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INTRODUCTION



INTROVUCTION

Dural ecouomy of Indie ig cloeely tied up wiih
cattle, India hos 226,8 million cuttle cnd buffaloes
{ tdvestock census, 1977), snd the level of milk
production io ons of the world's lowest. with the
progent level of annual milk production of about 23
million tonnes, the per capita availability of 105 g
in foy below the minimum nutritional requirement of
an adult humen belng. The present situstion in reopeot
of availabillty of milk in XKerzla is much more alarming.

Aceording to 1977 census, the cattle population
of Ferala {inoludingz buffoloes) was estinnied to be about
three million, 1.2 million of which being breedable
Temalog, The total milk production in the state dwring
1075=76 was estinmated to be 0,55 million tonnes with an
everage por capita availability of 65 g (Subrahmanyan
and Nair, 1979) teing one of the lowest in the country
and enougn to cater to the neede of only 25 per cent of
the poople of Fernla, 7o raise the nutritiecnal standérﬁn
of avout 21 million human population of Ferala to a
ainizwg depnireble level of 210 é per ospita per day,
the present level of milk production has to be increaced
by fowr t0 five times at lenst, !lk, being the major
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source of quelity enimal protein for the majority of
owr population, the denand for it ias alwayp increanlig.
improved dairy production is, thus, an important footor
for proszotling the nutritional standsrds and socio
econcale conditicn of cur growing population,

The need for inoreasing mili produwetion in the
coeuntry is well recoguized nnd eoun&ry% plaming has
been guch in searching solutions by inplesveniatiocn of
some hold and asopresecive livestock end dairy dsvelorment

projecto,

Zne sucocasg of coiile develogment depends unon proper
rearing of calves, since they form the baslec units for
future atocke Ihere are a large number of cross bred
calvea in our countyy. cnd utnost cnrs skould te taken
even {rem the cnlf nood oingoe itself Lo developgthsn to
tepltby dairy oous ond bulls, The main objectlive of
good nannzemend and halanced feading of oalves is to
obtnin optimunt grovth rate, 80 that they can attain exrly
ratvelitys Solentifie fecding and nanagenent of the cuif
aro, hence, the ey fuctors to development of ﬁsal%hy

delry herds.

A youeg eal® ip e meonosastric enimal and Ats delionte

foro=stonaon cunu vocept only milk end otber more nutritiocus



>

fiuid diets 11l it assumes structural and functional
features akin to that of adults, But the use of cuwoh
dlets for a longer period will delay the development of
runen end may add much to the cont Of calf rearing,
Alpo, ths inmportonce of milk in the nutrition of humans
eopecially those of infonts make it too luxuricus an
{ten to be fed 40 calves in sigeable quantities. Thie
prompted enimal nutrition workers in the country and
abroad in formwlating calf diets of non-mllk origin.

But it is necessary that any milk substitute which is
to be fed 4o calves should be easily digestible and
provide the same quantity and quality of nutriente as
that of whole milk to prevent any drop in the growth rate,
Quite a lot of work has slrecdy been reported on the use
of milk substitutes and celf starters in raising calves
(Moxdeni et g1,1970; Arore gt al. 1075; Hensohel st al.
19755 Otterly at al. 19763 Ieola Trasad et al, 19773

Hoy et al, 1977; Opstvedt ot al. 1978).

It 1s wall established ﬁhat inadaguate nutrition
is the nmost important fuotor. in restricting the full
expression of the animals production potentiale The main
handicap in the promotion of livestock is the acute
qualitative and gquantitative shortage of livestock feeds
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in the gountrye, It Lims Leen estinmated that oniy two
thirde of fodder and one~fourth of consentraies required
for providing adequate nutrition to the preassnt aninal
popuiation are produced in the ccuntry, The stats
imports about 1.5 lekh tonnes of concontrates frca oiher
states {(Halr, 1978)

Iinseed meal, Lfish meal and soyabean meal have
been exttﬁsivaly tried In milk replacer dlets with mixed
sucooxs in the past, Soyabonmn, though considered as
one of the chief proiein sources for young calf, is
quite an oexpensive 1i0m in Indie, Fish meal is ons of
the comzmonly avallable and oomparatively cheaper sowrces
of guslity proteins and there hos slways been a greag
demand for it in the country. Further, it 1s a oommon
feed ingredieont In comgounded livestock faeds partiocularly
for pouliry and pigee According to the report of the
Netlonal Commission on Azriculture 1976, the smmunl dcmand
for fisn meal based on tho calculated requirenents for
poultry and pige only, was estimatad to be 70,000 tonnes
a8 ageinst the prgauﬂtion of only 20,000 tonnes, In
view of tho nrgent need for mininieing the coet of produst-
lon, the nutritioniats have bent un dlvising mepus with

which cwr animals con become lesg dependeant on sueh
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exponoive feed iteme by searching for conparatively
aheanpar feefo like agriculiural by=produsis and
industrial waste materials, The developaent of indust-
rien supplying humen foods hoo exerted a profound
influsnge on andmal produotion aince some of thelr Ly=-
productsi can form sourcee of nutrients to animale, In
order to explore the pomsibility of utilieing the
various industrinl wante matorials and acricultuwral
by=-produots ap enionl feeda, oxtensive investigutions
have becn carried outf wnder the auspices of the Indian

Counoil of Apxriculiural Resecrch, )

Craen leaves are the world's largest sources of
protein and notritioniets bave aﬁacaaded in extrooting
loaf proteins, a potential substitute for fish zeal and
moyabesan meal, from plant specles hithérto rejected an
unipalatable (Firie, 1577), There are many reports that
leaf proteins can bo sucoessfully uoed in the ration
for calves, pigs and even pouliry. (XKoo ot sl. 19743
Pirie, 19773 Verma ot al, 1980), Isaf protein concen~
trates usually show a favourable anino acid balance,
Aoceréing to Pirie (1977), leaf protein concentrate is
rich in carotone and is a satisfeciory substitute for
fiok neal, the limiting amino acid being methionine.
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Hany mources of loaf proteins such ag saavanthun jeaf
nmesl (Odwengo end Mugerwa, 1980), borseen meal (Versa
et ale 1990) hove been sucoessfully tried in coif dlets,

Alfalfa or lucerne (Nedicago gaidve), & leguainous
cropy in one of the most prowising sources for eccncuio
produstion of leaf protein oconcentrate, Aifolfa leaf
peal 1o rich in most of tho essontial aming codds
{Dgntltrove, 1575) though a slight defosiency of methionine
bas besn vepovted (Tymen ot al, 19555 Shur Palekar, 1569),
It 38 kigh in oinerals eopecinlly ezxlolar and iron aud
vitamins & and B, Tooaibilliy of using salfalfa protein
concantrate in hunon diet has bheen siroseed by Tewy and
Fox {(10355), DNesults of a siz month long feeding trianl
(Singh, 1970) with children, indicoted thst lucerne
leaf protaein, hosldes being an efficient lysine nourve,
w22 alao e satiofaotory {food protein uupﬁlement. R ited 4 2
tionel studies wish ratws (Singh, 1969} haove shown shat
even under o stale of vitamian end minorael denrivation,
suppicmsutaticn of zlece dletn wilth luterno protoln,
aignificantly improved ihe parforenmds, Iyoine coutent
of leal protein mede fvom luderns was reported to be |
adoquate for rata (Singh, 1969). Iscla Trassd of 8l.
(1977), Dolge ei gl. (1953)s Hinorid (1980) trioa onlf



stertors with lucerne, N

The foregoing conaidsrations ¢learly indicate that
nuch eystenatic studies are roguired to explolt all the
evallable fesd resources for the economic reavring of
calvea, Though lucerne meal 15 oonsldered ag a good
protein aoﬁrec, sufficient information as regerds to
its suitabllity in calf starters and other milk substi=
tutes is lackinge AS ouch, the prosent investigation
is taken up to study the economio feaoibility of utilising
iwerns wonl in oalf sisrters as A partial or complete

euhntitute for animal protein suppiements.
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REVIEW OF LITERATURE

The use of nilk raplacers and calf atartars in the
oconcmio foeding of dairy calves has been engaging the
attention of mutritioniets, BRedusing the qQuantiiy of
whole pilk in the diet of calven lesds to slov grovih
rate and reduced vitality in many fustances, Miny workers
etraceed the need for whole milk as an essentisl part of
the dlet up tc a cortsin age and later to be followed by
suitable calf etarters (Morrison, 19593 Faheja et nl.
1961; fazdan et al, 1065 and Dave et al, 1571).

Hurley et ale (1957) in @ study to compare the
different feeding systemn in c¢alves reported that it was
poseible to eliminate whole milk and milk replacers
affter 30 doym of age ond rear on good calf starters
succesnfully. Ctesle (1957) studied the effect of duraticn
of whole milk fesding on gr.wth rote of calvea, He found
that the total welipht gain at 20 veeks of age was signi-
ficantly more in onives fed 399 pounds of milk from
birth to 12 weeks of ege than in those fed ths saxe
quantity only up te 8 wecks of sge. Ina study to gonpars
dry skim milk with 1iquid elkie wilk edded to an 10 per
cent starter in the ration of Jersey calves for = PrEava
0L 5 t0 9 wackay 1t was found thet snfmalg fed on dlets
contaluing liquid okiz milk gained signifioantly more



9

welght and showed higher values for dlgestibilities of
- protein end for retantlon of celelum ond phosphorus
(Thigpen st pl, 1964),

Clark and Whiting (1959) reported that omlvea fed
vhole milk &l o conastant ralte of eilght pounds per head
daily until four wecke old mado’as rapld growth aa those
fod milk at o rate of 10 per cent cf_thé body welcht,
| wviien observed at 16 and 52 wecks of age, It wan nlso
unoted that calves weaned frem milk abruptly at four weeks
232 gained eimilar to those fed tho scme quantity, but
veared gradvally. Orimes and Gardner (1959) recorded
digectibliiity coefficlenta for milk fat as 94 to 97 por
cent for milk with fat levele ranging from 3 40 G per cent.
Griffith ed gl, (1957) reported the apparent dlgestion
coefficient of nitrogen in vhole milk os 62 t0 94 per cent,
In e study to compore the relative growth and appauruncé
of two groups of young cnlves fed two lovels of 350 and
250 pounds of whole milk along with aimple an well as
complex dry calf sisrters, Earrison et sl. (1960) reported
efand ficontly hipgher daily welght gain and lowep starter
consumption in respect of the former group: .

He Goy_gﬁ;glp {1970) otressed the importance of

colestruz foeding in the rearing of calves ond reported’
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that serus geoma globulins did not inorsass Ly feeding
golostrum aftey 24 hours indicatiog that the gut was
impermsabie to eoloatral proteins by the 24th hour after
birth, Tinowsaner cnd Hafea (1969) recorded a daily
colestrum conoumption of 9 to 21.7 per cent of birth
welght in Holsteln and 4,9 to 16.4 per cent in Hcroforu
calves duripg thelr first thred doys of 1ife, It was 8180
shown that Holstieins ané Herefords required 4.*_36 and
T+10 kg respectively of colostrim for each kg gain in body
wolsht,

The use of milk replecers end other nilk aubatituﬁoa
in thé easncmical feeding of calves was siresgad by many
wvorkers. In a study %0 compaore pslleted milk replacers
with 1liquid replacers in the diets of dairy oslves, Euah
et al. (1968) reported that the form of the replocer did
not markedly infiluense total welght gsin, health or
general thriftiness of the calves, Chik et al. (1975)
coapared the gvowth rates and feed efficiency of young
calves f£sd on milk replecer, waste nilk or fermented
coloatrum and reported that caives Zed ithe milk replnoer
recorded ihe highest Ary matier consumption, total welght
gain and feed efficiency, In a zimilor stuly conducted
by Otterly ot pie (1976) it was found that weight gain
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during O to 4 wocke woere less for calves fed milk
replacer compared to fermented colostrun but almost
pindlar with both the diste during 4 to § wecks and

in total galn for a pericd of 12 waekn, then two grouns
of Heran Swiss male onlves malntained on rations with
wkole oilk and milk replocer were conpared, 1t was found
that calves in both groups gained at the seue rate
indicating that nilk replsoera are egually offective as
vhole ailk in tho diets of young calves(Arore et 22.1975).

Birth wolsght heo a olgnifionnt effect on live welght
gain of salves (Roy e ale 1855)s #dile studying the
growth rates in Faryana calves, Xohli ob al. (1962)
indicated that there was an inoreasce of 100,150 ond 200
per cent ovor tho birth weight at tho age of 3, 6 and 9
montha respostively irrespentive o? tho eex of tho calf,
Acsording to tin et ale. (1562) some of the imporsent
factors contrivuting o significant wariation in waighd
gaeln of Qalry calves are breed, s0x, degree of inbreeding

and ration.

Stuiles on the nutritive rsqgiramanta of youag calves
204 on the donirable lsvels of mutrients in nilk replacer
and starier ration were ¢arried out Ly many workars,
Brown et al, (1958) reported that ﬁairy calves from 2 to
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84 daye of age do not requi:a starters contalning uore
than 12 t0 10 per cent crude proteln when fod along with
a limited amount of whole milk and good quality alfslfa
hoy. Aoccording to Iassiter ot al. (1959), milk replacers
should contain nore thanr 5.2 por cent orule protein, .far
optimus growth, Hardison gf al. (1959) could not observe
any significant diffoerence in deily galn of oalves cver

a poriod of eight veeks whon fed on rations with calculated
protein leveln of 20,4, 25 and 20.4 por cents In a8 study
to compare three different levels via, 15, 20 and 25 par
cent of protein in milk replacers, Bush smd Schueh (1960)
reported thal growth rate of ealves wap greater for the
grouia reagiving thoe highor level of proteln. Iosaiter

et al, (1963) indloated thnt calves made mormal grovth:
viten fed mllk moplacer ration contalning 24 per cent protein
end thelr grovith rates were equal io those of calves fed
higher levela of protein, DIryont et nle (1967) in their
studies using 88 nuwmbero of mole ealves from four o
sizty days of oge raaorﬁeﬂ’ the energy reculrenent es

4842 feol digestible enerpgy per bg body welsht for main-
tonoo and 370 ¥oal per 100 g gain for crowth, Eemmhei
end Fadlo (1975) while etudying the effects of protein
levelo in 0aldf stardero on growih and rumen developnent of
flolotein calven reported that those consuming a lower
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level of 16 per cont protein showed a tendeoncy towards
slousy developnent of rumen and recorded lower rates 6f
body gmin, Studles of iorrill and Deyton (1978) indicated
that the regquiremeont of protein excoeded 11,7 per cent in
alyr dry siarier for weaned oalves up to 12 wﬁek- of age.
1% was eluo oboerved that sulphur suppleomentation
sticzletos atarter convuuptlon by calven cdapted Lo wres

niitisction.

Pgeng and Davis (1990) recorded the DI methionine
requiremont of calvea in the abmence of cysiine to be

017 10 0425 z per kg vody welsht per day,

Erown nnd Iassiter (1962) studled the effects of
different protein energy ratics: on growth rate of dairy
caives snd cbaerved that the proteinm to energy ratio
influsnsced grouvth rates, partioularly afier the calves
wore off milk feeding, Their results indisated that the
optimur protein ensrgy ratic would be 1: 46 or slighsly
less, Similer results werel: reported by Aunte st al.
(1575). |

The offeofs of different lgvels end type of fatls
when added ¢o tho rations of young calvee wveres studied
by many workern. Isapiter et al, (1957) while comparing
the eifects of inclusion of different levels of added
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fat in allk replacers indloated the advantageous effect
of added fat up to 10 per oént level on tﬁe grovth rate |
0f onlves, IDut a tenderoy to¢ conoume lesa food was '
-noticed as the lovel of Zat vee increased in the ration,
in & simlior study to ocompere the effects of four leveln
ef 5, 10, 20 and 30 per cent stablized lard In milk
weplacera, Oloon and Wilisme (4959) found that dry fecd
conaumptieu.ﬁeoreasnd with insreasing levels of fat in
the liquid dicte. Miller et al. (1559), obeerved that
addition of S5 or 10 psr cent of either plant or animal
fat in calf atartors markedly reduced faed conswiption
and weizght gaine Hodgson and Murdock (136C) studied the
effeots of phymicol stato of wdded fat in milk replocers
anad observed thal replacers conialning homogoniacd fat
rromoted significantly higher weisht gain, UBinilar
rasults vere also roported by Fopkins et o, (1959),

bitaker of al. (1957) studied the influsnce of source
and level of crude fibre in calf startera on growth rate
and feed consvaption of calven. It was indicnled that
there wore no significant differsnces in welrht gain and
starter consunpiion durdng & vericl of either e8ignt or
siztosn weeks due to difference In olther source ¢r lovel
of crude £itre. In & study t¢ cesems the influones of

roughinge quality on rumen developmont in dairy coaivos,



15

Smith and Sobrevilla (1959) observed that while calves
recolving 8 gooéd quality roughag§ reached at pask of
digective atility at 2 ﬁo 3 wocko equsl to that of mature
stoors, thoge fed on poor quality roughage falled to
reach expected digestive abllity even et 18 wseks of age.

There are many reporto on the effescts of inclusion
of various pugars in calf rations (Bigegs and Peaty, 1947;
Huffman st sl. 19543 Holler at al. 19563 Velu et al. 1959
and Shinde end Sangle, 1976). 1In a study using milk
substitutes contelning lactome, staroh and molasses,
Arora et ale (1975) inferred that calves could efficisntly
utilise the oombination of sucars a8 early as one month

cf 8% e

The izporitance of trace element supplementation of
®ilic replacers and cslf gtarters was siressed by many
_authorss (Jones gt el. 1955; Swanson and Carpenter, 1961;
Rice ot al. 1967 and Fshircagar end Mudgal, 1972).

Tae effects of inclualon of ant;biotioa in calf
ration on growth rates of calves were siudied by Hatei-
miltiades {1956),Bartley et al, (1956), Mullick (1959),
Thomas et ol (1959), Velu and Heed (1960) and Swanson
(1963), The above authors concluded that the major
edvantage of feeding antiblotics such as awreomyoein to
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There are meny reportc on the use of ensyme
supplenents in the rations of dairy calves (Iassiter
et 8le 19593 Dush st al. 196land Rust at sl. 1965).
Tosaiter et al, (1959), while studying the effent of
ropein on the growth rate of young dalry calvos conauzed
less feed and reguired more feed per pourd of body gailn
vhen compared to control animsls, The above authors
conoluded that feading of pepsin supplemented plant
protoln milk repleoer ration 3id not inprove the perfore
pance of the omlves, ving (1961) and Horzyll and
Dayton (1977) studied the effeot of inclusion of artifieial
flavours in starter rations wnd roported that in calves
fad on startsrs containing flevours, fecd intakes and body
gains vere eignificantly'highcr when comparad to those

for the control,

The nutritive values of various non=-nllk proteins
in 2ilk replacers and calf sterters wero widely studled.
ihe superiority of soyabean o1l meal over other vegetable
proteins was pointed oul by many workera (Horton and
Fatonj 19465 Cerpentor, 1951 Holler and Huffmen, 1953
Stein ek a}. 1954 and Colvin and EBansy, 1968).

floller et ale (1956) reported that vegetable milk
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‘poplacers were not satisfactorily utilised until the
calf was approximately 25 days of age, TFardue gt ale.
(1962) compared the performance of calvee veaned at

24 days of age mnd fed on rotions oonisining vegetable
and anizal proteins, Theiy results incicated that
incluslon of dried skim milk providod 1little additional
benefit over vegoiable sources of protein in the atarier
rﬁtions fed to carly weaned calves, GCimllar reasulis were
reported by Bryant et al. (1963) in their studies with
nilk replacer diete containing driad skim milk and oorﬁ
distillers dried solubles,

Figh meal protein was chown to be a suitable
substitute for millk proteln in Qilk replacers and calf
starters, In s gtudy to compare dried skia milk with fiaﬁ
flour in milk replacsr rations providing 20, 40 and 60
por cent of the total protein, Slade and Huber (1965) daid
not £ind any algnificant differenne betwaen the sontrol
and experimental groups, Harshbarger ond Calwicks (1965)
showed that milk replacer containing 20 rer cent of fish
flour produced hicher live weight galin, though not etati-
atically significant than those with S50 per cent dried
skim »ilk and 10 per cent fiah flow, Huber and Slade
(1967) inoluded fish flour aa & protein source in milk
replacars of Holatein calves ond found that average
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dedly gains and feed efficiencies were not algnificantly
lowercd when fish flour furnished uy to 40 per cent of
dietary protoin, The meen digestibility ccefflcient of
Iisk flowr protein wes found to be B0 ner cent compared
to 90 per cent for skim. milk protein, Hoy et al.(1977)
compared tho nuitritive values of eoysbean protein and
fish protein with that of miik protoin for pre ruminant
calves, They Pfound that the digestibility coefiicients
of dry matier and proteln were lower in rations coatalning
ron nilk protoins, The reduction in welight gain dwing
the first thrse weeks was grester wlth zoyabeatn: diet than
witﬁ the diet conteining fish proteln, Acpording to
Pachauri and Negl £{1978), 1t was found posoible to rcduce
the quantity of vhole milk in calf ration Ifvom 375 to

186 kg by providing fich menl st 20 por cent lovel in the
ration, Opatvedt et al. (1978) studied the offeot of
inelusion of fish protoin concemirates in pilk replocors
as the principal scurce of proteln and reported thet
f£ish protedn did nct cauvme any digestive problems ong the
animals rensined heelthy., It was alse ehown that a milk
roplacer containing fish flour and dried whey was alooet
giniler to an 811 milk revlocer,

Ansaarl and Talspatra (1966) did not find any
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eipnificant incrasse in rate of growth or in digevpti-
bilities of organio ﬁutriants by the sddition ol 10

per cont fioh neal as a protein supplement in the

~ rations of two to 8ix months 0ld male Earyana calves,
Yendlandt et mil. (1968) whilo studying the growth
repponoe of calves fod on milk replecors with fish Zlowe
providing 50, 75 and 100 percentage of protein, fourd
that feeding replacers with 100 por cent fish rrotein
resulted in oxcessive daath looses at % 4o 4 weeks of
ages Makdani et al. (1570) inocluded fish protein conoens
trate as the only protein source in liguid diets for
youwng calves and reported that growth rates of calves
on diets contalning fish protein wvere lass compared to

thoas on e control ration with dried skim milk,

The role of leaf protein 4in human and enlzel .
dietery 1o well established, TIsvy and Fox as szrly
gp in 1935 sireamed the posnible use of lucerne in human
dietary. Using in vitro studies, Woldegiorgis (1977)
reported greater availability for methionins end lysine
from leaf protein diets, Pirie (1977) studied the role
of leaf wrotein in aniumel feeding and repcried that leal
protein was o satiefactory substitute for fish meal and
was cven supsrior to either moyabeen meal or groundnud
neals 1t wop 8lso shown that loef monle ere valumble
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‘sources of carotens and xanthophyll,

Naniothiewicz et al. (1974) coapared the feeding
value of dried gracs meal with that of lucerns meal in
the rations of fattening calves of 11 days to 3 months of
age, Average daily gaing and digestibility coefficients
of mutrients weys similar with dlete containing 5, 15 and
30 ner cent levels of graes meal or 70 per cent level of
lucerne meal, Yracad gt als (1577) oonduotad an experis
nent Lo aseess tha feodins value of lwsorne extvect in the
rauticas of calvens They found that the cslveu fed lucerns
extrcel grav at a rate of 410 g por day se compryed to
476 g by tha conirol animzls fod on whols nllx diet.
Similer etudies were exrried out by Ieeloprasad gt al.
$1977) using lucerns oxtract in milk roplocer diese. Ihe
above 2utbory also reportcd that while vhole nllk et 10
per c¢cnt rate wes superior to mili: replocer when fed from
blxr¢h to 3 months, § milk roplocer was found better than
a dlet of akim 2dlk slones The feeding of replaner
couteining lucerane extract wam found io be zors econnmical

wvhon compared t0 either whole milk on gidm mili faeding,
Oduongo and Mugerwa (3980) compared the performance
of calves cn dieteo gontelning Amaranthuw leaf meal oxd

lucerne maale They showad thel Amaranthus leaf mesl vas
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of comparabvle nutritive valus to lucerne meal in eerly
veaner dlets and that celves porforsed well vhen fed on

diets containing up to 40 per cent of Amaranthus leaf wmeal,

Forter aond FKesler (1957), in a study to £ind out the
feasibility of feeding alfalfa silage in the ration:of
young calvep, during tho firat 16 waoks of 1ife, reported
that gd libitun fweding of elfelfe silage as the sole smource
of roughasze reculted in groﬁth raten oomporable 4o feeﬁing
o either alialfa hay alone ¢r alfalfa hay end sllage
combineds Further, feeding of hizh ¢uality alialfs silage
during the eavly days of 1life did not resuit in any
dizemtive digorders in calves, Ihen alfalfa ypesture,
alfaifs groen chor snd al{alfa hey were cenparcd, Siiles
ot ale (1970) showed that celves on ulfalfa pasture and
green ohop goined significsutly neore then those fed on
alfalfe Uay. Torn of ol. (1976) did et find any significont
difforence hotwoen wilied dehydretad luserns and Jdireot
eut dehydrated luesrne vhen inclivded fn the rations of
growing colves. ILeibholy and HAussel (4973) siwiied the
asfsot of feeding chaflfed or ground siraw sand lucerne in
tho dielp of eerly waaned calves and shicwed that arinding

depreezefd the intake of lucerne,

In 8 study to compure the effects of inclumsion of

~
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alfelfa pollots, in the raticns of Holsteln oalves

on growth and carotene ﬁtiliaation. Dolge ot al.(1953)
recorded olpnificantly higher weight gain in ccives fed
on ration containing elfelfa pellats at lsvols of 15 and
20 per cent, It was eloo found that the utilisatlion of
carctene was fndependent of the level of intake,
MoCullough end Jiak (1958) reported that elfalfa pellets
were not quite paletable until the calves were 10 to 12
wveeks of age, [lkolov et ale. (1973) did not notlce any
deleterious effcaots in calves vien fed on pelleted feed
conteining lucerne at 20 psr cent level up to 60 days

0ld snd at 30 per cent level from 60 to 120 dsys o0l1d,
Kincmid (1980) observed that when fed free choice to
esarly weaned calvea, pelleted elfalfea wap infericr to long
stem hay for stimulating intekes of 4ry motier. Thare
are many roporta on the toneficlal effents of alfalifa

a@ a source of carotens in animal rations (Guiibert, 19364
Rousscaun ot ale 19563 Orifo et ml, 1961 end Tekale and
Joshi, 1977).

Studiea on the nutritive value and on levels of
inolunion of alfalfa in the rations of growing lamba
vera carried out by Bateman and Blaxter (1564), Erause
end Klopfenstein (1978) and Thomson anrd Cammell (1979).
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The fseding valus of lucerne exiract aé a aouroe
of suppleasntal protein for growing swine wa2e nasessed
by Berber et al, {1980). They concludod that freshly
produced luserne julce ocould be lncluded in the rotlons
of growing pige to supply helf of the normal protein
supplerent, It wae observed by Yoo ot ale. (1974) that
incluslon of lucerne meal’in the ration of growving and
finiching ewino tended to glve thinner backfalt end
larger oye<xuscle area,

There ere also -reporte of inclusion of alfalfa
protein congentrates sud leal extraots in the dietm of
labaratory'animalé. Saundera ot als, (1975) recorded the
digoatibllity cosfficient of protoin in alfelfa ranging
from 8045 t0 999, Hove of ale. (1974) showed that at
& dietary protein level of 100 g per kilogram body welght,
rats grew egqually well with lucorne leaf proteln concen-
trate as that vith casein. OCheeke and Myer (4375)
roported that lyeine avalilability from lLunerne protein
aonoantrate was aboul &0 psr cent of that of casein in

rats,



MATERIALS AND METHODS



MATERIALS AUD METHODS

Aninnls |

Zightoen oroms bred orlves telonging to the
University Iivestock Fava, Mannuthy formed the experdie
mental aubjects for the study. The calves vere wesaned
at birth end thelr body weights recorded. The anluals
were divided into three groups I, 1I and III as uniformly
en possiile in regard to body weight end matutsined on
the respective dlets A, B and ¢ for a period of 24 wveeks,
Waile thoe dlet A {control) contained fich mesl at o
lovel éf 10 per cent, diets B and C (experimental)
contmined lucerne meal at 15 and 20 per cent levels
respectively in partial and complete replecement of fish
meal, the three rations being mede isoprotebie. The
aninals were housed in individual pens and subjeoted to
similar managomental conditions throushout the course ¢f
the experiment. All calves ware glven colostrum at the
rate of 10 per cent of their body weoights for & pericd
of agvan daym. The animals vere protected from conta=-
gious diseases like fcot and mouth, and were also

dewormed regulerly,
Mots

Percontage ingredient ocomponition and chemical
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conposition of the experinental diete A, b end C are
given below:

Parcentage ingradient composition of the sxperimenisl
diets, )

prn pov— [ prepen -

A B C
Grovndnut ccke %4 40 40
Maige ' 25 32 32
theat bran 2% b se
Figh meal 10 5 .
Lucorne meal . 15 20
¥olaseas 5 5 P
Minersl mixbure : 18 15 129
&ﬂlﬂ . 1.5 165 105

70 all the above mixtures waere added Vitablond
and Aurofec 2 A ét the rates of 25 and 250 g roapectively
per 100 ke of fasd, Vitablend (glaxo) containsd
804000 I,U, Vitamin A and 5,000 1.0, of Vitsnin D, per
gram, Awrefno 2 A (Cyananmid) contalned 8 g of aureonyoin
per L. t
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Porpentage ohemionl composition of the exporimental dietas,

; Dlets .
A _ B c

. MoigGure 906 OuT 10.3
Crudo protoin 2249 . 2442 234
Ether exztrnot Ted 2 06 3a2
Crude fibre 4.2 Ge3 B9
Total ash 121 1367 1049
Hitrogen froo
exiraot : 4841 415 4De3
Calotum 2404 $496 1,78
Trosphorus 050 V.21 1.09

- - o oy PRrp—— i i .

The snizale in all the three groups were fed on the
reapoctive diets at the rates shown bolow:

Age of the Milk Concentrate Creen
0al? {aoya) {ke) mixture (kg)  graws
Blat A/B/G (kg)
e ? ) 2000 'Y 'Y
8- U 2,00 0,100 .
G- 21 2.00 0,350 v
22 = 42 1e75 0,600 *s
43 « 60 175 0,800 0450
51 - 90 ’ 1@50 1.000 0«75
9% = 120 . 1.500 190
1291 « 150 v : 1.750 Te50

151 - 168 . 2!000 ) 200

- = 3 b s ol vl .
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ihe concontrate feed was a2lvays given mixed with
either nilk or water. Ihe animals wore fed on the
regpective dieto tuice daily at rogular intervale,
8 a.m, 10 thoe morning and 3,70 pekle in the evening,

Clean fresh water was provided ad lidbitum,

Racords of rcrtnigm;y body welghts and body measure=
nends wore neintained throughout the couwrse of the experi-
aen%s Bloed samples were collected from ali the anicels
at monthly intervalo for the estimation of plawma protein,
nasmoglobin, packed coll volume, piaﬁma caleiwa and
Snorganic phosphorus. Faemoglobin wes estimated by Cysn=
wetkasmoglobin method (Benjanmin, 1974), plasmm protein
by Bluret method {Coxmall a} sl. 1949)¢ plasza caleiun
by Clazk amd Collip modification (1925) of Kremer
Ti6dall Mathod (4921) and ifnorganic phuosphorus by Fiske
and Subba Row (1925) maethod, . :.

Towards the ond of the sxporimant, a digestion
trial vas curried oud for the estimation of the dlgesti-
bility coeffiolents of nuirients in the three rations,
Iata on totol feed inteke ond faecal output in respect
of aninzls vere gathered am'ing a gollection perlcd of
four da2yas Paeces wae collected a8 and when it was
volded taking all preccutions to gv6id contsminastion
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with urine end dirte. The fooces collected each day

vt wsighed scourately, mixed well and repressntative
sanples at the rate of 1/10 of the total quantity wvere
stored 1ln a refrigeralor. 'Tha aligqunt of Tascea taken
durlng the collection period of four days ware pooled
and preserved for analysis, All the feed and faecal
semples were analysed for broximate vrincipies by

stondard procedures (A.0.A:Cey 1970).

Statistioal mnmlysin of the rosultm wers carried
out by tho method described by Snedeoor and Cochran
{15653 |

Estimnticn of Gasmoglobin
{Cyanmetheenoglobin aethod)

Irincinle

Faerrous iron of haemoglobin reactn with potasasiua
ferrioyanide and forme asthaemoglobin which contains
ferric iron. HMethaemoglobin then reacts qulokly with
potassivm oyanide and becoaoes cyammethaemoglobin,
Cyanmethaemoglobin 1s a slable pigment and ite concen=
tratlon is direetly proportional to its optionl denelty.

Heamenta

rabkin's dlluent: Dissolved 1,0 g acdium biecrbonate,
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50 mg notapsiwm oyanide and 200 ng potassiumm ferri-
cyenide in distiiled water and made up the volume to
1,000 ml,

Progedure

Using © ol of Irabiin’s diluent, checked the gerc
of the instrument, 7Then added 0.02 ml of wall mixzed
eample of wholoe blood to 9 ml of the reagent. Ilixed
thoroughly and let ctend for at least 15 minuten,
Beplaced the blank tubee with {he uniknown sample tubesd
and noted the readings whioh gave the haemoglobin
content in gram percentoge. ‘

Detarmination of Flasma Protein
(Eiuret Mothod)

Erineinle

Substancea containing two Or more popiide bonde
. Torm 8 purple complox with ceoppor calte in alkaline
solution end tho eolowr intenslity is proporticoal to

ite concontrations

Hencents
Te Bluwret reacentt: Diceclved 1.5 g of ocuprio sulphate

(Cu 80y, 5 1,0) end 6.0 g of sodiwa potossium tartarate
in 00 ml water, Added with oonstant stirring, %00 mi



30

of 10 por cent sodium hydroxide eolution (prepared
from the stock carbonate free 65~75 per cant HaOii
solution)s Diluted to 1 litre with water and stored
in a paraffin lined bottle,

2. Standard solution: Discolved 250 mg of Bovine serum
albunin in 50 ml 4i6tilled water so thet 4 sl contalne

5 mBe

Progeduwrs

Peepared thoe siandard by sadding 4 ol Dlwret reocgent
$0 1 1 standayrd bovine serum albumin solution ard S041
water. Irepared the unknown solution by adding 4 ml
Biuret reagent to 1 ml distilled vater and S0 ) plasea,
Propsred the blank by ndding 4 =l Biuret raagent %to 6 =l
of distillcd vater. Made up the voluae %o 10 ml in all
casep, Read the optlcal density of the unknown and
etandard solutions at 540 mu using the blank for adjuste
ing the instrument,

© Calenlation

Flegma protein .  Heading of unknown x 0,005 x 100
content (g per cent) Reading of standard x 0,05
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Datormination of Mlasmn Cxloium
(Clark =~ Collip modification of the Framer - Tisdall
Method)

Pringinie

Caloiun is preoipitated directly from the serum an
oxalote, and the latter ié titrated with noteerium
parnangenate solution,

Froeedyre

Introduced into a gradunted 15 ml centrifugoe tube,
2 ml of eleay plasma, 2 ol dlstilled water snd 1 nl of
4 por ceut auuonium oxelatoe solution. Uxed thoroughly
and allowed to stend for 30 minutes or more, Then
contrifuzed for about 5 minutes at 1500 revolution per
minute, Carefully poured off the supsrnatent fluld and
the tube was inverted and allowsd to drain 4in a rack
for 5 minutes, rosting'tha mouth of tha tube cn a pad
of filter paper. Then washod the sidee of the tube with
two per cent aomonis (3 z1), centrifuged end drained as
before, Added 2 ml of apyroximately normal sulphuric
scid (28 ml consentraied acid in 1 1litre of water) by
blas;ing it from a pipetie directly upon the precipitate
&0 &8 to break up the materdsl and facilitate solution.
l?laaad the tube in beiling water bath for aboud one
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minute, Titrated with 0,01 ¥ potassium porpsnsanate
solutien to dofinite pinit colour.

Calouwlation

-1 rl of 0,01 ¥ potansiun poermangancte solution is
squal to 0,2 mg ealoiwm,

Miiligrnos of oalcima Mx«-b) % 0a2 X m
in 100 ml bBloed

where x = 0} of m04 ragquired in titration
b = blank 4o. mi of mm% reaudired to tltrate
2 ml of K, 80, golution to pink coloure

Dotermination of Tlasma Izorganic Fhospliorus
(Pighe and Subba Bow Mathod)

Erinoinle

The proteing of blood are precipltated with Trichlor
acetic sodd, The protein free filirate is tracted with
acid molybdate sclution, which forms phosphomolybdie acid
frem eny phosphate praaaxrn‘ﬁs. The phosphomolyhdio acld le
reduced by the addition of 1y 24 4 = eminonaphthol
sulphonic cold roagent {40 produce & dluse colowry intemsity
of which ig proportlonal to the omount of phosprate

pregent.
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Reagents
1. Holybdate reagent: Dissolved 25 g emuoniwam molybdate
in 200 ml water z2nd added to 300 ml of 10 K sulnhurioc
acld in a litre volumetrio flask and diluted with wash-
ing to one litrs,.

. 2+ minomaphthol aulphonic acid reagent: Floced 195 ml
of 15 per cent scdiun bisulphite solution in a glass
atoppered oylinder. Added 05 g of 1y 24 4 ~ auino=-
napathol sulphonic acld, Added S mi 20 per cent sodium
sulphite,stoppered and ehook until the powder was
dissolved (If not Gissolved, added more sodinm sulphate,
1 21 at e time bub svolding excems). Since sodiwn
bisnliphite vas not avalisnle ascorbie acld was used at

the rate of 1 ng por ml.

e Stondord phosphate solution: Dissolved excotly 00351 ¢
of mre monopotossium phosphata in water and transferred
cuantitetively to 1 litre volmetrlo £flank, Added 10 ml
sulphuric acid, diluted to the merk with water and mixed,

Agaln took 5 ml of thia and =ade up to 50 ml with -
10 per cent triohlor acetlc acld and used @9 standard
which contained 0,04 ©g ner nl,
Irocadure

To 8 ml of 10 par cont trichlor acetic eeid solution
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~dn a samll flack, added slowly, with mixing, 2 wl of
plasna. GStopperaed, shook, eand filtered throurh a'lew
asoh f£iltier paper. Transferred 5 ml of filtrate to a
cylinder or other coateiner praduztedat 10 ol and added
1 1l of the nmolybdate reagent. Hixzed and added 0.4 ml
of ancerbic anid and agein mixeds Diluted to the mark,
mixed ood allowed to stand for S minutes. Irsnnferred
o portion of the aolouwred solution te a suliable conta~
tner end read in & photometer at 660 to 720 mu,  Set
tke plhotonetor to gero density with a blank which ias
prapared by treating 5 ul of 10 por cent trichlor
asetic acid with 1 ml of molybdate reagent and D.4 ml

of escorbio acid, followed by water to & volums of 10 ml,

Standord solution vas preparsd by adding 1 ml of
melybdate ronpent and 0,4 ml of ascorbio acid to 5 ml of
the dilute standard phosphate solution containing 0.04 ng
of phoaphorus made un the volume to 10 ml with wvater,
Mixad and gllowed to stond for 5 minutes and determined
the density in the Fhotonester,

Calonintion
Milligrem of irncrgonio Qﬁefnéing of
phosphorus in 100 ml blood § S2iRoMHd x 0404 = 100

- Heading of
stancard
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RE3ULIS

Raocords of forinightly bhody welrhts of gunlpals
naintnined on the thregs dietery trwoatnonts A, B ond
G are choun in tableo 1 to 3 and reprepentcd by figuwe 1.
Imblea 4 to 7 and figuwres 2 and 3 pregont totel and
daily weichd gains end foed efficlompy of anivals In
the thi'ec groups. Tho above resulis are olatistically
analyoed in tobles 8 end 9, DJate on body measurcuents
of animalo recorded at fortnightly intayals are set
oud in tebles 10 to 2%, Table 22 presents conselidated
data on gaino in body measurcuente, tatistioal analyois

of the sbove vesulis are ghouwn in tables 23 o 25,

Mpestibility camﬁfieionta of rmtrienta in the
three dlets determined towards the end of the exporimont
are sel out lu tables 27 tc 54, 0Data on blcod coastir
tuents viz. plasma mroiein, hoenoglobln, packed cell
volugme, placma caleiwm apd inorganic phoaphorus recordead
in renspect of animnils under the three Qletary troeniments
eve propented in tables 35 tn 49, Statisilcel analyoin
of wepulis of haenaltologicel siundies are shown in
tebles 49 to 54.



Table 1 ,, Tody welghts (ké) of animnle maintsinved on the thres éietary‘ trezicento

-

Dict A - Sroop I

P et St et -y - - - uvarn -—
Fortnights .

Tattco numbet = - -

3] 1 2 3 4 5 6 7 (2] 9 10 11 12
- " - by Sl - oy Sl A SR ; . pr——
178 (F) 2040 2840 26,0 28,0 310 TS5 8.0 415 44,5 478 509 53.8 56,5
179 (F) . 2640 2346 2.0 TheS 38,0 £4.0 43,5 36,0 48,7 51e5 57e5 6048 64,2
185 (7) 19,5 2365 2545 2740 29,5 32,5 3740 395 42,0 4405 4748 Sted 5440
186 (F) 16e5 180 2745 2440 26,5 28,9 3245 350 38,5 43.0 470 51,5 53.0
*188 (M) 1760 22.0 25,5 2840 310 330 36,0 37,5 300 400 428 .. ..
™ 10 (M) 30,0 3155 440 36,5 3040 44.5 47.0 51,0 56,0 62,0 68,0 740 80,5
Avarage 2‘-5 2448 27.4 29-7 325 35T 3900 41,8 “06 4801 522 533 5‘06
S.E. :2.2 ;2.0 37,9 :,2.0 :200 3244 3242 2244 2,8 .‘,‘,302 :3.3 _‘,4.3 351

® The animal died towar

-l

L

ds the end of tenih fortnight



Table 2. Diet B = Croup II
Portnightse
Tatteo number -
0 1 2 3 4 5 6 7 8 g 10 11 12

160 (H)‘ 23.0 28,0 3.0 36,5 38,0 4142 4445 4765 5067 5263 545 5940 6540
191 (F) 255 315 3440 36,5 38,0 40,0 43.0 46,0 48,0 54,4 S7.0 59,0 64,0
192 (H) 1960 2340 24,5 26,0 2840 20e5 31.5 33e8 36,0 40,0 43,0 44,0 48,0
194 (F) 2900 22,0 26,5 29,0 32,5 B4e5 3648 4040 42,0 45,0 46,0 46,5 5040
™ 19 (M) 25.0 26,5 28¢5 300 3305 30T 38e5 406D 4705 45.5 40,7 500 54,5
'm 13 (F) 2000 22.5 24.0 * 8 [ 2 ] L N L X ] [ X ] L X e [ K ) L X L X 2
Avaragc 2263 25,8 2906 31.0 34,0 3504 38.9 415 4306 LT84 ‘9.4 517 5653
SeFe 21e1 218 $148 22,1 31,9 12,1 3243 22,5 22,6 22,6 22,7 33T 2345

* The anizal died towards the e%d of secord fortnight

54
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Iatle 3. Diet ¢ = Group IIX
Fortnights
Tattoo nunber — - e e -

_ 0 1 2 3 4 5 6 7 8 9 10 11 12
648 (M) 250 2045 3040 320 34,0 645 40,0 45,0 475 50,0 53,0 56,0 6040
649 (F) 1960 20,5 2340 2645 2840 3064 3340 3548 380 41,2 44,0 46,0 50,0
210 (M) 2240 24,0 25,8 2842 325 3F4e5 3765 4040 43,0 45,5 46,0 4840 50,0
211 (F) 23e5 2545 2840 3240 3545 3940 42,5 4448 46,5 515 550 5940 6345
212 (M) 22,0 24,5 27,5 2045 2048 3145 34,0 3540 415 470 50,9 52,0 8.0,
™ 12 (M) 28,0 28,0 20,5 B1a0 33,0 F745 4245 46,8 48,89 S35.5 5844 65.0 72,5
Avarage 2207 2448 2743 2947 321 5449 387 41,9 4442 48,1 51,2 545 59,0
SeFe 2007 2101 3141 2040 31a1 21e4 317 2147 £1.7 21s8 32,2 22,9 23.5
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70 gidurc 1. oBocla wci.dﬁl.s‘ czf animals- ma.mlainec{ on be lhiree
‘ clieéar&y trect mends

Fort nights
d
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Table 4. Average dally rate of gain in calves maintained
under the thros dietary treatusnia

P — el il

Group 0 « 3 nonths 3 - © months
T T T @ ) -
I 208 | 269
- IX 193 208‘
I -~ 190 247

Table 5, Eody welght pain and feed convereion efficienzy of
' calves maintained on the three dietery troatnents

et A » Group I

Tottoo  Initdel  Pimal  Total  Daily Feod
nutber body welg- body weig=-gain fgain effioi~
‘nt (kg) It (kg) (k2) {g) ency

- - -

178 2040 5645 3645 217 642
179 2600 5402 TBed - 227 53
185 1345 54,0 3445 205 645
186 1545 - 5340 3645 217 6.2
™ 10 2040 8045 5045 501 4%
Avorage 2145 616 3942 233 53

SeE. _ 22.2 5.1 2249 +0,02 +0.4
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Table 6, Dist B = OGroup II

Tattoo  Initial  Final Total  Daily  Teed

nusber body body gain goin effini=
weicht valght (kg) (g) ency

o (ke) (xe) e
180 2340 6540 4240 250 53
191 255 6440 38.5 229 58
192 19.0 4840 2040 Ve Ta7
194 21.0 G000 29,0 172 Te7
™ 11 2540 5445 2945 176 7¢6
Average 2249 %643 9346 260 649
SeE, 211 325 22,8 40,02 4045

o ol S W 0 AR 0SS L2 iy - - AR D-U0 TR il Sl S A S S

Table 7, et C = GCprowp TII -

L2 - -y - iy e -y - o et P b

Tattoo Initiel Fluozd Total Tally Feed

nmber bcﬂﬁt baggh s gain gala efZioy~

we we enay
G) (o) Red (8)

648 - 2340 6040 270 220 60
649 19.0 50,0 310 185 Te2
210 22,0 500 28,0 167 D40
2% 2345 63e5 40,0 278 540
242 22,0 5840 3640 214 6,2
M 12 24,0 725 48,5 289 4,6
Average 22,3 59,0 36,8 219 643
5.E. 20,7 2345 :_2 Y _4_'0 o02 ;005
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Table 8, Anzalysis of varianse - Total welght gain

- -

Source ar as M58 ¥y
Treatonent 2 7993 3997 0.65
Sax 1 16,61 16,61 G350
Error . 12 561432 46,78

Total T esnee Y
Tnble §, Aunalyois of variance « Yeed efficiency

Courren at ) *““‘;;"““‘*--"";;;‘“‘““"';'~*"
Treatment 2 18-53 9e41 1o}
Erpox 13 110,68 851

Totel “;5 o 129,51 T




Table 10.

Budy sessurenents of enimals maintained on the three distary trestnents -

.Body length (em)

Diet - A = Cpoup I
e - — — S
Tattoo Fortnigats Total IDaily
nunbsr - - R - —— 12 e e 1 e T 23 e gain gain
G % 2 5 4 5 ‘5 7 68 9 10 +1 B
178 5040 5245 5340 5460 55.0 5605 60,0 64,0 6740 66,0 68,0 T1.0 76,0 26,0 04155
179 5740 6240 5?,@ 70T 7240 7320 T3¢0 T4e0 75.0 760 78,0 79,0 79,0 22,0 0,131
185 59e0 510 6240 62,0 640 0545 065.5 68,0 690 72;.0 T4e0 750 ED0,0 22,0 04131
186 50,0 5540 377 5 51,0 63,0 65;0 £3 .0 730 770 78,0 800 £3.0 2540 05196
1£8 560 55.0 66,0 88,0 695 T80 7940 72s0 72,0 T3.0 73,0 ae e .o .o
¥ 10 GBe0 5440 6540 6760 0B8a0 7240 TTe0 60,0 810 82,0 62,0 . 63,0 BGeF 28,5 0,170
Average 5543 5540 GleT 0343 046G 6647 6540 T1s0 728 TireT 755 TGl GGG | 2Ge3 QCe157
S‘GEO .‘,",107 :,2.1 :2.3 ;‘.206 :2.6 32,6 32.5 :;2.3 :2.0 :210 :200 22:2 ;1¢8 :201 ,"_0.01
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Table 11. Diet B = Group II
Fortnights
Iattoo - ghts e Iotal Dmlly
nuhop B gain gain
0 1 2 3 4 S5 6 T 8 9 10 1 122
190 5540 62,0 63,0 65,8 65,0 66,0 700 76,0 76,0 78,0 81.0 84,0 85,0 300 0179
191 50e0 58,0 56040 60.0 61,0 63540 52,0 7240 7440 75,0 8040 840 840 340 0,202
- 192 5740 5340 60,0 60,0 62,0 64,0 67,0 69,0 68,0 7240 ?3.0 7540 7640 19,0 Q.113

104 550 5040 5740 5840 63,0 65,0 567e0 T0D 72.0 T260 T3e0 730 75,0 2040 0,119
IM 11 5440 5640 50,0 62,0 05,0 7240 T4al T840 T80 790 81,0 83,0 85,0 390 0,185
TM 13 50.0 54‘.0 ‘55.0 ae ae LX) L33 ae L X ] e [ 2 2 [ ¥ ] L2 J > L34
Avez'age 5385 5705 50e> 6% <0 5302 €6 o 6904 72-6 T4 02 T5e4 7?.6 7908 81.0 26.8 Oe 160
S.Be. 31 08 212 210 21,2 208 21,6 2123 215 217 2765 2169 224 32,3 23.1 :0.02

b



Table 12. Diet C -« Group IIT

T Yy o aor- - =

: Portuighteo | |
Tattoo & Total Daily

— o e e v ‘s - gain gain
nuRLor o t- 2 3% 4 5 6 -7 8 9 0 W @

648 6040 5340 4.0 G5.0 G600 7260 77e0 B1s0 8240 53.0 05.0 85.0 560 2600 0,155
645 550 5740 57.0 02,0 64a0 65,0 66,0 600 6340 69480 T8O 7540 T7e0 2240 0,131
210 58,0 5940 61s0 64a0 6340 6440 65,0 8.0 T3:0 75¢0 75¢0 76,0 76e0 1840 04107
211 60,0  65.0 66.0 57,0 58.0 70,0 T4aD 7660 T30 B1e0 82,0 83,0 85,0 25.0 0.149
212 68,0 T0u5 T10 72,0 T2.0 730 75.0 77.0 T9.0 80:0 £4.0 85,0 87.0 10,0 0,113
TH 42 5740 600 63,0 6540 6740 6940 720" 7440 7640 6040 830 85,0 85,0 55.0 04165

WO T K 0 TSR] 5 RO Miv A b

&verage 59.T 6204 63-7 65.0 65.7 68.8 Tie5 7400 ?602 780 8065 8145 85¢2 2305 G340
Sele :1-8 :200 :199 iis? :1.3 214!5 :2.0 :2.1 :1.9 +2.1 :250 :1.9 "‘;2.2 22.0 :0.01

N
L



Teble 13,  Heart girth (cm). Diet A = Croup I

Tattoo Fortalghts Total Daily
nunter - gain gain
e 1 2 s 4 5 6 7 & 9 ® M w©
178 6740 72,0 T4e0 75,0 76a0 7740 780 78.0 T3e0 83.0 58,0 90,0 52,0 25.0 OulG
179 710 76,0 79,0 £0,0 81,0 51,0 82,0 83,0 84,0 860 88,0 90,0 40 2540 0,157
185  65.0 700 73.0 78,0 79,0 01,0 81,0 83,0 84,0 85,0 86,0 83,0 90,0 25.0 04149
186 " 6040 65,0 72.0 TheO TEe0 7840 7940 8000 82,0 93,0 Uhel 95,0 96,0 36.0 0a214
188 67.0 750 740 75.0 7540 76e0 780 78,0 810 510 810 o0 00 oo ae
TH 10 720 7440 750 7640 7840 60,0 8440 90,0 9340 9740 9940 9940 1095 29,5 0.176
Average 6740 T1a7 TdeS TS5 T7e0 T8u8 D08 62,0 B33 87,5 B3 92.4 4.7 277 06165
3eEa 2768 2146 2140 3049 21,0 20,9 270 218 2240 32,5 226 2.0 22,0 32,3 20,01

L)



Tabie 14, Met B = Group II

Tattoo : Portnights - Total Daily

. - oiran - . galn gain
numver o 1 2 3 a 5 6 7 g 9 0 11

190 69,0 T80 79.0 80,3 By B4.0 85,0 86,0 04.0 95.0 980 98.0 1020 350 0.1%
191 B5.0 T340 TAD TTD TTeh 80,8 810 850 0.0 93.0 96.0 96,0 104.0 39.0 0.232
192 6443 T2 TEeD T35 TS50 T6eD TIO 820 84.0 4.0 85,0 83,0 0950 9.0 04173
198 680 T0uU 7160 Thel T7.0 T80 00 800 84,0 S6.0 50,0 500 $3.0 25.0 04149
oM 11 67a0 E7a0 TCuO 7240 T4o8 TEL TT0 TTD B350 85,0 880 590 $2.0 25.0 0.943
™ 13 B4eQ 68,0 710 .. .o av .c e . o »e an P as P

Avernge 65,2 TisZ T30 75,2 THa8 72,8 80,2 82,0 87,0 GBe8 G112 62,86 56,8 302 0160
SeEa :009 :‘i‘cs 3103 _"",105 :102 :105 :?o? :1.6 ;";2&“ :2.3 32-5 2’169 :;205 ;’_2.7 :_0102

) 4
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Table 15. 31‘81‘- g = Group

=4
4
(o}

= - Py

Tattoo ' Fortnights Total Daily

nmzer + 2 3 4 5.6 _ 7 8 9. 1. 1 ¢ 68in gain

e e s p-Sap-esy Py B POy X €5 TN EETEAE I W S5 DR SR ORI F T LS s - T s S ey A

648 6540 T0e0 7640 TTe0 TTs0 T840 80,0 86,0 89,0 G2.0 940 35640 9940 31,0 0,185
689 65,0 6640 6760 6040 6Ie8 72.0 T30 T6s0 7660 TTa0 T0e0 62.0 6940 2440 04143
210 68,0 710 T1e8 7240 T340 76,0 TB.0 81,0 82,0 56,0 650 58,0 89.0 210 04125
211 6940 720 730 75,0 7640 TBe0 800 5.0 90,0 0240 9Z0 98,0 9940 30,0 0,179
212 71,0 72,0 73.0 74.0 75,0 7.0 0.0 64,0 E740 58,0 900 91,0 U560 22,6 0431
TH 42 7340 TheO 76a0 76e0 61e0 85,0 80,0 91,0 950 96,0 101,0 103.0 104,80 3140 0,185

A0 S Aon Wariiat

-y o

Average 69,0  TO.B T2.7 7845 7542 777 0.2 83,5 BGe5 88s5 G0e5 9340 93,5 2645 0,958
SeEs 2.1 3%eT 3Ted 2Ted 2140 29e7 323 220 2207 2.7 151 3301 2245 21,8 30,09

A 4



Tadle 16, Paunch girth (em). Diat A = Group I

Tatal Deily

Fortnights
zgi;g e aain  gelin
s £ 1 z 3 4 S o T g 9 10 11 12 )

o B 30 G WP * 4 ’ E - T T T O S ik 4 (.

~

3]
L™

178 69,0 72,0 74.0 75,0 £0,0 60,0 87,0 90,0 95.0 93,0 100.0 110,0 12,0 43,0 0,25
179 68,0 730 76,0 77.0 86,0 £6.0 8,0 92,0 93,0 07.0 1032.0 112.0 2.0 46,0 0.
185 65,0 71.0 72,0 80,0 £3.0 85,0 87,0 80,0 93.0 100.0 195.0 106,0 110.0 45,0 0.263
166 6340 66,0 75,0 24,0 B4,0 05,0 89.0 89,0 22,0 100.0 107.0 112.0 115.0 52,0 0,310
168 70.0 7440 76,0 80,0 82,0 82,0 R3.0 £27.0 83,0 85.0 6.0 .. aa . ¢

™ 10 7040 71,0 74,0 75,0 79,0 B4,0 90,0 ©8.0 907.0 110,0 114.0 116.0 123.0 53,0 06395

v
4

g
H

r

Average €75 T1e2 TieS TBaT 8207 895¢5 873 071:0 9348 90,5 102.3 111,2 14,8 47,8 0,265
SOEO *’102 :1.2 -"_O.G :1.4 31.1 :1.1 :1.0 :;1.6 :‘3.2 :3.3 :358 :'_1.6 :‘2.2 :’2.0 30.0’

- d run g - S i - - S o naey - o T T O A D e Sy
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Tabie 17 Diet B ~ Group IX

Tattoo Fortnights ‘ Total Daily
nauber R 2 3 4 5 5 7 8 9 10 11 1

o L4 o ot

190 6340 7260 7540 T7s0 8440 85,0 86,0 1.0 100.0 108,0 108.0 1110 116,0 47,0 0280

191 6540 7040 8140 8740 590 G540 96,0 98,0 100,00 103,80 1050 119.0 123.0 58,0 0.345

192 E7e0 7240 7340 75s0 7720 80,0 84a0 0.0 52,0 ~06.0 98,0 100.0 108,060 41,0 0.244
104 64,0 5740 700 7440 73.0 79,0 82,0 83,0 100.0 105.0 108:0 192.0 1180 540 04321
™ 14 €4,0 67.0 7040 72,0 75,0 79,0 53,0 8640 100.0 104.0 108.0 11140 114.0 50,0 0.298
™ 13 65,0 6Se0 7320 2o 8¢ oo  we  es  se  se  se  es  se  ev  es

oy P

Average 065a7 693 7307 TTe0 79.6 03,8 86,2 B8 984 10%.2 1054 110.6 115.é 50,0 0.208

SuEe 20.8 2150 £1.7 2246 23,0 2343 225 2244 216 22,0 2149 £3.0 32,5 2 2,9 30,02

6%



Table 18, Dlet ¢ =~ Group iIl
Fortnight ' ‘ Daily
Tattoo SR . gt - gﬁiﬁ'i}' ga;.n
number 0 T 2 s a 5 6 7 &8 9 1 11 12
648 6Tl 7440 770 9040 8440 9740 870 010 95,0 98,0 00,0 110.,0 3‘_!8.0- 510 D304
E49 6540 530 700 T30 T4eD T70 780 82,0 84,0 86,0 96,0 100,0 112,0 47.0 0o260
219 700 T30 76D 7540 7720 T80 £2:0 80,0 83,0 950 98,0 10240 107.0 37,0 0,220
214 6840 700 730 T7.0 80,0 86,0 90,0 99,0 103.0 105.0 114.0 105,0 110.0 42,0 0,250
212 TOO 72,0 730 76,0 T80 79,0 00 86,0 83,0 103:0 106,0 110,0 114,0 44,0 0,262
™ 42 T1.0 75,0 78,0 €0,0 85,0 G0s5 9540 97.0 9940 115,00 117.0 120,0 123.0 52,0 Q310
Average O8¢5 7240 T35.8 T7e0 787 52,8 8523 89,2 93,0 1000 1052 108,73 114,00 45,5 0.274
«Ba 3009 :1*1 :102 ;1.1 :1.7 :2‘2 _':E.? =3¢2 :3.0 ;;3.3 :3.6 ;2.9 :2.4 :2.3 30.01




Tatle 9. FHeoight at vithers (cm). Diet A =~ Crous I -

3

4

Tattoo e Sortolghts Totel Daily
nuzber - ‘ : : _ : gain galn
0 t 2 3 4 5 6 ¥ 8 9 W 11 © : '
178 61a0 6640 68,0 7040 7160 7245 73¢5 T4eG TToU 80s08 528 583:0 84,0 23.C0 06137
179 670 7040 7540 T7e0 780 T5.0 80,0 81,0 81,0 83U 86a0 87.0 88.0 210 0.125
185 6660 6740 6940 7160 T3s0 73,0 7540 77,0 780 £0.0 82,0 84,0 8640 20,0 04110
186 580 60.0 6440 670 530 69.0 T73.0 75.0 77.0 80,0 82,0 83,0 850 27,0 0,161
168 62 .G 64 .0 67.G 69 lo ?200 ?4 00 7460 75@0 ??‘G ??lo ?310 e a7 -e ) X ]
™ 10 68,0 700 72,0 7420 75.0 78,0 80,0 85,0 83,0 85,0 85,0 860 88,0 20,3 0,112
Avorage 63,7 6642 69.2 T1e3 7342 T4e3 7509 Tle7T T8eB T0e8 82,5 246 86,2 22,2 04932
SeBs 216 316 3716 215 2Ted 2145 £1e3 2145 2761 27071 272 212 10,8 1.3 20,01
W3
wh
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Table 20, - Dlot B - Group 1T
Fortnighis Total Daily
g;;gﬁ - i e -y - ol gﬁin gﬁi’&
= 0 1 2 3 9 5 6 7 S g 13 1 12

150 7160 72,0 7340 7540 76,0 7840 T30 8240 £R3,0 26,5 ESC 65,0 50,0 16,0 0,113

191 65540 6740 6940 7240 T3a0 750 T80 5040 8340 25,0 £6,0 87,0 88,0 23,0 0,137

192 6440 68,0 7040 T2.0 7445 7640 790 70,0 T0,0 82,0 82,0 83,0 84,0 20,0 0.119

194 64,0 6445 6€,0 6740 6840 70,0 T1s0 T3:0 T5.0 7640 76,0 7740 TI0 15,0 0.083
= 11 8340 6640 68,0 68,0 70,0 72,0 72,0 780 7.0 T9.C E0,0 82,0 83,5 20,5 0.922
H 3 6200 63.0 6500 -'l 'Y .a se oo 'y ) .e an o oe oo e
Average 64,8 €6,8 68,5 T8 T2e3 74,2 762 TEs4 0,2 81,7 824 83,0 Béed 1945 0110
S.E. :1.3 :1.3 :1.2 :1.5 :1.5 :1.4 :1.6 :1.5 *1;6 :1.9 :2.1 :2;1 :1.9 :1.3 10.01

cs



Iekle 2%

il gk sy

Diet C

Crovn

ARG R T T TS T A 0

IIZ

it _ . Torinightc o i _;f':},‘;l ity
6 1+ =2 3 4 S5 6 T 8 9 10 11 12
BAB 65,0 6740 T2.0 Tdal TT.0 60,2 81,0 83,0 85.0 88,0 83,0 89,0 910 26,6 0.155
649 6740 O3.D 6540 66,0 68,0 712 73,8 78,8 76,8 770 78,8 790 790 18.0 04107
210 65,0 6840 T0u0 T1e0 73,0 75,0 T80 60,0 8243 83,0 65.0 850 86,0 21.0 0125
211 55,0 6740 60,0 72,0 74,0 76.0 £0,0 84,0 55,0 87,0 £7.0 25,0 £8,0 23,0 0,137
212 68,0 69,0 710 72,0 75.0 76,0 79,0 80,0 82,0 82.0 83,0 B4.0 8740 19,0 0,113
T™ 12 6745 6940 7240 TéeO T6s0 770 780 78.0 £0.0 84,0 65,0 86,0 63,0 20,5 0,122
Average 65,3 6742 6348 T1.5 3.8 TSe8 782 7.8 018 S5.5 8645 85.2 €6.5 21,3 0,127
SeTs 210 3049 21e1 2162 2103 3702 21el 2145 21e5 2146 21,5 =15 207 31,1 20,01

l.b

il A ol e O T R T AT

7
¥



{abls 22, Conmolidnted deta an totad grins in body mcasurements in reapect of snlwale
under the three dletary treaiments

2oy ienghh (cm} Heart girth (om) Paunch girth (cm) Feight ai withercs(em)

Nlets - - -
Total Bnily Total Dally Igtal Daily Totel Tafly
geln gain gain . gatn cain gaip gein gain

A 2043 0,157 27«7 - D.16% £768 DeT8BS - 2242 - Ge132
;2 . | :0 01 ;2 s :;9 01 :2 My 304-01 :7 a 16901

B 26,8 06160 30,2 " De160 5040  0.298 1945 0.416
337 20,02 227 20402 +269 20.02 2163 20,01

C 2345 0,740 2645 0155 4549 0,271 2143 . G127

2.0 001 219 40,01 223 2040t 212 20401

N
L o
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Table 23, ARuslysis of variance = Jotel gain in body lengih
Sourca ar 58 NS8 F
Treatment 2 3551 1775 054
Sex | 4P I} Os14 0,01
Eryor 42 390,90 32458

Total 15 426,61

Table 24, Analyeis of variance ~ Zotal gain in heart girth
Source af 58 o 1313 ¥
Treatnent 2 . 38,13 19,07 0664
Sex 1.99 1090 0.06
Eryroy 12 C 357.2. 29477

Totsl 15 307423

-
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Table 25, Analysle of wariance = Todsl galn in paunch girth
Source at S8 M5S P
Treatnent 2 5545 2773 0490
Sox 1 901 . 9401 0,29
Brror 13 . 401428 2057

Total 15 465,75

Table 26, Apalysis of variones = Total gain in height
Source de 33 M8 P
Treatment 2 18483 941 1449
Cax 1.00 1.00 0«12
Erroyr 13 109,67 .44

Total 15 129,5
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Table 27. Digestibility coefficients of muirients In the
‘ throe rationsy

Tattoo ary Crude Ether brudo Hltrogen
nunber @0 watter proteln axtract flbre free extraot
178 6449 7240 7547 4644 7242
179 661‘9 7400 ' 71-4 l 4706 729
186 66,3 706 758 4642 71.9
™ 10 6242 62.4 76846 5146 687
ivorage 6541  T1.3 758 AB.0 1%
S.E a1 . 3.2 215 2102 2049
Table 28. ' Diet B
Tattoco bry Crude Ether Crude Nitrogen
mmber matter profein extract fibre froe extraot
190 6646 67.8 66,40 53.0 6846
991 6044 6448 6442 5048 G540
192 T1.5 60,9 737 56,0 777
194 6143 T 66,0 70.2 5449 T0.4
™ 1 66549 6544 6548 5648 76845
Average 6543 660 - 68,0 555 7241

S.Re “2&9 “0.3 :1 o7 30.6 12.6
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Table 29. Met C
Tattoo : Crude Bther Crude liltrogen
nunber natter protein extract fibre free exiract
648 6442 7044 7046 5244 6943
649 7242 T1e8 745 5363 8340
210 0943 677 T34 5248 B2e7
214 6149 T3 69 7266 547 7242
g 2 65,3 7144 70,8 55%:4 78,6
™ 12 61e7 69¢5 30,9 5546 7240
Average 554 703 73.8 5347 7663
UeIle 219 2046 31,5 20,6 22.4
Table 30. Aumalysis of variance = Dlgeotidllity cosfficfemt
of dry matter
Sowroce 4ar S8 M58 P
Troatment 2 2025 1.12 0607
Ermor 12 192498 16,67
Total 14 202.23

o A S
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favle 31, OAtnslysis of varfance - Digestibility coefficlent
of crude protein

Source ar ss  MS3 F
Traotment 2 50475 2036 Be99%

nreod 12 30420 Ze27

Total 14 97495

Fairwise comparicon 0,0 for conmparison bétween
ni e 71234 T1 - -»-o = 4,74% ,1 and 22"2064

Tz s 66.60 T.l - nca e« 1;05 ?1 and T3-2054

® S{gnificant &t 5 § lovcl.

Tablse 32¢ Anslysis of variance - Dlgestibilily coefficiont
or avher extracd

- - - T B0 et e rurvs ap Lo - 3. e

Source az 58 #9185 P
Treataent 2 145,30 72465 5451
Error 12 158421 - 13,18

Totnl 44 202,51

Yelrvise coupsrison C,Dator comparizon hotween
T’ L 75.39 '1:1 - ﬂ &3 |.42{ T1 (‘om TE - 5.31

TQ - 67.97 *1 i Qw = 1"-0 T‘i and TB - 5011

1‘3 z 75475 TE bl T-- = 5062 Tg ang T3 - 4475

. Significant at 54 level,
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Table 33. Analysis of varience = Digestibility coeffloient
of orude fibre

Source as a3 MSS ¥
Treatnont 2 138,60 00430 25.’57’
Error 12 35458 2487

Total 14 174,18

‘1'1 = 48, 0 &"1 o T2 © ?.5' C,D. for comperison
T, = 955 0y — Ty = Gqr  Dotwoen

T, = 5347 T, = Tg= 18 g 8nd T = 2.50

* Sienificant at 5 ¢ lavel.

Table 34, Anmlysis of varience = Digeotibility coefficient
' of nitrogen free extract

Souroce arc a5 M35 r
Treatnent e 76425 38615 1+41
Error 12 324 005 27 00

Total % 400,30

- - - g




o1

Table 35, Data on blood comstituents recorded at monthly
Intervols in reopeet of animals in the three

groups .
Tiesma protein (g/100 ml)
Met A = Group Y
Tattoo . __Nonths
nunbey j
1 2 3 4 5 6

178 ' 6.7 Te0 Ted TS 506 Te9

179 Ge7 6% 7ol 548 6o  Ga8

185 BaT 2.4 6a3 TeT 70 €ol
- 186 Be7 4.9 . 5e0 S el 643 el

68 Oe0 4e3 ek 4ol a8 Sed
i 10 802 P 648 5B Bs5  TuB
Avoroga 645 654 65 6e2 6e8  Go7

SOEQ .",004 iOaa? iso"'i'- 3005 3{3.2 ;‘.994

L

T - i i
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Tahle 6. Diet B = Group I1
aunboy 9 2 3 4 5 8
190 543 TeT Be1 Ted 643 5.7
191 Te7T 503 78 840 643 TC
192 a7 59 645 Tt 5,45 6.4
104 _ 407 48 57 79 7ol 70
T4 11 862 7.6 Ca3 T2 7.0 649
Average 643 Be3 6.9 7.6 GaT  Go5
S¢Be 206 3046 303 2041 20,2 20,2
Table 37. Diet ¢ = Group III
Iattoo - - Hmttj_s‘ - - ——
numooxye
2 | 2 % 4 5 &
648 B2 7eS 7.8 . 2. GaZ  5a7
649 503 640 645 79 Be1 Teb
210 €0 645 7o TSP 63 Bek
211 T 7.0 Te3 Ted 646 6.1
212 5e¢ 70 Tal S5eB S5e3 61
12 Tod Tk '700 Tet 6.5 5«9
Avsrnes 645 69 i Te% 746 645 6o
SeEo 2044 2042 - 50e2 3062 20.2 20,3




Tabl« 38%*

Tattoo
nunber

178

179
185
186
188
% 10

Avcrag#
s.s#

Haemoglobin Cg/100 al)

12.
12.
10.
10.

12.

11.
40.

N o o N O o

N

Dift A

10.
12.
11.
11.
10.
12.

11.
40.

6

O B o o

(6]

- Groi~ I
Montbo
5
12.0 12.
10.2 12
10.0 11.
12.6 11.
11.2 9
9.6 11
11.1 11.
40.5 40.

N oo oo 0o o0 o

63

12.6
10.4
12.2
10.4

8.4
10*8

10.8
40.6

12.2

12.
10.

OO O 0 o0 ©»

©.7



Table 35, Diet B ~ Group 1T

Tattoo . Honths - e
nwiber 1 o % 4 5 6
150 122 120 10,0 10,8 11,0 10,0
191 1248 10,6 124 1048 0.2 10,8
192 Qa2 10,6 11.2 S0 10.4 116
194 1264 1245 118 1162 11,8 10,2
™ 11 10,0 10,8 104 10.2 114 10.2
Ayeraogs 1963 113 1.2 10.4 10,8 10,6
BeBe 2005 :‘,oe4 _‘,004 3{}&4 :0.5 :0 oD

- R T A - -~ -y ——

Table 40 Dlat C = Group IIX

Tattoo Months
nunber e - -~
1 2 3 4 5 6

648 122 1046 10,8 10,2 112 10,2
649 : 2.0 106 118 10,2 112 11,2
210 12,2 1042 1248 10.6 10,5 10.4
214 1244 A6 9.8 11.6 1244 1.6
212 1244 11.6 1148 2.4 1064 10,8

TH 12 126 12,6 1.8 9.8 10,8 10,6

Average 1243 1142 115 108 11e1 10,8

SeBe ' 049 3065 2044 304 303 20,2




Table 41, Tacked ocell volume (%)

Diet A ~ Group I

L) " = -

Tmttoo ——— Hontha e e ot wt a0t

nuber

o 1 2 % 4 5 6
176 42,0 40,0 42,0 40,0 8,0 78,0
179 40,0 3840 3640 3840 32,0 30,0
185 38,0 36,0 35,0 34,0 6,0 32,0
186 30,0 B0 I6.0 3.6 32,0 20,0
166 320  F0e0 35,0 040 28,0 26,0

M 10 2840 3940 5240 330 2.0 3040

Avarage 37¢3 2042 357 3560 33,0 31,0

7% 8 2165 2145 214 215 +1.6

- - -

. eaw - . e - Shem
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Table 42 Diet D = Group il
Tattoo Honthe
nuxbar - - msecsinentase -
1 2‘ > . i - 5 &
150 3860 3640 3240 T4 40 33,0 32,0
19 1 40 00 35.0 39-0 32 oo 3‘000 3‘0 &0
192 32,0 50,0 3340 300 %20 33,0
194 28,0 4040 %640 74,0 76,0 30,0
™ 11 340 3200 20.0 520 34.0 3040
Average oed a8 338 3264 33s0 31,0
EesEn 243 317 et $048 £1.0 20 b
Tabie 45, Diet C = Oxoup IIX
Iattoo Hontha
HRZOEY o - ¥ » - aunn
) 1 2 3 4 5 6
- 648 4240 40,0 25«0 34,0 T6.0 4.0
649 3440 320 40,0 %840 22:0 30,0
310 v 40 ie Baio 4600 3200 33‘0 30a0
217 40,0 5260 3060 350 300 33,0
212 4240 %640 340 3640 3240 32,0
™ 12 404G £0,0 39.0 z2.0 B0 3240
Average 39,7 %63 36,8 3445  B3s7 5148
8¢Es £9:2 216 21,0 $0e8 20T

g

- oy il knn Jeilll
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Tatle 44, Flasma calceiwm (mz %)

Diet A = OCroup I

<attse Manths

numabey - -or e

—_— _ 3 ) zﬁ = --w,% . 5 s __
Yie 12t B9 1Ced 1%e2 1242 3e5
178 1065 98 11D 1.8 116 1243
185 L ETY 2.0 4.2 10ed 113 10,6
185 1G46 Ge8 1140 1042 . 11,4 Y8
tae 113 1G+8 104 Seb Be5 £a8

M 10 Sed 1Ce7 1Ce5 1162 Ged 10,3

Average 10.8 1043 108 1046 0.5 10,2

SeEe ' 3044 304 202 40e3 20,9 20.5




fmhle 45.

Diet B « Gyoup IT
Tattco Hontha
n\.’lﬂber W - - -~ I 4 . A
1 2 3 4 5 6
10 B3 10.5 11,6 122 125 10468
391 10.3 $0.4 9.8 1.2 8:5 104
192 8.5 9.3 §0.2 1.7 geh 10,2
194 10.5 743 Q.4 2.7 10.6 1%.6
™ 11 1044 2 119 98 109 12.4
Average a6 100 10,6 11,5 10,3 1144
S.E. :‘.004 :_O.B :0.5 :.00'5 30.? :00"
Table 46, et © - Croup 111
Tattoo Honths
nuabex e torm aa - - —
' 1 2 3 4 5 &
648 72 93 10,2 Gell 11,1 1045
649 7.0 8.4 946 88 948 10,2
210 10.1 ) Bad. 440 129 11.8
211 10.8 Yok 112 10,4 Ge5 10,6
212 10,7 178 1244 10.5 10,7 1.2
i 92 11.‘3_‘- 1046 :”.8 e 103 12,4
;vzr;g& g:? 9-E 10.6 Db 10.6 11.; o
—:_o it :8 *047 30o5 a0, 20.4 1.4

KO sy

LA o 1 .
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Table 47, Tlosma inorganic Thosphorus (mg 9)

Dilet A = Oroup I

Tattoo - Honths - ——
rmhaE 1 2 3 4 5 6
178 5008  SeAT 543 5070 5477 5,04
179 6486 6473 5450 5426 5,06 4,88
185 Ged3 6403 6406 5eE4 5460 5426
186 5436 5473  Se34 Seld  Se34 5,86
188 5456 5468 515 5621 5,90 6446
™ 10 6622 6.45‘ 6445 6403 6,18 5,94
Averaoge 64058 5,02 5,66 5¢53  5.04 5457
SeEq 20699 40,20  $0.20 30415  30.16 40,25
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{able 48 Dlot B « C(Croup IX

Tattoo lHonthse
nusbher S i i . - v
1 2 3 4 5 6

150 5469 520 = 5432 5406 5408 S.78
191 S5e72 0435 SedD 4,98 4468 5,15
192 559 Se22 575 523 5682 548
194 6405 5426 6445 4482 568 5497

™ 11 6400 5449 0418 592 4294 512

Average 5486 Geb2 5483 Hed0 G5¢24 5450

SeE. 3060 0621 20422 20425 30,22 30417

L Sy W

Table 49, Diet ¢ = Growp III

R s P - -

Tattoo Honths -
nmber - we et e M-
1 2 3 4 5 6

648 5657 631  5.04 Sah1 5,53 5442
649 SeB8 6447  Sedé 4,88 5,78 6,60
210 S5ed3 5,06 6448 Ge25  0ed42 5,94
211 5625 5465 6425 Ge75 520 4,76
212 5691 585 64,04 4,688 Se86 647

™ 12 Be06 5485 5,68 5620 54T 5406

Average 5468 590 5490 540 DeT1 SeT1

SeEe - 30013 30,00 20,16 30422 20,47 20434
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Table 50, Analysis of variance = Plasma protein (g/100 ml)

Source 4 83 . ME3 ®
Treactnent 2 1001 0.51 . 0.68
Error 1% 1037 Ce74

Total 16 11028

Tabtle 51, Analyais of varience = lsezoglobin (g/100 ml1)

o, oo - vy
L4 - dul-louly o il L Ll

Sowroe at R ME5 F
Treatuent 2 0.17 0.08 0,06
Error ' % 184314 1.1

Totald 16 13.48

Table S2. Analyais of variance ~ Packed cell volume (3

Souroce af 56 Mo2 »
Treatment . 4 £ 70 135 010

Error 14 98483 706

Tctal 16 101,53
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Table 53, Analyocls of variance = fossa oaloiwe (eg %)

Sowrce qas o8 MS2 P
Trezinent 2 %+0% 152 $e50
Erroy 14 14412 1.01

Totul 16 17,16

Table 54, Analysis of variance -~ Flagmu inorganic Thosphorus

(mg/100 ml)
Source 4 38 uSs P
Trentunemt | 2 0,12 04,06 017
Frror “ . 5e26 0,38

Total 16 S5e30




DISCUSSION



DICCUISICN

he results otlalned during the course of the
experioent ars Gisocusped btelow in soparate headws

Srowth

From tho roonlio propented in tables 1 to 7 and
thelix stotisticul ocmmiyeis in tatle 8, it can Le gseen
that all the anloale under the three dietsry t:aatmnta
(et A, B anl C) showsd the zormal trend of growih
during the course of 24 woeks of the nreeent siudy, ihe
average total going in body wolght being 3042, 53,6 and
3.8 kg respeciively for animals in geoup I, If and ITI,
The growth rate in respeet of all the throe groups of
anindls (Fig. 1) vere famd $o ba einlilasr, the rate of
gain being more freca 3 to 6 months as compaved to the
gume for the period fzom O %o 3 wonths (Table 4). Ranjhan
{1577) has raporiod aversge doily galns for different
oroos bred and pure bred animals ao‘parately for the two
periods, the valugs ¢bigined in the prasent atudy Leing
conparativaely lower, though the tréna of gain was similar,
. 1t can be sesen from the date precented in tables 5 t0 8
and flgure 2 that though the control atet aentaining
fish meal at & level of 10 por cont promoted better
growth .in calves, there wore no significant differences
between the throe diets in this regard. Tho average dally
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galne for the anlnels in three groups I, II and 11l

were 233, 200 anmd 219 g rospectivelys The three rations,
the control and those conitsining lucerne meal at 15 and

20 per cent levels, worc of egual paletablllty and vere
iasocaloric, as'evidoncad by the alnost aimlliar feed
conowaption of animals in @ll the three grouns. ihe
almont sinmilar growth rate cbiained for animals maintained
on the throee experinontal Adlets indleate that luweerne
neal can substitute good quality animal protein sources
1ike fich nmeal, The agsoriment of emino aclds of a protein
is an loportant foctor to be considered for its inclusion
in calf starters, The rales of growth obtalned for all
the expcrimentel aninals poind to show thet lucerne meal
can fairly meet tho enino coid requirement of calves
nornally provided ithyough animal proteins sources. Firle
{1977), studied the role of leal protoins in animal feedin:
and repcrted that leal proteins are satisfzctory subntie
tute for fish meal, The amino =20id componition of mixel
bacterial cnd protozoal profoin i3 einilor to that of
leaf protolns, tho only marked difference being the higher
conteat of lysine and to & lesger oxtent of leucine,
igoleucing and vhenyl alanine in protozeal protein
{(Ranghan cnd Rrishnamohan, 1981)e Reportts on the rrowth
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Tate and daily gain of pro runinant calves ave many and
varied. Ausaerl ond Talepatra (1963) reported a daily
galn of 560 g in calves fed on & ration containling 10 per
cent £ish meal, Zeelaprasad gt ale (1977) reported total
1ivoweisht polus of 41.5 and 46 kg on milk replacer
containing lunerne exiract and whole milk respoectively in
calven over o period of three wonthd, Prasad et al. (15773
rocorded a dally gala of 420 g 1n calven fed a similar
milk replacer diet containing lucerne extraet at a level
of 40 per cent, Francls (1978) obtained a total rain
of 43 kg for croms bred calves fed with & calf starter
ration contalning 10 per cent floh weal, over a period of
24 weoks, Fohli et mle (1962) recorded increnses of 100,
150 and 200 per cent over the birth weignts at %, 6 and
9 nonths of age renpectively, irrespsctive of the pex of
truo calf. The overall increace obtained in the present
atudy were found to bs 183, 151 ond 165 per cent respeate
ively f¢or the animals 4n tﬁa three dictery croups I, II
and 1II during the period of 24 woocks., The lowered
growth responue and deily gaine cbtalned in calves durdng
the cowrse of the present study may be due to certaln other
faotors besides nutritioral. Martin ot gl, (1961) have
reported abtut the imporiant factors like brecd, sex,
degrec of imbreeding and type of raiions fed coniributing
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to eignificant variation in the weicht gain of dairy
calyes, Dirth welight aleo is reported to have a algni=
ficant effect on liteim:*.g‘nt gain of calves (Iloy et al.
1958)s Ths comparatively ilower weight geins obtainad
in the present study nmicht be alaso due to the low birth
.wolghts of calves uged in the experiment, Henderson
(1954) recorded daily gains of orly 227 g for small breeds
of cottle having & birth weight of 22 to 23 kg,
Dodv. measyrezente

Data on body mensurenents recorded ot fortnightly
intervals and presented in tables 10 to 26 showed that
therae wore no eignificamt differcrnces among the throe
dictary treatments (BJ.oté Ay B & C) in regard to any of
the parsmotor studled, The results indicate that the
gain in body memoureacnts Guch as body 10&@,%11. heart
girtﬁ, paunch girth and height at withers take place
parallel to gaing in body weights, indlcating a positive
correlation botwesn body walght and body measurenento,
The values for the total end daily gain m' body 2enztho
recorded in the present stuly were found to be 26,3,
2648 8nd 23,5 om and 0,157, 04160 and 0,140 cm respect=.
ively for enimals in groups I, II and I1l, In sinilar
exporimente using calf startera containing fioh meal
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at a level of 10 psr cent, Francis (1978) recorded lover
values of 22.3'éna 0s133 cm respeotively for total and
daily gaine in tody lengthe Om the other hand, Shinde
end Sangle {(1976) rap&rted relatively higher tolal sains
in length of 56 to 58 cm in oalves fad on two different
calf meals over a period of 24 weeks, The gains in total
end dally heart girth reported in the present study vere
found o b8 2747s 302 6nd 26,5 and 0,165, 0,160 and
0+158 cin raspsotively for the snimals in groups I, 1I end
III, Shinde ond Sangle (1976) recorded higher daily gains
in heart girth of 0,191 and 0,208 cm respectively on two
geparate calf meals, On the other hand, Froncis (1978)
rocorded a relatively lower velue of 0,146 cm on a similap
dietary recize a3 used in the present study. FPaunch girth
also showed A similar trend in geins, The total and dafly
gains for the three groups I, II and III respoctivaly were
4769 5040 and 45,5 and 0,285, 0,298 and 0,271 cme
Francis (4078) reported almoat a similar average value

of 0,287 om, The values in respest of total gmin and daily
gain of height at vithers were shoun %0 be 22,2, 19,5 and
2143 and 0132, 0,116 and 0,127 ca respectively for groups
I, II and IIT, ¥ing (1963) and Francls (1978) recorded
almost similar values for gain of heigbt at withers in
calves during a period of 24 weeks, On the other hand,
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Shinde and Sangle (1976) reported an increase in height
at withers roanging from 28 to 29.4 om in croes bred (Jersey
and Sindhi) calves during @ sinilsr duration of experi-

ment,

Pasi efficiency

Fron the date on feed efficiency prosented in tables
5 to 7 and from the gtatistioal anclysis of resulis
(Table 8), it can bo ceen that thore were no significant
differencen tetween the threc dietary treatments, the
valugs for the thraa'groupg Iy II and III baing SO, 649
and 6,3 rospectively (Fig.3). The relatively higher fecd
cfficloncy of the control diet only suppords the better
growth rate shown by animels in gontrol group vhen compared
to those on the experimenteal grotipss Omith et al. (1965)
while studying the effects of different levels of
cellulose in eemipurified diets, recorded feed officiencies
ranging from 4.21 to 599 for liolstein calves averaging
130 kg body weight.

Digestion coeffioclents of putrients
The resulta of digesition triale ocarried out towards

thé end of the feeding exporicent (Tables 27 to 34)
reveal that though there were no eignificant differences
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in the digestibility in respect of d&ry matter and

nitrogen free extraot, digestibilities of crude protoin,;
other extract and crulde £itre wore fouwnd to vary between
grours, the valuesteing highor in the control diet (Hlet Ade
Significent difforence vas obtaiued bstween control diat’
(Dist A) containing 10 per cont fish meal and diet B
contalning 15 per cont lucerne meal, The higher digosti; ‘
bilitier of orude protein in the‘control diet was reflscted
in the higker weight guins of enicalc malntained on thet
diots 7The almeot similar digostibility coeffiolents of
protein and other extract of diet A (control) amd diet C
indicate that the dlet with 20 per cont lucerne meal was
as efficiently utiliccd &9 tho control diets The reason
for the slgnificantly lower digestibliitles of crade
protein ond ethar extract in diet B cannot be explained -
on the basis of present data as ie the case Jor lower
fecd effliciency and wolght gain on thet diet, E‘-

Elood valuep

Resulte of bhasmatologicel ntudies carried out durink
the couree of the experiment {Table 35 to 49) omd
statioctical mnalyeie of the results (Table 50 to S4) did
not reveal any oignificant difference smong the different
dletery treatmonts in eny of the parvameter studied, The
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values on plasaa protein, hacmoglobin, packed cell voluee,
plesna caleium end inorgenic phosphorus of eniwals main=
tained on dlets A, B ond C wers slmost similar tetween
group® and f£all in within tho normal range for the specles,

The data on blood velueo indicate that all the animals
maintaired normal matritional etatus and that incluslon oi;f'
lucerne meal ot levels of 15 and 20 per cent in place of |
fish meal did not axert any deleterous effect on the
physiclogical vell being of the anicals.

An overnll cfit!.eal soscgsment of the reaults obtsined
in the proscnt study indicates that luccrne meal can form
o substitute for quality animal proteins sources like fish
meal since threo isoproteimic rations with lucerne meal
at 15 ani 20 per cent levels, In partial or complete replace~
nent of Pish nmesal, sunported almost equal growth rates and
feed officiency in calves without showing any deletsrious
effect on the heaith of the snimels, Further, the study
throws more light on the role of les? protein in animal
focding ond o the urgent need to devise suiicble and
chespor calf starters with a view %o reduce the level of
nilk feeding and to economise calf rearing,.



SUMMARY



SUMHATTY

An inventigotion wae carriled out to agaess the
fecding value of lucerne meal as 8 posoible oubatitute
for animal protein sowrces like fieh meal in calf
stariers., Eighteen crosg brod calvés. weaned at birth,

re divided into three grouns (Grouwps I, II and III) of
eix a2nipals sech as wniformly as poaaibio in regard to
body welght and were distributed under three aletory
treatuents vig,, Met A (coutrol) and Mets 3 and €
(experimental ), Ubile Diet A conteined f£ish meal at a
level of 10 paf cant, oxperinental diete B and C contalusd
15 and 20 per coent reopectively of lwecrne meal in partlial
or coapleto repiacenent of figh meél, all the diets being
isoproteinioc, The calves wore glven celostrum for a
poriod of first cevon days and afterwards malntained on
the respeetive calf starters with limited whole milk as
well as preens in quantities e per standards follcwed,
for a pericd of 24 weeks,

Records of forthnightly body welghte and body mensure=-
meonts were malntalned throughout the course of the experl-
ment, Ememantologlceal studles vers carried out at nonthly
“intervalsy, t0 assess the nutritional status of aninnie.
waérda the end 0f the feeding ezperimant. a digection
trial wac corried out to £ind out tho digestiblliity of
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nutrients in the three rations.

Reguito on growvth indicated that though the control
diot containing fish meal at a level of 10 per cent
propnoted tettor srowth in calves, thers were no significant
differencen cmons the three dietary treatments in this
rogovd, the overall average deily gains of anlssals being
233, 200 and 219 g roéypeotively for Groups I, I ang 11X,
ine thres rations appeared to ba equally pelatsble end wore
isooaloris ap indicated by the uniform food éonsumption of
animnle, The almoot similer growth rates of animals in
the three groure indicated that lucerne meal can Substitute
fish meal in colf etorters and fairly neot the emino aold

roqulrencnts of pre runinant calves.

Daota on foritnightly bedy messurementsol animals
revenled that geins in mpeasurement® took wplose parallel fo
galng in body welght Indloating a posilive corralation
hetweon body welichd and body measurenentn. Alse, there
vore n6 slgnificant differences among the thrac dietory
treatnenta in resnest of body neasurements in as much as
almost similay galns in body lengthe hemxrt girth, paunoh
girih and beight at withers were obtained in aniusls of

ell the three groups, over & pespiod of twenby four woeks,

The overnld feed efficlency of animnle were nlso

found %o be almoat oimilar, the values belug 5.8, 0.9
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and Ge3 respootively for the groups I, IT and III,
further supnporting the observations on prowth rates of
animals.

feoults of digestlon exporiments Indicatéed that
though there were no oignificant dlfferences in respcot
of digentiblliitisc of dry matter and aitrogen free exircol,
digeatibilitios of cruvde protein, ether extract and crude
£ibre were found to vary betweon dists; thile the control
diet rocorded higher digestibilities, eignlficant differ—
ence was obtained only betweem gontrcl and dlet B,
indicating that diet € with 20 per cent lucerns meal was
almost equally utilimed co the control.

fata on hasmatological constituents did not reveal

any significant difference among the three diets in regpoot
02 any of the narameter studied. Furthor, the valves on
blood eonstituﬁﬁt viz.y plosma protein, hacmoglobin, packed
cell volume, plasma caloiwm én& inorganic phosphorua
recorded fall wishin the normal rangs characteriotic of the
gpeoles indicenting that the animels malntsined zormal
autritional statue an&‘incluaien of iucerne menl at leveols
as uged in tho present study did not exort any deleterious

£fact on the henlth of the animalm,
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Fron an overall asngessnient of the resulte oblained
in the present study it can be concluded that luserns
menl can form a substitute for f£ish meal in calf starters

for promoting growth in calves,
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ABJTRACT

An investigation was carried out 10 aszead the
feeding value of luterne meal as & possitle substitute
for Tish mesl in onlf startera, Eightesn cross bred
oslves, weaned at birth, wers divided tnto three groups
'.(Gmup- I, I1 and IT1) of six anicals esch as uniformly
as possible in regard to body weight and meintalned on
thrae 1aoproteimic calf starter diets, A, B and C ocontain-
ing O, 15 end 20 per cent levels respectively ol lucerne
meal in partisl or coeplete replacement of fish mesl,

Records of fortnightly body welghts and body neasure-
senta wers meintained tbroughout the sowse of the
experiment, Fasmstological studies were carried cutb ab
gonth‘.ly interveis., Digestibllity coefficients of nutrieats
in the three rations wers determiuned by conduoting a
digestion trisl towards the end of the exporimext,

Zhough the contral diet apnsare '
growth in calves, the overell :fllx :l::t” e
vere aimost similar with all the tipe, dﬁ.t:m -
clearly indicnting that lugerms Xeal can pg
at the levels ussd and fairismegs the ant Plsee Tl R
menta of the calvae, Gelns { body meap * 1944 sequtre.
place parallel to gains in do YVeight et Fook

Wy treatmenty



ii

The normal and similar values for blood conatitusnts
fndlcoted that all the animals maintained normsl nutritional
stotus and incluaion of lucerna meal at levels an used
in the progent atudy 414 not exert any deleterione effect
on the haalth of the anlzmls,

An overéll oritical acssasasnt of results clearly
indicated that with lscproteimlo diets lucernes mesl can
- bo safely includied in calf starters at levels of 15 amd
20 per cent in partial or complete replacenent of fish

V503

meal,




