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INTRODUCTION



INTRODUCRION

The foed probleam of any country is undoubdtedly
of very gr.at importance in her national developzent and
the anizal industry plays a very sigaificant role in
solving this vital problem. In India, the per capita
availability of animal proteins is only adbout 1/10th
to 1/5th of that available in countries which are
agriculturally and iadustrially well developed, This
deficiency is mainly Jdue to the low productivity of
milk, meat, eggs ani other ani=al products of our live-
stook. It is well known that animal protains rank high
from the atand point of utilisation in the munan sody.
Production of foods of animal origin is gaining more
iaportance at prosent due to the fact that protein
deficiency is one of the most coauon mutrigional disordars
obesrved anong the people in Indias The developaent of
pig industery offers great posalbdilities and nas groat
potontialities in this reozard.

Piga stand second to beef cattle in the production
of meat,s Of the world total mseat production of 35 million
metric tonnes in 1969«70, pork formed 35.3 per cent as
against 41,0 per ocent and 15,2 per cent respectively by
beaf and onicken (Borgstrom, 1973). The toial production
of pork in India was cotimated 0 be 53,000 tannes &n
1973 and pork constituted 7.4 per cent of the total meat
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production during the three ysars froa 1971 to 1973,
(National Conalasion Rejort, 1976). The anmaal
contritution in the form of pork and pork products to

the national sconomy, on & conservative basis, can

be placed at more than Rs.150 million. In addition,

O34 alllion xg of oristlies, & valuable export

comnolity worth 13.15 million, are also rejorted to be
produced annually by the pig industery (ICAR Report, 1977).

In Indiay pig tarnix;g has 8 special aizairicance as
it can play an iaportant role in improviag the socios
economic status of & alzeable saction of the wealker
rural coaminity. For a long time, the major part of the
pAg rearing and pors indusixy wes in the hands of
psople belonging to the lowest esonomic siatus having
very linited maeans to undartake inte.sive pig furaing
with good production stock, proper housing, feeding and
managenent. They ware compsliled to follow old and
primitive nethods with common village hogs which could
properly be designated as scerub anissoala, Those saall
sized aninals did not have any definite ch .racteristics,
grevw slowly and produced small litery and the moat
produced by thea was of fnfericr quality. Pig faraing
renained neglaected lor long decause of a general apathy
agalnst this occupation mainly dus to a relizious
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concept and on account of the general way these aniaals
wore maintained, Ffurther aore, many constraints like
insufficient availability of high quality brocding stock,
lack of balamed feeds at economnic prices and ubsonce

of favourable market conditions also haxpered pig
production, #ith the adoption of ilmproved iy rearing
practices applicable even uxier rural conditioms, there
has been a significant increase in the iacone of some of
the poorest people in the country who traditionally

rear piza. But, pig farming as a commercial venture is
atill to be established in the country. iowever, under
the national five yvear plans, pig indgstry has developed
to a great extent in the country, The proper dovelopnent
of pig industry on scientiiic and profitadble lines as
followed in other progressive countries of the world
will, not only help to aolve the countery's food problem
to & great extent but also iaprove the nutritional
scandards of our growing population,

The pig population in the country was estimated to
ba only 64,56 lakhs according to 1972 census. Among the
important pork producing states, Uttar Pradaosh is the
foremost followed by West Bengal, Madhya Pradesh, Andhra
Pradesh, Assan and feamilnadu. In a survey coaducted in
1974 by the Prograssive Agroe-Industrial Consultants,
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it was observed (NHational Comsission Report, 1976)
that in metropolitan cities like 3ombay, caloutta and
Yelhis there has slways been & sharp incrcase in the
consunmption of pork and its products., In derala, the
total population of »Hig waas estimated to be 1,29 lakhs
(Livestock Consus, 1972) witn $he highest porcentage
An Kottayan and iroakulea and lowest in dalay uram
district, Adbout 93 par cent of the total poyulation
of pigs is found to de concentrated in the rural areas
of the state.

ihe reariug of pigs requires comparatively very
little investnent in regard to housing and other equip~
nents, Labour requiraenent is also less when conpared
to thoae in dairy and poultery production, Ihe returns
from hog production come muoh more quickly tham do
{rom masgy ather enterprises. Pig is a vecry prolific
breedor and a gquick grower, It can consume 20orée feed
per unit body weight and exoels all other farn animals
in the sgonomy with which it can convert farm byeproducts
and othor vegetanle matter into edible £l:sh of nigh
mitritive value yieldiog saximus returna, Jne kilogram
of pork can be produced from as little &8s 3,0 t0 3.5 kg
of feed, Maynard (1946) has reported that the average
percentages of the gross energy in the feed wiaich can de
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converted to human food are 20 per goent for pork,
15 per cent for milk, 7 per cent for egg, 5 per cent
for chicken and 4 per cent each for beef and mutton.
¥ith betier feeding, proper hreeding and manangenent
pork production can be made more romunerative thaa
is at pregsernt,

Profitadle raising of pigs depends largely on a
carefully plaaned and efficient fecdlng programe.
Since more than 60 to 70 per cent of the cost of swine
production is accounted for by feeds, econoaic formulae
tion of swine rationa assunes parancunt inp0riance.
it is also well known that adoption of improved aethods
of feoding can produce such better carcass at & much
earlior age and with zgreater {inancial returns.

dwine Dalag wonozasiric, are in direct competition
with man Jor cereal grains like malze, oats and sorghun,.
Haize iz one of the cuiof sources of eonergy in pig
ratioas., <The shortage of grains is at present very
adversely aifecting the livestoox and poultyry faraing.
in view of the scarcity of foods for hHuzan consumption,
it is necoasary o avold or ainiaize the use of feods
required for husan diets and utilize other subsidiary
feeds to the maximam extent, It is well knoen that
oany by-products of asnlnel and plant orizin, zarbage
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and subsidiary orops like tapioos can ve used in swine
rations without adversely affecting the performance.
ihe use of such feeds will hslp not only in lowering
the cost of anlnal feeds but also in relieving the

pressure on cereal grains.

Cassava (Manihot sgoylenty, orantz) or iapioca,
the world's seventh most important food crop, 18 the
principal source of carbonydrates for adout 300 million
paople, most of them in the developing couniries of the
tropicse In india, tepiocs cultivation is confined
moatly to Kerals where it is used mostly as & supple
nentary food for the comnon people. The anmual producte
ion of tapiooa in Kerala is around 41 lakh toanes, more
than 60 per cent of which is used as food for man amd
anisals, Tapioca is richer in calorific value compared
to other tubers such a8 potato and is almost of the
same value 88 that of oereals. It can be used as freah,
dried or ensiled products in the feeding of aninals,
Results of many experiments with pig (Pond and Maner,
19743 Coursey and Halliday, 19743 Pnillips, 1979 and
Gomen, 1979) indicate that tspioca tuber is an excellent
source of energy when properly supplemented with proteins,
minerals and vitamins., In addition to its low protein
content, the use of tapioca in both human and enimal
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diets is coastrained by the presence of cyanogenstic
glyoosides which on hydrolysis ylield hydrocyanic

ecid or prussic acid., The concentration of oyanogenetic
glyocosides prasent in tapioca roots varies widely. But
proper treatments such ac oooking in water, chopping,
mixing sundrying etc, are found to be effective methods
of reducing hydreoyanic acid content (Cunha, 1977).
There are many studies (Oyenuga, 19613 Manicken gt a}.
19763 Onaghess and Bowland, 1977 and Ramachandran, 1377)
indicating that dried taplooa chips can be profitadbly
incorporated at rolatively hizher levels in swine
rations without having ey deleterious effact on the
production performance of the animal, On the contrery,
thare are reports of reduced zrowth rates and feed
effisiensy in pigs when fed on rations containing higher
levels of tapioca (lew and Hutagalung, 1972; Muller and
Hah, 1975 and Swen and Leawis, 1976). Further, there
are restrictions in several countries on the use of
tapioca in livestock feeds aﬁ; relatively :izher lovels
(Coursey and Halliday, 1974).

Ihe forsgoing considerations clearly indicate that
more detailad and systematic studies are wvarranted to
£imd out the doairable levels of inclusion of tapioca
in ewine ratiom, as the ciief source of ensrgy in
place of convantional esnergy supplonents as cereal



8

graings. As such, this investization was taken up to
assass the affects of Wotcmxc rations containing
differant levels of dried tapioca chips replacing
oqual quantities of maize on growth and carcass
characteristics of pigs and thereby to eatablish the
deairasle lovels of inolusion of dried tapioca calps
in praotical swine rations for optimum performance.
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REVIEW OF LITERATURE

Profitable raising of niga depends prinerily on
formulation of eoonomically balanged rations exploiting
all the loecally available feed resources to the maximum
pospible sxtent, This is mors important in view of the
soarcity of conventional cereal grains even for human
oonsumption, The knowledge of the nutritional require-
nents of our aninales in thelr various physiologieal
states is obviously a prereccuisite in any scheme of
feading the animals on a solentific basis,

Providing an adequate supply of protein is the most
important prerequisite for optimum performance in swine.
Influenoe of varying protein levels on grovth rats and
feed efficiency in swine was extensively investipated.
The Batiomal Research Counoil recommendaticn (ERC, 1968)
in respect of total protein in ewine rations is found
to be 22 per asent at body weighte of around 10 kg and
1% per oent at 60 kg. Most of the available literature
fndicate that the srovith rate and feed efficiency in
svine are positively correlated with dietary protein
levels during the grovth periocd (Smith nnd Taoas, 1957
Meade g% al. 1969; Barber g% gl. 19713 Cumningham et a}.
19753 Fetugs gt al. 19753 Menge and Frodbish, 1973;

Iuce g% al. 19763 Ramachandram, 19773 Seve and
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Aumaitre, 1976 and Tond et al. 1980), KHobinson gt al.
(1964) tn their studies on crowing pigs maintained on
diets oontaining protein levels of 19, 16, 14 and 12
ner csnt found significant differentes in growih
resrnonse with verying protein levels only during the
sarly stages of growth, Cole and Tuasoombe (1969)
reported a eignifionnt inoresse in growth rate in pige
of 50 to 120 pound body weight over those above 120
pounds with dletary wprotein levels ranging from 10.3 to
17.% por cent, Pay and Davies (1973) odtained positive
growth response and feed efficliency up to 55 kg live
woight and negative response beyond 5% kg with inoreasing
levels of dietary protein in the dlet.

Morgan et al. (19%59) reported significantly better
growvth rates and feed efficiency in swine with higher
levele of protein at all atages of growth with the
greatent dlffarence being only after 100 pounds live
weight, Bellis (1965) and Davey (1976) clso reported
beneficial results on hizher dietary levels of protein
throughout the growving and fattening periods. Aunan
2% al. (1961) oould not find any significant difference
in daily gains of weaner nigs on rations with protein
levels of 14, 16 and 18 per cent from weaning to 129
pound body weight. Similar results were resported by
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Wnitelaw et al. (1966) in their =tudies using piglets
of 21 to 56 days of age. In similar experimente,
Fewport (1979) di4 not notice any significant improve~
nent in performznoe of piglets d.uring 2 to 28 days of
age on diete containing protein levels of 21, 24 and
27 per cent.

Boomgardt and Daker (1973) stuted that the expression
of anino acid requirement as a peroentuge of dietary
protain is preferable to that as a percentage of total
diet, The above authors have recorded the tryptophane
requirenents of growing swine as 0,71, 0,67 and 0,66 per
cent resvectively at dietary protein levels of 10,
~nd 18 per oent, DBaker g} al.(197%) reported that the
anino acld requirements are affected by the protein
levels in the diet. ©Studies on the effeot of varying
dietary lysine levels on grovth rate in svine wore
carried out by Magruder st al. (1964); Blair gt al.
(1969); Brown g% al, (1973) and Kets g% al. (1973).
Yobayashi gt al. (1980) while observing the effecte of
different lysine levels in the dlets of finishing pigs
reported that the average dally gains and feed conver-
sion effioliency were higher on a diet with 0,74 per
cent lysine than those on a diet ocntaining only
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0442 par cent of the same,

The reports on the affeots of 4ifferent levels
and socurces of energ; on grovth rates and feed eoffioi-
enoy in evine are many and varied, The Agric.iltural
Researoh Counoil Resommcndations (ARC, 1965) in respeoct
of energy requiremente of swine vary from 3,00 Meal of
digestible energy for -igv of 20 kg body weight with
dally average gaine of 500 g to 7.5 Meal for those of
60 kg with daily #nins of 790 g. The Hational Leaseareh
Counoil (WRC, 1968) specifiocation for energy is shown
to da 3500 Feal digestible energy por kg of feed for
animals weighing up to 20 kg and 3300 Keal for finishing
pire., Campbell et 2l. (1975) reported tne optimum
digestible energy level as 3640 Tenl per kg of feed
t111 the sniuale attained the bedy welpght of 20 kg,
Robinson et ale (1964) while comparing the effeot: of
three energy levele of 3,300, 3060 and 2640 foal at
10 per oent total protein and 26860 Zoul at 20 ver cent
protein, 4id not notlioe any signifficant difference
either inm grovth rate or in feed efficiency dus %o
varying energy levele, Mets ef al. (1980) in their
studies on nirs weighing from 25 to 110 kg body
wvalght, obasrved that a difference in dally energy
intake by 20 per cent caused a redustion of 15 per cent
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in live weisht guin and 17 per ocent in nitrogen
retention, Reddy et al. (1980) while co:paring the
effecta of three energy levels (3,1, 3.3 and 3.5 Meal
DE/kg) and three protein levels (16, 18 and 20 per cent)
in the diets of growing pigs found that a diet with

18 per cent protein and %,1 or 3,% Mcal of digestible
energy per kz was mupsrior in terms of sverage daily
gain and feed converaion efficliency,

Fnerpy vrotein inter-relaticnshin in the diets
of pig was well entoblighed, The need for s hlrher
diestary vrotein level with inoreased energy oontent in
the diet was eaphasiged by many workers (Sewell et al,
19643 Clawsen gt al. 1962; Allee g% al. 1971 and
Leidbrandt et al. 1975). Costaln snd Morgan (196%)
revorted that nigs ecould tolerate » wider energy protein
ratio at the finishing neriod of 100 to 200 powds hody
weight than during any earlier prouth period., Claweon
gt al. (1962) in a study with imocalorioc diets and
praded levels of protein, observed that grovth rate
was significantly inoreased by a narrov energy nrotein
ratio only in the early perloed of growth., Claveon ef al.
(1962) also rerorted that a narrow protein energy ratio
supported the most rapid gaine during the first 28 days.
Aceording to Reddy and Agmrwalas (1975), there wvas no
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significant difference either in growth rate or in
feoed efficiency of growving Yorkshire pigs with three
onergy protein ratios of 1 2 168, 1 3 133 and 1 & 110,

Braude ot gl. (1958) observed that feed conversion
efficiency in pige was higher with resgricted feeding
regime when compared with ad libitum feeding. Similar
results were revorted by Barber et al. (1957)3 Tlank and
Berg (1963); Diswas ot nl, (1966) and Vanschoubroek ot al
(1967)e In exneriments on nigs of 50 to 100 poundas
body weight, Blair et al. (1969) reported hicher feed
oonversion effivcienoy with increased feeding level,

Cole et al. (1968) observed only slower growth rate in
pige of 23 to SO kg body veipght msintained on restricted
levels of feeding, YVewm 8% al, (1970) alse recorded
similar results, The above authors further observed a
linear reduction in growth rate and feed erficiency

with inoreasing depracs of feed restriction, Burlaou

et al. (1978), on the other hand, reported that g4 libitum
or restricted feeding at 80 per gent of the former 4aid

not have any merked influenoe on feed utilisation in
svine,

Influence of environnental temrerzture on growth

rate and feed efficliency in swine was shown by many
suthore ( Capstiok and “ood, 19223 Mouetgaard, 1959
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Mount, 1959; Pfeiffer and Hnder, 1973 and Seerley ¢t al.
1975). TDeoreased growth rate and lowered feed effici-
enoy in ovine reared at very low atmoerherio tem=nerature
wore recorded by Pearson g} sl. (1966)3 Fuller ond
Boyne, (1971); Svahly st al. (1979) and Verstegen gt al.
(1979). FHoughton et 8l. (1964) concluded that energy
requirenents of pige in humid tropios were lower than
of thoge in tempermte regions, Holmes (1973) obtained
reducsd growth rate in pige exposed to continuslly high
sabient temperature, Close and Moumt (1978) inferred
from their studies that the optimum temperature for
normal body weight gein in swvine wvas more dependent on
the metabolisnble energy intake of the aninals.

Sex is another raotor reported to have marked
influensce on growth rate and feed efficiency in swine,
Morgan gt al. (1959) and Hanssom (1974) im their
experinents with pigs of 50 to 100 pounds body weight
obsearved that meles grev significantly faster aad
utilised feod more efficiently than femnles., ZElair
and Enrlish (1965) recorded 14,9 per cent higher daily
gain and 9,5 per ocent better feed effioiency in males
compared to fenales from 120 to 150 pounds body
weight, Higher feed efficiency was reported for boars
eompared to barrows (Charette, 1961; and Pay and
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Pavies, 1973), Faster gZrowth rate and higher feed
oonsumption rate were reported in barrows than in gilts
(Clawson g% al. 1962; laird, 1564) Hale ek al. 1967,
1968) Buird g% al. 1970 and Cunningham et al, 1973).
Cunningham et al, (1973) observed higher protein
requirements in gzilts than in barrowe,

Ther, are several renorts on the effeots of hreed
of the anisal on grovth rate and efficienay in svine
(Tapas and Calder, 1956; Aunen gt al. 1961 and Cole
snd Wangsness, 1978)., Tuocas and Calder (1956) ddad
not ocbsexrve any significant effeet of Lreed én growth
rate ond feed efficiency in svine, On the other hand,
Aunan ot gl., (1961) showed that daily gain in nige was
markedly affected by the breed of the animal.

The role o2 feed additives in svine ravions wvas
extensively investigated, There are many reports of
improved feed effiociency and rate of galn in pige by
the inclusion of antibiotios in the rations (Smith amd
Incas, 19573 Speer, 19623 DvorVa'k, 1963; Smith o al.
1964 and Moulick ot gl. 1965). Morgsn et al., (1958)
414 not observe any improvement sither in growth rate
or in feed effi-iency by the inolunion of aurecmyein
in the diets of pige of 120 to 150 poumds body weight,
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Calder g4 ale (1959) 4n their exyeriments with pige
of 6 %0 40 pounds body weight obeerved that while the
prowtl rate was improved, there was no significant
effect on feed efficlency by the inelusion of antiblotios
in the dlets, In similar experiments .ith plgs of 50 to
200 pounds, Morgan &t al. (1959) also did not notice
any influenoe of antibiotios on growth rate and feed
efficiency in pige. Acocording to Holme and Hobineon
(1963), thouch penoillin had no beneficial effeot sino
bascitracin promoted bvetter growth rates in anicals,
Solneve and Vasilanko (1968) cbserved a reduced growth
stimulatory effect on oontinuous feeding of antiblotics
o pigs. Bey (1978) rerorted that among the common
antiblotice, aureanycin and terranyoin are mores effective
than penicillin, bacitracin and streptomyocin, There are
also many reports on the effeots of inolusicn of other
additives as arsenioals and oopper sul-hate in swine
rations (Stuskey et al. 1962; Speer, 1562; Barber et al.
19653 Moulick gt al. 1965 Brauds and Ryder, 1973 and
¥rince g% al., 1979).

Thie noed for sultadble energy feed ingredientis in

the rations of groving and finishing svine was well
eptablished, Maige is one of the most commonly used



1e

graine in svine rations because of ite high digesta=-
bility and palatablility, Malse provides a IXF of

740, DuB, of 3488 Koal per kg and TON of 79 per cent
(Crampton and Harris, 1969), Baker ¢t al. (1969)
indioated that tryotophane is the firet limiting amino
acid in corn protein, Ammi ¢t al. (1980) also reported
that wvhen compared to other cereal graine like

sorghum, tryptophan oontent is the lowest in maige.
Kats gt al. (1973) showed that vhile addition of
lysine to a corn soyabesn meal based diet inoreased the
rate of gain and feed convorsion effioienoy in evine,
methionine had no such effest, Beneficial offeots of
lysine suppleaentation in cereal dbased raticns were
also shown by Brown et gl. (197%). On a comparison

of different virleties of maisze, Mahajan st al. (1974)
reported a higher biological valus for opaque=2 variety
of salge when comrared to local (Desi), Punjasd maise I
and normal maize (Vijay) varieties., Similar results
were also renorted by Sihombing ¢t al. (1969); Baker
et a8l (1970) and Moroquin g% gl. (1973),

Rovinson gt gl. (1963), in their ctudies on the
snerg;’ valuss of different oereal grains, recorded
digestible energy values of 2880, 3300, 34350, and
3300 Foal/kg resveotively for barley, wheat, xaize ard
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milo, while comparing the fseding wvalusa of warious
cereal graine as enargy sources in svwine rations

flandlin gt ale (1961) observed that hogs fininhed on
rations based on malze gained faster than those on
rations ocontaining barley, mile and oats, Hysrs (1963)
observed higher efficienoy of feed couversion in pige

of 43 to 200 pounds as tie proportion of maise was
inorezaed from 45 to 75 per cent. In similer experi-
aents using pvige of 25 to 110 kg bvody weight Jupker g% al.
(1966) d1d not obeerve any significant differense either
in wveight gain or in feed efficiensy on dista containing
20, 40 and 50 per cent maize, In a feeding experiment

t0 compare diets based on maige, barley and wheat,

0111 e} als, (1966) rerorted higher daily smuins and feed
efficiency in pigs fed on dietr based on maige, Cole

9% ale (1969) wiile comparing the Aiffersnt ceresl
grains as barley, wheat and maise, found that the
performance of pigs from weaning to 120 pounds live
wveigiht was not significantly affected by the type of
carcal weed, On the other hand, after 120 rounds body
weizht, pigs fed on malize diets gained more than those on
barley or wheat diets, Similar results were also revorted
by Tawrence (1968), According to the Haticnal Commission
Herort (1976) maize can be replaced to the extent of %0
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per cont by smaller millets as energy sowuroce, Sharda
g% 8le (1978) reprorted tint maige could be replaced to
the extent of 25 per cent by aground barley in the dliets
of growing pigs without adversely affecting the daily
gain and feed efficiency,

Tawvrencs ( 1967) renorted that priniing the
coreals produced better regilts in terms of digenti~
vility and digestible energy in svwine., Orowth rates
and feed conversion effiolency were reported to be
hizher on diets containing ground malzc or sorshum
than ca thces with orimped grain (lawremce, log. 2i%).
lawrence (1973) observed that the npparent digestie
bility of dry matier and nltrogen was lunroved by
nicronising the srnins. lawrence (1977) observed that
diete contaln ng ground maize or bvarlay vere surerior
t0 those contain:iung micronised form of the szmne for

pigu *

Cassava or Taplooa is one of the nmost abundantly
used feed ingredient in place of conventisnal energy
scurces cuch aa oereal grains, Chemical comvouition
and nutritive valus of taploca have bheen studied by
many workere (Sarrios and RBreasani, 1967 Fetika and
Oyenuga, 19723 Coursey nnd Halliday, 19743 Icnge, 19783
Oke, 1976 and Laja gt 8l. 1979)s Tetika and Oyenuga
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(1972) in a otudy to find out the effeot of age of
plant on starch sontent in tapiooa tubere, reported
average staroh contente of 67,2 to 81,0 per cent of
total dry matter during five to nine months of plant
maturity with the highest peroentage at the age of
elaht months, It was also shown that the starch
content tended to fall after the age of eight months
at a rate of 3,2 to 5.4 per cent,

Carbohydrates aonstitute 80 to 90 per cent of
total dry matter of taplooa roote, 78 to 90 per cent
of which being starch (Raja ot gl. 1979). The digesti~
bility of taplooa protein is reported to be equal to
that of rice protein with a biclogical valus of 48 per
osnt, The essential suino aclds in cassava protein
have been identified aw arginine, histidine, threonine,
tryptophan and methionins. It oontains about 0.46
per oent fat, the principal fatty noids being palmitie,
oleic, linoleic and linolenio, The caloium und phoe~
phorua oontente are shown to be 0,13 and 0,15 per oent
respectively (Eaja ot al. log. oi%). Tapioca protein is
relatively poor in quality dus to a very low oontent of
eulphur ocontaining asmino acids (Oke, 1978).

Pregsenne of varying proportions of oyanogenetio
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glycosides has besn reported in taplooa roots,

Oyenugs and Amasige (1957) reported that fresh tubers
contain hydrooyvanio acid in the range of 21 to 213
aillisram per kilogrsm. Coursey and Halliday (1974)
recorded a range of 15 to 400 mg of hydrooyanic acid
por kilogram of fresh roots, [ydrooyanie acid content
in tapioce peels 18 found to be five to ten times
greater than that in tubers (Oyenuga and Amasigo, 1957
and Coursey, 197%). GSeveral factors such as genetio,
olimatic and agronomic conditions are found to influensce
the concentration of oyanogenetic glyoccsides in tapioca
soote (Coursey and Halllday, 19743 Oyefemso, 1976 and
Raja et al. 1979), Obligbesan (1977) obgerved s
definite influence of potassium application in the sofl
on the cyanide content of tubers,

The feeding value of taploca tubers as an energy
source was extensively investigated. Oysnuga (1961%)
showed that the yleld of enargy per hectare of land
wvas about 13 times nore with taplosa ocultivation than
with elther maige or sulnea corn, In & study on
comparative calorific valuss of various tubers, Achaya
(1975) and Nestle (1976) renorted that 100 g sach of
tapiooca, ysa, tarc, potato and sweet potato provides
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109, 90, 86, 70 and 97 oalorie respeotively of energy
on fresh baeis, Raje et al. (1979) compared the energy
valus of tapiocoa with those of the coauzon osreal ; Talins.
Agcording to hia 100 g of eaoh of wieat flour, parboiled
rice, maize flowr and cassava meal provides 332 to 334,
359, 356 and 338 ecalorie respectively.

Coursey and Falliday (1974) obeerved that supple-
mentation of tapioca ocontaining mixed diets with iodine
in addition to methionine largely elimin:ted the goitro-
genic wotivity dus to thiocoyamate prodwotion from
hydrooyanic aoid, Philips (1979) concluded that on
account of tae low protein content, any substituticn
of dried taploca for cereals in mixed feeds nust bde
comnennuted by an increased level of protein supplements

such =8 0il cakem or other protein sowrces,

Reporte on the effeots of inocluaicn of tapioos in
the rations of aninale are many and varied. dcoording
to tue studies oonducted at the Hawal Experimental
Regearch Station in 1935 (Xrider and Caroll, 19%6),
Cassava meal was wvorth adbout 45 per cent as suoh as
barley in the rations of growing and finishing swine,
Both raw and bolled cnosava based diets were shown to
be oqual to corn bLased diets for growing and finishing
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swine by Jones (1959). According to Cyasnura (1961)
raw oascava »roduced bettier repgults than bolled
cagsava in the Alets of groving ples 1 the cusatity
of oeneésava in the dlet did not excesd 42 per cent of
the total dry matter, I!¢ was also concluded that raw
cageave at a level of 42 per cent of the diet tended
to show better retention of anltrogen than did doiled
casegava., Dut the diet containing raw cassava had
lower epparent digestibility and showed the highest
net absorption of csloium and phosphorus, DBultrago
{1964) reported that the intake of casssva by the
animale was increased signifloantly by ziving & protein

suprlenent in a separate feeder ad libitum.

There are many renorts of peduced prouvth rute
and feed efficiency when tanicea wae included at higher
levels in owine rations, Gomes {1979) obmerved that
giltes fed sveet cmesava zZrew more slowly than those
fod maige, Similer results were also rencrted by
Maner (1972). Thore are also restrioticns spnd regulations
in several countries with regsard to the levels of
inolusion of tapioos chipe in livestock rations, In
Federal Hepublic of Gormany the permiseible levels of
inoluaion of taploca in ewine rations vary from 10 to
40 per oent. Cooreratives in FNetherland have reocommended
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maximme inclunion rates of only 15 per cent in pig
rations., In Belgium, the normal level of ifnolusion
of tapioce meal in nixed feeds was recomnended to be
only 5 per cent (Coursey =nd fialliday, 1974).

But there are many studies indicating that taplooa
can be inclided at falrly hisher levels in swine ratione
rrovided the ration is nroperly sunplemented with
protein, minerals end vitamins, HManer (1972) showed
that fresh oggoeva co0.14 be suwsoesefully included in
owine rations if wronerly supplemented with methionine,
On the other hand, Omaghese and Bowland (1977) aid not
find any benefiolsl effect by the addition of methionine,
rond and Maner (1974) ststed that cassava, if properly
procesced to eliminnte toxloity from hydrocyanic aoid,
1s an excellent source of energy for the pig., Ihe
snergy digestibility in tapiooe was similar to that of
grains, They ooncluded that cassava meal can be included
up to 40 per oent in the rations of growing and finishing
pigs with beneflcial results, But higher levels of
inclusion reduced growvth rate and feed efiiciency and
neocessitated supplenentation of methionine and other
nutrients for better performance, Similar resulte vere
algo rencrted by Unazhese and Bowland (1977). In a etudy
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to Tind out the effeot of replacing barley with
taploca meal at a level of 45 per cent in the raticns of
earlyweaned rims, Arembawels et al. (1975) did not
oboerve any deleterious effest on growth rate und feed
efficlency in animnls, Manioksm ¢t gl. (1976) could
inolude dried tapioca oi:ind up to 60 per ocent replacing
naize in swine rations without shewing any 111 effeots
on the aninuls, Yurther, the above authore observed

a hicsher, though not eignificant, feed effiaiency on
taniooa oontaining dlets, Gomes (1979) renorted that
the total consumrticn of fresh ehopred cassava by
growing and finishing swine viried derendiing or the
protein content of the supplement wused., The dally
average oonsumption of tarpioos throughout the srowing
and finishing stape wae greater with hisher levels

of protein in tha diet, It was slso showm that fresh
roote could be safely fed to gestating and lactating
piges with an adequate supplementation with protein,
minerals, and vitamins,

Several faotors, both mutritional and envirommental
have been found to influsnce oarcass ouality in ewine.
Higher lewvels of protein in the diot were ronortad to
enhance lean srowth (Morzan 8% al. 19593 Robinson gt al.
19643 Cole and Tuscombe, 19693 Blair et al. 1969;



27

Stahly and ‘ahlatrom, 19733 Fetuaa et pl. 19753 Iace

et als 1976 and Davey, 1976) and decreazed baock fat
(Morgan @t al. 1959 and Stably ond “ahlstrom, 1973).

On the other hand, Whitelaw gt gl. (1966); Meade gt al.
(1969) and liamachandran, (1977) 00:.14 not notioe any
sienifionnt difference on carcase charsoteristice with
different dietary prctein levels, Meade g% sl. (1969)
rerorted that dreesinc peroentage, oross seotional

area of loin-eye muscle ond peroentoge yield of ham and
loin were not narkedly affected dy two different dietary
protein levele vig, 20 and 17 per cent, during the early
growth period. Kobayashi gt al. (1980) did not observe
any signifioant difference in ocarocass lensth, dressing
percentage or in backfat thickness in aninale fed on
diete ocontaining lyeine lewels of 0.42 and 0,74 per cent.

There are virying reports on the effects of dletary
levels of energy on oaroass characteristios in swine,
Robineon g% al. (1964) obeerved that carcasse quality was
significantly influenced by wariation in tihe enexgy
levels of the diets, Robinson (1965) recorded a positive
correlation between energy intake and ¢:rcess lenrth in
svine, Jody protein content was reported to de lower
vith energy restricted diets (Babatunda e% al. 1967).
Cole ¢t al. (1968) observed relatively lover dreceing
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pexroentages for animales fed on low energy dlete.
trookas (1972) recorded inoreased backfat thickness
at higher levels of dietary energy. Hobinson and
Tewis, (1064) nnd Baird gt gl. (1970) did not observe
any benefloial effect on oarocase quiality with nigher
energy levels in the ration, With higher dletary
levels of energy, BElair st al. (1969) obtained fatter
carcase at all live weights, - Robinaon (1965) could
not £ind any significant effeoct of energy level on
any of the acarcass charaocteristios excent onroanss

length,

Braude gt al. (1958) w»ecorded a lower Hreseing
peroentage for pige maintained on a restricted feeding
regime, Vanschoubrosk gt a}. (1967) reported that on
an average feed reostriotion of 15 per oent co 1ld
result in a reduwotion of baskfat thickness by 7.63 rer
cent with 0,59 per cent reduction for enob one nper ocent
reatriction in feed, Barber gt gl. (1972) and Fuller
and Iivingstone (1978) also obsorved eimilar results
and ooncluded that backfat thickness decreased with
intensity of feed restriotion, leddy and Aparwala
(1975) o00uld not find any significant diffarsnce in
dreseing veroentage, oaroass length and backfat thiockness
in aninnles fed on diets with energy protein ratiocs
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of 12 168, 1 5 135 and 1 1 110,

Morkel et ml. (1958) recorded a noci:ive corre=
iantion between percentage of crude fibre in the diet
fed and length of lean oaroase cbtained, Cameron (1960)
obgserved an improved careass gquality witih deoreaced
dressing percentuge at higher levels of crude fibre
in the diet, Taird et al. (1975) reported thit low
fibre diete produced leaner Q;rensses when comnared to
hicsh flbre diets,

The effects of different sowrces of energy feed
ingredients on carcass quality were studied by many
workers, In a compariscn of different cereal graine
as s0:xrces of energy in finisher rations, “yers (1963)
obaerved that dree=ing percentage wap increased with
inereasing pronortion of maize in the diot. Gill gt al.
(1966) observed hizher backfat thiokness in pige fed
on naize when conmred to those fed on barley on wheat,
Juckor et al. (1966) and Forbea and Holme (1968)
recorded hicher iodine values for the baockfat collected
fron animale fed on dlets contalning maise comrared to
those on other cercal based diete, lavrence (1468)
o0::ld not find any simnificant difference in carocass
length with diets containing hicher levels of different
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cereale such as barley, maisze or sorghum, Iawrence
(1973) in his studies with diets containing either
ground or micromised cereals recorded hipsher dressing
percentages with micronised diets, Carcass length

waa aleo found to be inoreased on micronises diets,

Totsuke ot al., (1978) eculd not notice any signi~
fieant change in oarcase quality by inclusicn of casrava
ur t0 20 per cent levels in the finishing diets. Meniokam
et al. (1976) reported similar valuss for carcass length,
baockfat thickness, loin-eye ares and dressing percentage
with diets oontaining either maize or tapioca at a level
of 60 per cent, FRamachandran (1977) in his studies on
the effeots of different energy and protein levels did
not repcrt any adverse effect on carcass charaoteristiocs
by the inolusion of dried taploce chips at relatively
higher levels in the grower and finisher rations,

Body wei~ht at alaughter is snother faootor influen~
eing carcass characteristios, Agarwals (196%) and
Narayana Rao @t al. (1964) observed a positive correla-
tion between dresaing peroentage and live welgsht,

Bellie and Taylor (1961) and Taverentjeva e: al, (1970)
recorded innreased onroass length =t hirher body wel-hte.
Backfat thicimess was also found positively correl-ted
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with live weicht (Ramachandran, 1977 and Neely et al.
1978). Deso et al. (1980) could not find any aignificant
differences in any of the careass charascteristios by
the age and weisht of the animal at the slaughter weight,

Sex of the znimal is also found to influence the
carcass quality. Gilta-m reported to ield beiter
carcasees with lesser backtat (Braude e} al. 1961;
Robinson, 1965 and Blair et gl. 1969) larger eye-muscle
area (lale ¢t al. 19673 vYonz g% al. 1968; Cunningham
et ale. 19733 Gilater and 'ahlstrom, 1973 and Mervin et al
1975) and hirher peroentage of prinal ocuts (dusk, 1962
Hlair and Hnclish, 1965; Hlair et gl. 1969) and Gilster
and ‘milotrom, 1973) than barrows. Trescott and
lamning (1964) and Pay and Davies (1973) rencrted leaner
oarcasses with lorger eyve-mzuscle ares znd decreased
tnokfat thickness in boars than in tarrows. Horgan gt al.
(1959) eould not find any iufluence of sex on carcass
mecgurenents, Shanmugansthem and langanathan (1973)

else renorted sicilar results,

There are also many reports on the effects of
envigenuental faotors lizxe temperature, season and
climate on caroass characterietics in swine (ioody et al.
1961 Jruner @t al. 1969 and Xempster, 1978), Stahly and
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Cromwell, (1979) and Stahly et al. (1979) repcrted
that oarcass length and peroentagee of lesn cute
were lower for nigc resred in cold (10°C) than for
thoee kept in a warm (35;0) environnent, Jeoc gt al.
(1980) obsorved that the season of birth of the
pipletr markedly influenced oarcass weigsht and

dragaing ~ercenitape ia swine,
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Antmale

Bighteen large “hite Yorkehire weanling pige
maintained at the niversity Pig Rreeding Farn,
Mannuthy, formed the expserimental subjects for the
present atudy, The animale were divided into
three rroune (CGroup I, II and III) of six animals
each as uniformly as possible in regard to
litter, sex, age and weicht, The males and fecales
of all the ex-erimental grouns were housed
separately in olosed fully roofed well=ventilated
pens of 11,1 8q, metres with facilitieo for
feoding and watering, The animals werec dewormed
and sprayed asainst ectoparasites sufficiently
before the couencenent of the experiment,

Diets

The peroentage ingredient ocomposition and
chenmical compopition of the experimental diets
(Jiet 4, B and C) fed to the respective groupa
(Croun I, Il and II1} are given below:



Ferventage ingredient composition of the experinental diets

Total protein levels

Ingredients 160 167 144

A B C A B e A A c
Mze 4000 2000 .o 4000 2000 [ R ] ‘000 20.0 as
oried Japioocs
ching .o 20,0 40,0 .o 20,0 40,0 .o 20,0 40,0
Deotled gro nd- .
nut cake 11.0 14 .0 17.0 13.0 16,0 19.0 8.0 11.0 15.0
Dgoiled coconut
cake 10.0 10,0 10,0 10.0 10,0 0.0 10,0 10.0 10.0
Dried fish
(unoalted) 15.0 150 15.0 10,0 10.0 10,0 9.0 9.0 §.0
Yheast bran 23,0 20,0 17.0 26,0 23.0 20,0 32,0 29,0 25.0
#iner:l aixture 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0
Caloul :ted M2
Meal/ke 2496 2697 287 2495 2.96 2,97 2491 293 2.94
Coct ner kg(ila) 1.57 1.53 1.49 1.58 1.54 1.50 1.53 1.50 147

Salt and vitanin ?Eg D, were added at the rate of 2.5 kg uad 100 g reswectively per metric
tonne in all the d4isdts:

Yo
L3



Tereentare ehemieal comronition of tie exverimental diots

Total proteln levels

Compocziticn - 187 %3 147

A 8 ¢ A B c A —é *-C
Moicture Be2 Ye9 10,0 Tet 8.9 10,3 Be2 11.0 1.1
Crude protein 18.3 1.4 178 16,8 16,2 16 .4 4.5 15.0 4.4
Crude fibre 349 4.0 4.9 443 4,0 4.0 5T 444 4,2
Sther extraot 2.8 4.0 3e2 4.5 38 4.2 37 4.6 4¢3
Total ash 4.2 135 13.0 13.0 127 1.3 13.7 13.3 121
Hitrogen free
extr ot 60.2 £0.1 61,1 61,3 6343 64.1 62.4 6247 65,0
Calcium 1.40 1.30 1.21 1.04 1,02 1.06 1.43 1.36 1405
Phosphorus 0461 0e71 079 0.79 0.7% 0,70 0,80 0.63 0«80

114
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Metiods

The animals in the three grouns I, II ond III were
maintained on the respective diets A, B and C with 18
par oent total protein up to an average live weight of
20 kg ("haee I), with 16 per ocent total protein up to
50 kg (hase II) and with 14 per ocent total protein till
they attained an average body weizht of 70 kz.

All the exverimental animals were fed semi - ad libitum
allowing acoess to the fesd for one ho.ur every day in the
norning as well as in the evening, iater was nrovided
8d libjtum. Recorde of daily feed intake and fortnightly
tody weighte and body messurements were naintained., A
record of the daily room temperature (minimum and maximum)
wag also maintained throughout the course of the experiment,

Jowards the end of the phase Il of the experiment,
when the aversge feed consumption was almost uniform for
ez2eh groups duta on total feed intake and faeoal output
in respect of each grous were athered dwring a colisotion
period of 4 days. Faeces was collected as and when it
was volded takings all precautions to avoid contamination
with wrine and dirt, The faeces coli.ected onch day was
welshed acourately, mired well and representative samrles
at the rate of 1/10tk of the total guantity wae astored
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in a refrizerator, The aliquots of faeces taken during
the colleetion neriod of four days were pooled und
preserved for the proximate anslysis, All the ~eed
sannles a8 well as the fmecal sauples colieoted during
the digestion trial were annlysed for proximate prinoiples
by standerd procedures (i,0,A,8, 1970),

Analyaie of the bldod oonstitusnts vis., haemogliobin,
nncked cell volume, plasss protein, plaasma ealolium and
inorganic nhosphorusz, vas carried ocut by sisndard pro-
oedures to agnese the nutritional eintus of the animals.
Haemoprlobin wee estinnted by Cysnmethaenmoglobin method
{Benjamin, 1974), vlacma protein by Biuret method
(Gornmll et gl. 1949), Masna caloium by Clari snd
Collip nmodifieation (1925) of "ramer«Tisdell aethod
(1921) and imorg-nioc phosvhorus by Fiske and “ubba Row
(1925) method,

Two males and two fomales from all the three
exnerinental grouns were slaughtered when thay attaiped
the body welght of 70 kg for gathering datu on carcass
oharactericiios, The dressed weisht of the carcass
without hend was reocorded, the hoad being romoved at
the allanto ocoipital region. Weight of the head was

also resorded. Ton:th of ocaroass wae smessured from the
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anterior aspsct of the first rib to the anterior zspeot
of the aitoh bone, Daokfat thicknese was measured at
three pites viz,, at the region of the first rib, last
rib and last lumbar vertebra, Ileaf fat wvas removed and
the weight wae recorded., The fore=trotters and hind=-
trotters were reuoved from the knee joint and hook joint
respeotively, The shoulder (Boston butt and plenio
shoulder) was separated from the rest of the oaroass by
cutting bdetween the second and third rid leaving first
one and half ribs with the shoulder, 7he boston butt

and pionic ahoulder were separated by sawing across the
scapula just above its junoture with tha-hum-run and
parallel to the brest side of the shoulder, apnroxinrately
one inch below the posterior edge of the scapula perpendi-
oular to the outer skin surfase of the ocarocass, The
breast flap was rencved from the pionic, Removed the ham
by cutting at a point approximately 24 inches fyom the
nost anterior rnoint of the aitoh bone by sawing through
the sacral vertetra and shaft of the ilfum, OSeparated
the loin from the eide and spare ribs by cutting on e
curved line from the lowver edge of the tender loin muacle
at the leg end on the loin, to & point just below the
tender loin at the last rib, Ihen saw the ribs from a
point as cloee to the chine bone of the third thoraoio
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vertebra as posaibdble to the point just below the
tender loin muscle at the last rib, Weights of all
cute were rocorded, The cross sectional area of the
eye-nuscle wae oalouleted from its measurements taken
at the reglon of the tenth rib,

Hepresentative sauple from the suboutanecus fat
and lcafa fat were collected and preserved for the
dntarminﬁtian of fat constants, Melting point, icdine
number and saponifiocation value were determined by the
methods desoribed im A.0.A.C, (1970).

Statistical analysis of the resulte was oarried
out by following the methed desoribed by Snedecor amd
Cochran (1967),

The data on animel number 3/178 in Oroup III were
not inocluded during the IInd and IIIrd phases of the
experinent since the animal had to be removed from the
group considering its very lov growth rate compared to

ite mates.
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RESULTS

Results on growth rate and feed conversion
efficlienay of animale in the three groups I, II and
111 undexr the respective dietary treatments A, B and
C are set out in tables 1 to 14 and represented in
figares 1 t0 3. Tables 15 to 23 show dats on body
asasurenents of animals recorded at fortnightly
intervals till the end of the experiment. Table 24
pregente a oonsolidated data on gains in body weight and
body measurements up Y0 eighth fortnight, Mgesti-
bility ocoefficients of nutrients in the three diets
deternined at the end of the sesond phase of the feoding
experinent are shown in table 25, Results of haematolo~
gloal studies are presented in tables 26 to 33,

Data oa osrcass charaoteristios of animals
slavghtared at an average body weight of 70 kg are
detailed in tadles 354 to 36 and statisticelly analysed
in tables 57 to 45. Iata on fat constants in respect
of both suboutansous and leaf fat oclleotsd frem the
anissls at the time of slaughter are set out in tables
46 to 55, Details of produstion cest of enimals under
the thres dietary treatments are presented in tables
56 and 57 and repressnted in figure 4,



Zable 1, Fortalrhtly body welirhts (kg) of pige maintained o the three distary treatuents
et 4+ = Group I

tgimal Sem Portaisite
mmber - -m—

0 1 2 3 4 5 6 7 8 9 10 12 13 1%
4, 1?3 Y 12:*'3 ‘505 20.5 2105 2505 m.O 3‘09 39-6 “;5‘{3 5?-9 r‘*_f._%‘l} ?‘0.0
2719 ¥ 10,5 150 2040 2440 315 7.5 435 51,0 60,0 71,0
/%18 M 15¢5 1945 2540 %040 50,0 4745 4445 56,0 70,0
/vis F 1565 1605 1765 2040 22,0 23,0 28,5 335 FTe5 430 4745 5845 60,0 73,5
0/176 7 12:5 155 19,0 20,5 26,0 31,0 35,0 46,0 71,5 50,5 71,0
/%16 F 155 160 19,0 22,0 2340 25,0 2945 3340 3840 41,0 45,5 5645 64,0 1.5
Average 129 16,3 2042 23,3 277 315 36,2 4341 5044 55,5 55,6 61,7 65,0 72,5
e Be 30T 2047 211 2144 22,5 23,0 22.8 £3.2 25,2 _’.506 25.0 2442 21,0 21 +0

i\



Table 2. Diet B « Oroup II

‘nimal oo, Fortnights _
6o t+ 2 3 4 S & 71 8 9 W 12 13 wu

VIT6 M 13,0 15.5 18,5 2445 27.0 37.5 45.5 53.0 57.5 65.5

S/176 M 13,5 15.5 18,0 21.5 27.0 28,5 34.0 38.0 41,5 45.0 50.5 58.5 67.5 T1.0
U118 M 12,5 14.0 16.5 18,0 22.0 24.5 31.0 34.5 38.5 430 47.5 55.0 64.5 74.0
B/176 F 13,5 16,5 20.5 24,0 30.5 35.0 43.0 49.0 56,0 62,5 65,5

3/179 P 10,0 12,5 15.5 20.0 27.5 29.0 40,0 48,5 55.5 64.5 T1.0

6/%78 F 14,5 17,5 19.0 24.5 28,5 33,0 38,5 #4.5 50,0 60.5 67.0

Average 12,8 15.2 18.0 22,1 27.1 31,2 38.7 44.6 49,8 56,8 60,3 56.7 66.0 72.5
S.%. 30,6 30,7 30,7 $1ut 312 32,0 2242 32.9 23.3 28e1 s4.7 217 215 1.5

2y



Table 3. DMet C - Grouwp I1I

Anisal Portnights
number “°X%

0 1 2 3 4 5 6 7 8 9 10 12 135 4 15
57178 M 155 2045 27¢5 33.5 42,5 47.0 55,5 66,0 73.0
/19 M 115 16,0 21,5 20,0 32,5 36,0 44.0 49.5 54,0 60,5 65,5
3/178 s 11‘5 1300 16‘5 L X J as [ ¥ I R LX ] » 8 » 8 [ X ]
9/176 r 13,5 17,0 21,5 24,0 28,5 32,0 40,0 46,5 52,0 57,0 63,5
5/176 F 100 13:5 16,5 18,5 22,5 25.5 29,5 3.0 35.5 40,0 42,5 51,0 56,0 63.0 70.0
Average 12,9 16,5 21,1 25.8 319 35,7 45,4 49,5 S4ed 55,6 57.2 51.0 56,0 63,0 70,0
S, B. 30.5 :1-2 :1.1 :2.‘ :30’ :‘_3-5 :437 :‘,501 :600 :505 3,‘,“
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Table 4. PFortnightly average feed intake (kg), body weight gain (kg) and feed conversion
officienoy of pigs maintained on the three die:ary treataments

et A « Gpoup I

Portaizhte | |
1 2 3 & 5 6 7 &8 9 1© 12 15 u

Average weight -
gain Be82 .92 3,08 4.33 383 4,71 06,83 7,35 700 6,50 11.17 7.50 7.50
Average foed

intake 10,16 10,54 13.86 16,50 13,52 19.97 24.52 22.80 23,03 23.27 44.23 20,25 25,50

Faed etﬂoiemy 297 2069 4,50 3,81 3.53 4.24 3659 J11 J.29 3,58 3-95 3.90 3,40

* Valuee given include that of 11th fortnisht also since data for the 11th fortnizht could mot
be gnthered.
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Ta:le 5 Diet B - Oroup II

Fortnights
—— L]
— 1 2 3% 4 5 6 7 8 9 0 12 15 W
Average weigcht
gain 2642 2,75 4.08 5,00 4,17 Te82 5,92 5.25 7.00 5.20 T+75 8425 6.5
Avarage feed
intake 90‘5 10.09 13.59 15!50 13076 24,49 25.34 23,52 23.52 24,02 33,71 28,58 26071

Fged effleiemy 391 3067 Ze33 3-30 5:’0 330 4,28 4.48 3»56 4062 4.35 3-09 4.11

sy



Tadble 6. Diet C = Group IIX

Fortnighte

1 2 3 4 5 6 7 8 g 10 12t B “ 15

—-——

Average
weirht gain 3,58 4.58 3.80 6,10 T.40 810 6.10 4.90 5.88 4,67 8,50 5,00 7.00 7.00

Average feed
Feed effi-~
clienoy 2.88 251 3,79 T.10 4,16 2,92 4,12 4.46 4.08 4,20 4.13 3.16 3.27 3.40

9%



Table 7. Averige owmiulasive dsily main (2) and mmber of dsys to attain alsughter
walght for aninals meintained on the three distary treatemts

Met & - Growp I
Animnal Sex Infiial Iody weight No, of daya Z2otal woi- Aver daily
number buﬁy woight at slagght= under axper~ ght gain gain (g)
kg er (kg iment (xg)
471478 M 12,0 70.0 %8 56,0 354 42
/119 » 105 74.0 134 63.5 473.9
2/178 M 155 T1.5 20 5640 466,7
7/%78 4 135 735 195 60,0 307.7
107176 ¥ 125 T4.0 us 61,5 415.5
7/176 4 155 71e5 19% 58,0 257 .4
Average 12.9 T34 160 5Ce5 335.9
S.E. 1007 3‘007 :13 :107 :3‘9?

Ly



Table 8§, Diet L = Group Il

: Initial Body weisht So. of daye Total wel~ A'nra%s dal
nasbher Sex bod w.lght at zlanght- under ﬂ:;y ri.-a‘h% gg.ln gsin (g) y
4.4
/%76 | 1340 63.5 4 6.5 42%.6
3/176 N 13e% 71.0 195 575 294.9
1/178 M 12,5 74.0 Qs 15 315.4
8/’76 } 4 135 70 .5 148 570 385. 1
3/Y79 P 10,02 74 .0 8 64,0 432.4
6/ 178 4 HeH 59 0 152 5‘05 ”306
Average 128 71.3 162 58345 368.0
8.8, 20.;_;} :0.9 :11 :‘04 ':22.8




Table 9. Dlet C ~ Gproup INX

Antmal Inttial veight No. of days Total wei~ daily
mumber Sex bodiawoi,ght by 3laveht- under experi- ght gain  gain (&)
(kg) or (kg) ment (kg)
5/178 u 15.5 7345 120 58,0 483.3
/179 Y 11.5 69.0 152 5745 378.%
9/%76 4 13.5 675 152 54 .0 3553
9/178 » 15.5 68.5 134 53,0 95.5
5/176 4 10,0 70.0 208 60.0 268,5
Average 13.2 69.7 153 5645 380,2
8.8. 21, 21,0 215 21,3 231.6

67



ZTadls 10. Sexwise data on average dally weight gain and nuaber cf : ' days te
to attaldn 70 kg for saimale maintained on the three diretary treatmonts

L

dets
Sex A - )y B ¢
mm!! gain : hm%“ daily wel uet daily wed d‘:b':o“
: - 3= [ ]
€ 9) attaia 70 ght at 70 ghat attatn 70
kg (extre~ (g xg (extra~- ( kg (utgs-
polated) pelated) polated
Male 431,6 15 344.0 172 43%0.8 5~
238,7 27 238.5 19 252.5 ’_25
Pemale 34042 74 392.0 * $46.4 166
237.8 18 223.6 s 231,2 822




(153 £ 15)

Tabie 11. Sumsarised data on body voight gain, nmber of days $o attain 70 kg,
feed imteke and feed efficiency of animals maintained on the three
dietary treatasmts

Average Averags Aver Average Days taken Averuge Teed
Mets (NI fimle weleht  datlys  to attein feed &fgictency
weight gain gain 70 kg body intaie
(kg (xg) (kg) (g) veight (xg)
(extrapo-
. lated)
A 12.9 T2 .4 59+ % 385.9 155 215%.4 5«59
207 207 1.1 +31.7 u
*{460 2 13)
B 12,8 T1.3 58.5 s68.0 160 . 29240 3,62
20,6 20.9 1.4 222.8 2%
*(¥62 » 11)
¢ 132 63,7 5645 380,2 %% 201.9 357

* Figures in paranthesis indicate he average nuster of days to attaln this

msunh galn,

(14
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Table 12,

Apalysis of variance - Average
daily gain (g)

Sources ar 88 MBS ) 4
Ireatzenta 2 998,6325 499.3162 0.1%
Reror “ 65527.9262 4680,5662

Total 66526 ,5586




Tadble 13,

Amalysis of variance =~ Average
dally eain (g) (Sex wisze)

88 ME8 4

Sources .1 o

Sex 1 6434 ,818¢ 6434 .,8184 1.6
Brrozr 15 60091,7402 4006,1160

Total 16 66526.5586
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Tatle 4. Analysis of varianos - Fortnightly
feod efficienny

Scource at 88 M55 ) 4
Treatments 2 00,2969 0.1485 0.%3
Pariods 12 4,74 16 09551 141
arror 24 €,7202 0,2600

Total 28 11.7331




Table 15. Body measuresents (fortnightly val.ss) of pige maintained on the three dietary

treatonients
Body length (ca)
Met L = Group I
\nimal ortatcnts T
number Sex fortals
0 1 2 3 4 s 6 7 8 9 0 N 2 13 W
47178 N 60 65 74 ¥{:] 80 84 90 101 102 104 110 196 117
2/173 H 55 o4 67 72 76 80 9% 108 110 112
2/178 ™ 67 69 79 82 8% 84 104 10 14
/%18 F 63 67 ™ ™ 80 82 90 97 g8 102 105 1% 119 1199 121
10/176 »* 62 69 69 7 80 85 94 102 104 105 109
7716 F 64 71 75 7o 83 a7 89 98 WO 100 104 113 115 120 122
A‘Vﬂﬂg‘ 6205 6705 T3.0 777 80,3 8347 93.5 10247 1047 mos m.ﬂ $15.0 119.5
117.0 121.5
?‘.E. : :1.2 3‘.‘ :1.8 :‘.3 :1.1 :1.0 :2.3 :2.2 :2‘5 :2.0 :’.5 :100 :102 :005 :0-5

(11



Table 16, et B ~ CGroup II

Antmal Fortnights

Sex -
nuzber 0 1 2 3 4 5 6 7 8 g 1 11 12 13
1/176 M 62 66 71 80 61 82 96 102 18 110
%/476 1 63 66 68 T ©0 96 94 10O 101 102 103 113 118 122 122
/178 ¥ 63 67 7172 T T8 B8Y B84 95 99 93 102 106 110 118 119
8/%76 P 65 69 70 74 85 89 97 101 103 104 113
3/179 ? 57 62 69 72 80 85 91 104 109 110 116
6/178 ) 4 62 T2 73 76 84 a9 9% 95 100 102 106
Average 62,0 67,0 70,8 75.% 81,5 85,3 92,8 99,5 103.3 104,7 108.0 109.5 14.0 120,0 120.5
8. E. stel 21,4 40,8 1,2 +1,9 1.4

22,1 21,5 21,7 21,8 22,8 23,5 :4.0 22,0 +1.5

T -



Table 17. Met ¢ - Growp IIX

oAl sex 0 1 2 3 4 s T & 9 % h o2 1w
/Y718 M 71 75 81 85 9 95 W04 07 14

/179 W 60 6 71 ™M T8 88 9% 92 93 95 W2

,m n & 66 66 -8 L 2 *e *e 28 e - L R

/976 * 6 79 76 78 84 90 9 95 96 105 110

/778 F 6 TS 75 T8 6T 9T 99 W2 04 109 |

/476 P 56 58 67 0 77T 79 63 90 98 W0 01 W09 112 117 124
rerage  64.0 67.8 T2.6 T7.0 8%.2 83,8 94.0 97.2 101.0 WNT 43400 o 112.0 117.0 124.0
8 N 223 22,6 323 22,5 225 2342 256 2342 & 3.7 22,9 22,8

LS



Table 18. Chest Girth (om)
Diet A - Group I

Animal Portnights

wmber  Sex 1 2 3 4 S 6 7T 8 9 10 11 1 13 W
4/178 M 51 56 60 63 65 67 69 76 82 64 85 90 92

2/%79 M 50 52 59 69 71 72 7 8e a0 94

2/178 M 56 60 69 71 75 T7 84 93 9%

7/178 P 54 56 60 61 63 65 69 74 76 7| & 8% 88 g2 95
10/176 P 54 57 61 6% 68 T2 78 80 a7 89 93

7/176 ¥ 54 61 66 66 67 69 (Al 75 T1 ™ 78 85 86 90 93
Average 53¢2 5760 62.5 65,5 68,2 70,3 T4e8 21,0 24,3 24,8 84,2 86,7 88,7 91.0 94.0
8.E. 209 2103 216 21,6 21,8 1.7 22,5 2342 23,0 3.0 £3.2 21,7 218 21,0 21,0




hbl‘ 19.

Met B ~ Group II

Animal o o Fortnights
nuzber

0 1 2 3 4 5 6 7 8 9 1€ 11 12 13 %
1/176 M 51 54 60 67 0 74 76 84 93 93
3/176 M 53 56 62 64 66 ée 68 76 80 80 80 84 86 95 97
/178 M 51 54 57 62 64 &6 68 T3 77T 77 79 B3 B8 9% 97
8/176 ¥ 55 s$9 61 69 T2 T4 80 86 9% 8 91
$/%79 F 47 s2 56 61 69 71t 80 87 91 91 94
6/178 F 56 59 63 66 T T3 T6 81 8% 91 92
Average 52¢2 5547 50.8 64.8 68,5 71.0 74.7 81.2 B85.0 86,7 87.2 83,5 7.0 94,0 97,0
S.R. 2103 2162 2iat 2142 2002 3108 2002 220X 22,5 22,6 $3.,2 20,5 21,0 21,0




Table 20, Diet C - Gyroup III

mal Fortaights
mber Sex
0 1 2 s 4 ] 6 7 8 a 0 11 12 L )] " >
'¥78 M 59 6% 68 T2 78 8 86 93 94
179 W 48 5% 59 69 71 74 a2 8% 83 8 9
'm H w 52 ” L ] | 2 ] -0 LK -e *e > » 9
176 ¥ 54 57 63 66 70 ™ T a a7 25 95
Y18 ¥ 5 S8 64 88 70 74 84 o 88 40
176 * 48 %2 57 61 64 68 ¢ 74 T ™ T 81 8% a8 05 91
rorage 52,3 55.8 61,5 67.2 TO6 T4.6 79.8 83,4 85.6 64,7 87.0 61,0 83,0 83,0 89.0 910
Be 31-6 :‘.4 ,’.1.7 31;3 32.2 :2;2 :2.9 3500 3303 :20‘ :500




Table 21. BHeight at Yithers (om)
Diet A -~ Group I

m Sox Fortnighte

0 1 2 3 4 5 6 7 8 9 10 11 12 9 "
V178 M 31 36 36 40 42 43 45 49 55 56 58 64 68
2/ 179 M 31 42 42 44 44 45 56 56 58 69
2/ 178 M 36 37T 39 42 44 45 50 53 54
7/178 F bt 34 34 40 42 44 4T 48 48 54 5% 60 61 61 63
10/ 176 ¥ 34 » b 40 41 435 46 50 51 58 60
/976 P 31 % 37T 39 41 42 46 48 49 St S2 60 60 60 60
Average 32.2 36,7 368 40.8 42,3 43.7 48,3 50.7 52.5 57.6 56,2 61,3 63,0 60.5 61.5
3.8, 20.9 2101 21,1 20,7 20,6 205 21,7 213 216 331 21,7 213 22,5 205 215

t9



Teble 22, Met B - Group II

Animal ?ortnightﬂ

nuaber Sex -~ -

- 0 1 2 3 4 5 6 7 8 9 10 1" 12 13 W
1/176 M 35 7 39 40 45 47 50 50 52 60

3/176 M 35 36 39 40 42 43 43 48 48 53 54 62 62 64 64
/178 M 31 38 38 9 41 42 42 47 48 52 53 55 59 59 64

8/ 176 F >4 38 42 43 45 47 48 49 50 5 54

3/179 P 30 32 35 38 40 43 47 48 51 54 56

6/1718 ¥ 35 b1 40 4 43 45 47 48 49 49 SO

Average 33,3 6.3 38,8 40,2 42,7 44.5 46,2 46,3 49,7 5340 534 58,5 60.5 61.5 £4.0
SeEe 2049 20,9 20,9 20,7 20.8 20,9 21,2 20,4 20,7 :’-6 21,0 23.5 21.5 2.5

e9



Table 235, DNet C -~ Qroup III

nimal o Portnights

amber -
0 1 2 3 4 5 6 7 3 S ®© 13 3 13 “ 15

/18 K 35 36 43 43 44 46 %1 54 56

/9 M 3 W b, 40 42 44 46 50 51 ¥2 53

/118 N 32 37 40 . .. .o .o .o . s e

/v * 3B B 40 4T 43 45 48 49 52 xR 53

/478 * % 40 41 42 42 & 45 52 S8 &

/176 ? 2 W 37 38 40 43 47 47 48 49 50 5% 57 58 58 60

Verage 343 37T 4040 4048 42,2 44,2 474 0.4 53,0 53,2 52,0 55.0 57.0 58.0 58.0 60.0

e Be 210 20,6 20,8 0.9 80,7 20,8 21.0 21,2 21,8 2244 21,0

&9



Table 24. Commclidated data shoving average values of gains in body weight and
body measursusnts up to eighth fortaight

A

Cain Oroup I (Diet A)  Oroup IX (Diet B) Oroup III (Deit C)
Body weight (xg) 57.5 36.2 42
- 252 232 2541
Body length (om) 42,2 41.3 36.6
:20-5 ;206 :20,
Heart girth (om) ¥t.2 32.8 p N
23.1 233 2.9
Height af wvithers (om) 20,3 16.3 18.2

:‘:7 :‘-2 :1 ")




Table 25. Average digestibility cesfficients of mutrients in the three
exparinental diets

Deta mymtm?'iﬂ:wo- %u— Cruds fibre gaog :aﬂéa:%:::t-
Dot A 81,8 80.3 66,9 40,0 et Ti40
Met B T9.6 73.0 5847 571 86,3 T4.9
Det C . 824 T78.4 69.9 9.2 9.t 7944

%9



Table 26, *Mats on blood constituents of anicals maintained on ths three dietary

treataenia
Diet A = Group I

Aninal Enemogiobin Faoked Mlasms tein Mosxe calcium Flaans
number  g/100 x1 volme (5& &/ 100 .f“ g/ 100 M) incrgantiec

- -dﬁ ml
2/1719 15.% 34 T«11 .10 5.593
/1718 “.5 38 8.%2 12.61 4,01
10/ 176 .2 56 780 12,00 S«%4
/%76 13.6 36 6.48 12,60 Se73
Average 139 36 Te43 12.82 5.30
S.K8. 30.2 :‘058 :00-‘9 :0045 :_0020

- -

* Blood valuss of animals slaughtered were only included



Zadle 27. Met B ~ Group 12

aumber &/100 ml ng/ 100 ml inorganie
lc/% ul
/176 .5 78 T.89 12,20 5.07
3/476 13.0 35 7.94 10.81 533
19 4.8 J8 8,30 13.00 , 552
6/1718 13.6 3% 6.60 12,70 5.91
Average .0 6.7 - 7.568 12.17 Se4b
5.8, 0.4 20,7 20.37 s0.49 20,18

i9



Thdle 28, Met C - Group IIX
Animal  Haswoglobin  Paoked Flassa protein Plasme ocslcivm PFlasma
mmber 8/100 »l volume (3) g/ 100 ag/ 100 =l inorganio
-:13 al
/1718 13.6 . 7.78 12,20 %.13
/179 13.5 % 735 12.51 5.9%
9/ 176 .6 58 7.65 13.20 35T
9/%78 13.5 8 7.36 4,25 4.94
Average 13.8 36,0 7+5% 13,04 539
8.8, 20,3 1.2 20,11 30,46 20,22

09
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Tebls 29, Amalysis of variance -~ Hasmoglobinm (g/100 ml)

-y el - _ - -

Bowroe as 88 - M88  ;
Treatuents 2 0.0747 00,0358 0,09
Erroy 9 $,5975 0,%997

Total 1 $.6692

Tadle 90, Anslysis of varianee =Paoked oell volume (%)

L M e - disuie g il R o -

Source at 88 M55 )
Treatnente 2 1.5000 0,7%00 0.22
Error 9 30,7500 34167

Total 11 32,2500

o e . .

Table 31, Amalysis of varianse = Plasaa protein (g/100 ml)

Sy WU S WU a

Souroce (¥ 4 88 MBS ) 4
Treatuonis 2 0.1312 00,0656 0.16
Rrror 9 J. T4 0.4 449

Total 1" %.,8856
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Table 352. Analysis of variance - Flassa oaloiwm

(mg/100 m1) '
Bouroe af 88 M88 4
Treatnonte 2 1.6154 0.8077 0.94
Brer 9 T«7419 0.8602
Total " S.9579

Table 53, Analysis of varianee - Flasss inorganie
phespherus {(mg/100 ml)

L PR e

Boures ar ] N88 ) 4
Treatnente 2 0.,0482 0,024% 0.15
Error 9 1,45 0,161%

Total 11 1,4996




A
Table 54. Carcass charasteristios of animals saintained on
the three distary treatments

Plet A - Group I

A - S "

Aninal o, 2/179 2/118 10/176 7/116 hvarage

Sex M M r r
Idve body weights (kg) 740 TS5 T4,0 71,5 ?3.;
e
Dressed weight witbout head 46,0 45.0 47.8 46,0 6,2
Iressing pevoent 62,1 62,9 64,6 64,9 6
vithout head o ’ ‘ oo:t
Carosas length (Om) 75,5 7950 76,0 7T7.5 zgtg
-ve
Average baokfat thickness (em) 2,2 2,3 2.3 2,0 0%.%
Eye-musole area (en®) 20,88 29,98 27,44 28.25 26.64
‘ 2ce
Welght of leaf fat (g) 9% 900 840 8&%% sgjl.g
200
Welght of shouldexr (kg) 11,3 10,9 10,6 12,2 11,2
2 Ve
Peroe of shoulder 15:2 14,7 4.3 17.1% 15.2
sgainst live weiht 20,
Veight of loin (kg) 1.4 10,5 10,6 10.4 :gn;
=ve
Peroentage of loin against
live weizht 154 W7 15,7 W5 23.1
0.3
Velght of side and spare )
ribs (k‘) B4 Be5 9.5 8.2 :gng
[ ]
Feroentage of side and spare
rive againat live weight 11.3 11.9 12.8 11,5 :30%
bt ]

e - . P ol

/Contd.../



Table 34 {oconta)

_——— ARaRAR - ]

Animal Mo, 2/179 2/478 10/1716 71/1476 Av;rm
Sex | o F P
Weight of ham (kg) 1102 105 12,9 11.8 13:1
L4
Paraentage of han against
live welght 154 M7 16,3 16,5 :goz
Weight of plonis aboulder (g) 6.0 5,8 6.3 5,5 g.%
3V
Weight of boatem dutt (kg) 4§07 4.5 3.9 449 4.5

;0.2




7
ZTable 35, Diet 3 - Urowp IX

Animal No, VATS Y16 3/179 6/176 Average
[ Rts
Ssx | M ® 4
Iive body weight (M) 63,5 T1.0 74,0 69,0 72.%
Dresned welight without hesd(kg)d2.,7 44,9 49,0 47.9 4?02
o
Dressing peroentage 614 62,4 66,2 53,7 6%.4
vithout head - +1,0
Carcass lengt: {(om) 730 T7.0 76,5 75.0 ;Ig.;
ave
Average baokfst thickness(em) 2.4 221 2.5 2.8 g"i
e
Eye-muscle area {wz) 24,28 25,50 29,90 22,% 22 g
e
veight of leat fat (g) 0% 860 W30 1270 1:242.3
hd A [ ]
Weight of shovlder (kg) 11,6 12,0 12,1 9.9 1{};
e
Pere of shoulder
Welght of lein {(kg) 10,1 102 10.9 12,1 13.3
1V
Peroentage of loin sgainet T W UT 161 U9
live veigit 20.4
Yel of side and spare 5e2 Ts9 0,0 1044 9¢
rlhlﬂ &) . » » 30:2
Feroemtage of side and 1%e2 11,1 13.5 13,9 12-2
Gpars ribs against live weight 0.
Welght of ham (kg) 10,6 10,3 12,4 419 :s.g
Mroentage of ram aguinat 152 16,5 16,7 15,8 16,1
live vaight 20,3
Weoight of plonio shouldar(kg) 5.5 6.5 6,7 5.6 g.g
-h
Helsht of bostom butt (k‘) 3.3 447 b9 Je8 09

2043
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Table 36, Diet O « Oroup 111

-

Animal Wo. 5/178 /178 9/176 9/178 Average

SeE,
Sex M N F ) 4
Idve body weight (kg) T9.5 69,0 67,5 68,5 5%og
$he
Iressed weight without head(kg)dT.5 44,4 43,4 44,0 43-3
*Jy
Irenni nm 64.6 64, oY 64,2 64,3
ﬁz:o ux:smmo age . J 64 . 03
Carcsss length (cm) 78,0 T1e5 76,0 75,5 ?%.2
*le
Average backfat thiclkness (em) 2.7 2.2 2.9 2,6 g.g
2V
Eye-uusole area (aa’) 24458 23,86 23,98 2194 2361
i)
Weight of leaf fat (g) 1500 1290 99% 1370 wggf.z
* .
Weight of shoulder (kg) 103 11,3 10,6 9,2 1802
Ve
Peraoen of ashoilder 14,0 16.4 15.8 13,8 4.9
againet live weight 2047
Weigsht of loin (“) 10,9 110 9ed 10,4 zgog
Feroentage of loin inst MO  15.9 1.3 15,2 15,9
live weight s ’ T o0
Vielght of side and upare 9.9 7.8 .4 748 Gel
rivs (kg) 2005

Peroentage of ride and
spare rits againet live weihgt 13,5 11,3 13,9 W,3 13.2

20,7

Veight of han (kg) 11,0 11.0 10.7 1045 33.2

- a

Peroent of bam inst 150 15,9 15,8 15,3 15,5

iive wnﬁ aen ’ ) * * ;0:2

Weight of pienic shoulder (kg) 5.3 6.2 6,0 4,8 g.g
»

Weight of boston butt(kg) A 46 3.8 3.5 :3:;

[

S——— - : |
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Table 37, Analysis of variance -~ Mresaing percentage

vithout head
Source ar 83 M85 ) |
Treatnents 2 1,9940 0,9970 0,82
Sex 1 T.2840  7.2640 5,97
Erropy 8 907650 ) 02”6
Total 11 19,0430

S AR

* Bignificant at 5 per cent level

Table 58, Anslysic of variance = Oarcass length (om)

b L o "

Souree ar 858 MBS ¥y
Treataents 2 1.2920 0.,6460 0,16
Sex 1 3,5210  3.5210 0,88
Rrror 8 $1.,88%0 %9857
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Zable 39. Analysis of varianoce = Average bdeckfas

thicknese (em)
Source at 85 MBs 4
Treataents 2 0.1517 0,0659 1.60
Sex 1 0.0075 00,0078 0.18
Reroxr 8 0.,3%00 00,0413
Total 1" 0.4692

Table 40. Amalyois of varimmoe -~ Bye~muscle arsea (om?)

- PP -

Bouroe ar 88 Ns8 4
Treatments 2 13062’5 G.31148 0.9%
Bex | 1.7T710 1.7710 Ce17
Erreor 8 81,4498 10,1812

Total 11 101.8443

- - - -




(4
Zable 41, Anmalysis of variance -~ Veight of leaf fat

A - A

Bouree ar 88 Nas 4
Treatments 2 0.2784 0,1392 4,18
Sex 1 0,0127 00,0127 0.38
Error 8 0.,2662 0,0%3%%

Total 11" 0.557%

s - et -

Table 42, Anmalysis of varianoe - Percentage of shoulder
against live weisht

- " - — Py

Souroe .} 4 88 MBS ’
Treatnonts 2 14550 0.727% 0.52
Sex 1 1. 1101 1.1104 0.50
Error 8 179192 242399

Total 11 20,4843
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Table 43, Anmslyeis of variance = Persentage of lein
againat live weight

MO A A A 4

Soarce ar 88 MES r
Treatammts 2 0,04T70 0002” 0,04
Sex 1 0.,0520 0,0520 0.0
-Reror a 4.2577 05297

Total 11 4,53%67

Table 44, Analyeis of variance = Fercoentage of side and
spare ribas against live weight

- o g - W L b de

Sourose ag 88 MO8 ?
reatunents 2 4,07154 2,051 247
Sex 1 4T5T5 47575 5474
Bryror 8 6,6047 0.,8256

Total 1" 15,4176

L el W A AR AR -

® Significant at S par oont leval
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Table 45. Analyeis of variance -~ Fercentage of ham
againet live weight

L o e P - R o

Souroe ar 88 MES r

Treatnents 2 0.,7002 0,3501 0496
Bex 14421 1.4421 3493
Brror 8 2.9%22  0,3665

Total 1" 5.074%




Table 46, Dody fat charecteristieos of pigs maintained on the three dietary
treatounis

Dot A = Group X
Aninal Suboutansous fat lenf fat
ausber Sex - —
Melting &mﬂ- Todine Melting = lodine
’uug oa aambdber po;_lg oation number
(*c value (°C value
2/17% | 40,0 198,90 62.43% 41.5 202,77 51.84
2/%78 N 575 204,61 59 .50 44.5 202.49 5387
0/176 ) 4 38+5 206.53% 63,00 42,0 198,30 52.09
7/ 116 r 39.0 196,45 61,46 45.0 191.96 49,22
hkverage 38,7 201,60 61.60 43.2 198,88 51.75

8.2, 0.5 s 2,38 20,77 0.9 2 2.52 26!96




Table 47.

DMet B ~ Growp II

Animal Suboutaneous fat leaf fat
oumbar Sex
Melting Sa - Todine Helting mﬂr lodine
poing cation mmbdey point mmber
(*¢) valoe (*C) wilwe
/176 N 38.5 20247 57.88 41,0 192.51 47.94
3/176 N 40,0 201,61 58,20 44.0 205,82 50.21
3/179 b 4 39.5 203,26 58.79 43.5 197.70 5%.79
6/178 F 41,0 205,70 61,09 42,9 204 .69 50,63
Average 9.7 203,26 58,99 427 200,18 50,14
S.EK. 20,5 20,88 20,72 20,7 2 3.1 20.81

o

8



Table 48. Diet ©C ~ Group IIX

Animal Sex Sabontanecus fat lsaf fat
number -
Melting - lodine Melting nifi- Iodine
P’{-l‘g ::ﬁ::“ nauber poiant  cation auaber
( valoe (*C) valus
5/178 M 36.5 196.0% 59.44 43.5 198,03 55,08
V179 M 38.5 202.97 56,99 41,0 204 .02 47.78
9/176 4 39.9 158,04 57.688 43.0 199.27 46,61
9/178 ? 41,0 202,71 54,36 41.5 205,28 51.34
Averege 3849 199,96  57.17 42.2 201865 50,22

S.E, 300, 4 1.73 z‘:m 3906 : 1.77 :‘om
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Table 49, Anmalysis of variamoe = Melting point -

suboutanects fad
Bouroe ar 3B M83 )
Treataente 2 2,95750 1.,187% C.62
Rrrow 9 17.1878% 1.9097
Total 11 19,5625

Table 50. Amlysis of variance -~ Saponifiosztion value «
suboutanaous fat

Souree ar B8 _ MS8
Treatasnts 2 22,0116 11,0058 0,88
Brror 9 112,62%5 12,5197

Total 11 134 .6%51

WA e o Al SR - s A ]

Table 51, Apalysis of varianee =~ Iodine number «
subountanecus fat

A il

ST -sinae

8ouroe as a8 MB8 4
Treatasnts 2 30,6606 19,6303 5,62
Rror 9 28,9701 206967

Total 11 66,6307

Treataents A B ¢

Mean 51,50 88,99 ST7+17 C.h, of treaiments at

5 per ocent lavel 2,77
* Indiocate aignifioaasce at C.D, of treatments at
5¢ level 1 psr osnt level 3,98
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Table %2, Amalysie of warianoe - Melting point -

Isaf fat
Souree at 88 MBS »
Treatasnts 2 2.0000 1.0000 O.48
Errox g 18,7500 2,00%3
Total 1 20,75

Table 5%, Analyeie of wvariance - Sapenifioation value ~

Isaf fat
Bouroe dg 3¢ nss8 4
- - o bn i B et
Treatments 2 15.3400  7.6700 3e3%
Eryor 9 231,0900 25,6707

Total Lk 24,4300
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Table %4, Amalysis of warianve ~ lcdine mumber ~leaf fat

Source a 88 ME3 4

Irsatnents e 54‘653 3427 Qed8
Rrror 9 62,6048 6.9650
Total 11 69,3701

Table 55, Comparison Detweam subcuianec:as fat ard leaf
fet uoing *'t' test,

L b A _ L] - Wi
Fat constents 't value
Melting point 5.6865" "
Seponifiocation value 0,9526

Iodine mmbdar GeS935

* gindiestes significance at 5 per oent level
*s {ndicuter significense at { per sent level



86

Table 56, Details of ealoulation of other coots (ia
rupees) of pigs maintained on the three
experinental rations

Riete A B ¢

L L ' o e - -

Namber of days under experi-
zent 160 162 155

Initial oost per pigling (Rupees) 41,90 140,80 141,90
Foed ooat per pig 332,01 323.21 500,77

VYeterinery aid per pig 1.50 1.50 150

charges ©
RO L

Water and uutrioity emm
® oxe paise p.l

ie, 30 1i¢

0 35 patne pos I"i. 1,60 1.62 1.53
Interest for veterinary ai

labour and water charges @ y 1,29 1.32 1.18
Iaterest for feed cost @ 6% 8,73 8461 7+56

Interest @ 124 for the initial

sost of : @ Re,14/=
kg live gﬁ? per 7.46 7.50 730

Interest 0 124 for the cost

of dullding © Re.20/= per 8g.

feot at the rate of 35 sq.f%.

per plig 36,82 37.28 95.21

tion for bullding
® 5 per ot 1%.34 15:53 14.67

Total other costs per pig 119. %4 120.34 113.52—_
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Table 57. Details of produstion cost per kilogram
live wveight of pige maintained on the thnree
dietary treatnents

- - " A - e

Mets A B s

Average indtial cost of
plgling @ Be,11f*per kg Bs, U190 140,80 141,90

Total feed cost per pig 332,01 323,21 300,77
Total other cost per pig 119. %4 120,34 113.32
Total cost per pig 595,05 584,35 555,99

Aversge weight st sleughter (kg) 72.4 713 69.7
Cost of prodution per kg

live veight Ra, 8420 8419 7.98
Bxaakup of rroduction oost

per kg livewsishs

Inttial cost of pigling 1,96 1.97 2.04
Yeed cost 4,59 4.5% 4,32
Other conts 1.65 10-59 105’

Total 8,20 8.1 799




FIaURE - 4

COST OF PRODUCTION PER KILOGRAM BODY
WEIGHT ON THE THREE DIETARY TRERATMENTS

Feed cost s
Weaner cost
QOlher cosits

!

!

!
4
i
‘,

T T AT e
LA
/f/'/" - *

- ( B '.' -
Sy -‘/
4 A S R —

H
!
=
I
o1
!
¢

C .
R

RZ&OC@.S

A e R i et Lt i e F

i e i T T At a2 s s 5w T e

[ 3

o
PR MR i SRRV L g S T T T
o [T -

ETROEIEY TYRCRORR L I RN DI W PP
.




DISCUSSION



DISCUBSION

Grovith

Prom the results presented in tadbles % to J it
will be seen that the smimals maintained on the thres
dietary treatments gained weight satisfeotorily and at
conparadls rates during the entire periocd of the experi-
ment or till they attained ths slaughter weizhts of
aromnd 70 kg. Hesulte set cut in tablem 4 to 6 indicate
that with all the three diets there was & similar
inorease in daily gatn, thw rate of gain deing higher
from 50 %0 TO kg body weight when ocompared to those ia
esrlier periods, There are reports of similar rate of
inorease in live weight gain in pigs (Hair ¢t al.1969
and Tagwat end Sabasrsbudle, 1971). Btatistical analysis
of the results on growth (Tables 7 to 13) indisate that
there wvere oo signifiosnt differences in growvth rate of
animals on the three dietary treatments, A, 5 and G,
the overall average daily gains being 385.9, 3668.,0 and
380,2 g respentively for the three groups I, II and IIX,
The total average food intake of the animale were aleo
sinilar, the values being 213.4, 212,0 and 201.9 kg for
the three Jdlestary treatwents A, B and O respectively
(Table 11.). The sbove results indioate that the three
rations were of similar palatability and produced
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comparable grovth response in grower pigs. he similer
valuss for total protein and oaloulated metabolisable
energy for the thres rations esupled with the above
findings help in comoluding that the rations were
isscalerie in addition to being isoproteimio. ZTaplece

is riocher in ealorific valus cempared to other tubers
(Bestle, 19765 Achaya, 1976 and Oyemuge and Petuga,1975)
and {s alwost of the same valuww as that of oereals

(8aja gt als 1979). BRey (1978) reported metabolisable
onargy valuss of 3,08 aad 3,13 Meal/kg respectively for
tapiocos and maise. Onaghese and Bowvland (1977) reported
overall daily gains of only 290, 260 snd 260 g respectivaly
vith three diets containing Sapicca ohips at levels of
0.20 and 40 per cent. Ramschandran (1977) in his studies
on the effeets of differemt ensxgy protein levels on
growih and eareass oharseteristios in svine, observed an
average 4sily gain of 4168 g under s sinilar distary
protein regime and using tapioos as the major energy sowoe.
Wnile Mhagwvet and Sabasrabudhe (1971) reported an sverasge
daily gain of 453 g, Rao gt ale (1978) recorded omly 299 g
in pigs of Iarge Waite Yorkashire treed, Though the
results ebtained in the present investigation indioate
that 4ried tapioca ohips 1is almost similar in feeding
valus as that of asine in isopreteinic rations, Manicksm gt Al
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(1976) recorded relatively higher overall daily gains,
though not statistically significant with dlets eontain-
ing tapioca at a level of 60 per cent in couplete replase~
nent of maise as an snergy source, Almost similer results
were slso reported by Oyenugs (1961) in his studies

using rav and boiled cassava in plase of guinea oora,

The widely varying reports on growth rates of pigs under
almost similayr dietary regimes night de dus to several
other fastors like genetic and snvironzental besides
nutritioml, influcnoing growth in animals,

AS regards the time taken by the experimental animals
10 attain the slaughter weight of 70 kg, data pressnted in
tables 10 and 11 findicate that it vas essentially the came
with all the three dietary treataents, This observation
i® supported by the similer rates of growth showm by the
anisals in all the thres groups.

The yesults of the present study alse indicate
that thopgh generally males grev faster than feamales,
there vare no signifioant differences in respeot of sex

(Tables 10 te 13). Morgsn gt al. (19%9) and Hansson,
(1974) alse reported similar results, On the other hand,

Robinson and lewis (1964) and Hlair and English (1965)
did not odbeerve any influsnce of sex on grovth rate in
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avine.

Tadles 15 to 23 yresent data on bedy measurements
of animals recorded at fortaishtly intervals during the
entire psriod of sxperiment. Consolidated data on guins
in body weight and body messurememts up to the eighth
fortnight are set out in tadle 24, These results
indicate that gains in body measureaenis take pleoe
perallel 4¢ gains in dody weight, Thus, the conolusions
drawn on the basis of observations en dody weights have
been validated by those on body measurenents, An over
all evaluation of the above results indioatse that there
wvas no significant differeass in the growth response
produoced by isomwoteinio diets in whioh tapioon replaced
saise at O, % and 100 per oent levels. DBardeloi gt al.
(1978) obeserved that dody weights and body measurements
1ike body length, chest girth and hefight at vithers
bave positive and significant coceffioients of correlaticn
among the major grovih traits at various agee. have are
linited mumber of reports on the use of dody measuwreaents
for the estimation of live body weights in pige (Genmsales,
1952 and Busebio and Sames, 1970).

Poed efficiency
Irom the results set out in tables 4 to 6, 1t and U
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and represented in fizures 2 and 5 it will be seen

that all the animale showved almost similar overall feed
oconveraion efficiency, the averags values deing 3,99,
3462 and 3,87 for the three groups I, 1I and III respeot-
ively. The data on fortnighily feed efficiency (Tables
4 to 6) indiocate a trend of decreased feed efficiency
wvith advanoing are though almost aimilar values were
obtained during the second and third phases of the experi-
nent with all the three dietary treatments, FRanjhan

el 81.(1972) obtained an average feed effioiemdy of 3.0
wp t0 50 kg and 43 from 50 S0 70 kg dody welght in pigs,
Tasar gt als (1974) recorded feed efficiency valuss ef
Seds 4.0 and 4,5 for body weights of 50 kg, 50 to 70 xg
aud 7C o 90 kg respeotively., While EBhmgwat anmd
Sahasradushi (1971) reported an overall feed efficisncy
value of 4,2, Saseendran (1979) recorded values of 3,94
for males and 3,5% for females with pige of large nite
Yorkshire treed, The results ebiained during the preseat
study are in agreesent with those reported by Onaghese
and Bowland (1977), Remachandran (1977) recorded am
aoverall feed effiociemoy of only 4.18 under a similer
dietary regime, Manickam gt gl. (1976), on the other
hand, reported higsher feed efficionoy values on tapioca
based diets than on maise based diess though the results
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wvere mot statistiocally significant,

Results of the digestion experimente oonduoted
towards the end of the second phase of the sxperiasnt
(Table 25) indicate that there were no marked differences
in the average digestibility ocosffioients of nutrients
in the three diets, The almost uniform valuee obtained
in regard to the digestibilities of protein, ether
extragt, crude fitre end nitrogen free extrast in all the
three diets ¢learly reveal that dried tapioca chips was
as efficiently utilised as maise by the groving and
finishing swine, A trend of lower valuss for digestibility
ooefticients of mutrients exoepting for ether extraot was
evident with the group 11, This was alao reflected in
theiy avernge 4aily asine (Table 11), This finding
cannot be explained on the beals of the present data,
Data on digestibilities of nutrients in reii-ns oontaining
dried tapiooa ohips st higher levels as used in the
pressnt study are scanty in literatuwrs, The Tesultw
obtained for the digeetidility coefficionts of autrients
in maise diote are almost similar to theec reported by
Bale gt al. (1978). The similar values for the digesti~
bility eceffioients of nutriense in maise andi tapiocos
based diets further support the resulis ca growth and



94

feed efficiency that dried tapiooa ie of almost same
feeding value as that of maise at the lovels uoed in the
pregsent atudy, The average oaloulated TDN values of
the thyee diets A, B and C were found t0 be 77.0, 74.9
and 79.4 respeotively.

Hood values

In tables 26 to 28 are pressnted data on blood
constitumts of animale reocorded at the ond of the
feeding regime, Statistioal analysis of the results on
hasmatological studies (Tables 29 to 33) indioate that
there wvere no significant differentes among the three
diets in respect of any of the varisbles studied,
FPurther, it oan be seen that all the valuss recorded in
the present study fall within the normal range for the
species as reported in literatwre, UWhile Doxey (1971)
and Coffin (1973) observed almost similar values for
hasmoglobin, Dukes (1955) and Kunjikutty et al. (1977)
reported relatively lower averoge values of 11,95 and
8420 respeotively. KV valuse recorded for the animals
in the three grours I, II and I1I vers found to be
36,0, 36.7 and 36,0 respectively. Dukes (1955);

Sohalm (1961) and Doxey (1971) reported average PCY
values of 41,5, 38,5 and 42,0 respectively in pige. The
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plasma protein ooncentrations recorded in the present
study are in agrecment with the values reported by most
of the workers (Cornelius and Kenmeko, 1963; Doxey, 1971}
Sebastian, 1972 and Tunjikutty gt al. 1977). ZThe plasma
oaloiwm levele of 12,82, 12,17 and 15,04 obtained for
animals in the three groups I, II and III respeotively
are found tc be higher when oompared to those reported ly
Cornelius and Kaneko (1363); Ullery e% al. (1967); Doxey,
(1971) and Sebastian (1972) and almoet similar to thoee
reported by Dukes (1955), The plamma inorganio phowphorus
oonoentrations reocorded in recpeot of animale of the
three groups I, 11 and III were shown to be 5.30, S.46
and 5,39 respeotively. Dukes (1935) reported a range of
S %0 8 mg per cent for plasma inorganic phosphrus con-
centration in pigs, Ullery gt gl. (1967)) Sebastisn
(1972) and Xwmjikutty gt al. (1977) reported average
inorganic phosphorus values of 7,10, 6,06 and 7.70
resresotively, On the other hand, Cornelius and Xaneke
{1963) reported higher values of 10,94 in pigs at the
age of 6 months, An coverall evaluation of tha results
on hasmatologiocal studies indicates that the animale
under all the three dietary treatments keep normal
nutriticnal status and inclusion of dried tapioca chips
in place of maise even at & level of 40 per oent in the
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rations of growing and finishing swine does not exert
any deletericus effect on the physiological well being
of the animals in as wuoch se all the valusp for bloed
oonstitusnta recorded in the present study fall within
the noraal range for tae species.

Caroass churaoterietios

Tata on carcass charzoteristios presentod in tables
34 to 36 and t.iedr statisiiocal anmlysis in tables 37 te
45 indioote tlat thure were no significant differences
among the three dietary treatmentd in as much as the
sverage values in regurd to the different parameters
gtudied were aluwat sizilar in animals of all the three
groups, The average valuss for dressing percentage
vithout head rucorded for the animals in the groups I, II
and I1I were 63,5, 63,4 and 64,3 respectively. Manickem
et als (1576) reported similar velues for dressing
percentages vith diets oontaining either maise or tapioca
at @ level of 60 per oent, Ramachandran (1977) in his
studles with a similar dietary protein regime and using
taplioca a8 the major svuree of energy, renorted an
avarage dressing perocentage of 70,2 for animals slaughtered
at & body welight of 70 kg FRunjikutty et al. (1977)
alsoc reported similsr values of dreseing percentege for
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animals maintained on diets containing 42 per osnt
tapiocn chips and slaughtered at a body weight of
around 50 kg,

Resulte of tie present study showed that dressing
paroaentages were higher with females than with males,
the differences being statistioally sigmificant (P £0,0%).
Similar results wore reported by Rlair ani Snglish (1965)
and Do gt al. (1980). On the other hand, ‘hanasughanatham
and Banganathan (1972) did aot find any influemoe of sex
on dressing perosatage &n swine, 2Zokrisky g% al. (1959)
hns pointed cut that the dressing peroontage is &

valuable single meamure of live hog valus,

It oan be soen from tables 34 to 36 that the ocaroass
length recorded in resyeot of anianle in the three groups
I, 11 and III were eimilar and found to be 76.0, 75.4 and
75.5 om respectively. The above resuite are in agreement
with those of Maniokam g% gl. (1976) who also ¢0.ld not
vheerve any difference in carcass length between animals
naintained cn diets ccntaining either naise or taplooa
ohipe and slaughtered at a body weight of 70 kg.
Ramschandran (1977) reported valuss almost similar to
those obtained in the present study. Sebsstian (1972)
recorded an average value of 77.0 in rigs sloughtered
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at a body weight of 70 kxg. Hobinson (1965) obeerved a
positive ocorrelation between energy intake and oaronss
length in svine, The results on the influence of sex

on body length obtained in the present study are in
keeping with thoee reported by Morgan g% al. (1959),

but at variance with thoee recorded by Deo gt al. (1980).

T™e backfat thicknese was not found %o be sipgni-
fioantly influenced by variation either in Aletary treat-
ments or in sex of the animals in as muoh ed similar
values of 2,2, 2,4 and 2.5 were obtained for the mroupe
1, II and III respectively. Put, there aprvears to be a
trend of higher fat deposition when teanicca replaces
maise at a higher level, This doubt is reinforeced by
the obssrvations dn leef fat oontent desoribed in the
following paragraph. Maniokss ot al. (1976) recorded
cosparatively higher but uniform wvaluses of 3,54 and
3.44 in animals maintained on maize and tapioca based
diete respectively and slaughtered at a body weight of
70 kg. Remschandran (1977) reported an average valus
of 2,98 under a sinilar dietary regime as used in the
present stuly, ‘hile Rlair et al. (1969) renorted higher
vaockfat thiockness in males compared to those in females,
Deo @t @l.(1980) did not notice any influence of sex
in this regard,
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A comparison of the diets in respect of fat
acoumulated around the internal organs clearly reveals
that {nolusion of tapicoas tended to promote higher
depoaition of fat in swime. The average quaniities of
leaf fat recorded with the tapiooa based diets vere
markedly higher, though not statistically eignificans,
compared t0 those with dlete containing similay levels
of naise, the values for the three diets A, B and C
being 881.,2, 1152,5 and 1238,7 g respectively, Waile
oomparing the feeding valus of tapiooa with that of
guines oorn, Oyenuga and Opeke (1957) observed a greater
scommulation of fat around the kidney and other intersal
orgond in animals maintained on tapioos based diets.

In studies on albino rats o assess the influsnce of
type of carbohydrates on protein utilisation Thomas and
Chandran (1974) also observed s greater depoeition of
intermal fat in animals fed on tapiocoa starch dieta,

The data on loin-aye ares did not reveal any signi~
ficant differenne either dus to variation in dietary
treatments or in sex, Maniokam g% gl. (1976) alse reported
similar results, While Sebastian (1972) recorded s
similay valus of 26,9 as obtained in the present study,
Ramaohandran (1977) reported sn average valus of 30,3
vith animals at aimilar slaughter weights, Though
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Deo o% al. (1980) observed a positive influence of sex
on eye-musole area, Blair gt al, (1969) recorded contre-
diotory resulte.

The peroentages of all the imnortant prime ocute
Vis,, shoulder loin, side and spare ride, and ham againet
live body weights, were almost siailar with all the three
diets., Though a trend of higher percentages for prime outs
in fenales than in males was obssrved with all the three
diets, there was signifiocant difference in this regard
only with respeot to side and spare ride, Blair et al.
(1969) and Oilster and Wahlstrom (1973) reported higher
peroentages for all prime outs in females than in males,
On the otuer hand Morgan g% al. (19%9) and Shammugmnatham
and Renghansthan (1973) 414 not odserveany influence of
sex on the percentages of prime cute in svine,

Data on fat constants presented in tables 46 to 55
clearly reveal that the diets did not seem to influence
the melting point, sinoe the same in respect of both
suboutanecus and leaf fat were oimilar with all the three
dietary treatments. Melting points reoorded in the
present study alse fall within the normal range of
valuss as reported in literature (Maynarq and Ioosli,
19695 Melonld, 1973 and Ramsohamdran, 1977). The above
results aleso indicate that there was marked difference



point, the valuss obtained for the subcutanecus fat
baing signifioantly lower when couparelito those for

leaf fat with all the tiree diets. The variation in the
nature of fat depending upon the location in the dody has
baen well estadlished, the suboutaneous fat dbeing softer
and more unsaturated than deep fat (Meynard and loosli,
1969; Lister et al. 19745 and MoDonald, 1975). Bedy fat
synthesied froem oarbdbohydrate is harder and more aaturated
in type (Maymard and loosli, 1969)., Henriques and
Hansen (1901) suggeated that temperature differences
between suboutansous and internal regions could explain
the differencs in unssturation, The increasdl unsaturation
of suboutaneous fat relative to internal depots is mainly
dus t0 an inorease in oleio acid at the expense of
stearic aold (Iister g% pl. 1974).

Saponifioation value of body fat was not found to be
influenced by variation in dietary trestments and in
loocation in the body in as mush as similar valuee wvere
obtained for both subcutansous and leaf fat with all the
three dietary troatments, A similar range of valuse for
sayponification number as obtained in the present study
was also reported by many other workers (Maynard and
Ioosli, 19695 Sebastian, 19723 MoDomald, 1975 and



Agmachandran, 1977).

Jodine mmber of fat was found to be influsnced both
by dietary variations and by differences in their looation
in the dody., On a perussl of the data on icdine values of
subcutanecus fat, it is seen that though the differences
between ¢iete A and B and between B and C were not signi-
ficant, tHe sauns between diets A and C was significent
(P / 0,05). The higher fodine values for suboutaneous
fat oompared to leafl fat only support the previcus obser~
vation with rsepect to melting point. In regard to both
subcutaneous and leaf fat iodine nmber was found to be
highey with maige based diets though there was aignificant
difference only with respeet to suboutaneous fat, Jucker
9% ale (1966) amd Forbes und Holme (1968) recorded higher
iodine valuas for backfat colleoted from animals fod om
dietas oontalning maige occmpared to thooe on other ceresl
based dliete, The io0dine values obtained with the tapioca
baped diets in the present stuly are similar to those
reported by Remachandran (1977) in his experiments using
& sinilar dietary regime, A relatively higher percantage
of unsaturated fat in maize 0an nossibly sccount for the
higheyr iodine values recorded for the diete with maise
compared to thoass with tanjooa,
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From the tables 56 and 57 and figure 4, it can be
sesnt that the cost of produwotion celoulated per kilogram
live weight of the animals in the three groups I, II
and III under the respective dietary treatments A, B and
C wvere found to te Re,8,20, 8,19 and 7,99 respectively,
oclearly indicating that dried tapioocs ohips oan be
included at a level of 40 per ocent replsacing maise with
nonstary benefits.

An overall eritical evalumtion of the results
obtained in the present atudy indicates that dried
tapioca chips i3 a sulitable substitute for conventional
oereal grains like maise in swine rations in as much as
sinilar growth rates, feed conversion efficliency ami
caroass characterictios vere obtained with three isopro~
teimio rationa containing 0, 20 and 40 per cent levels
of dried tapiocs ohins in partial or complete replacement
of aaine,
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SUMMARY

An investigation was oarried cut to aseéss the effecis
of isoproteimic rations contalning dried tapiocos chins in
partial or oomplete replacement of maise, on growth and
carcass charscteristies in swine, Bighteen Large Wnite
Yorkshire weanling pige wer: divided into three groups
(Group I, II and III) of six animals each as uniforaly as
possible in regaxd to litter, sex, age and weight and were
allotted to the dlietary treatments A, B and Q with 0, 20
and 40 per oent levels resmsotively of taniocca chipe in
partial or complete replacenent of maise. All the aninale
were maintained on the respective diets with 18 per oent
total protein up to an average live weight of 20 kg, with
16 per cent protein up to 50 kg and with 14 per cent
protein, till they attained a body weight of sround 70 kg.

Heoorde of daily feed intake and fortnightly body
weightes and body measurements were maintained throughout
the periocd of experiment., Towards the end of the second
phaase of the experiment, a digestion trial was oarried out
to find out the digestibility ceefficients of nutrients
in the three rations, Two males and two femnles each from
all the three experioental groups were slaughtered when
they attained the body weight of 70 kg for gathering data
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on caroass characteristios. Representative saaples
from suboutanecus and leaf fat were collisoted for the
deternination of fat oconstants, Analysis of blood
constitusnts was also carried out to assess the nutri-
tional status of the animals,

Animels under all the thres distary treataoente
gained weight satisfactorily and at similar rates
throughout the course of the experiment, the overall
sverage daily gains being 385.9, 368.0 and 380,2 g for
the three groups, 1, II and I1I respectively. 1Ihe
three diets were of similar palatability and the total
food intake of the aninals wers similar, the average
values being 21%.4, 212,0 and 201.9 kg for the three
dietary treatments A, D and C respeotively. The time
taken by the animals in the three grours o attain
70 kg body weight was also found to be similar, The
data on body measurements indicated that gains in dbody
neasursnents took place parallel te gains in bdbody weizhte.
As regards feed conversion effioienocy, there were no
significant differences among the three dietary treat-
ments, the values being 3,59, 3.62 and 3,57 resreotively
for the three groupe I, II and 11X, Resulte of digestion
exneriments indicated that there were no significant
differences in digestidbility ocoefficients of nutrients
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in the three rations suggesting that dried tapioca
chips wvas as effiolently utilised as maisme by growing
and finishing swine, The osloulated TDH valuse of the
three diets A, B and C vere found to be 77,0, 74.9 umd
79.4 respsctively.

Results of haemstological studies Lindicated that
the blood constituents vis,, haemoglobin, packed cell
volume, plasaa protein, plassma caloium and inorganic
phosphorus levels recorded for the animale in =ll the
three groups were within the normal range without any
significant difference between the diets indicating that
the anizals maintained normal nutriticmml statue amd
inolusion of dried tapiooa shipe up to 40 per cent in
place of naige 4did not exert any deleterious effect on
the phyeiological well being of the animals,

Data on caroass oharaoteristice indicated that
there were no significant differences among the three
dietary treatments in regard to the different parameters
studied, The sverage values for dressing peroentages
without head for the animals in the three groups I, 1I
and 111 were similar and found to be 63,5, 63,4 and
64,3 respsotively, Iressing percentages were significantly
higher in females than in males, The oarcass length
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reocrded in respect of animals in the three groups
I, 1I and 1II were shown to be 76,0, 75.4 and 75.3
reaneotively. Inclusion of taplooa chips at higher levels
tended to promote greater fat deposition in the body.
The average quantities of leaf fat recorded with tapioca
based diets ware markedly hisher, though not signifiocant,
the values for the three diets A, B and C being 8a1,2,
1152.5 and 1238.7 g respectively, Backfat thickness
aleo reflected & similar trend, but less cloarly, the
average valuse for the groups I, II and III deing 2.2,
2.4 and 2,5 respeotively, The data on loin-eye area 4id
not reveal any esignificant difference sither dus to
variation in dietary treataents or in sex. The average
values for the three grouns I, 11 and III were found to
be 26.64, 25,49 and 2%.61 om respectively, The percentages
of all ths important prime cuts viz,, shoulder, loin,
oide and spare ribs and ham vere almost siailar with all
the three diets, Though a trend of Lhigher paroentages
for prime cuts in females than in males was obsarved,
there was significant differente only with reepect to side
and spare ribe,

The diets d4id not seem to infiuence melting point
sinoce the saze in resneot of both suboutansous and leaf
fat were aimilar wvith all the three dietary troataents
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and were within the normsal ronce for the speciss,

There was significant difference between subsutansous
and leaf fat in regard to melting point, the valuse
obtained for suboutaneous fat being lower tham those
for leaf fat, indioating the greater unsaturation of
sucoutaneouns fat compared to leaf fat, Saponification
valuss of body fat vere almost similar with all the
three dietary treatments im regard to both suboutaneocus
and leaf fat, Iodine number of fat was influsnced both
by dietary variations and by differences in the losation
in the dody., With respect to both suboutaneous and leaf
fat, lodine number was shownm to be higher with maisze
based diets though there was signifioant differense only
in regard to suboutanecus fat,

The cost of produotion arvived at per xilogram live
weight of animals in the grours I, I1 and Y11 wvers found
10 be B 8,20, G419 and 7,99 resrectively.

In the lizhi of the above findinge, it c2n be
oonoluded that taploom chips can replace cereal iraine
like naime up to & level of 40 per cent in swvine rations,
producing similar weight gaing with equul feeld efficiency
and without causing any physiological dysfunction in
animale, Further, at ourrent market prices, inolusion
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ABSTRACT

An investigetion wvas carried ocut to assess the
growth rate, feed efficiency, careass quality amd
secnomies of produstion in svine with Lfsoproteinmio
rations containing dried tapioca chips in partial or
complets replascenent of maige, Bighteen large “Wnite
Yorkshire weanling pigs wvere divided inte thyes groups
(Greup I, II and III1) of six animals each as umiferuly
a® possidle in regurd to litter, sex, age and weight
and maintained on thres isoproteimic dietas A, B and O
containing 0, 20 and 40 per cext levels respectively of
dried tapioca chips in partial and complete replacement
of maise,

Records of feed intake, fortnightly body wei bts
and body messursments were maintainsd throughomt the
courss of the experimentt, Digestibility ococefficisnte
of nutrients in the ratiois were deternined. Iwo males
and two females each from all the thres groupe were
slaughtered vhen they sttained the body weight of TO kg
for oolleoting data on oareass charmsteristies. Hasmato~
logioal studiee were also oarried out to assess the
nutritional status of the animals,

Ihe animals under all the three dietary treatamis



i1

recorded alucat similer grovibh rates, the overall average
daily gains being 38%5.9, %68.,0 and 380,2 g respectively
for the shres groups I, II and IIl., The total food intake
of the animals wvere sinilar indisating thag the thres
rations, in addition 1o deing fsopreteinie, were alse Llso-
oaloric and of almost equsl palatability, The animals also
showed similey fesd conversion efficiensy, the overall
average valuss being 3.59, 3.62 and 3,57 respectively for
the groups I, II and IXJ, The digestibility cosfficients
of nuirienis in the three rations wers sinilar indioating
that dried tapiooa chipa wves as effioiently utilised as
nalse,

The norual and similar valuss for hlood constitusnts
indiented that all the anissls maintained normal mutritionmal
status and inclusion of tapiooa at levels as used in the
present study 4aid not exsrt amy deleterioue efrfeot on the
health of the mnirals,.

Results of studies on caroass sharasteristiocs revealed
that the dresaing percentsge without head, cavoass length,
backiat thiokness, loin-eye avea and percentages of prime
cuts aguinst live weight werc all found to be similar with
both tapioca snd maize bawed diets.

The diets used did not seen to markedly influsnce the
melting point of body fat though there was significant



112

difference detween suboutansous snd leaf fat indioating
& greater wnseturation of subsutansous fat, Saponifi-
cation valuss vers found to be aimilar with all the
three diste. With respess to doth suboutanecus and lesf
fat, i{odine mmder was higher on maise based diets though
there wvas significent differsnce only in regard te sud~
cutaneous fat,

Cost of produstion per kg live weight of the
anizals in the three groups I, IX and III were showam %0
be Be.5.,20, 8,19 and 7.99 respestively, Aa overall
evaluation of results olearly imdioated that dried tapioea
ohips dan be safely and profitsbly incorperated in swine
rations at & level of 40 per eent in place of conventional

0 grains naliee, S
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