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PART I

CCIPARISONS OF GROWINI UT™D BODY CCMPOSILION

O SHEEP GRAZING FOU:- DIFRERTTT FASTURES



CHAPTER I

INTRODUCTION

Plant breeders have been improving pasture species towards
higher production for many years, Unfortunately, in many cases,
because of associated ill effects on animal health, the great
potential of these improved species for increased animal pro-
duction has not bcen realised. Animal metabolic and deficiency
disorders due to these high nroducing pastures are well known.

In ilew Zealand, where Lhere is a tendency to reduce the pasture
sprecies to a high producing ryegrass - clover combination,
nutritional disorders such as hogget ill thrift, goitre, rickets,
bloat and mineral imbalances «, pear with disguieting regularity.
Considerable local work has becen donec on these disorders. One
outcome has been the demonstration that improved strains of whnite
clover have goitrogenic properties. Also, vario.s different
grass siecies grown on the same soil type have been shown to
contain different amounts of iodine. As a f'urther contribution
to this field the present experiment was designed to study among
other things, the goitrogenic effect on sheep of perennial rye-
grass (hich in iodine) and short rotation ryegrass (low in iodine)
both alone and in association with goitrogenic white clover.

This experimental plan has also en&bled a study to be made on

the effects of these four pasture types on the body composition
of the Rommey ewe, This latter aspect formse the study reported
in Part I and in addition observations on the effects on body
composition of lambing status are presented.



CHAFTER II1
REVIEW OF LITERATURE

1. MEASUREMENT OF GROWTH AND DEVELOPMINT

Growth is a fundsmental characteristic of living organisms
and realization of this has led to detailed study -y 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 been incan-
sistent and in many cases inadequate. Waddincton (1950) says

that -

. ..the realizetion of the complexity of the growth of

all but the most elementary 18olated biological systems

has largely removed the interest from attempts to dis-

cover the formal properties of growth by mathematicel

analysis.

There are a number of different schools ot thoucht in this
field which 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=perpetuating living matter,
although each school of thought uses a characteristic

wording.

They might have added that the schools seem to have different
approaches $t0 the problem of measuring the three primary
variables which define growth and development: size, shape
and age.

In the present work we are concerned with measuring the
relative changes in the components of the body with size. It
is really a question of differential change in size. Much
of the work in this field has been pioneered by Huxley (1932),
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who, using his allometric concept, noted that all but the
simplest animals reach their adult shape and size by differe
ential growth in different directions. Huxley (1924)
intrcduced the allometric equation: y = bx® and has used

it extensively to study problems of relative growth. This
exponential relatlonship has been severely criticized in the
literature but it mmust be realized that Huxley 1s perfectly
aware of its shortcomings. Recently (Huxley 19%0) he stated
that:

... the large number of cases of quite different kinds
of organs and other constituents of the body whose
growtlh shows an approximation to the simple allometric
forrmala indicates that some general principle must be
involved, and it is difficult to sec¢e what this could
be except a constant ratio detween the rates of self-
maltiplication in different parts. I would suggest
that this is the basiec factor but that there is some
second order factor at work which prevents the allo-
metric formula from ever veing precisely realized, and
relates or adjusts the growth rates of separate parts
to that of the whasle.

A few attempte have been made to investigate this possibility.
Robb (1929), Lumer (15637), Glaser (1938) and Zucker and Zucker
(1942) have tried adding constants to the allemetric formulsa,
however these have little theoretical justification. Some
members of the Hammond school studying the growth and develop-
ment of farm animals at Cambridge have criticized the use of the
allometric equation in situations where external environment
affects growth and development. Huxley (1932) says that
growth is -

. ..Much affected by the external environment, e.g.
by tempersture and nutrition,

and that external environment
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wallace (1948) and Palsson and Vergés (1952) claim that this
assumption of Huxley's is invalid and that external factors
such as the level of nutrition alter the equilibrium constant
betwveen one part of the animal and the rest of its body, and
thus do not affect all parts equally. #addington (1950) sums
up the situation as follows:

.. .ethe allometry equation has the status, not of a

physiological principle, but of a rough and ready

short-=hand method of description.
The biological changes Which take place during evolution are
not, according to wWaddington, due to slterations in the allo-
metric growth partition, because this growth partition is not
a real physiological variavle, vut merely n derivative Tunction
from an cmpirical descriptlon which ic s reasonsbly good
approxi wtion. It scems therefore that allometric equations
may be rcgarded as siuple fomas of regression with both sets
of variables in & logarithinic form which fite reasonably well
in many situations rresumadbly because much growth is essentially
maltislicative in nature. It is not a fundamental law of growth
and much of' the coufusion in the literature appears to be dve to
workers who have not realized its limitationse.

A great amount of work on relative growth has been con-
ducted by the Hammond school at Cambridge, (He. .mond, 19323
Paleson, 1939, 1940; McMeekan, 1540, 1941; Wallace, 1948;
Robinson, 19483 Pélsson and Vergés, 1952; Joubart, 1956)

and much of this has been reviewed by Palsson (1955). These
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workers have not been concerned so much with the purely
theoretical aspects of growth and development, but have a
more practical blas. They have used many methods of measure-
ment and the more common ones will be discussed below:

(a) The relative development of an orgen or part as a
percentage of the whole body, part or tissue in question.

This method has the scrious disadvantage that proportions
of one organ, »art or tissue are affected by changes in
others, e.g., Mmuscle and fat might both be increcasing
absoluiely, yet becauce fat is increasing relatively more
the nercentage of maccle declines.

(v) Comparison of parts or tissues of the tody with a
standard organ or mrt. The welcht of brain plus cryes is
ravoured on the grounds thst they meke the snallest groath
of all organs after birth, and that they are less affected
by differcntisl nutrition than any otherse This comparison
has little, if any, advantage over the mean weighis of orguns
being compaered, due to the very fact that there is little variation
in brain plus eye weight. Cannon bone welzht and heart muscle
weight are often taken as standards for bone and muscle res-
prectively; however the same disadvantage holds here. Any
small variation in the standard chosen would seriously arffect
any comparison.

Palsson and Verges (1952) campare organs at different
ages using the ratio

"w s
;ﬁm X 100 expressed as percentage of

'Bi % - x 100 at birth," as the dependent variate.
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This is a particularly camplex and meaningless comparisan
(Cockrem 1960) and 1s virtually the same as comparing the
part as a percentage of its weight at birth (sez 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 any
error in the part at the standard age will be magnified
through the whole growth series. Secondly, large numbers
of animals are required because killings must be at fregquent
intervals throughout the series.

(d) Rate of gain 1in weight of an organ or part per
fixed unit of time. For accuracy this method also requires
a sufficient number of animals to be killed at frequent
intervals,

(e) Expression of the weight of organs, parts or tissues
of different treatment groups at any age as a percentage of
the weight of the same organs, parts or tissues, of one of
the treatment groups, usually the low plane group, at the same
age. This method which has been used extensively by McMeekan
(1940, 1941), P&lsson and Vergés (1952) and Joubert (1956),
has been criticized by Wallace (1948). Wallace claimed that
it was sounder to campare animals at equal tissue weights
rather than equal ages. Although Pdlsson and Vergés agree
with this criticism they do not like Wallace's allometric
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approach and so fall back on the method of McMeekan and compare
at ecual ages. These workers used this method to study the
effects of environmental factors such as plane of nutrition,

or developmental changes. As this is the aspect of growth
and developmenti of direct interest in the present study the
literature of the disagreement tetween the above workers will
be reviewed in detail later.

In fairnecs to the Cambridge School it should be pointed
ont that they were aware of most of the faults in their methods
and in fact many of the criticisms have been self-impocsed.

These criticisims do not affect the economic considerations which
theilr experiments have brought eut, and from the butcher's point
of vicw the results are very good. The criticisms aprly only
to the more theoretical aspects ol the measurement of growth.

In the precent study mean weights and percentages of com-
ronents have been weighted to allow for unequal subclass numbers
using the method of fitting canstants by least squares, and test-
ing for differences by simple analysis of variance (Kempthorne
1952). The welpghed means were then compared directly to
determine the effects of plane of nutrition and birthrank on
body composition. Heeding the advice of Sholl (1950) no attempt
was made to extra-polate beyond the data. It was thought by
keeping the analysis simple and studying means there was less

chance of encountering the type of errors mentioned above.
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2. THE PATTERN OF GROWTH AND DEVELOPMENT WITH PARTICULAR REFERENCE
TO THE SHERP

(1) Change in Anatomical Components.

Jackson (1928) postulated a "Law of Developmental Direction®,
in which =

es s+ gPOWth correccpondingly appears at first relatively more

rapid in the dorsal head region, and less rapid in the parts

located ventraliierd and tailward. Only gradually, through
progressive changes in the relative growth rate, do the
various regionc of the body laster attain their adult pro-
portions.
Huxley (1932) puts this in more formal language and states that,
according to the lav =

e...anterior (and proximel) regions are formed first, are

soonest throurh with their origin snd histologicel differ-

entiation, and can embark earlier on their main growth

period. .

Thcse lav's have bzen shodn to 8.1y to the growih and development
of meny vertehrates by Robbins et al (1928) and Huxley (1532).
Hammond (1932), Pdlsscn (1939, 19.0), Mcieekan (1940, 1941),
Wallace (1948), Pdlsson and Vergés (1952), Wilson (1952, 1954a,
19540, 19583, 1958b) and Joubert (1956) have extended these laws
by studying the growth and developnent of the constituent tissues
and orgars of the farm animal.

Pre-natal growth in the sheep has been studied extensively
by Curzon and Malan (1935), Winters and Peuffel (1936), Cloete
(1939), Green and Winters (1945), Wallace (1948) and Joubert
(1956) and so will not be detailed here.

Hammond (1932) initiated the study of the relative changes
in body composition of sheep Auring poste-natal growth and

development by examining data from completely dissected animals,
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Barlier workers (Nathusius, 190%5; Eckles and Swett, 1918;
Moulton, et al., 1921; Brody and Ragsdale, 1924; Lush,
1928) ucsing external body measurements had established that
the skeleton was relalively more developed than the flesh
at birth. They also concluded that the heead, limbs, and
forequarters were vetter developed at birth than the hind-
quarterse.

The work of Haamond {(1:32) and Palzson (1939, 1940) was
conducted on sheep that were not under complete experimental
cantrol. Few sheep were used for comparisons yet these
workers were able to outlline the fundamental principles
involved. Later McMccken (1940, 1941) with the pig, and
wallace (194f) Fdlsson and Veroés (1952), and Joubert (1956)
with the sheep coilimmued and extended these findings under
strict exucrlacntal conditions. Thus results of this work
will be oiven oriclfly helow.

By dividing thc aninals into anatomical joints it was
posslole to detect & primary wave of crowth from the cranium
doim to the facial parts of the hesd and bhackwards to the
lumbar region. Secondary waves etart in the limbs at the
level of the metacarpals ard metatarsals and pass down to
digits and upwards along the limbs and trunk to the lumbar
regione. Thus the lumbar region is the last part of the body
to reech maximum growvth rate and is consequently the latest
developing ysrt of the body. McMeekan (1940) definss an
early developing part as one which, relative to another,
makes a greater proportion of its growth early in life. These
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waves of growth were detected within esch major tissue as well
as for the whole body, Thus, for example, in the hind limbs
in post-natel life the cannon bones are the earliest maturing
bones, followed by the tibis, femur and pelvis. A similer
pattern exists in the fore limbs. The saxial skeleton develops
in an antero- posterior manner. Pédlsson (1940) found that his
data did not agree exactly with this pattern but attributed the
differences to the affect of differential nutrition. These
srowth gradients appear to run in the opposite direction to
those postulated by Jackson (1914) in his Law of Developmental
Direction. However, wWallace (1940) and Joubert (1956) have
clariiiecd the¢ pict.ire with their studies of prenatal develop-
ment in the sheep. wallace (1948) suggested that the growth
pattern changes during post—natal growth. In the limbs initially
the growth gradient runs proximo-distally, but the high point
of the gradient early becomes more distal, the cannon bone at
some time prior to 56 days in prenatal life becoming the site
of maximmum growth impulse. During the remainder of the foetal
period the gradient gradually becomes reversed so that the growth
centre migrates back up the limb. Joubert (1956) confirmed this
result. Wallace's interpretation is, in the case of the hind
limb, that he would prefer to consider that the most proxim=l,
and therefore oldest part of the limb, the femur, early attains
its meximum specific growth rate, followed in turn by the more
distal hones.

After this initial period the specific growth rate of each
of the bones declines, this being more abrupt in the distal bones.
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Thus at uirth the cwi:inon bane is zroving slowest of all 1imd
banes. This work reconclles ilhe proximo-distzl ldea of Jsackson
with the centripetsl one of Hamisond and his followers. Another
facet o Lone growth is that length is &n eurlier developing
chamactoristic than thickness.

The above mentioned grodients affect all tissues - not
Just tie vones. Thus the development oi muscle and fat in the
differcnt Lod, regions ig governed by growth gradlents similar
to those descrived for the skeleton.

The various tissues also resch their msximmm growth rates
in & deiinive orde:x with age. Thus nervous tissue is the
easliest developlar Tollowed by Lone then muscle and 2in-1ly
fat. 31 top of thic, fat i5 accumulated in the veriow: fat
depotes with sge in the followiny order: mescenteric v, kidney
fat, inlemmwscddar ful, sabecatancous fat snd Intramuscular fat,
This work has also shown that cusculsar tiscue incresses mainly
in fiore aurbers pree-=natally and fibre diumeter post-natally.

The various internal orgiaas also show murked diffsrential
groati. rdleson (1955) swas up the indinge of the Hammond

school ag follovs:

The heterogonic growvth of the individual organs appears
tc ba primarlly functional. Those organs of most

vital function to the life of the animal like the brain,
eyes, lungs, kidneys, hoart, cssophagus, abomasum and
small intestines are relatively well developed at birth
and consequently grow proportionately less in post-natal
life than organs like the rumen and reticulum, which have
an unimportant function until some time after birth, when
the lamb begins to eat fibrous foods, or those whose
function 1s largely that of storage of nutrients such

as the abdominal fat depots, which develop mainly in the
later stages of growth.
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Scammon (1923) grouped human organs into four classes according
to the character of their post-natal growth. His classification
inte peneral, genitel, neural and lymphoid types, while similar
to that of the Hammond school, does not bring out the functional
aspect as well. This sspect appears to be rerheps the most
important one with regards to post-natal development. Those
parts, tissues, or organs which are required immedistely after
birth are the ones which have the earliest post-natsl develop=-
ment, and as the animal ages, development follows a markedly

functional psath.

(2) Change in Chemical Components.

The literature on the changes in the chemical constituents
of’ the body during growth and development follows a somewhat
different patin to the anatomicul apjroach. Very little work
bas been done following the changes through a growth period.
Ruther the approach has been to determine body compesition per se
at, say, the end of an experiment. This is perticularly true
in the case of the sheep.

We will deal first with general changes in the chemical
composition of memmnals, and then specifically with the sheep.

Spray and Widdowson (1950) and Reid et al. (1955) review
the effects of growth on the chemical camposition of mammals,
The greatest cause of change during growth is due to increase
in fat. Callow (1948) has shown that chemical fat closely
follows dissectible fat during growth. This 1is reasonable
on the grounds that dissectible fat includes all but intra-
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mscular and bone Tets. Varicus workers (Collow, 1948;
Kraybill et _al, 19%51; Reid et ul, 1955; DBarton and Kirton,
195&9 have shLovm that there is s high negetive correilstion
between fat per cer.t and water per cent. This led keid et _al
(1955) to surcest that a3 these iwo ccmponents constitute the
major part of the animal Loldy, {at.ening aprecers wmainly to be
8 replacemont of water Ly fat. ilowever, tliis is not quite
correct snd Keys «nd SroZek (1953) jcint out thai to soms
extent water eand fat are laid down togetier, although fat
reletively more. Murray (1916) peinted out that most of
the variation ia the compusition of ;mture aninals was due
to fat, and that the chemical cow ~sition 2f lho non-fat matter
was relatively corstant. This genzral idsa wos first attributed
to von Bezold (19257) who anelyseé large numbcrs of various
specizz of aninzls. Houlton (1923) continuing this work said
that where fattenin~ drzz not inlervene Lo ovscure chwiges in
the other constituents, age snd species largely detenuine come
position. Murray (1522) and Moulton (1923) studied from data
in the literature the chemical developmenti oi' thie fat-free
bodies of wany memmals, Moulton (1923) showed that in all
cases studied,
ee.omamnals shcw a rapld decressz in relative water
content and increase in protein (nitrogen) and ash
content from earlieet life until the tiime of chemical
maturity is reached. At this time the change becomes

rather suddenly less, and nearly constant camposition
is shown.

Many people have continued thils early work. Spray and
Widdowson (1950) conducted experiments and concluded that
Moulton's term "chemical maturity”, can only be applied to
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the body as a whole when all its canstituents except fat have
reached a constant level, However, the constancy of this fat-
free body with age has been gueried, and Hopper (1944), reid
et a1 (1955), and Kirton et al. (1959) have shown that water
rercentage decreases while protein and ash percentages increase
with age, In the fat-free body. Fatness has ulso been shown
to effect this constancy (Mitchell et_al, (192€b; Clawson et al.
1955; Kirton ¢t al, 1959). So we have the general picture

of relative constancy of the fat=free body atfter chemical
maiturity, while chemical fat increases with age. However it
has been shovn that the decrease in weter and increases in
prctein and ash still continued their trends, although at a
diminishinc pate, after chemical maturity. Moulton (1523)
noints out that chemical msturity is reached at different ages
in all sreciece, but that these ages are faidly constant relative
tc the whole life cycle. There are very few cases in the
literature where the chemical composition of sheep has been
followed through a growth gseries. Many workxers however, give
the body composition at one stage; usually the mature animal
(Hankins, 1947; Shorland et al, 1947; Barnicoat and 8horland,

1952; Barton and Kirton, 1958g Kirton et al, 1959; Garrett
et _al; 1959). These workers have ususlly been 1n£;reated in
body composition per se and not in growth. Armsby and Moulton
(1925) report that work on the soft parts of the carcass was
conducted by Henneberg (1881), Kern and Wattenberg (1878, 1880),
Priske (1909), and Pfeiffer and Friske (1911). Lawes and
Gilbert (1859), Mitchell et al. (1926, 1928a) and Callow (1947,
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1948, 1958) present data shoiring the chemical composition of
shecy at various ages while Kirton'gg_gi.(195%) show the fat-—
free composition of a series of sheep from foetal lambs to
m:ture ewes.

The chenilel campozition of the five sheer analysed by

Lawes and QGilbert (1859) are presented in Table 1.

TABLE 14

Cumposition of untire Bodles of' Sheep -« Mapty Weilght Basis
(Lawes and Gilbert)

Percentage Composition

Age Condition Ashi Proteln Fat Dry Matter Water Nilrosen
&  months Fat 3.2 13.4 31.2 L7.8 52.2 2.14
1 yesr Store 3.4  415.8 19.9 39.0 61.0 2.53
1% years Fat 3,0 13.0 37.8 53.8 46.2 2.08
12 years ixtra fat 3.1 11.6  L&.5 62.9 37.1 1.86
3% years Half fat 3.5 15.5 25.9 LL.8 5562 2.46

Data abstracted from Mitchell et sl. (192¢, 1528a) are

presented in Table 2.
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TABLE 2

Compositlon of kmpiy Bodics (Mitchell et al)

lercentage Composition
Ape Candition No Waeter Crude Prot=in Crude Fat Crude Ash

Newborn - L 76.58 15.50 2.72 3.39
3 months Average 6 60,54 17.54 16.85 3.32
5 " . 8 60.63 19.52 14.15 L.79
11 " Matteneme 8 53,32 1£.29 21.57 L.09
=11 " Fat 9 50.88 17.43 24.89 L.47
15 1 Mainteerece 6 60.42 18.12 15.52 4.37
21 il ¥at 6 53.45 16.82 23.51 L.18

The figures ahove should be interpreted with care.

The methods of chemical analysis used by Lawes and Gilbert
vere crude by precent day standards. No breed eff'ects were
taken into account. The raage of fatness is limited and
even those shecn classed as "fat" are not markedly so.

It is difficult to interpret datea of these type which
were colleccted originally for non-=growth purposes; however
certain general age trends are obvious. These are: an
increase in fat percentage; decreases in protein and water
rercentage. Ash percentage is very variable and it is

impossible to detect any trend.
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3. EFPFECT OF NUTRITION ON RODY COMPOSITION

In the previouc section we heve drawn a picture of the
nattern of growth end development in the shcep. The next

getep ls Lo sece how this is affected by pl=ne of nutlriticn.

(1) Change in Anatomicsal Components.

Knowledge on the effects of nutrition on the farm snimal
has progressed a loung way since the pioneering work on cattle
at the Missouri Agriculturnl Experimental Station (Moulton
et al, 1921, 19228, 1923). Most of the work hs been con=-
ducted at Cambridpge inder carefully controlled experimental
conditions by the Ha .mond school (Vergés 1939s, 1939b; vallace
1948 and Udlsson and Vergés, 1952 in the sheep: McMeekan 1940,
1941; and Pomeroy 1%.1, in the pig.) The generalized plan
of those exyperiments was to subnit two groups of wimals to a
hilh aid a low »nlane of nutrition. Afiter a period on this
treatment each group was divided Into a high and low plamR sub-
EXOUuDe. This type of exieriment has also been conducted by
Wilson (1952, 195L4a, 1954b, 19583, 195bu) on poultry sand on
the goat. ‘these authors have damonstrated that an aninmal's
form is greatly dependent on the shape of 1lts growilia curve.

We will not be concerned here with the effects of differential
nutrition durdng pregnancy on foetsl development, buti ruther
with the more general effects on Lhe growing and mature animal,
In general terms we can think of three levels of nutrition:
super-maintenance, maintenance and sub-msintenance. Maynard

and Loosli (1956) define maintenance in its simplest form as,
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“"the amount of fvod required to hold adult snimsls at constant
weight." This definition also implies constant body composition.
Hammand (1947) argues that an animel must be bred under optimal
environmentel conditions to enable it to fully express 1its
genotype. While this contention is inaccwrate from a breeding
point of view (®alconer and Latyszewski, 1952) it is helpful

in defining plane of nutrition. Thus to get optimal develop-
ment super-maintenance is involved. This is essentially what
we deveribed in the previous section on ¥the Pattern of Growth
and Dzvelopment. " Therefore all that remains to be done in
thiis section is to descriuve the affects of sube=maintenance on
body composition.

The findings of' the workeivs mentioned above will be described
in the following. westricted nutrition at any stage duaring
growth retards the parts or ti sues in the direct oider of their
maturity. The earliecst maturing pwurts or tissues are least, and
thie late maturing ones most affected, e.g., fat is more affected
than muscle which is more atfected than bone. The loin is the
arca most afif'ected vy bed nutrition.

During growth any part, orgun or tissuc is proportionately
most affected at the age when it has its highest growth intensity.
When an animal is kept on a sub-maintenance diet the different
tissues and body regions are utilized for the supply of energy
and proitein required for the maintenance of life in the reverse
order of their maturity, i.e., fat is utilized first, followed
by muscle then bone; these tissuss are first depleted in the
latest maturing body regions such as the loin and pelvis.

Hammond (1944) attempted to explain this in his “theory of
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partition of nutrients accoiding to metabolic rate". Child (1920).

FICURE

Fat

Brain and
Central Tfervous
System

Placenta ;| Foetus

first sugrested that the incoming nutrients are partitioned
according to the metabolic retes of the various tissues;
those with the highest metabolic rate having priority.
Hammond (194);) shows the situation diagrammaticélly in FPig. 1
where the number of arrows indicates the relative me tabolie
ratec of the tissues involved. If the plane of nutrition is
limited an arrow may be deducted fram each tissue and thus
fat growth is stopped. If the plane is further reduced
another srrow may be deducted and in this case muscle growth
stops while fat deposits are broken down. This may go on
until the level is reached where the brein and central nervous
system are affected and at that stage the animal dies.

These workers have noted a great recuperative capacity
when an animal which has been on & low plane of nutrition,

is switched to a high plene, providing it has not been under-



nourished for too long. Robinson (1948) noted with sheep

that the various parts of the body increased and decreased
along similar developmental curves. This is not in agreement
with Keys and BroZek (1953) who found with humans that there

is a tendency to put on extra fat during a period of nutritional
rehabilitation. They found that after a period of time this
extra fat was lost and body composition returned to near its
value before under-nutrition.

There is one major point over which some workers of the
Cambridge school disagree. McMeekan (1940, 1941) and Palsson
and Vergés (1952) agree that not only does restricted nutrition
affect individual organs and tissues of the body differentially,
but also that within a tissue sore parts are penalized proport-—
ionately inore than others, Wallace (1948) agrees with this
hypothesis as regards the dirfferential effects on the individusl
organs and tissues, Dut he did not find differential effects
within a tissue due to poor nutrition. Wiallace disagrees
with McMeekan's method of measuring relative growth whereby, at
a constant agc or body weight, the low plane group is expressed
as 100 and ti:e other groupe relative to this. Wallace claimed
that it was sounder to compare plane of nutrition efrfects at
equal tissue weights and so he followed an allometric analysis
for his data. He also re-examined some of McMeekan's (1940,
1941) data using his own method, and concluded that the apparent
differentisl effects on anatomical units within a tissue were
not caused by the low plane of nutrition having changed the
nomal pattern of development, but were due to McMeekan's
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method of analysis. jall=ce thus concluded that the pattern
of' Cevelopment of a tissue is the semc in 2 rapidly grown and
in 2 stunted animsl, the vrororticne each made of the whole
tiscue derended ¢olely on the weight attained by the tissue.
In other words, *allace claimed that under-rutrition did not affect
the attem of development within a tissue differentially, e.g.,
tiie later developing loin muscle is not penalized any more than
miscle in any other part of the body by a low plane of nutrition.
Thus Ghere would he no priorities wishin a tissue for nuirients
fron the biood stireai.

Palsson and Vergdés (1552) agre: with milace that it is
sounuer to comparc animals at 2qual tiscue welghts, but they
do not lilke his method of snalysis ”8ad 7all brck on the one
used by Meticekan (1S40, 1941). They claim that plotting part
sgainst whole on Lo arithuaic paper will disguise any erfectis
ipresent by contraciing the scsle and thus crowding the plotted
pointe. To suppowt theiir ldeas they cerry out regression
comparisons on soile narts off the skeleton using the skeleton
itself (less the wart being studied) as independent variate.
Prom tihiis tuney camec to the conclusion that plane of nutrition
does have a differential effect on ditferent anatomical units
of the same tissue. Cockrem (1960) criticized this regression
approach on the grounds that Palsson and Verges (1952) have
campered relative absolute increases in size and not growth
rates, and also that the results from this type of analysis
do not agrce with their earlier conclusions using different

methods of measuremsnt.
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In an interesting series of papers on the effects of
nutrition on the fowl (1952, 19543, 1954b) and the East
Africon dwacf gost (1957, 1958a, 1958b), Wilson presents
evidence which tends to support Wallace's (1948) contentions.
Wilson analyeed birds on the basis of equal age and equal
weight and found that there were no ccnsistent age or treat=
ment effects on the fat content of cucliierels. He found a
significant effect on the weight of muscle of birds of the
camme age but no significant dirfferences on the btsasis of
equal bird weight. Wilson concluded from his work that
there was no orderly sequence of fat deyposition comparable
to the growth of orpans sand other tissucse. He thought,
alang with Brody (1945) and Wallace (194&), that while fat
was closely related to growth it was not an integral part
of it, and thet varying amounts of fat in a carcass lead
to serious dQifficulties in the interpretstion of other
body tissues and orgens. Wilson (1957) claimed that the
large differences found by other worksrs in the carcass
prouortions of mature animals reared on different planes
of nutrition must be largely ascribed to the differences
which such treatments exert an the percentages of fat in
the body. He therefore proposed that this type of
nutritional work should be analysed on a fat-free carcass
basis. In support of this Wilson re-analysed MclMeekan's
(1940) data on muscle weight and found that re—calculating
the muscle percentages in the carc~ss on a fat—-free dbasis

led to a camplete reversal of meny of the :.gnificant resulte
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clainmed. Yhile Wilson throws doubt on the validity of the
methods used by Mcldeekan and Pflscon and Vergé€s he does not
provide any evidence on the effect of putrition within a
tissue. The corniparisan of animals on a fat-free basils
would seem to be & useful technique in this type of work.
flovicvery, it should be regarded as a technigue only basring
in mind that the final biological interpretation of the
eifects of nutrition on body composition must aleo include

fat.

(2) Change in Chemical Components.

From the xsults of workers such &s Moulton gt g8l. (1922b),
Mitchell et_al. (1928b), sumeby and Moulton (1925) and Callow
(1947, 1048, 194Y, 1950) 1t is posciblec to ascertain in general
teris tie effeet of nutrition on the chemical compoeition of
the carcasses of farm anlimal.

Mitciiell @t al. (1928b) compared the campusition of sheep
which were well—-fed and then omaciated in a comparative
slaughicr type of experiment. They found thatl bone fat was
the last of' the fat depots to be depleted in under=nutrition
and also that the withdrawal of fat from the tilssues was
accompanied by an increase in moisture on a fai-free basis.
This meant that the ratlo of protein to water was greatly
decrzased by under-nutrition. Kirton'gg_g;.(195%2 found
similar results on a fat-free basis.

Barnicoat and Shorland (1952) and Garrett et al. (1959)

present the carcess compositions of varicus commercial grades
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of sheep. Although these are not in nutritional classes
and liie ages are not know, they have been graded acccerding
Yo condition. By camparing thesce date with that provided
vy the wocsksrs uentioned ebove it 1s possibie to see the
following trende: wiith a lowering of grade iherc is #
reduction in fatl percenisge &nd an increase in weater,

proiein and avh percentages.
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4. \VALUATING PASTURGES 3Y MIANS OF SHEEF

As most grassland products are converted to human use
via the grazing animal it is of importance to be able to
measure the value of pastures in terms of animal production,
i.e., wool, meat or milk. The velue of this type of assay
has been realized for many years and Watson (1948) reports
that Somerville in 1897 started an experiment at Cockle
Park in an effort to measure the effect of various systems
of manuring on the liveweight gaing of the sheep grazing
the various plots. The work reported in the literature
has improved very little in technique since these early
days and does not seem to have progressed beyond liveweight
as a measure of nasture worth. Williams (1947) realized
that many factors influenced the final liveweight in this
type of trial. He included the followings: size or initisl
liveweight; age; food intake or appetite; variations in the
composition of the livewelght gain; sex; efficiency of
digestion; efficiency of metabolism. Williams showed that
the variability in liveweight between animals on grazing
trials 1s considerable. The reduction of such variability
between animals and the standerdization of techniques used
have been the subject of a report submitted by a Joint
Commnittee of the American Society of Agronomy, the Americen
Dairy Science Assoclation and the American Society of Animal
Production in 1943. Thie report suggests procedures for
following in this type of work.
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Watson (1948) considered that shesp are not suitable for
long terw: expreriments because the ewe will not put on the full
increase which might be expected from the nutrients, while the
lamb which grows very quickly at first has a different com-
position of inecrcase to the mature wether. He states that
the growth ratc of the wether falls as the season progresses.
Hovcver, the Joint Comnittee (1943) consider that it is best
t» use wethers.

¥ollowing the pioiieering work at Cockle Park a series
of' exreriments were conducted using sheep by some VWelsh
workers. This waes started by Stapledon and Jones (1927),
who conducted & behavioural trial on grazing sheep. They
found that the amount of pssture eaten per day vaeried con-
siderabl; and that more dAry muatter was conswied if they ate
a grecater amount o clover stem than leaf. They also showed
that shcei: preferrcd: gruss blades to siicath or stem; green
leaface to elther burned or drying material or to weeds; and
red clover to grasses.

Jones (1928) compared a tenporary and & permanent pasture
using fouvr-month-o0ld lambs. The liveweipght increment was much
greater on the temporary pasture and this was thought to be due
to the fact thal tlie shesp obtained a higher proportion of leaf
to stemy, and itheretore a more nuitritive ration on the temporary
pasture.

Roberts (1931) studied the effect of sowing wild white
clover an the meat producing capacity of temporary pasture

three years old. Both cattle and sheep of various ages were
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used. He noncluded that @he effece of sdding wild white elover
to a terpcrary pacture was W increase the productivity by about
35 rexr cent as reasured by livewelight increase. This was duse
restly to en increused stock carrying capacitye. In a contin-
vaticn of this trial for a further year Roberis (1232) showed
that the anials on the plot containing wild white clover gained
22,5 per cent mora In liveweight thenl the aniwals on the plot
sithout clover, Again this dif'ference was due to an increase
in & bockiug rata. Concurreatly, Roberis (1$32) compared these
two touporaly pastures witih a permaneni one and found that the
liveuvca it inereacse ICram ohe wild white temporury pasture was

L Lar cont groaser, aud hat frow vhe teaporary pasture without

A

wild cluver 10 e ceny grealer than that from the permanent

rastie, The dcreased piroduaction Lruaa the teicporary pasture
wes agall. Zue Lo grewtos stock carrying capacity. However,
the ewer and weliiers on iac ie.porary rasture thrived better.
Reterts (1935) showed that wuen tiess wrials were continued
similar dilfoereances appeured belweecn the pusture types as
reasuoel by livewsisnte.

Davis and Bell (1957, 1958) compured two pastures, one
of birdsfoot trefoil and Keantuceky vluegrass, and the other of
Ladino white clover and Kentucky oluegrass, using the response
of lambs a: a measwe of production. During the first grazing
yeer the Ledino clover—-bluegrass mixture was more productive in
termms of carrying capacity, gsin per acre, and T.D.N. consumption
per aczc,. The trefoil-~bluegrass mixture was more productive
for the remaining two years of the test, Herbage yield and
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animal gain per acre were not related.

It appears from the type of trial described above that
real differences between pasture types csn be detected using
animal production as a method of evaluation. It is also
noticeable that most of the differences in liveweight are due
to incrcased carrying capacity and not to increased growth by
the individual sheep. Thus most of the differences in pasture
types could probably be attributed to differences in pasture
grovwthe An interesting finding with regards to the present
work is the demonstration of the renking order of the differ-
ences between temporary pasture, with and without white c¢lover,
and permanent pasture, by Roberts (1932, 1935). It is a pity
thai the above workXers did not follow the example set by
Mitchell et _al, (1926, 1928) who evaluated various sheep
Yoodsturi's by determining differences in body composition
using a compuarative slaughter technique. Differences between
the pasture types in terms of body composition may have been
detected.

In a very thorough experiment Clarke et al, (1953)

studied the effect of highly imrroved and topdressed pastures
on the thrift and production of sheep. Their experiment cam-
prised two parts: first a fertilizer trial consisting of five
treatuents and secondly a pasture strain trial which campared
five pasture types. Characters of economic importance such
as wool growth, caroass grade, and lamb production were
measured. Carcass measurements described by Palesson (1939)

were used to estimate carcass composition. In the pasture
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strain trials there were large differences in annual and
ssasonal production between the five pasture types. However
there was no evidence of any differential effects on the
thrift and production of ewes and lambs under the system of
management adopted. Similarly in the manurisal trial the
differential zasture production effected by the various
fertilizers did not cause any differences in saimal pro=
duction. This work by Clarke et al.(1953) appears to be

the only account in the literature ia which somes attempt has
been made to determine the effect on vody composition of

varisus prsture typcs.



30.

5. EFFECT OF BIRTHRARK ON BODY COMPOSITION

The effects of birtihwrank or lembing status on the body
composition of the ewe may be sxpressed during two periods;
gestation and lactation.

The literature of the changes 1in body composition during
the gestation period have been reviewed by Spray (1950),
Yarshall (1952) and Dewar (1957). In most species it seems
that the pregnant female stores more fat, water, protein and
mineral than can be accounted for by the foctus and its
agsociated tissues, There apre ar to bes species differences
however, and it sceecms that those species which lactate abun-
duntly lay in a ctere during »regnancy, while those that do
not produce much milk nass on more to the foetus before it
is born.

Kirton g}~g;.(19ﬁqg comcarcd the fat~free body composition
o’ three pregnant ewes with that of the non-pregnant ewes and
wethers presented by Garrett et al. (1959). From thic they
concluded that pregnancy has nn effect on the fat-free body
composition of the ewe. However this result must be
interpreted carefully as the sheep being compared were of
different breeds and in various states of fatness.

The literature on the effect of lectation on the body
composition of the ewe is scant; however, the effecct of
birthrank on lactation and lamb production has been well
investigated (Bonsma, 1939; Underwood and Shier, 1942;
Wallace, 19468; Barnicoat et al, 1949; Barnicoat, 1952).
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Palsson (1953) has studied in detail the effects of
rregnancy and milk production of yearling ewes on thelr
grovth and development. With two exceptions he used the
carcass measurements described by F&lsson (1939) tc measure
growth and development. The exceptions were the width of
chiest behind the shoulders and the minimmume circunference
of heart girth. In the first part of thle experiment
Faleson studied the effects of rregnuncy and lamb production
of ewes lambing at 12 months of age on their growth and
development up to 16 months. At this stege U3 ewes in the
three Lirthrank cotegorics, barren (11), lcst lasb (11), or
suckled (21) were killed. The figures in parentheses refer
Lo the number ot shecp in the respective groups. Falsson
cancluded Trom the mescwrements taken that pregnancy 1'rom
seven %o 12 months of age had a signiricant reterdin; effect
on the growtih of fat while it had no elrect on the growth
and developirent of the esrlier matwrring tissuec. However,
a four month lactation period resulted in a lighter, narrower
carcass with reductions in the ascending order of bone
thiclmness, muscle development and fat deposition.

The second part of his trial was designed to study
the extent to which ewes thst had been retarded at 16 months
by reering lambs could make up the 1lo:8 by 28 months. The
birthrank categories studied are shown in Table 3.
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TABLE 3

Birthrank Oategorles of the Ewes Studied by Pélsson (1953)

No. of Hwes

10
15
29

5

12 months

Barren
Barrenr
Single
Sirgle

Single

24 months

Barren or L.L.
Single

Single

Twins

Dry

&

kResults fram this part of the work showed that ewes

whose growth and development had been retarded up to 16

moniths o1 age by suckling lamos as yearlings, can maxe up

oy £8 months about €0 per cent of the reterdation in carcass

welght, whether they are rearing singles or twins when two

years old, compared to ewes Which were barren as yeurlings

and rearcd singles as two-tootihis.

-hus it appears that the body composition of sheep,

while mainly unaffected by pregnancy, dces show changes

due to lactation.

by muscle, and then to a lesser extent bone.

Fat is most severely depleted, followed



CHAPTER III
MATRRIALS AND METHODS

1. INTIADUCTION

e pastare types to be described helow were sown in
Moverber 1956, From March to April 1957 a trial was cone
ducted on these pnsture tyrnes to study any effect of facial
eczewa on Southdown cross lambs removed for slaughter at
weekly intervals. From 10 May 1957 until 16 December 1958
the main trial waes carried out to stud;r the effect of short
rotation and nerenriasl ryegrusses with and without white
clover cn the icdine status of sheern, It was from this
trial that 40 carcecses becaie availshle for analysis.

Thus sections 2 and 3 of this chupter describe the experi-
mental desirn and management of the whole exveriment, while
the remaining sections deal solely with those ewes taken

for carcass analysis.
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2. EXPERIMENTAL DESIGN

(1) Pastiures.

Tvo paddocks on the Massey College Terrace Sheep Farm
were used for the experimente. They were of the same soil
type (¥ellow Grey Earth (Tokomaru Silt ioam)) and separated
by approximately half a mile. Fig. 2 shows the division
of the paddocks. Paddock 16 is approximately eight acres
in area and was subdivided into eight one acre plots.
Four of these plots were sown with perennial and four with
short rotation ryegrass. The ryegrass strains were the
latest releascd by the Grasslands Division, D.S.I.R. and
were allotted to plots by a system of restricted randomiz-
ation. These plots were topdressed in the first instance
with superphosphate and ground limestone. Sulphate of ammonila
was applied as required throughout the experiment. Paddock
30 is aprroximately five acres in area and was divided into
four plots as in Fig. 2. Two of these, diagonally opiosite,
were chosen by a system of restricted randomisation to be
sown in perennial ryegrass plus white clover while the other
two were sown in short rotation ryegrass plus white clover.
These plots were topdressed with superphosphate and ground
limestone anly. The difference between the two paddocks
in the topdressing programne is due to the fact that it was
necessary to supply nitrogen to the plots which were without
clover.
(2) Sheep.

On 10 May 1957 Ramey ewe lambs were put on to the plots



FIG. 2. DIVISION OF PADDOCKS.

Paddock 16, Area 8 Acres.
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at the rate of 10 per acre. Half the sheep from each plot,
selected at random, were injected intra-muscularly with 1 ml.
iodinated poppy sea3d oil (Neo=Hvdriol, May and Baker). This
compound contained 40 per ceant iodine and formed a depot glving
a continuous relgsase of iodine into the blood. On 27 February
1258 a cecond similar injection was given to these sheep.
Exverinental sheep were removed at random from the plots and
wers nst roturmed to the experilment when the stocking rate
wvee fouad to he too high. Vhen increas=d numbars of sheep
ware nceded, wethers were added but were not included as
exierinenisl sheaeyp.

In & 2zmeriment of this nature & certain amount of
flexibility iz raeded in the decim to trte Into accoant

1

focres z:

5

W

2 eircunstances. Thet thiz design was gqulte good

]

n this r23rect is borne out in the following section on

'—h
u.

¥
ey

Exparivcental Managsement.
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3. MANAGEMENT

(1) Pre—experimental.

The 13 acres of Massey College Sheep Farm set aside
for this experiment had been in crop and consequently were
very weedy. Therefore a pre=emergent spraying with 24D
was given prior to sowing the pasture, in Noveiwnber 1356.
There was excellent establishment but the dry summer
resulted in paddock 30 going to grass dominance. A fairly
heavy contamination of this paddock with Black Nightshade

Solanum ni~rum) necessitated treatment orf the area with

M.C.P.B. The pure grass swards of paddock 16 were in
good condition and essentially weed f'ree. The short
rotation ryegrass persisted well throurh the dry sw.uier
and was noted to be superior to perennisl ryegruss in
rust resistance.

After subdivision into plots paddocks 16 and 30 wers

stocked from February to April 1957 with Southdown cross

lambs at the rate of six and seven per acre respectively.

(2) Experimental.

On 10 Kay 1957 the ewe lambs being used to study the
effect of short rotation and perennial ryegrass, with and
without white clover, on the iodine status of sheep, were
placed on the plots.

The sheep at the hogget stage were shorn on 13 September
1957.

Congiderable difficulties were encountered in establishing



37

the perennial ryegrass plas clover pestures on paddock 30.
The reason wac the very poor clover establishuent which was
followed by stunted grass growth. Sheep on this pasture
type showed very poor liveweight gains and so were taken
off’ the plots for two months from December to January to
enable the pastuie to Le spelled. (Sce Fig. 4) These
sheep were put on to a similar type of pssture elsewhere
on the Collegc sheep farm. Although they made up some of
the lost weight on this vasture they were still in poor
condition at mating. However, when these ewes were put
back on the plots they risde an excellent recovery.

Because of the absence of clover in paddock 16 it was
nceceosary Lo topdrecs with sulphate of amionia at frequent
intervals to keep the nitrogen levels in the soil hivh and
thus to ruintain lush growth for as much of the year as
possible. There wes slow death of the short rotation
ryegrass over a period of weeks following an application
of culphate of ammonia to paddock 16 in February 1958. At
the sane time the perennial ryegrass plots responded well.
It is thought that the death of the short rotation ryegrass
was more likely duzs to an infestation with Argentine stem
weevil (Hyperodes griseus) than to dameage caused by the
nitrogenous fertilizer at that season of the year. This
concluslon was reached when the short rotation plots were
killed off by Argentirestem weevil in the following summer.
The death of short rotation ryegrass on paddock 16 meant
that these plots became very sparse and unpalatable and that
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the sheep on them were suoject to very poor nutritional
conditions. Thus 1t was necessary to coversow with the
latest relesse of short rotation seed early in March 4958,
The animals grazing these plots were put on to short
rotation ryegrass plus clover during the establishment

of the new rasturc. Unfortunstely, the first oversowing
was unsuccessiul and thus it was necessary to resow. The
seccond oversowing was succeseful and whoen eetablishment was
complste the cwes were returned at a stocking rate or six
per acire.

Pauddock 10 sheep were shut up as a precaution against
facial eczema on 4 February 1958 and released seven days
later. These oHrecautlons were rcpeated from 18 to 26 of
February 1958. Facizl eczema precautions hovwever were not
thought necessary for the cheep in 1addock 30. During the
rericd the shecp were shut up they were fed short rotation
ryegrass hay. Despite the precautions taken some of' the
sheep on the perennial ryegrass plots in paddock 16 became
affected and two of them died.

Over the late summer period the fence lines in both

paddocks were sprayed with "phytazole! (a mixture of 3-
(p=chloro phenyl)= 1, 1= dimethyl urea and 3 = animo= 1,2,
L4 triazole). The same compound was used for the control
of weeds end the spot-spraying of invading clover plsents
in paddoeck 16.

Cn 25 March 1958 Rommey rams were put out with the

ewes. This is later than usual farmer practice in the
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district. The reason being that delayed mating could
result in higher fertility (McDonald, 1958). The rams
were rotated around the plots so that any fertility
differences amony them would be distributed randomly

over the treatments. This aspect is important with
regards 1o the effect of bilrthi-ank on the body composition
of the cwese.

The perennial plots of paddock 16 were grazed down
hard dwring mating so they were spelled for a short time
during wiich the animals were run on the College Sheep
Farn. On paddock 30 the animals grazed the short ro-
tation pius cluver treatnent iurd o they were removed for
approximutely a fortnight and grazed on a mixed pastiure
containing little _erenaial ryepgrass,.

Apart from final liveweight, 1o weighings were tsken
of the ewen after 7 Hey 1956 Lecnise differences due to

regnancy Were becoming marked.

Weaning of all lambs took plice on 4 December 1958
and the ewes were slaughtered aprroximately two weeks
later.

Over the whole exreriment the total number of deaths
was seven; of these three occurred on perennial ryegrass,
one on short rotation ryegress, one on perennial ryegrass
Plusa clover, and two on short rotation ryegrasg plus clover.

Fig. 4 gives a gencral picture of the mansgement over
the experimental period. '
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L, THE SELiCTION AND MANAGEMENT OF TH&E ANIMALS USED FOR CARCASS
ANALYSIS

(1) Selection.

Towards the end of the experiment the 38 surviving Neo-
Hydriol injected ewes were mede available for carcass analysis.
It was thousht that because of the injection they should not
be sold for human consumption. Table L compaies the final
liveweights of the injected and non-~injected ewes within
pasture types. Liveweight differences between 1odine
treatments within pesture tymes were not significant. There=
fore as far as could be ascertained from the available evidence,
it was assumed that there were no differences in body composition,
hetwecen the injected and non-injected ewes. On che basis
nf this assumution two dry non-injected ewes weve added to the
carcass anslysis group to make up proup numbers for the study
of birthrank effects. No. 5 was from the perennisl ryegrass

croup and No, 37 from the perennial ryegrsss plue clover group.

TABLE 4L
Cowparison of the Livewsights (1b.) of Injected and 'lon=-Injected
Bwes.
3 P 8 +C P+ C

NI I NI I RI I NI I

No. Ewes 12 11 i 1" 6 é 8 8
Liveweight [116 1416 ]| 102 104 | 434 137|119 119
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At slaughter one cf the ewes from the short rotation plus
clover pasture was very light compared to the rest of its groap.
At dissection, this ewe (No. 120) had extremely yellow body fat,
and was markedly different from the rest of the group in body
composition. It was thought that facial eczema might have
been the cause of this sbnormality but examination of the liver
at slaughter had shovm none of the typical facial eczema lesions.
Bartictt's test of homogenclty of variance (Snedecor, 1957) was
applied tn several conponents of liveweight both including end
excluding No. 120, and these analyses showed that, in general,
“he group esans were much nmove homogencous with Ho. 120 excluded.
Un tiis uether cevidence it was considered wise to aiscard data
L0 Noe 120

TT1as drta on thie conposition oi' 39 ewes vere available for
analysis. Or tiecc, 12 wese I'rom perennial ryegrass, 11 from
shore rowwtion rycerass, nine fion perennial ryegrass plus clover
aind ceven fram cihort rotation ryegrase plus clover. The break-
down of the 39 cewes into tyre of birthrank wac as follows: 21
eves reared slongls lembs, four ewes rea.ced twins, five ewes
tore a lamb Bui dld not rear 1i, aud nine ewes were dry. For
tiie distributlion of' indilvidusl sheep to ithe various sub=groups

sce Table 16.

(2) Management

The ewes were 2llotted randomly into three slaughter
groups. These groups contained 13, 13 and 14 ewes which were
killed on 16, 17 and 18 of December 1958 respectively. The
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sheep were taken off pasture 24 hours before slaughter. They
were then lorried to the Massey College woolshed and kept indoors
without food or water until slasughter,

5. PRE=-SLAUGHTER TECHNIQUES

Lean-meter neasurements were takene. These measurements

will be dealt with in detail in Part II.

6. SLAUGHTER TECHNIQUES AND RECORDS

Slaughter comnanced at approximately 2,00 p.m. each
day. The killing and dressing was done by a skilled pro=-
fessional butcher and was in accordance with normal comunercial
practice, with the exception that the kidneys were removed.
In addltion to the butcher, five other assistants were required
ir. the collection of data.

The following information was obtained for each ewe:

(1) Liveweight
(2) Bleda wt.
Blood wt. (by difference)
(3) PFeet wt. (four together)
(4) Skin wt,
(5) Head wt. (with tongue)
(6) Hot carcass wt. (minus kidneys)
(7) WwWt. left fore cannon bone.
(8) wt. stomach + oesophagus (full)
(9) wt. stomach + oesophagus (empty)
Wt. stonach contents
(10) wt. small and large intestines (full)
(14) wt. small and large intestines (empty)
Wt. intestinal contents
Wt. stomach + intestinal contents




(12) Wt. heart

(13) Wt. lungs + traches

(14) Wwt. spleen

(15) wt. liver

(16) wt. omental (Caul) fat

(17) wt. mesenteric (gut) fat

(18) WwWt. kidneys

(12) Wt. genital tract + bladder

(20) Wt. Rest (includes diaphragm and miscellaneous
pieces of skin).

A piece of trachea including the thyroid pgland was
removed and tle gland dissected out. After sluughtering
had finished the carcacses were huag in & chiller on

standard gamnbrels.

7. POST SLAUGHTER TiCIINIQUES

On the morning followinr slaughter the carcasses were
removed from the chiller and weighed to determine cold carcass
welght and then specific gravity determinations were carried
out as detailed in Part II.

The carcasses were then transported to the Manawatu

Meat Company for freezing and storage.
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8. CARCASS DATA

(1) ¥nole Carcass Treatment.

Detailed descriptions have been made elsewhere of the
bandsaw and chemical techniques used in this work (Barton
and Kirton, 1956; Kirton 1957; Kirton and Barton 19589.
However t.c procedure foliowed in the rresent study, differs
in many respects from the above mentioned investigations and
50 wWill be described in detail. Laboratory work comaenced
on 14 January 1953. Normally three csrcasses were brought
from the cold store on londay wornings and two on Wednesday.
Thus dissecuvion was finished by Friday afternoons and chemical
work by Saturday cvenings. To keep up to this schedule it
was usually nzcescary to dissect two nights a week. Three
persons were usdally emsloyed most of the time, but towards
the end of the laboratory period an extra person was needed
for eight to ten hours a week.

keen 1rozen carcass was weighed when brought into the
meat latorato:iye It was divided down the middle of the
back with a meat bandsaw while still frozen, and then each
side was weighed. Following this both sides were divided
with the bandsaw into four Jjoints; 1leg, loin, 9=10-=11 rib
cut and "rest'. This was done in the following manner:
the leg was removed oy making & cut at right angles to the

backbane at the level of the lumbar-sacral junction; a &
further cut at the thoracico=lumbar Junction which rouw;d
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down the curve of the rid removed the loin; the 9=10-11
rib: cut was removed by making two cuis midway between the
14th and 12th, and 8th and 9th ribs respectively. These
cuts also followed the curve of the ribs. The remsinder
of the side constituted the "rest", Fig. 3 illusetretes
this method of jJjointing. The Jjoints from each side were

weighed.

(2) Right_side.

Bach of the four Jjoints was bandsawed while still
frozen into ap:roximately % inch slices. The slices were
then minced thrice to give a homogeneous mixture and two
50 rm. samples taken from each joint. The remaining mince
from all the joints was then bulked and minced again. As
it was minced it was subsampled at regular intervals until,
at the end, a sub-sample of 4 to 6 1b. was obtained. This
was minced twice and six 50 gm. samples taken for chemical
arnalysis. When chemically analysed these six samples gave
an estimate of the chemical composition of the right side of
the carcass.

Kirton and Barton (195&9 describe the chemical analysis
as follows:

A modification of the methods reported by Barnicoat
and Shorland (1952) wae used. Samples werg drigd

in an oven (not an air-draught type) at 105 <110 C

for aprraximately 18 hr. and then weighed to give
water logs by difference. Liquid fat was dscanted
off, petroleum ether was added and the residue was
crushed with a metal rod. After settling, the

ether was decanted off and the foregoing fat extraction
procedure was repeated twice more. The material was
then replacsed in the oven to drive off the ether.




FIG.3. METHODS OF JOINTING
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. “Rest
\ Loin

=1 Rip Cut

Bandsaw Joinis:

As indicated Ry Arraws.

Anatomical Joints:

. Ley.

2. Pelvis.

3. Loin.

4, 9-11 Rib Cut.
5. Thorax.
6.Shoulder.

7 Neck.
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' s the sumple was weighed to give the
WW rat. ?ieﬂnr extract) by dirference
and the dried rw-rm residue directly.

Thic procedure was followed exsctly in the present
exporimcnt, Howewer, in the jresent work the so-called
"Patefimo=rooidue” will de reforred to ws "cruds residus” be-
cuuss in fuot it can contain over 20 per cent fat.

T crude recidust fram the 8ix side samples ware
bulicad for gach 6ide enabtling carrection factors for chamical
fag, @ ash %0 be culculsted separately for each carcass.
he cnykdo realdsee from Lhe two samples from sach Joint
were bulized for all 39 cercasnes.

The samples of crude resildue wers posdered in a
harrwor tiille Followin: this a powder sgzmple from each
¢ide surygle nd each Joint wes extmicted with peiroleunm
cther for s8ix hws In & Soxhlet ap arutus to obtuin fut
corroctlon factorg. arther uowdered sumples were ashed
in & miffle furnsce to give fisares forr ash yer cent.
From the fut «nd =8h percentages in the crude residue,
together with thc weight of each regidus, it wss possidle
to caloulate tho weights of fat and ash in éach crude
residue. The L« correction figure was then added to
the uncorrected fat weight to give total chemical fat
waight in the original 50 gm. mince sample. The weight
of crude residuwe, minue the fat correction weight and
minus aoh weight, gives an estimnte of the weight of
protein in the 50 gm. sample. Kirton (1957) gives a
nmmericsl ezsaple of the whole caleulation.
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(3) left Side.

The four bandsawed joints of the left side were allowed
to thaw prior to dissection. However before they had thawed
tracings were made on the anterior and posterior faces of the
loin for later studies on ticsue areas. At the same time
measuremants were made of' the depth of fat at the Lean-meter
prooe sites. This was done by cutting awsy the subcutaneous
ful and neasaring its depth with callipers. This aspect
however, will be dealt with in Part II.

The four bandsawed Jjcints were subdivided to give seven
si.aller joints similer in definition to the anatomical Joints
of the Hamuond school (P&lsson, 193Y). The leg was divided
from the ;pelvis in the manner described by Pdlsson (1939).
regt™ wag divided into neck, t . orax, and shoulder following
the nrocedure of Palsson (19359). The loin and 9=10-11 rib
cat wercec untoacned. The only mejor discrepancy between the
Jointing and that of Palsson is that in this case part of the
1liun was removed with the loin in the original bandsawing.
This simall plece of bone was, however, weighed separately.
The jointing is 1llustrated in Fig. 3. The anatomical
Joints were then weighed.

The Jeints were dissecied into fat, muscle, bone and
tendon plus waste as described by Falsson (1939). The fat
was subdivided ianto subcutaneous and intermuscular components
while other fats such as kidney, chennel, and mammary were

weighed separately and included in the loin, pelvis and leg
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respectively. Muscle ususlly comprised "skin" end “general"
with the exception that individual weights of the psoas
muscle in the loin were determined. All bones except the
vertebrae and ribs were weiphed end recorded individuslly.
Chemical analysis wes carried out on the muscle and
fatty tissues. The total muscle from each Joint was
minced three times and two 50 gm. subssmples tuken. The
total fat from each Joint was miinced once only before
sampling. Further mincing was known to produce a sticky
tenacious mass that was extremely difficult to sub-sample
effectively. The chemical procedures used were as de-

scribed earlier.

9. STATISTICAL METHODS

The data resulting from this study are arranged
according to a 2=way classification (pasture type and
birthrank) with unequal subclass numbers. The statis-
tical procedure most appropriate in these circumstances
is the method of fitting constants by least squares.
The model chosen in this case was:

Yige = M+ Py + bJ + (p'b)iJ + ey
i = 1,2,.-..,1‘ > j = 1.2.-0--,8

k = 0,1’2,.. -,nid‘

th

Yyg 18 the observation on the k™" animal of the b

birthrank on the 1th

The constant a 18 an effeect comman to all ewes in the
population. It is in effect a population mean.

pasture type.
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The constant 1 is an effect common to all ewes on

the ith

pasture tyre. The types of pasture are represented
by the symbols: b, (or P) for perennisl ryegrass, P,

(or 8) for short rotation ryegrass, P3 (or P + C) for
perennial ryecrass plus clover and ph_(or S + C) for

short rotation ryegress plus clover.

The bj constant is an effect cormon to all ewes in
the jth classification of birthrank.

The four tyves of birthrank studied here are represented
by: b1 for ewes that reared single lambs, b2 for ewes that
reared twins, b3 for lost lamb ewes (bore a lamb but did not
rcar it), and bh for dry ewes.

The interaction contribution to the individuals in the
(1,3)“‘ cell is measured by the constant (pb)ij.

The constant eijk 1s a deviation or error. In testing
the simificunce of differences between the classifications
the deviations are assumed to be normally and independently
distributed around a mean of zero with variance 022.

A formal presentation of the procedure followed in
estimating the unknown parameters in this particular model
is set out by Kempthorne (1952).

In the present study the normal equations for estimating

the parameters (u + pi) and b; may be written:
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J+Dy M+ P, /.14-113 /u+p,+ ‘b1 h2 b3 b

2 4
M+ D, 12 7 2 1 2
M+ Py 11 5 1 2 3
M+ Pz 9 5 1 1 2
A+ P 7 L 0 1 2
b, 5 5 L 21
b2 1 1 o L
b-3 1 2 1 1 5
b'—l 2 3 2 2 9

The/,x + ;oi were then absoreed in the bj to form a
matrix &£ coefficients in terns of bj' To obtain an

unicue solution the condition that bh = 0 wag then irmposed.

Thus tiic foliowing 3 x 3 mntrix was obtained:

9.580448, =-2.17676%, =2.619404
2.176767, 3.464646, =0.459535
-2.619408, =0.459596, 4.2990G63

This matriz was then inverted following the method
of Mood (1950). The solutions of the equations for bj

were thus -
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tThere C 1s the inverse matrlix and

In order to cstimute ceucirh i + Py it was necessary to
substitutec back in the noimal cquations the values obtained

A
tor the b .. in the results the pasture effects are pre-

J
sentcd as (/.1 + pi) and the birthrank effects as bj
The next step was to compute the following reductions

in swns of sguares duc to fitting the constants in the

braclkctis

3 2

Yy
R (m, p, by, Pb) = z';r_il&)-_
R(}z,lsb)—§-+Pi)y’+zA

3 °39.3.
(Zv,)?2
% [ =Z__,,.:i._2_

i
Z (Zv,) 2
B (/:., ) = 5 — r

The analysic of veariance testing for interaction,

pasture and birthrank effects can be presented as follows:

TABLE _5

Source o S8 xs
Interaction re-m-r-s + 1 R(n,p,bspb) = R(u,p,d) I

Pasture r-1 R{u,p,d) - R(u,d) P

Birthrank 8 =1 R(u,p,®) - R(p,p) B

Error n - (re=-m) R(T) - R(}z,p,b,pb) E



Here m equzls the awiver of subclasses containing no
observations which in this case equals one (pbuz). Inter-
action was tected {iisv. wWhere it was found non-significant
it wac possible to proceced to the test far the significance
ol pasture and birthrank effecis. However, when intcraction
was found significant, tile tests ol significsnce of the pasture
and wvictnrsank main effecis are no longer applicable, In these
circuwsstaiices Lt wagc necessaly 1o refer back to subclass neans

for iaterprevation ol results.






CHAPTER IV
RESULTS

1. LIVEVEIGHT GROWTH

Liveweicht growth curves cre precented in Fig. 4
Veishing was stonped after 7 May 1S5C because pregnancy
wae begirning to alfeet liveweight and therefere final
livewelght was tlic only weight affected by sirthrank.

Thus differences at all pirevious weighings were due to
pasture typc elone and viere analyzed by simple analysis
of wariance (Snzdecor, 1957).

Table £ ,resents mean liveveights on 10 May 1957,

10 July 1957 and 16 December 1958, and shows any signife
icant dirfercncces between pasture tjypes within each of
thecee dates. The reason for choocing these three dates
ic to show Uhat at the veginning of the trial there were
neo diflerences 1in livewelght between the four pasture
tyzes but that by the second weighing two months later,
simificant differences had appeared.

The treatmenis remained statistically different
throughout the rest of the trial. In an effort to guage
the pattern of these differences Duncan's (1957) multiple
range test was used. It showed that on 10 May 1957 there
were no significant differences between any individual means.
By 10 July 1957 the mean of the S group was significantly
larger than any of the othere, which were not significantly



Lo

LIVEWEIGHT (LB

140
135
130
i25
120
15
1o /
105
100
95
90
80
80
75
70
65

-_—
, -
-—
w—

— —
—
— — e
-—
-—
- -
-——

——— DATA UNAVAILABLE

60MJJASONDJ

1957 1958

FM A M J J A S O N D J
1959

¥ Oid

(TIVI¥L 1S¥id) SIAYND HLIMOYD



5he

differsnt from each other. This situation was msintained
until 3 December 1957. At this dete all means werc signif=-
icantly different from esch other. By the end of the trial
these differences had declined somewhat and with final live-
weight there were non simificant differences between S + C
and S, and between S and P + C.

The growth curves shown in Fig. 4 demonstrate quite
clearly some of’ the ef'fects of management on livewelght.
The poor establishment of the P + C pastures is reflected
in the slow growth of the animals on theme. The effect of
shutting up the sheep on the P #nd S plots (that is, paddock
16) as a precaution against facial eczema is most marked.
The liveweights of bLboth these groups of animals dropped
sharpiy at this tire while sheep on paddock 30 which were
not shut up continued to grow over lix same period. Also
noticeable is the fact that while shecp on the S pasture
made a good recovery aftar the precautions had been relaxed,
those on the P did not and continucd to lose weight. This
latter situation is probably due to the fact that most of
the P sheep had contracted facial eczema to some extent as
shown by the presence of liver lesions at slaughter, while
there was little sign of liver deamage in the S sheep.

Up to this stage it has been inferred that any
differences discovered between sheep have been dus to
the particulsar pasture type they were grazing. However
this assumption is far fram being a proven fact. The
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section ou experimsntal manugaaent has shown that it was at
times necessary to graze sheep off the pastures allotted to
them in the experimental design. Also, in many cases
managenecnt on tiie allotted pastures had a profound effect on
liveweigziit growth. However a similar trial to that being
descrived was started on 16 July 1959 and preliminary results
are avuailable. Appendix T shows the liveweligsht growth go
far in this second trisl. In this case there were no
pastuire establishment problems so probably a truer picture
is given. A point of great importance 1s the ranking order
of the mneans. If voth trials are comp red at the end of
their {irst Decemver it will be seen that the ranking order
i5 not the ssnce. The difference is dque te the P + C group.
In the first trial this group ranks fourth while in the
second trisl it is third. This diff'erence can be 2xplained
as before in terms of pasture esiablishment. The interesting
thing is that on 21 January 1960 the second trial means rank
in the saie order as the first trial means at the end of its
experimental period. This ranking order (P { P+C<S <8+ c)*
is of great lwvortance, for, as will be shown later in this
chapter most of the components of liveweight follow 1it.

The additional evidence supplied by the second trial
suggests that the differences observed in final liveweight
in the first trial are influenced to a large extent by

pasture type. However, on the evidence available we cannot

.
< 1indicates, "1s less than", and Y "is greater than". This
nomenclature will be followed throughout.
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state definitely that the differences were due to pasture
tyre. We can only say that the anlmals were on 4ifferent
Plenes of nutrition. For cmvenlence the four planes of
nutrition will he named P, S, P + C and S + C throughosut
this wrork.

The effect of birthrank on finsl liveweight wes non
gipnificant, slthough it can e seen from the means that
eves with tiwwins were more sffected th:n those with singles.
Thiis type of result is to he expected, as the strain of
lactation is much greater with twins than with single lambs.

411 analyses of variance for liveweight and its com=
vonents are presented in Anpendix ITI and will not be

referred to in the text,

2. CARCASE WSIGHT AND COMPOSITION

(1) Cavcass Vieight.

Table 7 scts out the effects of pasture type and
birthisnk on mean carcass weighte. The pasture type
effects are significantly different at the 1 per csnt
level of probability. The 8 + C sheep have the highest

TABLE 7
Mean Frozen Carcass Veight (1b)

Pas Effect B e
P 8 |P + C|8+0|8ig. Singk| Twin | L.L. | Dry| 8ig.

mwagnliez 74.7| 70.2 F1.5 s+ |-40.6 |-16.6] 0.7 | o | n.s.
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carcase weleht followed in deccending order by S, F + C, and
R Thie ic the samz order as vas found with liveweight.
The hirthrank effects are non significant for carcass welight
clthough the carcasses frem ewes that reared twins are again
lighter thran from those vhich reared singles. Lost lambs

and dry cewes are very 3imilar in weight.

(2) Carcuvs Composition.

By using chemical and dissection anslyses the resultis
are pivsented from two slightiy different views. “remicel
data shows any chuanges in chemical c¢components while disszction
data shows changes at the tissue level which are often due to
combinations of' the chemicsal components,

Weight comronents give results in abcolute terms while
percentagze componente give a better idea of chanpges in dbody
composiition. However, both are needed for a full interpretation

of vesultse.

(a) Cnemical Data.

(i) Xeicht Components. The mean weights of the chemical

components of caicass weight are preseated in Table 8. The
means are significantly different for pasture effect in the

: 8

Weight of Chemicel Caumponents (1b)

PaBture Effect Birthrank Effect

i 4 8 P+C8 +C 8ig.| Singe Twin L.L. Dry 8ig.

Fat 25.48 36.81 35.36 40.63 *® |=9.09 =14.37 0.5{ O
Water [22.86 28.12 26.05 29.73 ** | -1.30 = 1.76 «0.59 O N.S.
Protein| 6,47 7.95 7.40 8.59 *¢ |=0,18 - 0.36 0.39 O N.8.
Ash 2.03 2.49 2.28 2.62 NS8.|=0.16 - 0.31 0.19 O N.8.
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gase of fat, water and protein but non significant for ash.
The ranking order of the means in each case follows the
pattern noted before (8 + C> S)P + C) P).

With birthrank effect only fat weight shows a sig-
nificant difference between meusns. The ewes that reared
lambs are by far the most affected. Also twin rearing ewes
have less carcass fat than ewes with singles, although inter-
pretation of ti.is must be cautious because there are only
Tfour ewes in the twln rearing classification. Thus the
dirferences in carcass weight due to birthrank seem to be

due to fat differences.

The analysis of variance

is bascd on the assumption tnat the errors are not correlated,
are normally distributed, have the same variance and have a
mean of Zero. Percentages have a wmuaitinomial distribution
and thecrelore theoretically violate the homogeneity of
variance assumption. However experience has shown that
where the piobabilities involved in a multinomial distrib-
utlon are ncar neither zerc or 100 rer cent, the analysis
of variace procedure and tests of significance are not
greatly distorted. Therefore in the present work percentage
data were analysed by analyeis of variance.

Mean percentages in terms of fat, water, protein and
ash for pasture type and birthrank effects are presented
in Table 9.

The differences in fat psrcentage are highly significant



TABLE _9

Percentages of Chemical Components

Pagsture Lffect

Birthrank Effect

P S P+C S+C 8ig.| Single Twin L.L. Dry Sig.
F‘t 39.6 }4706 LI»S.9 )49.6 e "501 "1003 10)4 0 »
Wator !4-309 38-1 37.2 36.14 ¥ 307 7.8 -1 us 0 nE
Protein 12.6 10.8 10.5 10.6 =% i 2.4 0.2 (0] .
Ash 3.8 Bds 3.3 362 % 0.2 0.3 0.2 0 N.S.
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between the four pasture effcecic wd sigaificant at she
five per cent level for birth:rank effects. For pasture
effects the ranklng ordcz 1les not the seme for fat gor
cent as with fat weight. lHHerc the ascending order i3
P, 3, 2 +C, S + C. For birthrank effect differences
in the means are Bignifiicant only at the five per cent
level of probability, with twin rcaring ewes being the
worst effected followed by ewes with singles. Dry snd
lost lamb ewes are as usual foirly similar and are not
ai'fected rmach.

Mean water percentages are higchly significantly
different for pasture effecis. However, they rank in
the reverse order to fat percentages. This pettern
was also noted for the mean rercentages of protein and
ash. Birthrank effects are nlse stetistically different
for water percentages. HHlere twin resring ewes have the
highest percentege followed by ewes with singles, ary
ewes and finally lost lamb ewes.

The differences in mesn proteiln percentages erc mainly
due to the P group which is markedly higher than the ~ther
three. Birthrank effects are only significantly different
at the five per cent level and follow the same order as
water percentage.

Mean ash percentages are significantly different at
the five per cent level for pasture effect and are not
significantly different for birthrank effect. In both



TABLE 10

Weicht of Disseotible Componente (1b)

regture Bifect

Birthrank ECfect

P 8 P+0C 8+0 Big. | 8ingle Twin L.L. Imy Sigd
?‘z 25058 370“1 35-20 l&" 081 *e "9056 "’1“086 0’16 O *e
Huscle 22076 29.13 26029 29.% e ‘Oom -q 080 0009 0 N.&
Bone 8ignificent Intersction
mndon + Waste Signifricant Inter=tion




IABLE 14

Percentages of Dissectible Components

Fasture Effect Birthrank kffect
P 8 ©P+C B+C 8ig. |8ingle 4twin L.k, Dry 8ig.
Fat w'2 1‘603 50.1 51.1 *% "5.7 -1009 008 O *
Muscle 1‘509 5907 3706 36.7 ** u06 7.7 -0.8 0 Ld
Bane 10.7 8.0 8.3 8.2 * 1.0 2.5 0.2 0 K.8.
Tendon + Waste 3.6 2.7 2.6 2.5 * 0.2 0.5 =0.1 (o) N.S.
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cases the mcans L0llo? the swe oider us water and rrotein

rercentages,

(o) Dissection Deta.

(1) Weight Components. Results are mresented in
Table 10. Mcan dissectible fat weights have the same

ranking order as chemical fat weigcht for both pasture and
birthi;ank effects. Both these effects are statistically
different at tiic one per cent level.

Muscle weight shows a highly significant difference
in means for pasturc effect. It exhibits the same general
ranking order as noted before. The effect of birthrank on
mean nmuscle welght 1s not sigificant.

Both bone and tendon plus waste weights showed sig-
nificant interaction of pasture and Lirthrank, and are
dealt with in section 5 below.

(ii) Percentage Components. Mean rercentages are

rrecented in Table 11. Fat per cent shows a progressive
increase in the order P S<P + C¢S + O for pasture effect.
These mecans are highly significently different, Birthrank
effects on dissectible fat per cent are significantly differ-
ent at the five per cent level of probablility. They rank
in the order twin {(singles ¢dry ¢ L.L. Thus dissectible
fat per cent followvs a very similar pattern to chemical
fat por cemnt.

Muscle pe rcentages are highly significantly difrfferent




TABLE 42

Organ and Offal VWeights

Pasture Effect

Birthrank Kffect

P S P+C 8 + 0 8ig |Single Twin L.L. Dry 8ig.
Peet (gm.) 817 92 862 1047 ¥ «9 -l -3 0 N.S.
S8kin (1b) 9.48 12.01 10,49 13,10 ** |=0,95 0,841 -2.15 O N.8.
Head (1b) 4,16 Lob3 431 4.50 *+ |«0.08 -0.07 =005 O  N.S.
Stomach + ®sophagus (1b) Significant Interection
8mall + large Int. (1b) | 3.23 3.60 3.29 3.41 N&8.] 0.36 0.43 0.07 O N.S.
Heart (gm.) 239 258 251 275 N.8. IR - 5 (o] N.S,
Lunge + Trachea (gm.) u68 525 541 773  #e 8 21 =60 (o] N.S,
Spleen (am.) 78 93 77 100 ** | 5 -7 -8 0 N.8.
Liver (1v) 152 1.59 1.50 1.83 = 0,03 0,06 «0,00 O N.S.
Gut Fat (1b) 1.41 1.59 1.73 1.83 NK.8.|«0.09 =0.36 0,05 O N.8.
Caul Fat (1b) 3.7 5.86 5.16 6.55 ** [«1.45 =2.21 O.46 O e
Kidneys (gm.) 124 135 124 153 *+ | 3,39 10,74 1,58 0 N.S.
Genital tracummdnr@)i 119 190 160 171 K& | 24 36 34 o N.S.
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for pasture effect. Here they rank in the opposite order
to fat e r cent. Birthrank effects on muscle per cent are
also higily signiilcant. Here the twins have the highest
ruscle per cent followed in order by single, 4dry and iost
lard ewes.

Mean bone percentages are highly significantly different
for pasture effect and non significant for birthrank effect.
AS with ash per cent most of the difference in the pasture
effect is in the P grocup.

Differences in mean tendon plus welght per cent are
significant at thic five per cent level for pasture effect

end non significant for birthrank effect.

3+ ORGAN AND GASTRO=INTESIINAL CONTENT WEIGHTS

(1) Organ weights.

In this section offals are included with the organs.
Table 12 presents the mean weights of organs studied in
this trial.

Stomach plus oesophagus weight is the only item
showing significant interaction and will be dealt with
separately in section 5.

A1l organs showing a highly significant difference in
mean weights for pasture effect, with the exception of
lungs plus trachea weight, exhibit the same general ranking
order as noticed defore.

Mean liver weights are significantly different at the



IABLE 13

Weldghte of Stomach and Intestinal Contamts (1b)

Pasture KEffect

Birthrank Effect

P 8 P+C S+C

Slg .

Single Twvian L.L. Dry 8ig.

Stamach Contents
Intestinal Contents

Stmach + Mtestinal Quabente

6478 5447 5425 5.15

1.80 1,46 1.18 1.56

8,59 6.95 6445 6.73

1.75 2.01 0,82 ¢ *

0.33 0.83 0.29 0 *

2.06 2,82

1.10 o e
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Five e cent letels Host of the difference comes from
the S5 + C nmcan wWhiich is liigher thsn the other thirsa.

Meun caul £t welght is the only item showing any
sirnificant diifercnce in birthrank effect, It cxhibvits
the same renking order as totul dissectivle and chemical

fa

(Sl
\,
(¥
[
[is]
15
d.

Although nen signilicaent, gut fet welght

has this same ranking order.

(2) gastro-intestinal Content Weights.

The mecans shown in Table 13 present the effect of
pasture type and birthrank on gastro=intestinal contents.
The picture here is different to anything previously
encountered. For vagstwee effect the P sheep had the
greatest contents fellowed by S, 8 +C and finally P + C.
All means were significantly different at the five per
ecent lerel. The comhination of stomach plus intestinal
centents 4id not improve significance levels.

For birthrank effect, ewes with twins had the largest
gastro=intestinal contents. They were followed by ewes
which reared singles, lost lamb ewes and finally dry ewese.
In this case total intestinal plus stomach contents were
statistically more significant than the contents of the
organs alone,
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TABLE 14

of Pasture and Birthrank on ths Fate-Freec Carcass
and its Components

Pasture Effect Birthrank Effect
P 8 P+0 8+C Sig. |5ingle ®Wwin L.L. Dry 8ig.
Pat—rl?rraoVCaﬂrcass Wt.(ﬂlb) 3046 37.8 347 39.6 g «0.98 =~1,79 0.56 NeSe.
persentage Uuscle in Fal=| 73,8 76.7 75.5 75.1 0.51 =0.91 «0.56 N.S.
PasegniSeaL TS o Tatr 17.6 15.5 16,5 16.7 012  1.17 =0.03 N.S.
PRI RLDe S nasg » Tnte 547 5.1 5.2 5.1 1S, | <0.04 ©.12 <0.01 N.S.
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L4e THE PAY-FKIE CANCASS ALD IPS COMDONENTS

In an cffort to evaluate the findinrs of Wilson (1952,
195La, 1954, 19557, 1958a, 1958b) an analysis of the
disceetible ecmponents of the frnt=free carcass was made.
The wusclie SHill containcd intra-ymaccular fat and the
tones casteined oone fat. This is the same method as
used by Wilson.

As can be seen from Table 14 none of the birthrank
effecls were signifticante. Only the xer cent tendon and
waste was non signiricant for pestwre ef'fect.

Fat-free carcass weight was cignificantly dirferent
at the one pecr ecent level for thie various pasture types.
The ascending order vas PCP + C7{S ¢S + C,

The percentage of muscle in the fat-free carcass is
significently difif'erent oniy at tle five per cent lesvel.,
It dceg not show any marked trend.

There is a highly signitficant pastuwre effect in the
bone percentage of the fat-free carcass. The means

rank in the ascending order S(P + C<(S + C {(P.

5. INTRRACTION

In order to be ahle to interpret items which have
an interaction between birthrank and nasture type it is
necessary to study the ranking order of subclass means
because the model described in '"Materials and Methods" is
no longer applicables. Table 15 presents these means.



TABLE 10

Subelass Means of Items Showing Interaction (1b)

P 5 P+C 8 +C

b, b, by b | b by by b [b by by By | b by by b

Bone Wt. (1b) 5.47 5450 5.14 4.53|5.40 6.03 5.67 6.57|5.41 5.76 6.69 5.80|6.87 6.73 5.94
|Bndon plus weete VE.(ID)[1e73 1477 1.54 1.49[1.78 1.81 1.80 2.14[1.64 1.64 2.15 1.96]|2.04 2.37 1.65
t e IAET 3417 3.29 3.19 2.72|3.25 3.25 3.30 3.62(2.98 3.53 2,92 2.65(3.78  3.43 2.49
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The following items displayed interactions

(1) Bone Weight.
ctudy of the ranking order of subclass means shows the

reason for interactione. The order within each pasture type

is different. In the ' the order 1is b2 b1 b3 bh’ in the
5 1it is bhb2b3b1' in the 27 + C 1t 1is b3bub2’b1, and in
the S + C it i1s b, b, b These orders are different in

173 °4°

each cage,

(2) Tendon plus Waste Weight.

A pinmiliar situation exists herc and within pasture
types the ranking order cf subclasc reenc ic in a different

order each time.

(3) Stomagh plus Oesophupgus Weight.

As in the previous two cases the presence of inter=-
action can be explained by the ranking order of subclass

means within a pasture type.

6. DISCUSSION

(1) Pusture Iffect.

Experipental results ahow what the ewes were on four
differonce planes oi nutritian. Because of varying
managemsntal conditions it is not possivle to state de-
Tinitely whethier the differences in nutrition seen in
whe irial wvere due to pasture type. lowever, preliminary
results from a similar trial conducted from July 1959 have
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shovm an identical patterm and make it likely that pasture
type was the cause, Thus the animals were exposed to
four differing planss of nutrition in the ascending order
Py, P +Cy 5, S + C. Because livewelght and carcass weight
follow this order so too do most of their components.
Pasture type affects the means of dissectible fat and
miscle welghts significantly. However, although both are
statistically different at the one per cent level of prob-
ability, fat is relatively much more affected than muscle.
This cen e scen in Tshle 10 where mean fat weights range
from 25.58 to 41.81 1h while muscle weight has the smaller
range of 22.7€ tc 29.8¢ 1b. Neither bone or tendon plus
waste weights very mach over the whole ranpe as can be seen
from otle 15. This type of result fits in very well with
the recults obtained by the group of workers at Cambridge
(Ifee wond, 19323 Falsson, 1939; McMeekan, 1940; Hammond,
1¢4ly; allace, 1948; and Pdlsson and Vergds, 1952) who
have shown that on a declining plane of nutrition tissues
are aiTected in the reverse order to that of their develop-
ment. Thuse in this case the late developing fatty tissue
is relatively more affected by plane of nutrition than the
early developing muscle as the plane of nutrition dsclines
from 8 + C through to P. The picture is somewhat different
with the percentage dissectidble components. Here the means
are not affected in the sams order as the weight components.
The per cent of dissectible fat increases in the order P,
8 P+ Cy 8 + Co This type of result stams from the fact
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that percentsges are proportions and so either numerator,
denominetor or both of them may be affected. In this case
the S sheep had a greater absolute fat weight than the P + C
group but they also had & higher mean carcass weight 8o that
the P + C had proportionately more fat, ithile muscle weight
increased over the nutritional range miscle per cent decreased
significantly. This is obviously due to the fact that the
fat weight increased proporticnately more than muscle weight.
The decline of bone and tendan plus waste percentages is
exrleined in a similar manner, Thus we have a situation
where 7ith rising vlane of nutrition the proportion of fat

in the cercase increases vhile the proportions of other
components decreaca.

Cheriieal corponents foilow & similar patterm to dissectible
ones, On ax. increasing plane of nutriiion the weights of all
chenical comp.cnents Increase in the order P¢ P + C ¢S ¢8 + C.
On & proporiional basis the percentage of fat increases while
those of w.ter, protein and ash decresase, This may be
explained in a similar manmner to the proportional chsnges in
the dissectible components. Tiwt is, while all components
increase absolutely with a rising plane of nutrition, fat
increases proportionately to a greater extent, and so the
percentages of water, protein and ash decrease.

Organ and aoffal weights were broadly affected by nutrition
in the same order as liveweight. However there were many
exceptions and it is impossible to see any stratification in

order of development as was found by the Cambridge 8school.
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The resulte fram the work on s fat-free carcess basis
are quite interesting. They dc not agree with Wilson (1957)
who found no 4differences in fat-free carcass weights of
aninels on differcnt planes of nutrition. In the present work
there are highly cignificant differences in fat-free carcass
weliglite, The variasbility in muscle percantage has been re-
duced by comparing the pasture types on a fat-free basis. It
is noticeable that most of the difference can be attributed
to the perennial ryegrass group (see Table 14). This was
also the case for imuscle percentage on a whole-carcass basis,
as is showm in Tatls 11. A similar picture exists in the
casc Of DOoNc. lowever nere che comparison on a fat=free
carcass vasic lag wov rrcduced ohe sipnit' icence of the differ-
ences belwecn pasture groups as was the case with muscle,
In both the whole carcass and fat-free csrcass uanalyses
most of thc differcnce in boune percentage can be attributed
to the perennial ryegrass group. Froin the present data it
is difficult to assess the value of the fat-free type of
analysis, It d1d not make much difference to the present
results and did notv lead to a complete reversal of the
significance of results as found by Wilson (1958a). The
removal from the carcass of (he most variable of its com—
ponents, namely fat, will reduce the variability of the
remaining components. Whether or not the increase in the
fat content of an animal csn be regarded as true growth,
the animal body must be regarded as an entity. Therefore
any blological interpretations of fat-free carcass analyses
must be regarded with caution.
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(2) Birthrank Effect.

The type of statistical analysis used separated out
the birthrank effects fram any associated effects of plane
of nutrition, Therefore the effect vbeing studied in this
section was acting on body compocition from nating until
wesninpg; that is, over a period of nine months. Kirton
et _al. (1959) have shown that the effect of pregnancy on
the body compocsition of the sheep is negligible. There=
fore it would seem thet the differences in composition dQue
to hirth»snk are due mainly to lactation. The results
show a pattern in the effect of birthrsnk on liveweight
and csercacs weight. mwes reering twing lost most weight
folliowed hy ewes that resred singles. Lost lamb and dry
ewes were very gimller and net affectced mache. The results
of dissection and chemlcal anulyses show that most of the
lost weight was fat. aul and gut fat weights follow the
samc patterm.

Wleight componcntis other than fat were not significantly
affected. These results gilve support to the generally held
theory that lactational stress materlally arfects body com=
position.

Palsson (1953) obtained similar results to these but
he made no distinction between ewes rcaring singles and
those rearing twins. The present experiment has enabled
this distinction to be made; however care should be taken
to sce that too much emphasis is not put an the results
from the twin rearing ewes, as only four animals are
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concerned. However Palsson's (1953) findings which were
based on linear measurements are confirmed in the present
work where camiete disseciion and chemical mnalysis was
carried out. Thus the present work also subctantiates the
useiiness of Lalsson's technique of studyiqy changes in
carcass composition.

On a pecrceatage basis the plcture is rather different.
In Loth the dissection aud chemical data the significance
of differences dropped Lo the five per cent level for fat
per cent. However differences in mean muscle percentage
were highly significant. Muscle per cent increased and
fat per cent decrcaced with lactation. The reason for
Liis can be meom by comparines percentages with absolute
Jeights. Fet veight decreased markedly wiil: the lactatiaonal
burden while muscle weight only decreased niinuielye. Thus
lantation reduces the proportion of fat to muscle to such
an extent that muscle per cent increases.

A similar situavliar existe with the chemical components.
The increases in water and pioteln percentages are due to the
proportionately greater decrease in fat weight over water and
protein welights,

Teble 13 shows an interesting situation that is hard to
explain, Twin rearing ewes had the largest stomach and
intestinal coantents followed by ewes that reared singles,
lost lamb ewe3 and dAry ewese. The only explanaticns seem to
be that either with increasing siress of pregnaney and lact-
ation the ewes ate more, or that these results were obtained

by chanee.




CHAPTER V

GENERAL DISCUSSION

The vesults presented, whilc showing ouite compre-
hensively the efiect of pasture type on body composition,
can produce very little evidence as to the reasons for
the differencec described. This is due malnly to the
fact thatl the experimcont was designed for & different
purpose to that which we are aprlying the dats. Con=-
scguently mansgenentul practices mnd experirental pro-=
cecdures were directed wt ucing the pastures zund sheep
to the best advantage for the goltrogen trial, The
author was also under the disadvuntage of coming into
the c¢xperiment in Hoverier 1958 just before the animals
were killed, and thus had only :n indirect knowledge of
the experimental desirm and management vrior to this time.

The following three facts are indicated from the

data:

(a) From Fig. 4, Appendix I, and Table 6 it is obvious
that the differences appeared very early in the trial,

and that the pattern was well estublisked by the late
spring 1957.

(b) There are two effects causing the pasture differences;
a ryegrass etiect and a clover effect. The clover effect
seems to add a fairly constent smount to each of the rye-

grasses effects.
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(c) The differences are of large magnitude and therefore of
great economic importance. This is seen in the difference
in mean liveweight of 35.4 1b between P and S + C.

It is possible, drawing evidence from the present
work and from the literature, to suggest a number of possiple
reasons for the differences in body composition caused by

the various pasture types.

1. Grass CGrouth Rate.

Roberts (1931, 1932, 1935) and Davis and Bell (1957, 1958)
showved differences in liveweight production from various
grass=clover pastures. They found that these differences
were duc¢ bto carrylng capacity which was largely a reflection
of pssture growth. Corkill (1954) has shown that short
rotation ryegrass produces greater growth over the winter
to spring period than perennial ryegrass. Thus it is possible
that the sheep on short rotation pastures in the present experi-
ment had more grass to eat. however, over this period of the
experiment grass shortage was not a problem and the sheep had

if anything too much on all treatments,

2., Presence or Absence of Iantrinsic Faclors.

It is possible that the plant breeders in aiming at
higher pastwre production have inadvertently omitted some
important chemical constituent vital to animal health. This
type of situation existed in the selsction for improved strains
of ryecgrass used in this trial, where perennial was later
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found to be high in iodine and short rotation low.

Nitrate factions in the pastures were analysed
throuchout the experiment, at regulusr intervals to see
if there was any relationship between them and any
incidence of 1li-thrift. Apart from a sudden incresase
in nitrate levels in September 1957 there were no differ=
ences duc to pasture type (Butler 1959).

The beneficial effects of clover are not dus to
additional protein, becsuse at the time of the year
when differences becare apparent protein is high in all
four pasture types (Butler, 1960).

Another »ossibility lies in tne field of mineral
imnalances. campbell (1960) analysed blood serum from
sheepr on the four pasture tyres for calcium, phosphorus,
and nmagnesiui. He found no differences in phosphorus
and magnesium over the period he studied. However,
overall calcium level did fluctuate, puarticularly in the
late winter t. early spring period of the second trial.
At this time calcium level dropred and later the sheep,
particularly those on short rotation plots, exhibited
clinical symptome of rickets. The rickets could hsave
been due to either low "available calcium" or to the
presence of a rachitogenic factor (probably anti-vitamin
D in effect) in the quicker growing short rotation pastures
(orant and O'Hara, 1957).

It 18 possible to postulate the presence of a sub=-
clinigal calcium deficiency over the whols experimental
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period. Thacker (1959) working on anion /cation balance
in nutrition has found that the availability of calcium
in the food to the animal depends to a large extent on the
typre of anion associsted with the calcium ion. If the
enlon is organic in nature ard is metabolized to carbon
cicxide and water the calcium ie likely to be more avail-
able than if 1t was attached to an inorganic ion such as
sulphate or chloride. ¥White clover contains twice as
much calcium as ryegrass (Van Den Hende et_al., 1954) and
the sheep on the piots containing clover haed higher mean
serun levels of calcium than those on the pure ryegrass
plots (Butler, 1960). Therefore it is possivle that the
clover has its effect through providing & good supply of

availsble calcium to the unimals,

3. Palatability.

t secme thiat no werk has been done on the comparative
relatabiliiles of perennial and short rotation ryegrasses.
Ilcwvever i1 15 possible to theorlze on the basis of observ-
ation. Over the winter to spiing reriod where the differ-
ences in liveweight first apieared, pcrennlal ryegrass was
observed to be in its mcot palatable condition (Brougham,
19%0), It is8 generally held that later in the season
rerennigel ryegrass can become very tough and unpsletable.

It was noticed in the present trial that the £ pastures
vere markedly more rust resistant then the P over the autumn

period. While 1t 18 thought thet this would make the P
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more unpalatable there is evidence (Butler and Rae, 1957)

that rust has no deleterious effect on the thrift of sheep.
Butler (1959) suggests that the pastures may be un-

pulatauvle to tie animals due to the presence of irritating

chiemiical coactituents.

4. Digestability of the Pasture Types.

The weights of gustro-intestinal contents (Table 13)

suggeat this as a possibllity. The P sheep had larger
"£111" than the S sheep. This could mean that sheep on
P have to consume more feed to get the same nutritive
value as a smaller amount of S. Short rctation may bve
anickly digested and pessed dowvn the tract while P stays
for a long time in the mmmen. The work of Balch (1950)
and Blarter et al. (1956) on the rate of passage of food
through the alimentary tract does not confirm this explan-
ation. In fact it contradicts it by showing that the
longer food remains in the tract the better it is digested.
Recent work by Tayler (1959) on Hereford cross-bred
steers may help in clarifying the picture. The cattle were
wintered on different planes of nutrition and then all of
them put onto the same puasture in spring, where intake data
were collected. Tayler found that both gastro-intestinal
"£ill" and daily intake of herbage were significantly and
negatively correlated with the weight of internal fat. It
was found that those cattle wintered on a low plane of
nutrition had less internal fat and higher "fill"™ after a



TABLE 16

Incidence of Liver Icsions due to Paclal Eczemna

Perennial Short Rotation Perennial + White Short Rotation
Clover + White Clover
Single | T™win | L.L.| Dry|8ihgle| Twin | L.L.| Dry| &ngle | Twin | L.L. | Dry | Single | Twin | L.L.| Dry
38 57 105 5 | 4O 35 30 16 |25 67 3L 8 4 L2 52
s 0 + + (0] ? 0 0 o 0 0 0 ? o o
Ly 101 28 | 49 98 |77 37 |26 70
? ++ ++4 0] 9] + 0 o) 0 0
72 55 75 |82 78
++4 0 o 0 0 0
80 69 97 ey
+ o) 0 0
89 118 114
+ 0 )
110
*+4
116
:
Eey + Mildly affected ? Ques tianable
++ Badly affected (o) Not affected
44 Very badly affected
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"spring grazing than those wintered on a high plane. Tayler
suggests two possible rceasons for this phenomenon: rirst,
rhysical reduction of the size of the body cavity by internal
fat depots, and secondly that the amount of internal fat is
itselil’ asgsociated with a stage of physiological maturity
which affects or controls appetite. The correlation be-~
tween weight of internal fat (caul, gut and kidney) snd "f£ill"
was calculated for the present data and found to be =-0.4823 SS.
These results of Tayler are pertinent to the present work as
the above correlation shows; however, they do not shed any
light on the cause of the differences in liveweight. They
only show that relationships between intake, "fill" and
internal fat weight exist after the animals have been

subjected to different prlanes of nutrition.

5. Facial kczema.

The eifects of facial eczema on the shcep are well known
(Mcilceken et _al., 1959). Referring to Fig. 4 we can see
that Tfacial eczema piecautions were tsken on the P and S sheep
and tliat thece rrecautions did materially affect their live-
weight. However despite the precautions some of the sheep
contracted the disease and two of these died. Table 16
shows the incidence of facial eczema in the sheep used for
the present study. The method of determingng infection was
a subjectlve one end based on post mortem macro- and microe
scopic examination of the livers. Table 16 shows the individual
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sheep In their respeciive sub—classcs with the sheep number
indicated inn the top left hand corner of each 8qusre. It
can be seen that the highest incidence was in the P group
where nearly all siieep vero affected. Thus faciul eczema
coulid iave affected the liveweight of the F group adverselye.
duch evidence has been presented in this section and many
possibilities have been suggested. However, the only way of
finding satisfactory answers to these problems is to conduct
a geries of experiments in which all the above mentioned

possliuvllities are taken into account.



CHAPTER VI

SUMMARY AND CONCLUSIONS

1. An experiment is described in which the effects of four
different pasture types and four birthrank categories an the
vody compoositiom of 3¢ Rommey ewes were studied. The shsep
were sct=cgtociicd on the four nasture types, compricsing peren=
nial and chott »otation rycgrasses with amd without white
ciover, fwomr 10 May 1957 when they were lambs, until 16
Deceivher 195¢ ty which time they had gone throuzh a complete

rerroductive cycle.

2e All interasl organs were weighed at slaughter. Later
in the Keat Lavoratory the frozen curcs. ses were split down
the vuckline with a meat bandsavi, After this the right

sides were cheuically analysed using the method of Barton

and Kirton (1956), then the left sides were dissected after
the method of Palsson (1939). Chenidcal and dissection data
verc statistically anaiysed by the method of fitting constants
by least squares. Means were then compared and tested by
analysis of variance to determine the effects of pasture type

and hirthrank on body composition.

3. There were marked differences in mean final livewseight
between the animals on the four pasture types. However, fram
the data available it was not possible to determine whether
the differences were caused by pasture type. All that could
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be said 1o that the snimals were exposed to four different
plenes of nutrition and that 1t was likely that thwse were

b

cauced hy pasturse type. However for convenlence the rlane
of nutrition effects were namnied P, 8§, ¥ + C and S + C,

Mearn livevelghts ranked In the following order:t
PP + CCS¢EO + C. Kost of the components ol body com=
positien also followed this order.

thiree geucral facts emerged from these dacas

(1) The differences sppecared very ezrly in the trial
ani the pattern was cstabllshed by late syring 1957.

(2) Therc is evidence thnat there were two effects
causing tie pastire vype dirferences; a rycgrass eftect
#nd sup.rimposed on Li.s, a clover effect.

(5) Tuce dirferences weie of sufficienl magnitude to

be i cconomic importance.

4. The components of body composition were also affected
in a definite pattern by birthrank. Twin rearing ewes lost
the most weight followed by ewes rcaring single lambs. Lost
lamb and dry ewes were very similar and not affected much.
However the only camponent affected significantly was fat,
1t appeared that lactational stress could materially affect
the body composition of the ewe.

5. An analysis of dissectible weight components on a fat=
free basis showed that the four planes of nutrition studied
cauvsed statistically significant differences between fat-free
carcass weight and all its components except tendon plus waste




79.

per cent.

6. Possible recasons for the pasture type differences are

discussed.

Te It is concluded that in order to obtain satisfactory
explanations of the problems brought out in this work it
would be necessary to conduct a series of triuls taking into

account the following points:

(1) The addition of a pure stand of white clover to
the pastwre typese.

(2) Division of the experimental period into seasons.
It is guite possible that pasture effects on liveweight
were cauced by different things in different seasons.

(3) rasture growth dauta rmst be obtained.  This
should if possibleg mencure the type of pasture the animals
arc acturlly ceating.

(4) Comprehensive chemical analysis of the pasture
at rcoular intervals within the seasons is required.

(5) Animal behaviour studies would be of intereste.
They may tie in with (3) above in helping to determine
precisely what the animals are eating.

(6) Intake work would provide data on how much the
animals ate and how digestible it was.

(7) The management of the pasture and animals would
have to be as uniform &8 posaibls.



PART 1II1

STUDIES O THxEX HuTHODs OF I8TIMATING
THE COMEOZITION OF ANIMALS




CHAPTER I

INTRODUCTIOR

One of the great problems handicapping animal husbandry
and nutrition workers is that of gquickly and accurately
determining the composition of the live animal and/or its
carcass, It is not sufficient in such studies to use
livewveight gain or loss as ihe criterion for evaluating a
nutritional regimen. It is essential to know the cam—
position of the gain or loss. The ideal method of doing
this would be one which estimzted the composition of the
live animal. llowvever, failing this, a comparative
slaughter technigue 1involving adequate numbers of animals
would be sulficient. Many methods of estimating compos-
ition have becen tried and although several of these are
reasonably good for a large population, none has been
found sufficiently accurate on an individual basis. In
the present woirk three recent methods have been useds
the "Lean-meter" on the live animal, specific gravity (S.G.)
and a new chenical analysis on the carcass,

It seemed, until recently, that the only way to obtain
a critical appraisal of animal composition was by either
complete dissection or by one of the standard methods of
chemical analysis. Both methods are tedious, costly and
time consuming, and thus workers may have been deterred
from conducting body campasition analyses. However by use
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of a recently devised technique (Barton and Kirton, 1956) it
has become possible to estimate quickly and accurately the
chemical composition of a carcass, In the present study
the right side of each carcass was chemically analysed

using this technique while the left side was divided into
four tissues: fat, muscle, bone and tendon plus waste,

using the method of P#&lsson (1939). This provided an
opprortunity to ascess the accuracy of estimating the anatom=-
ical composition of the left side from the chemical compos-
ition of the right side. There are, of course, occasions
where dissection is necessary, e.g.s studies of the partition
of fat to the various fat depots. However, any method which
would rcmove the necessity of tedious dissection and still
allow dissectible components to he estimated accurately
would contribute materially to progress in this field.

In addition to the above, the "Lean-meter", an electironic
probing device, was used to dstermine the fat content of live
sheep by measuring the depth of subcutaneous fat along the
backline,

Carcass specific gravity determinations were also
carried out in order to re-evaluate this technigque in the

estimation of the carcass composition of sheep.



CHAPTER II
REVIEW OF LITERATURE

1. CHEMICAL ANALYSIS OF MEAT

Chemical analysls in meat work usually involves the
determinatian of water, fat, protein and mineral (ash).
These components account far all but one to two per cent
of neat. The composition of this s:all remainder is very
complex and Bate-Smith (1942) has named over 50 substances.
Although many workeprs have analysed meat into 1ts four major
components, most have used different methods and very few
of tiem have described their methods in deiail. This is
well illustrated by Hall (1951) who swmnarizes the returns
Irom vuestionnaires sent to meat workers in U.S.A. Very
Tew used the sae method. The most popular onc was the
A.0.A.C. (1955) method. The disadvantage of the methods
described by A.0.A.C. (1955), Callow (1947), Hall (1953),
Kelley et _al. (1953) and Venn et _al. (1947) is that they
are tedious and very slow. Because of this the time
involved using these methods to analyse carcasses in a big
experiment is prohibitive.

Benne et al. (1956) are aware of the problems involved
and give destails of the methods used in their laboreatory.
They are particulerly concerned about sampling procedures
and give results of duplicate analyses which show that their

samples were homogenecus,




83.

Everson et _al. (1955a, 1955D, 1956) were concerned with
evolving rapid methods of boneless meat anelysis, They were
working on developing efficient plant-control methods for the
meat by-products industry. Their methods, using capryl
alcohol distillation for water, and an electrical capacitance
measurement of fat which had been extracted with o-dichloro-
benzene, taie only 30 minutes. They found that unskilled
operators could get results within three per cent of standard
laboratory techniques.

The problem of obtaining a homogeneous sample of a
carcass has also been investigated by Barton and Kirton (1956).
They evolved a teclnlique whereby the frozen carcass is cut with
a meat bandsaw into quarter inch slices. These slices were
then minced several times to obtain some degree of homogeneitye.
Samples of this mince were then chemically analysed using a
modiflcation of the method of Barnicoat and Shorland (1952).
Detailc of the method have been given in Part I of this thesis.
This method while not as fast as that of Everson gt al.
is much quicker than the others mentiaoned above. Kirton
et als (1960) have checked the efficiency of their chemical
method on 20 lamb carcasses. These carcuasses were split
down the backline and both sides were analysed. Although
no weight differences were found between the two sides,
there were differences in the weight of loin and "fore“
between sides, It was thought that these differences may
have been due to cutting errors. Similar differences be=-
tween sides have been found by Butler gt al. (1956), Lasley
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and Kline (1957), and Harrington and Pomeroy (1959). The
last of these authors claimed that their differencee could
not be explained as cutting errors and they suggested
devalopmental differences between the left and right sides
of their animals. Kirton gt_al. (1960) also showed that
the individual campositions af the various Jjoints compared
on both sides except far the case of protein in the loin.
left side loins were significantly higher than right side
loins. Butler gt al. (1956) found that the eye muscle
area of the left loin was higher in the beef carcasses
studied by them. So it appears that there may be develop-
mental differences between cides.

in analysis of the sampling errors by Kirton et al.
(1960) showed that the variance of a treatment mean was
decreased only slightly by increasing the number of samples
per cide or by sampling both sides instead of one. It
would tus be poesible to get an accurate estimﬁte of com=
pocition taking only one sample. However, the authors
suggest that at least two samples should be taken to eliminate
any groses errors, They also found that the only way to
substantially increase precision was to increase the number
of carcasses per treatment, It seems therefore that the
chemical method of Barton and Kirton (1956) will give very
repeatable estimates of the chemical composition of a meat
sample. At present the accuracy of ash determination is
doubtful. Kirton gt al. (1960) could not examins this
component critically and it is thought that the chemical
method might not determine ash as efficiently as other components,




&5.

2. PRELATIONSHIPS BETWEEN CHEMICAL AND DISSECTIBLE COMPOSITION

Although many authors such as Trowbridge et _al. (1918),
Chatrield (1926), Lush (1926), Hopper (1944), Hankins and
Bllis (1245), Callow (1947, 1948), Hankins (1947), Hankins
and iHowe (1946), Kirton (1957) and Barton and Kirton (1958k),
present cheriical and dissectible data for many species; as
far as can be ascertainsd only a few work out relationships
between chemical and dissectible components. The others
are concerned more with part-whole relationships, i.e.,
estimating a chemical or dissectible component in the whole
carcass from the same component in one or more of the Jjoints
or cuise. Many others givse dstails of either chemical or
dissectible canpositian.

Chatfield (1926) in a statistical treatment of dats
compiled at several research stations found that the chemical
comuositiaon of particular wholesale or retail beef cuts could
be estinated with reasonable accurscy from a diesection of
of the cut into lean, fat and bone.

In a paerticularly thorough investigation into methods
of estimating the physical und chemical composition of cattle,
Hopper (1944) studied the relationships between physical and
chemical canstituents of various Joints for fatness. He
obtained a correlation of 0.994 between dissectible and
chemical fat in the carcass. The correlation between the
same components for the 9«11 rid cut was 0.992. Henkins
and Howe (1946) found the correlation for the 9«11 rid cut
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was 0.96 for beef carcasses. Callow (1948) combined data
for a number of species and found a correlation between
dissectible and chemical) fat in the carcass of only 0.872.
However he found some indicetion of syecies differences
which muy c¢xplein this low correlationm.

Correlations of 0,9056 and 0.9162 were found by Kirton
(1957) between the percentage of dissectible fat in the
9«11 rib cut, and side and rib percentages of chemical
fat respectively.

only two sets of workers present relationships between
muscle and protein. Hankins and Howe (1946) found a
corrclation of 0.82 between the separable lean of the 9- 11
rib cut and the protein of the dressed carcass, while
Kirton (1957) found a correlation of 0.5865 between the
weights of miscle and protein in the G- 11 rib cut.

Hopper (194:) appears to be the only worker giving
the relationship between bone and ash in the carcass. In
this case the correlation was 0.678.

Shorland et al. (1947) conducted a regression analysis
of the composition of New Zealand lamb and mutton. They
give the following correlations between percentage chemical
and percentage dissectible fat (calculated on a bone= and
tendon=free basis): Total carcass r = 0.9693 neck r = 0.888;
shoulders r = 0.969; thorex r = 0,932; loin r = 0.980;
legs r = 0.938; pelvis » = 0.960. These workers
suggest that the chemical composition of the bone- and tendon-
free carcass or joint could be used to estimate the correspanding
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physical characteristics but they make no attempt to give
relationships.

It can be seen from the above that the literature
on relationships between physical and chemical composition
is scant. The present study attempts to rectify the

position as regards the sheep,

3. KSTIMATION OF BODY COMPOSITION FROM SUBCUTANEOUS
FAT THICKNESS

(1) cCarcass ifeasurements.

It has long been realized that subcutaneous fat is
ong of the latcr developing fat depots and is thus liable
to considerahle fluctuation due to such factors as age
and nutrition. The deirth of back fat as measured at the
cut sufacec of' various commercial cuts has been used Ior
many years a8s en indicator of fatness. Hunkins and Ellis
(1934 ) meacsured back fat thickmess at five places on the
spiit carcass of pigs and obtained a correlation of 0.84
between averagc back fat thickness and the percentage of
ether extractable fat. In a later paper (Ellis and
Hankins, 1937) these workers showed that the shoulder back
fat depth had the lowest relationship with the average of
the five measuring sites (seventh rib, shoulder, mid back,
loin and ham). Hirzel (1939) analyped mecasurements taken

over & number of years on mutton and beef carcasses at the
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Smithfield show. lle ueed back fat thickness as an indication
of fatness. Pilsson (1939) presented a system of measurements
which have beecn used a great deal since in carcass composition
studies. Working with shecp he found that most of his fat
neasuwements nude on the cut surface of the cross-section at
the level of the last rit were significanily correlated with
total fat. ¥McMeeken (1939) used similar subcutancous fat
measurements taken Trom the surfaces or both the split car-
cass and the cross-section at the level of the last rib. He
found that average back fat thilcikness was hignly corrclated
with total fat (r = 0.96). Thke rump siive was the best and
the scheoulder the worst. Fat measurenents at the loin cross-—
secticn were also highly cerrelated with total fat. He found
that measurement ¢ (fat depth over the do.sal edge of the eye
muscle) hed a correlation ot 0.97 with total fat. Similsar
neasarerents to thesce were used by underwood and Shier (1942),
Ynlker and McMeekan (1944), Clarke and McMecekan (1952), Pdlsson
~and Vergés (1952), Clarke gt al. (1953) and Pélsson (1953) in
thieir work on carcass composition.

Since this early work many investigators have included
back fat measurements as a standard procedure of estimating
fat during studies on carcass characteristics. Brown gt al.
(1951) found a highly significant negative correlation be-
tween 8.G. and average back fat thickness in the pig. Aunan
and Winters (1949) working on 3G swine carcasses showed a
correlation of 0.79 between average back fat thickness and
fat content., In a later trial Aunan and Wintocre (1552)
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used a coring device to estimate subcutaneous fat and thus
total fat. llowever the results obtained were no better

than those using back fat thickness. Kraybill et al. (1953)
investigated the accuracy of back fat measurements for
estimating the body fat content of swine. Back fat thick-
ness was found to be well correlated with the percentage

body fat (r = 0.811) and with the percentage water (r = =0.856)
Whiteman et al. (1953) discovered that back fat thickness was
not as good as S.G. for estimating vz_irious neasures of pork
carcass lecanness. Whiteman and Whatley (1953) found that

the area of the loin eye muscle was reasonably well correlated
with back fat thickness.

The depth of back fat has also been used in many perform—
ance testing and carcass judging systems. In Great Britain
the system of commercial grading of bacon pigs included back
fat thiclmess measurements (Harrington, 1958). McHecekan and
wWalker (1950) and Woodward et al. (1954) include back fat
measurenents in their schemes for beef cattle while McMeekan
ot al. (1544) include it in a grading scheme for pigs.
McMcekan (1939) gives the Cambridge block test for fat lambs,.

A general critieism that may be levelled at this work
is that no systemetic study has been made to see if there is
some area of the body where the denth of subcutaneous fat 1s
more highly related to total fat then that slong the backline.
Up to the present time work has been concentrated on mcasuring
the depth of subcutanecus fat at surfaces cut during normal

comerclial practice,



(2) Probes on the Live Animal.

The work described above shows that a good relationship
exists between carcass back fat thickness and total carcass
fat. Hazel and Kline (1952) used this relationship to
estimate the fat content of the live animal by use of a
%“live rrcbe”. This consisted of making a small cut at the
sclccted cite and inserting a sinwll metal rule until the
underlying musecle layer was encountered, The depth of
penetration was then noted. The method is ¢uick and esasy
to apply &nd caused little disconfort to the pigs. The
average of four sites on the back gave a correlation of 0.81
with the average of four back fat measvrerents on the carcass.
It must bc noted that the carcass measurements were not taken
at the probe sites. The live prohes were morc accurate
indicators of leanness and vcrcentage primal cuts than were
the carcacs measurements of back fat thickness. Harrington

(1958) sayss

Since this first report, Amcrican studies have been
directed mainly towards establishing the relative
accuracy of measurements made by probing live pigs

at various body sites in predicting carcass back

fat thiclmess end certain other measures of carcass

value.

This statement sums up the situatian. These studies
may be detailed as follows. liazel and Kline (1953) tested
eight probe sites as msasures of leanness and fatness and
concluded that the best were shoulder, loin and top of the
ham., De Pape and Whatley (1954) tested combinations of

probe sites and cancluded that a combination of probes
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behind the shoulder and over the loin on both sides of the
animal was the most useful of those studied.

A correlstion of 0.69 between the average of three
prooe sites and carcaes beck fat thickness was found by
De Pape and "hatlcy (1956). Lasley gt al. (1956) obtained
8 correlation of -C.S57 ULolwesin back fui probe and percentage
lean cuts. Hetzer et al. (1956) found a correlation of
0.72 between average depth back fat and average probe depth
for three sites. Price et al. (1957) found that S.Q. gave
a better indication of the chemical composition of the ham
than did the live probe. lolland and Hazel (1958) compared
probes with other live animal measurements and carcass
measures.  rearson et 2l. (1958) found that most supplement-
ary amecasures of leanness wWere related to live probes. In
a serics of papers Zobrisky et al. (1959a, 1959b, 1959¢)
fouud a good negative correlation between probe at a hip
site and the four lean cuts (Lam, loin, picnic, and Boston
butt). Lney alse obtained a correlation of 0.61 between
average live probe end fat yield (total carcass trim fat
plus lear fat).

It seems from the above work that the live probe is
quite highly relasted to back fat thickness measurements
and that these are well related to total fatness. High
negative correlations are obtained between probes on the

live animal and measures of leanness.

(3) The lean-meter.
Banfield and Callow (1935) showed that the electrical
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resistances of muscle and fat differ markedly. They used an
cleciorical proving device which made use of this principle in
determining the back fat thickness of’ unsplit carcasses,

More recentls tiis principle has been used by Andrews and
Whaley (1954) whn developed en instrument which is avallable
coumercially kaown As ths "Lean-meter" for use in determining
the Paclkk fut thickness of live animals. They made Lean-meter
and carcass measurements on 200 pigs using three probe sites:
first rivy last rio and last lumbar vertebra, Two measure-
mants were made at eachh site, one on either side of the mid-
line. The correlations of average back fat thickness of the
live aniuml a-wi chemical components of the carcass were 0.585
Taor por ceat fatl, =0.075 for per cent protein, and ~0.593

'or poer cent moisture.

Pcryg and Bowland (1956) compared the average of three
Lean=rx tur meusarements with the aversge of three back fat
wmeasurements and found a correlatian of 0, 30.

Fearson gt al. (1957) conpared the live prove and
Loan-meter {or predicting varlious caircass measurements on
99 swine. They obtained a correlation between live probe
and Iean-uweter of 0,78. The methods were found ecqually
accurate for measuring back fat, with correlations of 0.70
and 0,71 for the live probe and Lean-meter respectively.

They also found that the live probe was the better indicator
of leannese.

Walker - Love gt al. (1958a) used the Lean-meter on
72 split bacon carcasses. They found no statistical
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differencss between lean-meter and carcass back fat measure-
ments. However the Lean-meter over estimated slightly the

depth of fat. These workers (Walker - Love et al., 1958b)

also used the Lean=-meter on live pigse. They compuared
lean-meter readings taken at the same site on the live
animal and on the carcass. The carcass readings werse
s8ix to eight m.m. higher than those on the live pige.
keadings taken at the loin site were more repeatable than
those at the shoulder site.

All the work described so far has been conducted on
pigs. The only account in the literature of the use of

the Lean=-imeter on ruminants is that of Temple et al. (1956).

These workers attempted to est.imate fat thickness in live
cattle. The Lean-meter was used on 11 live animals but
due to the effort involved, the lack of variablility between
readings, and the haemorrhage caused by the needle, it was
not continued. The correlation between Lean-meter estimate
of fat thickness and carcass fat thickness was =0.16.
However, when used on 25 steer carcasses, the correlation
between Lean-meter measurement and caliper measurement
was 0,87,

It seems that while the lean-tmeter gives a reasanably
accurate estimate of the back fat thiclkness of live pigs,
its value on other animals has yet to be determined.




(4) other Measures.
(a) X=ruy Measurements. Keys and Brofek (1953) review

the literature on the measurement of subcutaneous fat with
X=rays for hamans.

Harrington (1958) has reviewed the literature dealing
with the estimation of body fatness and bone content in
domestic animals using X-rays. He concludes that it is
dirfficult to measure the subcutaneous frat of domestic
aninals vith X=rays because 1t is necessary to take slightly
under-ex.osed photograpis. When full exposure time 1is used
the resvpiratory movements of the animal blur the photograph.

(b) Ultrasonic Msasurements. Wwild and Reid (1952)
first pronosed the use of echo-ranging techniques for
determining the structure of viological tissues. They
were intcrested mainly in detecting cancerous growths,

Howry and Bliss (1952) also used ultrasonic means to
visualize the soft tissue stractures of the body in humans.
They were also interested in medical applications. Temple
et al. (41956) appear to be the first workers to use an ultra-
sonic device on domestic animals when they attempted to
measure the back fat thickness of cattle. They obtained a
correlation of 0.63 between the ultresanic measurement and
actusl fat thickness. Dumont (1957) used the method to
measure the back fat of pigs and obtained good agreement

with carcass back fat measurenents. Since this work, msny
investigators have used the method in studying various aspects
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of body comrosition (Claus, 1957; Kliesch gt ul., 1957;
Lauprecht et al., 1957; East et al., 1959; Stouffer
et_al., 1959; Hezel and Kline, 1959; Campbell et al., 1959).

The method appears to be most promising.

4. SPECIFIC GRAVITY

(1) Ihe Constancy of the Fat-Free Mass.

Tr.e use of specific gravity (8.G.) in the prediction
of carcass and/or body composition is based on the concept
of a fat-free mase of constent composition, and hence con-
stant density, and a varisble amount of fat. Fat has a
lower density than the fat-free mass (Keys and BroZek, 1953)
and so the larger the amount of fat present the lower will
be the density of a carcass, Therefere some relation should
be expected between the level of fatness of an individusl
and its density, or, st any given temrerature, its specific
gravity. The specific gravity of a substance being the
ratio of its density to the density of water et a given
temperature. Fidanza et _sl. (1953) present data giving
the fat density of many mammalian species.

BEver since a relative constancy of composition of the
mature fat-free mass was demonstrated by Murray (1922) and
Moulton (1923) much work has been devoted to enlarging and
checking the concept. Behnke (1941-42) and Bshnke et al.
(1942) working with humans introduced the idea of a "lean
body meass" of constant composition and density. This concept
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is not the same as the fat-free body because the lean body
maes was assumed to contain 10 per cent of its weight as
Yessential lipids®”. Later Behnke (1953) amended this to
aprroximately two per cent "essentisl lipids"™. Although
Behnke was a plonager in the use of 8.G. for detemining
body compositian his idea has confused the issue and some
workers (Rathbun and Pace, 1945; Kraybill ¢t al., 1952)
do not distinguish between fat=free rmss and lean body
mass.

A large body of literature has accumulated on the
constancy of the fat-free compocition of many species.
Thus Pace and@ Rathbun (1945), Callow (1947), Pitts (1951),
and Babineau and Pagé (1955) support the concept of con=-
stancy in guinea pigs, sheep, cattle, pigs, humens and
rats. Against this, many workers have produced evidence
showine~ that due to various ceuses the fat-free composition
is not consiant after maturity. Chetfield (1926) stated
that the composition of fat-free beef is variable, Spray
and wWiddowson (1950) present data on the changes in the
chemical components of the fat-free bodies of many species
with age. Hopper (1944), Reid et al. (1955) and Kirton

et 8l. (1959a) have shown that water per cent decresses

and protein per cent increases with age in cattle, pigs

and sheep on a fat-free basis. Keys and Brozek (1953)

state that the fat-free compasition of the body is not independ-
ent of the amount of fat in 1it. They found that fat and water
are correlated in the body and tend to change together. As
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fatty tissue 1s increased so too is a certain amount of water,
protein and mineral. So the proportion of the fat-free mass
represented by water is neither absolutely constant nor is it
indenendent of the total body weight or its fat content. At
low levels of fatness increased hydration has deen noted in
sheep by Mitchell et _al. (1928b) and Kirton et al. (1959a),
and in the pig by Clawson et al. (1955).

Thus it can be seen that the composition of the fat—free
mess 1s not constant in the mature animel and therefore its
density is also not constant. It is clear from the above
that any analyeis based on the concept of a theoretically
congs tant fat=free mass 1s an overaimplification which could

lead to error.

(2) Specific Gravity as a Measure of Carcass Composition.

Specific gravity determines priisrily the proportion
of fat in a carcass. Its big advantage over other methods
is that it does not involve destroying any part of the
carcess.

The initial work in this field was dane using humans
and small laboratory animals. Behnke (1941-42) pioneered
the BsubjJect with his concept of lean body mass. This work
was followed by the papers of Rathbun and Pace (1945), and
Pace and Rathbun (1945) on the 8.G. of guinea pigs. Along
with Da Costa and Claytan (1950) they found that the relation
between fatness and S.G. was close enough for predictive
purposes. Da Costa and Clayton (1950) with rats established
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an inverse relationship between carcass fat per cent and
water per cent, and a direct relationship between water
per cent and S.G. Morales et _al. (1945), by means of
theoretical investigations showed that the relationship
between S.G. and fat per cent is hyperbolice. Therefore
a linear relationship is to be expected between fat per
cent and §_16_ Kirton and Barton (1958b), using sheep,
found that this was so and alco found that the relationship
betireen 8.03. and fat per cent was curvilinear but that it
curved in the opposite direction to the theoretitical curve
oi’ Morales et ai. (i945). No possible reasons are for-
warded by them for {his.

Since 1950 much vork has been done in establishing
relationships between 8.G. and various measwres of carcass
corpposition and the formulation of predictlon equationse.
Brovm et _al. (1951) using the pig found correlations be-
tiveen 8.G. and area of loin eye, per cent primal cuis and
per cent lean cuts tihat were positive and highly significant.
Highly significant negative correlations were found between
8.G. and average back fat thickness, per cent fat cuts, and
chilled carcass weight. They concluded that S.G. could be
used to estiuate caicass fatness Jjust as accurately as taose
methods involving the cutting of the carcass. 8.3. was
found to be almouet as good &s chemical analysis for estim-
ating fatness. Kraybill ¢t al. (1951) found a good relation-
ship in cattle between carcass fat per cent (as estimated
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from the 9=-11 rib cut by chemical analysis and physical
separation) and fat per cent as determined from S.G.
Kraybill et al. (1952) using cattle found an inverse
relationship vetween body fat and body S.G. whereas there
was a direct relationship between body water and body S.G.
They obtained a correlation of 0.989 between the S.G. of
the carcass and the S.G. of the whole body. Whiteman

et al. (1953) found that S.G. was more closely associated
with several mcasures of carcass leanness thun was back
fat thickness in the pig. Vhiteman and Whatley (1953)
found the area of the loin eye muscle to be significantly
correlated with S.G. in the pig. A good relation between
the separaible fat of the 9«11 rib cut end S.G. was found
by Lofgreen and Garrett (195%) using Hereford steers.

De Fape and Whatley (195L) comrared live hog probes at
various sites with S.G. Stouffer (1955) using 16 lanbs
obtained a correlation of =0.622 between S.G. and the

ether extract of the boneless meat of the right siads.

This seems to be the first work on sheep with S.G. apiear—
ing in the literature. Fredeen et _al. (1955) found that
S.3. was not as ‘good an indicator of ham quality in pigs

as the percentage sarea of the lean at the surface where

the ham is cut off the body. Clawson et al. (1955) found
that the correlation between S.G. and water per cent in
the pig carcass (r = 0.89) was higher than the same correl-
ation for the whole empty body (r = 0.63). Good correlatiocns
between '52157 and various measures of fatness in the carcass

MASSEY AGRICULTURAL COLLEGE
LiBRARY PALMERSTON NORTH, N,Z,



100,

and in sample Jjoints of the sheep were found by Barton and
Kirton (1956). ©Pearson et al. (1956) obtained high
correlations between total carcass 8.G. and the S.G's. of
the ham (r = 0.94), the loin (r = 0,96) and the shoulder

(r = 0,92). The 8.G. of the ham or whole carcass proved
superior to back fat as a measure of leanncss. However,
the authors noticed ‘that carcass length and back fat thick-~
ness wepe found to be superior to S.@. on the leaner car=
casses, This observation is important because other

workers (Kelly et al., 1959) have found that S.G. is not

rellable in carcasses of low fat content. [Irice et al.
(1957) also found that carcass S.G. was a very gocd
estimator of leanness. Kirton and Barton (1 958]_)_) present
correlations and regression ecuations between S.G. and
fatness for the 9=-11 rib cut, the loin, and the leg of
sheep. Fearson et _al. (1958) found that S.G. was prob-—
ably the best indicator of leannees in pigs. A diversion
from the above applications of S.G. is made by Orme et al.
(1958) who use it to estimate marbling in the eye muscle of
the 9«11 rib cut in beef. A correlation of -0.81 was
obtained and the authors conclude that S.G. is a useful
objective measure of marbling. Garrett et al. (1959)

used S.G. extensively as an indicator of carcass composition
both in beef cattle and in sheep. They obtained a correl-
ation of =0,90 between carcass S.G. and carcass fat per
cent in the sheep. This compare® with the correlation of
-0.8417 obtained by Kirton (1957).
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Certain general points emerge from the literature
cited, Pirst, S.0. determinations heve been carried
out on most domestic animals but particulsarly on the pig.
Secondly, S.3. seems to be a very good measure of leammess
as well as fatness. Most of this work has been conducted
in Aperica on pipgs snd in many cases S.G. has been found
a better indicator of the leanness of the various commercial
cuts than several measures of lcannesse. Thirdly, most of
the relationships between S.G. and fatness are hich but there
are indications that S.G. might not have a good relationship
with fat over the entire range of fatness found in animal
bodies. veveral workers have found that &t low levels of
fatnecs the rcosults are variable. Keys and Brozek (1953)
rreseilt cvidence which indicates that body composition is

abriormal at low levels of fatness =

ees.With decreesing fatness more and more cellular
matter is lost and this is replaced or filled in
by extrscellular fluild.

This agrees with the increcased hydraetion of the fat-
frce mass at low levels of fatness found by Mitchell et al.

(1928b), Clawson et al.(1955) and Kirton et al. (1959a).

Throughout the literature various workers have given
poesible factors that could lead to errors in S.G. deter-=
minations. Below are listed some of the main ones extracted
from VWhiteman et al. (1953), Keys and Brdzek (1953), Walters
(1953) and Etrton (1957):

(e) water temperature variatians within 20°F are of
no particular consequence but beyond this range they could
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lead to errors.

(b) The weight of the carcass or body in water must
be read as quickly as possible. This is related to the
volume of the cearcass, especially if the water and carcass
are at different temperetures. The S5.G. of a carcass 1is
lessened the 1longer it is left in water, This is all
part of the problem concerning the effect of temperature
on the carcass, Kline et al. (1955) conducted a trial on
this problem. 5.8s. of the carcasses determined after O,
24y 48 and 72 hours of chilling swd—éhke—8y88~ were 0,9965,
1.0214, 1.0249, and 1.0276 res:ectively. Correlations
betwcon fataess and S§.G. changed significantly wich time
of chilliac. This points to the necessity for msaking S.G.

determinations after a uniform chilling time.

(¢) 8.6. hes been noticed to decrcase with storage.
Exprlenaticns that have been given for thic are first that
gas develops In the carcass as it ages, and secondly that

shrinkage causes a reduction in volume.

(d) Differences in water purity can markedly affect

resullis if the density of the water is altered.

(e) The validity of the assumption of comstancy of
conposition of the fat—=free mass is under doubt. The
composition has been shown to change with age, degree of
fatness and body weight.



CHAPTER 1III

MATERIALS AFND METHODS

1 A COMPARISON OF CHEMICAL AND DISSECTION ANALYS

Chemical and dissection methods were descrimed in
detail in Part I and so will not be repeated here. Data
obtained from the sheep described in Yart I were suitable
for exariining relationships between the chemical and
dissectible components of the carcsss. These relation-
ships wecie examined between corresponding joints on either
side o' the carcacs. This was done on a bandsaw Jjoint
basle so it wacs necescary to bulk dissection data for the
ncek, shoulder and thorax to make up the "rest'", and also
for the anatoniical leg and pelvis to male up the vandsaw
leg (see Fig. 3). ‘fhe relatianships between chemical
and digsection companents witiiin these joines were evaluated

using a simple regression and correilation analysis.

2 A COMPARISON OF TWO METHODS OF ESTIMATING PROTEIN

In the chemical analysis described by Barton and Kirton
(1956) protein is estimated by difference. Therefore an
effort was made here to determine how clogely this method
agrees with the standard Kjeldahl analysis. Duplicate
samples were taken for this purpose from the crude residues
of each side sample. A factor of 6.25 was used to convert
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the nitrogen per cent as determined by Kjeldehl, to protein
per cent, This is standard procedure although Bate=Smith
(1912) claims that a factor of 5.6 should ®e used For meat,

3. LEAR-METER MBASUREMEXTS

The Lean=-meter is an electronic probing device manufac-
tured comnercially by the Duncan Electric Manufacturing
Company, Lafayette, Indiana (See Fig. 5). It operates on
the principle of difference in electrical conductivity be-
tween fat and muscle; fat is a relatively poor conductor
while muscle and blood are good conductors. The probe on
the inctrument consists of a fine central element which is
inswWa%ed from an suter sleceve. These electrodes are con=-
nected to an indicator with a scale graded from fat to lean.
Fleshlight batteries mrovide electrical power. When read-
ings are being teken the disc is placed on the animals back
and pressure is arplied with the trigger being squeezed until
the indicator fliclse over showing that the tip of the probe
has contacted muscle. The trigger is then released thereby
clamping the probe in this position, and the instrument
wi thdrawn. The depth of probe can then be read off the
guide tube scale,

In the present work all Lean-meter measurements were
taken on the morning of the day of slaughter. A difficulty
in this type of work is the problem of accurately locating
the site for probing. In the present study three sites
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weire chosen: 1loin, shoulder and rump. All meacurcrents
were taken two inchee away from the midline an the left
glde of each animal. The loin measurement was talen at
the level of the lsst rib and because this position is casy
to 1dentify it was used as a reference point. The shoulder
silte was 15 cn. anterior and the ruapp 25 cm. posterior to
the loin site. Once the sites for probing had been
establiched the wool was removed to the skin for an area
of aprroximately two inches radius to each site, Observer
A then made a probe at each site while Observer B restrained
thc animal, The observers then changed positions and repeat
provings were carried out, The sheep did not require much
restraining. It was noticed that they objected most when
the skin was broken with the probe. In an effort to reduce
pain to the @a1imal the probe was pre=set at about a gu.rter
ol an inci. The probe was pushed through the skin with a
quick jab, then tix trigger was relcascd and the depth of
fat deteriined. This procedure csusced the anlmal little
discanfort and made the probing much easier and quicksr.

At the time of” jointing of the carcasg in the Meat
Laboratory the depth of subcutaneouzs fat at each probe
8ite was measured. In most cases identification of sites
was easy because of the presence of smell bruises caused
by the Lean-meter mrobe. However, when these were not
present the lest rib was used as a reference point and the
other sites located from it. At each site the subcutaneous
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tat was cut avay down to the uwnderlylng muscle ard the

deutlhh of fat measured wit!i callpers.

L4e SPECIFIC GLAVITY

On the morning following slaughter the cold car-
casses were weighed first in air and then when immersed
in water. Water and carcass tcmperatures were recorded.
Specific gravity was calculated from the following

equation:

Wte din Alr
S.G¢. = Wt. in Air - Wt. in ¥Water




CHAPTER IV
RESULTS
1. A COMPARISON OF CHEMICAL AND DISSECTION ANALYSES

(1) VFhole Carcass

The carcasses had a mean weight of 62.2 1b (range
25.8 = 92.0 1b), Means, standard deviations and ranges
of the chemical and dissectible components of the carcass
are presented in Tables 17 and 18 respectively. Table 19
sets out the correlation coefficients, and regression
equations with their standard errors of estimate, for some
variables. In all cases the independent variate is the
chemical component.

TAB, 1

Chemical Camponents of the Carcass. Means,Standard
Deviations and Ranges (1b)

Itenm Number Mean 8.D. Range

Fat 39 27.22 10.38 5¢5 = U45.4

Water 39 25.36 Le11 14.8 - 34.2

Protein 39 7.39 1.30 ho1 - 909

Ash 39 2023 Oom 103 = 303
IABLE 18

Dissectible Campanents of the Carcass. Means,Standard
Deviations and Ranges (1b)

Item Number Mean 8.D. Range

Fat 39 27.63 10.83 {e9 = 46.6
Muscle 39 26.10 Y42 14.9 = 36.2
Bone 39 5.76 0.77 4.0 - 7.8

Tendon + aste 39 1.81 0.01 13 = 2.4




IABLE 19
Relationships Between Chemical and Dissectible Components

' No. of Correlation Regression

Dependent Variate Independent Variate _ Pairs Coefficiegt Eguation x.
Fat Wt, (Usseotinle) Pat Wi, (Chomical) 39 0.9964 * . Y = 1.04X - 068 0.93
Muscle Wt, Protein Wt. 39 0.,9655 Y = 329K + 1479 1.17
Muscle Wt. Water Wt. 39 0,969y * Y =1,04X = 0,27 1.10
Bane Wt. Ash Wt. 39 0.7243 :: Y = 1.41X + 3.28 0.54
Bone Wt. Fat Wt. (Chemical) 39 0.5776 . Y = O40UX + U4e67 0,34
Bone Wt. Water Wt. 39 0.8376 Y = 0.16X + 1,70 0.43
Bone Wt. Protein Wt. 39 0.8370 "% Y = 0.49X - 2.14 0.43
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The most variable component in the carcass 18 fat
weight. This applies to both chemical and dissectible
fat. Indeed these two components are very similar with
respect to the statistics presented in Tables 17 and 18.
Dissectible and chemical fat weights are highly correlated
and the rcgression equation has a low standard error of
estimate.

Muscle weight is well correlated with water and with
protein weights. However the correlation with water is
higher and its regression equation has a lower standard
ericor of estimate. A possible reason for this high
correlation may be se.n in Tables 17 and 18 where water
and ruscle have very similar means, standard deviations,
and rangese. Also, water comprises approximately 70 per
cent of muscle (Ulyatt, unpublished data) and so a high
relationship between the two is to be expected.

The hich correlation between muscle and protein
weights ean also be explained on a part - whole basis, faor
nearly all the protein in the enimal body occurs in the
muscle.

None of the chemical components gives a really good
estimate of bone weight. In all cases the correlations
are low and the standard errors of estimate of the re-
gression equations high. It was hoped that there might
be a large correlation between ash and bone weights on the
grounds that most of the mineral matter in the ash comss

from bone. However, the relationship was not satisfactory.
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A possible reason for this is a lack of homogeneity, with
respect to bone, of the mince samnles tsnken for chemical
analysis. It was thought that as bones contain large
amounts of fat, bone weight might be highly correlated

with fat weight. Homrever this was not the case, The
components best related to bone weight were protein and
water veights. Reasons for this are obscure; however

i1t is possiblc that the explanation of these high relatione-
ships may be that muscle, which is composed meinly of protzin
and water, varies in a similar manner to bone on the ditffer-
ent planes of nutrition present in this trisal.

The fourth dissectible caomponent of the carcass, téndan
pluc waste, voses a problem as it is subject to much variation
betrecn dissectors. Sorrelations betwecn tcndon plus waste
and fat weight (r = 0.4000 * ), muscle weight (r = 0.5025 %% )
and bone weight (r = 0.684L ** ) were obtained. These
reletionshine; slthoupgh etaticstically cignificanti, aire not
hizh enough for purposes of rrediction. On thils evidence
it was thought that if any high relationships were e¢stablished
between chemical components and tendon plus waste, they would

be purely fortuitous and of little predictive valus.

(2) Jeg.

Leg weight had a mean valus of 8.53 1b and a range of
4,00 to 11.82 1b. Means, standard deviations and ranges
of the chemical and dissectible componeénts of the leg are
detailed in Tables 20 and 21. On & joint dasis, with one
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exception, only those relationships which were hifgh on a
carcass basls were uced. The exception was the rclation-
ship between ash and baone. It was decided that although
none of the ccrrelations of chemical components with bone
welght was high, an attempt should be msde to estimate
bone ou a joint basic. Ash weight was chosen as the
cisnmical component because it is probably more related
biologicully to bonec weight than any of the other chemical

components. For sitatisticul justification dlfferences on

TABLE 20

Chemical Compansnts of the TLeg. Means, Standard Deve
iations and Ranges (1b)

Item Number Mean S.De. Range

Fat 39 2092 0.95 0.81 - u.88

Water 39 L.31 0.68 2.58 - 5.74

Protein 35 1.22 B2t 0.59 - 1.87

Ash 39 0.38 0.078 0.22 = 0.59
ZABLE 21

Dissectible Camponents of the Leg. Means, Standard
Devietions and Ranges (1b)

Item Number Mean 8.D. Range
Pat 39 2.87 0.90 0.58 - 4.56

m 39 0086 0012 0062 - 1.15




IABLE 22

Some Relationships Between Chemical and Dissectible Components
in the leg.

No. of GCorrelation Regression 3
Dependent Variate Independent Variate Pairs Coefficient Equation V.x

Fat Wi, (Imoahls) Fat Wi, (Chemical) 39 0.9069 ** Y = 0,86X + 0.36 0,38
Muscle Wt., Water Wt. 39 0.9467 ** Y = 1.02X + 0.08 0,24
Muscle Wt. Protein Wt. 39 0.9136 ** Y = 2.74X + 1.14  0.30
Bone Wt. Ash Wt. 39 0.7638 ** Y = 1.13X + 043 0,08




a carcass basis belween tiw corrclation of ash with bome,
and the higher correiatioans o piroteln and water with bone,
vere testcd using Fisher's Z=-transformation (Snedecor, 1957).
This showed thal taere were no significant differences be-
tween tic three correlations. Therefore ash weight was then
correliuted witlhi vane weight on a joint basis.

zelntionships between the chemical and dlsseciible com=
ronenits outlined above aie presented in Table 22.

A8 In the carcass, fut weiglhit is the most variavlie com=-
boaent. In Tebles 20 and 21 dissectible and chemical fat
weigihts arce very simileirr in imean, staiidard deviation and range,
although ciheidical fat is slightly larger in each case. The
correlation between chemical and dissecticle fat weights 1s
not as high as f'o» the carcass, however it is still guite
£00d..

There is more muscle than fat in the leg. The leg 1is
the oniy joint where this is so. Both water and protein
weights are highly correlated with muscle weight, alihough
the water correlailion is better and its regression has the
lower standard errar of estimate.

The correlatian between ash and bone weights 1s higher

than the correspanding one for the carcass.

(3) Loin.
The mean weight of the loin is 5.51 1b and the range

is from 1.63 %0 9,80 1b. Mesns, standard deviations and
ranges of chemical and dissectible campanents are presented



IABLE 25

Some Relationshiyps Between Chemical and Dissectidble Components

in the loin

No. of Correlation Regression
Dependent Variate Indspendent Variate Pairs Coefficient Equation sy.x
Fat "t.(Qieecthle) Pat Wt. (Chemical) 39 009905 7 Y = 1.06X 4 0.12 0.22
Muscle Wt. Water Wt. 39 0.8545 7 Y = 0.88X - 0.23 0419
Muscle Wt. Protein Wt. 39 0.7556 ©T Y = 2.03X + 0.77 0.24
Bone Wt. Ash Wt. 39  <0.0011 NSe Y = 0.03X + 0.2 010
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in Tables 23 and 2!, and relatienchips between same of them
in Table 25.

Agaln fat weight shows the largest variation of all
tre componentic. The loin is the Tatltest Jjolnt and sihcas the
greatest varlation in this respect. Dissectible fat has the
higher values for the statistice precaented in Tables 23 and
2lie The correlation between chemical and dissectible fat
weightc is very high snd the standard error Of cestimate of
the rcygression zqu tion is low. In these resgpects the loin

is wvery simllar to the whole carcass,

TABLE 23
Chemical Components of the Loin. Means, Standard
Deviations and Ranges (1b)

{tem Number Me&an S.D. Range
Fat 39 3007 10“8 Oo"-‘o = 60 95
vater 25 1.62 0,31 0.96 ~ 2,32
rotein 39 0.U7 0.13 0.25 -~ 0.79
Ash 39 0.12 0.033 0.06 - 0.19
IABLE 2L

Dissectible Components of the Loin. Ideans, Standard
Deviations and Ranges (1b)

Item Number Mean 8.D. Range
mcle 39 1072 0036 00 98 - 2.“9




TABLE 20

Some Relatlonships Betwean Chemical and Dissectible Components in

the rib cut
No. of Correclation Regrecasion 8
Dependent Variate Independent Varlate Pairs Coefficieat Equation VX
Fat Wt.(Dissectible) Fat Wt. (Chemical) 39 0.9876 ** Y ® 1406X = G,06 0.0
Muscle Wt, Water Wt. 39 0.,9083 " Y = 0.85X + 0.40 0.06
Muscle Wt. Protein Wte 39 0.8388 *" Y = 2.21X + 0.25 0.08
Bane Wt. Ash Wt. © 0.3333 © Y = 0.73X + 0.12 0.03




113.

The correlations of water and protein welghts with
mascle welght are relatively low for the loin. In this
case water weight is clearly better related to muscle
welight tiuan is proiein welght.

There is no relutionship between ash and bone weights

in the loine.

(4) Rib cut
The mean weight of rib cut was 2.29 1b (range 0.o4 to

4.26 1b). Means, standard deviatiaons, and ranges for tie
chemical and dissectible components of the rib cut are set
out in Tables 26 &nd 27. The relationships being studied
are presented in Tahle 28.

TABLE 26

Chemical Components of the Rib Cut. Means, Standard
Deviations and Ranges (1b)

Item Number Mean S.D. Range

Fat 39 1.31 0.60 0.16 = 2.79

Protein 39 O0.21 0.055 V.12 - 0.35
IABE 27

Dissectible Camponents of the Rib Cut. Means, Standard

Deviations and Ranges (1b)

Item Number Mean S.D. Range
ht 39 1.33 0.6“ 0011 L 2.90
Muscle 39 0.71 0.14 0.0 - 1.09

Bane 39 0.16 0.015 0.09 - 0.25




TABLE 31

Same pelationships Between Chemical end Dissectible Components in

the "Rest".
No. of Correlation Regression g
Dependent Variate Independent Variate Pairs Coefficient Equation VX
Fat #.(Mesctile) Fat ¥h. (Chemical) 39  0.9863 ° Y m 1.04X = 043 0,36
L X
Muscle Wt. Water Wt. 39 0.9457 Y = 0,97X + O35 0431
Yuscle Wt. protein Wt. 39 0.6778 °* Y = 1.51X + 3,46 0.T3
Bone #t. Ash Wt. 39 0.6184 °F Y = 1.16X + 0.96 0.17
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The relstiomships are very cimllar to the other Jjoints
previvusly detalled. Fut weight again accounts for most
of the vuriation in comgosition. All correlations are lower
than ‘he corresponding ones for the carcass. In the case
of chierucal against dicsectible fal this reduction 1s not
warked.

vwaver veight 1s apgai:n correlated more highly thaa
proiein weight with muscle weighte.

Tue coreelation botween bone weight and ash weight 1is
also low and is only significant at the five per cent level
of provavility.

(5) "Eost".

The incan welght of the "rest" was 14.45 1b with a
range of G.43 to 21.43 1b, Tebles 29 and 30 show means,
standard deviations, and ranges of the chemical and
dissectible components of the Jjoint. relationshiyns
between some of these components are presented in T:ble
31.

A similar picture to the other Joints is seen here.
The correlation between chemical and dissectlble fat is
quite good although not as high as for the carcass. Water
weight 1s clearly superior to protein weight for predicting
musecle weight,

The correlation botween ash weight and bone weight,

while not as high as for the carcass, is reasonably large.
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TABLE 29

Chenucal Coaponents of the "Resi'. Means, Standard
Deviationz and Ranges (1b)

Item Number Mean S.D. Range
hater 59 50 6? O. 96 3.2}5 — 7.96
LDLE

Dissectible Compaonents of the "Rest'". Means, Stendard
Deviations and Ranges (1b)

Iten Nuiber tican 5.D. Range

Fat 39 6.13 2.36 130 = 11.03
mc:.e 39 6.03 0.98 3.“4 Sl 8.’42
Bone 39 1.60 0.21 1.14 - 2.03
(6) Riscussion.

Throughout this work the relationships studied within
Joints between chemical and dissectible components are not
a8 gcod as the corresponding relationshipe on a carcass
basis. However the correlations within joints are of
similar relative magnitude to those on the carcass. Some
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interenting trends were notilced belween joints. Chemical
and dircectible fat weiphts were very similar within each
Joint with resnect to mean, standard deviatlon and range.
Wilth the excention »f the leg, dissectidble fat welpht was
larps>» thean chenleal fat weighs. This fact may explain

why the cozreclation between the two estimates of fat was
lovest in the leg. It was notized that the caorrelsition
between chemicel fat wel~sht and Aiscectidble Pat weighi was
highest in the fattent joint (loin) and lowest in the leanest
joint (leg). The recacon for this is not clear.

The corrclations between water weight and muscle weight
wvere betier than thc proteln - rmsclie weight correlations in
each jolnt. Thercf'ore it was concluded that water weight
is better than proteln weipht for estimating muscle weisht.
The correlatione vith muscle weipht were highest in the
lezn joint (leg) and lowest in the fat joint (loin). This
trond ic copposite to that noticed when commaring chemical
and cincectible fat bvetween Joiuils.

The ash = bone correlation was very variable between
joints. In the leg it was higher than that for the carcass,
while in the loin there was no relationship at all. The
poor relationships between &sh and bane in the rib and loin
are probably related to the precision with which the carcass
was divided down the backbone. Both these Jjoints contain
small amounts of bone and any accidental deviations from
the midline when the carcass was split could cause large
variations in the amounts aof bone contained in these two Joints.
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2. A COMPARISON OF TWO METRODS OF ESTIMATING PROTEIN

In the present work protein was estimated by difference,
following the method of Barnicoat and Shorland (1952).

This was crude residue minus ash and minus a fat correction
factor determined by Soxhlet extraction.

Barnicoat and Shorland (41952) compared this method
against thc standard Kjeldahl protein analysis for muscle
samples and found that the two methods did not differ by
more than 1.1 per cent. They used a conversion factor
of Nx6.,25 and found tnat the difference method gave
sli;htly higher values, Apart from this work no effort
ap.eare to have been made vo check the accuracy of the
difference method <1 minced :e€at s@aples. Accordingly
this was done with the present data. The standard
multiplier of 6.25 was used in converting nitrogen per
cent, as determined by KJeldahl, into protein per cent.
Bate-Smith (1942) claims that the nitrogenous substances
in meat comprise appraximately 89 per cen* only of *true
protein. He therefore proposed that a factor of N x 5.6
be used for meat. However, Bate-Smith (1942) was working
with pure mscle, We are concerned here with analysing
whole meat, not Just muscle and 8o will conform to tradition
and use 6.25. The factor 6.25 probably does overastimate
the amount of protein present as can be seen from Table 32
where protein, fat and ash, make up the whole of the crude

residus and do not allow for the presence of constituents
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IABLE 32

Percentage Composition of the Crude Residue

Zton Nunber wcan S.D. nange

Frotein per cant 39 67.96 3.47 5925 = 74.88
Hat per cent 39 12.}4-9 5.29 6.7’4 - 20.52
Ash per cent 39 20.13 1.07 15.94 = 23.83

such as carbohydrates, lactic acid, pigments and vitamins.
Most of the variation in the comnosition of the crude
reciduc i1g related to fat content as can be sesn in Table 32.
The rcascon for this is that the amount of fat removed in the
first decantations with ether 1s very varieble. Soxhlet

extraction ol' a homogeneous ssauple of each residue is thus

chemienl fat in each carcass.

Tabtle 33 presents umecans, standard deviations and ranges
of protein in the carcass as estimated by thes two methods.
It can e seen that they are very similar with the Kjeldahl
method giving slightly higher values, which is opposite to
the findings of Barmicoat and Shorland (1952). The correl-
ation coefficient between the two methods of estimation was
0.9480 ** and the regression equation as follows:

Yy = X «0,07 ; Sy.x = 0O.i4 1b protein.

Where y = KJjoldahl method and x = the residual method
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IABLE 23

Means, Standard Deviations and Ranges of Protein Wt. (1b).
sstimted oy “wo Methods.

Item Number

———

Protein ¥t (KJe2daml) 39
Protein W. (Lifference) 39

stean S.De Lange
7014'6 1.37 14.-1 ol 1007
7039 1030 LL." e 909

The equation shows3 that there is littie dilicie:ice bofreesn

the two methods and thus i8 borme out by it analysis of

variaace (Table 34) which shows a non~significant difference

between thcm.

TABLE 34
Analysis of Varlance Between Two Methcds of Estimeting
Protein
Source a.ft. S.S. M.S. F
Betiweon Methods 1 0.09 0.09 0.05 N8
Error 76 135.83 1.79
Total 77 135.92

Thus it is concluded that in the present type of work

the difference method of estimating protein 1s sufficiently

accurate,
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3. RELATIONSHIPS BETWEEN LEAN-METER MEASUREMENTS, SUBCUTANBEOUS
FAT DBPTH D CARCAUS CUuWECTITION

Data from only 35 of the 39 shecp were used in this
section. The four sheep omitted (Nos. 25, 26, 74 and 11L)
bled profusely at ore or Amore of the probe sites making it
imposeible tno get an accurate reading.

In Tahle 35 are set out meuns, starviard devietions and
ranges of both average Lean-meter measurerment and average
depth of subecutaneous fat at the Lean-meter probe sites.
¥ean Lean=meter depth is almost twice that of subcutaneous
fat derth although the latter has a wider range. Skin
thickness would account for sowe Of this difference in mean
depth, out not all, It seens therefore, that the Lean-mster
rrobe extends into the underlyincr nmmiscle to some degree and
this over—estimatss the depth of subcutanesus fat. The
recason Ior Lhls may be that tie meter does not register

until the nrne contacts blood.

TABLE

Average Lean-mecter and Subcutaneous Fat Depths. ieans,
Standar-d Deviations and Ranges (in.)

Item Fumber Mean 8.D. Range

"Av. Lean-meter depthh 35 0.80 0.20 0.23 - 1.19
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in wnulysis of varlesnce of Teen-reter measuvrenents is
rrecented in Table 36. The only cowrces contributing
simificently to the varliability are etween sheep and
between sitec. The tetween observerz an? sll the inter-
uclbicn terms du not contridute significently. This tyre
of recail with large differences between sheep, snall

differe;ces between sites, and no qifferznces beltveen

ghecrv2es 1s very good and poinia te ths uselfulness i
the Lean-incter, The l:ick of any significant dAifferenca

between obrervers rcans that results obtained bty other

workcrs should e corparable.

TABLE 36

Analysis of Variaace of j.can-meter Measurerents

Source 3.1, 8.0. H.8 F

Betwecii Sheep 3y 8.460 0.2488 12.02 &
Beiween Sites 2 0.195 0.0975 L. 71 .
Between Observers 1 0.005 0.0050 Co2l N.8.
Sheep X Sites 68 1.946 0.0286 1.38 N.S.
8heep X Observers 34 0.542 0.0159 0.77 N.S8.
Observere X Sites 2 0.001 0.0005 0.02 N.S.
Error 68 1.409 0.0207

Total 209 12.560




IABLE 37

Relationships Between Lean-meter deasurements and Subcutaneous Fat Depth (4in)

Independent variate (Lecnemster Measurement) = X
Dependent variate (Deptb of subcutansous fat

at site of Lean-meter Measurcment) = Y

No. of Correlation Regression 8
8ite Pairs Coefficient Bquation FeX
shoulder 35 0.6490 ** Y = 0.68X = 0.15 0.1k
Loin 35 0.8440 7 Y = 0,98X = 0,33 0.1k
Rump 35 0.7979 ** Y = 0.85X = 0.19 0417
Average of oll 8iies 35 0.7972 ** Y = 0.95% = 0.3 0.15
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Correlations between Tean-meter and subcutaneous fat
measurements at the three probe sites are presented in
Table 37. They are best correlated at the loin site which
also has the lowest standard error of estimate of the
regression equations, The relationship at the rump site
is not mich lower but has a slightly higher standard error
of egstimate, while the shoulder site has the poorest
relationship between the two met’ods, The average of all
Lean-meter sites is also culte highly correlated with over-
age subcutaneous fat depth though not as %¥ell as the loin site.
The elgnificance of the differcnzes hetween the correlatian
coefficients shown in Table 37 were tested using Fisher's
% = trancTormation (Snedecor 1:57) wiich showed that there
were no differeices. Thus, alihough the loin site gave
the best relaticnshlp An whis causs, in tne long run it would
be hetter to use the average of all sites, Irn accordance
with this the rewmalning relationships have been calculated
on an average basic.

The Lean-metcr essentially :easures depth of subcutaneous
fat at the probe sites. Therefore it is necessary to know
the relationghips between both Lean-meter measurements and
subcutaneous fat depths, and various measures of body come
posltion to be able to evaluate the technique. Some of
the nmore important relationships in this connection are
presented in Table 38. It can be seen from the table that
average subcutaneous fat depth is better related to fat
weight (both chemical and dissectible) than Lesn-meter depth.
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IABLE 33

Relationshipe Between Average Loan=mstar Measurementy Avefage Depth of
8ubcutaneous Fat, and some Components of Body Composition

No., of Correlation Regression 8

Dependent Variate Independent Variate Pairs Coefficient Egquation T X
Fat wt.(Dissectitiz) Av. Dspth Subcutaneous Fat 35 0.6973 " Y = §1.60X « 8.51 5,02

L ]
Fat /$.(Chemiczl) Av, Dspli Subcutaneous Fat 35 0. 8956 ‘: Y = 39.74X + 8.99 L.84
Fat iit. (Diseecifin) Av, lean-iter Depth 35 0.6197 e Y = 45.23X + 8.95 6,51
Pat Wt.(Chemical) Av.lsan-smter Depth 35 0. 8292 Y = 43,76X - 8.15 6.08
Fat I(’;’i‘gg’;::fgl e) AveDpth Subcutaneous Pat 35 0.6705 ** Y = 31.66X +26.18 L.39
= I(’g;;g;gg:g'; Av.Dopth Subcutaneous Fat 35 0. 3603 *° T = 29.09K + 2894 L.22
Fat ‘{g{g;’;ﬁ:ﬁ;h) AV. Lean-meter Depth 35 0.8239 ** Y = 35.66X +13.90 5.06
Fat I{gﬁg;’;‘ﬁﬁﬁ Av. Lean-meter Depth 35 0.8324 ** Y = 33,50 + 15423 4. 70
Muscle Wt. Av. Dopth Subcutaneoue Fat 35 0.5621 ** Y = 10.67X + 20.95 3.61

™
Muscle Percentage Av. spth Subcuteneous FPat 35  =0.6829 :. Y = 53,05 - 21.85X 2.85
Muscle Wt, Av, Lean-meter Depth 35 0.6898 Y = 14.95X ¢+ 13.79 3.23
Muscle Percentage Av. Lean=meter Depth 35 «0.7725 e Y = 61,40 = 22,75X 3.85
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The stundard errorc of estlxit: ¢i vhe rogreesnion caustions
are aliso lowver for average fat deptile There is not wmuch
differeciicc between the twc methode of cstimating fat weight
aitiough in euci case the chemdcal aetihiod has a slightly
lower cisndard error of estimmte.

Subcubtancous fat depth is also betier related to both
chcmiical snd disscetible fat pcreentages thenl is Lue .cal-—-
meter measurement, Again the clucmical fai is slightiy
Peiier reiated to toilh tiie Lean-tmweter neccurcuent and :iverage
fat depth than the dissectille fat, &8 can s szen by cai=
paring the siandurd errorse.

Muscle weight is petter predicted by the Lean-oeter
wihile muscle per cent is more ciosely irelated to averagse
subcutaneous fat depth, vnlike tfativ wiiere there was not
mucly difference in the magnitude oi’ ¢he correlations between
rercentage and weight components, there is quite u laige
dif'ference 1oi* wuscCic. The pcrcentage correlations are
negative and of aprreciably greater magnitude than those
with the weignt component. The negative sign was to oe
expected in view of the high negative correlation beiween
muscle and fat percentages (r = <0.9777 ** ).

Although the standard errors of estimate of the
regreseion equatians shown in Tuble 38 have been used in
comp&arisans it should be noted that they are large.

These large standard errors remove somewvhat the value of
the relatively high correlations found in Table 38. The



IARLE 32

Reletionship of 8pecific Graviiy 1> Some Mesasures of Carcasa

Conmpoasition

Nee of ‘Correlatian Regression 8
Depcndent Variliate Independent Variate Talirs Coefficient Equation y.x
Fat fg;\‘:ﬁmg Stecific Gravity 39 “0.9475 *7 ¥ = TOL,T1 « 643.86X 2,53
Pat e e o) SPe0ific Gravity 39 -0.9399 °° Y = 749.10 - 686.54X 2.90
Water Percentage Specific Gmavity 39 0.9357 * ta U72. 44X = 4hly, 17 2.07

. -
Muscle Percentage Specific aravity 39 0.9165 * T = 453.50 = 425.54 2.30
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size of these correlations ic wrchably e more to the

variability of the data than to biological causes.

L. SPECIFIC GRAVITY AS A Y2ASURE OF CARCASS COMPOSITION

The specific gravity (S.G.) determinations were made
at water temperatures of 65 to 66°F. lMean 8.G. was 1.029
with a range of 1.013 to 1.055.

High negative relationships were obtained bpetween
8.G. and both chemical and dissectible fat percentages.
However the correlation with chemical fat is higher and
the sianduard error of its regression equation is lower
than with disseciible fat. This is reusonable on the
grounds that S.G. is influenced by toiul carcass fat.
This total fat is estimnted bettcr Ly chemicul means than
oy dissectlon which does not account [or wmany rais such
as intramuccular fat and bawe Lfad.

tiigh positive correlsiions are shown between S.G.

and wa.er and muscle percentages as scen in Table 39.



CHAPTER V

GENERAL DISCUSSION

Three methods aof determining composition have been
studied; one on tihe live animsl and two on the carcass.
Pace and Rethbun (19L5) and Kraybill gt al. (1952) have
demonstrated a very high relationship between whole body
and carcacs conposition. So the prractice used in the
rresent work of relatling all measure:eats to carcass com=
position would scein valid in terms of vody composition.

The results have shown that the Lean-meter will give
an ndication cf tixe level of rIatness of a group of 1live
shespe The correlutions are much better than those ob-
tained by Temples et al. (1956) for beel cattle and as good
as, or better than, the relationships found by several
workers on thc nig. Hovever the relationships in the
present study have large standasd errorc cf estimate for
the regrecsions. The relationships are not good enough
to give an accurate ap.ralsal of the fatness of an individual
animal. As fat is the most variatle component of ths body
and therefore an inportant determinant of bvody composition,
any method which will accurately measure the fat content
of the live anirnal is of great practical importance. Herein
lies the value of the Lean-meter. As yet the techniqgue is
imperfect and has many faults, but due to the fact that
pranmising results were obtained, faarther work on the tech-
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nigue would appear to be warranted. The present results

indicate the type of approach needed:

(a) Busy identification of probe sites at the same
relative anatomical positian on each animal. The method
used in the present woirk, where constant distances were
measurcd fromn the last rib, was not satisfactory because

no allowaince was inade for variation in animal length.

(v) The depth of subcutaneous fat at the site of
rrobing must ve highly related to the fat content of the
animal. In the present case this relationship was quite
high and back fat thickness was in fact better related to
tot«l ratness than Lean-meter depth. Howiever, apart from
the deypth of {fai along the backline little systematic work
nas oeein done measusing the relationship between subcutan-
eous fat depth and total fat at other sites on the body.
There might be some other site where the relationship is
higher than for back fat.

(¢) A8 with Teriple et_al, (1956) bleeding was found
to be a source of tirouble and the data from four sheep was
discarded because o1 this. A site needs to be found which,
taking into account (a) and (b) above, is not prone to bleed-
ing. Most of the work with the Lean-meter has been con-
ducted on the pig. The subcutaneous fat in this animal
is different anatomically to that af the ruminant. It is
closely adherent to the skin, 1s not markedly interspersed

vith miscle layers, and does not have a vascular supply
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equal to that of the sheep. These factors make it mach

easier to obtain accuraie Lean=mster measurements on the
rig.

(d) The lean=meter itself requires improving. It
is not easy with the sheep to locate the point where
muscle is first encountered. The indicator needle flickers
all the time and a definite end=point is not certain. AB
in the case of Walker-Love et al. (1958a) it was found that
the Lean-meter over-estimated the depth of subcutaneous fat.

It is thought that if the protlems outlined above could
be scolved the Lean-meter approach to determining live animal
bndy corposiltion zould be very rewerding.

Results from the comparison of chemicual and dissection
aalyses show tlat 1t is possible to estimate accurately
dissectible fat from chemical fat, and muscle from either
protein or wate:»; on both a whole carcass and Jjoint basis.
The relationship»s between chemiceal and dissectible fat are
as goed as thos: found by Hopper (19i4) and Hankins and Howe
(1946). The results in the present work showed, however,
that in general dissectible fat and muscle could not be
predicted as accurately from chamical data within Joints
&8 on a whole carcass basis.

It was not found posaible to estimate bone or tandan
Plus waste accurately from chemical data. However the
correlation between ash and bone weights in the carcass

was higher than that found by Hoprer (1944). Cannon bane
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weight has been suggested as an independent variate for
estimating total bone weight (McMeekan, 1941; Hughes,
1957). In the present work the correletion between
these two varlables was 0.8329 and tiie standard error
of estimate of the regression equation was 0O.44 1b baone.
While these figures are better than thoee between bone
and ssh, thay are still not good enough for useful pre-
diction. It seems that a better method of chemically
estimiting Done is required. It is suggested therefore,
in work of this type, that dissectible fat and muscle be
est:mated from the appropiriste chemical conponents while
brme plis tendon slus waste be calculated by difference
ar a single compoaent. This procedure would be far quicker
tlan carrying out dissectlai. It takes approximately 24
man hours to dissecet one half-carcass and approximately four
man hours to chemiczll; analyse six side samples. In actual
practice the time tiuken to increase the number of chemical
analyses would not be large because there is an overhead
of work that must be done and the addition of extra samples
involves little extra timw. The findings of Kirton gt al.
(1960) that the chemical composition of a side can be
estimated accurately from two samples 1s of pertinence
here. The chemical analysis of carcasses can be speeded
up threefold because of this.

A great deal of work on many specles of animals has
been conducted on the relationship of §.6G. to body composition.
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Reporits of the efficiency of S.@. are most varied. The
relationship between fat per cent and 3.G. for sheep in
the present work 1s higher than those found by Stouffer
(1955), Kirton (1257), or Gerreit et _al. (1959). The
high reolationship between S.G. and muscle per cent bears
out the findings in the literature. Although many factors
can csus2 variations in S.@. values the method must not be
deprecisted. Its value lies in the fact that it 1s quick
and that it does not involve destroying any part of the
cCarcass. Theirefore in work where it is not possible
econariically to dete.maine chemical composition directly,

8.¢.. my »revide a udseful indirect assessment of composition.




CHAPYER VI

SUMMARY AND CONCLUSIONS

1. Data from the 39 Romney ewe carcasses studied in Part
I were used to evaluate three nethods of determining com=

position.

2. High relationshinrs were found between chemical and
dissectivle fat weights (r = 0.9964), water and muscle
weights (r = 0.9€94), and protein and rmscle weights

(r = 0.9655) for the whole cavcsss. Correlations were
similarly celculzted on a Jjoint basis, but these were
generall; slightly lower. Relationships between chemical
coiponent weights and bone weight were not considered high
enough for predictive parposes. Tt is suggested that 1in
work of the present nature dissectible fat and muscle be
estinated from tre awpropriate chemicel components while
bone plus tendan plus waste be calculated by difference

as a single compcnent.

3 Protein estimated by the standard KJeldahl analysis
using a conversion factor of 6.25 was compared with protein
as estimated by &iffcrence using the mathod of Barnicoat
and Shorlend (1952). There were no significant statistical
differences between the two methods and the correlation ve-
tween them was 0,9430. The regression was:

Yy = X «0.07; sy.x = O.144 1b protein

where y = Kjeldahl method and x == the difference method of
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Barnicoat and Shorland. It was concluded that the differ-
ence method was sufficlently accurats in the present type

of work.

Le The Iean-reter wae msedrto determine compcsition of

the live manimal, Date from four shceep had to be discsrded
because of haemorvhage at the prove sites. An analyeis of
varie:i.ce showed highly significant differences between sheep,
eignificant differences between prooe sites and non significant
differences betlween observers. The nean of the three probe
sites (shoulder, loin and rump) had a correlation of 0.7972
with the average depth of suocutaneous fat at the same sites

on the carcuasc, Both average Le\an-meter ineasurement and
avarage depth of subcutaneous fat were correlated with several
measurss of fatness and leanness. In all cases, except muscle
weight, average depth of subcutanecous fat gave a better estimate.
Howevecr, the correlations witihh average Lean-meter depth were
only £lightly lower cnd may be detaiJ\.ed as follows: weight of
discectible fat (r = 0.3197), weight of chemical fat (r = 0.8292),
dissectible fat per cent (r = 0.8239), chemical fat per cent

(r = C.8324), muscle weight (r = 0.6898), muscle per cent (r =
-0.7725). 'These results show that the Lean-meter will give

an indication of the level of fatness of a group of live sheep.
However, standard erro:\é of estimate for the relationships
studied were large. Further work on improving the technique

appears to be warrented.
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5 High correlation coefficients were estimated between
carcass specific gravity and choemical fat per cent

(r = =0.9475), dissectible fat par cent (r = =0.9399),

water per cent (r = 0.9357) and muscle ier cent (r = 0.9165).
The useiulness of 8.G. in determining carcass composition

is discussed,
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APPENDICES

A copy of all the data used in this thesis
has been lodged with the Sheep Husbandry
Department, Massey Agricultural College.
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ATPENDIX II

Analyses of Variance frem Part I

1. Liveweight 2t 10 May 1957 (ib)

Source Gels 5.3, M.S. F
Error 35 105499 21.89
Total 38 LLR.06

e g

2, Livewcighl &t 10 July 1957 (2b)

SO“J.I‘CQ d.cfo S.So Mcﬁ- F

Fasture 3 Wive15 148.72 542 %
Brror 35 950,52 27.44

Total 38 1406.07

3. Liveveight Final) at 17 Decwdber 1958 (1b)

Source d.t, 8.5, M.S. P
Interaction 8 1908 .49 238,56 1.07 N.S.
Birthrenk 3 1413. 70 471.23 2.12 N.S.
Pas ture 3 6275.88 2091.69 9,40 b
Brror 2L 5340.90 222,54

Total 38 14,938.47




4. PFrozen Carcass Weight (1b)

Source d.f. S.8. M.S. P
Interaction 8 1666433 208.29 1.97 N.S,
Birthrank 3 303.95 167.98 1.59 1N.S.
Pasture 3 2510.42 836.81 792 e
Error 24 2534450 105.60
Total 38 7215.20
5 Clemlcal Fat Welght 1n Jarcass (1b)
Source d.f. 3.8, ¥.S. F
Interaction 8 187.29 25.41 0.57 ¥.S.
Birthrank 3 1000.33 353.44 8.67 LR
FPasture 3 1423.50 L74.50 11.64 *X
Error 24 G78.38 uo.77
Total 38 3649.50
6. Water welght in Carcass (1b)
Source d.f. S.S. M.S. P
Interaction 8 96.56 12,07 117 N.8.
Birthrank 3 12.49 4.16 0.40 N.S.
Pas ture 3 251,57 83.86 8.13 e
Error 24 247.63 10.32
Total 38 608.25




7. Protein Weight in Carcass (1b)

Source d.f. S.8. M.S, P
Interaction 3 8.65 1.08 0.96 N.S.
Birthrenk 3 3.C2 1.33 0.92 NeSe
Pas ture 3 23027 7.76 6. 93 3%
Error 24 26.77 1.12
Tetal 38 51.78

e Ash leight in Curcass (i
Sowrece Gefe S.8. MeSe F
Interaction 8 0.95 0.12 0.54 N.S.
Birthrank . 3 G, 72 0.24 1,09 N.S.
P&SLU.I‘G 3 1093 00614 2.90 N.S.
Error 2L 5632 0.22
Total 38 8.92

9. Cherical Fat Pcrcentage in the Carcass
Source i.f. S.S. U.Se F
Interaction 8 143.30 18.54 0.55 N.S.
Birthrank 3 Wh7.33 149.11 4. 46 =
Pasture 3 661.67 220,56 6.59 R
Error 2y 802.75 33.45
Total 38 2060.05




10. Water Percentage in the Carcass

Source d. £ S.S. M.S. F
Interaction 8 75.66 2.46 0.51 N.S.
Bir thrank 3 26654 A0 38,87 4.83 N
Pas ture 3 352,96 117.65 6.40 %
Erroxr L Lyt .41 18.39

Total 38 1136.63

1i. Irotein rercenitage in the Carcass

Sourcs AT S.8S. M.S. F
Interaction & 1C. 15 1.27 0.70 N.S.
Birtherank 3 082 6e34 3.81 ¥
rasture 3 30 .40 10.13 5657 B
Brror 24 4%5.71 1.82

Total 38 500

12. Ash Iurcentvage ia the Jarcass

Source defe 8.5. M.S. P
Interaction & 219 0.27 142 N.S.
Birthrank 3 0.4y 0.15 0.79 N.S.
Pagsture 3 2.56 0.85 u.u? *
Error 24 he®3 0.19




13. Dissectible Fat Weight in the Carcass (1b)

Source d.tf. 8.5. M.S. F
Iaseiacbian 8 57’{.. 214» 7" 'Y 78 1 -l}9 N.S.
Birthrank 3 To5a 2l 256,41 5.34 ¥
Pastuce 3 1119.57 373.19 T.77 o
aprpror ol 115230 LE.C2

Toeal 30 3615.141

14. Muscle Weight in Zarcass (1h)

Source d.f 3.5. M3 F
Interaction & 95.50 11.95 1.00 N.S,
Birtmyrank 3 10,88 3.63 Ga30 IS,
Pactrre 3 307.32 102,44 5.54 e
Error 24 261,65 11.99

Total 38 701 .41

15. PRoac Weight in Carcass (1)

Source d.f. 8.S. M.Se P
Interaction 8 6.45 0. 81 2.38 *
Erraor 2‘& 8.1‘4 003‘4

Toval 32 144459




16, Tendon and Waste Weight in the Carcass (1b)

<~ Source d.t. S.S. M.S. F
Interaction ) 1.05 0.13 3.36 *
Error 2L 0.9 0.04
Totad 32 1.99

17. Disscectible Fal Percentage in the Carcass
Soulce defs S5.5. MeD o P
Interactlion 8 16€.,04 20.76 0.50 N.S,.
Birthrank 3 483.77 161.295 3.87 %
Pasture 3 1377.76 452,25 11,02 e
Error 2L 1000. 56 41.49
Total 38 3028.23

18. Muscle Perccntage in Carcass
Source d.f. sS.S. M.S. F
Interaction 8 89.76 11.22 0.62 N.S.
Birtirank 3 28ho 93 9}40 98 5e 28 %
Fasture 3 299.97 22.99 5.56 %
Error 2L 431.95 18,00
Total 38 1106.614




19. Bone Percentage in the Carcass

SOU}?CG d!f. SOS. M-S. F
Interaction 8 8.16 1.02 0.34 N.S.
Birthrank 3 21.46 7.15 2.39 N.S.
Pusture 3 52.00 17.33 5.80 w
Erron 24 71.82 2.99
Total 38 153.44
20. Tendon and Waste Percentage in Carcass
Souree d.f. S.8S. e 3. F
Interaction 3 1 .01 0.20 0.27 N.S,.
Birthrank 3 1.02 0.34 O.46 N.S.
Pasture 3 Te 83 2e61 3 o 55 %
Errcr 24 17.67 0.74
Total 38 20.13
21. Feet Weight (g)
Source d.f. S.8. M.S. ) )
Interaction 8 108688 13586 1.06 N.S.
Birthrank 3 7291 2430 0.19 N.S.
Pas ture 3 261261 87087 6.78 *s
Brro: 24 308333 12847
Toteal 38 685573




22, 8kin Velght (1b)

Source d.f. S.8. M.3. P
Interaction 8 13.79 1.72 0.56 N.S.
birtirang 3 6.50 2.83 0092 N.S.
Pas ture 3 06.27 22.76 7.37 %
Error 24 The25 309

Total 38 164. 81
23, Head Weight (1b)

Souirce d.ft. B.8, ¥, ], F
Interaction 3 “e I-} G.26 2.00 N.S.
Birtiovank 3 G.04 0.01 C.10 N.S.
Pact(‘l“e 3 2037 Co79 6. 08 By
Error 24 3.13 C.13

Total 38 7.58
24, Emty Weight of Stomach plus Oesophagus (1b)

Source _ d.f. S.3. .S, by
Interaction 6 2,50 0.31 Y4.23 *%
Error 2L 1.78 0.07

Total 32 .28
25. ampty Weight of Large and Small Intestines (1b)

8ource df. 8.8. M.S. ) 4
Interactian 8 1.82 0.23 1.21 N.S.
Birthrank 3 1.0“ 0035 1.8“ N.S.
Pasture 3 0.8Y 0.28 1.47 K.S.
Error 24 L.49 0.19

Total 38 8.19




26, Heart Welght (gm)

Source d.f. S-So M.So F
Intersction 8 13399 1675 1.68 N.S.
Birthrank 3 TRz 2L1 C.24 NeSe
Paecture 3 o222 2141 2.15 N.S.
Brror 24 23686 995

Total 38 14030

27. Lungs plus Trachea weight (mn.)

oource QeI S.5. MeSe F
interaction o) 27167 3390 0.17 N.S.
Birtaranlc 3 2113% &ClL O.141 N.S.
rasture 3 L3945, 14085 7.49 A
Brrc 2 469087 19545

Totul 38 959861

28. Spleen Welght (gm.)

8ource d.f. S.S. M.S. P
Interaction 8 102 128 1.08 N.S.
Birthreank 3 106} 355 2,98 N.S.
Pas ture 3 4110 1370 11.51 a»
Exrror 2L 2857 1419

Total 38 9055




29. Liver Weight (1b)

Souxrce d. £ 3.8, ¥.8,. F
Interaction 8 0.30 0.04 1.00 N.Se.
Birthrank 3 C.01 G.003 C.08 I.c,
Parc ture 3 @, 5 C.17 L.36 *
Error 24 C.S3 0.04

3C. @aul Fat Weight (1t)
SOUI‘CG dcf. So S' M.\Jo F
Interaction & Yot 1.10 0.0 N.3.
Dirthai 3 £4.00 5,67 5076
rastire 3 I3 0Ol 1435 e Dl w%
Erver 20 UG .40 1.08
Totval 36 1247470

31. Gut RFat weight (Ib)
Source 055 8.3. M.S. P
Intcraction <] c.92 Ca.12 0.86 N.S.
Birthrank 3 051 0.17 1.21 N.S.
Pasture 3 0.97 0.32 2.31 N.S.
Errop 2L 3426 0.14
Total 38 5.66




32, Kidneys' Weight (gm)

Lo BB u e - a—

Source €.t SeS. MeS. P
Intcraction 8 3559 Lk 1.9 N.S.
Birthrank 3 24-82 1 61 0069 N.Se
Pa:siare 3 4710 1570 6.74 Rk
Wivor 24 5584 033
Total 38 14335

33. Genitel Tract ;lus Blaader veight (gn)
Source AdeTe S.5. M.S. F
Interacticn e 355579 IS R 1.12 N.S.
BisLiank 3 55%y 291 Ce57 HaS.
rasture 3 30009 100235 2.67 NS
Brror 2L o959 5758
Total 38 160001

34. Stomach Content Welght (1b)
Source deTe .8. M.S,. )
Innteraciion 8 2.5.13 2.69 1 .w N.S.
Birthrank 3 2l.72 Te24 3.71 *
Pagture 3 1709}4 5098 3.07 *
Error 2y ho.85 1.95

Total 38 108.64




35 Intestinal Content Weight (1b)

Source Gefe S8.8. M.S. F
Interaciion 8 1.83 0.23 1e21 N.S.
Bir thrank 3 1. 94 0.65 3.42 =
Pasture 3 2.03 Oe8 3.58 *
Ervor 2y L.45 0.19
Total 38 10.25

56. ©Stomach plus Intestinal Contents lieight (1b)
Source d.f. 8.S. Mela F
Interaction 8 24.49 3,06 1.37 N.S.
Birthrank 3 33.30 11410 L .96 rE
FPas ture 3 29.32 9.77 L.36 *
arror 2L 53.69 2.24
Total 38 140.80

37. "Pat-Ppee" Carcass Weight (Ib)
Source d.f. 8.8. M.S. F
Interaction 8 177‘10 2201“ 9 038 N.S.
Bir thrank 3 17.83 5.9 0«37 N.B.
Pas ture 3 L4651 148.84 9,31 e
Error 2‘4 3830 87 1 5-99
Total 38 1025.31




38. Percentage Muscle in the '"Fat-Frec" Carcass

Source

d.fe S.S. Mele F

Interaction 8 8.07 1.01 0.21 H.S.
rasiture 3 L7.22 15. 74 3.24 >
Error 2L 116.62 L.86
Totald 38 181.72

39. rercentage Bone in the "Fat-Free' Carcass

Source d.f. S.S. M.S. F
I.¢t:action 8 L4.41 C..55 0.35 N.S.
IGeiarank 3 L‘»o 76 1.59 1 003 HeSe
acsare 3 23.94 7.98 5.15 iy
v 24 37.27 1.55

Total 38 .38

W. rercentage Tendon »lus Waste in the "Pat-Free" Carcass
Cource d.f. S.8. M.S. F
Interaction 8 1.9 0.2 0.31 N.S.
Birthrank 3 0.13 0.04 0.05 N.S.
Pas ture 3 3.14 1.05 135 1HN.S.
Error 24 18.75 0.78

Total 58 230”




38. Percentage Muscle in the '"Fat=Free" Carcass

Suurce do f. S-S. :VI.S * F
Intersction 8 8.07 1.01 0.21 HeSe
Bir thrank 3 9, 81 5.27 0.67 N.S.
ras ture 3 L7.22 15¢ 744 3.24 *
Lproe 2’4 11 6062 Llo 86

Total 38 181.72

39, rercentage Bone in the "Fat-Free" Carcass

SO'_’.I‘GG d.f. SQS. }dc S‘. F
I.%:action 8 L.41 Ca55 0.35 N.S.
TGathirank 3 L.76 1.59 1.03 W.S.
‘e Lure 3 23.94 7.98 5.15 e
Bron 24 37.27 1.55

Total 306 70.38

4. rercentage Tendon plus Waste in the "Pat=Free" Carcass

Source d.f. S.8. 4.S. F
Interaction 8 1eNM 0.2 0.31 N.Se.
Birthrank 2 0.13 0.04 0.05 N.S.
Pas ture 3 3.14 1.0 135 NeS.
Error 24 18.75 0.78

Total 38 23.93
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