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Snopessing in

overfat meat
% realisations, overfet ewes being
ssive fat having little sale wlue.

&

al pesture profuction on Hew Zealend sheep

vided with food gresitly in excess of thelr ensyrgy requive-
late exosss amounts of depot fat.

may result in an incressed susceptibility to metebolic distarbances sudh as

s 4956: Hcbomald, 1959), and be of importence in the

lology of sleepy sidimess and eversion of the s

gy bosaemia, (P

Fet owes plso dend %o

become cant and inactive, and may be deleterisus to subsequent reproduct
hell and Hammond, 1945). ¥allace, (1960) comments that high

W

formmoe, (¥

v not reduce ! ductive performence, and sccoxdingly 1t mey be pouy

ng the condition off ewes after we sbservation has support

k of leathen, {(1959).

soend W considerable interest has been cbed $o the importance of 2

sumpiion ss one of the poszible prodisposing fack
in man, {(Tadkin, 1958; Shorland, $958;
“1957s ande, 1956-57; end Pullerton (1956-57). An incve

sabersl in e blscd 18 ws

Shorland, 1956; Schwelgert, 1955; Sehwe

ased lovel of

s, 19563

izad s one of the fectors Ba

wing & positive velation.

The quality of saturated f2t and the watio of saturated

ship to vasenlar degeneration,

nt of essential fatty acids seews to play = vole in cholesberol i
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I% also provides info
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(4) SCME FHYSIOLCGICAL ASFECTS OF

RNUTRITION AND OBESITY

contributions made by Cenmen (1929) o ¢

hyeiclopy was his development o
{(1953) ext

of en oy

organise which pernis 1% Yo stebilise itself in fluctusting inmeyr
Since Iittle is lmomm of the horuonal,

ngbon, 1952}, Por exenple, the esse of apidation of scetate, accloscetate and
cen result in prolonged festing

velsted molecoles shoun by yuminent obably relsted %o thelr greatey copadd

Considerable physiologieal veristion also exists

Alfvenkayy obesify, due %o exepssive food indake,

F
by
Vs

stitutionsl or endom

RN
i
B

é;} Endoorine obesity due to distud

wls, thyroid, gownds, oF pancress
lipogenssis, decreased rates of mobilizetion of fat, or other

gz in Yissue metebolisn,

{5} lesions

the subonomic noyvous systen or acting at the cwrtienl level.




s from privitive fat cells, the oells of this tissue

having a specific structure, @stinct from the fibroblasts of the connective tissue,

{Wertheimsy and Shapivo, 1948)., Adipose tissue is supplied by a dense capilisry ned,

locss meshes in condact with the fat cells. The functionsl

the cagillevies forming

sobivily of the sdipose tissue is regulated by an abundent nerve supply $o boih the

tntdll recentiy it = comsonly believed thet the adipose

vaseels ol the pavendh

tiamue was an inerd depot, whith survendered 1t % reserves only at the tinme of

sitarwmtion and 4n o paselive soower.  The 8% resevves wevre thought to serve as sn

insuiating layer or pecdhuniel padiing of the body. Since the disssic work of

ttenberg (1937) it beocams acoepled that the sdipose tissue takes
part in the continuous duuawic processea of the body. Such a dynanie stele implies
s of fat, (Shorland, 1955). Today

necsssity for vepid synthesis and breakds
knowledze of the raried and extremely mapid response of fatiy scid synthesis, glucose

dzotion and 0% wobilizetion, amply demonstrates the centrel function of the adipose

calorific honecstanis of the orgenise, {Vertheimer and Shafvir, 1960).

ormtion and composition of depot fals, including the endopencus synthesis of

fatly selds from scelade, the dynamic stete of tissue glycerides, and cmditions which

infivence thelyr fobly acld composi . &An exbensive disommsion of the effect of age,

e

sex, fasbing, hormmes and diet o fissus 1ipids, especially liver lipids is giw
by Beuel, (1955}, Wobilisation and deposition go on continuously without regard ¢
the mutritional state of the anizal, The lowering of the fet content of the tissue

dnring wdernutrdtion fs the vesult of mobilizetion exeseding deposition, (Vertheirey

and Shepiro, 1948). The adipose tissue furnishes s readily tvansportable and meta~

bolizable substrate in the form of unesterified fatty scids, (UFA), and their release
implies the presence of regulated intrinsic lipolysis. This substrete is sepidly

to various plasm proteins, (Olsom and Vester, 1960).

sonbustibles, being bowd
The relesse of UBL could represent the madn means by which fat is liberated fyes the

depots, and the plssme A concentration seems to closely refliect fd vtilizetion,
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comcentyraticn in response to alferadion in
gtatus, (Olsen and Vester, 1960). Annisen (1960), with
ring fasting of preg
non-pregr bilization of depot fats. White gt al,
{49%6) working with sheep similarly showed that thewe was & merled absence of fasting

sheep has shown that the concenbredion of UB rises durd and

mnt ewes, which indicetes continued w

stosis. Glucose or insulin reduce the UFA concentralion whdle epinephvine or fasting

i‘%g :éfz g&%ﬁ%
mination of the level of this lebile compound in

The deter-

=xn adipose tHasus,

oo gives a move sersilive index of

fat mobilizetion than measuve

ments of depot fat emd/or the increase in liver fat;,

fedys, 4960}, Pat depositie

in adiptse tissue way result in part
from the sbsorption of plasms lipid compoments, but mainly appesys to be elaborated 4in

ssue itself, by means of celluler enzy

asratens. The trunslient depoide
haracteristiec of the initisl steges of lipogenesd

des in the fat storage oells.
The fat content of the sdipose tissue has been shown 45 &

Lo ol e subomtrans nETUGE

stimilation is an inportant fac
regulation of fat movement into end out of the storege cells, (Sh
19563 Werthel
repid fat catabolism, {%&22%9 %?%?}ﬁ The hoves

pire and Verthalmer,

apivo, 1948), Nervous irritation seems to result in a more

o epinephrine has also been

ievels of UFL, 1% sooeses thet wnder U

i

fo sapse s tTraaslend inoresse in Y

ine in an epergency condilion, the sdipwse tisaue,

xn stoves, most rapidly setisfies the demend for axidizeble substrate.

dar whereby & syspathetic discherge teuses sech mobilizetion is wikn

The fat depots of runinents ave 1ittls aliered by & change in the quality of the

diet, (Thomes et al, 19343 Edwards and Holley, 4979}, or by nubritionsl plene,

The locetion of edipose Hasve in the body infliuvences

the fadly acids, Thus the degres of saturation genersily derresses from the external

depots lmerds, and the chang ssocdated with o siviler gradient in body tonpera-

ture, snd possibly with s diffevence in the vate of glyceride deposition, (Oallew, 1958)
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Pasemore gt al. (1958) found the composition of the tissue lost by obese patients
o be ot 7583 per cent, probein 4=7 per cent, and water 40-23 per cent by welight,
based on indirect resulds of nitrogen and energy balences., Limgoren (1957}, and

ting in normal and

Ljunggren eb al, {1959}, conciude that the tissue gpined by overes

cbsse patients is sinilay in conposition o that lost with wndernutrition.

(2) Endoerinology

Adeguate nubtriticn and the factors which Infivence $he avalilability and metaboliam

of nutritive subsiances warkedly affect the functionel indegrily of the reproductive

system, {leathem, 1959). The level of UFL ie subject to hormoral control. Insulin,
wrh hormone, E:?.z@ﬁ.é mobilizing he

rmone of the posterior pituvitery, thyroid

glucagon, g™

hormone, cestrogen, sndrogsn, glucocorticoids, and the medullery hovuones of %%zg

nsl are involved, (Olson and Vester, 1960), Keys et et al, (1950) mﬁ%&é&g that

the hypophysis appeass to show hypofonchbion with stervetion, being reduced in weight,
with possibly a decressed secretion of adrenotrophic and gonadotropbic horm
Implantation of pitultayy glands from normsl rote resulied in the adrensl glends and

ovaries of starved snimels beeoming normsl in size. Hypophysectomy will prevent

weight gain in cbese animals, which regress $o & lower weight, (Mayer, 1953).
Long (1957) hes emphssized that it is difficult to elucidate the endocrinology of

wine Baturbenge coddd resvit from o smosssive Pood fntels.

changes thalt may oecur could be o oomsequence of the metebelic
weased or decressed food intake inpones on the orgenisna.

Ovarisn development, metusetion, snd Pumotion ave known to be inhibited by
seveyve inanition, protein deficiengy, or deficlency of vertain viteaming, probably
lowering the secretion of gomadotrophins, (Ewshoff, 1952; Hert et al, 1930}, which
in fuwrn causes Sopeived ponadsl funclion, Inanition mey cause a state of sncestrues,
follicles, {Guilbert, 19423

(Werner, 1939), a decrease in the muber of owerien
Huseby and Ball, 1945; and Jackson, 1917), in ithe femle, while in the male the testes
show atrophy and loss of motile sperm and the msle loses sex intersst and vigouw,
(Asdell and Crowell, 1935; BEvans and Bishop, 1922; Hacomber, 1933; Masom, 1933).
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Steghens (1944), and Zimmer gt el. (194k), showed that

gvarian strophy and disruption of ugycles folloes wundes
tein in rats, (Scheer gt al. 1947; end mice, Ball et 1. 1947;

& low energy intske,
but normal intake of pro

the development of rveproductive organs and ¢auses

Huseby ot al, 1945), inhibits

lar ayales and lowered fertility. In cows, underfesding causes inpaived heat

sympioms, irregulay heat interwals, and decressed fertility, {Moustgeard, 1959
Joubert, 1954}, Low planes of nutrition have caused delayed onset of puberty and
lowered ovulation vate in sheep, (Clark, 19354 BEl-Sheilh et al, 19553 and in swine,

» 193 ). The overdan changes induced by inanition may be revemsed by refeeding,
Ball gt a1, 19475 Scmiltee, 1955; Asdell, 19495 Reid ot a1, 1951; Steinberm, 1947).

A& rveduction in ealoric indels ¥ negate the presence of an sdequate protein level,

{Isathem, 1955}, Ho significant primery effect of sndrogens on UFL metebolism have
been noted, (Olson and Vester, 1950). It has been geneynlly sssumsd that fatness may
be the cause of lowered fertility, (Meynard and Loocsli, 19563 Asdell, 1948). It is
atill an open question whether fat snimals eve infertile owing to falness, oy whether

they are fat because thiey bave o luw fertilily, or sterile., Persistont overfesding

of rominents does not lead to incrsased fertility. Av inovessed supply of concentrate
foed for e short peyiod before bresding may however incresse the owlation mis,
(Claxk, 1937; HNichols, 1926; Reid, 15%1). Flushing can apparently increase the
1953
not seem to canse lowered fertility, (¥allsce, 1560}. The weight mains in the femnle

lamb erop by wp o 20 per cent, {(Mous’ ing of well-fed ewes does

during pregnoncy appsar to be priserily dus to progesterome, (Dewar, 1957).

Kays and Ez%z&% {1953) noted a merked diffevenve in the dsiribution of fat between

the male end Temnle, supgesting inportant sex hormonal effects o fot metabolism,

thyroid hormone, (Selye, 1948;

dmong the body funciions knoen fo be affected by the

ot appsars 0 be on metabslic vate, pyobebly acking

Houssay, 1955), the primary
through vavious enzyme syshews, (Bavber, 19%1). Hoys et sl (1950) suggest that the
consistent evidence showing that the thyrold gland strophies on stoavvbion my be the

rimary cause of metabolic mate declining on fnandtion. Hirton and Bardon (1958)

with ewes, wers uneble io demometiate a veduction in weight of the thyvoid gland during




w o

28 days of ¢ vabrd tion., that wnderfeading

reduces the secretion of thgroid ol 4 thyrold function,

rihermore, various procedures known €0 cnuse an incresse in adrenccorticsl activily

through & reflex discharge of adrencoorticotyvochic hormme (AC0H) from the sntericy

pituitery, hove boen mhown to docrense the achividy of the thyrold gland of wabbils
, (1960)

showed with thyroidel 'V that underfeeding resulted in a decreased yate of thyrexin

and rats, (Brown ~ Crent et a1, 1954, 1957: Brown - Gran, 1956). Pipes gt

2

secretion in rioe. In gepersl, 1% scens thaet stress stimull exelis the sdrenal

v and dnhibit the thyroid gland, and that this veflects & vediproml relationsbip
betueen the seoretion of AUTH end B8

be involved in this ACIH relesss,

suggested that in the guinee-pig, m

Q@
o
B
o
g
§§§*

thyroid activity. However, Brown -~ Gront and Bethes {1960} fou
45
aof Z

: : N 3 N X T— . . . R rre . 3 - S .
rete relasse from the thyroid gland of guines-ples in vespomse 4o varicus

astimli, as well sa by large doses of ACHH. 1% is well known Phat body weight

inerssse is retanded in hypothyroidism. In a hypermefebolic state the UFA level is

increased and fob reserves are mobilized, (Vertheimer and Shafriy, 1960). The effect
of the thyroid hormone may ack directly or indirectly through the adrensl medulls,
or vie neurchumoral epinerhrines. Solomm snd Dowling, (1980) in o comprehensive
review suggest that the sentral mervous systenm achs a3 & regulstor of the synthesis
snd/or release of TSH via the portsl veins of the hypothalamus, by mesns of Beuyo~
Insulin appears to ewert iie effact on fat mebebolizn by inflnencing the medabolise
of gluosge, thereby stimulating the upiske of glucose by adipose $issue. In the
sheence, however, of glucose as in festing, the siorape of fadtty acids is reduced snd
the relesse of UBA accelerated, (Olson and Vester, 1960). The effacks of adrenal
sorticsl horrones on UBL Jevels ave inconsistent. Insulin soting synergisiieslly

with growth hormone also induces fut mobilization snd nitrogen shorage, (Greenbaus,

19531

mges and Bell, 1960; Rendle, 1957}« The levels of imsulin appesy o be




- -
ed in stavvation, (Wertheimer and Shafrir, 1960).

ans suggesting en increased secretim

riician is freguenily sssocinted with obe

Artificial lesions, or lesions due ¥ disease, inveiving the venbromedi

=

thelawie nocisl, In e

vegicn of the tuber cinerium heve been shown o resuld in a
presaion of obesily, (Brobeck, 1946; FKennedy, 1952; Hetherington and
Vs 195783 Kennedy, 19570). These workers, together with

Banson, 19423 FKemme

Anddk gt g, (1957, 1958), have shown that appetite is greatly increased ss a result

of these lesions, and sn inerease in welght coours,

crease s largely

fat, (Brobeck, 19463 Iong, 1957). The mechanism whereby these hypothalawic 1

- the mﬁ@%ﬁﬁg ig@’%&@%@%@ mridd *“?;%35 %?%2;

cause dbesity does nob operede through
Brobeck, 1946} (1957) considered that food intake is wegulated by more then

&

» and by neural mechanisms that either stimlate op inhibit

the desive to sat., larson (1990} reported that an injection of hypertonic sal
the “ R
hypothalavic control of food intake with ege, (Kemmedy, 4952). The above

ate causes hyperphagia. There may be a decrease in

of sheep end g¢

clain to have disproved the hypothesis of Mayer (1953), and ¥ayer (1955), that eppetite

shysiesl dherecteristios

of focd (size, shape, colouy, odour), paletebility, stress reactions, snd g@g:&g@gg@z

factors sppear to be of isportance in normel food intake regulstion, (Lepkovsky, 1945).

"Appetite centres'
and fyom the sentral nervous systen heve been vecognized, {Iepkowsky, 1948).

g’%’%* i%i‘g%g}} QW@ %}‘%‘% ’§ %ﬁiﬁ% %mﬁ i&g &%‘? %%E«%E? **’ @% '%?"EE %” ’

regulation. He postulates thet beat sensitive neuwrmns ave present in the medial

lapms, while a satiely centre is present in the medisl hypothslamus, the Jatter
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being controlisd by bigher neoyvous medhanisns, He further postulates that feeding

vefleres ave superimptsed with these mechanisme upon lntegreting cendves which are

responsible for fool inmdslke, This is supporded by the cheervation that shorb-term

nmental temperature is followed by & red

exposur wilon in food intelke,

(Hayor, 1955} The atate of the intemmal fat depots may also be inwlved in food
3e 1957; Tayler, $959).

{1927), end Ritmmn and Boned
Intabe iz vedoged, f8
thedr nas of food.

Iz gubjected to undernutyition becors move somondieel in

r {4955} meintaing thet bessl metabolic rate deciines

geadnally with wdernateition,

genetically detles

with sheep were unable Yo dex

energy vequired for maintensuce botwesn normel and undernourished anfwnis,

L with Cheviols and Roamneys o detresszed metabolic rate with food

s

vestriction, but nobed breed differences. The Gheviote mpidly adlusted thelir

&

metabolic mies o an equilll says showed no dhvions melebsile

platesu, the trend being 4

=

ward but in an ervatic maner. Oresswell (1958) ouoted

evidence which suggests that theve is a sesszomal fluctustion in wetebolie wts, with

fall in the aubumn, and o vise in summer, probebly following thyroid sckividy.

g (1957) claimed that the metabolic rate of vots vhen chese, was aboub twice that

pricr to them becoming obese. Koys and Brozeb (1953) emphesise that ba

nereasse during the development of

o

igh bassl metebolic yate.

than that of Cheviols, presumbly dus to genelie diffevences




spphasized by a muaber
dissoses inciuding those involving the cardio-vas

Uverwsight hag |

ouler and remal systems

ineressed mortality, liver cirvhosis, (¥ayer, 1953), remel damege, heavt e

tion of Iiver fat, (Long, 1957). Keys gt el. (1950) alse

and the &

ng wdsromtyl tlon the albain fraction of the blood tends o deciine vesulle
s (1360a) found
ng that nutritiem is & factor

ing in s reduoed resistance to infeotive orp

e was pove favoursble to health, sclivily end fer

{1560b) showed that longevity was extended and the onset of dizease dslayed o a

Thais indicates o mobabolie fuctor inflvencing susceptibllidy of aging tissues 4o

2 %‘k%?ﬁ% £

dnted o show that obesity mny be parily inherited dn

&

ins of plice cmid

Penton and Dowling (1953) showed that certain s

farm and

be relatively caally caused to depe

it ewcessive fat by feeling highly parified dlels

sonteining 30 per cent. copeln and fronm 5 o 50 per cent, fad, while other pienins

814 not show Hds effect, enghagived that genelic factors ave of

snoe in the aeticlogy - Dickevaon (1954) coments that the increased

hag been attributed %o &

sade of fat deposition due $o the gene fopr “yellow” in miee

s, 15407}, which increases

hormemel allereiion in o
appetite, and veduces food vequivemenits per unlt of gmin even though the exivs gin

iz fobly tissve with s high alorific wine per wld weight, (Dickersen and

1967} Faloe: £4959) have reported the presence of a new

ene causing obesity, Hull (9960) with mice shos

e and ZW%

wd that selection for high body




oo vhose growth wes incveas

fon o & low plane of meledition were less fat than $hese which had been

on on o Bgh plane. Bomlity of grosth wes therefors yeadhed

2 seens no 414

by different ghysiclopionl ppthenys, Theo

botween hill shesp which spend their first winter under =

sheep wintered undep good conditions, {(Porser and Roberts, 1959).

The lovel of ghysicl activily, beouuse of ils hich eneyyy cont wy oy

cbhesity, (Mayer, 1955). ¥Vhen the

nd Indinense on e prodostion of

ds €0 be an increased deposition of fa%, end fluctuations
swtic andmals.

f:g c¥e iy 3 ;x,‘* e (1R ﬁﬁﬁ?‘% e s

din, 1952y Vhite o el. 19%6; EKiriton and Barton,

; Robinson (1948), Kirton and F  {1958) bave indicated

1958g, 1958), but c

> gpin of the andimis,. Congecuently infovelion repo

- andnals i incliuled, slthowh the palthways thyough whidh wmders-

sition end indsed the finel resull, may Giffer masrkedl;

Joung ardmal may well &if'ler
With aging there appears o be & lsss of body protein

change, collagen demsity ine » there is & reduced mpecity o

sstasis, (Comfort, 1954, S

regenerate, and & general failuve of ¥ obel snd Hermoveton,

%%%%}9 1e thought doss oot appeay o differentiste betwesn these Two ages.

Since the effect of mulriticn wis Lrwventipated by Pould

n oh al. (1924, 1922, 4923
2ol é:?%z?‘é%? 1935%s, 193%; vYallace, 19483
ges, 19523 with sheep, Mei eray, 19445 with plgs)

n, 1940-41, and Pes




% more recently Wilsam, i%%;%?ﬁg %%%% 19548
19580, 1960} and Os

th vate in & definite o

e, mascle, snd fpd. Pat ave ates dn the

nal fat, intermsdalay fub, subouteneous fat,

: rate with age follows an outward trend fram

The different
ave ubilized for the @%%%; of enoygy ond protein in e

reverse arder of waturily, fat first, then, musde, and bme, e tissuse being

fivat depleted in the latest =t iy vegions sudch as the lodn snd pelvie.

has been retarded in development by restricted

iny part, orgen, or dissus whi
awtrition, exhibite recuperative eupmally 47 the antemel s dwnged

e

Jetely, Pasd
factors with high cargon spew
lon dn Eissues, bot rany fectors are wm
La (1920 s

2, and mey, 4T wdermalxition hes no
s {1958) hss indicated the :

ity in reoy

he nervous gynten,

= %ﬁg é %%%‘} %




o whiah the worke

w and Verges (1952) agree that und

i effest %“%g;% the e

sce (1948)

nok hove & dif

Tor mebpienis i Yo

Assus, so thet within o tissue
have & differential offent on different amtadel wite

s {1952) on the besis Phat relative fncresse in size

i stream is the sawe, Palsson and Yer

x of nutrition doss

of the sare tissue, i) hes eriticized e regression approath

ped, and thet the results from this &ype of amlysis do

clusions weing different methods of wes

the large difference found by other workers on
in the propurtion of fat

iz voayed on difforent plonss of nutrition

o the body fat,. The difference

iovely effoct the proportions of the remsining Hesuss, He melintedins thed

gson for body coposition woulld be to take andsmls of equad

*@%@Eﬁ% %ﬁ%@%@ %’%

sequenes of fat depssition ¢

s, a8 4id Brody {(1945), and ¥allnoe (1548), thet fat deposition is nohk an

aleen®s {1940-44) data for wmscle

r of the significant resulis claimed by Edie
t o the vwalldity of the me

ané Verges, he doss nobt provide eny evi

ine gt gl. (1922-3), and T

e on the affeet of nmulridioe within & Hlenve
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ision of Hhe fat-fyee boly of an adelt memeel wos slemet walierabls by o

boin diets. The objection %o oo
tmends balng medes o the benis of sl fHlless welight is

rutrition, the stage of dowelopment at

oenent of wmdernutrition, the rate at widdh an endmel mtures, and the

patiern of o enbation, fnelnding the vecovery of weighi, form, and body com

position, Wilson snd Gshouwrn {(1560) dn a review of ‘compensatory geowth?, «

appesss to snable a gestricted andml to adileve its normel body size snd conform

Perdods of prolonged sy restriotian, bhows

i

B3 Pieation of afull ’%;% {?ﬁ’%’?‘ ok R

ckens vestriched in food quantity showed a
grester Incresse in livewelizht affter re-alinentation then dhickens that had besn

fte of the

iy veatricted, JHe-sliventation ftendsd 4o incresse foé. The 1is

mtrdition to whidh an anivnl en be gubleched and sl reoover i

siopeent ave ot present $1i-defined, &
d4id not nve the cpadily o2
n of fat in yets restricted in food intake

-and subsequently
88 Lib, fed controls. Subsequently Meyer and Weir (1960}

Pomnd & grester propor
feod gf

with shoey found et vhen U lowel of muipition

restricted by 8i por eant.,

sheep veowm vented recovery, Restricted

ered rapidly, while greatey restriction prey
feeding with wmis kad o nove severe ¢ffect on thelr fat and they aluo had g higher

o

d shesp. Beealimentation in $his study inereane

rs andl Fisher (1960) found thet when oh




5

r vesulis wes

ue

fed and weve then
%o be depleted. Pomeray (194) vith plgs, claimed that suboutansous,

ronal, and omentel fals decpense with undernutrition.

effent of o mimeintensnce diet on fat depole was grenler then on mumels, Or bons,

regions balng moat affected, wons fat. & lster-
iized sore Then Se Inlermmosiar b,

wlar fale of s Inteds

ar (1944) o

1 the sorvesponding fals in the saply-develoning jJoints.

1948) with weture swes on either supere or sube

with the submsintervnce snionds St fut lose wes 2t flrst wopid and o &
%zﬁ%é His fods indends thet the sibonbansomiinier

nee ewes fal inovesse wes slow at first, and ¥

asenisy fad banded to 4

He suppords previcas work

e {4956) showed with refs thet wmdermiriiion
Prlssens {1955)

ned that males seen fo be mors affected by restricted nobrition then femles

£t tissue teleoroentgenograph

test Snitial fat thick

vis of fa%, showed grestsst losse

low celorie dist. Keys and Brozek {1953) concluds that when body weight is lost

iy 82 & vosull of veluoed oaloris inkale 4% o oo 2 that s
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the smaciated state the
t Balf of its welght in the forn of non-fat csllular

In the sarly stoges of gpining welsht fro
s801id dissue formed may bave almos

motter. Iater the greater proportion of the welght pain sppsaws o be pue fal,

% is not bknown shether new cells sye achually formed,

Biney (1955) with deer, showe!

ven were depleted in wdemnutriting, mobllizstion of fat reserves belng
order to that of depreition. Kiviton and Barton {19358) with mabture ewes

nd with wmyious Iewels of Yo

leal fat of the wroasss, the leg, or the 9-10-11 b cul,

ntent, and to the relatively

saved to be due $o the high varisbilily of fut <o
amail mumbers of solsels in cadh tveatmont group. Ho effect was noted by then on
nal fate

G4 ) with plgs found that prolonged wdernutrition dscreased the welight
though this effect was E%s% then that obaerv

ed with fat and museulsy tiasue,

aber proporticn of thelr bone in & more lablle fopm tham

the level of nutrition could be expected to heve &

Trowbridge ot al, (1918) concluded that the

%@z@iwm % wordd be withdeawm only wder oditios of sstveme log level of muivilic

Bobinson (1948) found that a sulmeintensnce mtion 3id not decressse the 4otal weight

of bone in mature ewes. Keys gt al. (1950) meintained

found et undernubi tion refuced weight, dlstunbed cusifioation, and

ss and Waterlow (1958) veparted that mts fod 2 poor-
nued to bulld colliagen even thongh body weight 4d not
et a1, (1958) with mice found that collagen was lost fvem the

body of wice with & deovense in weight,




Jackson (1932) noted et the Advey was wedu in mis on wmderfeeding,
. (1950) concluded that undernutrition coused a large reduetion in the weighi

of the liver, which appears to be une of the most susceptible org

FPood dntais,

This is probebly due to the organ's high metabolic ackivity, (Dukes, 19

A rapid incresse in weight was noted with ew

ey

#

diet. Widdowson and MeGmnce {(1956) with rads report a decvease in liver welight on

n of 2 per cents in liver weight was noted by Kirboa and

Perguson (1954), end Fenton and Dowling (1953),
ively euphasized that fotly infiltzetice duding sterwmbion

banges of the Hwr, This soous

ation of fat in the lver

may be the result of excessive amounts of fat in the diet, m

don, (Shorland, 1955). Anterior pituitery extrachs acoslerate fab

The additicnal fat in the liver appears to come from depob

fat. There is a vavked decresse in the size snd microscopic appeavancs of the Mver

y contributes $o the

of fat sccumilntion wes influenced by the iype and quslity of the protein souree

In their comprehensive veview Keys b al. {1950) e

Eomeroy (1941) alse reports

that 20-30 per cent.

nance diet, Robinson (4948) has

52

neys was lost on a submainte




wraesed in welsht, with supet~ and sub-

Iayge veducticns in the weight of tlw d animals has bosn noled by

Keys gt 1, (1950}« Starvation semrs to cause e marked sof

tness, paleneas, and

ancs being that of ansemis and cedemws, Apert from th

rs o be Mtile information o the effect

changes theve appea

ayoy (1941) cbserved that the weight of

pEly to 79.4 per cent. of the eontrols during the first 23 days.

is decvesse 4o be due 0 & Jogs of fal and msculs

o

v atrog

pe)

{1558} cheerved that o short poricd of unds

rptrition siy

the spleen. although it was highly vavisble, Several workers, (Jacksom, 193

Stewart, 1919; EKudo, 19213 and Jackson, 195}, have vepordsd thet the spleen 48

sarkedly redaced by inandtion. Robinson (1948) with eheep wae uneble to demonstrate

ary marked effect of undersntritice o this orgen, This dbhservwelio wss supm

by Kirtém and Bavrton, (1958). They sugpested tlmt the weight of the splemm in the
shesp is mops vesistant to wdsrnulrition, or alternatively that the degree of insnitic

fmposed by Keye gt

was less severe . {1950}, Bobinsen (1948) howsver noted

I an incresse in the welght of the

glands in rats

adiey

r was also noted in the adrensl gland by Keys gt al, (19

£3) tents

appear to zespomd o sd




and by & thimming of the intestingl wil,
ohservations. Kirtm snd Berton (1958) reported thet thyvezine freatmen

the weight of the emply gestvic tract, whils o low pl

B enpty gosivie, and dntestinad tracte.

{4960) concinded that re~alimentation remulfs in a proYongatior

of the perdod of growth $o miure weight, end an inoresse in the maie of gin duw

#

the ¥ imendation period, espeeially durine e sarly stuges of pe-al

=

Theye iz consideruble divergencs of oplnio as o vhebhey the Gnorensed vales of goin

af resslimentoted sdrals are true inoresses in body tissus, or &ue o ingressed gut

crmtenin.

Bven when rumine aze fod alike the welight of "{111" mey differ markedly

P " » E e B, o BB e e 1 : N & o e B sk F s s
s individusls, (Ritwmosn and Benedich, 19%8). The digestive "£111% is influencet

by the cherscher and volume of the feed {(Hopper, 1944), and the perdod of fasting,

The effect of fasting on the thysicl changes in the cmtents of the slinentsyy tract

r to be lavgely a substitubion of dry metier by watew, (Ritsman and Benediet, 19356

Hevenz {1928} also found thet large smounts of fres 1iould wers present in the runens

nchester

of daizy catile fasbed for 4 %0 6 days. Henedich and Ritamen (1923), and

(1956), meintain, however, that the water infeke is a funciion of dry-

ber ingested. Phillips (1960) with steers showed thet the water drmk to hay

eaten iz sipeificntly clunged vhen the awilebility of either food op waler is ve-

stricted, Restricting the lmy esten incressed the water consumed.

wgad wateringss of yumemn condents in sheep

noled an ine

& thet the yade of inovesse in b

{1940=44} show tissue of the low-high geoup of

pigs wos no &fferant fron thet of the high-high gyoup Suring vecovery, He soncluded

thet the highey rede of gain in weight observed in the low-high group wes due o ine

orenses in gub conbent. Toyler g ol

geine for re~slinends

cass gains of catile gr

the following spring. ‘The lower inkele of witile previcusly




mk of intermal fab physiesld

tents my gorate the mate of gain

= and Grehan {(1955) have shoen thed v condent of & food denliln

g5 the energy intele

shented Hhat inovsesisr

the lewel of 5

ing yosulted in an inoresse In the passage of food, end 5 fall 3o 4%

HMgeatibility. Blovber (1944, 1980, enphesiszes that foofs of high nuldifive wius

gre hebitmlly cowmimed in lamger 5 those of low velus, Grinding hey

rusulis in marled offects o yuinent alororganiess, incressing fatly acid prodection,

body welpht sain, Hgestibiiity, and the officiengy of food viilimtion,

4960%, The power to forment glucose is s

{Quwin, 1953}, The physieal form of the

through the digestive tract, {Balch, 1959603

{1954) Peond that digestibility slightly improved with the age of animsls,

teunsed thet envivoone

gffect the otilismbion

86D, wan maykedly

ed efficiency of growlh i0 pum

E

wifsrnutvition and re-alimentation ave wmed, BReid (1955) suggenied thet this may be

tison (1960) fomd, however

dus to & grecter anount of museulne Pissue be

thet re-alimentated goots often dopesit wore Bt in the body than e controls fed on

o highwplane throughout. ¥ilson end Oshowsn (4960)

ewmcindsd In Pelr yeview, et

g ardimal on s rentricte

& dist followed by re-asiiventadion is no Jess efficdent then

& EW'S e
dimeniatiog,
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emerd during the experimental period

level of nolrition

Slavnghter technione ond recoydis

=

Posbeslsughter tedmiqe

{8) treatment of the careass
(b} l1eft side

(e)
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MATERIAIS AND M2

In the seleotion of andmals it wes nevessary to assume that anizals of the sspe
Iiveweight would havw the

swing-out perosnioge, and therefore cavcass weight.

Althosgh not strickly

troe over the zange of fatness likely 40 be present in a sample

7 as 1% was plamped e apply treatments to groups

&

weight, ¥With randomisetion this conditis

e with the sarme initisl ecarouss

sl

sbred ewes (minly 4~ end S-year-sld) were selected an

llege flock, The initial renge in livewsight of
these ewes was 140 1b. to 182 Ib., giving an average liwewsight of 162.2 1b.
These animnis wevre g

1 o pesture wnatil the comencerent of the experdinmental pericd
on 2 Jamary 1960, The mean livewelght of the sheep at this tire was 160.8 1b.

The loss in welght was thought to be dus to feeding conditions, and %o the fact that

they had enten 1ittle prioyr to the ssoond

The yonge in livercight a5t the

sevond welghing wee from 133 1b. o 185 Ib,

These snimls wers randomized on & restriocked weight basis infto siz treateent

IPIHPSy IFLGHFL), giving 8 e

triol feeding perdcd was designed to enable the ¢
4 4o the snvironment and feeding routine, and %0 standardize the coppositiom




of the food aveilable so that the digestive tract comtents would Be compareble betweer

the various geoaps of ewss.

Table ¢ shows the sgperimental design, slaughter dotes, and Sustiom of £

T P
Goilng

for ench groop commenged the i Janmeyy 1950, after a pro-fvdsl

feading pericd of two days. The sppropriate abbrevisatios for eadh group aye slso

indiented in the {able and these will e usmed Ywoughout the fezt.

gé&g;% of mitritio 2’@3& 234 3,60

Fifty ewss were allintis

4 %o the siz trootoey

IPL:EPS; IFLsHPL), with two spere &

rdmals (nos, 9 and 259), The design of the expexd

ment was te allot eichi evwen Yo the

control group G, and subject all the remining

ale o & low plane of nutrition for a perdod of 21 days. At this stege the shesp
groap LS were silsughie
alimentated to o liveweight compan

L, and the animels in the LES{HP gr

wers o be ve-

abla to the control enisals, Previous work,

rton and Barbon, 19582} had suggested that a low plane of nutrition for 29 days or
more would affect body compositic

o the effects of a high plane o

roups IPL, LPHES, IPLEPL, weve subjected 4o a furihsy
plare of mubrition.

IPL:HFL veo-al
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hapter IV this experdmental design was subseguently

ackice the period of 21 days on

large nurbers of owes after wean~

the effect of a prolonged low plane of nulrition on body

Be-plimentation aftey 2¢{ days of low plans feeding would tend o simmlad

the rising plame of nutrition of ewes wnder pasture condifions
snsbles & higher plane of nuded

where incressed pasture

tion to be provided,

indoors in & shed with s greling fleor throug

Within this shed, pens were availsble, the allocation of

the four pons being made on e mandom besis. Feed was made aveilsble in five 2 x &

fooding

she per pen, while water was alweys awmilable gd 1ib.

gblectives of feading the andmsls indoors weve az followss

{a)} To control the feed intake,

€§3 T s P 2;?’ s et with bully

chayesteristics theveby comnteracting to some

extent involntion of the siaw

ch and its possible effect on lowersd apm

co the incidence of ternal peresitism, both k

fanbrot and in

effect the bisod com

1% was not intended sty

iy the effect of a low intake of Incerne chaff per se.

but to study the effect of o change in livewsipght induced by e low food inlske on the

e,
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s have not always be

c and Amadon, 19283 Bean, 1548; Patlersen,
i, 4958 Baker and G

fleid, 19563 WM

4947; Hughes end
Hayldne end Titus, 19395 Mitdwll, 1544
The previows mutriticml history will als

wey of using livewedpght changes as

o inflvence the

dtevion of PesponSs.

ch and Ledger, 19573 Wilson and Osboum, 1950). It apr

bowever, that the proce g the endmls before the moming feed, with

RS LI e e nvolved in using liveweigh

the zaticn. Since the e

ng the low plane of nubrid

to seours a high rate of livewelght incresse, mhile du

The bulk of the eation had o be mintained st a »

Fow suileble compenitrate fesds weve

ad, good cuality, lucerns hey wes chosen. The

ble and ate 1t veadily.
I% wom huped that this would tond o 1
ng, and ensble a full

The daily retion was given at

5, viz. between 5 snd 7.30 sum., and betb 5 and 6,30 pams

the 2 Jomusry %0 5 Jamary the enimels were sllocated st yandom in

ns and fed an gd 1ib, ddet. Group € wewe given Iu




z %f §*§ ée%s }iﬁ

ured Go s%ﬁ E@»

2 fod a2t & lev

the LES(HP group were alle

FLeHES: IPLHPL), were silocsted at rendom $o

155, IPIaHPS, LPLUPL grows were fed 0,30 1b. lucerns dwfY
g% BT

sased 40 0.40 Ib, per day in sn

wmate for the
0, nota, %%&%%?%égg%%g%%@g%g%%% and 538 were serer:

sbad dnto one penl,

E Lt wee slan

iy the following sheep; no's. gg%ﬁ%@%% 558,255,

hey waye fed at e sue Jevel sn Uhe other shesp. Over this per

Be8L/47,180,%49, and 15, If a sheop was not on

no's, 264,538,499,255,4, mud 257 dled,

¢ feed sheep no's. 149,420,436,100 and




entation, Althoogh  no’s 558 and 76 dled during this per

= appeased 4o bave

od of no's. 434,542,253 and 450, which

wes subdivided into two lots. One lot compris
Eﬁ:ﬁ;@%ﬁ@%

iy Uy 40, =3, and 45 Ib. i

1 Yot . the remaining sheep in this

sponge by difTeventisnl

- :5% ‘53" i/

roduce the variation in livewsight

secmi ot of ewes were vesivicied $o 5 Ie

R, o leaves, and on four &ys pesthure gessing.

542 Gled on 23 Februery. On the thres days prior ¢ slaughter o the

iot were given 4 Ib. lucerne per sheep daily, end the Tivst ot

s 4 1b, gress and clover per sheep daily.

The folloming inforsation was recorded for cach owes
4. Idvewsight
2. Hled whe

508 wha (By &ifference)

3. Peet wi.
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s
6o
B,
%

10,

and lavge é&%’@g 3 {4

e e GBI
¥h, intestingl conbends (hy ¢ ﬁ?@@%@%@

43, igs and tredhes

ad of blood, welghed, and ses

d glands together with sssoslated tissue were removed.

talone
& = width of gigots

¥ = leg le

W, o width of & WaBo = width of fovequm




ok
- -

surenmls vere fealen with steel dividers and aled off o 2 v

sl viant Por freap

tisene) ws oub into swell plecss, macerated, and 4

samples each of 50 g. ware fsken for chenmicel amalysin, Cave wes necessary to preven

dissection and chemiol work each week was compleded by Seturday ¢

this work wae done by two porsons.

: frozen 8, after welghing, was divid

with & meat bendsew, and each side welghed, TThis

‘ - 8 . s o s
deparbure from blilatersl symeetey. (oreful splifting of the om

cass and the standayd

nee sharld result in

49563 Iasley and Kline, 1957; Hankine, 1553). Follow
y pight side
sing the bendsaw. The sliees

g this the left side o

and, first with the cosrs

cove being fakern to b the gromd meberiasl, Puring
e third grinding the

of 46 1b,

gampled et veguley interwmis 4o give 2 tolal sample

This sample was then vem

S Sanmael, eath of fgf ey 5

ing the lag, loin, and 9-10=1{ rib-
Iaft gide of v

ss, Poll described by Palsson {1935}, and each




and X, wore mode on the hlf-loin, as desa

on of these Jolnis were ss follows:

Prom the 9-10-41 rib-cut e following tissues weve disseched and welghed:s

alkin wosols, suboutmnesus fak, Indermuscddsr fol, mmdle, and the bones,

wosite, JYusols, suboubsseous fat, and

ssenlay fat were cdhenielly aralyeed as sepmreite fsouss.,
ibs weye Mecrded. The v folken by two persons Tor the dlssection of the

St eid pibesnst was 200

The leg we dimsec sy gland, avboutaosous

fat, intem

mmcle, the separaie bones of the leg, dendm and weate, snd ssch cosponent weligly

neous fat for chesdcel ammiyein,

wonlay 4t of the lsg were somrately samplx

The vericus mnselss of the lain, topeths
d,

after seclions wore rene

enal fat, subcutans

%

%&@e&%i@

A1 nomele samples weve L thrice and bwo samples, sach of 50 g. were
taken, Each dissccled fat depot wes gromd oance only before soapling, since

further grinding profuces & siicky mess, whidh is difficult %o sample.

{a)

4 fetaiied descviplion of $hs chendcel provedure hus bemn adequaiely desardibed

elesuheve, (Barion pnd B




will not be yepeated here. Kirton (1957) presents o muerical example of {his pro-

o wag dlspantied, snd colesned afler sach zample. 48 & furthey

&

sotion facke

precaution the fizst mterial Yo be ground was diseaxded, To ensble core

for chemicel faty and ssh to be applied, the "crude residue” for eadch dissected tissue

was bulked {»

o each grosp of animelds, so thet the following vecords were swailsbles

rt, bandsew side {(six senples per side), msele of the leg, loin, and ribecut

&

nus dored, dntermuscnlsr fut of ihe leg, lein, and rib-cub, subcatansous fat

of the loin, leg, and ribecud, and the perirensl Ht. ¥ilhin eadh group of animls

two soxhlet, and fwo esh vection factors were oblained, The weight of “orude

residue™ winus the 5t corvection weighd, and wims ash weight, gives sn estimete of

Tiyatt (1960) foumd thet profein estimab

the smount of protein in sach %0 g. sarple.

by difference and by the standerd Ejeldohl method wes not significenily different.

% appears thal for this type of work the "difference method” of estimiting protein is

sufficiently scourais.

daintegrated end mived before sampling to ensuve

2. The procedure

iople, and sccuvets, end the estimtiowm of weter, fat, protein,

and ash content sre determived mpdly.
compenents of the carcass con be cstimeted In sprroximtely %-wen hours

mted 72-8L hours (Pelsson, 1939), requdred o completely

%ﬁg%’%ﬁ% & BTl
le Baf

imates of water, fat, protein, and ash are oblained on the sene sample,

S5« Since the water and fat content of adipose tissue Bend to be relnied (Brosek snd
Keys, 41953) it is essential that fat sstim e be related fo dyy weldhb.

6. PTiltretion, es proposed by Bloor {1924) is avoided.

racks betore

7s  Nom-dipid impurities are not removed fram the ezt - the liplds ave

%%gg%@g but this is consl

If this were necesseyy how




dupdng decentetion, and subsequent exiwactioncouid be separated and added o the

fords residues” for ash and protedn detersimaiions.

ey

8+ As far an possible, eveporstion of wnter is avedded during grinding and welighing

9, Wmute guentitiss of fals, insoluble in ether may be present in the tissues.

These solubility devistions, ss with mosd »dm, have & slight infloence
en the accoracy of ether exigmction, (Kelly, 1953).

The oven deying zethod of determining waber content appssrs $o be sstisfacto

provided that the 4ime and tempersiure are stendawdized, (Willits, 1951)-

s5ibly be oblained by using & 50350

Fore complete sybyaction of lipids could

mixtore of efyl alochol and dlethyl ether,

The analysis of varience tedhnique as described by Snedecor (1959), was used to
st the significance of the {reatment effoets. Vhen sigoificnt treaiment effects
were present, the difference hebween the group mesns were tesited using Duncen’s
¥ultiple Range Test, (Domcsn, 1957).

wne path of e dale

The IPLARS and IPI4EPL groups weve ogcinded, Pired, be

fron these zroups were not strictly compersbie 4o that which had

ps and, secondly, because four sheep in the LFL:HID group and two

group died end ancther was killed in exlrerds. Two gheep in the

not coyrelnted, sve pormmlly dstriboted, have the same waisnee and g mean of zeyro.

Yepoerdages hove o mdtinonis]l dlstribution and therefore themelically this inwvalidad:

the arnlyeis of verisnce tednicue, Hrperisnce hes shown hosever, thei where the

. ¥ 4 & ‘% ;m,é‘-‘* > . N
il Alsbibetion ave o

abilities lneodvwed I 2 witin o nedithey oo o 100 By

and tests of significnce sre not grestly distorded,

Therefors in the present expeciment percentage dabs were







i1 mesns of the loes and gain in lveweight of the end

iter axe pwesented in Teble 2,

weap |7 428 (9-6)} 20 | 8.6
9 | 27.7 (21-33)| 42

smied in Fig, 2,

e pre-slaughter livewaight

Both & short (1P3) end » prolenged (IPL) peried

reduced Iivewsight. The enimls in the IFSHP grow

wing a 29-day pveriod of wndernuivition,
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Hhe liveweights of the animle in groops © and LESHP 418 nob & ffer sipmificntly.

pe IPLIHES and LPLsHPL 418 not $iffer in liveweight fyrom the

ssized et 2l the ewes had Jost

ights of eadh ewe surviving to slaughlter ave presented In Flgs. 53845

=

nts iz evident,

le et of e 4n CeunTEe s duentye
ntatice, desrite abteny
roups LPLIES and

.

relatioe given on the grophs show that there was no b

s of the eves ot the start of the axg

in %%gg ?@

ae outs are preseried

smen showsd o greater veduction in 1ivewelight

mals on the same plane of mutrition. o desths oocurved before 29 deys @ & low

ng of nutrition,
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3 had Josge hydatid gquets, Some caleificnlion wes appevent

» 76 showed sthesions of the plentos

in the fat depots in no. 257 and 254

lesions of nearophorus infechion were %@%@% no. 542, a l
= o %§%# gg‘%g%%%&%g%g%%; %‘% %

flastinel lohe of the lLimgs.
were engorged with blood, suggestive of cardime incompetence,
nage to the lver were seen in no's. 499,255,4,

Vexying degrees of facial
76, end 542; no. 439 show

e of Pibvonis of e Bils du

were present in the liver of mo's. 538,255, and 76, and definile palensss of the Mver

ws evident in no's, 499,255,538,4, and 257, The gall Yiadder was distended in sheed
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no's. 264,255,4,257, end 76,  The i

weys appesved normel in most ocnses, e

no, 255 wh : were chuerved, while the capeule was s

in no, 542, althowh this could bave beon veloted fo e necvodhorus infection of s

gws, The spleen wes generally nomml except in sheep no's. 499 and 7 where it was

rmal except in 555 where it

blood, and in 558 there wes an extensive associated hasm

Yhe stormch avd dntestinel conlonts weve

aulid fond, Peemnwirdvos of Yhe pooous meabres

499,255,54, 75 and 542, end in the stomach of no. 499,
no's. 538,499, end &,

476, and 542, Fat oolour ms nol

1 f1dd wes present in no's. 499, and 255. There wes no evidence of

re the skeletal msoulature was definitely ocedomabous.

Sings the lavel of nu

 that Jarge veductions in livessizhi

thelr lvewiight denges, 1t was not wsepedd

were evident, In compavison with othur exper
. 19525 Kirton

weight reductions reported here ave hig

anfatios oller 2% deys of severe wdepw

se 4n welsht of the

in livewsight, presuonbly fue in pert 4o an Im
* high plane feeding &d not o

Antestingl treol vontents,

the livewsight, some ewes actually dscrecsing in bolyweight. A considewable smount

:

vardation is evident,. The ine

snse in welght i3 of the order of 10 1b, dux

In myked condrest to this offect, ve-allimentation

followming 42 days of wndspwuteition we ineffective in incressing livewelight, despile




the fact €het & high plare of nutrition wes
balanos, loss of sppetite, a marked reduchion in metobolic

mend, o a self-lmposed stervation ave poss

lower 1indt of liveweight loss from which recovery wes possd
This observation does
maintained that sheep which lost most

; agree with Franklin (1952) who
weight, repidly fuproved in om
variable pewiod rewmired affey wdermdritic ‘or sheep to recover theliy sppetite

dition on refeedi

possibly 499, It is noted thet those sheep which showed pul

- practicel importancs. The livewsight loss of the ewes #
{16.3 o 29.87) of the liveweight at the siax

in livewsight were ohasrved,

One ewe (no. 542) also died aff

s 1ittle and often®; by s redustion fn the erdmals competition for food,

twios dadly, as in the py

epent experiment, mey therefore have bean of considershbl
death mte. For sdegmie comtrol of food

ros 4n eombedibuling to the high

nls 8 congtant enelyeis of the lvewsight loss of individusl

shsep is nocossary,
ané 1% would be prefershie 4o heve theee sheep cnly per pen




onents is presented in Appendix I.

2047 1.91 28,5
51234 2.0125:2 1 4.2129.1] 1.2}

L 23'5 §,§:§ gé%s;% 5}»% fjﬁ.ﬁ&% ] @a%

o %‘3 %ag gi%*% : zaggggg L5

%o 2 shork pexiod of wmdersudvition, o of »e

{%a%} wos ovidant. 4 Eﬁ?ﬁi@j@%ﬁ;ﬁ period of undermitri fon
of wdermotrition

& not significantly affect width of foregmyters (I

= %
$% W

¢ were no significent treatment effecis m lag length (F.).
The width of gigots {G.) was reduced by 21 days undewnubrition, with no

. @% {%f Lrdenis §§%@ﬁ%§%&%; %%%Eé E?E@ f}; m&%&%ﬁ%ﬁ% % %ﬁ%}%

seaduced the width of glged

@%3% iﬁ*%i%’ﬁ% groun Wg by %ﬁ@gﬁ? and the crvor pean

3 faken on the half=lc

The resulbs of amlyses of variance of these

s are given in Appendix T,
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‘%?é% ] % 5?;% %a% 2 3’% t% :§§§ %2&% gg% %g}sg
7 1 58.7] 5.5 1360] 5.6 9.0} 431 8.5]:

28,4 1.7] 6] 3.0] T2} 281 5.4 2.7] 48.8] 344

w5l

EMaSe | 2689

sgssootionsl Jength of the

Ho significent ireatment effeels were shomn on the o

s dorsd (L, dorad), (4), the thiclness of backfat et the deepest part of the

rocess (D), o on the thickness of the
sole

The dapth of the J,

tending to sosevbonte this effect. tation &4 not sig
ant B, Statisticl sralysis shoped that 2i-duys wndernuteition sigificently

s e oonlels. T

ved measurenent ¥, but the IFL group 814 not &l

= the other duee sroups.

i (LES:HP) 414 not differ significantly fe

frozen cavcass weight and & musber

The snalyses of variance of each of fhese
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He sbotisttally

sabnent offecks on the weloht or gsercentege of Sherioel Tat were evident

n for 24 days vesulted in & highly s

in the weisht of the fat-fyee body. Prolonged undernubyition howeve:
o have resulifed in

3 the weight of the fat-free body since alllough no significent tres

ment effects were evident belwean LESHIP and 15D owes, s significent difference is
is nes also resulfed in the

7 bigher than the LFL group

betwesn the recovery group and the conitzol.

It is therefove of interest %o nobe that the pesn wnlue for sll experdsmentsl ewes ws
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. slfacks wave

wolght, Jove 1

ey slgnifiontly reduce the welght of carenss water,

and I ewes, swme hydseiion appcers

sht of carenss mater belwesn the heavient (C) and lightest

ups was S.4 Ib., which accounts

A Bighly signifiemnt 1

in gzﬁ%@% welight

vesuited in highly significant GiF s botween the IFSEP and IFL growps,

« hes resulted in & veduction of the mesn

%%ﬁ n of $he opdar of 2,4 z%%ssg which &??35‘@%% in AT U




for leg weight,

and & nunber of log capoments are presented in Table B The snlyses of variancs

of these items ave shown in Appendiz I,

moe revealed & highly significant plane of pulyrition =flect @
b reduction in the tolal welght of

the undigsecied leg welpght, A h
ged wnderautrition 8id

roduced by 24 days wndeymutritio, while prolongs
not appsay to furthsr redute the totel leg weight, although the IPL group mean leg
zrbadion 4id not

=

ighly significn

weight was conaidsrsbly lower {(250.%z.) then the IS swes, Re-alim

2 hobtueen the IF58F and ©

incresse the total leg welight and significant difference
nd between the IFL snd € groy

aaps weve evidenb. Ho signdficend differsnce wes fou

in mean welght was @ite merked,

although &

ment of leg weight is weculay Hseme, and sings both earosss

s of nubrition 4% wes nod uhe

v affected by iz
produced significent differences at the 15 leval of

conbrol oroup. Prolonged wdernubrition 4id et §

veduce the weight of dssectibls mumdle of the leg. Heeallmew

an the weight of dissectible fatiy tis:

ent effects were produced

The meen weight of this Yissue wes appreciably

nip, and this difference approached
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alimentation, sinoce

ificant treatmont effects were produced on the
fat of the leg, but i% should

be moted that the meen welght of this $issue for
13 was considerably Jower (100.4 g.) then the comtrols, High vardability is

b effects were present, ut the resulis

period of undernutrition produce

exy resulted in no significast
with the IZ8 group, while the 1FB:HP ewes were
This yesult appesys {0 be due to the diss

. %/s» %

irmentation o Gts Hlaaue. Frolongd wiesrnmivition hosevey
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eomtrol () g

Considevable wrishbility iz ovidend, and 4% should be noted thet

The gemeral mmscle of the half-loin includes all &issectsd muscle of this joint

%%?% %% %z%%%i%zﬁ %ﬁ?g sl ’

&

sue end this difference was significsy

%ﬁg@z@%%@ rodn
8% the 47 level of pro Prolonged undernutrition

siivendation B4 wot
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or reduce the weight of these muscles, although highly significent
re evident bebwe
signifiently loer

en O and IFL groun

dimentation &id not

the woight of these iwe mupclea, The differsnce belween

the recovery mroup and the control ewes was reduced to a §F level of significanve,

Ho aignificant differences ppavent belween otheyr treatment o

roup means, stondard deviations, and error mean sguares |

fab, svbeutencous and intevsusouniar fals, and the

perivensd fedt. JAnalyses of wriance of these date are given in Appendix I,

inalyeis of weriance sl mnt effects on the

wwed no ptetistialily signifioant &

total dlssectible fht, or svboulenecus fat welight. The cumments of the fofal
ﬁé@%@%é‘%@ fat of this joint were analysed singe the $olal welipht of & tinswe wy
not revesl daang

. on the intermmsonlsy fat of the hells

A significent ino r in the welght of this tissue followed s short period of under-

?&i%’%iﬁéﬁ It there v 5 59 , mnd vedlvobionm prolonped wndewnntriiiom,

Tt voanilded in no S8 Tsrensy

ewas, Re-nlimewiation a6 senubrition 4 not bave any slgndfiomt

effect, As with the leg intermusaulsy 8t ¢

sed in dnterpreting

Tables 4% and 42, The resulls of analyses of vardsnce pertaining

given in Appendizx 11,




¢ 8 | 1401.8  276.8} 460.8 53k § 33.8 hebe | 427.0 498
1266.6 026§ 3454 3.0} 3.7 52| F3 354
7 1 1256.8  256.5| 350.0 2,7 2.0 48] 8.0 290
1L | 9 | 1000,7 101.7{ 30%.4 42,27 25.6  heb 283.7 40}
_ms ) sz | wem7 | was | 1ms |

tatintionlly significent tvesinont effects were apparent G to 2 chort perdsd

autrition or re-alimentation, when compaved with the contyols. Und Ltien
ver did result in & omsiderable reduction in the weight of this Jint. Severe
rificent reduction in the weight of this

.

P G, and eignificant differe

s 158 and IPSHHP swen, There is & considereble cosun

on, spmrently due b the high fat contend.

ition redused the welght of muiols in both sub-

fieant differenves being pre

Ho nig

ieant reduction betwesn 1Z8 and IFL ewes wes
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hort period of wndernutrition resuiled in a bighly significent reduction
of this $tissue, Frolonged wdermalrition dld not sigmificnily decresse this

gh a considerable lost as

reduction, alth st of Hlesae appears to heve been

& resalt of this sovevse itvesn

ents Jimendation 414 not incresse the welight of

the peneral muscle of the G0« rib-cub, highly significent differences being

Ho significant tresls

nant eifocts were svldant on e tolel dsseotibls Tt of

hbmrk, wiveis of varisnce of bolh the suboutaneos and intermsmoulny %t of

the S-10-41 wibeont ahoped thet there wors no differoncoss abirdibotadbls do trentnent
@ff@@%’?w

Results are presented in terms of the sbsolute weight of chenicel components,

and also sz pevcenitoges., This should clarify treatrent effeots,
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Gy CaD s, standard %‘%ﬁ;&’%iiﬁﬁg BNC. STTOT TR LR AT mﬁg%% in Table

ricte analyses of vardente for these dats sve given in Appendiyx III,

eriods of wmdersutyition bave produced highly significant reductions in

’%ﬁig%}{? af this Hissve soe redl with the condyols, The IPL proun 4o not aiffer

significantly from the LES group., Reealimentation does not appear to have signifie-

cantly increased the welight of this %ﬁ%‘i@é; and the IFS:HP group is significantly low

% g

arease however appears to have occurved as the LES:HP gror

differs significantly from the severe wndersmtrition group.

the weight of chemdenl f2% ave aspparent between

the LS group and the emirol, and the IPL group and contrel, Host of dhis veductio

dng the first period of wndernulrition; there being no difference
between the two wmdermbrition groups. Although no differences were demonstrated

oups, some increase in the weight of chewdicel fot appeary

slimentation as no differences exist between the recov

highly signifiesnt differences ceour between the recover;

red level of undernutyition (IFL), The reunking order snd sigaif

group end the prolong

cance levels for fat pevesniages ave the same as for fat weight @g@;@ that no

significent differences were produced by a short perdod of wdezmutrition, This

effect sppears to be meinly dus to the increase in the peroenbage of weterwith a
short period of undernutzition.

The rariing order of the @%&% for ithe weight of water snd of poiein are the
same as for the weight of chemicel fad.

Significant and highly significent reductions in the weight of water due %o
short and prolonged perdods of undermutrition were shom., Fo differences were preser
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conmared with the welght of water, Sixdler significante levels aye presenit, except

rvony is signdfiesntly hi;

sontrol,
Az with the welpht of water, a short pericd of wmndsrnubritiom woduced a

significant yeluotion in the weight of profein., Ho differences wers evident belween

-

the IPL and I8 groups. He-slimendetion did not significntly in se the weight

of protein. 0 8 pereeniege Dogls however, wderateition bad no effect on

iy significantly lowey

The recuvery groop (IFS:HP) is high

trol, and significay

iy lower then the wdswrmtrition group

v mesn souares ave given in Tebls 44,

ez of varisnce for these dote are presented in dppendix I1L.

Ezeept far & highly signifiesnt reductiom in the percentage of protein due to a

short period of mdsrmmiyition, there iz no evidence that elther wndermutzition or

re-alimentation resulied in & change in the perceniage chemical coponents in the leg

mnoia

It will recelled thet highly significent treatment effecis
on the dissectible muscle of the leg.

sutrition reduced the weipght of musdle fad, o significant veduction being
produced by & short period of sumaintenance fesding, Muscle fab iz the weight of

chemical fat (other extynct) within the nuscle, Ho fur~

or reduciion in the weight

of muscle fab oceur

longed undernutrition. Re-alimentation 4id not
incease this fat.

Trantment effects on the weight of water ave sinilir ¢o those for dhenionl fad

and protein welght, For bolh the weight of protein and water, highly significant

sere svident dus to shord periods of wmder

zaduntiong

&

rratrition, with no change being

v i

ghaerved with either re-alimentetion or prolonged underrubrition,
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ove o shord period of sndermutrition hes resulled in & significent ve-

he dissectible muscle of the leg,

this welght reduction belng dus o 8

protein, and water. FRe-allmsntation or prolonged undeynuteisi:

=, and orror mesn SQUEYes aYe presented in Tab

noo date are given in Appendix IIX.

howed that there were no significant durpes in e per-
teal fat, water, or prodein in the musele of the halfe-loin.

by 29 daym und

The welght of chenfienl fot ws elgyificnlly reduced

Trentoent offocts had £
’ : ¢
iy significant veductions in weight. 4 further per

short perdod of undesroutyition

s wulsy o

up ave lowsy than in any othey treat-
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dgix IV,

4 that highly signifieant treatment effects were demonstrated
1 dissectible mmole of the 9-10-4% rib-cut.

derautydtion for a shord p
sl of chesfienl a6, pr andl water in the medle of $he Pib-oud,

of hes wesulted in Righly significant peductions

molomged widermmitrition deoressed the mean weight of proteln snd water, This

longed wndesmutrition 414 bowever sigs

4 ? %éﬁﬁ% %%4% 8% p a%%’%%g% i%:é% :g;z{g% %:%92; £ ﬁgﬁgﬁé% %ﬁ s

the shsolube amouwn

T

ioal %, protein, or water, highly sigy

demt foo these Hoee constituents belween the recovery group and the conbm

y constituents between e

ficent diffarences were denonstreted for these ¢

sk o the mascle of the halfs]

T

cenbage fat, and water of the muecls of the =¥

ifiennt affects were profuced

on the percentags of protein. 4 shord

mshei tien did not yeduce the perosniage of mmele fat,

dted in a further veduof

ion whidch ws sigpificmt,
I% is intevesting to note thal re-alimentaiioc

of fat in the wedls, s et the mwoeo

control, widle no difference was ovident between the IPSHP and IFL groups. Prolong

ted In & sigificent Increase in the pereentoge of walaw,

%ﬁ% %ﬂ% §§ §§%§% %m@%ﬁ%% @@% :233%% %%@

so that the recovery group bad o higher percentsge of wader than the contyel group

itage of weder was nob different bolween the recovery group and the prolosged
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The pevoenings and weight of dhenlc : eve given in Teble 17,

sbment effecks were evidert

an either the percentage or welight of o

oty In all ese tlesues

fat in the nubcuboneous fut of the leg, halfslc

wl fat appeay to have o

Peycontege and welight of wier date for the subont

sous fat of the leg, half-

sented in Table 48, There iz no evidence thet oither widsr

loin, end ribecut, ave pr

affected the hydration of these tissuves. This wes

in contrest %o the dehydvaltion noted in e mw

e percentage and welght of protein of the muboutancous fat in the leg, helf-

seuler tissue,

wore denonetonited on either

and ribesul are given in Teble 19, o trentoent effects

the percentoge oy welght of protein in $he suboulanesus {6t of the hlf-loin, or m

,

the weight of proteln in the stuentanecus fat of the legs. A 8h

nutrition, or re-aliventation 414 not efifect {the p

ninge of motelin 3n the
iy fat of the le Prolonged undemmuirdition resulted in s significont

watbwesn the IFL

although there is no difference

fae percenipge and welght of pr

-

. by & short period of wdernutvition, and

significanily iner

fat of the ri

0y obviocos explamation for these effects, bub it

et M

of musoulsy tissus dissscted off with

(£) Perce

The anslyses of waviance of these ibems ave presented in Appendie V., The group

8, standard devistions, end eryor mean squsres of the percentage and welight of
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cherdeal fut and water in these fat depols is given in Tebles 20 and 24,

Undemutrition 4id not affect the weight of chendenl 2t iun the intermuscular fat

of the Jeg, or the half-loin., Tresiment effects were demomstmated on the percentage

mieal fat in the intermusoular 5t of the leg, and loin, For both these joints
& shord period of wdswuirdition lowered the perosntage of chenicesl fat, whils further

submaintenance feeding, although resulling in & reduction in mesn welght and producing

& highly significant difference bolwesn the IPL and © groups, 418 not reach sisnificene

levels when the IPL group wes compered fo the Be-alimentotion 418 not

e of fat in the intermusonler i of $he leg, and Hw

slgnificntly < 2 the pergent

teent effects on the leg and loin, there wes no sl

centage or weight of

Iadn,  Irn cmireat to theses Yyun

cont effect, due 4o a short poricd of wisrairitie, o the pe

s fat of the vibe

cherdenl fat in the inbermuscul 1. Prolonged wndemmiritien

significantly reduced the weight and pertentsge of chemital fat fn this rib-out tissue;

od with the conirols, He-alimentation 814 nol sigifican

when the LPL ewes wers ocoumpe

chenge the percsntege or welght of clemical fat in the rib-eut. The recovery group is

sigrificntly lower than $he control in the percentege of fal.

Ho treatosnt effects were showm on diher the porceniage or welight of water in the

%

inteymsoulay 0t of the rib-ont. Undervmbeitd wugver prodoced & highly significand

incresse in bolh the percentage snd wolght of water presernt in the lodn snd Jeg.

Fewalimentation also incressed the smsunt of water present, and the recovery group has
& highly significuntly greater amount of both percenisge and welight of waler in these
sispues then the control ewes. Prolonged wndermutrition 444 not significantly changs

the percentage or weight of water in the lez, or loim, sxcept for the percentage of %%é

in the 1ot

n, this being highly cantly inoressed by e prolonged period of subw! |

The percendage and weight of protein ir the intermusculsr fat of the ril

and loin do not show any comsistent dres

tmont effects, and will not be mresdhit




%

wnents are presenied in Appendix V. Teble 22

gives the group neons, stendard deviations, and error mesn sgusyss of the pevoent

and welght of $t, and weter in the perivensl fak.

¢ |8 {sng 2.7 | 4638 189.1 | 100 2.2 | 599 4.2
LB ] 8 | 90,7 1.8 | BOBLY 196.0 | Bub 4.7 | Sha 0 9.5
wep| 7 ] 89.5 24 | 460.2 157.8 | 9.4 W50 9.9
L | 9 | 89.7 25 | 4n.0 1264 | 6.6 12,2 7.6 |
| o it 114,82

-
&
e f

.
P

nb @ the peyventage or weight of chemiol fat,

Ho treatoent effects were svide

s and weight of waier in the pexdrensl ful.

oup means, shanderd devistions, spd the exror mean sqhves of

the weighte of the contents of the gantrointestinel, gestrdc, and intestinal fvect ave

rointestingl traek, and ity 4

e

yass of wardiancs of each of tiwse iters are presented im Appe

B trestoent effects on the weight of the conlents of the gan!

=

mtestinel tract were apprent. This offect i3 of considerable lmp

he o jor soum

varistion in the amount of "HUY s remrded as one of

in liveweight, The greater water content of the I&3 and LFL gwoups eppéavs to be the

ff'

resson for the lack of Wreatuent effects o the geslvcintestingd not o

:
i
i

/
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Highly significant reductiors in the weight of the exply gastrointestingl, gestri

and intestinel twncts were profuced by a shord periocd of undewnutvition, No further

reduction in the weoight of Hhe gestrointestingl tracht, or it Lo segrenis were shom

wiion 5P%er P8 dave wlswehyitics

afier prolonged submsintenance feeding. He-alime
resulied in s significant ingresse in the weight of these three ftens, although at the

$ime of slaughier the recovery proup (1LE3:HP) ewus had highly signifieantly lower ges

%,

being highly signifs

tracts than the contersl proup.  This resulied in the re-alimenteted gxo

cantly hesvier ten the IFL group, The exivess loss in weight of

- of 5% snd.

the gestrdintentingl tooct with vrolonged wmdesmatrition is in $he orde:
% for the gestris end intestingl welshis respestively., as compeved with the control

GBS

3y stonderd deviations, and $he ovrror moen squaves of the

weight and dhepical composition of the heart sve presented, The resulie of the

analyses of wrlance of these liers ave given in App

& bighly significant reduction in the welght of the heert ocon

mdspemtrition. Although & short period of mdewmutrition 314 not slgnificantly effer

the hesrd weight, 1t iz intevesting to note that the nesn heart welizht of the LES cwes

Ho significent offbcls dus fo fyestnmnt weve dow

wolght of chemienl fatb in the heart, or on the perceniage of water present. FProlonged

undermieition however did sl 4oantly reduce the welght of sater in this o

indienting muscls dehydistion,

The peveentage and weight of probein in the heart were not sffocted by o shord
(o

period of wmdsrnutrition, bul wsre significently reduced by rrolonged wdermteition,

The weight of protein in the IFL group was highly significntly 1

hile no differences were apparent on a perpeniage bosds, Resall

appears $© have further veduced the protein pressnt, s the pevcentage and the welight

i

of protein in the recovery growp ave highly signifieantly lower $han the control grow
Fo diffeven n the ISP and IPL grow
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il

thyroid gland, liver, kidneys, rencreas, sad skin plus wool ave shoen in Teble 25,

The vesults of the smeigses of wrisnce of these oygars sve presented in Appendiy VI,

&

A shord and prolonged period of wdsrnuteition reduced the weig

snd, highly significent differences beire spparent bebeeen the 1P and IFL groups

and bets

eo

these grours and the contresl. Be-alimendstion did not dncresse the welighi

of the Hyreid gland, in foot no diiferencs wes shown between the vreosvery group and

IPL gyoup. 1t ghould also be noted that there was & large initial £211 in the

thyrodid gland weight with mndernutrition, in the order of 78% for the IPL ¢

7% for the 1B o ed with the emtrol ewes,

v, vhile s farthey poricd on & low plone of mebyition &id mot appesr to inwesse

2

 Tiver wel

ns, althoush the IFL grow have o lower me

Bation significntly incressed the liver woight, Here

treatnent group,. Re-alisen
se between the
Fo significent effect due %

being no dilffera veaovery group and the sonbrol group et slsughlew,

plave of mutvition was profuced on the welght of

both kidneys, but it iz ooted that the mean welght of the L6 owes wes lowey then in

ary oiher grtiD.
4 low Plane of nutyition prod

ofl & highly significant redustiom in the welght

of the pancvess after 21 &y sulw ing, and no apparent further dange

mndemuirition. HRe-aline Mghly significant incrveas

in welght, there beling no difference hetween the recovery prowp end the contyols.

The IPL eses had highly significently lower pancress weighls they the counlyol

and the LESHP grog

Statisticel analysis showed thad a short or molonged parded of ¢
#id not significantly produce o significant effect on the welght of shin plus wool,

Be-alinmentation sigrdficantly incressed the weight, there being no dlfference between
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Tebls Z7 musents sone corvelations betwesn the welght and dhenicsl ¢

of the heayd and the oo

st T

Z.B1F

H

LEM
(=)

&

el G. 565 %‘i};ﬁf’f& . wﬁa%?% &f;g}g?
{%‘%é (resel] (2e8)) (nos, gm;}

< 2% SR .
Theme vesulds Indicate that the welpnt,

weight of profeln in the hesrd ave significantly relsied 4o the mye

e ,,ﬁ 2,

but timt this oy

:”"43' &

v 48 wnlikely 4o be of uss in dng wreess oomptnitio
It is of interw

st 4o note thet th

1w ayound of dherdeal ot v the heset does not appew
4o be related to tiat s the euronss,

elations bebueen selected indterml organ welishl and earesss composition

are given 4n Teble 28,

L0046 | 404125  [+404267
(8} | (nese) | (mesa)]

2,058 | '%é&%?&
3 éi‘%gﬁ\af}

*x%

#0578 {40489 BN %ﬁvﬁ
i%,ﬁ%«us} - (sl B (8.5

Wﬂ'

se vesults indicate that these orgen weights sye wnlikely %o be of use in

s weight, or its compositd
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DISCUSSTON
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satmnt effects o the careass end no

An outline of the significent ¢

sompanenta of liveweight ave presented in Thble

29,

i a2 short and polongel perind of wmndsrnutrition beth sionifiean¥ly

reduosd livewsight, while re-slimentation tended o incresse liveweight, This veo
s weight on prolongs

ductiom iu livewsight resulied in a sipgnilicnt decresse in
misrnuleition, ut o shork pericd of wdereleition, or of re-aliventetion, 4id not

Kirton end Barton {1958a) also showed that e

tlon &34 not reduee the eross weight.

sadn

s

w3t B node Yt no treatees

1% i of considowsl

s

the c¢herdoal £t in 85, or the dissectible fut in the leg, |

rations sade,

Gf =41 Tib=out, nor in the varicus cherdenl fab deters

nted on the rysical or chemd:

e<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>