant interac tion of pas tur e  and b 1rthrank1 and are 

dea l t wi th in section 5 bel�v .  

( ii ) Percentage (�orr.pon�.. Me nn :re rcentagcs are 

.Preo ented. in Tnble 1 1 .  Fat per c ent sh ows a progress ive 

inc rease L"l t!1c ::>rder P <  S < P + C < S + C for pas ture effect .  

�ese roo �ms are highly s i  gn if ic f.l.n tl.y d ifferen t .  Bir thrank 

effects on dinsec tible rat per cent are si gnific ant ly differ­

ent at the five per cent level of probabi ll ty. They rank 

1n the order twin < s 1Dgles ( dry (' L .  L .  Thus d1ssect1ble 

1'at per eent fo l lows a veey similar pattern to ohem1cal 

fat per c-ent . 

Muscle :te rcentages ..-e highlY s 1gn1f 1c antl,7 cU.f:t'erent 



T@LB 12 

Organ and Oftal Weights 

Pas ture Etteo' Bi.rthrank Et"t"eo t 

p s P + O  s + a  Si«- �. -" Twin I.. I.. DJ7 S1g. 

Peet ( am . ) 81 7 942 862 1 047 ** •9 -4 •3 G N . s .  
Skin ( lb )  9.43 1 2 . 01 1 0. 49 1 3. 1 0  •• -<>. 95 ....o. 81 - 0 . 1 5 0 N .a . 
Bed ( lb )  4. 1 6  4.43 4.31 4. 50 • •  -o.oa -o . 07 -o.os 0 '  N . s .  
Stomach + �  ( lb )  Signi:fieant Intem:t10l1 
Small + large Int . ( lb )  3·23 3.6o 3 . 29 3 . 41 N.s. 0 . 36 0 . 43 o . o7 0 N . S .  

Heart {gm. ) 239 258 251 275 N.S. 4 -4 5 0 N . s . 
Lunge + Trachea {gm. ) 468 525 541 778 ... . 8 21 -60 0 N . s .  
Spleen (gm. ) 78 93 77 1 00  c-• -5 -7 -8 0 N . s .  
Liver ( lb ) 1 . 52 1 . 59 1 .50 1 . 8,3 • 0.03 o.o6 ...o. 01  0 N. s .  
Gut Fa t  ( lb )  1 . 41 1 . 59 1 .  73 1 .83 N.S • .. o.OJ -o . )6 o.os 0 N . s .  
Caul Fa t  (lb )  3. 70 .5. 86 5. 1 6  6 . 55 •• •1 . 45 -2 . 21 0.46 0 •• 
Xidneys (am. ) 1 24 1.35 1 24 1 53 • •  3·39 1 0 . 71 1 .58 0 N . s .  
Genital traot + BladdBr� 1 1 9  1 90 1 60 1 71 IU. 24 .36 34 0 N. s .  
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to r p1 s ture effect. IIe re they rank in the oppos i te order 

to :fat IE r cent. Bi�thrank e ffec ts on musc le per cent are 

also highly s ignii ic a.nt .  He re the twins have the high es t  

musc le pe r  cent followe d in order by si ngle ,. dry an d  loe t 

lamb ewes . 

Mean bone J;e rcen tage s are highly s ignit' ieant l.y different 

f'or pas ture e:ff'ec t and non s ign1f'ic ant f'or b1r thran.k ef'f'ect .  

As wi th ash per cent mos t o :f  the diffe renc e in the p as ture 

ef'f'ec t is in the P group. 

Dif'f'erence s in me an  tendon plus weight per cen t are 

s i gnif'ican.t a t  tlle f'ive per cent leve l far pas ture effec t 

and non s ignif'ic ant for bir thrank effect . 

3 . ORGAN AND GAST.RQ-D .. TTES '.i:INAL C ONTENT WEIGIPrS 

( 1 )  Organ �·ieights . 

In this secti on of'fa ls a re included wi th the organs . 

Table 1 2  presents the me an  weights of organs s tudied in 

this trial.. 

Stomach plus oe sophagus we ight is the only item 

showing s ignifi cant interac ti on and wi ll be dealt wi th 

separately in secti on  5. 

All organs showing a highly s ign1f'icant di.ft'erene e 1n 

mean we ights for pas ture et"t'ec t, w1 th t� except ion or 

lungs plus trachea weight, eXhibit the same general roanld.ng 

order as noticed before. 

Mean llver eights are a1 gn1f'1cantly ditterent at tbe 



s tCID8oo Con tents 

Intest inal Oontente 

�h + ln1'1stinal Odals 

TAJP 13 
Weights of Stomach and Intes't1nal OCBtente ( l'b )  

Pasture Efreo\ 

p 8 P + O S + O  Sig . 

6. 78 5·47 5.25 5. 1 5  • 

1 . 80 1. 46  1 . 1 8  1 .56 • 

a. sg 6 . 95 6 -.4s 6 . 73 • 

B1rtb.rank Effect 

s 1ngle T'.rl.n 

1 .  75 2 .01 

0.33 0 . 83 

2 . 06  2. 82 

--------------� �-· 

L. L .  

o. 82 

0. 29 

1 . 1 0  

---

D!7 S!g . 

Q • 

0 • 

0 •• 

-�--------- �--·- ---



62 . 

:!'ivc J;e !' c ent l evel .  Mo�� t  of t:.1e r111'f'ere.Y). ce coms f'rom 

the S + C rnonn -;:h ich is hieher• thsn t ho other th i�eo .. 

Mem1 caul f� t wc lght is the o...TJ.ly i tem sh ovr inc &ny 

It exhib i t s  

the s:::1111c rankL">lg :::>rd.C} r as total d :Ls seo ·tible and chemical 

fut VI..;; ig,hts . Although non s ienif'ic n:n t , gu:t f'& t 'Neight 

has tl'!is :: rure r�u:r...kL."'lg or der . 

( 2 )  Gas tro-1ntes tinal Content We ights. 

�1e me ans shown 1n Table 13 present the errec t o� 

pas "t-1.1re type and birthran..k on gastro-intestinal conten ts .  

The p:>..c ture he re is diff'e ren t to a.l"J.Yth ing :previously 

encountered. For yas tm•e t#f'f"ec t  the P s heep had the 

greates t  c ontents followed by s ,  S +C and final ly P + c .  

All meann were s igni:fic ant ly d if'f'e1�nt a t  the five p er  

cent l�T!e l .  The combina tion of s tomach plus intes tinal 

contents did not improve s ignif'icance leve ls . 

For birthrank e ffec t , ewes wi th twins had the la rgest 

gas tro-intestinal contents . The y  were fo llowed by ewes 

Which reared s i ngl.es. los t lamb ewes and finall.y dry ewes . 

In this c ase t otal intes tinal plus s t.omacll contents were 

s tatis tically more S ieP-ifie ant than t.he contents of the 

organs alone. 



!Pa-t-P.roe Carcass Wt . ( lb )  

!Percen tase llu.sc le 1n Fat-
Free Carcass 

Percenta.ge Bone in Fat-
Free Oaroass 

Pereentage Tendon + Was te 
1n ht•:tree Caroase 

TAIJ.K 14 
Effe c t  of Pas ture and B1r tb.ranlt on tbl Pat-Free Carc as s  

and its Components 

PastUl'e Eftec\ Bir thl'fmlt Et.reo t 

p 8 P + O  6 + 0  81g. Single Ww1n L. L. Dey 
30. 6 37. 8 34. 7 39.6 •• �.ga •1 •79  o. s6 0 

73 . 8 76. 7  75. 5 75·1 • 0 . 51 ...0. 91  .0.56 0 

1 7. 6  1 5.5 16. 5 1 6.7 • •  0. 1 2  1 . 17 -o.o, 0 

5·1 5. 1 5 . 2 5 . 1 n . s . -0.04 0.12  -o.01 0 

Big. 
N.s . 

N . s .  

N. s .  

lf . S . 



4. 'l'HE FAT-.b'� C A.l.iCASS A. iD I'rS C OII!I'ONEUI'S 

In a: :  ef'.ra.;."" t t o  evaluate the f'i ndinr;s of Wilson ( 1 952 . 

1 Q r;i_._a ; q r:, l . -iJ '1 9 :::;7 1 958a 1 958b ) an analysis of the -' -" ·-· J ;.;<+_. ..; J � -

dis ::::c c t in le eomponents of the fa t-:rree c arcas s was ma de .  

rfl.i.C Ill"'.iD C le .:; ti ll CO::l �'i inr:d int ra-rn:un cular f.'at and the 

l:. one c c a:�taine d bone :fFlt . Tnis i s  the same me thod as 

us e d  by Wil.son. 

AB c: a.'l be s e en f'rom Table 1 4  none of' the birthrank 

e1'fec ts were :J it,nif'ic ant . Only tl:e :;.e r  c ent tendon and 

was te was non s i gni:eica.nt for pas tur e ef't'ec: t .  

Fat-i'ree ca.l"'cas s \le ight was s ign i fican tly dif'ferent 

at the one p e r• c ent leve l for the vari ous pas ture types . 

The a.scendLLe ordt;P w as P < P + C ( S ( S + C .  

The pe rcen tage of mus c le in t he fat-free c a rc a s s  is 

s igni :tica-:t l.;'y· difi'ei•en t only at tt.e :f'i ve per cent level .  

I t  doe s not show any ma rke d  trend. 

The re is a highly s ignit'icant pas tur e  e:ffect i..Yl. tl� 

bone percen tage of the f'a t-:f're e carcass . The me ans  

rank 1 n  the as cending order S ( P + C < S + 0 < P .  

5• INTERACTI Olf 

In order t o  be able to interpret 1 terns which llave 

an interacti on between biP-thranlt and :pas ture type 1 t is 

necasary to s tud,y the r nking order ot subolase •ans 

bee us the model described 1n ''Materials and M thods " 1s 

no longer applicable. 'rable 1 5  presents tba s me ans .  



f.A,BL§ 15 

SUbe lass Means of I tems Showing Interacti on (lb )  

p s p + c 8 + 0 

b1 b2 b3 b
4 

b 1 b2 b3 b4 b1 
b2 b3 b4 b1 b2 b 3 b4 

!Bone Wt. ( lb)  5.47 5 . 50 5. 1 4 4- 53 5.40 6 . 03 5. 67 6 . 57 5 . 41 s. 76 6. 69 s. ao 6 . 87 6. 73 5 . 94 

'aWn - Wlfi� vrt .. (lb) 1 . 73 1 . 77 1 .54 1 .49 1 . 78 1 . 81 1 . 80 2 . 1 4  1 . 64 1. 64 2 . 1 5 1 . 96 2 . 04 2 .37 1 . 65 

fJt4madl + � 
Wt. ( lb)  3. 1 7  3 . 29 3. 1 9  2. 72 3 . 25 3 . 2, 3 . 30 3. 62 2 . 98 3 · 53 2. 92 2. 65 3 . 78 3 · 4.3 2 .49 



The fo llowing items dis play-ed interac t ion s 

( 1 } Bone Weigh\. 
Study of the ranking order of s ubclass means sholiB the 

reason f'or 1n terac tion. The order wi th in each pas ture type 

is different . In the P the order 1s b2 b1 b3 b4, in the 

B i t  is b4 b2 b3 b1 • in the P + c it is b3 b4 b2 b1 • and 1n 

the S + C 1t iB b1 b3 b4• The s e  orders are dif fe rent in 

each eas e .  

( 2 )  Ten don ;elt1S V!aste We i,s:ht . 

A similal' s i tuati on exis ts here and wi th. in pas ture 

types the ranking ordel� of' subclEtso r:..e anz i £  in a di fferent 

or' der each t ime . 

(3 ) Stomach plus Oes ophHgus We ight .  

As 1n the previ ous two cases the presence of int er­

ac tion can be explained by the ranking order of sub class 

means w i th in  a pasture type . 

6 .  DISCUSSION 

{ 1 ) Pas ture Erfect. 

Ex�rimemtal. I! sl.ll.-;s allow tha t the ewes were on :tour 

di:f':t"eren planes ol: nutr1 t.ion. Because or varying 

managemental. conditions it is not 1> alble to s tate de-

ther tlw dit' ez�nc.es 1n nutr1 tt on  seen 1n 

trial ore d to pas t type .  aow ver , prel1m1nar,y 

:result tr a similar tl�ial conduc ted :f'rom July 1 959 have 



shovJn an identi eal pattern and make it likely that pa s ture 

type was the c aus e. Thus the animals were exposed to 

f'our diff'er ..i ng planes of' nutri t1 on 1n the ascend ing order 

P ,  P + C ,  S ,  S + c .  Because livewei ght and carcass weight 

f ollow th is o rder so too do mos t of' their components . 

Pas ture type affects the me ans of dis sec tible fa t and 

musc le weights s ignif icantly. However. al though both are 

s tat is t ically ditterent at the one per cent level of' prob­

ab ili ty , ra t is re la t ively much more affec ted than musc le .  

This c tm "!::..0 s e en L'rl Tab le 1 0  where me an  :rat weights range 

f'rorn 25 . 58 to 41 . 81 lb wh ile mus cle wei ght has the sma ller 

ra.Ylge of' 22 . 76 to 29 . 86  lb . Neither bone or tendon plus 

r:as t.e vic1cht� ve.:.:·y much ove r the whole 1 .. ange as can be seen 

f'rom '.1.'oble 1 5. This typ e of' result fits in very we l l  wi th 

the res ults ob tained by tre group of workers at Camb ridge 

(Ha., lillOJ.ld, 1 ?32 ; Falsson, 1 939 ; McMeekan, 1 9LIO ;  Hammond , 

1 544; \Jallace , 1 948 ;  and Pa lsson and Verges , 1 9 52 ) who 

have shovm tha t on a declining :plane of' nut riti on t is s ue s  

are at'i'ected in the reverse order t o  tha t  of their deve lop­

ment .  'l'hus , in this aase the la te developing f"at'Q' tissue 

is relatively more affected by plane of nutr1 t1on than the 

early developing mus cle as the plane � nutr1 Uon declines 

from s + c through _, P. Tbe pic turo 1 s  s omewm t different 

with the percentage dissectible components . Here the means 

are not affected 1n tbe s ame  order as the weight components .  

The per cent of dissectible rat increases in th order P,.. 

a. P + c. 8 + o .  This type or result tems rr the t'act. 
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t:ttat percentage s are propOI"ti ons and so e ither numerator . 

denominator or bo th of t.hem m� be affec ted. In thi s  case 

the S sheep had a grea ter abso lute fat weight than the P + 0 

group but they also had a highe r roo an carcas s weight so that 

the P + C had proportionately more fat .  Whi le mus cle weight 

increased ove r  the nutriti onal range mus c le per cent decreased 

si gnificantly. This is obviously due to the ract that the 

fa t we i ght increased proporti ona tely mo re  than mus cle weight . 

The decline or b one and t&Ldan plus was te percentages is 

expla ine d in a s imilar manner. Thus we have a s ituation 

whe re \Vi th r i sinr, :plRne of nut r i ti on the proportion of :tat 

in the carcass inc reaRes v�h i le the propor tions of othe r 

Clh:!nical cor1ponents :f'o llow e. s i mi l �r p attern to dis sec tib le 

ones . On an inc reas ing plane of nut ri t i on the we ight s of al1 

chonical c; or:11<.:nents increase ir. the or;iero P <. P + C � S  { 8 + c .  

On a proportional basis the pe rcent age of fat increases whi le 

those of \7,\tei' , protein and ash decreas e .  This may be 

explained L"l a s imi lar manner to t he proportional ch anges in 

the dissec t1ble components . T:w t is -. while all components 

increase abs olutely i th  a ris ing plane of nutrit ion. fat 

increases proportionately to a greater extent . and so the 

percentages of water. protein and ash deorease . 

Organ and o:t'fa� weights were broac!lly af't'ected by nutri t1 on  

in the sane order as 11vewe1ght. How&Yer tbel'O were lll&DJ' 

exceptions and it is iapose1b1e to s ee BD7 a uattt1oat1cm in 

order ot develop , t as was fbund by G P14g aohool. 



The results from the work on a fst-free carcass basis 

are qui te  interes t ing .  They do not agree with Wilson ( 1 957) 

who f'otmd no dif'f'erences 1n f'a t-f'ree carcass we ights of' 

anima:Ls 0:1 different planes of nut r1 t1on. In the present work 

tb.ere are highly s iP1lif'icant differences in !'a t-free carcass 

we igh ts . The variabi li ty in mus cle :{:e rcantage has been re­

duced by comparing the :pas ture types on a :f'at-f'ree bas is . I t  

i s  no ticeable that mos t of' the diffe renc e c an  be attributed 

to the perenni al rye grass group ( see Table 1 4 ) .  This was 

als o the case. f'or mus c le peroen tage on a. whole-carcas s bas is , 

as i s  shown in Tab le 1 1 .  A simi �a r  pic t ure exi s ts in the 

c • ·.::. c  of' b one . i �m7e v e l., here ·�he comp ai· ison on a !'a t-f'ree 

carcus3 ba:.; :i::;; l:as r .. ot l'O uucecl the s igni1' ic anc e of the dii'fer­

encea be tr.-een p as t ure groups as was the cas e w i th mus c le .  

LJ. both the \/hole carcass and fa t-free carc ass u.na lyses 

mos t of the difference in b one per-centage c an  be a ttributed 

to the perennia l rye gl"&s s group. :F'rotn the present da t a  i t  

is diff1cul t to asse3s the va lue of the fa t-free type of 

analys is .  I t  di d  not make much dti"ferenc e to the p resent 

results and did no t lead to a comple te reversal or the 

s1gnif'icanoe of res ults as :t'oWld by Wils on { 1 958a ) .  the 

removal f'rom the carcass or the mos t  var 1a ble or 1 ts com­

ponents t name ly fat. wi ll reduce the variab1 11'Q' or the 

remaining oom;ponents . Whe ther or not the in.erease in the 

fat content of an an imal can be regard d s true growth , 

the animal body mus t  be regarded as an entity.  'l'he ref'or 

&QV b�ologiea� interpretations or fat-rree carcase an alyses 

mue' be regarded wi th c aution .. 
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( 2 )  Birthr!Yllt Wee;!,. 
The type of s tatis �i cal an a lys is used separated out 

�'le birthra:fl...k e-ffects fran ar� associated effec ts at plane 

of nutritt on .  Therefore the effect being s tudie d in this 

sec t ion was acting on body compos ition from matj_ ng unti l 

weaninfl ; that is , ove r  a pe ri od of' nine months . Kirt an 

!.�· ( 1 95� have e hown t�nt the e:ff'ect of pregnancy on 

the b ody  compos i ti o..Tl of the a heep is negligible . The re-

fore it would seem tha t the dif'ferences in compos iti on due 

to b i rth �.�Rnk are due m�inl�r to lactation. The results 

show a pattern in the effe c t  of' bix�thr�::;nk on livewe ight 

F.v1es r•eering tr!:i :n..s los t mos t wei ght 

followed hy ewe s th>:� t reB. rfl ci s i ngles. Los t lamb and dry 

ewes wer.c very s imi lar nn d not u�ec t�d ru�ch . The res ults 

of' dissection and. c>.hemic al anu lys es sh ow tha t  mos t o:r the 

los t ve i�h t was fat. 

sarnc patte rn .  

:�aul '<llld gu t  fat v;e igh t. s  .follow th e  

Weight components o the r thw.1. f' a t  we re not s ignit'ic antl.y 

affec ted. The s e  resu�ts giv� support to the generally he ld 

theory that lac tati onal s tress ma terially arrecta body com­

pos i tion. 

PaJ.ssan ( 1 95.3 ) obtained simUar results to thes but 

he made no distinction between ewes re aring singles and 

those rearing tWins . The present expe riment has enabled 

this dis tinction to be made ; hCJllever care shoUld be taken 

to see t.ha'l too much e!Qh is is not put an the results 

from the twin rearing ewes . as only f'our an imals � 



ooncemed. Howevel" Palsson •s ( 1 953 ) findings Wh ich were 

based on linear measurements are confirmed 1n the present 

work where complete d iAsec t1 on  and chemic a l  � nalys is was 

carried out .  'l1hus the present wo i•k also s ub s t antiates the 

use:�.· .D.;ne s s  � I-·;J.sson 's  technique of s tud,yi..atl changes 1n 

carcass oompos i t ion. 

On a percent age bas i s  the picture is rather different. 

In both the dissection and chemical data the s1Gflif1eance 

o:r differenc es dropped to the f ive per cent level :for :rat 

per cent .  IIovrever dif'ferencea in me an  muscle percentage 

�ere highly s 1gni:f1cant. Mus cle Ie r  cent increased and 

:rat per cent decreas ed wi th l actation. The re as on :for 

t;.;...i.. �> can b e  :::; c.  ��1. by c ompa.r in.p;  percentages wi ·ti� absolute 

Fa t ./eight decreased mnr•ke<lly \":i t�-:.  ·:..he lactati anal 

b' tt>rlen wh i le  muscle weight onl.y decreased minutely. Thus 

la c t ation reduces the propor t.ion of :rat to mus c le  to such 

an extent tha t muscle pe r  cent increas es .  

A similar si tu.a. ti o.."l exis tz VJi th t he  chemical components . 

The increases in water and !ll'"'Otein perc ntages are due to the 

proporti onately greater decrease in fat eight over wat r and. 

pro tein weights . 

T b�e 13 shoWs an interesting situation that is hard � 

explain. Twin rearing s had the larges t s tomach and 

intestinal con ts to llo d by ewes that zae 

lost lamb e es and dr.f ewes. !'he only explanations eem to 

be that 1ther with 1ncre ing s a or pregn ey and lact-

ti.on t· 

by chan • 

es ate more,. or that these results :re obtained 



CiiAP'J.'ER V 

GENERAL DISCUSSION 

·r11a 1•ecults preEJ e:{l.ted, whi le showing q_ui te com:pre­

henG ivul.y the ef'f'ect or :pas tur•e t YJJc on b o<l...y com.po s i  ti on �  

can produc e very lit tle evidence a s  t o  the re as ons f' or 

the difference s des c ribed. Th is is due mai nly to the 

:fnc t  tha t the exr;e ri."'Ylen t was des igned f'or a dif'f'erent 

purpos e  t o  that ¥th i ch we are up:p l�;ing the data . C on­

seQ_uentl.y rnan&gement ul :prac t .i.ces rmd experiment al pro­

c0dUl•es 1-:ie !'e dir ec ted Ht u.s ing t he IJas tures und s heep 

to the bei:.l t adv&'ltage for th e go t trogen tr ial . The 

author HaB alno undex• the d isadvantage of coming into 

the c:x.)erirnen t in Nover ·tber 1 958 j us t  bef'ore tb3 animals 

wer0 kille d ,  and t...'lus hud. onl;y ;.m ind irect knowledge of 

the ex:r;•erimen t H l  des i.r:n t�.n.d 1nan ae:ement prior to th is time . 

The fo llowing three fn.ct::> are indic n ted f'rom the 

data. : 

( a )  From Fig. 4 ,  A:ppondix I ,  and Tab le 6 i t  is obvi ous 

tha t t.he dif':fel ... ences appeared ver.f e arly in the tria l. 

aud tha t the pattern was well e s tabl ishe d by the l<i te 

spring 1 957 . 

{b ) There are t o e:rfee ts e auaing the p as tlJ.l>e di.ff'erences ; 

a ry grass erfeet and cl over effect.  The c lover e�ect 

seerm to a.d.d a f'. .... irly c ons tant En"not\..7lt to each of the rye­

grasses effects . 



( c ) The di:f't'erenees are of lt.U"ge magni tude and therefore of 

great ec onomic importance . This is seen in t he di :t'f'erence 

in mean livewe1ght of' 35.4 lb be tween P and S + c .  

I t  is possible � drawing evidence from the p resent 

work and from t he literature , to suggest a numbe r  ot: possible 

reasons for the di:rf'erences in body compos i t i on  c a used by 

the vari ous pas t ure  types . 

1 .  Gras s  Grori th Rate . 

< 

Roberts ( 1 931 • 1 932• 1 935)  and Davis and B 11 ( 1 957, ;1 958) 

sl Oi1ed <.Uf:ferences in liveweight producti on  from vari ous 

gz•ass-c; lover pas tures . 'I'hey :found that these differences 

were d-u.e to carrying capaci ty wh i ch  was largely a ref'leoti an 

of' yas ttu�e growth. C or kill ( 1 954) has shown that shor t 

rotation r� egras a produces greater growth over the wi nter 

to spring peri od than perennial rye grass . Thus it is p os s ible 

that the sheep an short rotati on pas tures in the present ex:pe ri-

ment had more grass to eat. however, over this p eriod of the 

expe riment gras s shortage was not a p rob lem and the sheep had 

if' anything too much on all treatments. 

2 .  Pres.ence or Abeep.ce of Intl .. ins ic Fnctors . 

It i s  possible tha t th plant breeden in 1m1ng at 

higher pasture production have inadvert.en tl.y omi tted some 

important chemical. constituent vital to animal health. 

�ype of si tu.ati an exis ted  1n the a lecti an  ror 1mprcwe4 strains 

� z-yegrass us d in thiS t.rial• where pe rennial wae later 
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:found to be high 1n i odine and short rotation lO'.v. 

Nit ra te factions in the pas tu res were analysed 

throu["hout the experitoont at regular interva ls to s ee 

if' there was any relati ons hip be twe en them and any 

inc idence o� 11�-thri�t. Apa rt :from a sudden increase 

in n i trate levels llL Sep tembez• 1 957 there were no dirfer­

ences due to pasture type ( But ler 1 959 ) .  

The benefic ial effe c ts of c l over a re not due to 

addi tional prote in, because at tr� time of the year 

when dif'f'erences became app arent p ro tei n is high in all 

f'our p as ture types ( Butle r ,  1 960 ) .  

Another :;oss ibility lies in trle fie ld of' minera l 

imi')a lnnc es .  Cami'lle ll ( 1 960 )  l'l.nalyser1 b lood serum :from 

sheep on the f'our p as ture types .f or cn.lc ium• ph osphorus . 

and magn.esiu.n1. He f'ound no differences in phosphorus 

and magnesium over tlle :period he s tudie d .  However, 

overall ca lcium level did fTllC tuate , particula rly in the 

late w1nte1• t r ' e arly spring p eriod of the second tr ial . 

At this time c alcium level dropp ed and la ter the sheep, 

particularly those on s hort ro tati on plots , exhibited 

c linic a l  symptoms of' ricke ts . The ricke ts eould h8ve 

been due to e ithe r law "available ca lcium" or to the 

presenee of a �ach1togen1c factor (probably an t1-v1,am1n 

D 1n eff'ect ) in the quicker growing short rotati on pastures 

( Grant and O 'Bara. 1 957) . 

It is pos s ib le to pos tulate the pres no � sub­

oliniG 1 c lcium def'1o1ency o� r the whole experiJEntal 



peri od. Thacker ( 1 959 ) working on anion /cation balance 

in nutriti on has found that the ava 1lab i l1 t¥ of c alc ium 

1n the food to th e  anirnal depends to a large extent on the 

type of anion ass oc i ated with the c alc ium ion. If the 

ani on is orgtmic in na tu.re and is me taboli zed to carbon 

dioxi d8 and �ate r the calc ium is likely to be more avai l­

able than if it was a ttached to an inorgan ic i on such as 

s ulphate or chloride . White clover cont a ins tw ice as 

much c a lci'WTl as ryegrass (Van Den Hende e t  al .• , 1 954) and 

the sheep on the plots conta ining c lover had highe r me o.n  

ser-um leve ls of ca lc ium than thos e an the pure 1 .. yegra.ss 

plots (Butler. 1 960 ) .  The refore i t  is poss ible t lla  t the 

c lover ha s i ts et'f'ec t thr oul!,h prov i dinr·: a good supp ly o:r 

avai lab le ca lc ium to the �1ima1s . 

3 "  Pa la tab ili\v· 

It s e err.s tlu\t no work hR s been done era the compar a t ive 

palu ta "1 1� tie s o::r perenni al BJ.""lci sho1• t r otati on ryegras s s .  

Ho�?evcr i t  i s  poss ible t o  theorize on the bas is of observ-

ation. Over the wi nter to s pring 1 0ri od whe re the di :ff'er-

enc es in 11vewe1[�t firs t ap� eared, pe r�nnial ryegrass was 

obs e rved to b e  in i t.s r1cD t palatable condi ti on (Brougham• 
1 960 ) .  It is generallY h e ld tha t later in the s eason 

:perennial ryeg:rass can become e.ry tough and unpa� tabl • 

It w noticed in the present trial that the S pastures 

were markedly more rus t res is tant �an the P over the autumn 

period. �'hi le 1 t is thought that th is would malra tbe P 



more unpalatable there is evidence {Butler and Rae, 1 957 ) 

that rus t  has no deleterious effeet on the thrift of sheep. 

Butler ( 1 959) sugges ts tha t the p as tl.U'es may be Wl­

p&lata0le to the animals due to the presence or 1rr1 tat1ng 

chemical co:n.n t i tuents . 

4. Diges tabi l1ty of tPe Pas ture ±YPes . 

The weights of g.ae tro-1ntes t1 nal c ontents ( Table 13)  

suggest this a s  a poo s ibi li ty .  The P sheep had larger 

"1!'1 ll "  than tJ1e S sheep. Thi s  e ouJ.d mean that s heep on 

P have t o  c onsume more :reed to get the same nutri t i ve 

value as a small er amount or s .  Short rota ti on may be 

qu::!.ckl;,r di ges ted and pA R S e d  dovm the tract V'lh ile P stays 

for a long time in the rumen. The wo rK of Balch ( 1 95Q) 

�nd Blaxter et al. ( 1 956 ) on t he rate of p as sage af food 

through the alimentary trac t does not confirm this explan-

ati on. In fact it contradic ts it by show ing that the 

longer food remains in the tract the better i t  is digested, 

Recent work by Tayler (1959 ) on Hereford cross-bred 

s tee� may help in clarifying the picture . The cattle were 

wj,n tered on dift'eren t planes of nu tri t1 on and then all or 

them put cmto th same pasture 1n spring . whe re intake data 

were collected. T yler found that both gastro-1nteat1nal 

"fill" and dai ly intake of he rb ge e sign1f'1oantl.J' and 

negat ively correlated i th t.he weight or internal f'at. It 

was f'o'Wld that those cattle wintered on a lov plane or 
nut.ri tion had leas internai rat end high � "fi ll a:f't r 
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· spring grazing than thos e wintered on a hi gh  plane . Tayler 

suggests two poss ible reasons �or this phenomenon : firs t ,  

pnysical reducti on of the s i ze of t he  body cavity by internal 

:fa t depots , and s econd.ly that the amoWl.t of internal f'a't is 

i tself ass oc i a ted with a s tage of physi ologic a l  ma turity 

which af':f'ect.s o1� cont rols a;ppeti te . The c orre lation be-

tween we i gh t  of' internal f'a t { caul., gut a nd  kidney ) and "f'i ll u  

was calculatecl for the p resent data cmd found to b e  -o . 4823 ss . 

'l"hese results of Tayler are pertinen t to the p res ent work as 

the above correlati on s hows ; however , they do not shed any 

light on the cause of the differences in livewe i ght .  They 

only show tha t re la t i onships be t·ween in take , ":fi ll " and 

int ernal fat we i ght exis t after the animals have been 

subjected to different p lanes of' nutriti on .  

5 .  Fac ial �czema .  

The effects of :fac i a l  eczema on the s he e :p  are well known 

( Mc�Joeka.::.1. e t  a l . , 1 959 ) ..  .Ref'erring to Fig . 4 we can see 

tha t �ac ial eczema precautions were taken on the P and S she ep 

and t.liat theD e :Jreoautions did materia lly at't'ect their l ive-

weight. Howeve r despi te the precauti ons some of the sheep 

contracted the disease and two o� these died. Table 1 6  

shows the inci dence of facial ec. zema in the sheep used �or 

the present s tudy. The DB thod o'f determinl.ng infection was 

a subjective one and based on :post zportem macro- and micr� 

scop1c examination of tb llvers . Tab le 16  shows the 1nd1v1dual 



76 .  

sheep in the ir respec tive sub-c lasses wi th the sheep m.J.Di)er 

inO.icated in the top le:ft hertd c orne r of each squa r-e .  It 

can be s een tha t the highest inc idenc e was in the P group 

v:herc neaJ:•ly all s1�.ee:p were a.f't'ec ted. Thus fac 18l ec zema 

c o ult:. I-La'tre affected the l.ivewe ight of the P grou.P adversely. 

Much evidence has been p resented in t.his secti on and many 

poss 1  bili ties have been sugge s ted. However, the only way of 

finding sa tisi'ac toz•y answel"'S to these problems is to conduct 

a series of' experiments in which all the above menti oned 

IJOSS 11:i11ities a:.c-e taken into account . 



SU104ARY .AND CONCWSIONS 

1 .  .tu1 experiment is described 1n which the effects of four 

different p as ture types and four birthrank ca tegories on the 

body compositi on  of 39 Ramney ewes were s tudied. The sheep 

wePe se t-s t ocl;:cd on the :fo·Lw :p ao ture t;y'"P eo , c ompri sing peren­

nial and cb.ot t Z'o t � ti on Pycgrass e s  wi th am w i th out whi te 

e ::i..o-veP , f':.•on 1 0 May 1 957 when "they we re  lambs ,  unti l 1 6  
De':. e! 'l"be P  1 958 1:.:.: nhich t ine the J had go ne through a comp le te 

.L•er ro:l"!.lc tive cyc le . 

2 .  All inte rn.a l organs were we ighe d  a t  s laughter e Later 

in the Mea t Lab oratory the frozen cu rcs. .: s ea were split down 

the h�:tckline wi t.h a meat bands aw . Af ter thi s t he  right 

s i de s  v, e1"e c hem.icall.Y analys ed using the me thod of Barton 

and Kir ton ( 1 956 ) ,  then the lef't s l des ware d is sec te d  af'ter 

the rr�e thod. a£ P.alsson ( 1 939 ) .  Chemic al and di s s ec ti on data 

were s t a t istically analysed by the me thod o:t' f itting cons tants 

by least s quares . Means were then compared and tes ted by 

analys is o:f variance to determine the effects � pas ture type 

and birthrank on body corqpos i t1 on. 

3 .  There were marked difterenees in me an  nnal l.iveweight 

be tween the animals on the t our pasture typ es .  However, from 

the data available it as not possible to de termine whether 

t.he differenc es were caus ed  by p ture tYlle• All that could 
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be said in tha t the animals ·were ex[.los ed to f our different 

plan.e s of' m::.tri t ion and. that 1 t 't'"ias like],y· t ha.  t the se were 

However :for c o!').venience the plane 

c:f :· .. ::.::tri tion effec ts i'1 ere nw.1ed P ,  S ,  P + C a.nd S + C .  

f:k: a.::;. liv�rve1ch ts :eanke d in the fo llow ing o r'Cler t  

P ( P + C < S � G + C .  Mos t of' the components o:f bo dy  com-

pos iti on a ls o  f'o llov1ed this order. 

'.i.'hl"ee genD Pal 1'acts eme rged f'rom these da ·10a: 

( 1 ) The di:f'f'erences a:ppe a 1·cd vecy e�irly in the trial 

ana th(} l.i atter·n was eG tablls he d uy la te SJ!ring 1 957. 

( 2 )  '.L"'herc is evidence tha t the re were two et'f'ec ts 

cauc inc; t:1e :pa s t ·...a'e type dii'fez•en.ces ; a r.regra.ss ef'1'e c t  

K:Jld b LtJk Pimpos ed o:n thJ.S , a c lov e.L' e:ff'ec t .  

(3 ) Ti·:.e di:f.t'erence s \J e l'a of s uf':fic i ent magnitude to 

be of 0 -:::; anomic impor tance .  

4 . 1�1e components of b o�y compos i tion were als o affe c ted 

1n a de:fini te p attern by birt..'l1 rank. Tluin rearing ewes los t 

the mos t we i �)lt followed by ewes rearing s ingle lambs . Los t 

lamb and dry ewes were very simi lar and not affected much. 

However the onl.y c anponent affec ted s ignif'ican tly was fat .  

l t  appeared that lac tational stress could materially affect 

the body compos i ti on  of the ewe . 

s. An analys is of dis see t ible eight components on 

:free basis sh ed that the f'om- planes of nut�1t1on s tudied 

caus ed s t1.s tieally s 1gn1t' 1cant 41t'terences between f'at-free 

ea eass ight and e.ll 1 te components except tendon pl: t 
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6 .  Poss ible reasons for the pas ture type diffe renc es are 

discussed. 

7. It is c onc luded tha t in orde r to obtain satisfac t ory 

explanations of' the prob lems brought out 1n th is wo rk 1 t 

would be necess ary to conduct a series o:t: tri als taking into 

acc ount the fo llowing poin ts :  

( 1 )  The additi on  of' a pur·e s tan d of.' wh i te clover t o  

the pas t ure types . 

( 2 )  Div isi on of the experime nt al p eriod into s e asons . 

I t  is qui te liOS s ihle t:;1a t lJ as t ure effects on l ivewe igh t  

were caus ed by dit'f'e.Pe.i. .t things in di.fferent seasons . 

(3 ) Pas tm-·e gr�:>i-·7th d£L ta rrus t be ob t&ined. This 

sh ould if possib l� me:1.su.re the type of p as ture the animals 

are actuRlly eating .  

(4 )  C omprehens ive chemical a:n.n lys is of the pas ture 

at reeular intervals wi thin the seasons is required. 

(5 )  Animal behavim.'l..r s tudies would be of interes t. 

'l'hey may tie in with (3 ) above in helping to de termine 

precise lY what the animals are e ating. 

(6) Intake work would :pl ... ovide da ta on how much the 

animal.s ate and how diges tible 1 t was . 

(7)  The management o:t: the pasture and animals w CMJ.d 

h ve to be as uniform as possible . 



PART II 

STUDIES Oil TlffigE METiiODJ OF ESTI MATING 

THE C OMPOSITION OF ANI MALS  



CHAP'fD I 

INTRODOOTION 

One of the great problems handic apping animal husbandry 

and nutriti on workers is that of quickly and accurately 

de te rmining the c aupos i  t ian of the live animal and/or its 

carcas s .  I t  is no t s ufficient i n  such studies to use 

live�eight gain o r  loss as �he cri terion for evalua ting a 

nutri tional regimen. I t  is essent ial to know the c ooa-

pos i tion of th e  gain or loss .  The ideal method of doing 
this uould be one wl1J.ch es tirmted the compos i tion or the 

live animal. However ,  fai ling th is ,  a comparat ive 

s laughter technique involving adequa te numbe rs of an ima ls 

would be sufric ien t. Many me thods of es timating compos­

ition have been tried and although several of thes e are 

reasonab lY good for a la rge popula t ion, none has been 

found suffic i ently accurate an an indiv idual basis . In 

the p resent work three recent 1119 th o ds have b een used: 

the "Lean-me ter " on the live an imal ,  s pecif'ic gravity (S .G. ) 
and a new chemic al analysis on the c arcass . 

I t  seemed, until. recen tly,. that the only way to obtain 

a crit ic al appraisal of animal compos i tion was b7 e ithe r 

comp1e te dissection or by one of the s tandard me�ods or 

chemica l  analysis .  Bo'lal methods are tedious , coe tl.7 and 

time consuming, and thus work< rs ay have been deterred 

f'rom c onduc ting bodY o cmpoa 1t1on analyees . HoweYer by us e  
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of a recently devised technique (Barton and Kirton. 1 956 )  i t  

has boc ome poss ible to estimate quickly and accura te ]Jr the 

chemica l  compos ition of a caroas s . In the :present stud¥ 

the ri ght s ide of each carcass was chemically analysed 

using this techni que while the le:f't s ide was divided into 

:four tissues : :rat ,  muscle • bone and tendon :plus was te , 

us ing the zoo thod of' P4lsson (1939) . This provided an 

opportunity to assess the accuracy of' es tima ting the anatom­

ical compositi on of' the le:f't s ide f'rom the chemical eompos-

i tion of' the right s i de .  The re  are ,  of' cours e , occasi ons 

where dissec tion is necessary , e . g . , s tudies of the p artiti on 

of' :fat to the various fat depo ts .  H�tever, any me thod wh ich 

would remove the necess ity o:f' tedious dissec tion and s t ill 

a llow dissec tible cou,wonents to be es tima ted accurate � 

would con tribute materia lly to :progress in this :fie ld. 

In addi t i an  to the above , the "Lean-meter" ,  an elec tronic 

probing device , was us ed to determine the fat content o:f' live 

sheep by measuring tbe depth of subcutaneous f'at along the 

backl1ne. 

Carcass spec ific gravity determinat1 ons were also 

carried out 1n order to re-eval.uate this t clmique 1n the 

est.1ma tian of the caroass COD:ilOS1 tion or sheep. 



OHAPI'Ell II 

REVIEW OF LITERATURE 

1 • CHEMICAL ANALYSIS OF MEAT 

Chemical analys is in meat wo rk us ually involves the 

determination or water. rat. prote in and mine ral ( ash ) . 

These components account for all but one to two per cent 

of me a t .  The compositi on of this snall rema inde r is very 

com:p lex and Bate-Smith ( 1 942 )  has named over 50 subs tances . 

Although many w arke rs have analysed me at into 1 t s  four ma j or  

components . mos t have used different me thvd.s and v ery f'ew 

of' them have described their roo thods 1n de tai l. This is 

well i llus trated by Hall ( 1951 ) who summarizes the returns 

f'l .. om que s tionna i res sent to meat worke rs in u . s . A . Very 

1"'ew use d  the s ane  roo thod . The mos t popular one v1as the 

A. O.A.C. ( 1 955 ) IOO thod. The dis advantage of the methods 

described by A . o . A . C .  ( 1 955 ) .  Callow ( 1 947 ) 1  Hall ( 1 953 ) .  

Kelley e t  al. ( 1 953 ) and Venn e t  al. ( 1 947) is that they 

are tedious and very slow . Because o:r this the time 

involved us ing these methods to an alyse carcasses 1n a big 

experiment is prohibitiv • 

Benne t. ,.. ( 1 9.56 ) ue aware of the p roble involved 

and give deta ils of' the methods used in their l.aborato r,y .  

They are part1cularly ccmeem d about saq>lin.g p.ro c  dures 

and give resul.ts of duplicate ana]3'ses which show that theil' 

sampl.es were homogeneous. 



Everson e' al. { 1 955,!.. 1 955]!. 1 956 )  were ooncerned with 

evolving rapid methods or bone less me a t  analysis . They were 

orking on developing et:t'icien t plant-cont ro l  me thods ror the 

me a t  by-products industry. Their methods , using capryl 

alcohol disti llati on ror water, and an e le ctri ca l capacitance 

measurement o£ t'at which had been extrac ted with o-dichloro-

benzene • take only 30 minutes . They found th at unskilled 
opera tors could get resul ta wi th1n three per cent of s tandard 

laboratory techniques . 

The p roblem of obtaining a homogeneous s amp le of a 

carcass has also been 1nvea tiga ted by Bar ton and Kir ton ( 1 9 56 ) .  
They evolved a toolmique whereby the frozen c arcas s i s  cu t wi th 

a me a t  bandsaw into quarter inch slic es . Thes e  sl ices were 

then minced s everal times to ob tain s ome degree of homogenei � .  

Samples of th is mince were then chemica lly analysed us 1ng a 

modif'icati on of' the � thod of Barnicoat and Shorland ( 1 9 52 ) . 
De ta il.s of' the me thod have been given in Part I of th is the s is . 

This method while not as fas t as tha t of Everson e t  a l. 

is much quicker than the othe rs menti oned above . Kirtan 

e t  al. ( 1 960 )  have checked the e:f:t'ie1ency of their chemical 

method on 20 lamb carcasses . These carcasses ere sp lit 
, 

down the bacltline and both a iel were an alysed. Alth ough 

no weight dift"erences were :found between the two sides, 

there were d..1f":terences 1n th weight of lo1n and "f'ore • 

b tween id • It was thought that these dif't'erences may 

have been d, to cutting rrore . Simil.ar di:f'f'erence be-

aen s icles have b n f'o . d b7 Uer et al.. (1956).  Lasley 
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and Kline ( 1 957) ,  and Harr1ngton and Pome roy { 1 959).  The 

last of these authors cla imed tha t their diff'erenc ee could 

not be explained as cutting errors and they sugges ted 

dev� lopmen tal dirferences between the left and right s i des 

of �heir anirr.als . Kirton et al .  ( 1 960) also showed that 

the indivi dual c cmpoai ti ons af the various j oints compared 

an b oth s ides except f<F tbe case of' :pro tein 1n the loin. 
Left s ide loins ;,ere s ignificantly higher than ri ght s ide 

loins . Butler e t  al. ( 1 956 ) found that the eye musc le 

ax•ea of' the left loin w·as higher in the beef carcasses 

s tudie d by them. So i t  appears t ha t  there may be deve lop-

men ta l  differences bet\7een s ides .  

A..11. analys is of the sampling errors by Kirton e t  al. 

( 1 960 ) shorred tha t the variance of' a trea tment mean was 

decreased only s lightly uy incre as ing the number of s amples 

per s ide or by sampling both sides ins tead of one . It 

would tLus be possible to ge t an acc urate estiiTJBte of com-

pos i ti on taking only one sample. However, the authors 

sugge s t  that at leas t two s amples should be taken to e limina te 

any gross errors . They als o found that the only w y to 

subs tan tia lly increase precision as to increase the number 

of c arcasses per treatment.. It se eam there�ore th at tbe 

chemical method of Barton and Kirton { 1 956 )  Wi ll giv very 

repeatable es timates of the chemic al compos ition of a meat 

sample . At pl' sent the accur cy of ash determina ti on  1s 

doubtt'ul. X1rton et !l. ( 1 960) could aot examine �his 

oom:ponent cri t1cal.ly and 1 t is thought that t.he cheiBieal 

method l!light not de-termine ash as e1'f'1c1entl,y as other OOIDPOilents. 



2. RELATIONSHIPS BETWEEN CI!flliCAL AND DI SSECTIBLE COMPOSITION 

.�Uthough many authors such as T�owbriclge e t  al. ( 1 91 8 ) ,  

Cha tf'ie ld { 1 926 ) ,  Lush ( 1 926 ) ,  Hop:per ( 1 9Ll4) , Hank ins and 

Ell is ( 1 945 ) , Call on ( 1 94 7,  1 948 ) ,  Hank1ns ( 1 91+ 7 ) ,  Hank1ns 

and Howe ( 1 946 ) ,  Xil"'ton ( 1 957 ) and Bar ton and Kirton ( 1 958£,) , 

present chemic al and dissectj.b le data t'or many species ; as 

:f'ar as can be ascerta ined only a f'ew work out relati onships 

between c hemical and d 1 ssec t1ble components . The othe rs 

are c oncerned more with part-whole relat ionships � i . e . , 

e s timatLJg a chemical or diasectib le  c omponent in the Wh ole 

ca��cas s t'rom the s ar.1e  component in one or more of' the j oints 

or cu ts . Many o the rs give detai ls of' e ith �r c hemical or 

dis sec t ible c om:pos i tian. 

Chat:f'ie ld ( 1 926 ) in a s ta t is tical t reatment of' d.a�a 

comp i le d  a t  seve ral research s tati ons found that the chemical 

com:pos 1 t1 an o:f pa.r•ticular wholesale or reta il beef cuts c ould 

be e s tima ted w ith reasonable accuracy from a dieseetion of 

of' the cut into lean , fat and bone . 

In a :particula1 .. l.y th orough inves t igation into me �ods 

of es timating the phys ica l and chemical. composi U on  of catt le • 

Hopper ( 1 9W&.) s twU.ed the relationships between. physical and 

chemical c ons tituents of various j o1nts for :tatness . Be 

obtained correlation of 0. 994 betw en d1Bsect 1b le and 
oh 1cal f t 1n tbe c rcass . The c orrel t1cm between the 

same c on ts :tor the 9 - 1 1  rib out as o. 992. Rankine 

and Hon (1 946) round the corre lation -rar tl 9 • 1 1  �"ib � 
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was 0.96 for beef Cf\reasses . Cal low ( 1 948 } combined data 

for a number of' spec ies and found a correlati on between 

d.issectible and chemical fat in the c area.ss of only 0. 872 . 

However he found some indic a tion of species differences 

which mny explain this low correla t1on. 

Correlations of' 0. 9056 and 0. 91 62 were found by Ki rton 

( 1 957)  bet\�een the percentage of' di ssec t ible fat 1n the 

9 • 1 1 rib cut, a.nd a ide and rib percentages of c hemic al 

fat respectively. 

Only two sets of workers :present re lationships be tween 

mus cle a!ld. protein. Hankins and Ilowe ( 1 946 )  found a 

c orre lation of' 0. 82 between the separab le lean of the 9 - 1 1  

rib cut aTl.d the protein of the dressed carcass , while 

Ki �ton ( 1 957 ) found a correla ti on  of 0. 5865 between the 

wei[")lts of' mus c le and protein in the 9 - 1 1  rib out . 

Hopper ( 1 944 )  appears to be the on ly wo rke r giving 

the :r• ela tionship between bone and ash in the carcass . In 

this c ase the c orre lati on was 0 . 678. 

Shorland et al. ( 1 947 )  conduc ted a regress ion analys is 

of the compos i tion of New Zealand lamb and mutton. They 

give the f'o ll�ving correla tions between percentage chemical 

and percentage disseetible fat (calculated on a bone- end 

tend.o-&-free basis ) :  Total carcass r ::r 0.969J neck r = 0. 888 ; 

hCNlclers r = 0. 969J thorax r = o .. 932 J  loin r = 0 . 980 ;  

le gs  r a 0. 938J :pelvis • = 0.960. The wqrkere 

s t that � e cal COII.\POS1 tion of tbe bon and 'kmdon-

rre ea ss or .1oJ.nt could be used to eatlmate e. corresponding 



physical characteris tics but they make no a ttem.pt to give 

re la t 1onsh1ps . 

I t  ca.l'l. be seen from the above that the 1 1  te:ra ture 
an :relati ons hips between phys ical and chemical compos i ti on  

i s  s cant . The present s tudy attempts to :re e tU"y the 

posi tian as regards the sheep. 

3 .  ESTIMATI ON OF BODY COMPOSI TIOH FROM SUBC U TANEO US 

FAT THICKNESS 

( 1 )  carcass ·�easw.�ements . 

It  has lone been reali zed that s ubcut ane ous f'at is 

one of' the later deve loping f'at depots and is thus liab le 

to cons iderable f luc tuat ion due to such f'ac tors as age 

and nut:ri tion. The de1) th or back rat as meas ured at the 

cut su.:raceo of' vari ous commercial cuts has been used f'or 

many years as an indicator of f'a tness . Hankins and Ellis 

( 1 934 )  measured back fat thickne s s  at five places on the 

split c arcass of pigs and ob taine d a corre lati on o� 0 . 84  

between average back fat thickne ss and the p:! rcentage of 

ethe r  extractable fat. In a later paper (Ellis and 

Manldns , 1 937) these orlters showed that the oulder back 

f: t. depth had the lowest r latio:nship with the average ar 

the five sm.-ing s ites ( eventh rib, shoulder, mid back, 

loin d h } • Hirzel ( 1 939) an�d ts Uken 

n iber of years 
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Smi thi'ie ld show . lie used back :fat thickness as an indic tion 

o:f fatness . PaJ.eson (1 939 ) presented a sys tem of me as urements 

which have been us ed a great deal since in carcas s compos i ti on  

s tudies . Vlorkin.g wi th  sheep he fo und that mos t of' his :rat 

measUJ.--ements made on the cut s urf'ace of tile cross-s ec ti on at 

the leve l of' the las t rib wer•e s ignificantly c orrel ated with 

total f'at .  McMeekan ( i 939 }  used similar s ubcutaneous f'at 

me asurement s taken f'rom the s urf'aces 01' bo th the sp lit car-

cass and the c ros s-s ec ti on at t he level of the l as t rib. He 

found tha t  average bacl{ fat thickness was hi�lly corre l ated 

'lVith total f'at ( r  = 0.96 ) .  The rump s i te was the bes t and 

the ohculder the \7C'Irs t . Fa t roo usurements at the loin cross-

coc tion were a lso highly correla te d  �rith tot � l  :fat. He f'ound 

that me as�.lrene�t G (f'at  depth over the do .�.B a l  edge o f:  tbe eye 

muscle )  had a c orrela ti on of' 0. 97 wi th t otal fat .  Similar 

m.eas urer.:e nts to t!J.e s e  were used by Llnderw·ood and Shier ( 1 942 ) , 

� talker ancl.. McMeeka.""l ( 1 944 ) ,  O larke and McMe ekan ( 1 952 ) , Pals s on 

�ld Ver�es ( 1 952 ) ,  C larke e t  al .  ( 1 953 ) and P�lsson ( 1 953 )  1n 

t�e ir work an carcass composi tion. 

Since this early work many inve s tigators bave 1neludecl 

back fat measurements as a standard procedure o:Z es timating 

:fat during studies on carcass oha cteris t1os . BPOVn et al. 

( 1 951 ) found a highly s 1gnif1c&nt negative cone� t.ion be­

tveen s . o. end erage back fat th ickness 1n the p1g . Aurum 

and Winte ( 1 949) working on 30 swine carcas ses showed a 

correl.atian at o. 19 bet een ave b ck fat th1ckne s and 

h t  content . In 1 ter t�i 1 en4 Winters ( 1 952 )  

\. 



us ed a coring device t o  estirna te subcutaneous :ra t and thus 

to tal fat .  However the results ob tained were n o  be tter 

than those using pack :rat thickness . Xraybi ll et al.  ( 1 953 )  

investigated the accuracy of back :rat measurements for 

estimating the body fat content of swine .  Back fat �1ick­

ness was :f ound to be well corre lated wi th the percentage 

body :rat ( r  = 0.81 1 ) and \tl th the percentage water ( r  = -o. 856) 
Whiteman et al. ( 1 953 ) discovered that back fat th iclme s s  was 

not as good as S . G. for estimating various measures of pork 

carcass le anness . Whi temsn and Whatley ( 1 953 ) found that 

the area of' the loin eye musc le was reas onably well c orre lated 

with back f'at thickness . 

The deiJth of' back :fat has also been used 1n many perform­

ance tes ting and carcass judging sys tems. In Grea t Britain 

the sys tem o:r c ommerc ial grading of' bacon pigs inc luded back 

fat thiclmess measurements (Harrington� 1 95 8) . MeMeekan and 

Walker ( 1 950 )  and Woodward et al. ( 1 954) inc lude back :t"at 

measurements 1n their schemes for beef cattle while McMeekan 

et a l . ( 1 944) include 1 t in a gzaading scheme :f'or pigs . 

cMeekan ( 1 939 ) gives the Cambridge block tes t for fat l8IIibs .  

A general cr1t1eiem that may be levelled at this w ork 

is tha t no syste.DBt.1c study has been made to s e if there is 

some area of the body Whe re  the depth of subeutaneous fat is 

more highly related to tota l t"at than tha t al ong  the bae.kl1ne . 

Up t o  the present time work has bee-n c oncentrated an :neaslJI»ing 

the depth of subcutaneous tat at UJ!Ifac cut during normal 

co.nmercial practice. 
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The work des cribed above shows that a good re la tionship 

exis ts between carcass back fat thickne s s  and total carcass 

f'at. Hazel and KJ.ine ( 1 952 ) used th is relati ons hip to 

es t imate the :ra t oontent o:f the live an ima l  by use of a 

nlive ;:robe " .  This cons is ted of making a small cut at the 

s e le c ted s i te  and insel,t1n.g a sma ll metRl rule unti l the 

underlying mus c le layer was enc ountered.. The dep th of 

penetra tion was then noted. The me thod is qu1c..l< 9Ild easy 

to apply c.nd caus ed J t ttle dis com.:for t to the :p igs . The 

ave rage o:f :rour s i tes on the back eave a c orre la ti on o:f 0. 81 

with the ave rage of' f om> back :rat �asurene:1.ts an the c arc as s . 

It mus t  be noted that the c aPcRss .me as urements vte l,e not taken 

at the probe s i tes . The l ive probes were more acc ura te 

indicat ors of' lean nes s  and vcrc entage prima l c uts than were 

the car·cacs roo as uremen ts o:r bnck fat th icknes s .  Ha.rrington 

( 1 958 ) oays : 

Since this f'il .. s t  rep ort, Arre rican s t·udie s have been 
directed mai.nl.y towards es tablishing the relat ive 
accuracy o:f measurements made by p1'"0bing live :pigs 
a� vari ous body s i tes 1n predicting carcass back 
:rat tl'l..ic.lmes a and c ertain othe r measures o-r c arcass 
vaJ.ue . 

'Ehis statement sums up tbe situati on. 'l'be se s tudies 

y be deta i led as :foll.ows . Haze l and l11n ( 1 953 ) tea ted 

e1ght probe s it as ma urea of leanness and f'atness and 
o.oneluded that the b at. w re shoulder, loin and top of the 

De Pape and tli y ( 1 954) tes ted  oomb1na t1cma or 

i and concluded tha t  a combination � probe 



behind the shoulder and over the loin on b oth s ides of the 

anima l was the mos t  useful of those s tudied. 

A correlation af 0 . 69 between the average of three 

prooe s i tes a�d carcass back fat thickness was fo und by 

De Pape a_..,_d 'Jr...at!c;; ( 1 956 ) .  Las le;y e t  al. ( 1 956 )  obtained 

a c o rrelation of' -0. 57 'ba twecn back .f'ttt probe and percentage 

lean cuts . Hetzer e t  al. ( 1 956 )  found a c orrelati on of 

0. 72 be tween average depth back fat and average probe dep th 

for "three s it es . Price e t  a.l. ( 1 957) found that S . G . gave 

a better in dicati on of' the chemical c ompos ition of the ham 

than did the live prob.e . Holl a11d and Iiazel ( 1 958 ) compared 

pr·obes w ith othe r liv e an itnal me asurerrents and carca s s  

Pearson e t  al . ( 1 958 ) found that mo st s u�plement-

ary me a sur .. es of leanness l'lere re lated to live p robes . In 

a se1•ies ot' pape rs Zobrisky et al . ( 1 959.!1 1 959!?,, 1 959.2,) 
fow1d a good negat ive corre lati on be tween probe at a hip 

c i te and the four lean cuts (r .. am, loin, p i cnic , and Bos ton 

butt ) .  ·i'hey alS o ob taine d a correla tion of' 0. 61 be tween 

ave rage live probe and f'at yield ( to ta l  carcass trtm fat 

:plus leu"' f'at ) . 

It seems from the above work that the live probe ia 

quite highly related to back fat thickness too asurerents 

and that these are well rel ted. to t otal fatness .  High 

n gative cOI·relatiana are obta ined be tween probes on the 

liv animal. and measures at leanness .  

(3 ) 'Jbe J,eM-meter. 
Bantield and Callow ( 1 935 ) sho 4 that th electrical. 
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res is tances of muscle and fat differ 1111rkedly. They used an 

a lae  ia• ical pi•obing dev ice which made use of th is principle in 

de tel"'lllinmg the back f'at thickness of' una:pllt c arcasses . 

More z•ec•,::ntlJ this pri nc i:ple has been us ed by Andrews and 
Whaley ( 1 954)  wJvJ developed an irw tru.m.ent �ich is avai lable 

c ommer·<..:ially kaown ae th e  ttLean-:neter " f'or us e  in de termining 

the back i�a t thiclmess of: live animals . They made Lean-mekr 

and carcass measurements on 200 :pigs using t.hree p robe s i tes :  
f'i:t:'B t l ... ib , las ·t rib and las t lumbar vertebra . Two measure­

ment;:; wePe made at each s i te. one on e ith er s ide of' the mid-

�ine . The c orrelati ons of average back fat thickness of' the 

live an iJiia l &:• td c.ht�m:lc al component s o:f the c arc as s  were 0 . 585 

fol' p-.,r cent f'a. t ,  -o. 075 for per cent :t,)rote1n . and -o. 593 
1'ol' per eent mois ture . 

Be rt;; and Bm·lla.nd ( 1 956 ) c ompared the avel"'age o:f three 

Lcaa-r:-..-:} t,,r rne as ur•eroont s w i th  the average of three back f'at 

J.ne aauraeuents t1:nd i'otmd a c <>rre la. t.i a..Tl o:f 0. 80 .  

Fear·� on e t  al. ( -1 957 ) comp ared. the live probe and 

Lc an-rr..ater f'o.L' predic ting vari ous carcas s measurements on 

99 swine. They obtained a corre la t ion between live probe 

and Lean-me teza of o. 78. 'l'he me thods V!ere f'ound equally 

accur te ror me suring b clt f t ,  w1 th c orrel ti ons of' o. 70 

and 0. 71 for th e live :probe and Lean-met r r spect1v 1¥· 

They also 1"ound that the liv probe was tbe b t r 1D41e ator 

of leann s-. 

r .._ Lo·ve 

72 a;plit 

[al. 
.. 

( 1 9S8_) use4. the Lean ter on 

The.y f'ound. no tatis t1 1 



ditterences between Lean-meter and carcass back :fat measure­

ments . However the Lean-meter oveP es tima ted sli ghtly the 

depth or :fat .  Thes e  workers ( Walker - Love et al . , 1 958l) 

also used the Lean-meter on live :pigs . They compared 

Lean-meter readings taken a t  the s ame s i te on the live 

animal and on the carcass . The carcass readings were 

s ix to eight m . m. highe r than those on the live pig . 

Readings taken at the loin si te were more repea table than 

those at the shoulder s i te .  

All the work described s o  far has been conduc ted on 

pigs . The only account in the literature of the use of 

the Lean-me ter on .ruminants is tha t of 'l'emple et al. ( 1 956 } .  

These worke rs  attempted to es t .1ma te f'at thickness 1n live 

cattle .  The Lean-me ter was used on 1 1  live animals but 

due to the ef:foc t  involved, the lack of variabili ty be tween 

readings , and the haemorrha ge caus ed by the needle , it was 

not continued. The correlati on between Lean-me ter es timate 

of fat thickness and c arcas s fat thickne ss was -o. 1 6. 

Iiowever . When us ed on 25 steer carcasses, the correlation 

between Lean-me ter measurement and ealiper measuremen' 

was 0. 87. 

It. seems th t While the Lean-me tex- gives a reasonably 

accur te es timate of the back f t t.hiemes of live pige• 

1 ts value on o'ther animals ha yet to be determined. 



( 1.� ) Otl.le r Me!§'\jl.£es. 

( a )  X-ray Meas ureroonts . Keys and Bro�ek ( 1 953 ) reT1ew 

the lit era ture on the measureu�nt of' subcutane ous f'at wi th 

x-rays for humans . 

Harrington ( 1 9.58 )  has reviewed the literature deal ing 

wi th the e s tima·tion of: body :fa tness and b one content in 

dorre s t i c  anima ls using X-rays . He concludes tha t 1 t is 

dii'f'i cult to me asure the s ubcutaneous rat of domes tic 

animals 111 th x-rays because 1 ·t is necessary to take s l ightly 

under-eXlJOSed photographs . When f'u.ll exposure tiroo is us ed 

the resp l ratory movements of the an imal blur the photograph. 

(b ) Ultrasonic Me asurements . Wild and Rei cl ( 1 952 ) 

firs t propos ed the us e  of echo-ranging technique s  for 

de terr.1ining t_le s truc ture of' l!i ologic al tiss ues . They 

were i'1t,ores ted mainly in .  de tecting cancerous growths . 

Hmvry and Eliss ( 1 952 ) a ls o  us ed �trasonic means to 

visua l ize the soft t issue s tr·u.ctures of the body in humans . 

They were al.so interes ted in medical applications . 'J.'emple 

et Eq . • ( 1 956 )  appear to be the :fi rs t  wo rkers to us e  an ultra­

s onic device on dor.oos t ic animals When they attempted to 

measure tlJe back :fat thickness of cattle . They obtained a 

corre lation of 0.63 be tween the ultrasonic measurement and 

actual f'at. thickness . Dumont ( 1 957) wsed the method to 

measure the back fat of pigs and obtained good agreement 

with care s back f'at measurenents. Sinee this ork . many 

inves tiga't.oN h ve used the thod 1n s tudy1ng various epeeta 



of body c om�os 1 t1on (Claus , 1 957; Kliesch et al • •  1 957; 

Lauprecht et a l. , 1 957; East e t  al. , 1 959; Stouffer 

et al . , 1 959 ; Haze l and Kl.ine � 1 959 ; Campbe ll e t  al. • 1 959 ) .  
The me thod appears to be mos t  :promising. 

4. SPEC IFIC GRAVITY 

( 1 ) Th.e Constwoy o:f the Fat-Free Mass . 

The us e of spec iric gravity ( S . G. ) 1n the predic tion 

of carcass and/or body compos i t i on i s  based on t he  concept 

of a fa t-free mass o:f cons tant compos i ti on ,  and hence c on­

s tant dens i ty , and a var iab le ��ount of fat .  Fat has a 

lower de�s i ty than the fa t-free mass (Keys ��d Brozek , 1 9 53 )  

and s o  t_1e larger the amount of' :fat present the lower wi ll 

be the densi ty of a carcas s .  Therefore some relati on should 

be expe c ted between the leve l of f'a tness of an individua. l 

and i ts dens i ty , or , at any given temp era tlll'e ,  its s pe c i fic 

gravi ty .  The s peci:fic gravi ty of' a suba tfU'l.ee being t he 

rat i o  of i ts  dens i ty to the den s ity of water a t  a given 

temp erature . li'idanz et al. ( 1 953 ) present data giv ing 

the t'at dens i ty  of l1l8llY ID81t111allan spec i es .  

Ever s ince a rel t ive cons tancy of compositi on or the 

mature fat-free mass was demons trated b7 Mur N;y ( 1 922 ) ancl 

oul ton ( 1 923 ) much wk has been devo�c!. to enl.ersing and 
checking. the cone t. Behnke ( 1 941-42) ana. Behnlte '' al. 
( 1 942 )  working w1 introduced the 1 a o-r a "leaD 

bo4.Y s " of eo tent eo 1 Uon and 4aas1 V. � coacept 
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is n ot the same as the f'a t.-free body because the lean body 

maes was ass wood to contain 1 0  per cent of 1 ts weight as 

"essential 11p1ds " .  Later Behnke ( 1 953 ) amended this to 

approxima tely �vo per cent "essential lipids ". Although 

Behnke was a pionaer 1n the use of 8 .  G. for determining 

body compos i tion hie idea has conf'used the i ssue and s �  

workers (Ra thbun nd Pace . 1 945 ; Krayb ill e t  al. , 1 952 )  
do not dis tinguish between f'at-f'Pee f1RSS and lean body 

mass .  

A large b ody  of l i terature has accumula ted an the 

cons tancy of the fat-free compos i ti on  of many spec i es .  

Thus Pace a�d Rathbun ( 1 945 ) ,  Callow ( 1 947) , Pitts ( 1 951 ) ,  

and Babineau and Page ( 1 955 ) s upport the concept of con­

s tancy in guinea pigs , s heep ,  c attle , pigs , hwnans and 

rats . Agains t this , many w orke rs have p roduc ed evidence 

show ii:tr: tha t due to various caus e s  the :fat-free co:IJU)OB ition 

is not c ons L ant after ma turi ty. Chatfie ld ( 1 926 )  s tated 

that the compos ition of' fat-free beef is var iable . S:pray 

and Widdowson ( 1 950 )  present data on. the changes in the 

chemical components of the fat-free bodies of many species 

it.h �ge . Hopper ( 1 944) ,  Re 1d et. a l .  (1 955 ) and IUrton 
at ••. ( 1 959.!) have shown that water per cent decreases 

and protein per cent increases wi th age 1n cattle • pigs 

and hee;p an a :tat-free basis . Keys an4 Brozelt ( 1 953 ) 

s tate that tile f'at-f're compos t  tion of body 1s not independ-

ent o:r the ount of f'et in 1 t. They 1'ound tha t f'at and ate.r 

cor l.ated 1n the boa7 and tend to ehenge toget.he�. As 



:ratty tissue is increased so too is a certain amount of' water, 

:pro te in and minera l .  So the proporti on of the fat-:rree mass 

represented b:>� water i s  nei the r absolutely cons tant nor is i t  

independent of the to tRl body we ight or i te f'at c ontent. At 

low levels of fa tnes s inc reased hydra ti on ha s  been no ted in 

sheep by Mi tche ll et al. ( 1 928:2) and Kir ton et al. ( 1 959,!.) , 
and in the pig by Claw·son e t  a�. ( 1 955 ) .  

'fhus it ca,n be seen that the com:pos i ti on of the f'at-f"ree 

mass is n ot cons tant in the ma ture an.L"llal and the refore its 

dens i ty is also not cons tant . I t  is c lear from the &bove 

th nt a:n.y analys is basecl on the concept of a theoretic ally 

cons t��t ra t-f"ree mas s i s  a� over simplif ic a ti on  whi ch c ould 

lead to error .  

( 2 )  Svec ific G1�av 1ty as a Measure o:f' Car•cass C ompos i ti on .  

Spec ific gravi ty determines prirrari ly th e  proporti on 

of fa t 1n a carcass .  Its big advantage ove r  o the r  methods 

is tha t  i t  does not involve des troying any part of' the 

c&l"cass . 

The ini tial work in this :f ie ld was done us ing humans 

and small laboratory an imal.s . Behnke ( 1 941 -42 )  pioneered 

the sub ject wi th his ccmcept of le an  body mass . This work 

as :followed by the papers r4 Ra thbun and Pace ( 1 945 )  � and 

Pace and Rethbun ( 1 945 ) an the s . G. of guinea pigs� Along 

t th  Da O'osta and Clayton {1 950 )  they found that t re la tion 

between fatness and s. G. was close enough :for! p1!ed1cti ve 

purposes � Da Costa anc! Olaytce ( 1 9,0) with r ts tablisb cl 
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an inverse rela ti onship be twe en carcass rat per cent and 

water per cent , and a direc t  relationship be twe en water 

per cent and s .  G. Morales e t  al. ( 1 945 ) , by means of 

theoretic al inves tigations showed tha t the re lationship 

between s . o . and :fat per cent is hyperbolic . The refore 

a line ar relati onship is to be expec ted be tween fat per 
_j_ 

cent and S . G. K.ir ton and Barton ( 1 958:2,) , us ing shee p, 

found that this was s o  and a ls o  found that the relati onship 

be tween S . G. and fat per c ent ·was curvilinear but tha t i t  

curved in the OPIJOSi te direc tion to the theore t ic a l  curve 

of' Morales e t  al. ( ·i 945) .  No poss ible reas ons are for-

warded by them f'or this . 

Sinc e 1 950 much tiork has been done in es tablishing 
relationships bet\Ieen S . G . and various measures of' c arcass 

compos i ti on  and the f ormulation o f'  predic ti on e quati ons . 

Brmvn et al. ( 1 951 ) us b1g the pig found c orrelati ons  be-

tween s .  G. and are a o:f loin eye , per c ent primal cu·ta and 

per cent l ean cuts tha t were posi tive and highly s ignif'i cant. 

Highly s ignif icant nega tive correlations were :found be tween 

8 .  G. and average back t'a t thickness , pe1� cent !'at c uta , and 

chi.lled carcass ·:veight . They c oncluded that S . G. could be 

used to es timate eai,cass fatne ss �us t as accurat l.y s tl1ose 
me thods involving the cuttiug of the carcass . S . G. was 

found to be almos t  as good chemical nalysis t'or esttm-

ating f tness. ltraybill tt !1• ( 1 951 )  :f'olUlcl a good relation-

ship 1n ttle be.tw ca.rcasa :fat pez- eent {as est1 t d 



f'rom the 9 - 1 1  rib cu� by chem1.cal analysis and physical 

sepapat.ion } and f'at per eent as determined f'rom S . G. 

Kraybill !..t al. ( 1952 ) us ing cattle fonnd an inverse 

relationship between body :fat and body S . G . whereas there 

was a direct rela tionship betwsen body water and body S . G. 

They obta�1ed a correlati on  of' 0. 989 between the S . G . or 

the carcass and the S . G . of t.he whole body. Whit eman 

et a l. ( '1 953 ) f'ound that S . G .  was more closely ass oc ia ted 

with several measures of carcass leanness th�n was back 

ta t thickness in the pig. �niteman and \Thatley ( 1 953 ) 

f' ound the area o:f the loin eye mus c le to be s ignif icantly 

c orre la ted w ith S . G. in the pig. A good relation be tween 

the se para 1J le :fat of' the 9 - 1 1  rib cut and S • G .  was :found 

by Lo:fgl"een and. Garrett ( 1 954) us ing IIeref'ord s tee rs . 

De Pape and \�1atley ( 1 954 ) compared live hog probes at 

vari ous s i tes wi th S . G. S t ouf'f'er ( 1 955 ) us ing  1 6  lambs 

obtained a correlation of: -o. 622 between S . G. and the 

ether extract of the bone less meat of the right si de .  

1'his seems to be the f J. rs t  work on sheep with S . G . ap:t;e ar-

1ng in the l.iterature .  Fredeen et al. ( 1 955 )  round that 

S . O . was not as . good an indic ator of ham quality 1n pigs 

as the percentage area ot: the lean at the surface Whe re 

the ham is cut off the body . C�aweon t a,l,. ( 1 955 ) t'ound 

that the correlatJ.an between s . o. and water p9 r  cent in 
the pig carcass (r = 0.89) was hi gher than the same eorrel­

a.Uen for the bole emp'ty body (r  :a 0.63 ) .  G<>ocl eorrelati.cma 

between s!a. and vartous e suree or fatness 1n th carcass 
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and in sample j oints of the sheep were found b¥ Bar ton and 

Kirton ( 1 956 ) .  Paarson e t  al . ( 1 956 ) obt.ained high 

correlations b�tween total carcass S . G. and the S . G' s .  of 

the ham (r = 0 . 94 ) , the loin (r = 0.96 ) and the shoulder 

( r  = 0. 92) . The S . G . of the ham or whole carcass proved 

superi or to back.. t"a' as a measure o:f l.eanness . However,  

the authors noticed tha t c arcass length and back f'a t thick­

ness were f'ound t o  be superior to S . G. on the leaner car-

casses . This observati on is :impor tant because other 

workers (Kell.y et al. , 1 959 ) have found that S . G. is not 

reliable 1n carcasses o:f lar� :fat content . Price e t  a l. 

( 1  S57 )  als o  f'ound. tha t  carcass S . G . was a very good 

est�mator of' leanness . Kirton a..nd Bart.on ( 1 958£) present 

c orre lations and regress ion equati ons between S . G. and 

f'a tne s s  for the 9 - 1 1  rib cut , the loin , and the leg of 

sheep . Pearson e t  al. ( 1 958 ) f'ound that S . G . was prob­

ably the bes t indicator of leanness in pigs . A divers ion 

from the above applications of S . G. is made by Orme et al. 

( 1 958 )  who uae 1 t to estimate marb ling in the eye muscle or 

the 9 - 1 1  rib cut in beet'. A correl.a t1 on of -o. 81 was 

obta ined and the authors conclude that s . o. iS a useful. 

ob �ect.ive measure of marbling. Garrett e\ al. ( 1 959 )  

used s . o. extensively as an indicator of carca s compositi on  

both 1n beef cattle an d  1n eh ep. '!hey obtaine d a eorrel-

ati.on oE -o. go be een carcass s . G. and carcass f'at, pep 

C nt in the sheep. This comp · With the correlation cYr 

-o. 841 7 obtained by nrton ( 1 957) . 



1 01 .  

Cer'ta1n general. points ene rge fran the literature 

cited. First,  S . G . determinati ons have been carried 

out on mos t  domes tic animals but part iculB.rly on the pig. 

Secondly, S . G . seems to be a very good me asure o-r leanness 

as well as fatne ss .  Mos t of this work has been cond:uc ted 

in .J\.roorica on pir;s and 1n many cases S .  G .  has been :round 
a better indic ator of the lean.t"'lees o:r the vari ous eomne rc i al 

cuts than severa l  n�asures of: leanne ss . Thirdly • mos t of 

the I�e lati onships be tween S . G. and fatness are high but t here 

are indications that S. G. might not have a good re la t ionship 

wi t.h :ra t aver the entire range o:f f'atnes s folllJ.d in an ima l  

boC.ies . Several w orkers have found that at low leve ls of' 

:fatness the l�e s ults are vaPiable . Keys and Brozek ( 1 9 53 )  
present eviden ce which indic a tes tha t body compos i t ion is 

abnoPmal at low levels of i'a tness -

. . .. . wi th decrea s ing fatness more and more cellular 
ma tte r is los t and th is is rep laced or fi lled 1n 
by extrace llular f1uid. 

��is agrees w ith the inc reased hydrati on of the :rat­

f're e mass at low levels of' f atne ss found by M1t chell e t  a l .  

( 1 92�) , C la\vs on et al. ( 1 955 ) and Kirton et al. ( 1 959�) .  

Throughout the 11�eratuze various workers have given 

poss ible fac tors tha t  could le ad to e rrors in s .  G. de ter-

minations . Below are li sted s oma of the main one s  extracted 

from Whi termn et al. (1953 ) .  Xeys and Brozek ( 1 953 ) .- Wa ltera 

( 1 953 )  and Kirton ( 1 957) t 
( ) \later temper ture varia ti ons  1 th in  20� are of 

no particular consequence but beyond this range they could 



lead to errore . 

(b ) The Vleight of the carcass or body in water mus t  

be read as quickly as pos s ible . This is re l.a ted to the 

volume of' the carcass , esp eci a lly 1f' th e  wate r and carcass 

are at d ifferent te� ra tures . The S . G .  of a c arcass is 

lessene d the longer 1 t is left in water .  This is all 

part of' the problem conce m ing the eff'ee t of tem:perat\re 

on the carcass .,  Kline e t aJ. .  ( 1 955 ) c onduc ted a tria l on 

this :problem.. S . Os .  of the carcas ses de termined afte r o ,  

24. 48 and 72 hours of ch illing a:ne t;he &aes. were 0. 9965 , 

1 . 021 4, 1 . 0249 , and 1 . 0276 res:...ec tively. C orre lati ons 

be tv;.;,_;n .fa tne s s  and S . G . changed signi:ficantly w1 th time 

ot: cbillin.[;. Thi s  point s to the neces s i ty for· making S .  G. 

determinatl cms a:fte r a uni:form ch i l ling time .  

( c ) S . G. ha.s been notic e d  t o  decre as e  with s t orage . 

Explana t imls ths t h ave been given for t..ti. io are f'ir s t  that 

gas develops in the carc a s s  as i t  ages , and secondly that 

shrinkage c auses a reduc tion in volUJ'l}S . 

( d) Differences 1n water purity c an  marke dly affect 

results if' the dens i ty of the .w1ater is altered. 

(e)  The validity of the s sumpti on  of cana tancy of 

compos i tion or the fa t-f'ree mass is under doubt. The 

compos i tion has been shown to change with ge, degree of 

f tness and body eight. 



OHAPfER III 

MATERIALS AND METHODS 

1 .  A C OIIPARISON OF CHEMICAL AND DISSECTION A...�ALY0:£3 

Chemical and dis sec ti on me thods were described in 

detai l in Part I and so \'11 11 not be repeated he re . Data 

obta ine d rrom the sheep described in Part I were suitable 

for examining relati onships be tween the c hemical and 

dissec-',ible comJ,Jonents of' the carcas s .  The s e  z-el ation-

shi:ps we1�e examined betVIeen co:tTes pond1 ng joints an ei t he r  

s i de or the carcass . This was done o� a bandsaw j oint 

bas is s o  it was necess ary to bulk dis sec ti on data for the 

ne ck• shoulder and tJ10rax to make up the "rea t " ,  and als o 

f'or the anatomi cal leg and ,Pe lvis to make up the bands aw 

le g (see Fig. 3) . 'l'he re lationships be twe en. cr£L1ical 

and dis secti on component s wi tl1in thes e j oin ts v7ere evtt lua ted 

us ing a simple Pegress i on  and corre lati on analysis . 

2. A COMPARISON OF TWO METHO:OO OF ESTI MATING PROTEIN 

In tbe c hemical analys is desc r ibed by Barton arx1 Kirton 

( 1 956 }  prote in is es tima ted by difference . Therefore an 

ef'f'ort :as made here to cietermine how ela1e1¥ this ne thod 

agrees 1 t.h tbe a tandard J[�eldahl. analys iS .  D\lpl.ie ate 

samples ware taken tor th1s PUilel OSe from t.he el"\14e rea14ues 

or each side ample .  A :taetor of 6.25 was us d to canTert 



the nitrogen ;ae r  cant as detennined by X3eldahl , to protein 

:per cent . This is s tandard :procedure although Ba te-Smith 

( 1 942 )  c la ims  tha t a fac tor o:f 5.6 should be us e d  :for meat. 

3. LEAN-METER MEAS1JREMEI\"TS 

The Lean-me ter is an ele ctronic probing device manufac­

tured comnerci ally by the Duncan Elec tric Manufac turing 

C omparcy. Lafayette. Indiana { See Fig. 5 ) .  I t  ope ra tes on 

the pr inciple of differenc e in elec trica l  conduc tivi ty be­

t\7een :rat and mus c le ; :fa t is a relati vely poor cond� tor 

whi le musc le and blood are good c onductors . The p robe on 

the ins trument c ons is ts of a t'ine central element wh i ch  i s  

ins ula�ed f'r om  un outer• s leeve . The se e lec trodes are c en-

nec t ed to an indicator with a scale graded from fa t to lean. 

Flashlight batter•ies provide elec tric al power. When read­

ings are being taken the disc is placed on the an imals back 

and press ure is applie d wi th the trigge r being s queezed until 

the indicator flicks over showing that the tip of the probe 

has contacted muscle. The trigger is t hen released thereby 

c lamping the probe in this poe i tion• and the ins trument 

i thdrawn. 'l'he depth of probe c.an then be read off 'the 

guide tube se le .  

In tbe present ork 11 Lean-me ter measUNment e.re 

taken on the mo.ming of the dq of slaughter. A difficulty 

1n this t� of work 1 

the i t.e tor probing. 

the problem or 

In tbe present 

eeuPate� locating 

tudy three sites 
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we1-.e chosen : loin, shoulder and l"Ulllp. All meaeure:uc nts 

vr0re taken t1r1o inches away f'ram the midline an the left 

s ide of' e ach animal. The loin measuremen t was taken at 

the level of the last r ib and becaus e this pos i ti on  is easy 

t o  ident ify 1 t was used as a reference })oint . The shoulder 

site was 1 5  cm .  anterior and the ��P 25 ern. pos teri or t o  

the loin s i te .  Once the s i tes for probing had been 
established the wool was removed to the sk in  ror an area 

of a.:p:prax1mately tr.ro inches radius to each s ite . Observer 
A then made a p robe at eaeh s i t e  while Observer B res trained 

the animal . The obs ervers then changed �oa i ti ons and re�eat 

:proli ingS were carried out .  The sheep d id no t require much 

restraining . I t  was no ticed t ha t  they ob j e c ted mos t  when 

the skin \7as broken ".71 th too :p I'O be • In an efrort to reduce 

pain to the an ima l  tlle :probe was pre-set  a t  about a quH rter 

of' an inch. The probe was pus hed through the s ltin w i th a 

quick jab , then the trigger was re le ased and the depth of 

fa t. determi.'Yled. 11Jlis �rocedure caus ed the anima l  little 

disc omfort and ma de the prob ing  !ril.lCh easier and quicker. 

At the time of" jointing of the c arcass in the Meat 

Laboratory the depth of subcutane ous f'at at each probe 

ai te as measured.. In mos t  cases ident1f'ieat1on or sites 

was y because of the presence of SIIIl ll bruises caused 
by t.he Lean-me ter ;�r obe. However, When tbe s. 1r re not 

pre ent the last rib w used as reference po1nt and \he 

other s ites loc· ted fr it . At eh 1 the cutan ous 
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:t:'at was c u·� a\'la.y down to the underlying zm.mcle and the 

del)th of: fa t measured wi tl1 calipers . 

4. S?EC IFIC GEAVITY 

On the morning :following s laughter the co ld ear-

c asses were weighed firs t in aiP and then when immersed 

in vmter. Water and c arcass temperatures were rec orded. 

Speeif'ic gravi ty was calcula ted from the :following 

equa.ti on :  

Wt. in Air 
S . G. = Wt . in Air Wt . in Water 



OHAP.l'ER IV 

1 . A C OMPARISON OF C HEMICAL AND DISSECTIOH ANALYSES 

( 1 ) Whole carcass 

The carcasses had a mean weight of 62. 2  lb (range 

25. 8 - 92 . 0  lb ) . Means , s tandard deviations and ranges 

of the chemical and dis sectible components of the carcass 

are presented in Tables 1 7  and 1 8  respect! vely. Table 1 9  

sets out the corre lation coeffic ients . and regress ion 

equations with their s tandard errors of' estimate , for some 

variables . In all cases the independent vari ate is the 

chemical component . 

TABLE 1 7  

Chemical Cor:nponents o f'  the Carcass . Means, S tandard 
Deviati ons and Ranges ( lb )  

Item Number Mean S .D. Range 

F t 39 27. 22 1 0 .38 5. 5 - 45.4 

Water .39 25.36 4. 1 1  1 4. 8  - 34. 2  

Pro te in  39 7.39 1 . 30 4. 1 - 9. 9 
Ash 39 2. 23 o . so  1 .3 - 3.3 

UBI.B 18 
DissecUble 00IIIponents of the Carcass . ana , Standard 

Dev1 tiODB and Ranges (lb )  

I NUIJI) r an s .D. Range 

Pat 39 27 .. 63 10.83 4.9 - 46. 6  

IIU.scle 39 26. 1 0  4-42 1 4. 9 - 36.2 
Bone 39 5.76 o.n 4.0 - 7. 8 

� ·  Was t  39 1 . 81 0.01 1 .3 - 2.4 



'lAl\LI 19 

Relati onships Between Chemical and Dis aee tib le  Components 

No. of Correlation Regression 
Dependent Var1ate lndeJ?!ndent Vu1ate Pa1rs Ooeff'1o 1en,t. Eg;uat1gn 8.v.x 

ht Wt. � )  Pat Wt. (Chemic al ) .39 0. 9964 •• 
Y = 1 .04X - o.68 o. tJ 

Jluecle wt. Pl'ote1n Wt. 39 0. 9655 
•• Y a 3. 29X + 1 . 79  1 . 17 

Jlus o le Wt.. Water Wt . .39 0 . 9694 •• Y = 1 . 04-X - 0 . 27 1 . 10 
Bone Wt . Ash Wt. 39 o. 724.3 •• Y = 1 . 1 1 X  � 3 . 28 0 . 54 
Bone Wt . Fa t  Wt . (Chemic al ) .39 0. 5776 

• •  
Y = o.o4X + 4.67 o . 64 

Bone Wt . Water Wt . 39 0 . 8376 •• Y • 0 . 1 6X + 1 . 10  0. 4.3  
Bone Wt . Protein Wt . 39 0 . 8370 

•• 
Y = o.49X - 2 . 14 0.4.3 
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Th e  most variable component in the carcass 1s :tat 

we ight . This applies to both chemi c a l  and dissec tible 

fa t .  Indeed the se two c omponents are very simi lar with 

respect ·to the s ta ti s t ics presented in Tables 1 7  and 1 8. 
Dis sec t ib le and chemical fa t we ight s are highly cor re late d  

and the regres s i on equat ion has a l ow  s tandard error of 

es t imate . 

Muscle wei ght is we ll c orrelated w 1  th water and wi t.h 

prote in we i ghts . However the c orrelati on with water i s  

higher and its regression equati on has a lower s tandard 

erl'Or of e s t imate. A pos s ible reason for this high 

corre lation may be s e en in Tables 1 7  and 1 8  whe re water 

and musc le have very s imilar means , s tandard devia ti ons , 

and ranues . Also , water compri ses approxima te ly  70 per 

cent or muscle ( Ulyatt, unpublished data ) and s o  a high 
relationship between the two is to be expected. 

The high corre lRti on between muscle ann p rote in 

we ights e.an als o be expla ine d  on a p ert - whole bas is ,  for 

near].y all the prote in in th e en imal body oc curs in the 

muscle. 

None of the chemic al c omp onents give a really good 

es timate of bone weight. In all cases the c orre lati ons 

are low and the s tand&I-d errors of e s tima te of the re­

gression e quati ons  higb. It w hop d that there might 

be a la-rge o oPl'Glatlcm bet en ash and bone we!P\8 cm the 

unds th t mos t  c4 \he mineral mat- r 1n ash c a 

tJ.IOlil :bane. However . tbe re1ati.cmah1p was not sa-tishotol"''• 



A poss ible l'"eason for this is a lack of homoge.ne1t.y , wi th 

respec t to bone , of the mince s ample s  taken f or  chemical 

analys is . I t  was thought that as bones conta.in large 

amounts of' .fat ,  bone we ight might be hi ghly eozorelated 

with fat weight . HOUlevel" this was not the e ase . The 
components bes t  re lated to bane we ight were pz•ote in and 

water we ights . Reasons for this are obscure ; however 

i t  i s  possib le that the explana tion of thes e  high re l.a ti on­

srd.ps may oe that muscle , nhich is composed mainly of pvotc 1n 

and water, varies in a simi lar manne r to b one on the differ­

ent planes of nutrition pr�sent in this tr ial. 

Tlle f'ourth dissec t ible c omponent o:f the carcass ,  ter..don 

pluz waG te , poses a problem as i t  is sub j ect to much varia tion 

be t'.7ecn dis sectoz·s . Cox•rela t i ons between tendon plua v1as te 

and :fat we i ght ( r  = 0. 4000 * ) , muscle we ight ( r  = 0 . 5025 �: !:< ) 
and bone we ight (r  = 0. 6844 �, .:, ) were ob ta ine d. These 

rele.ti onshipe. , a l  iJwugh e tatis tically c ignif::..cant , bJ::e not 

high eno��h for p�pos e s  of predic ti on. On this evidenc e 

it was thought that i.f any high re lati OilShips were es ta-b11shed 

between chemical cmnponents and tendon plus was te . tbe7 would 

be purely f'or"tuJ, toua and or li ttle predictive value. 

(2)  i!.&· 

Leg eight had a mean value of 8.  53 lb and a rang or 

4. 00 to 1 1 . 82 lb. &DB •  s tandard dertat1 ons d ranges 

of t.he - cal and d1ss-eot1bl.e comp - � te or the leg are 

de 11 d 1n T bleB 20 81'14 21 . OA a joint basiS •  w1 th one 
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exception. only those re lati onships which were hip)l on a 

carcass bas is were us ed. The exc ep t i on  was the re lation-

ship be tween ash and b ane .  It was dec ided tha t a lthough 

none of the c orre lations o:f chemi cal components wi th bone 

vieight was high. an attempt should be ma de to e s timate 

bone on a joint bas ic . .Ash wei ght was chosen as the 

chemical conr,t?onent becaus e it is probably more related 

biologictally to banc weight than any of the other c hemic al 

components . For o ta t ln tic�l junti�icati on differenc es an 

TABLE 20 

Chemical Cornpo.11.dnts ot: the Leg. Means , S tandard Dev­

iations and Ranges ( lb )  

Item Number Mean S . D .  Range 

Fat 39 2 . 92 0 . 95 0 . 81 - 4. 88 

Water 39 4.31 0.68  2. 58 - 5 - 74 

Pro tein 33 1 .22 0 . 25 0 . 69 - 1 . 87 

Ash 3 9  0 . 3 8  0 . 078 0. 22 - 0 . 59 

fABl.E 21 
Dies ot1ble Components or the Leg. Means , Standard 

Devi atione and Ranges ( lb ) 

Item Humber Mean S . D. Range 

� 39 2. 87 o .. go o. - 4 
• .56 

cJe 39 4.48 Oa74 2.51 - 5.98 
Bone .39 0 . 86  0. 1 2  o .. 62 - 1 . 1 ,  



Dependant Variate 

Fat wt .. �) 
Muscle wt . 

llusole wt. 

Bone fit. 

TAJM 22 

Some Re lati onsh ips Between Ohemieal and Dis s ec tible Components 

1n th e l e g .  

No . o:t Corre lation Regress ion 
Independent Vari ate Pail's Coeffic ient Equa ti on 

Bat Wt. (Ohemioal ) .39 0. 9069 
** Y = o. 86x + o.36 

Water Wt . 39 0. 9467 .;) y = 1 . 02X + o.os 

Protein wt. 39 0. 9136 •• y = 2. 74X + 1 . 1 4  

Ash Wt . 39 o .. 7638 · �  Y • 1 e 1 3X + 0•43 

sy . x  

0.38 
0. 24 
0 . 30 

0,08 



a carcass bas is betfieen tbe e ar l-a lati on or ash w i th b ane .  

and the h igher c:-Jrrela ti o.ns oi' :t/:i..,ut e in  &nd water with bone , 

r�ere tes ted using Fia hez· ' n z-t.l-.an.s:formation ( Snedecor, 1 957) . 

This shov1ed that there Viei-e no s ignif' icant dirt"erences be-

tween the three correla ti ons . Thel"'e.for>e ash we ight was then 

co1 .. r•e la. ted w i �h b ane  weight on a joint bas is . 

Rel&tionsh.ips be tween the chemical and disaec tible com­

J;onent.s outlined above f:U:·e Pl"esented in Table 22 .  

i"l2 in the carcas& , fat weight is the mos t  variable c om-

ponent . In Tables 20 and 21 dis sectible and chemical rat 

wei ghts a� .. e very similax· in mean , s tandard deviati on and range , 

a lthough chemical rat is slight lY la rger 1n each cas e .  The 

corre lati on be tween chemica l  a:nd dia s ec ti"o le f'a t  weights is 

not as higil as :foj," the c a:L .. cass , hov;ever i t  is s ti ll quite 

good. 

There is more IJIU..Gc le th an f'at in the le g. The leg is 

the only joint where this is s o .  Both water and _pz•otein 

weights �u"'e hi ghly c ol ... related �-; i th rau.acle weight ,  al though 

the water• correla ti on  is better and its regression has the 

lower � tandard et-ror of es timate. 

'fhe corrolat1 cn between ash and bone weigb.ta is higher 

than the corresponding oDe for $be carcass . 

(3 )  l91P� 
The an eight � tile loin is 5. 51 lb and iibe .Nmge 

1s from 1 . 6.3 to g. so lb.. Uoans, t.and 4 4ev1 tlons and 

ranges of Chemical and 418 eot1ble CCIJI.Pcmenta are presented 



Dependent Variate 

J'at ?lt. �) 

Uuscle wt . 

Muscle Wt . 

Bone Wt . 

tj\BLB 25 

some Re lati onships Between CheDdc al and Dds seotibl& Component 

1n the loin 

No . ot: Correlation Rogressio.n 
lnd$pendent Variate Pain Ooef:t1e1ent Bquat 1on 

- -

:rat wt. (Ohem1cal) 39 o. ms •• Y .  1 ,06x + o. 1 2  

Vlater wt . 39 0 . 8545 
•• 

Y = o, aax - 0 . 23 

Pro tein Wt. 39 0 . 7556 •• Y • 2 . o}X • o .  n 

Ash wt. .39 ..0 . 001 1 .MS. Y • o.o3x + o . 24 

-

�. x 

0. 22 

o. 1 9  

0. 24 

0. 1 0  
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in 'l'ab les 23 a."'l.d 24 . a.."ld re la ti on:Jh ips be twee..Tt s ame  or them 

LT! Table 25. 

Again f'a t V!e ight shmvs the largest varia ti on at: all 

tr..e c omponen te • The lo!!! is t.h.e :lattest j oint and s hc'<vs the 

�rea tes t  vari ati on in �h is respec t .  Dis s e ctible fat has the 

higher valuea f' o::.' t...'le s tatis tic s pres e..11ted in Table s 23 and 

24. The c or-re la t i on  be tween chemi cal and di s s ec t ible fat 

v:c ightc ic very high E<.nd t11B s t.a:'ldard er::."or of es tima te of 

the regress i on  e qu tion is low . In tr...e s e  respects t.lle loin 

is very oirdlar to the whole carcass . 

Chemical Components of' the Loin . Means • Standard 
Deviat i ons  and Ranges ( lb )  

Item Number Mean S . D .  Range 

Fat 39 3 . 07 1 . 48 0 . 40 - 6. 95 
V/ater 39 1 . 69 0.34 0 . 96 - 2.32 
Pro tein 39 0.47 0. 1 3  0. 25 ·- o .  79 

Ash 

I 

t 
Mua-o�e 

Bon 

39 0. 1 2  0.033 0 . 06  - 0. 1 9  

Disseatible Oom.ponents of the Loin. Means .  Sttmda.rd 

Deviati ons and Ranges ( lb ) 

Nwriber Mean S .D. Range 

39 3 .37 1 . S9 0. 41 - 7. 28 

3' 1 .  72 0 • .36 0. 9 - 2.49 

.3-9 0. 24  0.095 0.07 - 0 . 53 



Dependent V aria te 

l.tascle Wt. 

Muscle Wt . 

Bone Wt . 

ZJtl:llj! 2i 
Sone Belat 1onsh1ps Be tween Chemical and D1s seot1ble Components 1n 

.. he rib out 

No. of Correlation Regress ion 
Independent Var1 ate Pairs Coef"f'1c 1ent Equation sy . x 

Fat Wt. (Chesdcal) 39 0. 9876 lfl:t. Y • 1 . 06x - o . 06  0 . 1 0  

Wa ter Wt. 39 0. 9083 
** y � o. ssx + 0. 1 0  o . o6 

* *  o. oa Pr()tein Wt. 39 0. 8388 Y = 2. 21X + 0 . 25 

Ash Wt.. 39 0 . 3333 • Y = o . 7.3x + 0 . 1 2 o. o3 



The eorrelati ans of water and pro tein wei ghts with 

IlllJ.SC le weight are relatively low for the loin. In this 

case water weight is ele ��rly be tter re la ted to IIIUSC le  

weight tl1an is protein wei ght. 

There is no reluti onship between ash and bone weights 

L"1. the l oin. 

(4) Rib ost 

The mean we ight of rib cut was 2 . 29 lb (range o. 64 to 

4 . 26 lb) .  Means , s tandard dev iati ons , and ranges f oz• t:!le 

chemical and dissec tible components o:f the r ib cut are set 

out in Tables 26 and 27. The re l ationships be ing s tudied 

are presented 1n Table 28. 

TABLE 26 

Chemical Components o:f the Rib Cut . Means , Standard 
Deviations and Ranges ( lb )  

Item Number Mean S . D .  Range 
___..._.. ._.,._ 

Fat 39 1 . 31 0 . 60 0 . 1 6 - 2. 79 

Water 39 0 . 72 0 . 1 5 0 . 40 - 1 . 1 1  

Prote in 39 0 . 21 0. 055 0. 1 2  - 0.35 
Ash 39 0 . 06  0 . 01 6  0.03 - 0 . 1 0  

TABLJ 27 
DissecU.ble Oom;ponents of the Rib Cut . Means � S tandard 

DeTiaUons and Ranges ( lb) 

Item er an S.D. Range 

t .39 1 .3.3 0.64 0.1 1 - 2 . 90  

cle 39 o. 71 0. 14 o.� - 1 .09 
Bone 39 0. 1 6  o.o15 0.09 - 0. 25 
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Some Relati onships Between Chemical and Diasectible Components in 
� 

the "Rest".  

No . ot Correla tion .Regress ioa s 
Dependent Variate In<le:penden1: Variate Pa irs Coef:f1c 1ant Equation y .x 

Fat wt. �Je )  Fat Wt. (Chemical ) .39 0 . 988.3 •• y .  1 . 041 - 0.43 0.)6 
Musolo W1 . Water Wt . .39 0. 9497 •• Y • o. 97X + o.34 0.31 

Muscle wt . Protein Wt. 39 0. 6778 
• •  Y � 1 . 51 X + ). 46 o. -, 

Bone Wt .  As h  wt. '' 0 . 61 64 
• •  Y • 1 . 1 6X + 0. 96 0. 17 
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The relationships a� very s imi lar to the o the r  joints 

previvus l.y  detailed. Fat weight again accounts for most 

o£ the v�u·iati on in. conpsi�i on. All c orre lations a re  lower 

than the corresponding ones for the c arcass . In the case 

of c�1elt-.r.l.cal agains t dissactible i'at this reduc ti on is not 

IDaJ."'ke cl. 

\','at. er veigh t is aaain corre lated more highly thsn 

pro te l.L1 ;;;eight with nr.J.Scle ·�/e ight . 

T!l.e c oz're la ti an  b�tween b one  Yleig!lt and ash w·eight is 

als o low and is only s igni ficant at the five per c ent level 

of probability .  

( 5 ) "�" · 
The mean we ight of the "res t t' was 1 4. 45 lb with a 

range of 6 .43 to 21 . 43 lb . 'l'ables 2 9  and 30 show means , 

s tandard deviations ,  and ranges of the chemdcal and 

dissectib le components of the joint . Re la tionshiys 

between s ome of these components are presented in T:1b le 

31 .  

A s imilar pictuz.e to the other 3o1nts 1s seen here. 

The corre lati on  bet een chemical and dis aect1ble fat is 

quite good although not as high as for tbe carcass . Water 

weigh t is cleax-ly superior to protein weight ror predicting 

muscle weight . • 

The correlaU 

whil.e n.ot as high 
b t.ween ash weight an bone weight , 

ror 'the carcass . io r sonabll' l•rse· 



Chemical U omponenl.s of' the "Re s t '' •  
De vi a t1 on-2 -md R':l1lges 

Item Nuniber Mean 

Fat 39 6.31 

lriater 39 5. 87 
Protei.."l 39 1 .  70 
Ash 39 0.55 

TABLE 30 

Means ,. Standard 
(lb ) 

S . D .  Range 

2 . 24 1 . 52 - 1 0 . 89 

o. s6 3 - 45 - 7.96 
0 . 44 0 . 97 - 2 . 49 

0. 1 1  0 .3 2  - 0. 82 

Dissectible C om;ponen ts of the "Res t " .  .Means , Standard 

Deviati ons and Ranges (1  b) 

I taa 

Fat 
Muscle 

Bone 

(6 ) D1spusa1on. 

Nur.ilier 

39 

39 

39 

Mean 

6 . 1 3  

6. 03 

1.60 

S . D .  

2. 36 
0. 98 

0 . 21 

Runge 

1 .30 - 1 1 . 03 

3 - 44  - 8.42 

1 . 1 4  - 2 . 03 

Throughout this work Vie relationshi,ps s tudied •1'h1n 

�oints be een chemical and disseet1ble components are no-t 

ae good the corresponding relat-ionship.J on a carcass 

ba-sis. !laweve� tl'e correlat.ians wt�hin joints a.e of 

a1BI.t1ar relat ive magn1twL to those cm the carcaaa. Sooe 
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inter-ec til16 trends we re not �.ced be�ween j oints . Chemical 

end dif:! sect ible fat we i chts 'f/e!'e ve�r s imilar m thin e ach 

joi. .t wi th res:.·,ec t t o  n:e :'m , n t::1no.ard C!.evin ti on and range . 

Wi th t1 'e exce:')tion ,')f the leg ,.  di ssee t ib le :rat we igh t  wa s 

la rge.!." t"�--u "ln cherrlc n l  f'nt wei gl:t . This f a c t  may expla in 

why the c o:::-·re lati on betwe en the two es tima tes of fat was 

lo11e s t  i:n tl1e leg. It was noticed that the c orre h1 ti on 

between chemic al fat we!dht �!le -:l.is ::: ec t i'hl e fat we i ght was 

hishest in th e :fa t.teot  �oint ( loin ) aTJ d l owest in t"'le J.� anes t  

j oint ( leg) . The reason for this is not c lear .  

The c oz•ro latians bet\Veen water we ight an d  musc le weight 

\7ere be tter than the protein - rrrt.lSc J.e weight c orre la ti ons in 

each joint. 'l'heref' ore it was conclude d that water we ight 

is better than �rotein we ight for e s timating mus c le wei ght .  

The coi':(•ela t ionc u i  th mus c le wei e-ht wer•e highe s t  in the 

lean j o int ( leg)  and lowest in the fat joint ( loin) . This 

tronC. :tc o :pr 0s 1 te tc t f!_p t noticed when. comparing c hemical 

and l�.ino ectible fat betvfeen j oints . 

The ash - bone corre la ti on was very var iable between 

joints . In the leg it was highe r than ·that for the c arc ass , 

whi le in the lo.in there was no re lationship at all. The 

poor re lationships between sh and bane 1n the rib and loin 

are probably related to the precisi on i th which the carcass 

was divided down the backbone. Both these Joint contain 
small amounts of bone and any accidental deTi atione from 

the midllne When the carcass was split could cause large 

variations 1n the amounts or bone contained 1n these two jo1nte .  
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2 .  A COMP �JUSON OF TWO METHQJ)!q OF ESTH!A.TING PROTEIN 

In the present work protein was ea t1ma ted by di:ff'erenoe , 

following the me thod of Barnic oa t and Shorland ( 1 952 ) .  

This was crude res idue minus ash and minus a fat correction 

:factor deter�ined by Soxhle t extracti on. 

Barnicoa t and Shorland. ( 1 9.52) compa red this me thod 

against the s tandard Kjeldahl protein analysis for musc le 

samples and f'ound tha t the two me thods did. not d.i:f:fer by 

more than 1 . 1 per cen t. They used a conversi on :t"ac to r 

of U x 6 .  25 and round tha t the difference me thod gave 

s l ir�:htly higher value s .  Apart from this work no effort 

8.1-J.i:JGB.l"'S to have been made "tiO check the accuracy of' the 

di fferer•.c e me thod on minced ;i-e a t S 8lt1ples . Acc ordingly 

this wem done with the present data . The s tandard 

ITil41 tiplicr c£ 6. 25 v;as 1J.S ed in c onverting ni tro!?6n 1-er 

cent , as de termined by Kje ldahl , into protein per cent .  

Bate-Smith ( 1 942 ) c la ius tha t the n i  trogenou.a subs ta...-·1ces 

in meat comprise appraxima te].y 89 per c ent only of' true 

prote in. lie the refore Pl .. Oposed that a factor o:f N x 5.6 

be us ed :for meat. However ,  Ba te-Sm1 th ( 1942) was wo rking 

wi th pure muscle. We are concerne d  here wi th analysing 

hole meat. not just mus c le and so wi ll conf' oi'Ill to 'tradit ion 

and use 6. 25 . The :fac tor 6 . 25 prob bly does overas timate 

t.he amount of »POt.e1n pP sent s can be seen from T bla 32 

Where protein r t and ash , JDIIlm up the whole or tbo crude 

residue and do not all ror the presence o� const1t n� 



Percentage C o� i tion of t he Crude Res idue 

I tcH 

Frote in per cant 

Fat per cent 

Ash per· cent 

39 
39 
39 

�:aan 

67. 96 
1 2 .49 
�0. 1 3  

s . :o .  

59 . 25 - 74. 88 
6 .  74 - 20. 52 

1 5. 94 23. 83 

such as carbohydrates . lac tic ac i d �  pigments and vitamins . 

Mos t of the var i a t i on  in the c ompos it ion of' the c rude 

res i due in rela ted to :fa t content as c an be seen in Table 32 .  

The reas on f'or this is tha t t he  runount of' :fat removed in the 

fi::-s t decantnt ions wi th ether i s  vePy var i �ble . Soxhle t 

extPaction o1' a homogeneous sa1!l}.Jle of each res i due is thus 

ess enti 1 in or·de r to es t imate accurate ly the we ip-)lt of' 

c hemical f'at in each carcass . 

Table 33 presents me ans ,  standard deviati ons and ranges 

of' prote in in the carcass as es tinB ted by the two me thods . 

It can be seen tha t they are very s imi lar w ith the K�eldahl. 

thod giving al1ghtl.y highe r  val.ues , hieh 1e op:pos 1 te 'to 

the findings of Bamicoa t and Shor l.and ( 1 952) .  'lhe cow 1-

. .  t1on e oefi1cient between the two me thods or es timati on was 

th regre s ion equa tion fo llows : 

re 7 • Q ldahl me thod an4 s = the residual method 
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TABLE 3J 
Means , Standard Devia t i ons  and Ranges of Protein Wt . ( lb ) .  

Es tilml ted by 'i'Wo Me thoW:J . 

I tem NWiiber Mean S . D .  �unge 
---

!Ntein Wt. �  39 7.46 1 • .37 4. 1 - 10 . 7  

Protein vt. �) 39 7. 39 1.30 4. 1 - 9. 9  

The equa tion shows tha t 'the re  is l i ttle dii'i'o:i.�:.lCc h� �; ::e �n 

the two me thods and thus is b orne out by ti::J.e a..:lUlys is of 

varia..'lc e ( •ra·ble 34 ) wl1ich sh.:.·;rs a non-s igni:fi c a.nt d.if'ferenoe 

be tween them. 

Analysis of Var1w1ce Be tween Two Me thods of Es tima ting 

Pro tein 

Source 

Between Methods 

Error 

Total 

d. f. 

1 
76 

n 

s . s . M.S . 

135. 92 

F 

0.05 N S 

Thus 1 t 1s concluded t t 1n the pr sent t3})e of work 
thod of estimating protein is suft'ic iently 

accurate . 
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3.  RELATIONSHIPS BETWEEN LEAN-METER MEASUREMENTS , SUBJUTANEOUS 

FAT DEP TH i:.. :D C!'..RCi\.BS COMf O� IT I ON  

Data from only 35 of the 3 9  sheep were use d  1n th is  

section . The f our  sheep omd t ted (Nos . 251  26 , 74 and 1 1 4 )  
b le d  p rofUsely a. t  one or more of' the p robe s i tes ma..l{:ing it 

impos s ible to get an accurate reading . 

In Table 35 are set out me nn s , s tand ard deviati ons and 
ranges of b oth average Lean-roo ter :rreasurer'len.t and ave rage 

depth of' subcutaneous f'a t at the Le an-meter probe s i tes . 

Mean Lea"'l-rne ter depth is almos t twice that of subcutaneous 
fat dep th although the latter has a wider range . Skin 

th 1ckneG3 would acc oun t  f'or so1oo of th is di:ff'erence in mean 

de pth , but not all . I t  seerrB thez-efore , tha t the Lean -me ter 

probe extends into the underly1nf: rmJ..:; cle t o  s ome degree and 

this over-et> tirnntas the depth of: s ;,.tbcut aneous fat .  The 

re as on for th is r,,ay be that tte me t� r· d oes not regis te r 

un t i l  the �robe contacts blood. 

TABLE 3� 
Average Lean-meter and Subaut&�eoua Fa\ Depth s .  Mei:UlS , 

Standaz•d Deviations and Ranges { 1n. ) 

Item Nuni>er 

· Av. Lean-meter depll 35 

Av. � lilt dajJII1 35 

ean 

0. 80 

0.45 

S . D . 

0. 20 

0. 24 

Range 

0 . 23 - 1 . 1 9 

0 . 10 - 1 . 20 



Im analys is o:f vat>iar..<(; e  cf. ' T�� .?J�.-me ter m '!l.S1.!.l'eme nts is 

rreoented. in Tab le 36 5 The on�y s ources cont r ibuti ng 

signif'i(;antJ.y to the v�·.tr.:l..e.uili ty are �.Je tiYeen ehe e  t4"'ld 

The be tween ()bflervers r-m1 E� ll the in ter-

blC t i o�1 te 1•IOO O.u not c: vn tr1 but� s ie.;nificc.ll't ly .  Th is  type 

of r� . .:. ult w·i th larg-e differenc es b e tue en sheep , small 

dif'fer·e� ·ces b e tween s ites, a"1.d no di:f:f'e :;-·�;nc es b etv:een 

o::.. r.: crv·� .es is ve ry gooc1. c..n d 1-'.Ji�-rt s t o  th.s �1sef'ulne ss at: 

be tween ::fozer•vel"G nlE: ans thot res ..Ut s ob taine d  by othe r 

workers ehould be coL�nra1 1� . 

TABLE J� 

i\na lysis of Variaac a  of Lean-roo ter Meas urement s 

.. ... _ .. _ _  -··-_. 

Source d. t: .  s . s . !tl.S . F 

Be twe�:tl illleep 34 �-460 0. 24�8 1 2 . 02 
Between Si tes 2 0. 1 95 0.0975 4. 71 
Between Obseners 1 0 .005 0 . 0050 0. 24 
b"heep X Si tea 68 1 . 948 0 . 0286 1 .38 
Sheep X Observere 34 0. 542 0.01 59 o. n 
Observers X Sites 2 0.001 o.ooos 0.02 

ErrOP 68 1 . 409 0.0207 

To ... al 209 1 2..560 

• •  

• 

N . S .  
w . s. 

N. s .  
N . s . 
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Shouldet• 

Loin 

Bwnp 

!AALE 37 
Relationships Between Lean-meter Measurement s and Subcutaneous Fat De;pUl { in.)  

Independent varia te (LeM-me\er Measurement) o X 
Dependent var1ate ( Depth of subcutaneous f'at 

at s ite of Lean-me ter Meaaure•nt ) = y 

. 

No . � Oorre la t1on Regression sy.x Pai rs Ooef'fic lent Bquati on 

35 0 . 6490 * *  Y = o . 68X • o.t5 0. 14 
.35 o.SQ40 Ot) Y = o. gax • o.33 0 . 1 4  
3 5  0. 7979 • • Y = o. 85X � 0 . 1 9  O e i 7  

Average � all e i  tee 35 o .  7972 •• y � 0. 95X - 0.31 0. 1 5  
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Corre lati ons "between lJe an --J'I:e ter an d  subcutane ous tat 

measurement s at the three probe s i tes a re  presented in 

Table 37. They are bes t  c orrela ted a t  the loin s i te which 

also has the lcwu�s t A tP.Yid.a rCI. e rror o:r es t ima te ar the 

t>egression equations . The relationship a t  the �um!J s i te 

is not mn.ch lower but has a s light ly hi gher s tandard error 
or e s ti ma te ,  Wh i le the sh oulder s i te  has the poore s t  

re la t i onship be tween the two ne t1 1 0d.s . The ave rage of' all 

Lean-me ter s i tes is als o  qui te  highly c orre l Rted w i th aver-

age subcutaneous fa t dep th  th ough not as ·,,e ll as the loin s ite . 
The s i gnifi c��c e of the differen�es be tween the c orre la t i on  

c oe ff ic ien ts sho-rm in Taole 37 .-;or-e te s te d.  us ing :E'is he r ' s 

Z - t rans f'orrnati on (SnedocoP 1 :-57 ) ithich sh owed that the re 

Thu;:; , .:.-�1 t:1 o 1...gh the loin s ite ga ve 

the be s t  re la ti oD.s hip in th i;::; C cti.:1 '3 •  in the long r un  i t  would 

be be t t er t:) us e the avernge of n l l  s i tes . In acc o rdanc e 

wi th thi s  tl1e ren�a1ninr; re la ti onshipa have been calc ul.a ted 

on an average b as in . 

The Lean-me ter essent i a lly :ne as c.Lt-ea de1lth of: subcutaneous 

fat at the prob s ites . Theref'ore it is ne cessary to know 

the re le.ti onships between both Lean-meter measurements and 

subcutaneous fat dep ths , and vari ous me a.su.res of body com-

pos iti on t o  be able to evalua te the technique . Some o.f 

the mo re important r la t1 onsh1ps 1n -thJ.s connection are 

presented 1n Tabl. 38. It can be een :trom tbe table 'that 

average subcutane ous :tat depth i s  better rel ted �o fat 

eigb� (botil ehemical and dias ctible ) than Lean-ae ter depth. 



TAJli 3§ 
Relationships Between Average Luan-me ter Measurer�n\ Axerase Depth of 

Buboutaneoue :rat, and some Componen$& o� Body Oompoa 1 tion 

Dependent Vari ate Indepen4ent Variate 

Fat Wt . ( DlsseotiliB) Av. D!Jpl1 Subcutaneous Fat 

J'a\ W, . (Chemical ) Av. � Subcutaneous Fat 
Pat Wt . (Dissectaue) Av. Ieo.n-� ter Depth 
:rat Wt . (Chemical.)  Av . I.ean..ne �r Depth 

Fat Pereen tags 
( D1n seetib le )  Av. � Subcutaneous Fat 

Jlat Percentage 
(Chemical) 

Pat Pereenta8 
( Diseeetib le ) 

J'at Peroenta19 
(Ohem1oal ) 

lluecle Wt. 

�cle Pe.rcentage 
Muscle Wt. 

Av .. DePh Subcutaneous �'at 

Av. Lean-meter Depth 

Av. Lean-me te:t- Depth 

Av. ��th Sub cut ane ous Fat 
Av. �pth SUbcutaneous Pat 
Av. Lean� ter Dep'Ul 

lluscle Percentage Av. Lean-me ter Depth 

No . or Oorrelat10R 
Pairs Ooer.t1c1ea� 

15 

35 

35 

35 

35 

3S 

35 

35 

35 

35 

35 

35 

0. 8973 · �  

0. 89.56 •• 
o. U1 97 •• 
0. 8292 •• 

0. 8705 •• 

o. 360.3 •• 

0. 8239 •• 

0 . 8324 •• 

0 . 5621 • 
..0. 8829 * "'  

0 . 6898 •• 
-o. 7125 •• 

Regression 
Equation 8 

7•X 

Y c 41 . 60X + 8 . 51 5.02 

Y ;; 39. 71X + 8. 99 4. 84  
Y = 45. 23X + 8 . 95 6 . 51 

y .  43 . 761 - 8 . 1 5 6 . 08 

y ::a 31 . 661: + 28.1 8 4. 39 

Y = 29.09X + 28.94 4. 22 

Y = 35 . 66X + 13.90 5.06 

Y • 33. 50X + 1 5.23 4. 70 

Y = 1 0 .67X + 20 . 95 ) .61 
Y = 53. 03 - 21 . 85X 2 . 85 

Y = 14. 95X + 13 . . /9 ). 23 

y = 61 .� - 22 .75% 3 · 85 



fhe a ta.."ldard e rrors of: es tir.:w. t � o f  the re gress ion o q_ua ti ons 

are a ls o  lovi·-:;r f or average :Cat deyth. 'l.'here is not rouch 

dif'f'ercncc be t·.7eGn the two me thods ot: es ti uati.ng fat weight 

a l.thou.gh in each c as e  ti.l.e Chemical n� thod r..a s a sligl�tly 

lcy,·; e i• s t i:md� ::.,o e r r or  of es tin-n te . 

Subcutaneous fa t depth i s  als o be t ·ter rela ted to both 

chemical ana. disscctible :rat ��::'t.!ents.g€iu :.;hw.l is t;�l � .uean-

me ter 1aeasurement . Again the cnemicnl i.'a t  is s lightlY 

be tter re la ted to b oth the Le an-x� ter rJ.�.s u.-e1;er�t ond • : ·.re ru.ge 

f'at depth than the dissec tillle fat. as c an  b e  seen by c om­

pa�ing the standaJ.:'d errors . 

Muscle we ight is be t ter .tJredicted by the Lean-coo ter 

whi le mus c le per cent is more C J.osely re la ted to average 

subcutaneous fat de:pt.h. Linlike f'Ht v<.r.ilere there was not 

much d.if'1.,erence in the mtlgni tude oi"' t.he corre lati ons b G tween 

pe rcentage und weight components . there �s quite a la1•ge 

di:f':f'erence .toL' musc le . The p ercentage co rre lationB are 

negative wld o£ aprreciably greater magni tude than those 

w i th  the elght component.. ' he negative s ign t7as to ·be 

expected in view of the high nega t ive c orre lati on  between 

mus c1e and :ra t percentages { r = -o . 9777 •:< *  ) . 

Although the s tandard errore of estii!B.te of the 

regression equati ons sh own 1n Table 38 have been us ed in 

comparis ons 1 t should be noted tha t they are larae .  

Thea larg standard rora remove sanewha t the val.ue of 

the r latively high corr lat1o.ns foun in � ble ,38. The 



Dependent Var1 ate 

J'a t Pe1-oen tage (Ohemioal) 
Pat Peroen"ege 

(Diseectible ) 
Water Percentage 

Muscle Perc��t aL� 

1Am 39 
Rela tionship of Specific GrliV1 ty t .:J Sone Meas ures ot: Carcass 

Composit ion 
-� 

No. of C orre lati on Regression 
Independen' Variate I'airs Ooe :t'fio 1ent Equation 

8:pec 1:f1c Grav1 ty .39 -0. 9475 
• •  Y • 704, 71 • 643 .  86X 

Speeific Gravity 39 -o. 9.399 • •  Y n 749.10 • 6&5.54X 

Speo1.f1c Gmvity 3 9  0 . 9357 
• •  y • 472.�- 444. 1 7  

S:peoi :fic Grav 1 ty 39 0. 91 65 • •  
Y a 45J . !)OX • 423 . 54  

sy. x  

2.,, 

2 . 90 

2 . 07 

2.30 



s i ze of these corre lati ons is pr ob ably dl.'le more to the 

yar1ab1 11ty of the data than to bi ologic al caus es .  

4. SPECIFIC GR.\VITY AS A �!&!\SURE OF CARCASS COliPOSITION 

The spec ific gravity ( s . G . ) determina\i ons were made 
at water temperatures of 65 to 66°F. Mean S . G. was 1 .029 

wi th a range of 1 .013 to 1 . 055 .  

High negat ive relati onships were ob taine d between 

s .  G. a..'1d both chemical ar.d d is s ectib le :fat pel'Centages . 

However t he  co rrela tion \7 1tb. chemical f'a t is higher and 

the s t:mdal ... d e rror of' i ts  regress ion equati on is lower 

than �; i·�ll dissect�b le fa t . This is reas onable on the 

gro��s tha t G. G. is in�luenc�d by totul carcas s fat. 

This to tal :ta t is e s tir.'lll ted be t ter by ch emic al me ans  tnat"·l 

t.lJ di sseetion ':lhi ch d oe u  not acc ount for many i'a ts such 

a::-:> i.'1 tra::n.m culur fa t XJ.d b oac  i':. .. t .  

High posi t ive corre la ti ons  are shown be tween S .  G. 

and wa ver and musc le p ercen tages as s een in Table 39 . 



CHAPTD V 

GENERAL DISCUSSIOR 

Three methods o-r de tennining compos i ti an  have been 

s tudied ; one on the live an ima l  and two on the carcas s .  

Pace and Rathbun ( 1 945)  and Kraybill et al. ( 1 952 ) have 

demons tra ted a very high re la ti onship b e tween whola body 

and co.J.'ca c. s  c ompos iti on .  S o  the prac tice us ed i n  the 

,present work of re la t ing all rneasure1oonts to carcass com­

pos i ti on .7ou1d s eem valid in te rms of oody compos i ti on .  

The results hav� shown tha t the Lean-meter vli ll give 
an ::ndication of' t l JC  level of' 1�atness of a group ot: live 

she.:: :p . 'f'ne c m:·r•elat ions are much better than those ob­

tained "vy Templ(l e t  a l. { 1 5156 ) for bee:f cat tle and as goo d 

as ,  or be tter than, the re lati onships found by s eve ra l  

worke rs on the :Jig . Hov<ever the re l a·ti onships 1n t he  

present s tudy have large s tanda�d e rrvrs of e s timate for 

the regress i ons . The re lati onships a�e not good enough 
to eive an accUl�ate ap�ra isRl of the ratnes s  of an indiv i dua l  

animal. AB fat ie the mo st variab le component or the body 

and therefore an impor tant d te.mdnant of body eompos i ti on ,  

any method Which will accurately measure the rat eonten\ 

of the live animal is af peat practical importance . Herein 

lies the va�ue of the Lean-meter. AB ye t  the technique is 

111Qemot and has ltiUlY f ults . but due to the hot that 

�an1sing res ul.'bs ere obtained. fw ther work on the tech-
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nique would appear to b e  warranted. The present results 

indicate the type of appr oach needed: 

( a )  Eb.Sy i dentification of' probe s i tes at the s ame  

re lat ive anatomical pos iti on  on e a ch  animal. The me thod 

used in the .,tJr•esent wo1.•k , whe re cons tant dis tanc es were 

measured :from the las t  z· i b ,  was not satisfactory bec a use 

no alloWWlCe was made for varia ti on in an imal leng � .  

(b ) 1�e dep th of' subcutaneous f'a t a t  the si te or 

probing mus t  be hi ghly r e la ted to the :fat conten t of the 

anima l .  In the present case this re lati onship was qui te 

high and back fat thickness was in fac t be tter related to 

to t<·t 1 :L'a t..."'less than Lean-roo ter dep th. However ,. apart f'rom 

th�:: de1•th of fat along the backline li ttle sys tematic work 

has ooe... done rooasu..�. .. ing the re lations hip between subcutan­

eous fa t depth and total .fa t a t  other s i tes on the body. 

There mi gl1 t be aoroo othe r s i te  where the rela ti onship is 

hi gher than .for back fat . 

(c ) As wi th Temple et al. ( 1 956 }  bleedin g  was formd 

to be a source of' trouble and the data from four sheep was 

discarded becaus e  o1' thi s .  A si te needs t o  be found Wh ich , 

ta.ld.ng into account (a ) and (b ) abOYe , i s  not prone 1o bleed­

ing. Most of the ork with the Lean-me \er has been con-

ducted on the pig. The subcutaneous rat 1n 'U11s an imal 

1B cli.t'ferent anatomical ly � �hat at the ruminant. It is 

closely" adherent to �he skin ,  1s not nar-ked.ly interspersed 

w1 th IrJWSCle l.a3ers. and does not hav a T cular SQP17 
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equal to tha t of the sheep. The se factors make it much 

eas ie r to obtain accurate Lean-rne ter measurements on the 

pig. 

(d) The Lean-meter i tsel:t' requires improving . I t  

is not easy Wi th t he  sheep to locate the point whe re 

mus c le is r1rs t encountered. The ind ic a tor needle flickers 

all the time and a def'ini te end-point is not certai n .  As 

1n the case of' Walker-Love e t  al. ( 1 958,!!) it was f'o und that 

the Lean-me ter ovez-es timate d t.tc depth of' subcutaneous fa t. 

I t  is thought th at if the protlerns out lined above c ould 

be s olved the Lean-meter approach to determining live animal 

b0dy compos i tion �ould be very rewarding. 

Rezults f'rom the comp aris on of' chemic al and d is s ec ti on 

a: 1alyses s hov: tYa t l t  is poss ible t.o es timate ac curately 

di ssectibl e fa t f l�om chemi cal :fa t .  o.r_d muscle from ei ther 

protein or wate j � ;  on both a whole carcas s and joint bas is . 

The r>elatian.ships between chemical ar..d d:is sec tible fat are 

as good as thos·� found by Hopper ( 1 9L!4) and Hank1ns and Howe 

( 1 946 ) .  The renults in the presen t  work showed, however, 

that 1n genera l dis sectible f'at and muscle could not be 

predicted a ceurately from chemical data w1 ih1n �o1nta 

as on a 'llhole earc-ass basis . 

plus 

It w not found posa 1b1e to es timate bone or '«ndan 

te accurately tram chemical data. 

correlation between ash and bono weights 1n the cal'Caes 

was higher than tha t  found by Hopper ( 1 944) . Cannon bane 
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wei gh t  has been s ugges ted a s  an independent variate ror 

estima ting total bone weight ( McMeekan, 1 941 ; Hughes , 

1 957 ) .  In the present wo rk the co rrelati on be tween 

the se two varia.bles was 0. 8329 and the s tandard error 

of e s tinate o:f the regress ion equa tion was 0 . 44  lb bone .  

While the se f'igw-es are better ·than those between bone 

and a.sh• they are s ti 11 not good enough for us eful pre­

dic tian. It seems that a better method of chemicall;y 

es t iiikt tir..g bo--.�.e i s  !>equired . I t  i s  s uggested therefore , 

in woPk of th is type . thut dis seetible f'at o.nd muscle be 

es t L rna  ted from the ap!'FOl::.I•ie. te cbeznical components whi le 

bnne plr·.s tendon ;Jlus was te be calculated by difference 

ar a s :ingle C· )mp o�wn t. This pr oeedw. .. e would be far quicker 

tl lAn caPrying ou t dissec ti on .  I t  takes approxir,latel.y 24 

man hours to dis sect one half-carcas s and approxima tely four 

man hours to chemica ll;r analys e s ix  s ide samples . In ac tua l 

prac tice the Um.e taken t o increase the numbe r  of c hemical 

analyses \Vould not be 1a1•ge because the.1. .. e is an overhe ad 

ot: �ork tha t mus t  be done and the addit ion of extra samples 

involves lit tle extra ti.rJe . The fi ndings o f  llli"ton et al. 

( 1 960 )  that the ehemical compos i tion of a s ide c an  be 

est.1mated accura te ly  f'rom tw o samples is of pertinence 

here . The chemical. analysis of carcasses can be speeded 

u;p threef'ol.d because of this . 

A great deal of o rk on mfmJ' species or animals haa 

been cond.ucted on the re la tionahip of 8 . G. to body eompoai tJ.cm.. 
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Reports of the effic iency of S . G .  are most varied. The 

rela ti onship between fat re r  cent and S . G. for sheep .in 

the present work i s  highe r than th e �  .found by Stou:ffer 

( 1 955 ) ,  Kir ton ( 1 357) ,  or Garre tt e t  al. ( 1 95 9 ) .  The 

high rela tionship between S . G. and musc le :per cent beara 

out the findings in the litera ture. Although many fac tors 

can caus e  varia ti ons 1n S . G . va lues the me thod must not be 

deprec iated. I ts value lies in the f'act tha t i t  is quick 

&...'>l.d that it does not invol v� des troying any :part of' the 

careac3 . i'hEn�efore in 'li'Fo rk whe re it is not pos sible 

economic ally to de te-':miae cheroical compos! tion d irec tly , 

s . c . may 11rov ide a usef'ul indil�ee t  as sessment of' compos iti on. 



ORAPlER VI 

SUMMARY .Al{D CONOLUSIOBS 

1 .  Data f'rom the 39 Romney ewe c arcasses s tudie d 1D Part 
I ere used to evaluate three metho ds or determining com­

pos ition. 

2 .  High relationships were round b e twe en chemical and 

dis sec t1ble fa t we ights ( r  = 0. 9964 ) ,  water and muscle 

wei ghts (r = 0.9694) . and proteLl'l and r!IU.S cle weights 

(r = 0. 9655 ) ror the wh ole CR rc s sa . C orrela ti ons were 

s imi larly calc,ll&.ted on a joint bas i& , but these were 

gene ral ly  slightly lower·. Re la ti onships be twe en c he mic a l  

C O. !lponent wei ghts and bone :'ei ght were not CO!lS ide red high 

enough for predic tive purposes . ! t  is sugges ted tha t in 

work of' the present nature dis sec tib le fat and musc le be 

es timated from ti.e a�jpropria te c hemtcal components Ml. i le 

bone };lUS tendon plus was te be c a lcula ted by di:f1'erenc e 

as a s ingle component .  

3.  Pro tein ea ti ma teJ by the s tandard K�eldah.l ana lys is 

us ing . a  conversion :rac t-:;r of 6 . 25 was compared with prot. in 

as es timated by tti.ff'erenee us ing  the me thod of Barnicoat 

and Shor land ( 1 952 ) .. There were no sisnJ,rieaat s tati s'Ucal 

ditf'erenees betveen the two me thods and t.he correlation be-

't en them n:Je regreasion vas : 

y = x -o.07; sy.� = 0. 14 l.b pPotein 

where 7 === Ij l.dabl. me-thod and x :a the difference 



1,31 .. 

Barnieoa t and Shorla.nd. It was concluded tha t  the di:ff'er-

ence method was eu:f:t"1c ie:ntly accurate in the present type 

of work. 

4 .  The I..ea:r!-meter was u.secl ·to de t;e ermine composition of 

the liva an imal .  Da ta from four s heep had t o  be di scarded 

becaus e of haelilOri�hage at the prob e  s ites . .An analys is of 

varia: tc e  showed highly si gnificant d ti':ferences be tween sheep, 

s i gni �icant differences between probe s ites and non signific ant 

differences be tween observe rs .  'l'he lOO an or t he  three probe 

s i tes ( shoul.dex• , loin and rump )  had a c orre la ti on of o .  7972 

wi th tht; average de.Pth of su bCutaneous rat a t  the s ame  si tes 

Both average Lean-meter measurement and 

av�rage de�th of' subcutaneous fat were c orre la ted with several 

me as�es ot: f'atne s s  and lean..""less .  In all cases , except mus c le 

weight , avePage d.epth of' s ubcutane ous fat gave a better es timate . 

How·evcr ,  the c o.n-e l.a ti Oi.W Wi th average Lean-me ter depth were 
\. 

only elightly low e r  end may be de ta i le d  as :fol lows : weight of 

dis sec tible f'at ( r  = 0. 81 97 ) ,  weight o:r chemical fat ( r  = 0. 8292 ) ,  

dissectib�e fat per cent (r = 0. 8239 ) ,  chemic al fa t per cent 

(r = 0 . 8324) , raus e le  eight (r = o. 6898) ,  muscle per cent (r  = 

-o . 7725) .  These rea ul.ts shO'il that the Lean-meter \Vi ll give 

an indication of the level of f'atneas of a group or live sheep. 

T" 
However , stand rd er1,�s of es timate f or  the relationships 

a tud.1ed were lfll'tge. Further work on improving the tecbnique 

appears to be war�ted. 



5· High correlation coeffic ients were es timated between 

carcass spec ific g:rav1 ty and chemi c a l  fat per cent 

(r = -o.9475 ) .  dissec t ible f'at p er  cent (r = -o. 9399 ) .,  

water per eent ( z• ::: O . SJ357) and mu sc le p:l r  cent ( r  = 0 . 91 65) .  
'l'he usefUlne ss o1' S .  G ·  in determining carcass compos ition 

is discussed. 
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APPENDICES 

A copy of' all the data used in this thes is 

has been lodged w ith the Sneep Husbandry 

Department , Massey Agric ultural College. 
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APPENDIX II 

A.llalysee of Varianee f'rom Part I 

1 .  Live'.'<'eicht a t  1 0  Mny 1 957 ( lb )  

source d. :f . S � S . M. S . F 

:.:·a.s ture 3 1- 1 7. 09 39 . 03 1 . 78 N . S . 
Error 35 '(65. �9 21 . 89 

Total 3 8  vc3 . 08 
_ _  ......_.._._ _ 

2 . Li"\rf:.!WC.i£)�·;_ at, 1 0  J ly •! 957 ( lb )  

G ot.cr>cc d. :e .  B � · . o . M . B .  F 

I- tJtu tu.re 3 44b . 1 5  1 48. 72 5- 42  * *  

Error 35 960. 52 27.44 
--· 

Total 38 1 406 . 57 

3 ·  Livev!eiftlt �l) at 1 7  Dece;nber 1 958 { lb )  

Source d.f'. s . s .  M. s .  p 

Interaction 8 1 sn8 .49 238. 56  1 .07 N.s . 
Bir� 3 141 3  .• 70 471 . 23 2 . 1 2 N . S . 
Pan ture 3 6275.08 2091 .69 9.40 0 

Error 24 5.340- 90  222 . 54 

ot-al. 38 14.93a.17 



4. Frozen Carcass Weight ( lb )  

Source d. f. s . s . M . s .  F 

Lnteraetion 8 1 666.33 208. 29 1 . 97 N . s .  
Birthrank 3 503 - 95 1 67. 98 1 . 59 N . s .  
Pas ture 3 251 0 . 42  836. 81 7. 92 )c$ 

Error 24 2534. 50 1 05. 60 

Total 38 721 5. 20 

s .  Chemica l  Fa t We i gh t  in Carcass ( lb )  

Source d. f. s . s .  M . S . F 

Interac tion 8 1 87. 29 23 . 41 0. 57 N . S . 

Birthrank ., 1 0C.0 .33 353 . 44  8. 67 * *  ..> 

Fas tu.:.: .. e 3 1 423 . 50 474- 50 1 1 . 64 ** 

Error 24 978 . 38 40 - 77  

Total 38 3649. 50  

6. Water �'/eight. in Garaass ( lb)  

Source d.1". s . s. M.S .  .. 
, In te z:ac t ion 8 96.56 1 2.07 1 . 1 7  N . s .  

Birt.hrank 3 1 2.49 4. 1 6  o .qo N . S .  
Pasture 3 251 . 57  83. 86  8. 1 .}  • •  

Error 24 247. 6.3  10.32 

'f'ot 1 38 608. 25 



1· Protein Weight in C arcass ( lb )  

Source 

In te rac t ion 
Bi.r th .... .,arJt 
Pas ture 
Err0r 

- - -

Total 

e .  Ash �-;e i6l�t 

S otu•ce 

In teraction 
Birthrank 
pas tur,e 
Error 

Total 

d. f. s . s .  

8 8 . 65 
3 3 .. 09 
3 23 . 27 

24 26. 77 

38 61 . 78 

in Cure ass ( lu )  

d. f. s . s .  
---- . . ---- _ _ ...,... __ 

8 0 . 95 
3 o .  72 
3 i . 93 

24 5.32 

38 8. 92 

9.  Cher.:ic al Fat Percentage 1n the 0al"'C8SS 

Source d.:t. s . s . 

Interact ion 8 1 48.30 

Birthrank 3 447-33 
Pas tUPe 3 661 . 67 

&t-!'or 24 802. 75 

otal. J 2060.05 

M. S .  p 

1 .08 0. 96 N . s .  
1 . 03 0 . 92 N' . S. 

7. 76 6. 93 * ,  

1 . 1 2  

.M . s . F 

0 . 1 2  0. 54 N . S . 
0. 24 1 .09 N . S .  

o.64 2 . 90  N . s .  
0. 22 

u. s . F 

1 8. 54  0 . 55 N . S . 

149. 1 1  4. 46  * 

220.56 6 . 59 * 

33.45 



1 0 .  Water Percentage in the Carcas s 

Source d. f. s . s .  M . S . F 

In·teracti on 8 75. 66 9.46 0 . 51 N . s . 
Bir tJ.1rar..k 3 266. 60 88. 87 4. 83 )!l::t 

Pas ture 3 352. 95 1 1 7. 65 6 .40 * *  

Error 24 1!1.�1 .41 1 8.39 

Total 3 8  1 1 36 . 63 

1 'l . l:rotein i'ercentage in the varcass 

Source d. f .  s . s . M . S .  F 
- -

Ini,erac t ion 8 1 0 . 1 6  1 . 27 0 . 70 N . s . 
D�r thrank 3 c . .'O . B2 6 . 94  3 . 81 * 

Pas tm"e 3 30 - 40 1 0 . 1 3  5.57 * *  

�rl.,Or 24 LJ-3 • 71 1 . 82 

Total 3 8  1 05 . 09 
· - ·  

1 2. .Ash �rc.ent.age in the Carcass 

Sou.ree d.f'. s . s . M. a .  p 

In te1�ac t.ion 8 2. 1 9  0. 27 1 .42 N . a .  

Birthrank 3 0., .\4,4 0. 1 5  0. 79 N . S .  
Pas ture 3 2. 5(5 o. as 4·47 • 
El'ror 24 4. 63 0. 1 9  

Total 38 9.62 



1 3 .  Disseotible Fat We ight in ·&re Carcass ( lb )  

Sow .. ae d. I'. s . s .  M:. s .  F 

In·&el·ac t,ivn 8 571�. 24 7·1 . 78 1 .49 lf . S .  

Bir thl .. ank 3 76':;. 24 256.41 5-34 • •  

PaA tm:-e 3 1 1 •1 9. 57 373. 1 9  7- 77 • •  

.;I"l"Ol' �4 1 1 5.2 • .3() 48.02  

T(/�al 3d .3G1 :;. 41 

1 4 . Mus c le We igh t in Garcao s ( lb )  

Source d .  r. fl ,.  s .  M . S . F 

In-tepac tion 0 95 . 56  1 1 . 95 1 . 00 N . s . 
Bil'thl·a� 3 1 C . 88 3 . 63 (.1 . 30 N . S . 
Pas -t·P.re 3 307.32 1 02 . 44  8. 54 s!c:'t-

Error 24 2e-r . 65 1 ·t .  99 

Tot a l  38 701 . 41 

1 5. Bo.:.l.C Weir;ht in C arcas s ( lh )  
Source d. f. s . s .  . s .  p 

In tel .. ac tiou 8 6.45 0. 81 2 . 38 • 

BrraP 24 8.14 0.34 

To tal 



1 6. Tendon and Waste Weight in the Carcass ( lb )  
... Source d. t· • s . s .  M . S .  
----=� - -

Inte:::>action 8 1 . 05 0. 1 3  
Error 24 0 . 94 0.04 

Tota.J. 32 1 . 99 

1 7. DiS sec tible Fat Percentage 1n the Carcass 

Bom•ce d. . f .  s . s .  M "  . u . 

I1 tc l"acti on 8 1 66 . 04  20 . 76 

Birth:-'ank 3 483 . 77 1 61 . 26 
Pa£ ture 3 1 377. 76 459_. 25 
Error 24 ·t ooo. S6 41 . 49 
Tota.J. 38 _3028 . 23 

�-�-

1 8 .  Muscle Percentage L"l Cai·cas s 

Source d. f. s . s .  M. s .  

Interaction 8 89.76 1 1 . 22 
Birthra..'lk ' 284- 93 94. 98 
Pasture 3 299. 97 99. 99 
Enor 24 4.31 . 95 1 8.00 

�ota� 38 1 1 06. 6! 

F 

3·36 

F 

o . so N . s . 
3 . 87 �! 

1 1 .02 * *  

F 

0. 62 N . s .  
5. 28 $') 

5. 56 • •  



1 9 .  Bone Percen tagtt in the Carcass 

Source d. r. s . s .  M .  B .  F 

In ·lie l'ac t 1on 8 8. 1 6  1 . 02 0.34 N . S . 
BirtbrAnk. 3 21 .46 7. 1 5  2 .39 N. s . 
Pas tur·e 3 52. 00 1 7 . 33 5-. 80 * *  

ErroP 24 71 . 82 2 . 99 

Total 38 1 53 .44 

20. Tendon and Waste Percentage 1n carcas s 

Sour-ce d. f' .  s . s .  u . s . F 

Interac t ion 8 1 . 61 0. 20 0. 27 N . s . 
Bil'thran.k 3 1 .02 0.34 0 . 46 N . S . 
Pas ture 3 7. 83 2 . 6 1  3 . 55 * 

Error 24 1 7. 67 0 . 74 

Tot al 3d 2o. 13 
- - ·-· 

21 . Feet Weight (g:u)  
Solll .. ce d . f'. s . s .  M. S. p 

Interaction 8 1 08688 1 3586 1 .06 N . s .  
Bir thrank 3 7291 24.30 0. 1 9  N . s .  
Pas ture 3 261 261 87087 6.78 • •  

lbTOl .. 24 l08.3J3 1 2847 

Tot l 38 685573 



22 . Skin Weigh t { lb) 

Source d.f. s . s .  M . ::> .  p 

In terac tion 8 1 3 . 79  1 . 72 0. 56 N . s .  
Birt.iu .. ank 3 8. 50 2 . 83 0. 92 N . s .  
Pas ture 3 68 . 27 22. 76 7- 37 * *  

Er rot> 24 74. 25 ;3.G9 

Total 3 8  1 64. 81 

23. Head Weight ( lb )  
Sow·ce d . r· .  � . s . M � 8 . p 

In te r·actiOJ.1 B �. 04 0. 26 2. 00 N . s .  
Bi I'tll ... 'O::Ik: 3 0 .04 0 . 01 0 . 1 0  N . s . 
Pas t .u"e 3 2 .37 0. 79 6 . 08 f� * 

Error 24 3 . 1 3 0 . 1 3  

T o tal 38 7. 58 
· - - -- --·---

24. Emp ty Weight of s tomach plus Oes ophagus ( lb )  

Source d. f'. s . a .  u. s .  F 
Interac tion 8 �. so 0 .31 4- 23 * 

Error 24 1 .  78 0 . 07 

Tot al 32 4. 28 

25. limpty Weight of Large and Small Intes tines ( lb )  
Source <Lf'. s . s . Pl.S. ., 

Xnte otion 8 1 82 0. 23 1 •. 21 N. S.  
BlrthPank 3 1 .04 0.35 1 . 84 u . s .  
Pasture 3 0. 84 0.28 1 . 47 N. s .  
� 24 4.49 0. 19 
Total. ,3'8 8. 1 9  



26 .  Heart Weight (gm) 
Source d. f' .  8 . 3 . M . s .  F 

Inte rac tion 8 1 3399 1 675 1 . 68 N . s .  
Bi� thl ... E:ll'lk 3 723 241 0. 24 N.s . 
Paature 3 a: 22 21 4.1 2 . 1 5  N . s . 
Error 24 23b86 995 

Total 38 lJ-1.:-430 

27. Lungs plus 'rr·ac hea Weight (glfl. ) 
oource a.. r .  s . s .  M . s . F 

Inter•ac t ion 8 271 67 3396 0 . 1 7  N . S .  
Bir thrarJ.:: 3 2!+1 3 3  80ll4 0 . 41 N .  S .  
Pas tm•e 3 439454 1 L1.DL�85 7. 49 * *  

.Errc:.· 24 469087 1 9545 

TotaJ.. 38 959661 

28 . Spleen Weight (gm.) 
Source d. f'. s . s .  M .  S .  F 

Interaction 8 1 024 1 28 1 .08 . s . 
B1rthre.:nk 3 1 o64 355 2. 98 N. s • 

Pas ture 3 41 1 0  1370 1 1 . 51 •• 

Brror 24 2857 1 1 9  

'!Ota.l 38 9055 



29 • Liver Weight ( lb ) .....----
Sm.u•ce d. t'. s .  s .  llf. S .  F 

Interac t ion ti 0 .,30 0 . 04 1 . 00 N . S . 
l31I• thPank 3 c . o ·1 0 . 003 o . oa !\ . s . 
PaE.· ti.U'"e 3 c .. s·i 0 . 1 7  4. 36 • 

E1�r0r 24 0 . 93 0.04 ---
To tal 38 1 .  75 - -

30. Caul Fa t  Wt:ight ( lb )  

Source d. f' .  s . s .  M . S . F 

In terac ti on 8 9 . 26 1 . 1 6  0 . 69 N . S . 
3 2� . 00 9. 07 5- 76 :.:� :t: 

3 hJ . Ol� 1 1.;.  • .35 0. 54 * *  

24 40 . 40 1 . 6 8  

Total 3 6  1 2� . 70 
________ .. _____ _ _  ..,.... _ __ - -- -- -----------

31 . Gut :B,a t  wJe1ght (lb )  

Source d. r .  s . s .  M. S .  p 

Inter·ac tion 8 0 . 92 0 . 1 2 0 . 86 N . s . 
thl�lk: ' 0. 51 0 . 1 7  1 .  21 N. s • 

p t .3 0. 97 0.32 2 • .31 N . s . 
or 24 ,3.26 0. 1 4  

'tal 38 5.66 



32. Kidneys ' Weight { gmJ 
4 - ...,._ _ .., _. _ _  

Source d.. ::r. a . s .  
__..._ - �->" ........._._... 

Intc ;>act1 on 8 3559 

Bir t h..:Nm ... lc 3 4e2 
Pa:; t-..ll ... e 3 471 0 
J�l'l'OP 24 5584 

-·�- -----

Total 38 1 4.335 

33 . Geni tal Trac t ;1 lus Bladder '¥/eight (gm� 

Sour·ce d. r. 

Il tter>a c ti on e 
�'�j-� · t { ,  , •Rf'l. .. ,. 3 
!.Ja::-� t u.re 3 
.e;rr·or· .24 

1'o ti:IJ. 38 

.34. Stomach C ontent V;elght 

So·u .. Pce d. :f. 

In terac vi o.."'l 8 

Birthrank 3 
P s ture 3 
Errol' 24 

Tot � 38 

s . s .  
- ·  · - ---

33579 
uJ94 

30009 
"g  �9 v .  '::::> 

1 60001 

(lb )  

k3 . S. 

23 . 1 3  
21 . 72 
1 7 . 94 

46. 85 
109.64 

M . S . 

445 

1 61 
1 570 

/") .. ..,. .... ::;>,;) 

M . S 5  

�1 97 
2-1 j 1 

.. ,....0,--'3 t V  G.. 

;?� 

M . s .  

2 . 89 
7. 24 
5. 98 
1 . 95 

p 

1 .  91 N . S . 
0.69 N . s . 
6 . 74 * *  

F 

1 . 1 2 N. S . 
0. 57 H . s . 
2 . 67 N . s . 

p 

1 .48 N . s .  
3·  71 • 

3.07 • 



35. In.test:inal Content Weight ( lb )  

Source d. f. s. s. M . S .  F 

Int araction 8 1 .  83 0 . �3 1 .  21  N .s . 
Bir- thrank 3 1 . 94 0 . 65 3 . 42  * 

Pas ture 3 2. 03 o. 68 3 . 58 * 

Error 24 4 . • 45 0 . 1 9  

Total 38 1 0 . 25 

36 . Stomach plus Intes tinal Contents Weight ( lb) 

S o ul"ce d. f. s . s .  w . c . F 

Interac tion 8 24 . 49 3 . 06 1 . 37 N . s . 
Bir> thrru.lk 3 JJ .30 1 1 . 1 0  4 . 96  >ll * 

PaP ture 3 29 . 3 2  9 . 77  4.36 • 

Zrrar 24 :>3. 69 2 . Z4 

Total 38 1 40 . 80  

37. uFa t-hee " Carcass We ight ( lb )  

Source d. f.  s . s .  M. S . 

Inte 0"1on 8 1 77. 1 0  22 . 1 4 1 .38 N. s. 
Bir th  rank .3 1 7 . 83 5. 94 O :;T  N.s . 
Pastur-e 3 446. 51 1 48. 84 9.31 .. 

EPPOr 24 .38.3. 87 1 5.99 

Total. 1 025.31 

. r 



38 .  Percent age Mus cle in the "Fat-Free "  Carcass 

Source d. :r. s . s .  �v1 . G • F 

Interac ti on 8 8 .07 1 . 01 0 . 21 N . s . 

Blr �chrank 3 9. 81 j . 27 0 . 6 7 N . s . 
lJas t ure  3 47. 22 1 5. 74 3. 24 � 

l:!:rror 24 1 1 6 . 62 4. 86 

Total 3 8  1 8 1 . 72 

39 . 1-'ercentage Bone in the "Fat-Free tt Carcass 

Gou.J:•ce d. f. s . s .  M . S . F 
- - - - - ·-

I . ,  t . ;; �.--a.c t ion 8 4.41 0. 55 0 . 35 N . s . 
1 ' .;- � . ��· l.rank 3 4 . 76 1 . 59 1 . 03 N . S. 
hl. ... :�ure 3 23 . 94 7. 93 5 . 1 5 ::: * 

E1..)rc)1 ... 24 37. 27 1 . 55 

Total 38 I{) .38 
- - · 

1,0 .  Percentage Tendon plus Was te in the "Pat-Free " Carcass 

Source d. f. s . s .  r.� . s . F 

Interact ion 8 1 . 91 0. 24 0.31 N . s .  
Birthrank 3 0 . 1 3  0 . 04  o. os N . s .  

Pas ture 3 ,3. 1 4  1 .05 1 .35 N . S . 
rrar 24 1 8. 75 0. 78 

Total 38 23. 93  



38 . Percent age Mus cle in the "Fat-Fre e "  Carcass 

Source d. :f. s . s .  M . 8 . F 

Interac ti on 8 8.07 1 . 01 0 . 21 N . s . 

Blr ··chrank 3 9. 81 j . 27 0 . 6 7  N . s . 

l'as t ure  3 47. 22 1 5. 74 3. 24 * 

Krror 24 1 1 6 . 62 4. 86 

'rotal 3 8 1 81 . 72 

39 · .1:-'ercent age Bone in the "Fat-Free " Carcass 

So•_u .. c e  d. f. s . s .  M . S . F 
-- -

I . •  -:; . .:: �.>ac t ion 8 4 . 41 0 . 55 0 . 35 N . s . 

: • _; _/� 1rank 3 4 . 76 1 . 59 1 . 03 N . S . 

h�. �ure 3 23 . 94 7. 93 5 . 1 5  ::: * 

Ei';Jrc)l, 24 37. 27 1 . 55 

Tota l  3 8  70 .38 

laD .  Percentage Tendon plus Was te in the "Pat-Free " Carcass 

Source d. f. s . s .  u . s . F 

Int erac tion 8 1 . 91 0 . 24 0.31 N . s . 

Birthrank 3 0 . 1 3  0. 04 0. 05 N . s .  

s ture 3 .3. 1 4  1 .05 1 .35 N . S . 

war 24 1 8. 75 0. 78 

Total l8 23. 93  
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