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EFFECT OF SEX UPON GROWT'H IN THE PIG

INTRODUCTIOR.

Almost a quarter of a century has elapsed since D'Arey
Thompson (1) published his classical work "Growth and Form", in
which he demonstrated that all living organisms except the very
simplest owe their form to the phesomenar of ¢ifferential growth.
During this period there has been a realisation that the phenomena
of differential growth are fundamental to many branches of biolo-
gical study, and many of the broad empirical laws involved have
been investigated. Huxley (2), in his book "Problems of
Relative Growth™, brings together the accumula ted work of many
scientists and clearly demonstrates the widespread occurrence of
differential growth gradients in many civerse species and shows
that many cases of hé&terogenic growth are capable of quan titative
expression. He has algo indigéated the profound bearing which
these laws governing growth have upon problems in other branches
of biology.

Coincident with the investigatior of the differential
nature of growth in the geheral biological field, there has
been an application of the principles involved to problems of
animal production and in particular to the specialised field
of meat production. Two factors have been chiefly responsible.
Firstly, economic developments in the meat trade of recent years

have caused greater attention to be devoted to the quality as=-
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pects of meat production. The 0ld oriteria of efficient
meat rodustion, namely the amount, rate and economy of
live-weight inorease, have been extended to embrace con-
gideration of the nature of the live-weight inocrease and
its mode of distribution throughout the variouz parts of
the body, there latter being the major faotore involved in
carcase quality, Secondly, workere in this field have
been cuick to recognise the fundamental dependence of the
form and comparicon of the animal body upo: the differen=
tial growth relationshipe existent not only between, but
als> within, each of the major tiessues of the body - 1i,e,,
-‘bone, muscle and fat.

One result of the development of meat investiga-
tions along these linee has been that the meat pnroducer is
now provided with a clear pic ture of the nature of the growth
changes which take place in his animele during their devel op~
ment, He hae aleo been shown how these changeg are respone
gible for the proportions and composition which his animala
attain by the time they are slaughtered, Thus in the eheep
Hammond (3) has made a comprehensive investigation of the
growth and development of mutton qualities. In the pig he
initiated similar studies, réoently reported upon by McMeekan
(4). Both studies have desoribed end emphasised the dif=-
feren tial nature of grbwth in these species and have shown
how an applk ation of the principles involved can be of ucse
to the animal producer. .

A further outcome of ocarocase quality invectigationse
based on the growth approach has been the development of stan

darde of quality which have supplied the breeder of pedigree

etock with idea)s,measured in precise termec, towards



which he can direct his selection and vhish have the added objec-

tive of diverting his attention from "fancy"™ points to those of

real economic importance. In addition, thesestandards, by

providing quick and reliable methods 5f estimating the relative

merit of different carcases aim at ensouraging the breeder to

select upon a progeny test basis, which medern genetical research

indicates as.essential to further progress in increasing animal

efficiency (Lush, 18). To the animal breeder, the elucidation,

arising from these studies. of the nature of breed differences, is

of considerable importance. It has been demonstrated that the

changes involved during the évolut;on of the more highly improved

meat animals, are not the result of isolated modifications to par-

ticuler parte of the body, but rather the result of an orderiy

speeding upy of the major growth gradients. Since the latter

are effective_throughout the whole of the body, the result has

been the production of an earlier or later maturing type of

animal as the case may be. .By u thorough understanding of

this process, it is possible to visualise extended improvement

along similar lines and to predict the type of progress likely

to oscour in the fubare, ‘
Studies have also bsen carried out to determine

how the growth relationchips typical of a species are capable

of modification by hereditary and envim nmental influences,

Thie is a most important aspect of growth studies for it is

obvious that, only with the aid of precise knowledge of how

the fundamental growth processes inherent in the animal oan

be modified, will the meat producer be able to take suitable

measures to effectively control and direct them. bifferen-

cés with a physiological basis, such as those between dairy
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and beef, and tropic and temperate zone cattle; differences
concerned with the relative rate of reaching maturity such
as those between park and bacocn types in swine, and most of
the important differences between breeds themselves may be
asoribed to the modifying effest of their respective geno-
types upon growth differentials within the body.

Most important among the environmental factors, which
are known to be concerned in modifying growth differentials,
is the plane of nutrition. Quantitative differences are of
much greater importance in this field then gqualitative dif-
ferences in rations, though in specific instances deficienciss
in vitz2l nutritive elements such as vitamins, minerals aand pro-
teins oan also exert powerful effects (McMeekan, 4). By taxiag
advantage of the existence of inherent growth differen¥ als #sith-
in the bpdy, a considerable degree of variation can be gffected
in any direction by quantitative control of the mutritli onal
environment.

vex is8 also an important growth factor. 1t is & fac-
tor of common observation that in many external characters
males di ffer markedly from femmles, and castrates fiom ca res-
ponding normal esanimals. Usurlly, the differences most obviously
map { fest upon easual inespeotion of farm animals are those con-
cerned with the develcpment of the so-called "secondary“ sex
characteris ties, sush as the appearance and shape orf cer tain
parts cf the body , particularly of the head and neck or the
erfgcts of castration on docility and ease of handling 6f the
animal. Important as these readily observable effeets are,
sex has heen showa to be respeunsible for differences which are

of even greater prectical significance to the modern producer



of meat animals - namely differences in anatomical com-
position, which play a large part in determining carcase
quality. ®hus, when considered as a whole, the work
of Hammond and Murray (7) , Woodman et al. (8), Woodman,
Evans and Turpitt (9), Warner Ellis and Howe (10) and
McMeekan (6) has shown conclusively that sex infiuences
the relative proportion of bone, muscle and fat in the
body of the pig to a material extent. The work of Hem-
mond (3) with sheep, ¥oster and Miller (l1) and wramiich
and Thalman (12) with cattle, Mitchell and Hamiltcn (13)
with poultry and Morris Pelmer &nd Kennedy (14) with rats,
all show that sex is likewise an important fastor in de-
termining body composition in these species.

That such sex differences in bofly composition do
exist is understahndable. The gonads are known to function
as endocrine glands and with the recent rapid expansion of
krowledge in the field of endocrinology, the manifold
control of hormones over important metabolic processces
within the body has become increasinugly evident. as a
specific example, certain of the hormones produced by the
anterior pituftary are now known to dbe of ma jor impor tance
in controlling body growth and metabolisma (14). The fact
that castration in el ther sex results in modification to
the structure of thic gland {15) emphasises the possi-
bility that the secretions of the gonads may control growth
indirectly through 1nf1uencing the output of growth hormones
by other glands. Further evidence of the very intimate
relaii onship between the gonads and the anterior pituitary
is afforded by the fact that the capacity of the former to

develop and function is dependent upon stimulus by hormones



derived from the latter, Although there is at present no evidence
available on the subject of direct control over body growth by the

gonads' secretions, this important possibility must not be overlooked,

In view of the foregoing, any investigationddesigned to
elucidate differences in body composition attridbutable to sex is
of general scidntific interest and importance to the extent that
it adds to our existing knowledge of the animal body and its be-
havdour. The dempnstration and nature of such differences
present problems not only to endocrinologists but also to nutrition-
alists, physiologists, and geneticists.

As indicated above, sex differences are of practical
importance to the meat industry, ‘ On the production side,
the relative economy of live-weight increase, in relation to
fcod consumption, influences volume of production. ‘ On the
marketing side, in so far as it is responsidble for variations
in the anatomical and chemical composition of the body, it
influences the sale value of the product. The recognition
of the importance attached to sex by meat producers is reflec-
ted in the common adoption of the practice of castrating me les
animals, This operation is carried out not merely to des-

troy the potential capacity of the animals for breeding, but

also because it is believed that animale = treated are more

easily fattened and yield carcases of impraved quality. This
latter is attributed to the reduction in the thickness of the -

bones and to improvement in the flavour and tenderness of the

meat.



Adlthough, owing to the relatively difficult nature
of the operation, tthe practice of spaying is not nea;ly so
prevalent, 1t is by no means uncommon. Thus Hammond and
Marshall (16) state that the =naying of sows not required
for breeding is a cozmpn practice in some par ts of England,
and that this certainly favours fattening because such
animals are undisturbed by the occurrence of heat periods
which cause restlessress and loss of energy. Similarly
the spaying of cattle is also carried out on account of the
practical advantages which are thought to resault. In New
4ealand, it is commonly employed in some districts such as
parts of Ctago. Yeetoh (17) statee that in New South Wales
the practice of cpayicg is chiefly confined to beef-type
cows no longer suitable for breeding, although of recent
years a limited number of dairy-type cows have also been
sayed. He maintains that by spaying unprofitable cows
the quality of the meat 18 imuroved, and that by spaying
heifars, they grow faster, fatten more easily, and mix more
quietly with other cattle.

In view of ivts fundamental and practical impor-
tance, sex ,as a growith faotor ,requires further investigation,
for existing data as to the precise nature and extent of the
differences in form and composition for which sex is8 respoan-
sible are very incomple te andi frequently contradietory. Thus
in investigations with swine, but for the notable exception of

the work by murray (7) at understepoort, comparison has been

restricted to gilts and Dbarrows. iven Murray's experiments,

however, in which natural and castrate animals of the two



sexee werc employed, canxnot be classed as satlisfactory, in
that the animals were k3dled at different welghte, andi ocar-
case measurements, only, were taken, &nd used as indices of
relative leanness and fatueses of the &nimals. Since weight
aions warxedly ianfluences body form a&nd cumposition, Murray's
results do not show the precise effect of sex. Furthe rmo re,
while the assumpvion ol a reasonaole correlation of this
nature is justifiable in the lign: of reeent kanowl edge (MoMeekan,
6), the use of such meusurements must always be regarded as a
possible scurce of error ahicia these ars uSed a&s the cnly eri-
teria vl differences, Such a study, moreover, allows no
eritiocal examination of the effectes of sex and castration upon
skelebal Gevelopwent.

Need for further lnvestigation oa the subject is 8lso
omphaslsed by recent work by KeMeekan (6). WeMeekan, w rkigg
with swlanz, by the lahoratory dissection of zenetlosally com-
parable animals, was sbie to show that gilts had less fat and
MOre Boue aud wabele Lban Q14 bDarruvws possecsing similar growth
curves, e the othsr hand, usihg the szme method and similar
matérial, vuit by using widely differing growth eurves,; he was
adble to reverse thie situsation sad produsd gids containing more
fat bul less bone ara muscle Lhan comparable hogs. In the
same way he was able Lo gocentuate mormsal sex &ifferences.

The poteney of the form cof the growilh curve af a modifying
fector upcs body form snd compositici is Lhus ebvious, and
the apparently coptradictory resulte cvbitined by scme w rkers
studying sex dif ferences wmay quite eoncei?&bly be due to dif-

ferences in the form of the growth curve among the animals

they compared.



On this account the 1iterature dealing with sex
differences, must be subject to criticzl exemination iu the
light of any differences which mey have exieted in the form
of the growth curve of the differently sexed animals, &8 such
differences are likely to have affected the validity of the
conclusions drawn. Using data from experiments whicvh wers
not specifically designed to sterdardéise the form of ths
grcmth curve, it is extremely difficult to elucidate the
fundamentael basie of sex differences. A typlcal example
of such éata is that of S. Beagston (2%) who foun' that
rerrows were fatier Sthan gilfls and sliso that barrows were
characterised by a higher growth rate, From the atove
facte 1t is extremely difficult to decide whether the greater
deposition of fat in the barro+s as compared wi th the gzilte
is due to some fundamental physiclogical difference bdetween
these two kindes of animals, or whether this is due merely
to the faet that barrows gain in weight more.rapidly than
gilts and are therefore in a higher condition =t slaughter
welght, Again, vhy dc¢ the barrows gaip more rapid y?

Is it btecause of a greater capsecity teo coamsume food, or 1is
it dependent upon some more fundamentsl differenee He tween
the animals which affects the efficienscy of food utilisation?

In sumes ry, it way be 2aid of structural differences
" due to sex, that im view of their fundamental apd practiecal
lmpor tance, our present state of knowledge on the albjéct is
most unsatiefactory. The present investigation has there-
fore been designed with the purpose of sequiring greater
knowledge of the influeme of sex upon the eanatemieal com-
position and the histology of the muscular tiesuve cf the

bacon pig. Attention has also been focussed upon the in-
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fliaence of sex upon food consumption and atilisation. 4ll
four eexes have been studied: namely, natural meles,
netural females, castrate maies, end castrate females. In
plamning the experiment every attempt has been made to elim-
inate or 2t leatt stanGaradise the modiiying influence of
factors,d?ﬁhr then sex,which are knowa tu affect body form

agd composition.
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FART 1

METHODS AND MATERIALS,

1, TEE EXPERIMENTAL MATFRIAL,

The animals used in the inve:stigation have been derived
from the stud Tamworth herd maintained at Massey Agriocultural
College. The pige were reared in succeesive groups of four
animals, each group consisting of a natural male, a natural
female, a castrate male, snd a castrate femsmle, Within the
College herd, a moderately strong programme of insreeding has
been recently commenced, accompanied by eeleetion upon a lergth
of carcacse basis for "long"™ and "shaort" type s, Pige for t he
experiment were chogen from litters out of sowe of the long
type, and with one exception were sired by the same long type
boar, Thie poesibly reduced the amount of va:riability between
the ditferent litters selected,

Just what effect the inbreeding has haé in inoreasing
or reducing the uniformity of the litter mates used, as come
pared with the uniformity which might have been expected in
litter m-tes sele oted from & normal non-inbred population, is
rather a matter for specdlatian. It 1is well recognised that
prolonged inbreeding results 1n a reduction of heterosis in a
population and that the potential variablility of the an imale
ie thereby redused (Lush, 18), Appreciation of this fact has
led to the development of inbred straines in some speciee for

epeciasl ure in experimental investigations, In the case of
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the present material, however, inbreeding is etill in the
iritiel stages, in which it tends to separate the population
into distipet lines, ard hae accordingly probably resulted

ip an increased rather thanm reduoed variadbility within 1li tters.
Phis eontention is supported by the work of Berge (20) with
swine, who found thut on inbreeding unsccompanis® by selec~
tion, the variance of the 1itters increased ia the sarly

sbages 2s regards most of the characters studied.

As an ald to determining the probable effect of the
inbreeding practieed, both the inbreeding coefficiente of the
animals snd the coefficient of r»elationsalp of each &niﬁal to
each of taoe remaining animale in the same grow , were computed,
Eoth coefficients wers calcoulated by applicatiocon of the formu~
lae devised by Wright (19) aand advocated by Lash (18).

Pig. I shows, in arrow diagram form, the pature of
the inbresding, the nambers representing the animals used in
the investigation. Theso arrow diugrams were used in com-
piling tke coeffieient of Iindbreeding and relati oaship which
eare presented i1z Tadle I. The coeffisient of inbreeding
ranges from almost zero to a meximaa of 0.23.

It 1s interesting to note that ia no case does the
figure for the degree of relatlionship bstwsen apny tw 1it ter
metes wlthin any one grour exceed 58 per cent. The degree
of relabloushiypy between litter mates derived from aay popu-
lation ia which no indreeding has been practised is 50 per
cent. Now, the coueffiecient of relatinuship of tw indivi-

duals iz a measure of the probable likeness of the genotypes.

Sinece Lusk {18) states that under an inbreeding system the



TABLE I

DEGREES COF INBREEDING AND RELATIONSHIP,

Group Prig sex begree of Animals Vegree of
No. No. Inbreeding Compared relationship
.
I 37 $ 25,00 87.42 56.0
42 T 14.11 37.28 56.0
28 .54 14.11 37.33 S506.0
33 & 14.1) 42,28 37.0
42,32 37.0
28,33 37.0
II 25 ? 14.11 25.26 56.0
26 -y 14.11 25,32 45,0
32 o 14,11 25.31 45,0
31 & 3.1 26.32 45,0
26.31 45.0
31.32 56.0
III 88 $ 15. 63 88.96 57.0
91 ¥ 15,63 88, "% 57.0
96 &7 15.63 88.95 i 57.0
95 ~~ 15.63 91.95 57 .0
91,96 57.0
95.96 57.0
Iv 4 $ 0.78 4.1 50.0
1 * D.78 4.8 50.0
10 54 0.78 4,10 5V.0
8 & 0.78 1.8 50. 0
1.10 5v.0
€.10 50.0
v 41 2 19.556 41.40 58,0
40 T 19.55 41.39 58.0
7 40.39 58 .0
39 <« 19.55




individuals are "more alike in their heredity than they are-
in appearance, whereas under assortive mating they appear
more like each other than they really are®, the fast that

the degree of relationship between members of the most in-
bred litter (i.e. 58 per cent.) is only slightly higher than
the normal figure of 50 per cent., is considered as lending
further support to the contention that the animals are, taken
as a class, more variable in conformation than had they bdeen

derived from a normal non-inbred population.

2. SELECTION OF THE ANIMALS.

In order to reduce variability wi thin any one group,
the ma jor consideration in selecting the pigs was that, where-
ever posshble, each group should be completely derived from the
same litter. 48 originally selected, all five groups were so
constituted. Unfortunately, in the course of the experiment
it was found neoessary to dis card certain individuals, and re-
place them with others. Throughout the investigation the
individual pigs have been identified by their earmark number
and Table II shows the number of each pig originmally sele cted,
its sex and the group to which it belonged, while Table III
shows the final composition of each of the groups.

In every e&se where a replacement was made, care was
taken to ensure that the new animal chosen was closely related
to the remaining members of the group. This may be seen,
either by exeamining tables II and III in conjunction with the
breeding pedigrees of Fig. I or directly by referring to the



TABLE II

GROUES 4S ORIGINALLY SELEGTED,
uroups s
Gastrate UASLTALE
Females ¥Yenrales nales Males
I 25a 42 28 32
11 &7 £¢i b} 4 22
iII 8e 91 96 96
Iv o 1 1¢ 8
v 41 40 a7 39
DABL:  SIX
FIBAL COMPOSITIOR OF GROUPS,
Groups & Castrate - ca
¥emales Females fales “m?,ﬁi 2
I 37 4z z8 K 2
II 2% 26 52 31
111 88 91 8 96
v k3 1 10 8
| 41 40 o9




relationship coefficients presented in Table I. ThErehkn
Ggoup I, Pig No. 37, which mwas substituted for Pig No. 25a,
wag farrowed upon the same day as the other three members
of the group and the respective dams are full sisters.
Also Pigs Nos, 42, 28 and 33, were sired by the son of the
sire of Pig. No. 37 (see Fig I, Group I). The degree of
relationship between Pig No. 37 and the remaining members of
the set is 37 per cent. (Table I). In Group II, the dam
of substitutes Nos. 25 and 26 is a full sister to the dam
of the remaining two members of the group, (i.e. Nos. 31
and 32) while all fouwr members were by the same sire (See
Fig. L, Group II). Pig No. 31 which replaced pig No. 29
was a 1i tter mate to it. In Group IV, Pig No. 4, which
replaced Pig No. 3, was also a litter mate to the remainder
of the group (See Fig. I, Group IV). The circumstances
which necessitated these replacements will be presented
later,

Selection was made when the pigs were approxi-
mately three weeks of age, and was, in the initial ochoice,
naturally confined to 1litters containdng at least two sows
and two bdoars, A further stipulation was imposed - namely
that the four piglets chosen should be reasonably well grown
for their age and all of approximately the same weight.
Selection at the early age of three weeks greatly reduced
the possibility of selecting for animals of a uniform type.
Although the latter would have been desir able, early selec-
tion was advantageous in that it ensured rendom selection
of animals within each sex, after due attention had been

paid to the weight requirement.
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8, SPAYING AN CGASTRATION,

The operations of syaying and castration were normally
carried out when the animale were three weeke of &age, Sows to
be espayed were removed from thelr mother twelve to twentyfour
hours before operating in order that the alimentary tract should
be reasonadbly empty. This was four to be one of the major con
gsideratione contriduting to the succese of ovarectomy. In the
actual operation itself, the pig was placed upon a table ani the
area where the incislon was to be made shaved free of hair and
thoroughly oleansed with disinfectant. The pig was then anaethe-
tised with chloroform and an ineision about one and a half inches
long was made in the inguinel region of the abdomen, sbout one half
of en inch from the medial lirve, #he ovariee were located and re-
moved by simple excision.

Considerable difficulty wae occasionally experienced in
locating the ovaries, thege at the age of three weeks being small
red kidney-ehaped bodies of approxi mately the eame sige ns a matche
head ané exhibiting no &izne of follicular development,

The wound was closed as in norma! lapgratomy technique,
using three layers of sutures, ‘*he waund was sealed with col=-
lodion and the plg recstored to 1te litter mates, Ae & rule,
en initial stiffnese was dlsplayed by the animals, but this dise
appeared in the course of one or tvo days and operated pige were
occasionally obeerved suckling within & few minutes of the con-

clueion of the operstion,
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When periformed upon animals of about three weeks of
age, the spaying operation was usually successful. Unfavour-
able weather and other practical considerations, however,
some times iendered it inadvisable to operate at this stage.
Greater rikk seemed to be attached to the spaying of older
animals, particularly thoce of'about weaning age.

The following table shows the actual age at which

the animals included in the investigation were spayed:

Group To. Pig No. Age in Weeks
1 _ 42 12

II 26 4

III 91 4

Iv 1 3

v 40 4

In the above table, Pig Wo. 42, of Group I, is
conspicuous in that 1t was not spayed until 12 weeks aF age.
This was due to the death of the speyed animal originally
included in this group, 1.e. No. 25a, which contracted
pleurisy during severe weather a few days after ovarectomy.
Pig No. 42, when spayed, weighed approximately 70 lbs. 1In
this particular case, the ovaries were removed through an
incision in the flank and the le ft ovary contal ned devel op-
ing follicles. The right ovary was smaller anéd no follicles
could be observed.

Th rep lacement of Pig No. 268, a iginally selec-
ted for Group II, by Pig No. 26 aroce through the incomplete
removal of one ovary of the former during the Sp;ying oper=-
at ion. Such small portion of the ovary which must have

remained, regenerated and functioned as a normal ovary.
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Pig No. 27 was discerded at the samé time in order that both
female animals in the set should be reared together and be

from the same litter.

Castration of the males was carried out &t three
weeks in each case, usi ng normal methods and wi thout anaes-

thetie.

4, EMPLOYMENT OF A STANDARD GROWTH
CTURVE WITHIN GROUFS.

The imfortant effect of variation in the form of
the growth curve of iﬁdivldual animals, in bringing about
large differences in their body form and anatomical composi-
tion has been clearly shown by MeMeekan (5,6). This emphas-
ised the need, in the present investigation, for adopting a
standard growth curve within each group, rather than a stan-
dard plane of nutrition as defined by a fixed level of focd
intake. Comsequently all four animals of each group were
made to follow the same growth curve, the quantity of food
consumed being varied for each individual in order to achie ve :
this object. The growth curve shown in Fig. II was drawn
up at the commencement of the experiment and used as a basgis
for the rationing of all groups of animals.

The employment of a standard growth curve, must,
however, be cnnsidered in relation to i1its posdble disadvan-
tages in preventing some characteristic sex effects from
coming to éxpresesion, Thus in the present experiment, any
differential abil¥ty for rapidity of growth between the

four types of animals has been completely mamked. 4lso,



the usefulness of the food consumption data is limi ted to
some extent by the employment of a standard growth curve,
which of necessity involved variations to the quantitative
plane of nutrition of different individuals. Both the
maintenance requirement and economy of gain are to a cer-
tain extent dependant upon the quantisative level of food
intake. {Hendricks et al. 27; and Ellis and Zeller, 28)

These objections to the & plication of the uniform
growth curve concept were given careful consideration when
planning the investigation. Even greater disadvantages,
however, conld be forseen if a system were adopted of ration-
ing the animals according to their live weight. With such
a method, differences which occurred in the rate of live
weight increase would render impossible a comparison betwean
the different varieties of animals at the same age anl same
carcase weight. *his has been & major defeat in the wrk
of Murray (30) at Ondersterpoors.

Indeed, from a fundamental view-point the adop-
tion of the standard growth curve must be considered advan-
tagoue, for it really results in segregating out those sex
effects which are due to relative rapidity of live-weight
increase, from the sex effects due to differential gros th
rates existent within the body itself.

The adoption of a standard growth curve within
each group necessitated the use of individual feeding crates:
so that the growth of each animal could be adequately control-

led by careful regulation of the food intake, Consequently ,
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a set of eight crates was built in each of two adjacent pens.
The design of the crates was based upon those used at Cam-
bridge. Each orate was 4 feet 6 inches long, 1 fcot, & inches
wide and 3 feet high. A emall galvanieed iron trough wss
fitted to each crate and a sliding door provided at the rear,
through which the pigs were admitted and released from the

ocrates, Plate I i1llustrates the design empioyed.

6. RATICKN USED,

Phroughout the experiment, all pigs received the
same g2alitative ration, this consisting of meal and separ-
ated milk ia the ratio of one pound of meal to onme gallon
of separated milk. In order to ensure that the meal fed
at all stages should be of uniform quality, satficient for
the whole of the experiment was purchased at tae commence-
ment of the investigation. A composite sample of the meal
was analysed by Mr. A.T. Johns of the Dairy Research Insti-
tute, Department of Scientific and Industrial kesesrch. The
nature of the meal used and 1ts chemical composition are
shown in Table IV. :

At first sight, the employment of a standard quali-
tative ration in the investigation may be thought unnecessary.
Most of the work upon the influence of purely qualitative dif-
ferences between rations indicates that these are of very
minor importance in influencing the proportions and anatomical
composition of the resultant carcase. McMeekan {4) has al®

pointed out that except in so far as differences in vital



TABIE 1V

HATURE ANy COMPOSITION OF MEAL

Gonstituent % Composition %
Barley 56 Noisture 14.560
Follard 20 Ash 6.95
Peas 10 Fat 2,60
Meatmeal 10 . Protein 16.50
Maize 5 Crude Fibre 5,30

Nitrogen free 65,30
extrect

100 100, ©°
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natritive elements, such as vitamins, minersls and certain
animo acids are concerned, the mode of expression of amy modi-
:ying effeoct due to qualitative difference is through reper-
cussion upon the form of the growth curve.

Certain evidence, however, doee suggest the possi-
bility that rations of equal energy velue but containing
different constituents, and even rations cont@ining the same
conetituents but in differingd proportions, asct in a different
way upon the growth relati onships cherecteristic of differen tly
sexed animals, For instanee, Wooimsn et al (&) found that
gilts téndad to produce a ieaner belly as the pe rceniage of
proteii?%ool in the diet was inoreased - a hehaviour not dis-
played by their brother hogs. The same workers also found
that as She percentage of protein in the diet was increased,
there was a progressive rise in the percentage of fat in the
fillet of barrows, but for gilts there was a progreseive fall.
It is probable, however, that these results mag be =xrore accur-
ately explained on the basis of differences shich existed in
the form of the growth e¢arve of the apimals used, rat@en than
on the basis of a differential response of the differently
sexed animals to different rations.

Although these findings alone are considered suffi-
cient justifiocation for the feeding of a stancard ration, this
latter was also desirable in the present wirk in that it gresat 1y
facilitated the treatment of the food consumption deta, When
fed separately, one pound of meal may be considered a2 of ap-
proximately the same prol uctive value as orne gallon of
separated milk (44). When fed in the form of a mixture,

however, the food value of each is increased (44, and Scott 45),
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the amount of the inorease varying according to the proportion-
ate composition of the mixture. In order, therefore, to maks
possible accurate comparison bstween the foad consumption 9f the
differently sexed animals and also be tween the different groups
of animals, i1t was essential that the meal-milk ratio should be
constant.

The ration used, was, in the maln, sstisfactary in
regard to the normal functioning of the bowels, although two
animals became constipated for a short period during the eoufse
of the experiment. Upon these occasions a Jose of o0il was ad-
ministered not only to the distressed animals, but alsc t& the
remaining members of the group. T¥his precsution was tekep on
account of the investigation beisg undertaken by Kr. Johns into
the chemical nature of the depot fats of the differently sexed
animale, differences in the amount and nature of the fate and
oils econsumed being xnowa to infinenece the chemicel ccompesi-

tion of the fat deposited in the body of the pig (Filditeh,26).

6. REARING OF PIGS AED GROWIH CURVES ATTAINED,

Prior to the weaning, the experimental pigs were accor-
ded the same trcatment as the remaindier of the litters, at the
College piggery. They were rovided with meal and separated
imilk under the creep ;ysﬁen from two weeks until weaning at
elght weeks of &age. After weaning, for a period vary ing from
one to three weeks in the case of different groups, the pigs

were grazsd upon young pasture, fed separated milk and were

alloweé constant esccess to meal. At the end of this period,

individual feeding was commenced, all four members of each
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group being transferred to one of the tw pens containing the
feeding orates. Bach pig was allotted a feeding crate at
ranGm, and thereafter was allowed only into its own particu-
lar crate. This was desirable for two reasons. First.

it greatly facilitated the feeding of hhe.pigs, wkich very soon
came to know their own orates, Secondly, it ensured that each
pig consumed the whole of its own ration, Ococasionally at
feeding time, one of the animals would not consume the whole

of the food supplied. This food was allowed to remsain in the
trough until the next feeding-time when 1t was eaten by its
righ%ful owner. This obviated the estimation of the food

left uneaten, an extrenely diffiéult task, since the ratidn

was fed in the form of a mixture of meal acd separated milk.

Commencing at weaning time, cach group of pigs was
weighéd at regular weekly intervals. The figures obtained
from each weighing vwere used to determine the ration to be fed
to each member of the group during the sdbsequent week. <Thus
the ration fed to fast growers was reduced and that fed to slow
growers increased. It was found most satiefaotory to weigh
the animals immediately after they had been fed for upon dbeing
released from the crates they habitually defoc cated and urinated,
this tending to make their weight more uniform. In recording
weights, correotions weze made to allow for any differences in

the amount of gLood Jjust consumed.

Fror the weekly weight data (appendix), the individual

8rowth curves of the rembers of each group of pigs and the mean
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growth c.rve of each group have been constructed (Figs. III dnd
Iv). From a consideration of Pigs III and IV, it is appa rent
that the 2Zim of a standard growth curve within each set was to
all intente and purposes achieved. Such small variations as
are depicted in the growth curves of group memvsrs can be largely
ascribed to variations in the weight of the gut cohtents of the
animals at the time they were weaighed - it being impossible to
standardise eompletely this latter factor. It was found imprac-
ticadble to maintain the same standerd.growth curve be tween each
of the sets but, aithough the form of the mean growth curves for
the suecessive groups of pigs differed appreciably (Fig. 1IV),all
sets were slaughtered within an age range of 25 to 29 weeks.

The growth rate achieved by the groups must be con-
sidered most satisfactory in view of the faet that the growth
rate of each group as a whole was governed by the rate of growth
attained by its slowest growing rember. Moreover, the indivi-
dual orate system is not naturally suited to force feeding, for
under such a system it is not possible to allow the animals
constant access to food, while the ameunt of labour involved
uasually precludes the animals be ing fed more than three or four
times a day.

the replacements made during the period when the pigs
were confined to the indivicual feeding pens may now be con-
sidered in relation to their effect upon the uniformity o the
growth curves characterising each group of animals.
Barrow No. 29, belonging to Group No. II was
ded at the age of thirgeen weeks, on account of rathe
shaped hind quarters, " f*his action was later shr

Justified for the animal soon developed an excr
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leggedness and loose Jjointed condition. As it grew older,
its condition became progressively worse, the fleshing of
the hind quarters becasme veory deficient and the animal ex-
perienced difficulty in remsining upon its feet. Plate 11
f1lustrates the abnormal development of the hind quarters
at 27 weoks of age. As a result of the immediate substi-
tution of a litter mate, the rejection of this animal had no
adverse effects upon the comperability of the growth curves
within the set (Fig. IIY, Set. XNo. 2). $he occasional
appearance of esuceh peculiar abnormaliﬁies lends support to
the contention that inbdresding 8o far practised within the
herd has incressed rather thas decreased the variabdility
within the litters,

The reacon for the diseard of the two femsles
originelly included ian Group No. II (i.e. pigs No.27 and
26A) has already beex presentéd (Spaying and Castration).
It was obviously essential that the two younger aaimals
(i.e. pige Nos. 25 and 26) which were seleated to replace
them should je made to follow growth curves similsar to
those already attuinod by the two male animais rebaned
in the group. In endeavouring to do this, difficulby
was experienced in sesuring a sufficiently rapid rate of
live- weight increacse with the replacemenc females, as they
were reered during the autumn and winter months, whereas
the correeponding male animsls had been reared during the
warmer spring and summer moanths. Yhile the first pair
of animals were slaughtered on the 10th Jenuary 1940, the
second pair of arimals were not slaughtered until the 28th

June. fhe rearing of theee two females clearly demon-
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strated the unsuitability of the individual feeding crates
for force feeding, for, in order to attain the requisite
rate of growth, it was found necessary to place the animals
in the separate halves of a pen subdivided with netting
where they were allowed constant accecss to the prescribed
amount of food. By this method very satisfactory growth
curves for the female animals were obtained, these coin-
ciding very closely indeed with those of the male animals
of the group (Fig. III, Set.No.2).

Group No. IV must be consi dered in respect to the
replacement at 22 weeks of the natural female first includ-
ed in this group (Pig Wo. 3) by a litter mate (Pig Xo. 4).
The former animal was found dead one morning after having
appeared perfectly normal at feeding time the previous
evening. Post mortem examination revealed acute gastroen-

teritis infection and Salmonella suipeystifer was subsequently

isolated from plate cultures. Pig No. 4,when introduced
into the feeding crate pen as a substitute for pig No. 5;
weighed 163.5 pounds, a figure which agreed very al osely
indeed with the weights of the remainingbggggers of the
group, these being 165.5, 160.5, and 171.5/r;apect1vely.
Pig No. 4 had not been weighed weekly prior to being trans-
ferred to the feeding crate pen at 22 weeks of age, but at
8 weeks it was sonsiderably lighter than the other three
member s of the Group (Fig. III, Set. No. 4), this indicat-
ing that it must have experie nced a slightly higher rate
of growth during this period than the other members of the

group.



The faet that Group ¥Yo. Hq;s composed of only three
members { Fig. III, Set. No. 5) instead of the customary four,
resulted frem the death from Salmonells infsction of the boar
of this group (Pig No. 37) when 2C weeks of sge. Unfortunately

po suitable animal was avallable for replacesument purposes,

7. SLAUGHTER, DRECSING AND STORAGE OF CARCASE,

Each group of sniwels was alaughtered when ite nmem-
bers .ad zitained a recorded live-weight of approx. 210 pounds.
Piés Aere welighed upon ezch of the three cays immediately prior
to sleughter, the mean figure obtained for each acimal being
accepted as its finel live-weight. A recorded weight of 210
pounds was ectimatled to correspond to a live-wmeight of 200
pounde, when the animale were in a reasonably fasted condi-
tion. All members of the same éroué weres slaughtered upon
the same day, this belng carried out at the College piggery
where a sultable gsllows was erected 2spseiae lly rfor the pur-
pose. The technique adopted in siaughtering the animals
was similar to that employed vy MoMeekan (4) &t Cambridge
with the excepition that im all cases bleeding was affected
wi thout anaesthesia. Subsequent to dehairing bat before
the removel of hHhe viscera, each animal wee leld upon 15
lert side with i%s limbs ecxterded &ud then photogrsphed from
above. After dressing, & Tfuriher photograph wmage takea of
eacn carcass suspended from a standard gamdle. Body
organs ard offals were seperaied, examloed, ané the res-
pective measurements recorded after the method deseribed by

McoMeekan (4)
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As the dressing of each animal was'nompleted, the
carcase was immediately transferred % the Dairy Research
Inatitute,!hctory where a suitable freezing chamber had been
made avaiiable, The carceses were allowed to cool over-
night, the temperature of the freezer being maintained at
32° ».

8. BODY AND CARCASE MEASUREMFENTS,

~On the morning following s£laughter, numerous measure-
ments - the pesitioecsof which are indicated in Fig. V - were
made upon the frozen carcase,. These megsurements are those
employed by McMeekan (4). In the case of the backfat thick-
ness measurements, the thickness of the inner subcutaneous fat
layer was measured at each of the three points indicated as

well as the total depth of fat at these points,

9. JOINTING AND DISSECTION.

The complete laboratory dissection of the wholie of the
carcase was not attempted. Instead, the right hind leg and
loin were selected as sample joints, and the composi tion of these
two joints taken together used as an index of the composition oZf
the oarcase as a whole. Th&se Joints are comparatively easgy
to dissect, forming clearly defined anatomical units, whieh, by
the employment of a stgndardised technique, desoribed by HcHeekuh
(4) may be removed from the body with = very high degree of pre-
ecision.

Justification for the adoption of this method has been
proviced by McMeekan (6} who found that the total weight of bone,
muscle, and fat in bacon carcases of the English Iarge white

breed could be very accurately estimated from the amounts of



each of these tissne’d in the leg and loin when these were
Jéinted in the maascr desarided. Ust ng date available.
from the asomplete disssection of the caresmses of twenty
énimals of 290G pounds live-weight, MeMeekan obtalned cor-
relation coefficionts of ¢ 0.9444, r 0.9765, 20d:0.57580
for bone, muscle and fat, respectively, hetween the weight
of each of these tissues in the leg and loin end the weight
of the sawmc tiesues conteinecd in the whole cf the osrcase.

Although MeMeecken has emnhasised the possibility
that reyression cosfficlentes derived from these reclati onships
may not de eatirely valid when applied to other breeds of
pige, he hes advamnced a conciderable amount of evidence to
show that the magnitude of any error introdused by so doing
is 1ikely to bYe very emall, provided sanimals of the same
welight are corsidered and their composition falls within
the range covered by hig metericsl, ticKeeksn thus draws
attention tec the faet that the animales he used varied widely
in proportione and compositiocn, and coneicered thece daif-
ferences.compareble in range and nature to those existing
between wicCely different Lreeds,

In any cage, it is worthy of note that the &two
hind lege and the loin together constitute a high propor-
tiopn of the total carcecse (approximately 30 per cent.)
and also that these are the wmost vaiunabdle narts., Indeed,
precise knowledzge of the composition of these Jjoints w uld
still bde of majar importance even if the weight of eacir of

tke component tissues ®mas not strongly correlated with the

amount of these tissues present in the whole body. ‘
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The dissection technique employed was that described
by McMeel:an (4) and@ the seme data were recorded in esach case.
Similar precautfons were taken to minimise losses by evapora«
tion. Lpproximately one hundre%?%ours of work were required
for the diesection of the four hind legs end four loins derived

from each group of pige.

10, HISTOLOGICAL METHCD,

One of the aimes of thie wcrk hee been to determine
the irfluence of se¢x vpon the histology of the muscunlar tis-
sane, and so attention hae been given to the measurement of
the size of the muscle fibres, to the kind of grain, anéd to
the amount and menper of distribution of the marbliang fat
present. Hammond (3) found with sheep that eash cf these
factors affected the eating fuality of the meat and it is
reacsonable to suppose that they influence the tenderness
and flavour of the lean in bacon.

During the slaughter and dissection of each &nimal,

four separate muscles were sampled, namely the pso&s major,

gestrocnemius, rectus femoris and longissimus dorsi. The

samples were preserved in 10 per cent formalin until examina-
tion. Every endeavour was made to secure samples from the
same region of each muscle in each case, 8ince work by
Hammond (3) with sheep indicates that the mean diameter of
fibres situated it the end of a muscle is ususlly greater
than that of fibres situated in the middle. In the present

work the samples obtained from the psoas major, gastroenemius

and reetus femoris, were taken as nearly as was poseible from

the centre of these muscles, while the longissimuas dorsi was

sampled at a point three inches posterior to the first lumbar
A
vertibra,



These four mvecles were sgelected in consideration
of their snacisl distribution in the body and importance in

relatisn to earease quality. Thug the gasbtrocpemius, ree-

bus femoris and psSofs mijor are representative muscles of

the leg, thigh, and loin respectively, whiie Vhe longissi-
mus dorsi muscle 1s by far the most valuable wmuscle in the
basoya earcaece,

The method adopted in measuring the diameter of
the fibree of each muvecle senple was ecsrentially similer
to that employed by Wammond (3) for sheep, and found eatis-
factory for pig musele by MeMeekan (4). A slice of mue-
cular tiseue about one ineh sgquarc and one half a millimeter
thick, wes cut by hand with & microtome knife. Sma 11
fragments of this eslice were then selected at random, trans-
ferred to & drop of dilute glycerine (50 per cent.) upon &
slide ana then teased out with needles under a bdbinveculer
mierosecone. The dismeterc of one hundred fibres were
then measured by means of & travelling stage eyc-plese
micrometer, the ssale of whioh was standardised so that
each minor division registered two microms. Xach fibre
was me&sured at approximately the middle point for the
ends of the fibre had a slight tendemecy to fray as a
result of eusting. As ﬁhis procedure was velry laborious,
e lananeter was tried in an attempt to lessea the work in-
volved. | However, the definition obftsined wae not considered
sufficiently good to allow sccurate measuremext of the fibre

sud so the wethca was not sdopted.



For the study of grais and marblinmg tat, sections were
cut Zrom each muscle sampie, the freezing method as desoribed by
Goyer (21, page 77) being eauplayed. The sections were one half
to three=-guarsere of an ianch square aand were cut 99 mierons thick
and at right angles to the direction 1n which the musele bundles
lay.

Seations for grain examination were stained in Van GieseA's
stain for two minutes and then trensferred tnrowgh S50, 70, 80, 90
and 95 per cent, aleohol, succescively, being left in each for ap-
Proxims tely three minvtes, From the Sb per cent. 8leoshol, eaech
sscbioa wae transferred to = slide and wounted ineunparal. Seo-
tione for warbling fat examinstion were first stained for fifteen
miuutes with a saturated solation of sudan III ia 0 per cent.
aleohol &nd then washed in $0 per cent. aleohol solution and
mounted in Farrants ssiutiou.

4 prict of each esection, enlarged to four diameters, was
odtained by placing the =slide in a photographic emlarger and print-

ing direetly »n sensitieed paper, ana these compared by eys

evalustion.

1l. STATISTICAL TREATMENT OF RESULTS,

Since the experimental decsign empioyed is strictly com-
pararable to the randomised blook layoub widely used in field
plot experimentation, the resaltant data are readily subjec?
to statistical treatment. In this investigation, the four
varieties of animale the the five groups correspond respeectively
to the treatment and blocks of a field plot trial, while the
standard growth curve maintained within each group is anslegous
to the uniformity of fertility within escech block, whieh fg?ideal

in a field trial,
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Pleher's analyske of varilaagee (22) has been empleyed
in the examination of the date, and in bcsting sigunificance
the ¥ test has been employec, usging the tables comptted. hy
Snedecor {23, p. 1%4). In esrrying out each snalysis of
varianee 1t was necesrary to supply the sne mlssing value
occus8iovned by the loss of the eatire male plg in Group V.
This hes been calenlated by appliceticr of the following
formaia propossd by Allen and Wishart (24) and modified by
Yates (25},

~

Missing velue X = pP - g8 w O
{p=1) (g=41)

ahsare p = pumber of treatments (sexee)

Q@ = pumber of bioccks (groaps)

P = Sum of fi.cms with same treatment as
wiseing iten

g = Sam of Itens In same block ms missing
item

2 = Sum of all observe:r itews.

It should be emphasised that the significance of any
effect is always slighlly sxaggerated in the analysies of variance
of a set of data in whieh miesing values have beea supplied by
ealeculation. However, Yates (25) states "In practiee, however,
the aifference betweeﬂ the correct and approximate sum of squares
is never likely to be great emcugh to affect the tests of signi-
fieance seriously, except, perhape, in sases rhere a large
proportion ol the plote is missing..... I1f only a single plot
is missing the differenge i{s likely to be guite trivialw,

. In testing the significence of differeneses between the
meane of the different sexes, the method outlined by Goulden

(33, chapt. XI, ex. 32) has been employed.
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PART II

EXPERIMENTAL RESULTS

J
1. EFFECT OF SEX UPON BODY PROPORTIONS:

Differences ia the body proportioans have been studied

is thres ways:

(1) 3By the photographie method;

(2) By comparing the weights of laeg and luln
‘ Joints;

{Z) By the use of the bod
apon the arserced

O d

meacurewsnts taken
se.,

Flate III has been preparad from the paobographs taken
duaring the slauzghter prosess, of eacn pig after socalding, but
. prior to dreassing. & print was taken frow each n=2gative, each
pig being enlarged to the same shoulaer-trotter seight. "Cut
outs™ of each animal wew= prepared, arrangeic accordirg to their
group and sex, pasted upon suitahle graph paner and rephotographed.

By thus standardising to a major conformation cnaraster, differen~-
ces existing in the rolative proporiions of ithe other parte of
the body are more readiiy discerned.

The only conspicious difference aotigoadls in riate III
relates to the entire males, wvhe bHodice of whicn appear shallow
throughout and comparatively leze well dsveloped in the hind end.
However, by use of dividers, 1t was ascertaine<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>