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L. INTRCDUCTION

The primazy purpose of plg farming all over the
vorld ic the production of meat; secondaxy censliderations
are the produstion of pisg skin, bristlcs gnd repuze, fhe
I's Yetds 03tination (Anon, 198l) of plg population in India
for 1980 was 10 milliong and the tolal pork productisn was
of the order of 70,000 tonnes. rozk constliuted 7.4 , of
tho total msat prouuction of the country durlny the three
calerndier yoars L57073 (.mon, 1976). pig faruing figs vor
vwioll in mixed farqing and can also be complirentary to
intenslive crop productlon operations. In India, plg farme
ing has a wpecial signdficance as it can play on important
role in improving the socioecConomic stotus of a sizeadle
section of the veaker rural comrunity., Plg reaving, by
and lavgs reradns in the hands of these peopls, They do
not possess the technical knoehow of plg preductlon on
nodern linge. with tho adoption of improves rTuaring prace
tices applicable undor ruval conditions, there will be
significant increase in the lncow of csore of the poorcet

poople in the country vho traditionally xear pigs.

befowe the advent of vocond I'ive Year plan, vire
tually no altenpt was made to popularisc pig rearing on
sclencific lines. The pig population romained more or

less siationory {ron L95L-66 (4.5 - & nililon), The piy



population has increased o 6.0 millions in L1972 uhich

constituked a growba of 283 over that of 19686,

There 45 scanty data on cconomics of pig farming
in India. Tha major expunse is on the feed and it accounts
for 70300 of uha total cost of pig production. o good
palances ply zation contains 7079 grains, nalnly yellow
oaize, wraifse rice polish or Bron, odl cahe andt fish moad
constitute aluost P55 of good piy »etion in Ircia at presca
"iadze is the chief source of cnergy in plg rations. Heseasc
on utilization of agrowinuustrial byepzoutucts for pig feud-
ing has not received adecuate attentlon to for in this
councry. Protein reculrecment in plg xations is mostly ot
by various oll cakes anu €ish meal, Scavciiy of geod cuall

{ish ceal is beiny felt for uhe past fou yeass,

The pig faxoing can ba nede reaunerative malnly
by keeping foed cost lou, rearing pius havling high fced
conversion efriclency ana by ensuring :emuncrative price
Zor the productsy Lnder the proveiling shorlage of grainms,
atterpts snould be made to use more of agpicultural amd
Inaustrial byeprouucts in place of grains to the extent
posGible in pig ratlons without adversely aifisuing poTe

LOTRENCcE



The nutritional reqguirvomenis of various classes
of piys undor temperate climote have been axtensively
studied and gocurented in doveloped countrics. The feeding
staondards thus evelvod Like the Il feeding standards, axe
rolatively aceuraie under conlitions avallablo in thowe
countries, Dubt thoy may oot hold yood under hot tispiuvs

where ideal monagenent condicions are haxd to fimdt,

ike baby piglet at blzth doos not appear to posces
a very eff{icient tomperature regulating nechanisv. It is
incapable of provecting itsell aguinst cithor excessive
acat or cold. «8 the plg gro.ss the opiimal air terperature
for maximum live veight gein ond effacicney of food conver.
sion chunges. ean annual aublione terporature in rpst arer
of the tropics are only o feu degrees above 26°C sc that
plos welphing 30=00 oy ave probably being eared undex
almost optimal envirenwental condiiions, but as tho piys
grow older and heavier, norma) tropical temperalures would
be too high for maxinum procuctivity. Thus in the tropics
the alnm should be to naise g povker weighing agoroxicately
CHm60 kg and not bacon or laxd plgt weighing 90-£10 kg.
buring tho doy time particularly &n tho suwer, tzopical
aly temperaturcs aze wsually weil above 26% and Lax g
fatteners s well as Sovs and 4ills nav reculre come amcli.

zations fiom hol or hunid environucnt if thoy acc o | cesw



at an eptimun, under such conditions, xeiiel from adverse
efrect of the hot days can bge obralned by the provision of
adequate shade and uater sprays ox wallous. toxe over, it
is natural te expect difreicnces in putrient raauirerents
of various classes of swlic wrler tropicel clinatic condie
tiono considering vhe inhwrent wesknosses of the spucles

in homeother ie mclhonisns.

The nulxitional riguirzonents of aiifeiont classes
of plys of ciffexent age groups vine, sucklers, (rovers,
adults cle. Tor rearing unwor varlous clamatle counuitlions
in this country have not beon adeguatoly studica, The
optimun proteinwensrgy zatio in the ratlons is likely to

vary in ciiforent onvironmental condition..

There is variatien among nige in the awunt o
lean reat produced por unit of feed censumpsion, The
efrect of rustricted teeding practices on uweat protuction
nave to be oxplorad under whe comiitions pievailing in
india. Loestriction ¢of fceding can b done by comaollang
the cnerqgy concent of feod or by limdiing the tolol quanii
ot fued intake or tire alloued for eoting ctec. Vasious
feeding praciaces way arkedly influsnce thc ¢azcass

corposition.
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vWith the forcgoing xosume o5 bockground the

present invostigation was gsed with the follauiny objective

i) to 1ind the eifocet of particle sice of

feed on growth and feed conversion efficlency,

4%) 1o determing the elicet of tnrus levels of
encrygy intake in gro.in. plgs on groulh,

feud efficiency ohd carcass coargcterietics,

1i%) to ssseas tho varlation in plysiclogical
roactlions wneex diffezent fecd troatmonts.
iv) to cetemnine the food cost of body welght
gains in pigs fod difforent lovels of orexgy
ard diet of varying purticle size, oud
v) to deternine rdwither the noture of foed has

any influcncoe on the inecidence of gmiiie

lesions &n groving pigs.



24 REBVIEJ OF LITERATIRE

The very fact that swine ¢njoy a worlce wWice
distribution show that it can thrive in extyeces of clima.
tic conditiens. Hmiever, the ageomclimote, the plane and
rmethod of feeding, breed and wenagerunt can profoundly
iniluence the growih, deed utazlisaklon, reat quality and

eventually the net xeturps frxom thenm.

Plane af fooding

IR Ak e

Pzotein level of feed :

It is woll established that when the animal giows,
it galne weight (weymer ob al., £964; Valkor gt al., 49723
frlend, 1977). Concotideant oith vhoe oeight incresse, lcan
tiosuas arc aleo syntnesised by the animals bul the propop.
iion of wuscle in welgud gain tends to decrease and thou of

adipose tissue incresse.

The increase in rate of Geposition of energy in
the form of lipids is repid, vhoread the deposition of
nitrogen ib relotively constart, The energy value of
proteln deposited in those comditions as poxcentage of
mvabolizable encrgy conswiad decroases rapldly Witveean
20«60 kg live weight {17.7 to 10,.30), thon dore sloviy
from 60=-100 kg Live woighi (0.9 to 6.74) ard finally very



slightly between 100 and 170 kg live welight Y6.7 to &j).
According to hobinson (1064) and rtoloe et gl. (£968) the
eifagioncy of nitrogen ratention 43 about 32 per cent in
pige welghing 30 kg It cecreases o about 35 per cent at
100 kg ond 22 per cont at 180 kg, uale and IeCernisk (LS
have observed ihat whie grouth, feed efficiency and cazeass
of pigs fed on a diet vith 16 per cont crwle protein to
about 20 kg and 13 per cent from there tp slaughuner gt 97
kg were similar to those given 19 per cont throughout the
{inishing peried. Jollic ¢f zi. {1973) reported a signie
ficantly higher growth zate iIn pigs on 10 per cupl crude
protein throughout tnan vhen coducing the protein level

succesgively from L6 throughk 14 Lo L2 por cont,

The Anflucnce of 20% O DOGy conpositaon 43 cloox
and well cstablished, It 1o ween at a glven wexght, fowals
ave leansr than castraled nales [(Lucas ard caluer, 19563
wallace gl al., 19993 Hoblrson and Lewis 3064; well, 1965)
This may be wue tp tho dizference in the horiwnal walance
and lower volume of foue Intake in ihe senole (Blalr gt ai
L8G9 b). Jayley and bugnerc (1063) roporicd lhat the
sales had a highor giovinh rites  Jut they sbiuzved that
vhe foed conversion is loss elf{icicnt in nales. Propsition
2l edible tivsue is higher in fng rale ihon in Sne zenale

and hidher in the femole than in the castrated wle, lhe



forples deposit rove nliTogun p2t day thao Castrated nalos
by about v per cont busiwen 24 and 50 ky ane 40 pul cont
beween S0 and 80 kg body veight (hexat, 1972; lsoxley gt
al,, 1978). with Jlots to pigs varying from 42 to 20 por
cent protein und nelabolinablc crergy 200C to 3700 leal pox
kg, Gromell gt al. (L978); Scerley ci gl (1964) hove obse
ved a fastor gain, lovger eye muscle axBa end a higer
porxcentage of lean cuts as the protein porcerkage is lncre
cascd, The protosn Supply should also bo optimum in relae
Ligns to tho eneryy supply, the grawth and the bosy Cotipow
sition ehaaracteristics Decoming poorer i€ the supply is
loror or higher than this optinum, Hany res.arch vorkers
are still iptercosted in che ipzlucnce of protein in the
aice on the perfocrmance of pigse Moot of these stwios
congern in poriltuloas the grosing findshing pexriod and an
analysis pave boon made not only of grosth but also of
body composition (Robinvon gt al., 1964 b; Scymour gt al.
19643 Saich gt gl., 1967; Blalr ¢t al., +06% a, b). Uiuely
varying concluslions Were draown by ihese authors ln estinge

tes of tho nevccosary nlliogen lovel.

Young ch al.{i968) showed thol during the g.outh
poried there vas g lincar increasc in grouth Tate and a
curvilinear reductzon in feed efflclency vheh protean

cantent of tho wlet was incrcased from 10.D to 39.2 por cer



protein lovel durin, tho fipishing porloed varying from
L7.8 to 14 por cont did not offect ihie grovin rale but
foed effisioncy decreasod with vhe fall in the p.otean
lovel. HeplacerEnt of tne Jiet for wne tinlshiuy period
according Lo Robinson gt al. (1964 a) wwst not v nade too
casly. The reason is thak ovon though veight galn is vot
affected by changs in the oicet au 36 kg ifve ueight, the
feed officiency may nol be as good as in the plaos having
changed disi at hijher live wolght. OStucies enzied out
Iy olistor ans eghlsizenm (1973) inuicatod thas dievtary
rrotein lovels of 46 and 12 per cent fod duping perioos

of 20w49; dbe=ii3 kg body welight zospecilvely wers gde uate
£or dally geins. upwover, they suggusted 13, 16 and 12
por cont protein lovels for muximum efflclency durxing ihe

above periods.

Energy god provedn reliionshin

Lpergy and protein or suinw 3:6id Gortenn :elatlon
ships hove been the subject of study in the goowing and
fanlohing plgs {(Robincon and Lewis L964; Hobinson gt gl..
1964 a). Incxtase in the encegy content in the dict rodue
ces the feed iptake (Haldezn, 1964} Seerley ¢t gl.,i984),
This canp cause z doflcioney ip proteln incszke i the
onergy protexn iatlo i not preperly malmtaln.d. Accorcing

to Clawson {(19o7) decrease im fced intake occurs only v..on
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the protein supply is inadecquate both in cuality am! quanw
+ity., Tne levol of onino acids in the eloi should intrease
with a highor Lipid contont bocausu of the acconpanying
recaction in roed intate {Andozson ond 3owdand, 1967). Incly
sion of 9 por cent fat in the Jdiet had been foumd to
increase tha foed eificiency by 3 por cent {scerley gk al,,

L978),

In coptrast to the liple level, the lovel of
celluloce gifocts too ponfopnncs of growing pigs. It
jnereuses the dry mavier intoke bur it 35 insigniricant to
camensate the decrease in enorgy value o1 tho diet. aAluno
theoze is a higher intade of protein, the gro.ih 1s a littl
slover, [his may be due to lesse lipid beiny veposited
(Boacon 1963). ~ddoltion of cellulote or lipi s to cause
snall variations in uhe energy contuent of the olet nave
not boen found to affect nitrogen sckentlon {cuwleioon and

doviand, 1967},

Ashton @b al. (R9u0) and vowland anc ey (40L4)
reporved dolcterious cffects on Corcoss quolity of hijn
encxgy rations and supplomensal fat, Clawson and covore-
keis (2962} and weerloy gb gl. {1964) were wigble o
ceponstrzabe that addivlon of animal {at in diots of o

wng pigs significantly alfectod cawvcadbs leomwas,
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in order to reduce tho fainoss of hoys at slaughe
ter, foed is oiton restricted cuwing all or part of tho
finishing perloc. This does not,lowver, changt the dazly
nitrogen reienileon. Un isonitzogonous ratlons containing
et s Stanuards L0 ox 20 per cont looss of wigestible enery
during an experinental period of 23 weoks ,.allilkarjuna et
aL. {1973) conclwod that rations having L0 per cent lessex
cnergy than Hedeo. standards proved st effcctive in pigs
in tornms of fwed officiency ~nd econory of feed conversions
The relation hetwcen food yostriction anl prolelin supply
ror epbtimum growth nued furtner siudy since it &5 still a
convzoversial subject und it has not been poscible to dras

a definlte and valid conclusion,

Lamited feeding :

The mothod of feeduing 1o be used in feediny goov=
ing finistiing pigs is one of the isportant docislons that
1 sudne producer aust ngke. LE the plys are to be nacgeied
oarly, selfsfocdeng or fulletcoding s gonozally mozre prow
£itable than linitod or zes.ricted feedin,, Litnpur serious
consequences, in linied feeding the ration can e Tsauced
to awput 80 per cent of the fulle.sed, hoducing foed
invake to this extent from who time the piuys wexgh about
5% kg will poastponz the tloe they zcach 90 kg by about lo
agays (Krider and Cazroll, 1974). Limiting the zstlon o
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some extent produces sareasses that carxy sorw what less
£at then fullefod hoys do, which 1s highly desirable.
nostriction of entigy in the diet during growing finishing
period Sharpdo 0f al.{1977) observed a zeduction In tne

average daily gain of markct plus.

Jhen the feed of pigs in dry lot is restricted to
only oneshalf to Luvosthiza of o full feed, they genexally
make slow gains and xocurre lavreex gmount of foeed to attald
nazhet veight. In experiments uhere the feod of plgs has
veer only 2llpnbly mtetricted ond thoy have buen fe¢ about
thrceefourth of a full ration until rogdy .oX market, the
rote of gain has beon sbout threeefourths as caple as full

feoding {Horrison, 199L},.

Czude fibrpe content of tho feed

aXCopt O 40me otcasions whoro there is o uslibee
rate smuxpduction of lorge quantiiics of fibrous materisls
in an atterpt to dmprove the carcess gquality, the ciet of
iho growing plys nomially Joss not conbtain noxe than De6
per cent crude {ilwo. The physical Characternstics of the
fabrous constitucnue in Loun ©a%eS con vary. Yoponding on
the luevel of cxuwde fibre in the dilet, the availabilily of
digestible energy per wnly volght of natesrial can very.
the highor the crude fibeg lovel, too lowexr the gvailable

digestible energy por unit swighy of the diet, Lover
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inclusion levels which yives an enoryy dilution effect did

nol alisays produce reduced goouth rate (Docker gi al.,i90u)

It is still clearly not demonstraved tnat the Clot
with £ibrous materials with the sole purpose %o reduce iha
avallable encrgy per unlt welgny of wiet will lower the
cnergy intalke, reduce gro.ih Tatd and CcarCass uallty. Bell
and (4gvk (19v4) reporied ithal imczeasing the ceiluloso
fnclusion level of the diet caused an enhanced growth rate
rather than coczeasa. This is bocause ihe locer caloric
density <diet hos ceuwsed stiralation of appetlic ihere by
an luexeasc in enorgy Amtako (Bolson 8t al., 1999). On the
ovhor hand Cole et gt. {1967 a) wwee ungble to spow that
increasiag the fiorous lovel of the diet offocted the ineqd
of gnergy snd Cole €t al. (1967 b) could not finu any effac
oy feed intake izom isecaloric diots varyias in cruce filse

content,

Fibre inpodients such a8 rice bran ang gyrass swal
ore nor ully ueod as Sicvous rich mptoriale. Thelr quality
is widely varying. The type of {ibzaus natesial used may ix
ieporvant alseo in effccting the animal zesgonses, Txoelsen
and »ell (1962} corpered aifalia roal, ground corn cous,
celiulone, vhoat bron and oat Bush av £ibrous cilvonts and
found that daily Juvod lmtakes woxe vory nuch dependent on

the sowoe ol vibrous malirials used., in all cases tne
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digestille energy imtake was decxtased a5 the crwie fibie
lovel increased. Darley hulls nodified the intake rore
than the voad eelluloso (Larsen and Qidfleld, 1960). in
order to ducernine ithe effect or hluh densidy filrsus cilu.
ents Baker gi gl. {1968) couparcd high density cliluente
such as sand with lou densivy ciluenio Such as celluloue
aret found chot sand cilutlion upto a lovel of 40 per cent
gave a compepsatory feed integkoe. The rate of uyrewth was
not dopreossed untal sard level had regches 20 perx coent of
the diet, shereps o 40 per cent goave o conpeaisatory ieed
intake. The wolt of growth was uot doprescseu until sand
level hau zoached 20 per cent of the dist, wvhereas a 40
peY cent level of cellulose dilutien _ave a linugry reduce
tion in gro«th rate and carcass qualdty (balxd ¢t al.,
1970). These observatlons lesd te the conglusion that
fibrou., materials can improve tho caxcoans guality proviced

it resules in g xeduction in vhe energy intake

The fibrous constituents may actually aifcet e
availability ov othur nutrieme (wunningham gt al., L062),
reicher fat depusition nor the cuscle devolopacn. 15 altes
glgni.icantly no digesiylle enorgy intano arxe hoeld censton
(Laizrd gt ale, 1970). The pig devalops z Coponsatery
increasse in fecd dntake Tosponse to dievs contalning incre

aing levels ol fibre (Guor amd  ddgnan, 1067; 1068). Lesiw
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acceralng to Cole g als (106u) this iy mareecly affected

oy bhe provious nurritional status of the anlmal.

Bhwsical fowm of foed
Pipsossing of cexeqls i

Cereals constitute o high percentase about H0-d0
por cont of 1wst ply rotions and therelore che nature of
processang of this cowponent con influence tha physical

forrn of the diot.

The rate of inlake in zcsiricted foeding or toilal
intake in ad 1ib feeding can he affected by the physical
fprm of the diet. whole bavley buced dieis hove been
found to be less g acceptable than finely ground {(Lawxencu
L972). Ip oaize ba.ed diet slax.oll gt al, (3970) have
found th.t smaller particles vere more acceptable to pags
shan largor ones. s hen serghun foxns tne bese of the wiet
in somc cawes whole Sovgoun hot boen reporied as baving ho
caten nore roadily ihen sergoum in elther caarscly o
fimoly ground forms. wheat b cords pasty anc stick to
tne aoulh of the pig, whon it prodeminetos in grounu forr
(Loveence L972) and to ovozcome this Lunng (MOL7) sugge.te
vhot viraal yraine shotld be fod Uhple. Accowding to Pelld

(1962) coasrsely groum or rolled uhsat io move pul ttaplo,
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Food Inbalke, digestion snd dicootibllity

In ssvoral abimal spoules, the appative is reguw
iated by the aclion of the 'saticiy® and 'appotlte’ centros
oituated in the hypothalawse This has bzen voerifivd in

the pig also (xhelaf and Robinson, 496%).

By seons of ducdenal rceemizant fistulae the
dlgestive transit ono especially euplying of the stomach
has boen studied {Furuys ond lakahashi 19¢0). Abuut 45 pex
capt of the doy matter xs omptivd of the stomash within tue
lwurs of feoding {Rerxat 1972). Tne empiying process id dis.
cantinuous, The wovenent of liculss precede solids, The
amunt of foed ingucted ie parily regulaced by the vegres
of £illing of cortaan Segrents of tho omall dntestine and
the rate of esptying varies with the ngture of fecd, The
erude fibre is Jigustod rminly in the lawse intsstins
{8livitekil, L979; ruruye and Takohashi, 1980). uole &t gzl.
(1967 b) reoported tnat ravzons comiaining 12,9 per cent
crude flbre pioduced ne reduction in the enopgy of pigs
wnile Cole b al. {1968) obsezwed Lhat incroasing the lavel
to 13,0 per cent had caused a reduction in woluntary int.ke
oot feed wos the diluenl in bolb studies. It appoars that
LoUree ana lovel of crude £ilwe hos 3 Jirect besring on

the digestibilivy of A{s oun @8 Uell a5 on other coponcnts.
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The pig is g poox nasticator of food and thoriw
fore, the vhole graing are more poorly digested than Lhose
which have beon xolled or ground to varying degroos of
{inpeness (Young 1970) and a high porcontage of grains pass
ihrough the alimantary t¥act undigested. The dilferences
ia particle size such a5 coarse apd fine would import a
diZference in the digestibility but of a small magnitude
(Pickett gt al., 1969). Sinonsson {(L973) could not fing
significant effect in dQaily gain ane feod convorsion eifie
clency in plgs fed with bazleoy basec mopls vorying in
particlc size {rom 1.20 to v.20 rm. Jindlaor obsexzvations
uvere made by Jobson gi gl. (L978) in pigs maintaintd on
uheat and barley based diets fincly ground or polleted.
1his is in contrast to Ehrensporger gb al. (1976) who
zCported that the use of meals of less ihan one williweter
partacle sice preduted signivicant Increase in welght galn
The literaturs decunentea on tho subject is nalnly on neale
basua on yrains, It is nol kEnown Lhether variations in
particle slze of meals Lased on tubur materigls like tepio
{Casvava) would preduce any pronounced exfect in groving

finishing pioc.

gastric 1esions ond naturg of fecd s

Pl e

slnee tne speciilc vefogence to an osophagoegastri

ulcer by sullard (1951} thexe nove boen sevorpgl reports of
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tho high incidence or this condition ranginy frem hypire
keratinisation throuch erosion to ulecexs in swine malnly
on maize based pellet fseds (Cauble gt al., 1967; Blacksha
and %elly, 4980). In ethor coparable tXials such as pell.
etin; o mixed feed with J0 por cont barley, leese gt al.
(1966) could not establish stomach lesions, according to
pickett ot al. (1969) it is nol pelletlny but fine grinaing
of maize that causos ulecrs, Resulis of corvain trials
(tfahan &t al., 1966; lwier et gl., L967; helmann et al.,
Lo68) sho. that Cine grinding by itself favowrs wlcer.
fccoxding to Fugote gb gi. {1968) theze is o definite
connection keitween anount of 1ying space for animal, time
of vyear and ccewrence of gtonach wlcers. It must be
emphasized Lhat stomach lssions in cuestlon nad no adverse
effece on wolght gain ox on focd utilisation. On the
contrary only soldom was theye an increascd mortality

(Dobson g% ales 1+974).

pil of the stomach 3

The differential effccts on pli chanyes at pyloxig/
Zundic Jjuncuion of the stomach on fecding barley of varying
parcicle sizes have heen observed by Lawrento {L972). In
pigs fed with coarsex particlos, the dige.ra was less flulc
than with finox particles, imduced ap acid environrent ak

the pylowic/fundic zegion, llorcovex, tiio pasticles produce
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stools of 2 hijher dry matter coment, Those imilczte that
the gut environment Could be affected markesly oy the phye-
sical form of barley in the ciot. Lawzonce (1972) found
that the s of pyleric/fundic junction of ihe stomach was
significantly lovexed vmen hran vios added to the diet.
seethes gt gl. (L9714) found thot tho poler (aloohol) extras
cts of oat hushis significently affectod the gastric acid
gsecrotion. Lowrence (1970) hos shown that the pH of the
stonach depends on the frequoncy of ncals ond on the degroe
of grinding of ihe tood. wn <hoat based dievs Luperlovic
¢t pl. (3975) zoporied that the pa of the digesta in sto=
macn was 8iightly higher with pelictu, 4,7 amd 4,9 for soft
and naxd pelleis and 4.4 for lovse diet while on borley
Lascd Jdiets Sivonsson and Sjorklund {(L97d) obsezved that

the pi ranged from 3.0 to 4,3,

Y5, ogical roactions

Like all aninals the ply is a homeothera. Tne
actual vange over uvhich the andividual pig con <eintain its
tenperature over long periods depends on iactors like age
and odza, First attempt to melate veaglt gain in swine to
alr temporatire over a zange of temperature undex coatrolle
conditions were reported by weitoan and fughes (1949) and

sngls the relotionship or alr tegporatuxe and llive veiyht
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and averago acaily vailn, Studies have shown that vhen

the envirenrental terperiluyre docveases from the level of
thormal coafozt and passacs below & threshold, the animal
has lo recart to the chemical rogulation of its central
tenperature, that is, the andmal produces more heat to
naintain the bedy tormperatuze. To satiofy its supplicmens
tary expenditures, the snimal must incrense its feed
intake, an incitase which is somotimes vexy high (Heltnap
gt al., 1998)s This roaction could ke utilised in coune
tries with ¢old climste, An increased intake of cereals
doule allow tho nitrogen requirement to be satisfled in
whe £inlshing animals without any supplementary protein
concentrate. [or the same intake of nitrogyen, nitrogen
doposition is high in pigs at tesperatuses of 19 ar 23%,
it decreasos considerably whon &nc te.upersture 1s low or
high (Stably gt al., 1976), wuen vhe alr temperature is
1o, nitrogen depositlion is reduced nore than the growth
rote rosulting in an incrsasce in lipid deposition. Guch
results were fourd by Fullay ond Loyne {(L97L) at different
feod inlakes lopescd gt didfereni tenpsrtwres. Although
vhen the valuss were adjusted to the suwe fced intakes per
unit body weight, there was no significant effect of
terperature on nitrogen or fat content of tne body. Hariin

and Lebouts (1979) obsexved thut boxrw!s ale nere in the
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hot season and gained less wolght daily aid reached 100 kg
weight at an older age. According Lo Close and | ount (L97¢
the eritical temperature of the pigs depend on the feed
intake and decreases fvom 23,4% in the riorning ta 20.7%
in the afternoen. The extrg fead xeguired to mcot the
extra thepnoregulatory hoat production was 0.60 g por kg
booy weight dailly. Accerding to Seymur gt al. (1964) thex
is a signiiicant Interaction botuesn the offects of proted
and temporature on feed requirced per unit galn during tue
early oroving pericd in summer and on the per coemt yield
of lean curs in winier, Joshi gt gl. (1977) obsoxved a
trio fold increase in Lody weignt gain when high aublent
terperature stress of hot ary seasoen was ameliorated by
keepling the pigs in artificlally cooled cngrber environe
ment (18,5%C wita the vapowr pressure i0 oo ig) for 8
hours daily for 7 weeks, Unprotected plgs consumwd signis
ficantly rore feed ilan the protecied. Joshi gt al.(1976
studled the seasoral vasdations in feed consumplion,
wator inlake, rectal %enperature and respiration rate on
s durdng sucon, rainy and winter seasons, They have
found that {eed consumption tas siynificanily aigher durl:
winter than durdng sueswr of rainy and thero was ao signi
ficant diiference in intake betmoen suwupr and rainy, but
it was regatively corsolated uith nir and pody tenperature

They have cbscrved fucther that the rectal tompersgtuce



ard respirvation zate folloved a trend sinmilar io seasonaj

fluctuation in ambient tempezgturo,

It is generally accepbed that plgs eat to salisfy
theisr roguirerent, havover, tenperature con inflienco
onorgy intake and rate of gain (Bond gf al., 1952;iiangeld
gt ale. L060). ligh arblont teapsrature decreases feed
consumption with npinimal effect on fepd efiiciency, where:
lov terperature increases focd consumption gno Uecreascy
efficiency duwe to expense of huat production {or maintes

nance of bedy terperature,

Invectigatlions by Foxboo and owift (1944),Forkes
¢t al. (4046 b) and wwift and clack (1949) snowed that ke,
increnent is varlabls for nutzients and gencrally ancreass
fxom fat, cavbohydrate to a high value uith protein. binoe
nutrient is seldun meiabolised alene, the heal increment
of specdfic dynamic effect ot a fecd is directly affected
by the combinatron In which the nutrlenis arc fed, The
rastlting values are less ihan for an Lixividual snutriont
A propor nutzient combination should decrease thu cost of
metabolisn. Of the cormbination, studicd, the heat incioe
ront was laxst with pretein ond fat nixtures according t
beernley gt al. (1978).

Mount gt al. (19u0) obsexved that varialions in

alr temperature within the aubicnt temporature range of
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#e20%C had no significant effcct on gain but increase of

Lind speed to 0.8 B/s at 12°% resulted In reduced gain.

ligemoglobin content of blgod :

¥iik 3o excecdingly lov in iron and also in
coppex ard it 49 not possible o increase the amount of
these winerals by fecding the sov. when suckling farm
anirales are not allased to othur feed as suon as they uill
taoke it, these gonerally su.fer fron anaenia. This condie
tion is often serious in piflets. It can be provented by
parenteral administration of izon preporations of supplee
mented through feed {forzisou, L95L), bavber (ioLb)
observed a haermoglobin decline in indoox ¥eared pigs than
those reared outdoor, Jpdike (1960) zepozted a nornal
value as O @/A00 ul upward.

Gareass charactezistics

The pork quality has xen urdersisos in ony ways
by people related uitn ihe reat indusiry. feat quality dn
yenesal conveys a degree of excellence in a product.
tuality incicators' aze being usod 1o evaluato Jdogece of
quality. baciw seguent or tho livestock ard meat indusiry
has ite own quality indlcators. for a packr, meat quality
is meant as naturity, morbling, textwudc, colowr and tirse
ness uhile a gonsumex thinks qualily as tendorness, juicie

ness gnd {lavour of coolted product. ..2altnh oificlials and
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nutritionists view it as clcan, vnolescme nutricious moat
iten for consumption and pork producer considers quality
in terms of hair cplour, bone rcfinement, hide thickpess

and heat $izo {Hendricusan, J47).

The consures demand for pork is dependent on its
quoality. The consumer depends to evaluatc the aquality on
visual indicators such as marbkling, colour and firmness,
since these are assoclated with the piotessing characierw
istles of the cured product, they are irporiant to the

procecsor a8 wall.

Faed and nork aguality o

Guts from hoys slaughlored at weighis ranging izc
G0=i00 kg is preferzed by Lhe average consumer in the west
Light woight hogs uncer B0 kg would yicla only small cuts
and lack tne desized quality, textuxe, subsience and

firvmness, Firmness i8 one o7 the most important {actors
in determining quality of povk products, oily and soft
carcasses are ungtiractive and d4fficuli to rorchandise

arnt! they are bought at a diccount {Krider and Gavroll,iy7.

Feeds thet awe rich in unsaturateu fats cuch as
those in groundnut, if fod libowally produce soflt carcascc
begause the soft fat reappuor lazgely unchangea in the
{atty tissucs ol the pig (Maynoru ot al., L979). Garbage,

rice bran and polish, buck whost and unnilled oll seeds



also have a softening 0ffect in the carcass (lorrison,l19dL)

The aifferent paris of the plg’s body develop at
different rstes during difforent porieds in its life, It
is posoible to vaxy these vates by ralsing or lovering the
leval or plase of nutrition, producing pigs with quite
difforent corcass charactsriszics. By medifying the plane
of nutzition, it is possible to produce bacon type and lax:
type hegs from swino having the same genetic -mke up.
Lupeziments of tciMeekan {1040, Llodi) shos the effects of
different ratoas of fecding fQuring wifferent segrents of
the plgh developrent ob Lhe torcass sharaciercistics of

hiogs fed to a final welght of 90 kg.

Dragsing poresntags

bngninger {1060} wefincd dressing nercentage as
the pezcontage yicld of chilled carcass in relition to
ihe welght of the aniral on foot, Uecause the hags have
a small capacity for the alirentary itract, i1l is less
important in detexrninin, dressing peacentane than 1o the
case with tattle. The degres of fatmess and the style of
dressing ave the importent factors affecting wressing
percantags in hogs. U,b.lodd hogs deossed in packex style
{with head, leaf fat and kidneys zerovad) dress about 69
pox cont whexeas hoys dressed shipper style {(head left on,
loaf fat and kicneys in) dress 4 « &) higher(Ensminger,l9¢
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Ascording to Glister and ahlstrom (3973) carcass length
and drassing percentage wezo unaffected by dietary proted

lovel,

uhzinkaga

Shrinkace in live aniagl scems te ke more a
factor of cdistance than of mode of transportation. it is
hoaviest during tho firct LE0 kn ox so. The great majoritv
of hoys these days o between farm and mark:t by truck,
Extzomes in temperature and hunddity sffoce shrinkacge,
Shrink increase with inczeasing hunidity and iime in tra-
osit (Kvider ana Carxoll, 197L}, According o (laynard
et ale (1979) thore cxdsts a loteualor relotiowship in
adipose tissue uhich ray have bearing on the anocunt of
strink i animale ®apidly £attencd. Besides shrink of
live animal, a fuzthez shrink may Lo oxpocted in cavcass
which ray vary from led pox cent depording on the duratios
the pigs veore fasted prior to slaughteor (Reviand .nd

Standish, LOEG).

Gpreass leouth s

The e-tent or lean Contonts is of prime impoxtant
in these days and the longth of cavecads at any given body
voight 1s regarded as an indication %o Lt. At any given

weight, the lengor Garcass on an avozrawe yviolds belter
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cuts than short and deep, The carcass leagin of acceptaw
Ble meat type swinc slaughtered ot L00 kg shoulo be fronm
73,7 o 73,7 ¢n (20«31 inches). otucies carrdnd out at
IncdlanaSwine Lvaluation btation snowed Lhol ovoragd carcas
longih has remained between 74,4 and 7642 em{29.5«30 intoe
ond 80 per cont of Lhe careass have rmeasured Td.7 on (2%
inches) or moxe in lonuytn, A cosrelation bas boen ustabe
lished betuecn carcacs length amwd backfat thicknoss (roive

and C-rroll, 1971},

Back fat thickness :

Lack ige LhiGeNess
Lankins and Lills {1934) waxe fizst to report the
relavionship betueen backfal neasurements of a oplit Care
cass ot cdfferent peints and total body fat Content., Tue
actual {atness of a plg corcass can po estimated in diff.
grent vays and the order of the wetheds in decreaving
accuracy occording to arnexr gt gl. (1934} is chewical
aralysi- of the emiire carcass, chomical analysis of cera
tain reprecsentative cuvs, yield of particulaxly 0t or leo
c¢uts ana peasurerwnts of cortaln parts of Cascass such as
tnicunesg of back fav at Tump, midback or shoulder, Tne
thickness of back £at has long been zucognleoed as an
Inpertant reaswre of ¢arcass quality. In the carcass,
ithe Back fat tnichmese e usually measurcd at scvoral poin

such as thr first rib, lost »ib and last lumbex veztebra,
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Hazel and Kline {1952) descri.cd a method of measuring
back fat thickneos in the live andmal. Thoxe are several
other rithods for the determination of back fact thickness
on the live hog. These mechanical toels aro prebe, lean
moter and Sonoray. Tho official U.3. stondaras for gradec
of barreus and ihedr corlespomlang Corcass shay the relaw
tionship betuoen averagy thisknoss of backfat, catcasss
lengeh or woeight and grade for carcasses with muscling
typical of their degree of Lutrnuse (Iridex and Caroll,loV
Lye tuscle area

Investicgations vere cexricd sut long back hy
Mo dsckan (1941) to estgblish a zolationship buotusen loin
area and total seight of nuscle in the carcass, Hanking
and hiner (1937) firxsi proposed thot loin eye ares oRase
urertonts bo made ab the leaat rike It is5 one of tho bevtw:
indicators of muscling presently in wide use ond 15 cudti,
cally evaluoted by informed consumers in the selecclon of
chops of loln roasts. AL slawghlor tho outline of the oy
muscle in botween the tenth snd cleventh »lb is traced on
a transparent pap.z ard the aroa iv then calculated by
placing it over a graph paper o mrasurid more accurately
by mean. o a pl.opimoter, Covtification prograrse adopto
hy various Suine broed assocl-tions use a nindmun loin
@ye arca betwsen tensh ano cleventh zib as one of the

reculzoronts for cextification. It has boen observed by
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Glister ard Jahlatron (1973) thot pius meintained on diers
containing lo-20 per cent protein levele duping the yroi-th
phases 20.45; 4577 and 77«L43 kg that the oye muscle area
was decreased and £av coptend increased on 13 pex sont
protein level fron 20-4% kg or onh A0 per cent level fxon

49wlld Ky,

Marbling s
It has boen shoun That celowr and fizmaess of
the carcass are associated with come lmportant troits in
the live hog. ECxaminotion of certain markel weight hoys
wihich vere poorly adaptoed to stress, tholr carcass were
fourd to bo soft, watery and pale of very duzk (dust ond
Topel, 4960}, /farbling, colour opa texture are herivanle,
The degrea of marbling 45 associstud wiin julconess and
tenderness of porke LUt an abundant marsling is uncesirabl
The exuvent of faarbling can b influcnced by the level of
proielin in the raticn ~ the higher the level of protein
the lover tno dogree of marbling am! quantity of ruxbling
in one nuscle docs not nmeocossarily reflect the quantity

in othor muscles in the carcass {Henrickson, L972).

Golour and firaness
The xoaction of the ply to preslawgnter stress

and dts ability {o adapt to otress influenco the scolowr
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and firmness of perk. Pigs which have poorly adapted

1o stress show a high muscle aciu content as an end proe
dust fron rapid breakdom of puscle glycogen. Prolonyed
strcws dopletes the nuscle glysogen to produge little ack
after slaughtor ana the careass vAll be dopk ond firm
{sienxicksen, 1972). on tho olther hand, pale sort muscle
hae @ high acld conmtont whicn also i undesirable in rocgm
to its palatability, acceptability amd keeplng quality.
Consumers oeem to prefex an intermodiaste colour betueen
dork and pale {Kust and Topel, 1%69}. 1he coleux of iian
adds little to the availabilixy of segh, but 1t is irpoze
tart to prowole sales sinee aitityactive well coloured ~mweat
cue appenls to Consumsrs. Young animols hove loss pige
vent in their reat and hence loss colouy than older ones.
The meat colour is associated with the anount of iron pig.
ments, nyoqlobin, hernoglobin and Cytochrowo € present in

the nuselo (denzickson, 1972},

The fat and red mustie tissug aze supported by
the connective tissue £rave word, 1h0 ausele and conned=
tive rigssue are proteins but reacr diffirently to hear trc
wnent. The Rine and amount of andne aclds contalned in
ihe proteins influence the tencerness of meat, In this
raspect accprding to Tokarev (L978) the noat of hybrid

pins has a high content of protein and le.or content of
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£at. Purther, the amount of amino acid compesition in

the meat of hybrid pig is beiter than .arge Vhiie pigs.

Textwre is an imdicavor of tenderness and influw
enced by the size of nusctle bundlos, Finor lextwre is Lmp:
2ted by smallex bundles awmi, thezefore, ine finoxr the
texture the more tondor the meet, The dianover of the
muscle fibroes is incressed with ircreasing age but within
an age group the diameter has little influcnce on tendere

nees (Hencicksen, 1972).

voft pork i
A AN

Cortain {oads cepeclially soybeans, poanubs, uice
bean and Tice polish tord to produce sofy pors when {ud
to pigs in censiderables amounts, The products rron hoj
carcaswes that aze s0it are undesirable f{rom the .tandpel:
of Loth Lhe pxocetsor anu the consumer and, thereforve,

sell al a docided discournt{Mo_rison, 1951).

Lean cuts

The yvicid of primal cuts viz., how, loli, shotle
dox, side/baton end pavticulanly the per cent ham (fazel
amdt Kline, 1999) ox pox cunt har, loin and shoulder
{Glawson gt al., 662) have wwon considered o good measur
of carcass value,

I4 is well established as concludod in the vevie

oy “lorgan amd Robinson (1962), nays gt al. (1903), slays
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{1968) and ioser (L1977} taast dietory prolein and enexgy
levols atfect perfowmance of plgs and xatlo leans fat In
carcass and hence the yield of edible tissues. llgover,
there is less ovidence as %o vhoihor these changes actuall
influence tho eating cuality of the reat. Husearch by
Uagner ot pl. (4963), wylilo et al. (2969}, brows et gl.
{J97L) and Cromwell gk al. (L97L) iruicated that the muscl
lonagissimus dorsy is rarkedly influenced by the level of
divwary protein, ILntramuscular fat content, ugein a face
tor influsnced by the feed has boen xeportod to affect
tiie physicas and sensory scores of poxk (Batcher and Dawso
L960; renry et al., L9635 Kauinan gt al., 1964; .irer gt 2

196b),

In ralsing fatzener plgs, coot of feed ic found t
be the najoe ilenm in vhe total cosl ¢ preduction. In a
study of sevoral hundrod faims in Uen.A. 3% has been founc
that feod coot vorks out to obout 72«4 por cent of he
totul cost fxon weening to sarkot amd labour cometituted
about 7 por cont (Krider and Caxroll, 197l).

The food cpst of raleing L rg live weiyht of
WEoinget indshing Lddle thive pigs, Ranjoan gt al.(l974)

roporloa as 342,97 and 2.0) whon the ratlons contained



digestible energy levels of 3234 and 2838 keal respec.
tively at a constant crude prolein level of 20 par cont,
The cost of feed per quintal was . 63,20 and (3.49.00,
respectively. Dhudapker gt gle (1971) zoported from viw
some stolion the cost of feed por quintal was [.62,00,
13,6000 anc 3¢5H.00 7han the digoestible energy levels in
tho rations Loz gro ing iilndshing pigs wewxe 100 per cont,
90 per cent and 8% por cent of .G standards respectively

at a crude protein level of 135 per cent.

Tne generatlon of profit teo the extent poisible
in ralsing pigs depends on several £ncters suth as the
pig itseolf, fecu, morket, ranagement eilc. vorking in

harmony,



3. MATERIALS AMD METHOR:

Feeding trials oh plus was cayried out at the
Univozsity pig Dreeding Farmy Kevals Agricultural Unie
versity, Mannubhy, Kerala. The w-&efxaiagicel oixervationt

secorded at the pig farm ars given in Table 3J.i,

Halo piglets of Larzge Lhite Yorkshire kwe¢d born
during the month of Aprilfday A9u0 fopmod the experimenta
subject for the study. The age diiference bslwesn the
voungest and the oldest plglet uas only 15 days (Table 3.
Tley were raised till weaning {8 wosks of age) on routine
ganagement practices. The piglets weze castrated by open
mothod ana a vesk therceafter thoy were dowormed and
sprayed oualnst echoparasites, The barrews were velghed
Aroividually at an average g0 of 67 days, Sas¢d on near
aees in iheir body vwelight 36 bazxous wore Fandanly divide
into six groups,. Six diet trpateentis yepliceted six time
wore randordy assigned %o oach of ihe grouns. The animals
wexo housod individuslly is farreudng pens; fach pen huve
ing a dironsion of 2.4 & x 4,4 n and having consreie {loy
ing and adequate drainage. after R gdjustnont poriod of
three days, ¢uring which tho initial valuss of obseivatic
wore receordad, the bagrews wore put o experimcntal dists
Peeding :

411 the ingredients weguived for the foeding of



Table 3.i. Biecrcoloilcal epservatien,

Location : lonversity pig breeding fona, MAHNUTHY Kerala.

Elovotion @ 22,0 wters apove sog level.

Latitude

-

1o° anr g

Longitude ¢ 76° 16 &

Fortnightly values fronm July 1680

FoXim Haxs 5ini. o gan vapeus Temperature
night tem, © RASE Y pressure duriddity Ing
HRange hange e of flg {lel.owrell, 10
i 20,0e29,9  23,3.23 0 a2 7.9
2 25,0«30.4  22,8-21,8 24 770
3 26.530,8  20,602R.8 24 77.1
4 24,0304 23, 7=22,1 22 76,7
S 20,0e30e8 23,9023,6 24 77.7
& 300=3bes 20,0s22,1 24 73.5
7 29.6031,5  20.0-22,7 25 79.3
8 J0Geld b6 26, Te22.4 22 T2
9 3l.5w=33.4 22.7-22.6 23 7.3
ig 30.5e32,8  24,4.32,6 25 77.6
Ly Jh B2 G 2D,2«004 2L T7.6
32 Huled2,g  24,9-20,4 21 T7.4

MHD = 0,72 (Cdb v Qb) + 40,6

di = drysulb remling
wh = getbulb reauang.



Table 3.2. hapoerisental uetails

Code Troatmnts

I Z 3 ) k) 6
Level of dige;tﬁ)le
enaxgy (Ln), W4 400 %0 w 100 0 &
fariiclo size of 2 - - -
feed, mnm 2-3 2-3 2-3 L L2 Lt
tumber of barrO:lE/:Q-—
plicatisns 6 & 6 6 6 &
Average age, days Ta33,5 T362.3  6642.6 6632.7 T35 To#d.
Average body welghi, kg J..L.J.IL.S J.!..‘.’;j}. il.ﬁj().g LL1,9#0.9 ll.():.!. 1.5.,6;»1.2
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pigs during the esperirontsl period wore proturcd in one
consignment ana stored in a demp proof building., {he proe
ximate compoSilion of ingreaicnts vere dotermin.d as per
methods described by A.0,40. {Anon, 1970) and rations for
piys of diffezeny welight classes of the troatmanis ware

formulated {lable 3,3} and analysed (Table 3.4).

The feed ingredients, sucn as deied Laploca

{Panihot utilisema) chips, groundput Cake andt naize were
ground seperately in s mill using 8 mn scyeens, The grourd
natorial containing porticles upto a maxinue of 3 nm size
was seived manually through a 2 #n screcn partitioning the
natexial into tue catvgorias, viz, (a) naving 2«3 ma size,
and (b} having less than 2 om scize and the latier was agein
ground vBo 165 than L mm by chsnging the strees in the nils,
The rice bran was peocured as coarse and fine grates wiitn
respect to the partiele size. ihe dried unsalted sardine
£izh wos crushed at £4rst to smaller sices and then was
further ground aleng wlth zice bran to the ue.ired partie
cle sizae, LCxperimental feeds wele compounded and nired

in a boteh of 1,0 o 2,0 quintals at a tire.

The piys were xed twice a day imwixvidwally .o,
in the morning at 7 Aly and in the evening et 3 pll. The feed
was moisteond with \gter keoping Coed: vator ranio us dil

in order to facilitate consumptlon. The pigs were alised



Table 3.3 Comosition of rations (kg/LCO kg)

e — e

naredients A gt ¢t A B c A B C A B G
Maize 36 18 - % - - c e e e m o
Taploca 24 24 12,5 30,05 35.25 125 6L 40 185 63.9543 21
Groundnut cake 18 18 155 13 13,5 IS5 24 13,5 0.5 k8.8 12,5 $.5
Dried £ish 17,5 A7, AT.2 172 17.20 105 925 12 105 8.8 105 9O
fice bran - 22,3 ua - 33.5 6L 6.5 33,7560 6,55 33.5 60
Rerlored heef fat 4 - - 3 - - £TY - 1,75 = -
ineral mixture? 0.5 05 0.5 075 0.5 0.5 0.5 0,75 0.2 0.5 0.5 0.5
Total 100 100 A0 100 100 106 400 L00 L0D 100 L0010
&%%gligz 20 20 20 20 20 25 20 20 20 206 2 20
Cost/100 kg {is) 200,36 157,35 116,15 184,30 151,20 104.46 163,77 120,25 L02.6 162,55 126,02101°

L. 2,B8,C represont diets conhalning 100, 90 and 89 of digestible encrgy of IRC standards
respectively. These dlets were protessed in two mesh sizesiw less than 1 and 2.3 nm,

2. .ontalning:moisture«33; CalciumeJ233 Phosphovuse63; Zinc =0.25; Iraned000 pptsi Coppex-10U ppno,

3, Contalning per gs; Vitamin w 40000 L.U.; Vitaoin Dy-6000 XuU.; Vitamin Bye 25 mg.



Table 3,4, ver cent chenicil corpesition of rations (dry matter)

A — G e
ontents /P’ El' G"‘ B B < A D [ A B [
ity ratter 92,3 92,0 Gl.g 92,2  Gl.d 90 9E.d 92,2 0L.3 92,8 92,7 9
Tude protein LB,08 18,00 1303 16,04 L6.03 16,04 16,03 12,06 34,00 13,03 13,05 1
aner extract B, .04 5,43 TAL 4,45 D31 A,6L 3,97 4,98 4,46 3,77

xude fikre 242 5,31 10.26 2,00 6,96 10,77 2,93 6,50 10.47 2,80 5. 6L 1

\sh

T

iigestibis energy
wal/kg

G,lD 22,23 15,44 CJO8 13,7 10,00 dl07 32.28 1.1

T.d3 11,46 1

OLU7 99,40 S M 69,38 05,26 32,00 70.48 €306 0D.39 7h.87 69,11 5

360 3026 2433 3300 2%0  28ko 3290 (000 2810

3290 3000

<
4

Ao

Lellale Tuprosunt diete Containing 100, 90 and 804 .. of NG
staruards respectivily.
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+o cat whatever thoy could within a pericd of ore nour,
The left gver was collected, alz cricd and «olyhed. Total

daily invake voas oeasured,

vdeto were changed as por the recomiendations
of Nulews (Anon, 1968) at the avtalnent of 20, 3L and
60 kg body veight by tne barro:s.
vhoarvarions ecezdad
i) etenrological ¢
Ury and wet bulb readings were recorded daily at
7 A oand 3 PM ang maxinun and sinimum temperature dally at

7 1‘.“.
11} physiological reaciions

1he observations were recorued ot fortnightly

intervais both at 7 AJd ard ot 3 Pl
a) Rectal vomperature:

The xzectal ftenperature «as xocorded uwsing a
clinfcal theraooweter. Youny plgs were restzained by liolde
ing then tightly on ears and tall while oldor piss vere

controlled by applying a snare at the snout,

B) sespiration 1ate:
iespivation rate por ninule was zecorded vhile
the piss lay relaxed and undisturbed, The upvara anu

dovard roverent of the abdemon was noticeable to count
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tue respiration rate.
¢) Heart rate:

jioart rate pox minute was zecorded using a
stothoscops, the site being immedlately postexlor to the

left fore log on the lateral thorax.
1ii) Dody reasurerents :

The weasuronents vere zocerded teekly as descrie
bed belas:
a) Jody lengths

The pig was alloued to stana on legs squarely.
An imaginery lime wao draun propendicularly upwards from
the central polint of a sinflar line drawn across the latex
aspeet of the heclt joint (sec figwre). The perpendicular
lino vhere it joined the mid dorgal line was considercd to

be the pootorior lamd mark to measwure the length ot body,

A line upards along the anterlor bordor of the
shoulder joint of one side to the othex was drawn. The poi
this lime joined tne w=id Jdoral lime was considex.d to ke
the anterior land marhk, The distance xiuesen the antexior
ane postexrior nmarks along the nid doxsal 1line was neasured

Lith a stool tope Yo Tecosd as longth of bouya
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B) Gixth:

The circumterxence just bohind the shouldex was
pecorded as the heart girth, The posterdor girth wvas sinie
ilarly ceasuped daediotely in fxont of ihe pelvis. The
airtn uas the average values of the heart ugirth and pos-
{erior girth.
¢} Hedy woight:

uhen the pigs vere snmaller enouyh to comain in
a Ueoden box, it was pasicr to regord the live body weight
on a portable platforn scgloe. As they grew lavger, the
pigs wexe driven to a fixed plotform stale uAth a bulltein

cage, It was retorded ot fortnightly intervals.

iv} Letermination of hasmoclobins

The havnoylobin concentration, @/l00 nl of blogd
draun from ear veln was deternined nonthly by ths acid
Lhomtin method (Oser, 1965).

v) Ligeatibility of nutrients 3

Tup feeding trials, each having five days auratio
to deternine the digrotibilizy of nutzionts tmre carricd
out in all the treatments simullaneously whoh the pigs
attaanzd on an average of D and 7 months of age.

The daily lelt ovor of fred dirdng the trial

period was driod, velchied and stored in closcd comtainirs,



43

4% the end of the trial all the left over feed was nixed
and represencabive sampie draun for proxinate snslysis.
Feees Iyom individual pigs was collected every day in
retal containors having lid. ~t the end of each 24 hours,
it was welghed mixod thoroughly ond repvescntalive sanples
drawn Lor proximate onalysis. Gampleis of feces for crule
prowein deternination werze preserved in 288 sulphwic acid
in wiae wout.aed boutlos huoving sirwtighs lics, Sanples
of foces fTor determination of other compontits L.eie driod
in an oven ac 100°C for 24 how:s,

At the end of the trial peried, the sanples of
foces £rom the respctive treatronts werce analysed for
proximate composition as por standasd mothods (anon,1970),
vi) Slaougntering and aressing of hogst

1he pigs, on attaining ¢ months of age, ¢ exe
transported to the baton Tactury situated about 120 kn
auay during the evéning nowrs fox slauchier next roPning.
Their last real bofore slaughtor viad on the provious way
in the Yazno.

The cnain welacd of slaughtering was used in
kdliing and dressing of hogs,. The hogs vere stunncd slece
tricaliy, sloughtercd and drcssed, Thoe split hot carcass

was welghod and pushed falo the ¢hilling room maintained



at 29C for rapid coollng and fabrication of Cuts the next

day.
a) Fabrication of ouks:

The whole carcass from the cbilling roon tas
weighad to deterwinu the deesslng percentage, seperated
into halves on the cutting teble and plopared each half
into four main cubs viaz,, the shoulder, ham, side and loin
as doseribed by anderson (1920). The cuts wvere weighed
individually.

b} Melting point of body {ats

A sample of leof fat was remyved {rom individual
careass cnd meliing polnt was delerxnined as pexr method
describud Ly a42.440. (Anon, 1970},
¢) Carcass longth:

ine lengts of ine Covcass was scasired in the
split corcoss from the anterior boider of the pelvic bone
{aitlch bore) to the base of the fivst zib {Krider and
Carroll, 1971},

d} Buck fat thicknoss:

The thlcuness ot back fat wvas measured at three
sites vin,, ot the firot zib; lost zib and last luabow

{Krider amd Carrell, L97L),
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a) azee of eye mucclo:

over an cven transverse saection oi the oye ruscle
(lonaiseinug dorel muscle) at the reglon hutween ihe tenth
ard elevenih rib, a transparent paper wag placed and the
outline of the muscle was traced on it (Krider and Carroll
197L). To find the area of the outlime, it was placud
over a graph poptr pevked In square centimeters and the

grea vas calculaten,
£) Cxamination of the stomachs

ihe stonaen was gponad uithin an nour afior slau.
tor, Thoe p. of the stomsen contenis in whe viscinlgy of
esophagoyastzic reglon was detorained by uslng pll indicatg
paper {BDH). TIne stomaen wus wached and examined for
jesions AL any, on the yastric nucosa, To¢ gastric mucess
vias scorxed for lesions as describod by Chamberlain gt al,
(1966),

g) Tnternal organs;

The wet uelghts of alimentary trast, livex,
pancreas, spleen, kilineys, adrenals, hoart and Lungs
«warge recorded,

L) Cualitly score os eye musclos
Tho transverso section of tho vye ruscle at the

rcglon botweopn LOth and 1lth xibh vas scored for narbling,
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colour anpd €ivmness a. por standaxds of Iowa Jtate

University described by fust and Tepel {1969).

vii) Statistical analysls of the data i

The data obtained for grovth, physiological
rasction and carcass chavactoristics were ctotictically
analysed for Analysls of Covaorlonce and Analysis Variance

using technicue suggested by wnodecor and Cochran (1967),

The pair.ise comparlaon of means which wexe

steatlstically significant, wezc nade using tetest,



4, RESULTs> AND 2ISCLRSION

Sody welght

The uala pcrtainlng to bouy veight and average
dazly gain ot various ages al. given in Tableo 4.1 and 4,2
Thore was an incxcase in body weaght under all the troste
ronts at all aygesb. out as expected the relative lncrease
Las maxinum wwior treataents 1 and 4 (100 per cent Ji of
fix standards) folloued by tzeoirents 2 and b (90 pex ccnt
and nininun uder ©r otwents 3 and 6 (85 por cont o). Thi
observaetlon is in agrcoement with tne findings of hazda
ot al. (1977} and Ioriel gt gl. (199d), but is contrary tc
those of .aliikarjuno gt al. (L978) unc zeported a signie
ficantly higher growth rate in plgs nalntained for 23 uco!l
fron weaning on rotions containing 20 pex cont loss diges.
tible enorgy than NG standares. wdapjhan gt gl. (197L)
and Lhudapkex gb al. {197L) zoported no depression in yro.
rate on dievs contalnisng 3234 gnd 3006 keal digostible
onargy raspectively at 70 kg bxdy velght.

At 8 months ot awe, plys under treatrent 9 recoiw
ving 90 por cent o. of the WC ovanuard nad slighely
hilgher, though stutistically nonesignificant body weaght

than thit of piys wncer treatment 2.
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Table 4.2. tean and standoxd exror of datly galns

upto 8, 7 and 8 ronths of age of plgs
as aftected by ciclary treatrents,

Trsatmant Dai n {kg} upt
Cote Thog particle U nonths nontns d nonths
of DE  size rn

L 00 2-8 0.420% 023 ©.043%4,022  0,948%,010
2 9 2.3 0.356%+.098  0,397%+,087  0,443%+.08L
3 ® 23 o.252Pr.080  0,202P%.028 0,329,020
a w0 L 0,431%5,04L  0.466%4.035  0,524%+.03
9 90 Lk 0.392%4,026  0.408%¢.028  0,473%,022
6 8 /1 0.248%.007  0.,276+,023  ©.326% 022

teans having ihe same supersceript in g tolumn

do not differ significantly (P Z 0.0L).

analysis of variance for dasly galns

Soures lean sun of sgiars
Bmenths 7 Cohths O tonihs

Tyestrent 0.04274%  QQ871r%  0,00344

fxeor G,0068 0.0052 0.0043

(D £ 0.01)
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Plgs undor trcgtments 3 gnd & receiving &5 pex
cent RO levels of digeoiible enorgy had attained lowest
body weight among the three levels stucicd, 1his observa
tion i in agreorpnt with thau of danjnan et al, (L97i),
fziend (1977), Leibholw ot k. (L974) and otz gk pl.{i9X

but is at variance with Dnudanker gt gl. (1974} and
rallikarjuna gk al. (2978).

Duration to attain various body wwolyhts s

The duration (in aays) xequirad tg attain variou
body veight. from start of the experiment to 100 kg weigh
is presemoed in Table 4.8,

It can be seen that the duration %o gtlain hiche
body weights progressively increased as thoe bouy wedlght
increasad, To attaln 90 kg welight {zon 20 kg, trestmoents
L and 4 necded Li4 and 111G doysy 2 snd D recuired 113 and
121 days, xespoctively, walle the pigs uncer treatients [
and 6 did not reach %9 kg Leiyht evon t4ll 8 monuhs of ac
Hlcantara and Arganosa (197} noticod that piys welguing
23 kg fod taice a doy ov 2,9 poxr cont of live welght
roeouirgd 140, ALl and 194 days do attain 4O ky. Jain
at al. (1979) reported that Lavge white plys maintaln.d «
£ich silage meal or Llel2 pox ¢ent replasecd vith cice he
took iDL days to increase tuciy body wedght from 20 to

60 kg. Ohudapker g ale (497L) observed that pigs on 3N



Table 4.3 Average nunber of days zequived from the
start of exporirent (70 days) to attain
the verious body weights in dificrent
treatuents,
Izegtoent Body seicht{kg) upto
Code [@C#  Pparticle 20 B 50 To* L0+ loov
of DE  size mm
1 100 2] 35 69 496 126 148 1b6
16,42 26,08 35,09 £ 5,23 (%) (3)
2 @0 23 ar w108 37 Hh 165
F7.04  F7.23 39.13 48,27 (3) (2)
3 & b3 56 00 i36 158 na na
39,79 $9.87 19.83 (3)
4 100 e 31 69 97 129 150 158
27,22 26,99 #7.36 £7.97 (5} (4
5 90 AR 36 W06 340 157 16}
26,24 +6,27 6,49 26,68 (4)  (2)
& 83 Ay o7 A3 A39 io8 n na
39,45 #10.44 #9,0L (3)
na 3 none abtailnod the set weight,

All the andmuls die not sbbain the welight,
Figurve An poreathssis indicgts the nuwmdwx

of animals which attainge the set welighs.
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A0 o OB6 scal uigestilde susrgy Tooulved 226 days dron
weandin, (06 Cays ) to stbaln T0 hg velit w¢t that vagiatio

A0t Aeval oF energy Jid oot abdash thx duratlon.

AvengRosner ol 1 okl (W70} moticed ot plys
previoucly wwon nourisbnd by rootaleted fssding tolloeed
by full feeulng seachog $. kg in 90.9 %o 00 dags {xon g
seartin, walghl uf 2B Lge  5ic g gle (MO0} fod Large
Lhite pd o weichamy 32 kg lem IdulB days 4o attain ine
slabchitor weig.d o MDWY dge o variition roporied by
various worbore b8 Bo Gue Lo Ly JeJfenusd da whe lar

ot feading amn the stzoinfpeed of olgs,

4?5}1&'{ Qﬁw
Tig avera s desdy ain of plos unuér the didiser
et it 2% oy 7 oand & tonthe of agd 3% pResunted in
Tabie 6,2 and Lhnd ot diluieromt Doy s kgt during e

LutEse of the drial &o dulows L fobde 4.4

Tug sveradyr Josdy galn diessed viita the agvans
0% pf oge S gbeu WAEN Pun B420396 47 Boug oL S8,
s fany kLo loved of WS potlioke enovyy frpu BOQ o R0 pa
et of e siamdasds to o 0@ donl Lo slgnilieuntly
{6 £ 0u0d] roduod Lho avebu® dolly oaln 3t all agpes.
e Bppazent dh.feDance ap av Loy dABLY Lart 304 1ostoune

2 ard D owith thet of L oand 4 oo fur ultdiie ¥ . The



Table 4.4, Ave:.ac'@ dall

1k

igs ak d

gain and standard exrorx(ky)
orent body welights as
affec:tcd by dictary trogtronts,.

Irxeatment Pody wmicht {kg) uoto
Code IRC % pepriicle 20 =) 50 0% 0% loo=
of [k size m
N ico 203 0,270  0.3D8 0407 0,469 0.522 0,599
024 $,007  +.009  *.009  (3) (3
2 90 Bed 0240  0.32L 36 04431 0,488 0,922
FL08L 3,019  £.024 1,002 (3) (%)
3 37 23 Ced74 0221 201 0,368 ma na
:-323 iaGS‘B :.O&B {3}
4 160 L CuB32L 038 G404 0,436 0.524 0,904
2049 1,029 £.02 20U9 (S) (4
8 90 A 260 GLI27  0.368  0.42% 04492 0,bi9
24020 3,017 3,015 10L3 0 (4) (2
6 g3 P! 0,159 0.220 0,234 0.362 na na
F009 3022 +.0L0 (3]

na = woight none altalnec 4ill § sonths.

*  Figwes in perenthesks indicate the number of

plgs which attainud the set weight.



averags dally galn al 70 kg body wedght in the diffoient
tzeatnenis in their order was 0.467, 0.428, 0,371, 0.4u4,
0,420 and 0,373 kg respectively unich is in agncenent
with that roported by Sharda gt al. (1977} for nicdle vhiz
Pigs. A similar observation was made by Ranjhan gd gl.(i€
on dddle Vhive pigs on 3234, 3146, 2904 or 2u38 «cal/fhg
digestible energy. This io ot variante ith Mallikarjuna
2t al. (1978) who have obsexved an average dally ,ein of
0.294, 0,303 and 04339 kg at 60 kg live .odght in pigs
malnvained on diloto comtalning LOD, Y0 or 40 por cent of

IRC levels of algestible omrgy, respectively.

Uhservations similar to tne prosent stuay were
rade by Cavtell and bpurs (1976} &n piys fod twice daily
restricting the time 1o 45 minutes, whon the average caily
gain in boars, barzouds and gilts were found to be 0,524,
0041 and 0.539 kg respoctively fiom 20«82 kg veight,
Garko (L977) obsezved an average daily gain of 0,503,
0,030 and 0.898 kg, rospettively in Large bhicc plys on 30,
100 or 120 paer cent of WER zecomwemded allovance, Ghoeke
and cennick {1970) reported that averaue datly gain was
significantly hiohor &n plos zecolving 3843 keal/ kg diges-

tible enexrgy when Coumpared te 2820 kecal,

Live body msasurcoents

Tho averaee girth and longth of body av 70 Gays



and 8 conths of age are presented in Iable 4.0,

It 3o ovident that initlal gixth of pigs were
uniform and not significantly ditferent, But at 8 months
of age the girth {circumferonce} wos significantly (P 0.C
diffexunt butwoen treotments, ihe highest xing in treate
ronts L and 4 and lowest in 3 and 6. Ireatenis 2 and O
stond in betusen. 1hc average garth of LML cmat 8
montha of aye at about 100 kg welght gs obsexved in treats
mnts 1 and 4 is in agreerent with ihat of uetzer at pl.
(1950) who reportod 109 cm ot 0 kg weight, lwtgexr and
Miller (1972) repgorted 93.L cnx givth ob 79.4 kg veight in
Largs «hize plgebe Tnis was comparable to the 9L,2 and
92.2 o recorded in ireatuents 3 and O at the welght of

67 Kkge

Tho pigs fed at 83 per cent of MIC levul of enexg
had significantly (P Z 0.04) smaller body length Compazcd
to those on 90 or LO0 per cont. Scveral uorkers have rvage
wod the leagth of body tabing various ppints on the body
as lanumaris, such as from base of ear to base of tail
(siotzor ek 3l., L950; letzer omd {iller, l972) with a viow
to corzelate the body measurenents Jitu Garcuss yield
(Hetzer gt al., 1950; Millec and Lheat, L970; Licvall gf
ales L9727 on to doternine the specific gravity and volume
ox body (avechin, L97L}.



Table 4,5, ‘’ean and stardard erzor of body gir‘thj‘ and longth of pigy at
initial? and & wonths of age as affcceed by distary troatments,

Tzeatmont Girth {en) ength {en)
Tode . b &  Pabticie inztiagl 8 ronths Inizial 4 npnths

of DE sizo oo

L 100 2-3 52.2 ¢ 2,797 110.5% £ 2,617  34.8 F 2,039 23.2% & 2,959

2 9 2.3 49,3 ¥ 2407 303.0° ¥ 4.803 34,8 x 1,302 &5.8° r 0.792

3 B Ze3 5L.2 £ 0,792 91.2% y sl 3401 A6 76.0P ¢ 3,208

4 20 L1 92,0 + 1,999 310.5% » 3,336 6.0 £ 1,483 6,47 £ L.WS

s % £1 1.8 £ 3106 L0350 £ 20900 34,3 » 1406 we.2? ;11D

6 & /L1 50.6 ¥ 2,720 92.2° £ 3,869 4.0 r LBL 76.0° £ 2,476
1, 2

worapge of anterior end posterior girkh, Initial age was 70 days.
Jeans bavang sane oupsrscxiut in a celuonn do not differ significaently (P /Z 0.0L)

Analysis oﬁrvariance for bocy seasursionts at 3 nonths of age

Source €311 SuN Ot Squares

GITE Lenath
Treatrent 5 A0k LG0,51% *
=ITOY 30 99,06 30.29

#r B/ 0L.04
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lith a view to determing the live welght of plgs
urkler conditions where a welghing scale is neot avallable,
an gguation was cvelved from the weekly moasurements of
girth and lenglh of tho experirprtval subjects ’%nvolved in
the precent study. The ecuation i = 5,16 + %%“m vias
arrived at by fiiting a regzession line taking ¥, (@) as
the live body weight and X as TLGz. svhere L is the
length of body and G is the oean gixih, The corrclation
conf{icient of the apove equotion {r) was €.98., Uith tha
nelp of this equatien, the llve vweighh of plys was predic.
ted ano presented as convernsion chart in Table 4.6. Tue
variances within and botueen treotments were tested for
homogeneity before thoe e uation was conpounced ana found i
be hormogeneous, However, ils value for use with othex
breods and sex of pigs has not been tooted, Since the phc
changes 1ts position ixeuwently, the zolative accuracy

uspends on the ropeatability of the measuresents,

Eesd consurpbion
The eunulative feed consumption upzo 8 months of
age, feed reruived upto 100 kg wolight and average daily
consumption are presented 1In Tables 4.7, 4,8 and 4.9 roese
pactively.

it can ke seen from Table 4,7 that thy fotal feed

conaumed by vhe pige In all the tieatments increased ,roe



Tablo 4.6. Prediction sguatlion and comwersion chart of live welght of
pigs (kg) from body nossurements.

Conwversion Chert
lrth Body length om

|21

20 25 30 I/® 40 45 20 B 6O 6 70 73 a0 35 S0 5 100
40 8 9 1o i 12 13 14 14 i5 A 16 17 18 15 19
45 9 6 1l 1B¥} M 1B 1 17 A5 15 20 22 23

SERE

9

i0 21

L 12 13 % L6 17 B 18 28 21 22 24 25 26 27

12 13 A4 17 18 20 2% 22 23 25 26 27 25 30 31

13 1% 16 18 9 21 22 24 45 27 28 30 3 33 35 36
i3 14 w6 1B 22 23 25 27 29 35 33 34 38 40 42

16

L7

19

21

20
14 8 20 22 24 26 28 3 33 S 37 39 43 4% 43
] 15 20 22 2% 27 I 3}, XM a7 38 Lo 44 49 31 24
80 16 22 2% 27 30 33 3% 28 4L 44 47 49 5% 59 61
& 18 24 27 30 33 36 40 43 46 L3S 22 55 61 €5 63
°0

9B 21l 25 29 32 J6 40 44 48 L2 D56 60 64 G3 ™ 9 a3
Lo 22 27 8% 35 40 44 43 53 LY 6L 65 G 7“4

L0% 24 29 3% 39 43 43 D3 S8 &k &7 72 77 8L 26 100
110 26 3L 37 42 47 52 54 63 68 713 78 34 89

115 28 34 39 45 5L 07 62 63 M K 3 91 97 g2 log L4 119
120 J0 36 43 49 53 6L 67 74 B 26 92 @ lov  ihks 117 123 130
120 32 O30 486 32 LY &6 T35 T9 L6 W Loc g6 Ms 1do 127 34 140
135 34 a2 849 6 ¢ 7L 78 36 93 oo 407 LD W22 129 137 M4 -

26
41
&7
52
So
10 23 26 30 33 37T 4np 44 4T Bl 54 53¢ 6L &5 63 72 T2
72
79
86
94
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Tabie 4,7,

Average cumulaiive foed consumplion (kg)

and standaxd error of pigs at various ages
from start of expoeriment
digtazy treatments,

as aficcted by

Trsatrent
Lode G 35 Panticle

[onths of age
5] 3]

k) ) 3
of DL size ma

L 100 2.3 20,6 H2,3  906.9 16l.8 2364 315,05
b £4.26 47,19 xli.06 114,60 $i7.12

2 90 2wl 22,0 96,5 03,9 163.6 240, 329,.8
2,22 30,24 30,206 :lD.0% 119,64 #21.46

3 23 2.3 7.h 65,6 B6.0 142.9 214.9 3044
#hed 35,05 Fl0.2 7.4 fR2.15 0 322,62

4 L0 AN 21,6 LA,T LODLD  162.0 233,14 Jli
6L .27 28.52 ¥13.33 20,69 113,97

3] 20 L 21,5 L6, L08.2  184.5  241.,2 333,3
1.7 #6658 39,00 #15.59 120,04 124,03

& j£5] A 17.9 47.4 7.9 1420 213.9  300.7
1,00 HW,TE 036 wlH45 20,88 423,407

J‘Initial age was 70 days,

Analysis of variance for feed comsuumption

Source daf Uszan sun of Souares

= nonths 1 ponths 8 month$
Traatment 5 369,2 1074.6 1306,
BREOT 30 Ais3e26 2563.6 2872.7




Table 4.8. averaue feed consutiption (kg) and stamdare error uple
diffoeront body woights as affvcled by cickary treatments.

1regtrient Body woioht {kal
vgde MO 9 particle 20 35 50 T o0k LO0*
of DB size mm

I 100 2.3 2744.9  T0.635.2  122:4.0  19525.9  268(3)  307(3)
2 ooe 2.3 3049 96869 15029.9  238+9.0  J19(3)  374(2)
3 85 Zad 3936.7 lll:u..l 20 61'12 L 325(3) na na
4 100 L1 264,68  73:4.4 12857.7  202:0.2  266(5)  313(4)
B 90 21 29:-4 «9 8a16.2 M?if) o 244;27.3 327{4) as6(2)
6 3% L 46+6.1 lﬁﬂ:l:d..’?. 2&}71'7.8 313{3) na na

na = nome attained ctho weight till 3 months of age.
*  Tigures in paventhesis indicalc the nunbxr of plgs
wnich attained the set weignt.



Tablo 4,9,

Average dally feed conauz?tian of pigs (kg)

and standord ervor at various body waights
as afivctod by dietaxy treatmonts.

lzeatront Body weights (kg) upto
vade  Thi  Particls -
of fZ\L size 20 Sb 50 70 90 ieo*
10 203 078 L.16 1,28 1,56 L8 1,93
Lo 1025 1062 048 3058 () &
2 o0 2=3 Ged3 1.6 i,32 1470 206 2,20
#0853 103 107 4063 (39) {2)
3 o} e 074 Loi4 1,92 2.05 na na
1033 10587 F.074 {3)
4 100 L 1 G.37 L.06 1.43 i00 1,79 1,98
Te083  £,047  t.0a2 £.089 (9) (4)
S S0 £ Oebd L3 L3838 2, 2,08 2,33
6 5 21 0,85 L.l 1.5k 1,u0 na na
i‘tms :.G“":’ :‘-(373 (J)
na : leight none attained till 8 montho of aye,

¥ Figw.es in parenthesis indicate the number of
plgs wiich gttalnad the set veight.
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gressively with age. The eficct of fxcatrents on feed
esnsubption at di:forent ageswas shatistically nensignie-
filcant. Tha trostrents 3 and 6, havirg lov level or die
yeostibil® onorgy, comoisiently increased the average doarly
consumption although ibere had boen an lnitial set back
due %o highir proportion of rice bran in the ratlon. A
70 kg velght the 348 uvnaeer toogtponts J and & werc cons
suring 2.0% kg conpared to 1,26 kg under 1 and 4 or 1,73 &
utkier 2 and b. Holever, plys under tweatrents 3 end 6
consurcd an sloodl sore cuartity of feed upto 8 nonths of
age from the start despite their low bedy welght and 4alnc
signdficantly (P £ 0.01) less welght when comparea to
troateente 1, 4, 2 or B, lxcotoenis L and 4 led to luss
ieod conoumption than 2 and 9 or J and ©. 1n zencral, the
hiighor the epergy concenzration of ihe ulet, lesser was
tho avera e daily conswmrion arony the onergy levels

studied,

Hueerley gh pl. (1964}, Gole gi al. (1967 a) and
Tally et al. (1976) zeportcd thot on hiyh levels on cdicta
onergy, plgs recuired lesser feed than those on low cherg
diets, Pigs malntained on L12.5 per cunt, 00 per cont
or 87.9 per cent of [L0.04 3tancards of digestible ener gy
consumed on an average 2.4, 2,9 and 2,90 kg feed per day

regpectively (Talley ot al., 1976). 1©oliikarjuna et al.
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{1973) have ohserved that pigs fod with 10 or 20 per ceni
less of IHL standaras of digestible enerqgy recuired more
feod to attasn 6L.4 kg velght. The avorage dally consurim
ption was 2,092 and L.060 kg on 10 and 20 per cont leas
than ML standaras vinlle it was L,42% kg on LOC per cent
G standacds. llestricting vo 70 pur cont of the expoctec
imtake, diets contalning 16 pex cont ¢rude protein and
3100 keal/ky digestible energy, Laesmoulin (1973) reported
in castrated pigs o r duction of 1O por cent growtn und
plys reruired 38 ky wore fead to attain 10O kg body weidgh:
from initial 20 kg, wien compazed to entire males or fena,
Cole ot al. (1976 b) obsorved in pigs thut isocaloclic ale:
oi 2770 keal/Rg day rotter containing 8.9 ana 12,9 pex
cont cruwue rile, vnen alloxcd for veluntasy intake, xosu.
ted in no significant disfersnce in the rate of culn and
caréans qualiiy. £n tho presenl study 10.47 per coent crw
fibre in the rotions of treatments 3 and 6 had pos.ibly
restricted the digestible enoryy intake resulting in poor
grovth wuhen compoarea to the plgs on dlets of tyoal-ente

2 and 9 contalning about 0.9 per conl cruwde fllae. Merlbel
gt gl. (1908} found tnat, upuo L2 pex cont cruwe {ible in
the roliens plye, could saudofy fneir raguirenent. for
Tol by inczeasing consuption, but incxeansiny fibie ¢olite

tont furthor, roduced the intake of 1D
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IndiviJual housing an . Juedln, zcduces ine
excschot and coupetivion at Jeud txouge (lxpe gt ak.,
1960). Fho z.duction in exerci.e may hive profoundly
reduces oheir onvigy roquiremant zeflected in xeduced ihe
foed intake. Ine cpergy requiranent for Cxe.Cise i asou
oOmdS per cent of vk Masal level {ilitem 11, 1962) hich
vould accouni for about hall the oilference obseived in
tne present stwdy. Tods vieo i serenglhered by tue hy.o
tuesis put fozvard by wole ¢l al. (4967 a}. [wither
ansany (L950) suggested that cxawzeise is a stimulus to
inuzeased gppetive anu this pozsists £or sewe tim altor
tue oxerclos is reducou, These facts possloly oxplain
whe redustion in fend intake olscrved in the trealnwnis

with hagh lovel of dietaxy onexyy.

Feed conversion zatio

The feed conversion xaotic from the start ol the
experimont to 8 rnonchs of age and av varlous bedy woignts

Srom 20 to LGO kg ace presoptid in Tables 4,40 ame 4,14,

1t can B¢ seen from Table 4,10 that tne »gtio at
3 ronths or awe wae wider than thel ot 4 Donthe. froo 9
woncls of age, the Tatio gradually becawe ide in arl
the treatrents., The fued conversion ratio ot © rnonlhs of
ag® in treatnentu 1, 4, 2 anet D uvere statistically er the

sarg order but was signdsicantly (P 4 0.0)) narrover than



Table 4.0, Average fecd convexsion ratlo and
standard error at various aces ab

affected by dietary Lreatrents.

Treatmont age in ronths upto
Coda IRGC ¢ Pparticle :
of iﬁ. size ¢ 4 ° 7 &
L oo 2.2 3ed6 318 3,48 3,48 3.4%
2aT62 2,810 2, k67 +0TY £,000
2w 2.3 4060 3.0 3.6 4.2° 43P
£88L9  £.343 3,249 1,086 +.063
3 @ 2.3 L.d9 B89 4,87 5,35 0.6°
0047 £.026 3,896 1,066  F.166
4 100 L 3.49 3,47 o.2% 3,59 3.52
34447 £a303 2,098 3083 1,076
5 9 Lk oed 3,32 35% a02d 40P
o299 FJdBL 3006 .59 ¥.lod
6 & /L1 6.63 5.7 4.80 5,8 .4
F.839  FI72 4070 rl12 40908
Peans having the cane suporseript in a coluan
do not di-for signiticantldy (P / 0.0L)
analysis of varlance for {cod conversion cstio
Sowrce af Ikan sum of Sqtargs
2 Senthy monthg § mgnthe
Troatront o] 3.80a% 4,867 Yedldin
Error 30 (4492 0,064 0.0795

k% (D Z 0.0L)
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in treatments 3 or 6. At 7 ard 8 months of age the ratio
was significantly (P 2 0.0)) sumaller in treatments L1 amd
4 then in 2 or 9, while in 3 and é it was significantly
(P £ 0.0) the widest. As tho lovel of energy was lowered
from WG standawds by L0 or 1O per cent there was a progrt
ssive widening of the xatlo vhich meant that more feed was
requizcd per unit gain in body welight and hepce the feed
efficiency was poor. The feed conversion ratio was narres
wer at younger body welghts in all the troatreots as come

pared to higher weights,

ason and Ridgnan (1967) reported that plys on
rostricted digostibly ensrgy intake from 27.2 to VO ky
weight had rotavded grouth ibhan in uhrcstziciad piys but
the difference vas liitle on contimuing the same uiet fror
UG to 418 kg allouingy for wvoluntary intake, Besices, the
conversion ratio was 3.42, 3,9, 4.0k anu 4,48 for live
veight ranges of 27«00, LO-T2, 72«95 and 95-1L8 kg, res.
pectively, The remarkable abllity of pilg, when allgied f
voluncary intske, in its making good the deficiency of
the previous dletary regime is further elucidated by iLhe
vork of Cole et al. (1967 b), 1hcse uorkers obsexved tha
in plgs betueen 4%«9L kg on voluntary intake of isocalori
fead varying in crude f£ibre content (8.9 and 12.9 psx cen

no significant dirference was noticed in 2ate of galn,



68

focd conversion ratioc and average doily consumption. Shase
ang Yadava (1977} zesorted thoe feed comversion ratio as 3

and 4,19 for greuing, and finishing plgs, respectively, an

no appreciable Ghange v7as obsczv.d on gd libitun fueding
oven when the digestible enciyy content was reauced to
3000 kealskg. Ranjhen et gl. (L971) weported ihe feed
convarsion radlo in Jdddle Lhive plys as 3,79 vhen the

wict eontainegd S234 keal/kg digesliblc encrgy.

lalley et al, (1976} observed the fced conversion
ratio ag 3,12, 3,29 anu w.d3k wlon the rations containcd
digeatible encngy lovels of 1l2.0, 100 anuy 87.0 pr cent

Mt standarus, Despuchively,

1ne signiricant dilferences in fced conversion
ratio obscrved in the prusent study midht be dwe to the
restricted cnergy Jensity amd the restriction amposud on
foeaany tirw. favnged et gl. (1979) wexo of the vicw tha
the plgs grew faoster at 4V kg. This stage s possibly
the pount of inflcetion in the guosth gradient and cears
to colrcliue with the sta e of © nonths of age of the pigs
in the present stuly. 1t is well wnoun that feed convers
tion efticiency is raxinum avound the point of inflcction
This wab also evivest from the nerrow fcod ratio observes

at this age ol piuys.
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Digestibility exnerinents

Tne data periaining to digestibllity of nutvients
at 5 and 7 months of 108 2ro presonted in Tables 4.42 and

4,13 moupectivaly.

1t can ke geen svom thu tanles that the digestibi
ity per cent of dyy ruattor, crganic metiox, other extrac.
Lives and LFL at 7 monthe of ocge vas significantly higner
(P £ 0.0L) in treatrents L anx' 4 than in 2, Y, 3 or 6,
ipparent di.ference in tho dig=9tibility per cent of tiese
nnrionts in treatnents 2, 9, 3 and 6, was statisiically
nonsignificant ot 9 nomhs of igs. rlowever, at T nontns
of age it wns significantly (¥ / 0.03) low in treacments
3 and 6. Theze vas greaver vurlation in che digsestabilits
per cont of crude carkoawnirate and protein at both tne
aees and Mk at O months of age. Signitlcantly low
(P Z 0.0L) 2igestibility of cru.e protoinr uas obstTveu ot
both ages wwer treatnents 3 and § as compored to L gnd 4
Treatienls 2 ongd 9 vere statistically o1 tle sane oxdex
in xosprot of cxude protein digestibllity as 1 anc 4 ox
with 3 and 6 at o months of age. at 7 nombs of ae
trettmnns 2 and $ hod sigaliicoatly (B Z 0.0L) lover
digesiibllity vhen corpared to tIcauments & andg 4, but
ihe digostibilily vas of the saoe osdor as under treatien

3 and 6,



Table 4,11,

Average feed comwbrsion ratio amd standard
aerror at various body welghes as afrfecied

by diciany treaunents,

1reatnent Doty weight {kq) uptg
Code [ particle

° oL ug s?zelgﬁ 20 &0 0 70°% %0 100

i 100 2wl 2.9 3443 Sedl 3,42 344 3,0
0302 #2286 ,ii8 0 ¥,097 {3) {3

2 ¢0 2w 376 3,52 3,61 4,500 4,21 4,3
48 _L233  E093 w023 (3) (2

3 &5 2=3 4,23 4,07 HIRAL: ] D,38 na na
14836 1202 p3l9 (9)

4 160 L It 2.6 307 3,72 3,5, 349
2360 1,045 1203 +.380 (b)) (4

S S0 231 3.47 3,48 3.74 Gady 4,22 4,4
£.026 2,203 #0457 {(4) (2

6 85 &1 5,27 5.46 9,27 5,48 na na
#402 £,4690  £AS3 (3)

na 3

doight nong

avtaincu tull 8 nonths of aye.

*  Figures in parontnesis Indicate the number

of plgs whith attaincd the set welght,



Table 4. 12, wijusted soon digestibility (f8) ond standaxd exror of
nutricnts at O nonths of age as aifccted Ly dietary

treatrmencs.
Treatment . Ratlen Digestibility of nutrients (5
»! 3 o Y - " o~ -
Code™ WC % parcicle D ut op Lk Crwie CF REE

of D& sizo mm Carbo.

1 100 2.3 ITI A TB.67% 65,465 04,43%  87.07% 69.41%  5,68%  92.08%
1.6657  0.8022 L1,368L 2,47 0. grd  oracel 0.98%

- b3

2 99 2.3 i1l s 6047 g3.aePe 20.50%P: enmeP enasPs 0,007 04,220
LoGO60  D.BURN  Lo3GOL S.A768 0.0768 04024  0.9393

3 @ 2.3 11 ¢ 957.31°% a7 70.46% 56,0 o713 11,07+ 96,20
LoBE34  0.02L  1.3639  D.AT4T  O.07H6  O.4021  0.9053

;00,459 36.26%  90.15% 91.53%  5.86% 94,3090
&5 ‘aiae2d L.sesl 204763 0970 014024 0.9un2
3

2,545 12,1672 63.06% 02.67%  4.0%  obL.eeds
riaas oiagee iodear ohaves ocore  ewacis  Toroued

6 & 41 IT o 62.46% 83.9% 77,04 2.6V 98.34% 10095 96,428y
L6044  0.8026  LI6A7 R24%TFC2 3.0702 0.A4023 0.9909

4  igo L1 i du.#&

(&

50 1 s 632

P

Bans having the sem superseript in a2 column do pox uwilfer significantly (P /Z 0.0L)

Analysis of vaviance fox digestibilisy (o} at D wonths of age

Sourcs af egn su of sguares

R a3} up C%gbn. Crude O ek
Treatrent 5 582,5le% G2 .45%¢ DZORY 1492 2%F 40,37 37,36%% 22, 74%w%
Exxor 29 16,6 Juddl 1,16 36,74  DL7L 097 5.86

- (k) LQ.Q-L‘-



Table 4.13, adjustied tean oiyestildlity () and sionuard error of nutrients
at 7 months of age as arfected Ly cietary treatronts,

Treatnent Ration Digestipilivy of mutriantg €))
Loce Ml 5 Particle % 34 P Lo {xude [t e
of PE size m Laroc,

i 100 2.3 v A 30,832 98128 73,328 oL .78 309,832 16.57° 91,748
#1,6250  :L.2783 14.806c 32,4757 #l.7370 10.0298  #1.8.94

2 90 2.3 W B 6232 73,900 7.0 Fras® Tmu2® lraa® P
#1,0363 H.2H2 rL.L08L 2,773+l 73¢9 20.6304  +l,B0M2
3 I 2.3 I3 ¢ 43.92° 50,245 5.0 52,36 sa.e2® 22,73 65,65

$Lo6UAS 11,2702 rh.d065 2174 rL,IIME H0.6298  ¥l.ud95

4 10 i IV A alae®  g7.86°  sL.es® a7t uwsa7e® 1691 g O
il,oﬁéd f}.,zfzz id,,ts(‘&!. 1—2.3.?73 :1,7389 3{).63*’,'& :.L.zs%;l:i

5 96 4L+ I B 59.67° 7.26®  eu.es®  70.37° 7P 206" 76.69°
$L.6008 L2709 sL.B0V6 $2.1767  FL.T3E®  F0.6302 #1805
6 & £1 1o 4na’  87.0% 77 e7.3® wau®  a17a® 027

BB 2L27A0 ALLBDT6 2,0707  #LTO85 10.0302 L3905

tpans having ibe same superociipt in a column <¢n not diffar significantly(p / G.0L)
analyeis of woriance for digesiinzlizy (k) ob 7 munths of age

source ds P oans sum of souares
Ui [ [ Lig U eiggge [ 33
Treatrent S LT749,0% %  LOGT, BT  UDT7. 725" 1OJT7.4%& L30Z.07%% 40,77 10il.85*

Erzor 29 17.03 Ca74 i¢.os Zded Ldell 2.38 2142




The cigevtibility pex siat of PFh was ecignifl-
cantly highwr (P £ 0.01) under txcatronts J and 6 at &
ronkhs of age as compared to tregtrents b and 9. ireats-

vents 2 argd 4 wery of the sume oxder.

The digestibilivy por cent of cruce filie was
signiricsntly higher (P Z 0.01) as Lhe level or digestis
ble encrgy ina the dict was decreaved to 90 ox 8 por vert

of 1RC otandards In both the cxpuriments,

bxy matter
Tane difforences in «igestibility per cent o dry

matter obsvrved in the presunt studlos has also been zeeq
ced by ven and Liwgnan (10638) vhoe repoitea 73, 66.9 ad
6l.D per cent ¢igeslibility in plys ranging in live weash
29,5 to 59 kg and kept on diets containing o.02, 2,92 and
2,71 keal/ky wigestable wnezgy. Cole gl gi. (967 a)
observed the digestipvility as .l and 68,3 per cunt with
diets having 2970 and 3306 koal/kyg digestible ensrgy at
38 kg veignt,
geganie matter

The digestibliliiy of orgenic nautor observed in
the presont experiments IS clode to the 0.0 per cent
obsazved by bimonsson (L0738} in 1.igs on berlcy based digt
The Lot per cont obscoved in lresssoents 3 and 6 oight be

wio Lo the hiub proportion of rico bran in tonese dists.
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Lrwile protedn i

There vas variastion in the digescibility per cont
of eruce protein. It increased as the level of digestibl
enerqgy was increasod ano vice versa. ol gb al.(1967 a)
ohserved that isocaloric Jdiols (2320 keal/ky digoesiible
energy) diffuring in cruue £ibre content (u.9 and 12.9 pe
cent) significantly rtauccd tne Jige.tibility of nitrogen
from 7L %o 67.1L por cert. lozdran (4976} reportou the
crude provein digesiibllity in pigs a5 J0.2, d3.2 arm 7.
per cent ui dificrent levels of fouding wvith barley based
diets naving crude provein content of 20.9, 205.3 ard 16,6
per cent. The resuats ot whe pzosent study lenc Support
1o the fimlings of woundstol ¢t al. (1579}, t he observed
that in lorger pius the digestibility ov olwde protedn
was higher. In contrast, Lal end lakkar (1976) roported
tnat on dsonitxoyonous diets, the digestabllily ov crmee
protsin was increased vilh age, »wihoer Gzexova (L977)
observed on ldentical plane o €oeding, vaviation in Jhe
troatnents of feed such ps bolling, drying or pelieting
causes Lhe digusvibilily of dzy matter, crude provein,
.c,:cuc!e £ibre and [.: to profoundly differ. To add to the
ystory, Clavson gt at. (1962) zeporied tne crude protein
aigealibilivy varled avcercany to the protclnscaloric »at;
and &4 was 76 pur cont when the rotio was 38. ©ne oy ove

facters ai.cuaged above, iogethes wilh itne wousce and
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nature of proiein coupled tdin the varying enexgy censity
of tho clets ang postreczions Lipowed by way of feeding
tine, night have contrabuied to the significant variation
chserved in Lhe cigestibllity of erude protein in the

dif ferent Jdiclary treatuents.

rther extracts

On isptaloxic dicis {grozs cnergy 4125 keul/kg)
varying in eruce proiein contort (20.5, 20.3 and 16,6 per
cent), [ozdrin (1976) zoportcd the digestibility of ether
extracis a8 82,2, 92.4 and 64,3 pexr c¢ene, respoctively,bu
whan thoe grobs energy Was reduccd to 3298 leal/kg the
aigescibility wno reduced to 49 per ceni. '/ith convention
Jared waconventlonal nilk subouliute an pigs ot €0 days of
age Srekalov and Jasvisheviii (L974) observes the digesti.
Lilily ox crude £at as 64.4 and 72,9 per cont, laynard
et al. (1979) bave quoted che crude fai divestibility as
7L pex cent, The digestibility values observed here on
dlets varying in easrgy and particle sizes ranged from
82,64 to 91,77 per cont, This range falls within the
large Tange or varistlons zepozted by tho varleous aul.ors

zofeired above.

Crude cnrbohydrotos/orude Libro/de

ihere was greatex vaplallon in tne digrstibilily

of crude carbonyurale atv © months ol aye, which was of