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earq ages. Citric acid 14:s;f help in the earq d.evelqaent ot 

l"Ulllen 1111coaa of young calves (frasacl and ~ora, 1'176). 

Milk replacer is a good alternat,e for milk for feeding 

of calves. The ingredient,& or milk replacer should be such to 

vhieh the calt can adapt, to its digestive !V'st.em for !eed ei"fi­

cieoq and without arq digestive dist,urbancea. 'l'he latter ailments 

mq lead to higher incidence of aartallt7 Vbich JDa1' affect the 

whole 8COllC:q" or feeding milk replacers. 'lheretore, the present 

stucv vaa conducted to t17 milk substitute containing citric acid 

with the following objectiTes:-

i) to study the changes in canceatration or citric acid 

in bu.ff alo milk at di.ff erent stages of lactation 

and to evaluate the errect of milk yield on the 

citric acid content or milk; 

11) to stud;Y the growth rate and ~ of f'8$ii.ng calves, 

fed Jlilk replacers containing citric acid and campar-

ing th• with milk fed calves. 
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RBVIBW or Llna.mJRE 

Reri.811 ot literature of the present. stud;J can be deacribed 

1IDder' the follovilg sub-headiness-

II. Faetora Alf eating the Cltric Acid aanteat at .HUk. 

lII. mtt.-mt Sources ot watrient,a in Hilk Replacer and 
'!heir Ut,1lisatian lJT Y01JQ1 r.al.vea. 

I. Cl.trio Acid in Oov and aJff alo Hilk 

Hmkel (1891) and Samar et. al. (1918) idsntitied citric --
acid as a component of a1lk and observed that citric acid content 

ot a1lk vaa not co~t. The citric acid content in cow and 

buffalo ldlk vaa estimated• ftl"ioua YOrkera as gi.Tm in 

table 1. 

Cltric acid leTel 1n llilk 

~ed.- Average citrio Range (%) Raterence 
acid c:onteatC•> 

QJlr - 0.8 - 0.1)0 Beu (1920) ,. o,18 0.07-0.13 ~ and Hamer 
(1926) 

o.160 0.140-0.190 Hariaan and H:l 11 ing ,, 
(1933) 

,, o.168 o.iso-o.206 Ans> (l.938) 

o.2SS - ADalltakri sbDan et al. ,. 
(19J&l) --

contd.- ~···· 
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Species Average citric 
acid ccmt,ent(~) 

Bange ~I~ B.ef'er81ce 

07v o.180 o.122-o.2S8 storgarda (1948) 

. o.254 o.as-o.290 Fabrie {19S2) ., 
,, - 0.184-0.209 Paul et al. (19$4) --,, - o.148-0.200 F!l~ (1954) 

•• - 0.17 -0.20 amr1na (1958 ) 

,, 0.183 o.JJ6.0.2b0 ftllba et al. (19S8 ) --
,, 0.217 - Cata] and (1959) 

,, - o.48 - i.73 Tapernoux & Magat (1961 ) 

,, - 106 - 2l.O JC/ Davidov & UUglova (1960) 
100 Ill 

,, l~ mg/ 103 - 241113/ Anagallla & Kami {1962 ) 
100 Ill 100 al 

,, - 2)0 - ZlO mg/ D1 Ago~ et al. (1967 ) 
100 Jll. --

,, 192.S mg/ - Imud 1 et al. (1971) 
100 al. --

•• - 130 - 216 mg ?raaad and Arora (1975.) 

aaffalo 0.196 - ~ et, al. 
(1943) --

,, - 0.110-0.un. Basu et al. (1949) --- o.162-0.267 F.:1.-Nego-r (19S4) ,, 
o.180 - Paul et al. (1954) •• --
o.210 Pl o.~320"" Dalba et al. (19S8 ) ,, . 

100 al 100 al --
152.9 Ila/ - sa1 U' & Sh1J:qr (1966) ,, 

100 I 

contd. ••••• 
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$iCl8i .\Y-.ge ilti'IC Hange (j) Retereace 
acid coat.eat.(%) 

IWtalo 0.219 0.158-0.290 Alban1co et, al. (1967) --
'' 247-./ - Allxmico et. al. (1971) 

100 al --
•• 208.S 1lfll - Ieatl et, al.. (l971) 

100 al --
••• 17S + 1.bO - SSndbn & Ra7 (1973) -

II. Pactora Atteatg Citric Acid Qmtmt ot !11.lk 

the citric acid cont.eat ot a1lk during the dif'tarait JIOllths of 

l aaat.ion. A dacnaae in the citric acid contmt vaa obeerved 

as the ia-.Uon ad'fancecl (DaYidoY et al., 1961). Abc:l-f.1.-Salam --
and SMtqr (1966) .found eam91M citric a.c1d CDDteat in tmttalo 

ailk in tbe •econd aantb, and tbm there vaa a ll'&dual. dec:reaae, 

tollovacl - 1ncrease •'• in va1ues in the 7th 110nth at lact.ation. 

Dam et, al. (JS69) obaeI"Yed an incr-• in the citrlo ac:id content --
ot ll11k after h to S -· ot part,llrition, which gradua1.q clecr•secl 

With ac19anoa1ent, Sn 1acstat1ca per1.oct. Pl"uld aJkl ..... (1975) 

~ t11at civic aeid OOD\mt. ot cow milk .. not cm8'ant 

dlll'1q ditt_._ mmt.U of ~iaae 

,. 
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cm the citric ac1d content of milk. 'Dler found a decline in the 

citric acid content trm 22h mg/J.00 ml during ear]¥ pregnancy to 

172 sc/l.00 Ill after SI- months ot pregnanq. 'lhe values rose again 

to 2hl mg/100 ml at 6l months ot pregnanq- bat these were 232 mg/ 

100 ml at 8 months of pregnanq. 

3. if'f ect of' Tmperature 

Bogina (1935) observed no change in the citric acid 

content ot boiled milk. The citric acid content 0£ Jdlk stored 

at 2 - s.S°c bas been shown to increase rran 233 mg/100 ml to 

241 mg/100 ml attar 24 hours (ADal .. and Kalli, 196)). Thq 

recorded a decrease 1n the citric acid contmt or milk i"rca 228 

to 210 mg/100 .:i llbm kept at a t-.perature ot 23.S° - 27°c for 

7 hours. Citric acid eontent ot llilk rose tnm 238 to 2la2 mg/ 

lDO .:L toll.owed b7 a ~ attar 24 hours to 217 sc/100 Ill 

IV the eame group ot wrkers. 

~d and Hammer (l.926) toum negative 1Df1.uence of' 

s•ann GD the cit.ric acid content of m1 l k• Heinanann (1944) 

observed tba$ tbe citric acid content ot a1l.k vas higher ( 2. OCJ%) 

in HaJ"cb and April and least. (J..88S) m the mmth ot Novmber. 

llDlwerda (19Sk) studied tile Qi.trio acid CDntmt. of 111:1.k tibich 
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was 9>re (1.73 p/lj.tre) during APril and Jdn1m (1.38 gm/litre) 

frca loTanber to J811Ua17. 'lhe values vere shoving relat.iveq 

a higher traod trca liq (1.S60) to October (1.690). He pointed 

cut that this chne due to seaaon vaa not due to the change frca 

ORt.clool' feecling to indt>oi- feeding. Reinart et al. (J.9S9) observed --
lesaer citric acid content in cow milk during gl"azing sea.son than 

during vinter season. Kamal et al. {1960) reported that the --
citric acid caotent in the milk of cows kept at. low temperature 

(6S'°F) vas higher than the covs maintained at. high tsperature 

(90°F). Arugama and Kami (1962) vbile estillating the cit.rte 

acid content ot llli.lk obsez-yed least values (137 mg/loo ml) in 

Juq to August, and higher T&lues (221 -.g/100 Jal) iD the llDl1th or 

March. i'he citric acid Vas found may1mnn (0.264%) in cow llillc -in 

winter seaeon and JliD1Dnn (0.180%) in srmner season (Tikbcmerova~ 

1963). Battiajoti (196S) observed lover values (156 - 166 'llf!/ 

100 ml) of citric acid in cov milk frail Dec8lber to Harcb and 

higher values (186 - 20l4 -.g/100 ml) b'ca April to li>•Emll>er. 

N1ga et al. (19'14) recorded higher T&luea (190 - 220 -.g/100 ml) --
of citric acid in cov milk traa liq to ~ and leas values (137 -

'J/j7 ag/100 ml) troa AQgUst to Febl'Qal7. 

,i. Source ot Protein 1n Hilk Replacer 
.· ·' . 

sme 'tlOrkera have abOllll the inettici•t util t aation ot 

wgetable protein ~ oalwa vhm inclllded 1n milk replac• (w.111 :I au 
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et ai., 19SOJ Noller et al., 19S6J Gorrill et al •• 1967 and e»lvin -- -- --
~ !!• • 1968). wi111 as and !nodt (19SO) reported that rav SOJ'abeans 

v.-e not aatiatactor,r vbm used at. a level ot hO% in llilk replacer-. 

All the calves fed on milk replacer diet died between the period 

· trca 29th to StSth dq of age. stein et al. (19Sh) reported that --
43S of the nontat ~milk solids in milk replac.- could be 

substituted V1th S07abem tlaur vhen led with dried brewers yeast 

and dried slc1m milk. Gorrill. et al. (1967) !Jl(tjcated that calves --
fed on a high]¥ purified SO¥abean nour (7U crude protein) 

performed. equalq well as those kept on whole milk. ·...iien calves 

were fed S07abean flour (conta1n1J)g SO% crude protein) to furnish 

60% ot the d1etaq protein• their growth rates vere poor and there 

vaa a higher incidence ot d.iarrboea. Growth rate was reduced 

lihell cal.vu were fed a milk replacer containing t!IOT& protein 

(Antal, 1970). stm1larl,y, growt.b rate or calves fed soyabean flour 

replac.- traa 7 to 10 ~ ot age 11as approximate]T 20% leas than 

that ot the calves fed all milk replacer (Zattira et al., 1972). --
Gorr1ll and Nicholson (1'70a) f OUDd no adYarse etf ect on growt.b 

rate ot calves lllban 70% or the protein in their diet was troa 

aa.rabean concentrate. Total int.ake of dl7 matter per kg gain to 

weaning waa s111"t1ficantq less f or calves given whole milk than 

tor those give soyabean milk substitute. Sirotkin ll97S) reported 

a reduction ot 66% 1n the ~ ot milk protein when sqya 

~ vas fed to calves. 
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Slade and J:luber (196.5) fed a diet containing three levels 

ot fish nour. 'l'he diet. contained 26% crude protein, 10% rat, 

S% aah and 66% nitrogen b'ee e:zt,ract.. In control diet, the 

eo~ of protein was skill milk. The l.nel ot protein from riah 

flour vu 20, 40 and 60% to that or total protein in the~. 

'lhe rate ot gain vaa signif'icant;q leas (Pl 0.1) in the group 

f'ed diet containing 6'$ fish fiour. All the calves died at 

100% level or fish nour in Jlilk replacer (Baber and Slade, 

1~67; Wendlawlt et al •• 1968). Genskov et. al. (1969} substituted -- --
lav ash fish protein concentrate for skim milk and Whey at o, 50 

and 100% or total protein in the ration of calves and determined 

the etrect of feeding f'isb protein on plasna free amino acid 

levels. Histidine and t.,roaine in plasna decJined marked]¥ as 

the concmtration of' !isb protein in milk replaC8l' increased 

llhereas aetbianine increased. lmr ava1lahility of histidine 

might accomt for the depresaed growth response to 100% fish 

nour in milk replacer. whereas increased plasma aethionine and 

arginine level might indicate growth st,1111111 atiou in response to 

SO% tisb flour 1n replacer. 

Willians and Knodt (1950) cmapared two diets cont.a;in1ng 

two dil!ermt levels at dried skim ailk and observed that the diet 

containing_ SO% dried skim milk gave cons1st,entJ¥ better results 

than the 20J levels. Noller et al. (19S6) reported that milk 
. --

protein vu superior to nan-mllk protein when Used 1n lllilk replacer 

tor 7oung calvas. Laaaitiar ~ !!.• (1960) and Huber and Miller 

(1964) fed the cal.vu With llilk replaeera containing ditterent 
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leTels of protein and reponed an increase in bod¥ weight gain 

with the increase ot prot.ein level 1n ll1lk replacer. laasitif!lr 

flt, al. (196.l) condUcted tllO trials vith two dq old calves to --
studJ' the m1n1nna protein requirment. in milk replacer to support 

normal growth. ThE&Y indicated that calves gained normal growth 

~fed ailk replacer ration containing~ protein. nie etrect 

vaa, however, not aerioua on growth rate or cal.Tea wen protein 

content o! milk replacer vaa decreased to 19%. Harshbarger and 

Gel.wicks (196.S) caapared the ett ect of milk and three milk 

replacer a containing di!f erent sources and V#Ying amounts of 

protein on the gain in bocl.Y weight on iscaitrogenous basis. 

Average <bil¥ gain !or groups 21 ) and 4 as a per cent of group 1 

were 19.01 10.8 and 88.2% at 6 weeks or age, 92.0, 91.0 and 98.8.% 

at 12 weeks of age. ADtal (1971) reported that upto 90 days, gain 

in boctY vi1ght was less when less milk protein was given to calves. 

Goi-rill et al. {1973) found no ditterence in growth rate o! calYes --
whm liquid diet was whole milk or milk replacer with milk protein. 

sme 110rk•a hoe tried to increase the nutritive Tal.ue ot 

"f'al"ioua proteins, OOlvin and RastW' (1968) report.eel that nutritive 

valua ot aqyabean flour tor J'OUDI oal.Taa could be japroyed markedly 

qy apoaillg the fl.om' to an aeid tr•tment :tor tive houra at J7°c, 

prior to ita i.ncluajon in the ailk repia.oe, calves :ted acid 

treatacl eqyabeaa flo~ sr• at nearq tviae tbe rate of those 

receiving untreated soya flour. Results vere similar wit;Jl·.ut·' ·._ 
' .. . 

. . 
-41 /· 

.. "t 
~· ""'' .. . ~ '!""- • 

~--"' ."" 
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replac•s containing al kal-1 treated fully cooked SOfabean .flour. 

List,er (lY'll) observed that when high talperature treated skill 

milk was addsl in milk replacer for cal.ves there vaa no growth 

response to an 1ncreaaed protein level as ccapared vitb low 

tsperature treated sk1a Id lk. 

2. Bature ot Fat in Milk Replacer 

LaJlbert at al. (19S5) dmonstrated growth retardation --
vbm calves were fed with lipid free diet. tor three weeks. Olson 

and Wl,,.,_,, (19S9) studied tbe attec:t of o. s. 10, 20 and 30% 

etab11 :I zed lard in JDilk replacer diets or 7oung calves. 1he 

av.-age ~gains were found to be 0.16, 0.79, o.as, o.Bo and 

0.93 lb, respective:l.7• Grovt.h rate was about. 9% faster in calves 

fed milk replacer containing 10% rat as compared to other rat 

levels in milk replacer (Lassitier et al •• 196.3). Bro1i111 et al. -- --
(1964) reported that tbe ~gain in bod3 weight vas 1.03, 

1.09 and 1.02 'lb/ call per dq, respect1ve:Q' • vi.th a milk replacer 

containing s, 10 and is• refined coconut oil. KaUllits 0973) 

round no s1gD11'1cant dittermce in teed intake amt general. health 

men _.... ... ted vitb milk replacer conta1mng 3.os• 
ooeonut oil or 3.10• ot aqyabean oil. aJtQn • al. (1973} --
atadied the intluance of dU"rerent- tats and tat 111.xtves in milk 

replaoer cm ef'i'icienq ot teed COUV&r'aion. the best teed 

OODVersion efficiaiqy l.S6 kg/kg gain vaa toad to be vi.th 

.~~~ 
~~ ('~ \ I. \~ . ~ ' 

~\ i~ '._ : · 
)#. ··l~~· 
" ..... -~~';' 
~--



I 12 J 

PCB (Pala oil lS. coconut oil 2S, and b.ydrogenated vhole oil 

60%). 

llproved calt growth bas been tound when particle size 

of the tat added 1n ailk repl.acar vas reduced through homogeni-

sation (Hodgson and MUrdock, 1960J Boy et; al., 1961J ·..tamer --
at. ai.. 1962)• ..U.&Uier addit.1.on (warner et. al., 19S6J Hopkina --- --u 
~ !!.•• 19S9J Roy~!!_., 1967; Tqµ.ec and Matbiev', 1971) or sprq 

drying (Warner et. al., 1962). --
All these treat.manta iDareaaed the digeatib1llt7 ot tat. 

APParent dl3eat1bil1f'J at tallow with and without sml si fiar 1138 

found to be 93 and 87%. respect.ive.1¥ (Tollec and Matbiw, 1971). 

3. source or carbotfdrates in nilk Replacer 

Flipae et, al. (1950) studied the DUUi.tive value ot --
lactose, glucose, corn .vruP and st'8.rch as sources or carbo-

)Vdrate 1D milk replacer. Calves appeared well nourished and 

thr1f't:¥ llhe lactoae• 1lucose aDd com @lilp were ted, bu.t appeared 

~ llhen fed on starch. Holler ~ !!- (1956) reported that 

t.h• ....... da1l¥ gaina or the calves an the basal .... and 

lactose ration were 0.87 + o.oa, 0.92 + o.OS and 0.87 + o.ar, - - -
fMpectiveq and lactose-.. not t'ound to have &rfY benatid.al 

etteat.~ adNr' !t !!- (lS6]) reported that calvea receiYing 

ailk· nplaos .1D wbich 14$ ot t.he eolida v•e atarcb bad interior 

&aina upto three weeks ot age aa cmparecl to calvq on control 
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(high lactose) or 9~ starch ration. KldO.:t Kawska (1970) st,udied 

Ula atfact; of a1lk diet, conta1ning l.3j fat and supplemented with 

glw:oae, lactose, sucroae. or potato st.arch upto 20 daJ's. Calves 

fed with gl'acose or lactose gave sigDUicantq greater gain than 

other groups. 

4. Minarals and Vitaains in Milk Replacer 

rate o! calves iaproftd when minerals and nt.1.ns ver-e added in 

their diet. Neath917 et al. (1958) .ted the calves with vbole milk --
or milk replacer alane or with vitatn ~· Pstormance with both 

types of rations was increased when vitaJDin B:i.2 was added, bttt not 

s1 gni f1cant]¥. suwlementation of Vitamin ~ concelltrate (AF¥ 

No J) to a plant protein calt st.art,er vas without effect on the 

growth o! calves to 90 da.Ys of age l.Russot et al., 19Sl.). T"cirdmi --
and Dee Monte (1967) stUdLed the effect or supplementation of graded. 

amount ot pJl"1dm1°e 1n the milk substitut,e on the growth o! 

Frieman calves. The milk substitute was baring 1.67 mg pyridoxine 

per kg. ~lementa of pJ'ri,doJcine for three groups vere 6, 10 

or 20 p/loo kg bo<V 119ight. Average~ gains ware 724, 7461 

736 and 716 &II and intake o.t llf/kg gain V8l'"e 2.0k, 1.96, 2.09 and 

2.lS kg. '!here was no attact on V81gbt gain or feed etticieney 

whsl JJ1l'idox1n8 was 1ncraaaed .tram 2.h to S.S mg per kg milk 

.Ustitute between 60 to 90 kg lin ve1gbt (Krichgesnar et al., --
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196S). Geaakn at. al.. (1968) tad the calves with a milk replacer --
conta1a1ng 1ov uh detatted fish meal aa the aal1' aaurce of 

1Dd1oated. that diet vas def'icient in vitamins &, A, D and B 

complu. SUpplementation or these vitamins improved weight, gain 

and prevented deaths. Makdani et al. (1970) t ed the calves w:i:th --
dichloroetJlane extracted fish protein concentrate (DCE-FPC) with 

01 .1a6 and 92 -s/kg added Ti,+.gin E. Growth responses iaproved aa 

vit•1n E 1n the .oo&-PPC ration increased, vbile atmsiTe 

muscular leisona vere obaerved in calvea fed no supplsaental 

Wilson (1964) ccq>ared the body weight gain of calves 

fed wit.b a mixture or l5 mg sodium selenite and 200 mg ~' 

with the group given no trace el.anent,. Average dail¥ weight 

gain 1n the next. )8 ~s V8l"e o.81 and 1.09 lb, respectively. 

SUpplanentation ot caaro4 or caoo3 and trace element to a milk 

replacer given to calves prevented signs or de.ticienq which were 

seen when the supplemmts were not givm (Urbanyl et al., 1970). --
Felauan et al. (1973) condUCted two aperiments to stUd;J the --
arrect ot four level.a ot copper sulphate and two levels of 

chlorotetraqycline on the pai-formance of cal.Tes. The levels 

\ 
ot d1etal7 copper aulphate were 125, 2SO and SSO pp11 1n up918ent 
i, vbjle t.be levels ware o, 300, 600 and 900 in aperiaent II ~ 
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Fach of the copper level vas fed with and without 22 mg chloro­

tetraeycllne/kg feed. Results indicated a significant. ( P L O.OS) 

increase in average ~ gain due to cblorotet.raeycline. But 

increase 1n average ~ gain with copper sulphate vas CJD1¥ in 

experiment Il. 

S. Role of .Antibiotics in Milk Replacer 

several workers have shown an improved perf onnance in 

growth and reduced incidence of diarrhoea when fed antibiotics 

(Ba.rtl.:v et al., 19Sl; i\uaoff, 1951; Voelker and Cason, 1951; --
Reed and Velu, 1956; Mllrdock and Hodgon, 1961; Mudgal and Rq 1 

196SJ Tangi and Adan, 1964; Joussell1a et al., 196S and Ramsey --
and Witasaec, 1972). 5'Jpplanentation ot antibiotics to a milk 

substitute bad greatest growth promoting effect during the first 

tour veeks of replacer feedjng (Bloan and Knodt, 1952). Hagruder 

.!!_ !!e (1960) reported that feed efficiency vas 4U greater in 

antibiotic supplemented group than control. 

6. ilf ect of En!ple §Upplsenta'tion in Milk Replacer 

wn11ans and Knodt (1951) reported that addition or 

pa,pain powder and pancreatic povder to the milk replacer reduced 

the growth rate and feed can9U111>tion. Fries~!:!• {19S8) 

conducted an ap&l"jaent to stuc\Y the ettect or suppl818Jlting 

llilk replacer with ~es on the grovth or calves. Hilk 



I 16 : 

replacer was pl"edigested with aalt diastase, papa1n and a cmbi­

nation ot these two eDl1JleS• There was no significant illprove­

aent in growth or feed cansumption with aJfT of the treat.mants. 

Lass1t.1c et al. (19S9) report.eel that 0.5% pepsin depressed --
alightq the rate ot growth or all calves. 

A number or -workers (Holler et al., 19'6; Haven and --
Robinson, 1960; Radostitis and Bell, 1969; Gorril =md Nicholson. 

1910 and Matre, 1973) compared the digestibility or nutrients 

ot milk and various :milk replacers fed to calves. Noller et al. --
(19'6) reported that the Jl8all coefficients or apparent digestion 

\ 

of raJJl whole milk were IM= 94.8, CP = 90.l, EE= 97.8 and ~E = 

97.1~ The average apparent dr.Y :mat.tar digestibilitJ increased 

traa 2S% in 10 to 14 dQ'a old calves to an average or 7S.4% in 

26 to 38 dqs old calves. 'lhe digestil»l1:ty ot all the nutrimts 

in milk replacer was low at 6 dqs -• -. 
I 

f'rcm 6 dqa onwards to 24th dq l' 

and Robinson (1960) and Kzemnov cf 
bility or ctq matter in whole mil 

replacer diet. !Jatre (l.9'1.3) 

vas ~ aa well di&eated. as 1n 

' ' . " Yomc (1'S3) reported 1 

/ 

; ,.. . . 
/ ,_ 

but increased cc:nsistent~ --

.-.-: 

~ 

--~-

..Jc 

~no signi-

..rth, vi ther 

-- -
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There was no significant di.ft erence 1n weight gain or intake or 

Ilf/kg gain vhm calves were fed with milk ar milk substitute 

(Krisgard et al.., 1964). Randel (1968) observed that growth rate --
vaa higher in the group g1 ven vbole milk at least. to 3 weeks o! 

age, but atter that there vas no difference in bo<V weight gain 

of' calves fed with whole milk or milk replacer. More consistent 

gain in ~ weight, was observed vit,h milk replacer when whole 

milk feeding vas discontinued at 17 days of age rather than at 

10 dqs or age (Baish et al., 1968). Radclit.t and ~t,e (1970) --
reported that whole milk t eEKfing vas superior in tenns o.t weight 

gains as compared to milk replacer feeding. There was no signi­

ficant difference on weight gains of calves fed mi.llc or milk 

replacer (Gorril and Nicholson, 1970b). Press and icrolfsec (1971) 
I\ 

reported that calves givm milk substitute gained 13% ll<>re than 

those given whole milk~ Oa.i>lak ~ ~· ( 1975) reported sjmil ar 

gains in calves fed milk and milk substitute in which milk fat vas 

antirel1' replaced by rapeaeed oil and casein was partiall3 replaced 

by wtuv/albumin and which contained starch/ sugar. 

A number o! Workers (Dirt, 1966; Ackeman et. al., 1969; --
Perks et al. 1 1968 J Khouri, 1969; Willet et al. , 1969; Wilson, -- --
1969J Davis and Woodward, 1970; Hicotov, 1973 and Fowler~!!•• 

1974) compared once a dq versus twice a da1' reeding or Jlilk 

replacer to dail7 calves. Th4V' reported that there vas no signi­

ficant ditterence in aftl'age daiq gain, heart girtJ'l, wither 
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height gain or consumption of milk replacer. Once a day feeding 

as compared to twice a dq f ee'ing did not cause arq increase in 

number of digestive disorders • 

. . . . 
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EXPERIMENT I 

The objective of this experiment was to st.udy the varia­

tions in citric acid contait of buffalo milk during the di.ff erent 

stages of lactation and to find the effect of milk yield on citric 

acid 1evel in milk. '!his experiment will help in computing milk 

replacer diets for buffalo calves from birth to three months of age. 

MATERIALS AND METHODS 

Selection of the animals 

Six new]J" calved buff aloes were selected and were fed 

standard fa.rm ration. Q>lostrum. samples were taken on the ~ 

of calving from these animals and milk samples were taken at one 

week intervals. Milk yield of each animal was also recorded at 

the time of sampling. The concentrations of citric acid in 

buffalo milk were estimated according to the method of Marrier 

and Beul.et (1958) with slight modifications. one ml of colostrum 

as well as milk was diluted 10 times vi th 10% trichloroacetic 

acid to precipitate the protein which was removed by centri.f'uga­

tion at 2000 rpm for 10 minutes. Deproteinisation was essential 

to avoid precipitate formation after colour development with 

pyridine and acetic aneydride according to the original method. 

Q>rresponding blank contained the same amount of 10% trichloro­

acetic acid. Samples af'ter colour development were read at 420 mu 

in spectronic-20. 
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R~TS 

'lhe data for citric acid concentration in milk and milk 

yield on the dQ' ot sampliDg is given in appendix I. 

'!he citric acid content in milk vas maximum (219.31 mg/100 

ml) in the second month or lactation and there after there vas a 

continuous decrease upto 7 months of lactation as shown in table 1 

{F~. 1) ~ The overall mean citric acid content vas 180.9 mg/100 

ml of milk in 7 months. statisti~, ana.J3sis of data (table 2) 

indicated that the effect of different months of lactation on the 

citric acid level in buffalo milk was significant (FL 0.01). The 

variation in citric acid content from animal to animal was also 

s1gni!icant. It was also observed that milk yield has some effect 

on the citric acid content of milk. 

DISCUSSION 

several factors bave been artectJng tha cit.ric acid 

content in milk. Davidov and Kruglova (1960) reported that 

citric acid concentration in milk vas highest in winter (210 mg/ 

100 ml) and least in summer (208 mg/loo ml). ADagama and Kami 

(1962) observed the same pattern of citric acid in milk and 

suggested that lower values or Ci. t.ric acid in suwner could be 

due to the high environmental taaperature. Anagama and Kami 

(1963) .found a decrease in concentration of citric acid in milk 



Table 1 

Leaat square means tor the concentration ot citric 
acid at ditfereot months of lactation 

Months or 
·' lactation 

l 

2 

3 

4 

s 
6 

7 

Citric acid 
concentration 
mg/loo ml 

187.4 

219.4 

209.0 

193.3 

166.0 

156.2 

13S.o 

SE 

+ s.s2 -
±9.02 

± 7.63 

±7.84 

+9.62 -
+ 1.06 -
+6.22 -
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vben it vas aposed to S'JDlight !or S - 30 minutes. A slight 

increase in the citric acid concentration at mid day than in the 

morning and a similar increase in the first milk than in the 

stripping vas also noted by Anagama and KaJn1 (1964). Thus it is 

clear that concentration et citric acid in milk changes due to 

the interaction of different f'actora. 

'!he resul.ts in this Eaperiment shoved that concentration 

of citric acid in buffalo milk goes on decreasing vit.h the 

advancement of lactation and these results are in accordance 

with the findings of KaDJal et al. (1960); Davidov et al. (1961) -- _.._. 

and Yusa et 8.1. (1969 ). The higher Talue of citric acid in --
buffalo milk in second month of lactation folDld in this study 

was comparabl.e to the f'indings of Sal am and ~ (1966). But 

in this study, no increase in citric acid concentration in the 

71!h month of lactation was observed as reported b7 than. It 

might be due to low JDilk yiel.d in this month aa milk yield was 

found to haYe positive corelation with citric acid in this 

As the main purpose of this m:periment vas to stu<tr the 

changes in concentration of citric acid in milk, so that similar 

amo\Dlt or citric acid can be added in milk repl.acer diet ot 

buf'falo calves. This stl141 revealed that citric acid l.evel in 

the milk of 6 buffaloes ranged fl"OllL 135.ID mg to 219.J,mg/l.OO ml 

and the milk yield ranged from l.S kg to 6.8 kg. OD Ill basis, 
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citric acid\GPuld be in the range of 0.9 - 1.46% showing an 
7 

average of 1.36% in first three months of lactation, but average 

citric acid content in cow milk on dr,y matter basis was found to 

be 1.9% (Prasad, 1974). The dirf'erence in citric acid concentra-

tion in butf alo and cow milk was in accordance with the earlier 

findings of various workers (Ananthkrishnan _!! ~·, 1943; Ismai 1 

~ !!·, 1971). 

Conclusion: The citric acid in milk substitute needs 

to be mixed at the rate of 1.36% in case of buffalo calves. 

*** 
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'lhe purpose o! W.s aperiaant vu to ccapare the ett ect 

of tee11,. a1lk and a1lk replacer OD the growth rate ot buffalo calves. 

Fovtem but~alo calves 118198 weaned at birth fl"Qll their 

d9s tar tbs purpose ot W.. stu.c:\Y. · Two calves died during the 

aperiJaent and were acluded Ina the final statiatical analysis 

of the data. Rest; ot tbe 12 calves wre divided randcwl7 on the 

basis ot ~ weight into two groups of 6 each• one served as a 

cont.rol group land the other as an aperimental group 11. Descrip­

tion or the calves is givsi in table ). 

Table 3 

sr.No. Clroq> I (control) Group ll (uperimsital) 

?Unbar m:rth v81iht m m:rth weight 
(kg) (kg) 

i. 784 24.S 1167 24.0 

2. 791 3S.S 1199 )S.o 

3. am. n.o ll.88 30.0 

4. 821 36.S USS 31.s 
s. 830 JS.o llll lS.o 

6. W&S 36.S 1175 37.S 

Mean• J3.2 Mean• 33.2 
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The average birth weights of calves were 33.2 kg in 

both the groups. The weight of all the weaned butfalo calves 

were taken before feeding colostl'Wll. 

Housing and Management or the Calves 

All the calves were housed in a well ventilated byre 

so constructed as to keep them caa!ortable. Calves were kept 

in a wooden cage. The noor was washed dail1' with tap water 

and then phel\11 was sprqed• The walls of byre and wooden 

pens were white washed weekl3. The,y were managed for preventive 

treatment as sh.om in table 4. 

Feeding .;)chedule of Calves 

. 
Calves were red. 2 kg colostrum per day per calf tor 

the first four dqs of age when the birth weight of the calf 

was upto 35 kg. Additional half kg colostrum was given for 

every 5 kg increase in birth weight. After the col.ostrum 

period, calves in both the groups were given dam milk upto 

the age ot 14 days. Milk vas reduced gradually f roa fifth 

day omrard8 upto 9 days ot age• in order to avoid t.he 

incidence o! diarrhoea. '!his decrease was f olloved b.r a 

gradual increase upto 14 dqs or age. 
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Table 4 

Package of Practices 1n Buffalo Calves 

Age Treatments 
(Days) 11 2, 31 

l Or~ Aur01117c1n nutri­
tional formula 2 spoon­
tul 

l sealing naval vessel.a 

2 Vitamin A concentrate 
(1 ml vitablend) 

) P:Lperasine adipate, 
2 spoonful 

l!btaroviof orm 1 tab1et 
followed b.r 1 Oz liq. 
paratf in after 6 hours. 

4 a. Bltf. antiserum SO ml 
s/c 

b. strinacin 1/2 to 1 
tab1et 

7 Asondq3 

8 SUlmet course !or 4 
dqs 

Preventive against 

Calf scour 

Naval m 
Night blindness 

Ascariasis and 
Dysentey. 

To raise antibod7 
titre in blood 
Diarrhoea/ Call 
scour 

Ascariases and 
lqsentr.Y. 

CocGidiosis. 

1 Mineral supplanent dail1" 

2 -.s or Aurotac dail1" 

'- I • •: l 
.. ) Rovimix in oil once a nek 

(10,000 1.u. or vitamin A) 



'lbe calves in cont.ral group vere given whole llilk, 

heated and cool.ed to bod¥ t.Perature upto the age of lS vaeks 

according to the schedule given 1n table S. . 
( ,·. 

Table S 

·, &., • -

.l •. . . . -Milk (kg) 
,, Horning Evening 

Upto JS 1cg l.O 1.0 

)6 to 40 kg i.s 1.0 

bl to 4S kg l.S i.s 

46toS0kg 2.0 l.S 

Sl to SS kl · 2.0 2.0 

S6 to 60 kg 2.s 2.0 

61 leg and above 2.s 2.s 

As mentioned earlier feeding schedule of uperiaental 

calves was same as in the group I upto the age of 14 dqs. 

On the f'ift;eantb dlq', calves ware ted milk replacer along vi.th 

JDil k. fhere attar a1lk replacer quantiv vas incr-.aecl vi th 

the gradual d.ecreaaa 1n the whole milk as per the t~1 ng schedule 
. . 

given in table 6 • 

• 
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!able 6 

Age IBlk Rl1i riPl&CS" 
(Dqa) (p) 

0-1.b Milk as per control calves -
lS-18 ,, '' 

,, so 
19-22 '' 

,, ,, -o.s kg 100 

2)-26 ,, ,, ,, -i.o k& 200 

27-JO '' 
,, ,, -i.S kg )00 

31-34 ,, Ii ,, -2.0 1rg 400 

10d7 weight 
(kg) 

40 Mintmm one kg ldlk SO<> 

4S ,, ,, sso 
so . . ,, ,, 600 

SS ,, •• 6.SO 

60 ,, ,, 700 

6S ,, ,, 7SO 

70 ,, '' 
800 

7S ,, ,, a.so 
80 ,, ,, 900 . ' 

as ,, •• ~so 

.... 

90 1• L ""· 
,, 1000 

4 \ ' I ' 

~ I .. • ' . . . . . 
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Calves were provided a m1n1mm o! LS kg ll1lk upto 2 

months of age. Attar that cmq LO kg milk vaa givm upto lS 

veeks of age. 

The milk replacer givm to the calves vaa ot the 

oomposition as given 1n table 7. 

Table 7 

fheat tlour 8 Jrg 
Fish meal l2kg 

Linseed meal 40 lrg 

Q>conut oil 6 kg 

Linseed oil 6 kg 

}k)lasses 6 kg 

Citric acid i.s • 
JUtyric acid o.66o litre 

Auro.tae 
.300 -

Rovim:lx ]$pa 

Mineral mixture ].O Jrg 

Three kg mineral llhture added 1n milk replacer vu of 

the following composition. 

Dl.caloium phosphate 
(Jlalk 

Sodium cbloride 
rerrous sulphate 
a>pper sulphate 
O>balt cbloride 
Potaa&ia iodide 
sodium tlouride zmc sulphate ' 
HaJllaDeae oxide 

•• 

. . ... 
·. 

J..6S ks 
0.3312 Jrg 
o.'9000 kg 
o.cnso k& 
o.«>021 kg 
o.OOJ.S kg 
0.0003 kg 
0.0003 Jra 
0.0075 kg 
0.0021 kg 
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Weighing ot Calves 

I .. , All the calves were weighed at weekJ.1" intervals. To 

compare growth rate and teed etficienq • da1l,y teed intake and 

weekq gains were recorded for all the an1maJ s upto lS weeks or 
age. 

The results of the effect, of feeding milk replacer 

containing citric acid to buffalo calves an the growth rate. 

efficiency of feed conversion and econcmics ot feeding milk 

replacer are presented. 

The data tor growth at veekJ1' intervals, average i.nitial 

body weights, average final weights and gain in weight between 

two groups are given in table 8. 'l'he data tor individual cal.t 

is giveo in appendix II. The mean birth weights o! calves in 

both the groups were 33. 2 kg. The average final weight after 

15 weeks of age were 76.S and 63.l kg in groups I and u. respec­

tively. Average gain in weight during the saae period were 44.3 

kg in group I and 30.2S kg in group II. 

Frolll fig. 2. it is apparet that grovth carve for absolute 

weight gain per week vao ~erior in calfta fed llilk replac_. 

diet upto 10 weeks ot age. Bit atter tbat ab1Dlute weight gain 
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~hoxiJJ.g gam 1n :b12!l::z._gkbt 

Calf Birth Age (weeks) '.veight 
number weight gain 

(kg) l 2 3 4 5 6 7 8 9 10 ll 12 1.3 14 l5 

CQnt;cQl 11;rou1i 
784 24.5 25. 8 28.0 29.0 31.0 33.5 32.5 38.0 39.0 44.0 45. 0 48.5 54.0 57.0 58.0 66.0 ~1.5 

791 35.5 35.5 30.5 30.5 32.5 34.9 36.1 38.0 40.0 42.S 43.0 46.5 51.0 54.5 58.0 64.5 29,0 

801 31.0 30.0 32.0 34.5 34.8 35.5 38.0 39.0 41.4 45.0 50.5 55.5 60,5 62.0 69.0 75.4 45.5 

821 36.5 35.8 35.0 35.0 34.5 36.7 39.4 42.5 45.5 48.5 50.5 55.5 60.8 65.0 71.5 76.5 40.Q 

830 35.0 31.8 33.5 34.5 37.5 39.5 44.0 47.5 50.0 51,0 57.5 64.0 67.3 71.5 79.5 84.5 s25 

845 36.0 35.5 36.5 38.0 40.0 41.0 45.0 48.5 52.0 57.0 62.0 68.5 73.0 79.5 86.0 92.0 56.5 

Average 33.2 76.5 44.3 

Eiget!m~n~al ~2.W>. 

1155 :n.5 35.8 36.0 38.5 39.0 39.5 40.5 43.0 44.5 44.5 46. 0 49.0 53.5 55.0 56.0 58. 0 20.S" 

1167 24.0 28.0 32.3 34.0 36.0 38.5 41.0 44.0 45.0 46.9 48.0 50.5 51.2 51.6 54.4 57. 0 33.0 

1173 35.0 38.5 41.5 44.5 47.0 48.5 . 54.5 55.4 59.7 60.0 61.1 62.5 66.2 62.4 70.0 71. 0 36.0 

1175 37.5 37.5 40.0 40.5 43.0 43•4 49.2 53.4 54.4 59.9 59.5 61.7 63.5 65.8 70.5 71.8 34.3 

1188 30.0 31.6 33.0 36.5 38.8 41.0 41.0 43.5 46.2 47.5 48.7 48.5 48.7 52.0 53.l 56. 0 26.0 

1199 35.0 36,2 37.5 40.0 43.4 46.5 46.0 48.3 51.6 56.0 56.4 57.4 56.5 61.0 63.0 65.0 30.0 
.. 

Average 33.2 63.l 30.25 



Ta1>1• 2 

..... LiCNM 
ia (kl) • 
• ,.. • (p) 

0 )l.2 - 800 em S.8060 -o.02.Wl -0.lb 

1 32.'6 200 28 S.7816 0.0062 0.09 

2 32.6 1000 ll&.) S.1818 0.0302 o.1'3 

) )].6 JJm 200 S.8180 o.a.io o.S9 

" JS.O l9CX> 271 S.8SS1D O.OS26 o.n 
s )6.~ 2200 llJi S.9118 o.os;ao o.as 
6 39.1 )100 WU S.9698 0.0162 1.13 

T Ja.2 ~ lla3 6.c»ii60 o.OSS3 0.19 

8 W..6 llaOO Jell6 6J01 3 O.ODS 1.<8 

' ws.o *30 Ja86 6.J.7W) o.0686 1.00 

JO $1.4 5800 m 6.~ o.0928 WO 

u $6.la l&'ICD 671 6.lJ62 O.C7199 1.10 

12 61.1 )800 S1'3 6.Wl 0.0603 0.90 

lJ Qa.9 SlaOO Tl1 6,JQQ O.C8J2 1.19 

lk TO-J 6200 886 O.SS66 O.C8&5 1.26 

1$ '16.S - - 6.61&11 - -..... la! 0.81 



Age 
in I 
weeks 

0 

1 

2 

3 

4 

5 . . 
6 

7 

8 

9 

10 

: 11 

~ 12 

13 
r 14 

is 

· Table 10 

·~ The absolute and relative growth rate of calves 
fed on milk replacer tor 15 weeks 

('81cg1r Increase Gr01'th Natur81 log Increase 
m rate ot weight in log m 

Jll (gm) per log m/UXJ 
dq 
(gm) 

33.2 1400 200 S.8060 o.ous 

34.6 2100 300 5.847S 0.0590 

36.7 2300 329 S.906S o.0608 

39.0 2200 314 5.9673 0.0548 

41.2 1700 243 6.0'221 0.0405 

. 42.9 2500 351 6.0626 0.0567 

4S.4 2500 357 6.1193 O.OS34 

47.9 2300 329 6.1727 0.0470 

so.2 2300 329 6.2197 o.0449 

s2.s 800 ll4 6.2646 o.0149 

S3.3 1600 229 6.279S · o.cn91 

54.9 1700 243 6.309'2 0.0304 

S6.6 2000 286 6.3396 0.0348 

58.6 2500 351 6.3744 0.0417 

. 61.l 2000 286 6.4161 0.0323 

63.l - - 6.41'84 

Average 28@, 

Relative 
growth rate 
per cent 
per da;y 

o.60 

o.86 

0.89 

o.ao 

o.S9 

0.81 

0.79 

o.69 

o.6S 

0.22 

0.42 

o.44 

o.50 

o.60 

0.47 

0.62 



Table 11 

Representing average growth rate, feed conversion efficiency 
and economics of feeding milk replacer. 

Group Num.., Average Average Average Mean Mean Mean Feed -co_s_t_ -of-- -cost of 
num- ber number gain 1n growth total milk total gain milk @ milk 
ber of of days weight rate milk repla- dry ratio ~.2.20 replacer 

an1- fed (kg) per day con- cer matter (kg) per kg @ lb. 3. 00 
mals (kg) sumed con- con- per kg 

(kg) sumed sumed 
(kg) (kg) 

I 6 105 44.30 0.422 327.7 - 52.4 1.18 720.54 -

Total Cost per 
cost kf gain 

(JB. ) ~.) 

720.54 16.27 l ... 

II 6 105 30.25 0.288 157. 9 53. 8 73. 68 2. 43 347.38 161. 40 sos. 78 16. 83 ., 

------------------------------------- - ·----·-·----- ._._._.._ ~...._..._..~ 
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per •eek •as higher in calvea fed. whole milk and grovth curve 

_·of calves fed milk replacer could not; keep pace with tha"t of 

cont.rol group. '!he rela"tive grovt,h rate per week was estimated 

to be o.81 and O.~~ per dq in groups I and II, respectiveq 

as ah011D in tables 9 and 10. 'lhe average gain in bo<b" weigh"t per 

dQ" in calves vaa 0.41al kg in group I and 0.288 kg :in group II 

(Table 11). 'lbe average calculated 1b 1 values were 2.90 tor 

group I and 2.00 !or group II as shown in table l.2 (P l O.Ol). 

Table l.2 

~sian coaf'ticients i.e. 'b • values ot 
vth at veekli interval 

lbraber of Animal a 1b 1 value 

Gr'oup I Group n Group I aroup II 

784 11.55 2.64 1.51 

791 1167 1.96 2.01 

801 ll73 2.91 2.36 

821 1175 2.6J 2.46 

8JO 1188 J.40 1.64 

845 1199 3.86 2.03 

Average a 2.96 2.0 
-

Calculated "t" value 4.066** (Pl 0.01.) , l 
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The dr;y matter intake was more (7J.o8 kg) in group II 

as canpared to group I (52.4 kg), although milk consumption was 

Sl.S% less in groq> I than group II. The teed:gain ratios were 

estimated to be 1.18 and 2.43 kg in groups I and II, respectively 

' (Table 11). Total average cost of rearing the calves upto 15 weeks 
b°Ot•1fl 

of age vas estimated to be Rs. 720.54 on whole milk and Rs.~)i 

on milk replacer diet when the cost was Rs.2.20 per litre for 

milk and Ra.J.00 per kg for milk replacer. The cost per kg gain 

vas found to be Rs.16.27 and Rs.16.83 in groups I and II, respec­

tively. 

DISCUSSION 

Growth is such a phenomenon which can be defined in various 

ways. According to Mitchell (1962), animal growth is summation of 

those co-ordinated. biological and chemical processes that are 

initiated vi.th the fertilization of ovum and are terminated with 

the attainment of the bod;y size, conformation, peysiological 

capabilities, characteristics of the species and the hereditary 

background of the individual. Growth is characterised by the 

deposition or protein and fat which is supposed to be an integral 

part ·or all the cells. Growth or an animal depends not only 

upon the nature of diet, but other factors like environmental, 

managanental and hormonal etc. Bit when· al1 other factors are 
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controlled, it is o~ the nutrition which might affect. the 

growth rate. Animal growth is divided into two phases. 

(1) Selt accelerating phase 1n which both the absolute 

and relative growth rates are linear per unit time. In this 

phase instantaneoua rate or grovtb, dv/ dt depends on the growth 

alreacV" attained dv ,__ 
at;' :II A•• 

(ii) Self inhibitory phase: 'nlis phase tollows the selt 

accelerating phase and starts onl.¥ atter puberty. In this phase 

relative growth is not proportional to initial body weight. 

This study was concerned onJ.¥ with the self accelerating 

phase of the calves. 

The results obtained in this study showed that calves 

t ed milk replacer grew at a slower rate than those fed whole milk. 

i'bese results were supported by the earlier findings at Eskedal 

et al., 1957; MurlEV et al., 19S7; Neathery et ai., 1973; Bakshi, -- -- --
1974 and Arora et al., l.97S. --

SOiie workers have reported the higher gain in body weight 

when calves were fed milk replacm- as compared to whole milk 

(Young, 19S3; Darwish ~ !!•• 1968 and Press and Kroliczec, 1971), 

'While others romd no difference in body weight gain vhen calves 

vere fed whole milk or milk substitute (Krisgard ~ !!•• 1964J 

Gorrill and Nicholson, 1970b; PalieY ~ !!•• 1973). 
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Tm slow rate or gain in calves fed llilk replacer in w. 

study might indicate the less biological value or crude protein, 

fat, HFB and dry matter than in calves fed whole milk vbich va• 

in agreemmt with the earli• reports or varioua workers. Noller 

~ !l• (19S6) observed leas retention of ~· calc1llll and pho91>horu• 

wtum calves were ted milk replacer as C<lllpared to milk. Th• 

aa8'm11 ation of '2 was poor in cal vea provided milk roplacer 

than the calves f'ed whole milk (Klsemonov, 196S). Matre (1973) 

reported that tat in milk r~lacer vaa not as well digested aa 

in whole milk. The digestibility or dry matter in milk replacer 

diet was significantl3 less as compared to whole milk diet (Noller 

et al.., 1956; Raven and Robinson, 1960J 10.zaaonov, 1965). --
lllt the above mentioned results were not in accordance 

with the work of Gorrill. and Nicholson (1970a) who found no 

ditference in nutrient utilization or calves !ed milk ar ailk 

substitute. The retention of' N2 •a relativ~ higher in calves 

fed milk replacer as compared to whole milk (Pr••a and Kroliosec, 

1971). So it mq not be possible to reconcile the contradicto17 

findings in different reports, alt.bough Jl1lk replac• baa been 

found to be interior to whole milk for growing calves by 110st ot 

the workers. 

1his milk replac.. contained coccmut. aPd linseed oil a11 a 

source of fat. Coconut oil waa uaed becanH it haa got aore aaturated 
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fatty acids than unsaturated fatty acids, while linseed oil 

provided the linoleic acid along with saae other lmsaturated 

!atty aeids. Coconut oil has been reported to be 66% digestible 

when fed to calves, ~eon homogenisation it is 90% digestible 

(Hopkin, 1969). Linoleic acid, provided by the linseed oil 

helped in the proper development ot hair on the shining coat of 

calves (Eakedal et al., 19.57). Brom et al. (1964) reported that --- ,._, ._ -
opti.mpm level of coconut oil in milk replacer vaa 10 per cent. 

Poor growth found in this experiment in calves fed milk replacer 

might be dUe to high level of linseed oil lilhich is vecy rich in 

unsaturated tatty acids. Probabq calves could not utilise 

these acids and showed the high incidence of loose f'aeces. It 

was possible that high citric acid (1.$%) mixed in milk replacer 

might not be useful in relation to energy and might have been 

a depressing factor which needs to be elucidated .further. 



······ ~~·~~·~·········· SlJHHARI ARD OOKCLUSIOIS 
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SUMMARY AND WNCWSIUNS 

The studies were conducted in experiment I to estimate the 

citric acid content ot butt alo JDilk in cliff arent months of lactation 

and to evaluate the effect of milk peld on the citric acid levels. 

'lhe other aperiment was undertaken with a view to stuey the et.feet 

ot feeding milk replacer containing citric acid on the growth rate, 

teed conversion efticienc.r and its economics. 

Six narly calved butfal.oes were taken in mperim.ent I and 

were fed on standard farm ration. Hilk samples were obtained and 

analysed. at an interval or one week upto 7 months of lactation. It 

was f owd that citric acid content goes on decreasing with the 

progress in lactation. It was :maximua (219.I,mg/1.oo ml milk) in 

second month and minimnm {lJS.o mg/100 ml milk) in 7th month 

of lactation. Milk yield was found to have positive corelation 

with citric acid lnel ot milk. 

Fourteen birth weaned butf aloe calves were taken for second 

aperiment and were divided into two groups. Calves in group I 

were ted whole milk whereas calves in gro'Op II vere fed milk replacer 

upto 1S weeks of age. Two calves died during the aperlmental period 

and their data were excluded. 

J.n 
Average gain4'.bo~ weights in lS weeks of age were 44. 30 

and 30. 2S kg in groups 1 and II, respectiv~. The gain was 

appreciabl3 higher in calves f'ed milk than milk replacer group. 
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Absolute growth vaa superior upto 10 weeks or age in calves 

fed milk replacer but after that growth was better in calves ted 

milk, upto lS veeka of age. Fifty one per cent reduction in the 

consumption of milk was practised in calves fed milk replacer. 

The total milk COD8\111led vas 327. 7 and 1S7. 7 lit.r• in groups I and 

II, respectiveq. The ctr.r matter intake vas S2.4 kg in group I 

and 73.68 kg 1Jl group II. Feed.1gain ratio was 1.18 in group I 

and 2.h3 kg 1n group II. 

Total cost of rearing the calves upto 15 weeks of age vas 

Rs. 720.S4 and Rs~SOS. 78 in groups I and II, respectiv&q. ait the 

cost per kg gain vas more or less the same. 

<bnclusionss 

Pertomance of calves fed milk replacer vas not optimum. 

Poor gain in bocV' veigbt might be d.Ue to higher level of exogenous 

unsaturated tatt7 acids and leaser level ot aaturat,ed f'atv acids. 

Citric acid vas added l.S% in this IDil.k replacer on DM basia which 

is slightll' higher than the level of 1.36%, observed in this stuc\J. 

So to obtain the better growth rate in buffalo calves, this Jll1lk 

replacer should be modified and improved turtber. 

*** 
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