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I • ; a 0 DUO T I 0 • 

The bactenol4&l aoU'I'1 t7 ot raw III1lk waa tirst 

ob.al'ved b7 'olekal' (1890) 1n 1'&W coat'. 1II111t. Blnca 

than 1nt.I' •• 1; has 1ncl'.a •• d gr.at17 1n 1'808&t 7.&1'8 

with the "eall .. tlon that, the anUbaotenal PI'OP81'1I7 

ot a11k ... du. to a group ot hetel'ogan.ou •• ub.iI .... 

P1'Obab17 unr.lahd to .aoh oilhel', with d1ftanns phy.loo­

ohalll1oal pl'opel'tl... Th •••• ubatanc •• ez81't.d a to181 

01' pari1al 1Dh1ll1 tion on the S"owth ot III&IIT 111101'0 Ol'ga­

niem. lnclud1ng at1'a1na of laotio atl'.ptoooool. 

Th1. group ot hetel'og.neo ... substanoe. with antl­

baoterial 80U '1'1 t7 in 111111< can be ".oosni •• d a. the 

aggluUnin. ln the Whe,. pl'ot81n. ot III1lk, aa .. U a. 

that a .. oclated wUh the tat globul •• ot mUk and the 

1nh1b1to1'7 subatanoes 1n the wh.,. pl'Ot.1na ot 1II111t. 

In 1'8O.n1l ,..a". a numbel' ot 1nvest1gat10n. hev. 

been eon ~uoted on the agglutinina 1n III1lk which &1'. 
al'801t10 anUbod1 •• , tIlat heve be.n Shown to 000"" in 

the 1mmUIle slobuUn tooUon of III1ll1: whioh &1'. p"eton.d 

1n the blood of oow. Il.nc., the I'S08nt advanc .. in the 

.lu014&tloa of the stzuotU1'8 and pl'Op.ri1 •• ot the iamuno­

Slobullna of ...... Uan .ua la al.o appUoabl. to 

the lJl111lUU1 slobullna of III1ll1: and 0010at1'UlA .1no., a. ln 

blood ae1'1lW, thr •• _in ala.... ot ll111Wloglobullna, I sfJ, 

ISIl and IgA, 1n 111111< and oolo.trwa, Whloh app .... to 0 ... 1'J 
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anUbody acUVity ha..,e been reoOgnised (Jlaoh.!!!Il. 

1969) • 

Yet anoiher group ot agglutinine has been ehown 

to ooour on the surtaoe ot the tat globule me.b~. 

called the tat globule agglutinin. (Kenyon.!! ... 1818). 

!he ob.enaUon. that the phenomenon ot aggluti­

nation interfered .er1ouely with the manutaoture ot 

oottage ohee.e (Emmons.!! 11. 1963), and the role ot 

tat globule. 1n the 1nh1bition ot starter. (Jago. 19~, 

and Gil11e.. 1960) wore the toous ot 1ntereat to the 

da11'1 m10rob10logists 1n reoent ye~ •• 

!ha publiahed reports in the paat decade 01' two 

on the agglut1nina ot the whey protein. and the fat glo­

bules ot milk are inadequate to proVide aonolusi..,e .. i­

denoe to prove Whether the •• two antibodies are identioal 

or only antigenioally related. 1n which ca.e they -.y 

be expeoted to have both common and dietinotive .truc­

tural feature •• 

Although extenaive etudi •• ha..,e b.en undertakon on 

tlle agglutinins of cow milk. there i. pauoity of .1a1lar 

studi .. on the agglutinin. ot buttalo milk. 

!h. importanoe of the buttalo tu milk pnduotion 

1n India need hardly be •• phashOd. Benoe. it was thought 

that a study ot agglut1nins 1n butfalo aDd oow milk would 
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be of Tal.. f~ tile 4a1J.7 11ld1lllt17 due to _e 1aportallt 

role of aaglut1n1na 1n the general tmmune reapons. aa 

well a. 1n tbe pa •• 1.... tranater of 11D1BuBi t;,. froa JIIother 

to offspring. 

fb1. 1nye.t1gatlon 1. undertaken to atud;rl 

a) the natura aDd propert1e. ot the ~gglut1n1n. of cow 

and buff.lo JIIUk witil a view to eluoidate the 1nter 

relationship bet.een tbe .ne;,. prote1n aIId the tat glo­

bule agglut1n1ns ot tha two spac1es, b) the bahaY10ur 

of d1ftarent baoterial .trains towarde tbe agglut1n1n. 

of oow aDd buffalo 1II11k, 0) the aaglutin1n aourtty 1n 

the III1lk trom ... t1tio udder and the re.ponse of udder 

towards 1nTading pathogen., d) the 1ntlueno. at oole.tral 

ant1bod1es on the agglut1n1n aot1v1ty 1n the blood ot 

oow and butfalo oalY •• aDd a) the atteot ot s1llloept1bl. 

and reaistant baoteria on the feraentation at III1lk. 

!he pre.ent findings ot the 1nya.tigation haye been 

d180U ••• d 1n relation to the1r iJllplioat10n8 on.uoh para­

metera a8 ditterent1al su8cept1bi11ty to d1.ease. a. well 

as ita po.a1ble rola 1n calt JIIortali ty and the 1aportalloe 

ot seleoting .uttabla culture. for preparing termented 

III1lk produots. 

further, a a1ucl¥ on the agglutinating alltibodie. 1n 

the III1lk of difterent breede of an1l1&la, and the1r role 

1n the oontrol of udder 1nteoUona, ..., provide lnhreat-
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ing intormaU on and Taluabl. .olllUon ~o ooebat the 

10 .... dll. h •• UU.. th. 81I"al 10.. lulU'''.' lue 

110 •• U U. alone in India, 18 •• U_t.4 110 be abOllt 

111.110 110 80 oroI''' (AJlaDianmlah, 1981) aDd in 1&1111-

la41l abollt 1II.2.e to 3 01'01' •• (~l'iahDa.w&mT, 1'8'). 



llEVIEIf OJ!' LUDUUD 



aaw III1lk haa the pNpar~, ot 1d.1l1ns: 01' 1Dh1b1 tins: 

the gronh ot -n;r 1II10roorslll11 .... (pdhopnio 10!14 npro­

~~io) to .~ma extent. !hara are evidencaa tor the 

prasenoa ot 1Dh1b1tors 1n raw III1lk whioh d1trer 1n the1r 

antibaoterial specifioltle.. !hia prope1't, 1s retarra4 

to aa the se1'lll10i4&1 propert, ot III1lk. 

1. De p1'lll1014al pupeEll' ot 1111)51 

!ha preaenoe in III1lk of a sa1'lll1014&1 aotiY1t7 ... 

tiret demonstratad 10, Pokkar (1890) in raw soat alIt. 

Hunsiker (1901) atudied ~he ao~ion ot alIt ot til.. ln41-

vidual cow. on their own milk tlora, and ob.erved a 

markad d.orea.. in baoteria 1n tha milk ot aome oowa 

and none 1n other8. ae alao 1nv.s~igated the possibla 

variat10n in tbe g81'1111014&1 pcwar 1n tha III1lk trom ditf­

erent OOW8. 8took1ns: (190.) expla1ned ~ha~ the redutton 

in the nWlber ot baoteria in the DI1xad alIt tNa a he.., 

ot 30 oow ... a due to the death of tho.. orsen1_ whioh 

t01Ul4 milk an unfavourable .adl1111. UainS pure oul wra. 

Oop1ana (1907), EvaJ18 and Oopa (1908) and aosanaau and 

MOOo, (1909) .atabli8hed det1nite g81'111101dal aotion ln 

the III1lk 1n v81'71ng degrse. on qUite a nWlber ot dlff­

arent apaol .. ot baotaria. With tbe &1d ot miOrosoopio 

az.a1na~lon and plata ooun~, Ohamber. (1920) daDlOna~ra­

~ed tha se1'lll1014&1 pro pert, ln raw allk whioh .... paolt1o, 
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depending on both the 1nd1T14ual oow aDd the apecla. 

of bachrla. Sharman and Durran (1924) obaarnd thei 

Strepioco90u. 1&9'\1. we. defln1tel¥ lnh1bUed when 111.0-

oulated 1nto fre!h milk. Jon •• aDd Little (1927) found 

thei milk of oow. po •••••• d baoterioldal proper,laa 

wh10h 1Dh1b1ted the growth of mioroorganlama 111. milk. 

!h. aub.taaoa reeponaibla for the iDh1bit10n of organia.e 

we. referred by Jone. and Slam. (1930) .a laotenin •• 

!he r.lat1Te17 quiok death of Sireptooooeu, pzog!B!' 

in milk storad ai roo. t •• p.raiure we. attributed to 

the naiural 1nh1b1tory properil •• of milk by Pul11ngar 

aDd lCe.p (1937). W11.on aDd RoeenblUII (1982) reported 

that human and spat milk oonta1ned an antietraptoooocal 

prinolple .1milar to the lacten1n of cow milk but their 

att •• pte and thoee of the praT10ue workera to purify 

and 1d.ntify the laot.nin fa11ed. fhey alao ob.erYed, 

ihat milk we. 1Dh1bitory onl)' und.r aerobio oondUione 

and that there we. no lDh1bitory action lnnn. Auolair 

and H1rsoh (1983) d •• onatrated the pre.eno! of two 1Dh1-

b1tor), aubeianoa. 111. milk whioh acoording to thea war. 

laentlaal With the laai'nina of Jone.. Wolln and 10.1-

kow.kl (1988) reoogni.ed the pra.eDO. of natural baoie­

rial lnh1bl tory proparUa. of milk in ... a raw milk 

e .. plae, knom not 110 oontaill. anUbodi •• , .ulpha drup 

or quar1iel'D&l'Y .. onia compound_. Ve1ng B1irap1ogooos. 

nom" ao the 1Iea1l organ1 ... to e1lud7 the germioidal 
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propen1 of 1111111: BellD1D1aon aII4 ltoa1kow.kl (1967) rapor­

ted tbAt the letbAl etteot ot raw 1Id.1II: aII4 whe1 tor 

StreptOO900¥! prol!R!I ... prObab17 4ue to 4ef101eno1 

ot tn. aulpbJ'UJl, poup. aII4 4endured albua1u. 'Irish' 

an4 framer (1987) attr1buted the lnh1b1tion ot ac14 pro­

duot10n b7 0"rta1l1 .tanero 1n raw 1111111: 110 the action 

ot agglutinin. aII4 or .. m rio1n&. In the tollow1D& 70ar 

(1958) the authora, on furthar lnT.8t1sat10n., aus .. ate4 

tbAt, the aulutinin ... laotenin 1 aDd laotoperO&14a .. 

waa l~otenin 2. 11pte (1989) reported tho extlteDOe ot 

two 1nh1bit01'7 nbatuoe. In aheap 1111111:. &apld aII4 

A1bara (1959) atudiod the atreot ot a08ton8 traot10n. 

ot .... a whe1 Oil B1I011lu, ,ubUlh. Q9£l!lt.e9lmM 

%'1'0111 an4 !"her19»' 091&, and r,poned tbAt the 

iu1bitory eubatanoe. 111 III1lk remalned In the m.7 And 

we. aeeoolated with the b.tt laotoglobu11l1 ot Whq pro­

'elna. a.lter is .. (19S8) ahowe4 that the lnb1bltion 

ot oertaln .tra11111 ot ItreJ!t20oooU! oremor1,! 1~ milli. __ 

4ue to the .tt.ot ot laotoper0&14aa.. ltoa1kowak1 and 

O'Leaq (1968) ob ... rY04 thet duriDi IIq and JIII18 about 

66 peraent ot lriah III1lk •• howed theraol&blle lnb1bit1on, 

attributable to natural lnh1bitor7 BOuroe.. aeiter and 

Jloller 1184.en (1968) report04 that the 1nh1 bit01'1 .ub­

a1lano.a ot 1111111: are nwaero"., theT boll16, lllOhnina, 

laotoparox14aaa, auluUn1u and ,he lnh1bl tor ... 00iate4 

with tha tat. :rhe1 turther reported thet ra. llilk wa. 
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baota~oidal again.t group A straptoooooi aa4 80ma 

strains at group •• , G, B, K, and L but all tha at~ .. 

ot ,roup. B, 0, » and E wara raBieteat. A haat .tabla 

inhibitor,y taotor in milk against Baaillus Stearothermo­

phllu. waa obaernd by Ohe.nan a.n4 Ja;yna-'1ill1 .... (lIle4). 

(hay found that this tao tor .. senondialy.abla eeparated 

with the milk protaina on tiltration on 8ephadex - G-2D, 

lo.t its acunty on treatment with tr,yp.1n and ... 

prObabl;y a.8001ated w1th tha 81.ctrophoret10all;y alow.r 

moving oomponent. Randolph and Gould (1966) obael'1'ed 

that milk trom 1ndi.1dual co .. and herde inh1b1ted the 

ac1d production ot single and miXed .train culture •• 

Oram aD4 Reiter (1966) who .tudied the 1nh1b1UOll ot 

certain .train. ot group B Streptococoi and the ohemical 

nsbre ot tha 1nhillitorT oompound., poatulat.d that the 

inh1b1tor,y B;ratem ... oompoa.d ot laotoperoxida.e /thiG­

cyanate/B;rdro,en peroxida, who.e etteot on .treptooocci 

was highl, .tra1n specit1c. Reiter and Oram (1967) tound 

that eo ... ot the 1nh1b1tor,y .yU .... in II1lk operatad in 

other bodJ tluid. al.o. ~. inh1b1tor,y .,.t .... raported 

bT them wera laotoperoxida •• /thiooTanat~ydrogen paroxida, 

Ianth1n. oxida.a, laototraneterrin and oo .. pl .... nt. ead 

anUlledi... Vedanayakala.!1.11! (1,968) abdiad the se:a1-

01dal property ot milk and reported that the sermioi4a1 

aotion ot milk ... OAlT baot.~o.tatl0 and not baote~-

014&1. 
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a) WlqUn1y ",Qola!ce4 11th JhU H9le1!M1' 'lb.e 

ob"rYa~ion of agglu~ination of oer~n baoteria in milt 

serum 18ad Klnasa aa and ~lenn (1908) to ooaolud. that 

thAI Se1'll1014al &/lUon ot nlt .... a due to awuUnina. 

Uains thr •• dlfferen~ pure oultur.s Ohambers (1,80) 

ob.erved a be.t acglutinat10n of Oulture R and a 800d 

a8sluUnaUon of lU',ng laoU. 19141 1n raw 1l1lk and 

a weak asglutlnaUon of 1191'I1U1l 001&. Ke tu~ar 

reported tbat tllen w .. no oo ... on relation between 

afUth1.inaUon and baoterial l11h1llU10n. Bobb. (1939) 

exam1ned a varietl of milk organ181l. and attributed the 

olumping etreot ot milk to non.paoUio ag81uUnina. 'lb.e 

susgs.tlon that acglut1natlon and oreaming were mainll 

r •• ponaible for the illll1bltorl actlon of milk ... pro­

poeed bl Wright and ~raDl.r (19117). IIoftill1p. (1*) 

examined a nUllbar of faat and slow aold produo1ns .trep­

toooooal oulture. tor asglut1natlon ln raw ~ole milt 

and found tbat onll .low aold produolns oultures were 

agglutinated. Iteogh (19118) nported that agslutinaUon 

did not appear to be the direot oau.e of lnhibition, 

and or ..... iIl8 r •• ulted ill phyaioal ~oYal at orSani .... 

trOll the bulk ot the Ililt. a. reported s1gn1!1oet illll1-

biUon ooourred due to asglutinatlon, onll When thar. 

was a .ubetan1i1all1 ooaplet. relloTa! of organi ... into 

the onall la7er. Auclair and Port_ (1'119) named the 
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",SluUnill8 ... lDb1bito7.'1 pdnolpl •• In II1l11: 'Lao .... 

nin :LS'. POn- an4 .\,..la17: (1969) atou41e4 the lDb1-

bltor" aD4 a"lu1ina.lns pow.7.' ot ~w 1I11k aD4 .UCI •••• 4 

1IlIat baoa,... ot a. 010 •• NlaUonah1p. __ oull.taIIo .. 

r •• pon.1111. t07.' th... two pb.nomoaa w.ro 14enUoal • 

.\uluUnaUOI1 ... oau.4 b, Nlats. val, .peoltio anU-

11041 •• , .... ho_ 111 IloPldlUp. (19118) aIld P07.' ...... DD aD4 

.\110 W7.' (19119). 1lan401pb (198S) aD4 8u4hou4.n (196:1) 

.tab4 thd th ••• an11boU •• OOOU7.'7.'.4 In the 1mauIL ... 

SlobUUn t7.'8OUon ot III1l11:. bJaou.l1 A!. (1968) a ..... 

olat.a .he .ludse t07.'matlon at a. 1I0ttoa ot ootuse 

oh •••• Tate and a10w ao14 d.T.lopa.~, with a. aulu.l­

naUon aIl4 .e1ItUns ot oel'tain 8t7.'81. ot .tartn bao­

tma. !h., alae tound tbat the 8t&l't.7.' baot.7.'1a w.,... 

auluUnat.4 1n the "JUl.t wh.)' bo. t.he pa.teun s.4 

skim milk. HOwaT.,.., 8tadh0u4.n (1968) .tu41.d the lDb1-

blto7.', att.ot ot Laot.n1n :La on aold p7.'O~otlon 111 milll: 

lUll!. toull4 that ~. lDb1blUOIl 111 whol.a II1lk aIl4 U1a 

milll: ... a ..... an4 that 7.'.JUlet addl111011 pl'.,.enh4 

the a,glutln1n8 trom lDb1bltlll1 aold productlon and 

oonolud.d that asilut1n1ns we7.'. ot no lapo7.'tano. t07.' 

the 8Ot1Tlt, ot oh •••• 8t&l'1l07.'8. HO aleo tu7.'th07.' 8tat.d 

that the .sSlu.lniu W.7.'. p7.'obabl), 1'7.'88011. in a. ou­

,10bul1l1 traotlon an4 the 80tual .,glutiut10n w.a no. 

the oaus. ot lDh1bi Uon, and the lDh1bl tion ot &014 Pft­

duotion ... 117.'oupll about II)' the r .. oTal ot the lIaot.7.'1a 

10 



from tile creahr par1 ·of tile II1lk. aai tar aa4 KoUar 

1I&4.en (1961) .. i4 that a"luUnina oaourre4 at low 

tltre. ln raw II1lk throQlhout the laotatiOn. !heT al .. 

8tate4 that tlla plIJa10al rellOYal aDd. lAlbMqunt .t ..... 

vation of the baoteria wara unlikely to 11& tha oalT 

raa.on for tile inhib1t1on .inoa ao.a atarter. ware 

lnl11blta4 avan wben oream1n, was praventa4, Ba.one 

1!.Il (1966) atate4 tha1 ao14 pr04uoUon ln 10IIa .uper­

natant ak1m milk ... ra1ar484 tllrousA 41.plao.men1 of 

a"luUnats4 baotaria to tha bottom ln410atinS that 

a,glutlnatinS antlb041a. ln akim milk ware not lnl11-

bltorJ perse. aeltar an4 Oram (1147) attrlbute4 tbe 

baoterio14al aot1vlty ot raw milk aga1net Gram negative 

organ1 .. e to tile killlng etraot ot oomplement and ent1-

bo41 .. and alao 11&101. that agglutina1l10n reduced tha 

oount ot Gram po.1Uv. organi.... Vec!pn',rakam 1!.Il 
(1968) contirme4 the vlewa of aar11ar workara that tha 

.gglutinin. ot milk wara a •• o01&ta4 witll tlla Lao1an1n L1 

traotion. 

b) AlIlut1nln. a •• oolat.4 wltll fat sl0bul... .aao 
(1954) tound tllat the lnhibltorT aubatanae ln Milk waa 

oloae17 a880018'a4 with tlla tat gHlbulea 1n Milk wll1ol1 

waa baoteriD.tatl0 an4 probably 8n87&1o in natnre. ae 

alao a1atad that tile aubatanaa. wara adaorbe4 to the 

aur!aoa ot tlla fat globul •• , &1noa after olIurn1ng oalT 

tlla buttermilk was foun4 to lie lnl11b1tory wlI1la tlla fat 

,lobulea wara inert 1n tha1r aftaot upon auaoeptlble 
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orpni_. 11:1.111 .. (1980) 'Dou1lah' a oorrola1l1on 

b01lwoen the 'ogree of 1nbibl1110n aDd tbo .. ouat ot ta1l 

pro.on1l in m11k and Ob88"o4 1Ibat lnbibl1110n ... 1IUI1-

to.h4 01117 w1111>. the fo:rma1l10n ot a oro .. l~.r, WIlen 

111>.0 ooU. wore taken up bl the n.tng fat alObulo.. 1oIlo 

lnbib1torl taotor ... ao.oola1le' with the ore .. larer, 

the lnbi b:l, to~ fUbetaneo. oou14 be .. oIlo' out ot 1oIlo 

are.,. IBJer and that the lnbibUo1'1 taoto1'8 troll altill 

m1llt 00ll1' be a'.orbo' OIl W the wuho4 Oftu. Ho 

oonolu'o' tUat ~lutlna1l101l ... not Dloo.sBrill ~ 

lntesral ~ of lnbibl111on, but aoooapani •• 10Ile .... 

aDd that, ak1ll m1lk appearo4 to doneto a taotor WIll_ 

ooablna4 with another faotor on the fat alobule mubnna. 

roauU04 in inbi bl tlon, lt oroam11l8 fta pes tta4, and 

both were neoosH1'1 for ma:n1lUll lnbibl Uon. ReUor 

and KaUer Ka4aen (1961) roporte4 ~t a&Blutinet.4 

ora8ll1 ... a. w.ll aa in41Yi4ual oha1na wero oba.rv04 

to al81'ol&1I. around the tat alobul.a and tbt hlP01oll8el. 

at lnbibl1110n 111 atarTaUon ot bao1l01'1a ln 1oIl. oro.,. 

laJ8l' wa. not oonYino11l8. Slnoo tho 41ttorenoe in tho 

ao14 pr04uction in 1Ib0le 1I1lk and .kill m1lk was Te1'1 

_11 81Ia4l10u401'8 (1961) oonoluded that a _U8l' part 

01' tho inbibltorl prinoiple wae a .. oolat.4 with the 

t.t al0bulo. while a sroater pari waa pro sent in the 

altia 1I1lli: traoUon. laraailllhall (1968) obaorve4 that 

the· oro.,. waahillla ot oow aDd buttalo m11k oontaina4 
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aggluUn1na. Ht f011l14 that the oOJlCltnt~aUon of agglu­

Un1na on tile fat glo bulu m8mbrMt of oow II1lk ... 

h1sM~ thaD that of buffalo II1lk &lid tbat tht agglu­

tin1nt ware adtorbtd on the fat globular mtmbrant of 

00. aa4 buffalo milk. V.dan~.u ti (1958) ~.pod.d. 

the p~t8eJlCl. of aggluUn1na 1Il the OH ... ath1ugII of 

00" II1lk. 

3. 

a) latur8 of tudobul1n apUboU". Ittllyon aa4 

l.:nnt. (19G8) oonti~.e" that the euglobul1ll of 1I111t 

waa r.aponeiblt fo~ fat globule agglut1llation, .iDOt 

a .... ition of 00108tral euglobulin ~e8tor." the c~.aII1ng 

ab111 ty of lIkim milk. 1!ar1401ph (1963) tho.e.. that tht 

iIIm ' D t globulin f~aoUon of II1lk oard." the 1Ilh1bi toq 

faotol' and thai; tht illh1biUon wae due to epaoifio aIlU­

boU... Stadhoudara (1963) I'apo~ted thai; the auglobul1ll 

ot II1lk oarrit" the agglut1n1n aotiVity for the 1Ilh1bi­

tion of aoid. pr04uotion by laotio aoid bacteria. Ittllyon 

.u AI. (191.l1i) indioattd. thet the i_ globu11lle •• H 

able to bring aboui; fat globule oluttering aa4 or.··'ng 

in II1lk. lat globult aggluUn1nB holate .. from tht tur­

taoe of fai; globulte .tH alao thOWA by tht., to oontain 

illmllnt globulina, &!Iod tile dtmonatrat ... that the 1mmun. 

globuline •• ~. r.tponeibl. for the oluttering of fat 
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glollule. ed 10he adherellOe and tile &&glu1lination of 

Brucella oell. on the fat glollul. Butao. "Uh Bruo.Ua 

ringte-"t Itadhoud'n aDd Sup (1970) obar17 d. __ 

trated t~~ urea.no. of ~e. d18tlnot ola.... of etl­

bo41 .. ln tile euglollulln ot lI11k, oue oau8111& the agglu­

tination of baohna (Whloh we •• uglollulla 1', att •• the 

removal of or,oglollulln.), eotller ODe oau.1ng the agg1 ... 

t1nation of fat globul •• and a third oue oaUBing tile 

attachDIeat of bBohna to fat globul •• (thae. 11110 pro­

pertl •• were attributed to or,oglObullne obtaiued liT 

ol'Jopr.olpltatlon of euglobulin). 

11) 8p!Olt\oltl of asglgl1s1n'l Morbillip. (leBS) 

liT ao141 t, a1IIl baot.rial rll1& te.t estallliahed tbat 

thl agglutinins In II1lk ahowed a b1g11 degr •• of sp.ol­

fioUT 1n regard to variou, 8uao.p1liblt oulture.. Port­

mann and Auolalr (19~9) demonatrat,d b, abaorp101on 10'.10., 

1oha1o tile II1lk all.orll.d II, a given ,enal Un ,train 1o.t 

alIIost oOllpl.tel, it. inhib1toI'J aot1vlt, and 110, agglu­

tinatlng power 1n relatlon to the ..... train or .trB1n 

of the .... group. Pro. the behaViour of dlfferent 

.lIra1ne thlT we" able to r80ogni.e five group. of 

atrains react1ng in identioal "&1. lith tile halp of 

bacterial ring t •• t, and .. ploy1ng baoterial .tra1nB 

of 8"'2'ooooou. lag!1. 57 and S!r8ptoooOoU! Grem0rit 8St 

larae1111han (1968) doon.trated the .peoifioit, of ag1l1-



UDiu 1. II1llt. S1Ia4hOUdue an4 Hup (1970) lIbow84 

tha1l while 'h. a",lollul1Jl. lIaohrium GOlRplu: wae .,.01-

flo. 1Ihe aUi10llulb fall Clollule OOlRplex .. 4 'lila .. 111-

11041 •• at1laohill8 llaoteria 110 fat clollula •• ar •• 0Il­

.paGlno. 

0) JI!I1 !hoap.on (1940) fount 'lila lnh1I111:01'7 nll­

.1Ianoa. 1R0.t .1Ialll. a1l pH 8.8. '11.0. an4 Ro ... ll1ua 

(1982~ sho.a4 'lIIa1l Laot.nta Ll was 1R0t atalll. to h.at 

at pH 8.0 to 8.8. Aucla1r an4 Hirsoh (1981) "por1l.4 

'lIIat the lIIIX1IR1III atall11U7 of LaoteD1. Ll .... pH 6.0 

to 6.8. Koa111:owalt1 aJl4 O'Le&17 (1961) 01l.erYa4 that 

IRO" of the IRillta 111h1ll1tor7 for all te.t llao teria we .. 

lower than nor ... 1 1. pH an4 all lR11k. IIa Tins a pH 6.4 

01' l •• s 1nh1 111 ted atlea.1I one of 'lIIe te.t orgaDi ... 

4) :r"'pnatuu, !holRpao. (1940) "porie4 that'lli. 

1IIhlblto1'7 .~.1Ianc •• of II1llt •• 1'. 4 •• 1Ir07.d 117 heatills 

fOr 20 lI1.ute. a1l 710 to 74°0. I(orri. (1948) 4811Ona­

trate4 that a faotor aotlv. agal •• t oertain .traba of 

0011fo~ lIaoteria lIalng 4e.tr07ad at 8aoO for 30 IRinut.a, 

.hil. another faotor 11k. LaoteD1. ea. partlal17 d.a­

tro78d all 68°0 tor 10 IRinut •• &D4 ooaplelle17 1 .. 01l1Tat84 

at 70°0 for 10 II1nutea. RoadHou •• an4 Hod8non (1980) 

reporte4 tllat hiib 1I ... peraturs 1 ••• 1400 to 176°' for 

30 lRi.ull.a 4."1'0784 the S.1'IR1014al Propart7 of II1llt. 

!hla propert7 waa 1R0r. III&rke4 at 100'11 for a lIbortew 
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4~at1on than at tOO" lilson and Bo •• nblw. (19~2) 

found that about 9~ of Laoten1n L1 was de.troyed at 

68°0 for 20 minutes. Poster (1952) reported the cause 

for the improved growth of organisms in milk .ub~eot8d 

to heat treatment. between paate~ization and boiling, 

was the destruotion of on. or more inhibitory oomponente 

naturally prese"t in ",w milk. Auolair and Hirsh (1953) 

showed that the inhibitory 8ubstanoes of ,.11l< were destroyed 

by heating for 20 ",i"utes at 71°0 to 74°0. At 7ioO 

Laoten1n Ll was oompletely destroyed and heating to 70°0 

at pH 7.0 for 20 minutes also d.etroyed Laoten1n L1. 

lago (1954) stated that helting the milk to ooiling 

point for variable periods, or autoolaving the loilk, 

destroyed the inhibitory effects of milk on susoeptible 

oaltures. Sasaki aad Aiblra (195:;) found that the natural 

germioidal aotion of milk, inoreased by heating flhe milk 

to 56°0 for 20 minutes and >la8 dedtroyed by heaUng for 

more than 20 minute., at 70°0. Koa1lto ... k1 and .00'1oot 

(1906) stated that Lacten1n L1 wa. lnaotivat"d at 70°0 

for 20 minutes. Randolph (1963) reported that pasteuri­

aation redUCed inh1bition by approximately 15~. Aooording 

to Ko.iltow.lt1 and O'Laary (1963) a minimum pa.t.~leation 

temperature waa ineffective in eliminating the natural 

inhibitory effeats and h8~t tr8ating the milk to 180°, 

for 5 a1nutea removed tne nat~al inLih1tory effect •• 

Rmaone !!!l (1966),Obaerved that 811:im milk heated to 



71°0 for 30 minutes eliminated the defeots due to agglu­

tination and that pasteurization (72°0 for 16 seconda) 

reduced the agglutinat1ng aotiVity of akim milk by 

50 tt 715~. Randolph an-I Gould (1966) reported that a1 

though paateurization produoed slight "*'uot10n 1n the 

inhib1tory property of milk. it failed to alter greatly 

the aoid product10n of the culture, 1ndioat1ng that the 

inhibitorl substanoes involved were heat stables. 

Narasimhan (1968) found that pasteurisation did not 

deatroy the agglutinins in milk and that the aggluti­

nins ware Ii.stroyed whan milk was heated to '/0°0 tor 

20 minutes. 

Dunkley and SOt~er (1944) reported that at lower 

tempsrature there wer8 more agglutin1ns in tha surface 

layera of fat globules. W11son and Rosenblum (1952) 
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found reduot1on 1n the Laoten1n aotivity at 22°0 rathar 

than at 37°0. Randolph (1963) observed that the 1nh1bitory 

actiVity of m11k was not affeated by storage at 400, tor 

48 hours. Btadhoudar. (1963) eugge.ted an increased 

adaorpt10n ot the agglutinin. on the tat. globules at 

low temperature (6°0) and oonlu4ed that the dimtribution 

of the agglutinins between the Or88!11 and the skim milk 

fractions was dependant on the tempera tur.. Randolph 

and Gould (1966) reported that atorage ot individual 

COli samples at 4.5°0 tor 48 houre, had no signifioant 

.ttect on the inhibitory capacity of the milk. Jaraaiahan 



(1968). obse,yed tn.t storage or oow milk tor 24 hours 

at 4.8°0 did not arreot the agglutinin aotlYlt¥. 8tad­

houdere and Hup (1970) ahowed that the euglobulin whioh 

oarr¥ the aaglut1natlag antlbodies .. re able to aggr ... te 

rorming oryoglobulins at low temperature (&°0). 

4. 'aotora aftectlgg the agglu\Lnln a9t~vltl of !ilia 

a) Spe o!!! a 'okker (1890) reported the germicldal 

aotlon ln goat milk. Wllson and Rosenblum (1982) tound 

that human and goat milk oontalned ant18treptoooooal 

prinolple alml1ar to that of oow milk. IoalkowBkl and 

Mooquot (1958) reported that the oonoentratlon ot Lao­

tenin Ll"BI1d~L2 ln milk trom lnd1 vldual 00W8 and bulk 

m111e were relatlvely oOlUltant. Slpka (1959) ob.eryed 

the pr68enoe of two lnh1bl tor¥ aubetanoea ln shaep milk. 

Batarajan Ji!! (1964) stated that the agglutinin content 

was more in oow mille than ln buftalo milk. Emm,)ns Ji !! 
(1966) studied the ag;11uUnin oonoentratlon in the blood 

and millt of ruminantB and nonruminantB and obsernd that 

the agglutln1n oonoentratlons ot milk trom the beet oattle 
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and sheep IVere wi thln the range tound ln milk trom dalr1 

oows. ~homa. Ji!! (1966) reported that the r.'te ot aold 

produotion by 8trep!90~o9~ oremor18, §treptocoocu, dlaoetl­

laot1. and str!ploo~ocu, lhermophilu, was higher in buftalo 

milk than 1n oow mille. Baras1mhan (1968) studied the agglu­

tinin oontent in the m11k ot dltferent .'.01 •• of animale 



by means at baoterial rins teat and reported tbat oow 

and sheep milk gave positive ring teat while the milk 

ot buttalo, goat, as. and human were negative tor the 

ring teat. He obaerved that the aggluti.nin oont8",t 

varied trom apeoie. to speoie •• VedanaYakamJl~ (1968) 

obBerved that the Laotenin Ll traotion ot oow had a 

greater inhibitory etreo' than that ot buttalo. 

b) Breed. Highest aggluti.nin oontent in the oross 

bred cows tollowed by pure bred !bari and S1ndh1 animals 

was observed bJ Natarajan Jl ~ (1964). Emmons.!! ~ 

(1966) studied the oonoentration ot agglutinins tor 

three difterent stra1ns at organisma, in the blood and 

milk of Holstein, Ayrshire, Guernsey and Jersey breeds 

and tound that oonoentrations varied between breeds and 

oonoluded that the conoentration ot agglutinins in milk 

wera irodependent at breed ot the oows. RandolPh and 

Gould (1966) tound variation in the ~erage inhibition 
., , 

ot aoid produotion by the milk trom difterent bresds. 

Ayrshire - 70~; Guernsey - 69~; Jersey - 68~1 Holstein 

- 52~; Brown Swiss - 43~. Naraaimbam (1968) analys.d 

the milk ot Gir, Sindhi, Jer.sy, Croas bred SiD4hi, 

Cross bred Gir, Oross bred Jersey and Nondesoript oows 

for aggluti nin oontent by meana ot milk ring hat and 

found tnat cross bred oows oontained more agglutinins 

in milk than pure bred cow •• 
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0) 8t'I' ot laot.tlonl .oBTan • White (1980) 

ahowed that tAe antlbaoterial aotlY1ty deorea •• d durine 

the drnnc ollt period. .lllOlai,.. aIld Hiraoh (1\1811) 

4emonstrated ·that Laotenln L1, ws. the lIIlb.tanoe IIlI1DlJ 

ooourring ln ooloatrum g1Y1nc partial lDhlbitlon to 

hlah 41lutiona ot the aaaple •• and ob.erved little 

variation. in the titre. with various ... ples ot bulk 

1II11k and ml1k tros .00". in 11114 laotation. A1IOla1r 

(1954) however, found, that the agglutinin oontent 

of .0 sample. of III1d laotation 11111k varied beueen 

70-220 unit. and that oolostrum ",s rioh in Laotenin L1. 

10a1kowaki and .ooquot (1958) state4 that laree variation. 

in the L1 ooourred only between oolostrum milk and noraal 

11111k, and that Laohnin L1 was present in large ooncen­

tre,ion in ooloBtrum and in lesser quantiti •• in mid 

laot.Uon 11111k. 

Auolair and Portmann (1959) found high agcluUnin 

titre in oolostrum as oompare4 to 111101. laotation III1lk. 

Portmann and Auola1r (1959) .tated that· Laotenin L1 

waa found in hiah ooncalllration in 0010st1'1lll. In add1tion 

they found another faotor Laotenin ~3 whioh iDh1bited the 

growth of Streptooooous oremori. 760 ooourrinc in 1li1k 

and e.peoial17 in oolostrum. Oampbell and Boreroaa 

(1914) ahowed the pre.enoe of antibodles again.t Stre"o­

,ooou. asel!0tiae in the oolo.trum of f1r.t oalt heifer •• 
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Eamona !l!! (1966) .tu41ed the laotio s~reptoooooi 

agglutinins in milk and blood of OOW8 thrOUghOllt tha 

8tage of laotation an~ observed, that the agglutinin 

titre8 were relatively high in the laoteal .eoration 

obtained the day prior to parturition, titre. dropped 

Ilightly in the first oolostrum oolleoted, and in milk 

tit res decreased during the first two week8 to levels 

that remained relatively oonstant until normal laotation 

oaaaed, and roBS again Just befora the and of laotation. 

They suggested that late laotation milk might be a souroe 

of high titres in bulked milk. Variation in the agglu­

tinin oontent of milk at different stages of laotation 

waa reported by Narasimhan (1968). Uaing the teohnique 

of baoterial ring test, he observed maximwn agglutinin 

oontent in oolostrum, whioh deoraased Ilowly from the 

5th day of laotation, remained aOre or l.as oonatant till 

about the 9th aonth of laotation and inoreased at the 

10th month of laotat1on. 

d) Misoellaneou, faotor" Variation in the agglu­

tinin content of milk from different quarters of the 

lame cow was noted by Jonee and Simms (1930). MoBYen 

an4 Ih1te (1950) fhowed that thl inh1bitory aoUVity 

in milk 41d not vary either with sealon or the diet. 

O.ulak and !.Ieanwell (1951) attr1buted the 'winter .low-

. nee.' of oheeae starter. 1n pe.teuri.ed to an inhib1tory 

.ubatanoe and a growth faotor and in summer when grass 
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and green todder were ted to the animal.. the growth 

taotor was suft10ientl1 high to OTeroome inhib1tion, 

Jago (1954) said that the inhibitor1 substanoe was 

normalll pre.ent in all milk .upplies throughout the 

,ear. Wolin and (osikow.ki (1958) obserYed seasonal 

Tariationa 1n ths 1nitial sone size ot baoterial inhi­

b1tor1 sone. 1n whey agar by raw milk and .tated ~t 

Bone si •• decreaeed or disappeared during the winter 

month.. Wide Tariation ..... ".ob •• rY.d trom d~ 110 day 

in the abill tl ot milk to eupp'ort acid production bl 

Keogh (1958) and they eaid that none of theae Tarlatlone 

were aS800ia ted with wuther oonU'tion., (osllcow8ki 

and O'Lear1 (1963) oheerTsd thermolabile inhlbltion 

attrib!.ltable to natural inn1bltory sources in abo;;t 

56" of Irish milke teated during the warm monthe ot 

Mal and June. Seaeonel Tariatlon of the 1nh1bitlon 

of aoid produotion bl the agglutinins 1n milk wae reoog­

nised by Stadhoud.rs (1963) who obserYed that from 14arOh 

to June the 1nhibition was rather small. Blllmon • .!l!6l 
(1966) tound that the oonoentration ot agglutinins in 

milk "ere indep.ndent ot the age ot the oows. 

a) d as"!ll.' 1181ng !l'ree1oo0QollS nOlen" 'Riohard.' 

strain aa the t.st organis$ Auolair and Hirsoh (1953) 

•• tiaated the iDhlbitory aotiv1ty ot milk by pH r •• pane. 
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a.says. A .ample of milk from a normal cow 1n mid­

lactat10n wn1.h was 1nh1b1tory to the te.t organ1sm 

at 1/100 d11ut10n wa. .hosen as • standard. ~. 

standard was def1ned as oontaln1ng 100 Unit. of 1Dh1-

b1tory Bubstan.e (Lactenins) per ml. of milk. Dilut10n. 

of unknown sample. were prepared in sterile separated 

m11k adjusted to pH 7. t. 1 ml. quanti ties of theae 

dIlutions was added 1 ml. of gluoos. peptone broth 

contain1ng 5_ V/V of an 18 hour serum broth culture 

of StreptocooCU8 prosena.. ~e tubee were 1noubated 

at 3700 for 6 hours, then 10 ml. of d1atilled water 

was added to eaoh tube and the pH determined eleotro­

metrioally. ~he pH reaponse assay of Auola1r and 
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H1rsoh (1953) was followed by Sasa:,i and Aibara (1959) 

using streptocoooua prosenaa 'Yugo' as the taat organiam 

eeleated from more than 20 stra1ns of animal and human 

type. Natarajan and Dudani (1961) determined the Laotenin 

oontent of cow and buttalo milk using 21 different 

lactio 88 well a8 other organiams including a few patho­

geniC cultures by pH response aSBay. Srin1vasan (1968) 

•• t1mated the natural 1nh1b1tory property of cow, butfalo. 

she.p and goat milks by pH re.ponse assays. 

b) Act1vitr teat. Xeogh (1958) assessed the variations 

in acid produotion by 8brter cultures in milk by aoU91ty 

teat.. te.t. were performed in raw and haat treated milk. 



TIl. 111111: ... pl •• wer. 11100ulated ,.nh 1 Ill. ot 10" 

starter culturee, inoubated tor Gt houra at 30°0 and 

Utn.hd with 1/10 80dlwa hydroxld. to phenolphthalsln 

end pol11t &lid tbe results reported a. II.t ao141t7' 

al111 •• (1960) .tudl.d the role ot tat clollul •• ln the 

inhlbitlon ot oertain strallls ot Streptocoooa. or"9£1' 
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1n po.hurl.ed 111111: by an examinatioll It the 80141 t7 

produot1011 by the ••• tarters. 8ta4hou4era (1963) d.termin.d 

the inhibltory .ttect of 1.otell1n L3 on aold produotlo11 

bl lb_ atartarstrept090ooU! orl!0£18 803 bl aoti?1t,'teat •• 

0) Il1lk r!n,~ t"Ptl !ro study the .treet of a"lu 

t1l11n. 1n raw milk on the various starter oultur •• 

Keogh (1958) emploled tbe teohnique of ring teat.!ro 

a drop ot atalned antlgen 2 ml, of whole raw milk was 

added, mlxed and lncubated at 30°0 tor 3 hour.. !reat. 

with heat traated whole milk w.r. porform.d in parall.l. 

tn positive teet. a da.p purple ring aPIlBara4 rap1d11 ln 

the cream layer, tbe lower milk cl.aring to 1Ih1 h. In 

the negative ta.t. tha II1lk ramain.d mauve throughout. 

lara.lmhen (1968) stud1ad tbe aggluUnin oor •• ~;::t of ccw, 

buffalo, abeep, goat, a88 and hW1lBJl milk. bl the mi1ll: 

ring t .. t. 

d) Mlorosoopical obee£!!!lon of agglutinationl 

OablDlIer. (1920) aiaplole4 1o.be microsooplcal ob •• r.,. Uon 

_"hoa to dateraine the aegr •• of agglutination tOil thr •• 



41ff.reail .t~n. of baohria in raw II1lk b7 mald.ng 

a ... .",.. of raw milk. It.ogb (1958) .tu41ad tha I'ole of 

.,gluil1natlon aM ol' .. min, in inh1b1tlon bl I'aw 111111: 

bl usln, miorosoopl0 ob.el'Yation of asglutlnation a. 

ona of the teohn1que.. Par the teat l1a .. d ..... ar. 

of milk. aftal' inoubatlon in the actlY1tl t •• ta, 

atained with Lo.rfl.I"a M.th11ene blue and examined 

mioro.oopioallt. 1I ... u .... nt of the ag.;l.uUnatin, powel' 

of the milk waa p.l'formed by Portmann and Al101a1r (1969) 

bl the teohn1que of lI1or0800ploal obe.rYatlon of 8111 __ 

tlnatlon. fwo fold dilutions of milk sampl •• were 

pr.par.d. On a ,la88 allde a drop of eaoh dilut10ns 

... mix.4 ri th on. drop ot the bao terlal .u.penslon and 

the aggluil1natlon of the baoteria w.r. obserred und.r 

the miorosoope. Immona 11 ~ (1966) reported a a.nlI1-

tive te.t for laotto 8tl'.ptoooooal agglutinine, whareln 

aerial dilutlons at whel were prepared. A yolu.e of 

0.2 ml. ot eaoh dilutlon was mixed with 0.2 ml. ot the 

eell au.pan.lona ln Kahn tub.s. A 0.04 ml. aliquot of 

eaob mixture was tranafel'red to the w.ll ot a Itllne .114e 

and tlle .114e was ahaltan tal' 10 minutes and the well. 
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on the slide were observed foJ) a,gluUnat1on, tIIId.1' a 

8hl'80 mioro.oope (30x). n. la.t diluil10n ahorinS asglu­

tlD&~ion wa. ~eoord.d as the tltre of the whey. B.",.aalaban 

(1968) .mploled tne t.oADlqu. of ml0l'O.oopic o~~erTat1t~ 

ot agslu Uu t1 on 10 examine the whey. laateDin., and ol'e .. 



waelli". o~ 00lf an4 buUalo. 11<a4hou4 ... B IUl4 Bup (19'10) 

e.ti_ted the agglutination titre tor the ltacteria by 

the mioro.oopio oba'rYation math04 for agglutination 

an4 .uggeated ~t if aggregates ot 10 or more oella 

were ob.erTed under the mioroscope within 20 minutes 

the reault waa conaidered to be p08itlve. 

6. 445lutig1n aotlvitr on dl~~.r!nl bacterial 8t£!1P!1 

Ohember. (1920) obserTe4 that a brilliant red 

ohromogen lsolated from a ore amery can, called culture 

R ahowad b .. t sgglutination in raw milk, !!aghPy 

lIcUs aoid1 gav. a gcod aggluti nation aDd .\I!otull!f 

.!!l1 a .eaker agglutination. Sh.:rman and Oarren (1924) 

fcund that streptooooou, lao1l11 wae deienltely inhlbited 

when inooulated into treell milk. Oarran (1931) noted 

that rapid growing invasive t7P. ot et~.ptooooci .ere 

moat affeoted. Jone.!! ~ (193'1) reported that aggl~ 

tinins of milk were very aotive againet ~t£eptcoo2o», 

zr08In, •• Auolair and Hiraoh (1953) employed gt£8pto­

£go~U! zr0S!98, 'Riohards' strain tor estlmating the 

Laatenina L1 and L2 in milk and oolostrum IUl4 reported 

thet §trap,~oooCU8 pyogen •• was very .enaltive to inhi­

bition b7 raw milk, when grown aerotioal17, and slreplo­

,goo ... agal!q ;;:i,a.,! which was also .enai ti T8 to inhi hi Uon 

we. able to overoome the 1nhibition 1n the pre.onoa ot 

peptona. Jago (1964) obBerve4 that m&n7 single .tra1n 
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lact10 a~reptooooc1 exhibite, a d1fferenol in IUlolptl­

bll1ty to an 1nhtbitor), IIllbataDOe prea.nt in I'&w and 

H.T.S.T. paateur1.ld milk. 80ma betng SBrkldlt atfaoted 

wbtle othara w.re oomplltelt rlatatant. HI !Urtber 

not10ld that when ora .. waa removad trOlll raw wholl 

ailk auaoep~1bl. culturl Straploooooua ore.0£11 ML1 
ahow.d a marked 1noraaaa in laotl0 aoid production. 

'10gb (1958) investlgated tbe effeo~ of agglut1nin. 

in raw 1I11k en tile following 8tarhr oultures II)' r1ng 

hat, 

Streptoooocu. or!!O£1' (Gl' OS. K. DI,. B1. USS. HR. 
Es and D). 

81"p.0009'9' lac;1. (02 and 010)' 

8S£eplooooou, d1ao.~ila~tl' (DiOl. DR02 BUd DROS)' 

aa fOWld tha follonng oultll1'88 wara poai U.,. for tha 

ring t .. lI. 

81£aptooooou. orelOril (01. DI" &1. VSs. HP, Be BUd IB). 

8Sllp'C0090U' laO)1' (Gl0) an4 

8SreAAoooooy tiMIUlaoU. (DROa). 

B.lbil11p. (1988) who ,amonatratl' the .paoifi01t)' ot 

aggluUnina ln ailk UBBd aa teat orpni_ StreUOO!!og 

1&oth 010 a fan acid produclng oul tura and 8)1''1'0-

'OOOU' oramgl:\l JILl. KB and DB7 all .10w aOl' Pl'oduo1J1& 

oultures. Ba a8t&bliahed that in all o.~c~ the alow 

cultural ware agglu.inated. With a vtew to inva.tisat. 

the relat1on.btp batween 1nb1b1tion and agglutinat10n of 
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d1ff.~t .t~Da of laot10 .tr.ptoooo01 br raw ~lk 

Ponaaan aDd. Auolair (19119) aaleot.d the fol101l1118 

111 .train. of la01oio .tr.ptoooocl. 

St£!ptoocoous c!!!O£l. (972, ES, 760, DR7. ~, 80S 
al' US!. KB. XLl, Os anA HP), 

Streptoooooss laot1. (010 and 27) aDd. 

str.ptooOOCUB diaoet1lactl •. (DROS). 

filar found out of tlleso 15 IItralns, 11 nre agglutinate4 

exoept at~na Os. 010, 17 and DROS. ~111lea (1960) 

.xamined .ueoepUble strains of Str.ploc09oUf 9!!!fEl. 

UP and Be and resistant straina of Str.P1gooog9! gr.!9zil 

01S. and Os for aoid produot1on aDd. found 1Db1b1t10n of 

the aueospUbla .tra1ne oocurred on17 when or ... la1Br 
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was allowed to fora on top of the milk. SIIUlare of auso.p­

tibl •• train BP was found to be aggluUJlated wh11e r .. 1 ... 

tant .train Os abowed no 8T1denoe of agglut1J1atlcn. 

latarajan and Duden1 (1961) studied the Datural 1nhi­

bitorr aoUon of oow and bultalo III1lk on 21 oulture. 

Bonliating of laot10 aoid baoteria. and other III1lk .poilage 

orpni ...... nll aa a few pathogene encount.ra4 in llilk, 

and found that exo.pt four oultur.s the re.t w.re iDb1-

bl1o.d With Tsr/lng titre •• Sharp.!1a1 (1962) obs.rT.4 

a "duotion ln the growth of a st~n of SSapI!YlgogoouI 

I!/,F!UI in raw or pa.t.uriB.d milk tban in .t .... d Or 

autoolaT.4 milk due to agglutination of the baot.ria 

1III1oh interfer.d with the ooun1l8 on agar plates. Randolph 

(1PSS) examined the .usoeptibilitr of 2 .traina of 



§1E'P~90'OO9! lag'1I, 8 .~ra1na of §trtp'goog99! or!!Ot1l 

and '1 mU:.d .traln 00lllll8r01.1 ouUv.a to JIll, .ural ln1l1-

b1tora 1n milk and found that BUBO.ptibility T.ried froa 
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'1 to 815" and ilia t e1ngle .tra1n ouUvu nre g.nu.llT 

1I0r. au.o.pUble than .. 1x.d oulture. luona.l1 ti (1863) 

found 0.rta1n sir.lne of .tari.r baot.ri. tor ah •••• 

manut.oture - gtrea'2gooes. Olf!Ori' and §',8pt09000Ul 

laoUI •• re .gglutinated ruu.1Ung 1n .low .01d produc­

.ion BlLd aludg. foraa~lon. they .leo ob •• rT.d that .gglu­

tinat10n wa •• Tid.nt with 14 atrain. In r.nnet whey tro. 

peat.uri,ad .ki. milk and ilIat the agglu.inin 'i'r.a 

tor •• oh atrain waa not directly r.lat.d to the extent 

of •• tt11ng, whiah we. gr •• t.r with eoIUe atraina. Auolair 

and YTonn.T •• sal (1963) uaing atr.in. of 9trept09009U' 

laOS!1 010 .nd 02 and 1'£a2100022sa or'.0ril 760 and 

972 .how.d that • r.aiatant .train of ~pS02ogoSI 182-

11I 010 b.o ...... De1t1n to lao'opuold.4ea. aa nU .. 

to both agglutinin. and laotoperozld... on r.psa •• d .ub­

oulturing in .u1;o01aT.d ailk. Tarianta a.naiUTe to both 

asglutin1na and laotop.rold.da.. appear.d aft.r • numb •• 

ot .uboultur.a. In non. of .h. oultv •• of 010 any 0.11 • 

•• n.itlT. only to agglu.1nina and not to laotoperozida •• 

wer. found. !h. 100" r.alatant .traln of §';'P!990g2S1 

laqU. 02 dld not show '113 alp of •• nai U T1 ty to lao18-

alna .T.n att.r 12 aontha of auboulturinga ln autoolaT.d 

allk. Strain Str,e.oqoOQU! ort!Qr1' 760 a.na1t1T. to 



.sglutlnlna on auboulturlng contalnad oell. 8a~ltlv. 

to both asglutlni~ and pe~oxlda... .nil. 8tr'ploo,00,. 

orem0rl' 972 8enoltlve to both agglutln1no and to 

pe~oxldao. on ouboulturlng oontained 100~ callo .enol-

tiv. to both tho inh1blto~e. Stadho,de~. (1963) ahowad 

the lDh1bl to~;r .tt.ot ot Laot.n1n La on ao14 pNdllDU_ 
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ln milk b;r 8t~.RtoooooU! o~em0rl' 80S, a .t~n a!n.ltlv. 

to asg1utin1n. in III1lk and inaenolUve to lactopa~ox1da.e, 

and uaad thi. a. the t.at o~gan1_ in the inveaUgaUon,. 

Reiter and .oll~ Mad,an (1963) raported that the Datural 

non 8pscltl0 antlbodts. ot milk asglutiDatad the nOD­

pathogenio gNup N streptococoi. An agglutln1n .enol-

t1ve organism 8t~eRtocooou. oremort. DR7 wa. ,.ed b;r 

Bmmonl 11!! (1965) to develop a .enalt1vs test to~ 

laot10 streptoooooal agglutinlna and thaT tound the 

organilm was pOlitive tor agglutination With 1/4 and 

1/8 dllutions of wheT and negative tor 1/16 dllution. 

Randolph and liould (1966) ohowed that LaoiBnin LS nl 

aot1v. on man;r ,train. of lactl0 .treptooocol, wh1la the 

'tbar Laot.nin. Ll and L2 •• ra actlve onlT on a fe •• tralno. 

neT exam ued the followlng single and III1xed .tralno 

oultures tor thair luaoeptlbllltT. 

11911' 8'181911 StreptoooOOU8 orem0!1' (X, IB, XLi. al, 
USs' HP, Ie. Os and 0,). 
Straptooocou, laotl, 02 and 06' 



lIix.d .traiDIII s'np'90oo0" laoM. 08 (nshtan.) wi!h 
&Il7 one ot Str'p'999 99U1 a'"Pri' a, HP 
and KK (all 8USO.Pl1bl.) ln 41ff.r.nt 
proporUon •• 

!hq obuned that the oul1ouns vari.d widel.,y ln their 

atid produoing oapaolt1.a. that the inhibition of aoi4 

produotion were hi~er for the slngle strain culture. 

than for the ilixed .train oul tuna, and that even 0.1" 

ot resistant 02 en4 O.9~ of an,y one sllBoeptlb18 ouLm ... 

produced slgnltioantl.,y beneti01al reaults in mark84l.,y 

reducing the inhlbltorl prop.rtl of both milk and skim 

milk. aJlllllons.!l.!l (1966a) 81;114184 the agglutinin tUr .. 

tor streptogoocul laotio 02. d'r'pto9999U1 91"9£1. al, 

and streptoooocus oremorl. DR7 in blood and milk thro~­

out th& laotation of COIV8 and found that strain C;< d14 

not aaluMnat. in normal milk an4 straln8 DR7 and III 

agglutinated in blood an4 milk at all mature laotatill& 

animals but ahowed wide vari~t10DII 1n t1tre8. fUe authors 

(1966'0) also reported the re.ulta or their studl on the 

agglutination at a number at ollltur.s of Strep'OOOOO" 

OFemoria and Streptoooocua laoth. fUel found the atraiu 

ot StreptoooOcU8 orernoria K. MLa. HP. 1IL1, KH. Rl. 'a. H, 
Is. sa. DR7. uSa and 01 and the strains of 5'"p'00000u. 

laoj1. aS were aggllltlnated with Va'11~g titre. and the 

.train. ot 5,r82t0900098 ore,oria 03. 011. 07. an4 013 

lAd Str.ptoooOOU! 1&0'1. 02 .ere n01 aggllltlna1ed. R.it.r 

and Ona (1967) attributed .he inh1~it1on ot 5l'Ul negaUve 
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organisma by raw m1lkto the kil11ng effeot of oompli­

ment and antibod1ea and the reduot10n 1n the count of 

gram poe1 tin organ1s .. waB du& to agglutination. They 

alao deteoted agglutlnins agalnst S,reptoo09SU' pY0B!!!e, 

S,r.ptooooou. dl'salaot1 •• , §lreRto92SSU8 asa1eo!1a., 

E.oharlch1a 0011 and Qotynabaoterium ulo'reDs ln the 

blood, milk and aeoretiona of different an1mals. 

Naraslmhan (1968) studled the ra.ponae of baot.rial 

oultures to rlng t.at and found that 8treplooooo», 

laotl. 57 and StraptocoooUl oremort. s: ;aTe P0e1tiV8 

rina teat while 8'£8p100000" ,hermophl1u., stF!ptooocou. 

la9t1e A (iaolate) and B (laolate) and 8trept99000u, 

faeoalia were negatlve for the t.e~. 

7. ~lbaoterlal actlyilY in the mllk from infeo,.d 
derll 

a) Nalural 19hibltsrY aotion. Jone. and S1mms 

(1929, 19SQ) ahowed that OOWS realstant to mastltls 

pr04uoed milk with a hlgher lnhlbltory tltrs than 

au.o.ptlbl. oows. Singh and LaxmlnaralanB (1948) 

reported that .. atltls milk reduoed the growth of 

atartar organi .... , when Gompared with normal milk. 

K1I1'pjIy .u.s! (1952) atated that the baoterioldal 0,1' 

bacterioataiio properile. of normal milk, would be 

unable to preTent the growth of eTen amall number. of 

11re2tooooOu8 agalactiae, but found that 1n two quartera 

.nich were alreadp infeoted, one with miorooooci and 
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ODe with non-haemolytic e01'1nebaot.r1a, lnfeoUon .. e 

preYented. Io oorrelation between realetane. 10 lnfec­

tlon and the lnhib1101'1 powar ot raw milk ... found b7 

Auola1r and Hirsh (1953). Brown (1962) reported that 

the anUbod7 'ltr .. ln blood might be 1nfluenced by 

the number ot lnfeoted quartera. »erb,ahire (1964) 

proposed that .eTere ma.tltl. seem.d to oocur when the 

m11k be cam. 1 ••• baot.rlostatl0 and alsc demonstrated 
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that milk from a oow with mild me.titia had an 1nor .... d 

1001 b1 tory effect on the mul t1pl1caUon at Stal!h,tlooooo'!! 

!Ureu,. Iara.lmhan (1968) by me~nsot baoterial ring teet 

found that mastltis milk was pos1tlTs for agglut1nat1on 

in both oow and buffalo milk and that the ag~lutin1n oontent 

wa. aleo high. 

b) A,nt11!o41 prodllOtion 1n th, udder I Smith.!!!l 

(1923) oonaluded that the udder 41etinotl, part101pated 

in the produot10n ot agglutinin when the gland ... invaded 

111 liTing or dead Bruoella orgent .. a and they recorded 

a t18sue reaotlon following the infusion ot the udder b1 

the.e baot_ria. Kerr.!l!l (1959) demonstrated b7 in­

tu.ing baot;erial and proto.oal antlgen. into laotaUng 

and noalaateting udd.ra, that a .erle. of lntuelonB could 

etlmulate the productlon ot ape01fl0 antlbodl •• within 

tile Ilana. PorterUe14.!l!l (1959) made .1milarob.er­

Tailoae and .how.d tbat ud4er "8 elt. ot ant1bodr produc-



tion and re.ponde' to .tla~ation, and tbat intra 

IIllI!llll&.t'1 lniua10ne of an antigen made dlU'ing the dr, 

period resulted in a higher antibodJ oontent ln the 

oolostrua than ln the blood .erum. fhe, also found 

that anUlI04$:es appeared ln the III1lk within t.o hours 

atter laotatl.r.g OOW8 were lnfused wi th,'h' antigen •• 

0) Leuoooyte.. fhe geometr1~ average oell oount 

ot III1lk trom healthJ 00 •• was found to be about 70,000 
A 

per m1. bynoLeo' and tDderaOJl (1952). IlaoLeod.!1 il 
(1953) showed a relationahlp bet.een the number of 

leueoerte. ln tbe herd milk and the peroentage of 

... titl. animal. ln the herd. fhe, found lf the pereen­

tage of tbe infeoted animale wi thin a herd wae ~ or 

more, the avarage lauooorte oount III1ght be 1,000,000 
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or more per al. of milk, and the milk fro. herde affeoted 

with Streptocooous asalaotiae infeotion bad high.r leuoc­

orte oounts then with orgam .. s other than Strep,oooo0!lf 

'f!l aotla •• Be.bould (1964) atated that 'in aDT baoterial 

lnvaa1'Jn of the human or animal bo41, leuoooyte. oouU­

tutld tbe major natural de reno. aeohanis. and that in 

tbe 11lT&.ion or the bovine mallllll&llJ' gland, milk trom 

normal glenda oontalned rew leuooo,t.. and thay oo~' 

not probably p).", &nJ role in ilhe very early stage. of 

lnfeotion, D.rbyahire (1964) inve.iligate' the part 

,la,8' b, oellular and humoral oomponeni. of ~8tii1s 



milk 1n iDhlb1ting 8ta~looocaal mult1plloat1on aDd 

obaen84 that tbe milk beoame relaUva17 iDh1bUoq 

to the growih of Staphyloooool in proport10n to the 

nwaber of leucocyte. adde4 to the norllllll milk. fIley 

alao found tbe supernatant fraotion of mast1tis milk 

after the re.oval of leucooytes waa a180 1nh1b1toq, 
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and that cellular frao1;ion W'.8 no longer baoter108taUo 

when the oella wera killad by heat and the hUlloral lnh1~ 

bitory oomponent of .ati ti. milk which might originate 

fro. blood .erum we. alao heat lab11e. Slngh and Marahall 

(1965) ob.erved reduct10n in plate oounte with 1DOreaalng 

conoentrationa of leucooytee in aterile lIki. milk. 

d) Whey proS.1nal Leooe and Legate. (1959) reported 

e ohange ln the '!hey protein pattern of 'nilk from maaU~ 

tic quarters, where the app~e.,ot blood .erum albumins 

and an inorea.e in the amount ot immune globalina were 

evident. j!.hey oonclu4ed th,.t the preaanoe ot blo04 .erum 

albuain in whey was. reliable 1nd1oator of ma.title an4 

the appearance of blood .erum albuain and the inorea.e ln 

1 .. une globulin were due to the inoreaaed oapillary 

peraeability ot the ties~e aa a result of infection whioh 

le.d to the out pouring ot plaama proteins trom the blood 

oboulation. 

8. 
p 



Singh an4 Laxmlnara7an& (19.8) studied tnegrowth 

of starter organisms in milk and ob.erYed that pa.t.n~ 

rlaation and boiling improved the growth and actiYit¥ 

of the starters in ordinary milk, eapeoial17 with ear17 

and lat. lactation :lilka. Keogh (1958) reported that 

depression of acid production at times took plaoe in 
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the oheese v~t, and suggested tilat the oultures not affeo­

t.d b¥ oreamlng were moat useful in ohee.s manufaoture 

when the milk was eeaeonall¥ inhibitory. Ratarajan an4 

Dudan1 (1961) stated that the natural inhibitor¥ substanoes 

in milk .ere of praotioal importance partioularly in 

cheese making ,nd maintenance of .tarter oulture. an4 

a180 on the keeping quality of railk. Emmons.!!.\!l (1963) 

attributed the sludge tormatioll on the botto" ot cottage 

ohesae vats and alow acid dsYelopment, to the agglutination 

and settling of certain strains of .tarter baoteria. !hey 

found that the rat. of aoid deyelopment in the rest ot 

the yat was reduoed, and if serioua, resulted in the 

tailure ot manufacture and that the curd tormed lacked 

unifcrmity of firmness and particle size. Hcwever Stad­

houdera (1963) was of the Yiew that allutinina were ot 

no i.portano,e tor the aoU'Ii ty of chee.e .tartars, aince 

they tound that rennet addition prevented the agglutin1ns 

trom inhibiting ~o1d producticn. aeiter and Koller 

K.deen (1963) 8upported the aboye Y1ew and .tated that 

.ince rennettiDg of milk preYented the creaming up, the 



agglut1n1ns asaociated with the inhibition waa ot no 

ooncern in oh •••• making. Emmons.!!.!! (1966a) turth8l' 

inyestigated the laot10 streptoooooal agglutinins in 

milk and blood ot ditterent cow. with susoeptible and 

r.sistant strains and oonoluded that tor the .election 
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of straina for oottage cheese starter., it must be •• swa.d 

tnat strains agglutinating in milk trom seyeral herd. 

ag,lutinahd in most milk supplies and that strains Wi th 

low agglutin1n titres in blood and first colostrum .ere 

satiafaotory for cottage chees. manufaotur.. ~h. suthors 

in the sama year (196Gb) after a datailed study on aayeral 

susoeptible and r.sistant strains reoommand.d •• leotlon 

of agglutination resistant strains for cottage oheae. 

cultures. Randolph and Gould (196G) reoommended the us. 

ot suffioient amounts ot resistant strains in mi%ed strain 

oalture •• to raduoe the possibilIty of .tartar failures 

or slow aold produ.tion due to the natural inhibitory 

attect of milk and permitting at the sam. time the UBe 

ot sU80eptibla strains whioh might haye benefioial atteots 

on the quality ot the produot •• 

•• PoJ mortanoe Of oolostral AAUbodies to the new 
om calve.1 

".onJl!l (1930) observed that 1n oows plaoental 

traaami •• ion ot antitoxin produoed aotiyely or passiyely 

U4 not take place and the Clalves obtained antitoxin 

tbrtagh the laotoserum. Smith (1948) stated that 0010.-



trum •• ~.d a sp.oial funotioa ~o enhanoe ~he re.i.tano. 

of a. Mw born ~o iafeoUous dieeaa. and that the ooloa­

tram oontaiaed extrem.ly high oono.ntratioa. of immun. 

leo to globulin. whioh were paaa1 vel, tranaferred to the 

Offspriag, wh.r. th., might persiat in the blood .tre .. 

for meat aontha, until the n.w born were able to! malte 

antibod1e. of a.1r own. Ooalin. !!.!! (191l1) r.port •• 

that the appearanoe of certain of oolostrum protein. 

in the blood aerum ooourred follonng ae f.eting of 

colostrum to the new born of mant apaoi •• and that the 

oapactt, to absorb lergs amo~t. of unchanged proteln. 

tiaappeared wi. tMn 24 to 48 hour. of blra. n., further 

observed that increase in ag61ut1nat10n titre wa. eith.r 

greatly reduoed or absent in three an1il1al. in wMch whe, 

waa aot adminishre. until 63, 64 and 61l hours after 

btrth and there wa. an interval of 60 to 120 minute. 

between the introduotion of the whe, into the duod.aum 

end the appearance of colo.tral prot.ina in tha lfmph 

of roung animal. and suggeshd that after absorption the 

globulin might be oarried br the lYllph to a. s,stemio 

oiroulation. DeutBllh and 8m1 th (191l7) found a. gut ot 

the new born herbivore lost 1tap~rmeabil1t, to large 

moleoul •• daring the first 24 to 30 hours Of post partum 

11f.. Larson (l9DS) ahow.d that the immunoglobulin, war. 

not alt.red in pas.ing froll the blood .tr .... to the •• ore­

tio .. ot the a8",,"91'1 gland and the inoreaaed t_fer of 
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~he ll1111Wle ,10bul1n. was U •• d w1 ~h ~he approaohlq 1I&r1lu-

1'111ion and al~hou&h 1Iha ra'll. ot ~ranater 8'11ar'lled ~o iDOreas. 

about a month betor. par1luritlon, 111 dld not r.aoh ~ 

aaX1_ until 211..t betor. parlurit1oa. 1>1ero. (1962) 

etatad thet the uqulatee at birth •• re immunologioall, 

unetable, and e~abil1tl wae .etabliahed by eUOkltas tha 

mother, and r~aorded over 50 peroent ot immuna laotoglo­

bulln in the a.rum at suokllng oalvae 4S hour. atter birth. 

Pieroe and leinstein (1965) ln410e1ied that the -81'1 eland 

Ihowed a hl~ly •• l.o"ive ~.t.renoe tor, an4.henoe abll1ty 

to oonoentrate in ooloe"rum, the eleotro~oret1oal17 

fast.et .aruw lmmune globu11ns and thel founA 11' oOh~ras~ 

to the wmmery gland the intestine of the new born oalf 

(peraeable to the und.graded prot ell' during the flrst 24 

hour. ot llfe) showed no seleotivity and ~hat the immune 

globulin. ahOW1q thre. eleotrophoretiQ mobil1tle •• ere 

absorbed readily .qually. nay ahowed the 11 the oalf re­

oeived into It. oiroulat10n from iqa.ted oolo.~rum 

•• leot.d .. ternal serum lmmunoclobul1na and thi. seleo'llion 

ooourr.d .ithin 'IIhe mammary gland duriq the formation 

of oolo.trum. Itlaua 11.11 (1969) repor1ied ~he1l the 00108-

tl'llll liG waa 81gn1t1oantl, higher 'llhan the level 11' 

aa"ernal aerum and 'IIha IgII and IgG in oalf .erum reaohed 

a peak at 48 hour a whloh ... muoh hlgher than the .. 'lienal 

lnal, ne, alao observed thet both IgiJ and IAK were 

• __ bed from the gut ot the oalve. wi1lh equal eU101eIlOY. 



Kruse (11170) found h1s1ll7 s1gnifioant diUerenoes bUween 

b~.sds in·ths 7ield of oolostrum at first milking afte~ 

oalT1ng aDd in the oonoentration of lmmune globulin in 

colostrum. He reported that the Red Danieh Breed ani­

mals had the highest oolostL~m 71eld, but the lowe.t 

immune globulins peroent, the indlvldual variation in 

ths oolostrum yield, im!lune globulins peroent and immune 

globulin 7i8ld was ver7 marked; heifers had a lowe~ 

oolostrum and ll11111111e globulin yield than oowe in .eoond 

and later laotation.. Be oonoluded that, so •• of the 

0 ... of b7pogammaglobul1naBm1a in oalv .. was not dUll 

to failure. in the oalt's abl1lt7 to lngest oolostrum 

and to absorb the immunoglobulln, but, rather to an ln­

lufflo1eno7 in the immunoglobullns transfer f~oa the 

.othe~. Kruse (1970a) ~eported that the inorease in 

1.:r1III 11111111110globul1n oonoentraUon during the first 24 

hours after oolostrum feedlng, waa a fun~tion of the 

_Sl of lmmillloglobul1n fed to the oalf, the age at 

oolostrum feeding, and the blrth weight of the oalf; 

and the f1rst two were predominant faotors. Be obse~ed 

,bat till dela7ed feeding of oolostrum froll 2 to 20 hou", 

reduo8d the absorption aoeffielent to about half. ths 

ab,orptlon ooefflelent appeared to be unaffeoted b7 the 

i_lA.globulin peroent in the oolostrum, and also b7 the i_. globulin ginn to the oalt. 2h8 author (11170b) 

Ntlle~ ob.e~ed that the probab1lit.t of an individual 



getting hypogemmaglobulinaemia oould be miDimieed by 

early feeding of a large tuantity of o~lo8trum at the 

first teeding atter birth. 
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IL\ftllIALS AID JIlI90DS 



gmrtt. pD pgGD' 

1. Ie'pl.." 

!he tt~.t eelo.t~um f~o. 68 oow. and &3 buftalo •• 

and a1d laotation milk f~o. 371 OOWl and 288 buffaloe. 

were oollected from 8iD4h1, leraey, 10DA •• oript. 81D4b1 

J.~.al 0~0.8 and 10nAssoript lar.al grade., OOWl an4 

.~r&h aDA Nonda.cript buffalo ••• 

Blood and a1lk •• pla. from 9 SiD4h1. 8 leraay. 

18 '0D4 •• oript, 11 8iD4bi leree7 oroa. anA 7 'oDA.aoript 

J.r"7 padea, 00" anA 12 Ilurrah and 16 lond.lIOnpt 

buttaloa. ..r. oolleoted throu~out the laoiation tro. 

about a da1 prio~ to parturition upto the anA of laot.­

Uon. fhe ... pl .. w.re takln dal1y IIpto 11he 1"'811h 

da7 of laotaUon, than on tha fourt.enth da7 8d .ub .... 

quantl1 at fo~tni~il11ntarYale. 

the oalf blood f~om tha abOTe menilonad br •• d. of 

'D'·.l. WI. oolleo11sd 1mmedlately after birth, before 

te.41ng oolo.trum and ther.atter at different interTali 

up",o the aga of slz month •• 

• total number of 129 ... pl.. of a1lk from int.ot.d 

Ud.n •• re colleoted of which 82 ware from OOW8 an4 " 

fit. buffalo ... 

All ... pl.. w.re ooll.ot.d aaeptioally in at.ril. 

Iilk bottle, or t.at tube. and ,ub3.oted to naoe8a&r7 
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2, Bao,.nal Gultur .. , 

!b. tollow1Dc oulture. of bao~.ria, i.olat.4 "roa 

milk and our4 .ampl .. 1n th18 labon~ol'1, a ••• 11 .. 

iJP! ouliur •• obtaine4 trom otb.r Bouroes .sre u..4 tor 

ih •• 1iu4y. 

a) !.plated tEo. milk and 0Ulf. 

,\onooooolll laoU. (A, B an4 0) 

Lao •• b&9111u. bulRrtoN 

Will". G'rm 
I.elnohi. 0011 

) I.olated flO- ,,·t1'1. udd,r, 0' OO!!I 

'tsphylocoocua .pec1s. 

8trepioooocua .p.c1 •• 

P •• u40aODa8 spe01s. 

!IDh.r1ob1. 9911 

.) Inl oulture" 

"M ot the O£,"1 !!II" 80m' 
•• UoIla1 Dairy 
B. ... arah 1uU­
hi., BanploJII • 

• ational DaiI'1 
B. ••• aroh luU­
tute, lCarnal. 
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Laotoba0111uI P1!!ttrWa (89) 

§tre»tocoCCU! fa8ca111 (190 and 30) 

8tr8ptoooOOU8 a8!Aaot1a' (865) 

~tr'Pt0900§U8 £Fos.n,. r- 49 - ) 

It'Rbllecg09U' IY£'QI (KIGM) 

3,oh,rlohla 0011 (745 and 555) 

',audo.oDaa a.rog.nola 

f!.udgaona8 (luor.,o.a, 

petttur.1Aa b°rt.·pt1oMB 

910.tri41sm w.lob11 
qlR!'ridlum chauY.1, 

"Wa,lla tuho," 

111'99.11a earatYpbi 

(803 -

National Dal1'7 
Il ••• arch 198U­
tut., Karnal 
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Inati tilt. of 
Veter1Dar7 Pr.­
Yeat1y. Kedlo1Be, 
llan1pet. 

Neth.rland, 
In,Utlli! for 
Dal1'7 Il.,.aroh, 
the Netherland. 



3. Preparation 0# .. 'pl •• f9I "ell'i" 

a) OolOltral aM milk wW' Wher from oolostna 

aDd lI11k .. s prepa.red b7 the addU10n of rUJ1et. ner 

was conoentrated when .. oeeaar,r to lIard or 1I1th ita 

or1g1aal volume b7 fre.siaa. &11.4 sterl1ae4 br filtra­

tion through a sintered glass baoter1al filter. 

b) Blood sa;um' Blood from the ~U&Ular veill. of 

the animal was oolleoted ae.ptioal17 aDd e.rwa ... 

obtained br oentr1tusation of the 010tt8' blood. 

0) !I1llt 9Uraf11tratll !I1llt ul1lrafiUrate .. e 

prepared b7 adopting the method of stlldhoUllers &11.4 

Hup (1970). 

d) 'a1l globule.. !he method ouUlnld b1 Stadhou­

'Ira en4 Hnp (1970) was follow.d for the prlparation 

of the two lIyp.. of fat globulee, 0" froll raw lI1llt 

aDd. pother froll heat trlated lI1llt (80°0 for I 1I1a.) 

for atu4;r111g their agglutiaaUon and the baoter1al aUaoh­

... t to the fat globul •• re8peotively. 

e) lat !!10l!!!.l! .. eM lIB" !he method of ltUl¥on 
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.u al (1966) ... follo •• d for the preparaUon of fat 

clObule .. aMaaa wh10h oonaU tnt. the fat globule agglu­

t1n1l18. Ooncentration"B eff.oted b)' 4r;r1aa froll the 

1:1.'0_ .tatl und.r vaOUIIII ovar oal01Ul1 chlor1de &11.4 

It.r1l1zld b1 filtration through a Bin1lered gla.s baoter1al 



fiUer. the pro1;el .. in lihe fat al.lIub .. 8h111&' were 

NOOven4 117 0014 acet_ p •• o1p11l.1I10& (ABona •• ltlSl) 

ue1n& 10~ ao.toDi 00&08nt .. t1on, re41 •• 01ve4 in app~ 

priate quant1t1e. of pbOIJb&t. or tr1a 011;rat. or tri. 

hrdrooll10r1c aaU lIutfen azul _4 ill the ana17811. 

f) ht 110111\18 I!!!!lIren'l file Jlltthod of a.nld 

an4 BrDIlIler (191S?) was U8.« for the preparation of 

fe1i glollule 1II.1II11ft.a. material •• 

s) IpMb'toR "'011911 0' !ilk' Laota.1n fho-

tio .. L an4 L .. r. pr80ipitate« 117 0014 a08tone fro. 

the oOllOeu1;nta« ooloetral whe7 ae per 1ihe a.-ho« of 

AuolB1r aDd Berr14&. (1953) 8IIIP107111& ~ 6Oatone oOlloen-
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, .. 1;lon for Ll fraot101l aD4 a5~ for La fr6OtlOIl (K081k ... kl 

an4 Uooquot, 19I5S). ~he preolp1ta1;e. were «rt8« frolll 1ihe 

fro.en atate un4er vaouum over oaloiua ohloride. 

!be ooncen1;raved oololtral whe7 ... alao frae­

Uoneva« b7 0014 acaton. pnolp1taUoll ua111& 10. ao. 

10, 40 aD4 ISO parcent oonoentraUoll8 of ace1;one a .... 

" ... 117 Saeak1 aD4 A1lIua (191S9). ~a .. fraoUo .. wer. 

drie" a. lIIen1;ione" ear11er. 

hl !btl pwo1;B1yl Eualobullll and p.eudoslobulin 

"re prepared frolll oolostral whe7 aooordin, to the .. 1ihod 

of IImUh (1946) aD4 the eolutlo .. were oonoentrated 117 

tIM .etllo4 of Kohn (11189). file lIIethod of Aaohaft.nbva 



&ad DnftT (1.&'1) was toll"od tn 1on. Pl'opuat1_ ot 

bek laot.,lobul11l ... alpha laotalbUJd.a. 

Saaplo. ot bota laotoclobu111l aD! alpha laot· 

albWl1n wore allio obtaiud trom Dl'. MOllo.It1n, U,S,A. 

1) Cuoslobul1nl !he ol'loclobul1n waa .opuat;e4 

fl'om tho euelobul1n P fl'act10n at low tomporaturo (0 

to 2°C) a. per tn. .. th04 of 81;allhoudora and Hup (19'10) , 
with a1nor alteraUon. ln the prooe4uro to 811itdlie pur-

po.e ot thla 11l .... oUpUon, 

lluglObul11l about 2 1IIg, per al., waa 41.aolv04 in 

0.06 • ao41a ohloride aolution at 3'100, 41atrilillt .. til 

aaell tubo. 8 x 0.4 om., 0001.4 to aOc and atorod at 

that t •• pol'atare for 15 to 2'1 hour. 111 eevOIl batoh.o, 

ID the •• VOIl ba 1Ioh.. ..re elUUll1ned in the fo 11ow1q 

_or at two lLour17 inhrvala, otarUIli troll the 15th 

holl1' of nong. IIptO tho 27th hour. !h. tllb .. wo ... 

oilltritugod at 20,000 rpm for 30 ainut •• ana tho 0141-

.. 1l1I wu 418110Lve4 In half the ol'1ginal vola. of 0,01 • 

oo41wa ollloria. ooluUon. '!ho proteln 001108Iltra101_ wao 

'o,e281llod 111 ,at1aat11l1 tbe opt10al 4anolt, at 280 .11 

ill a Beolalall DIJ II ul trav10l,t apeotrophotoutol', !han 

the To11lll8 of tho .. lut10n waa oaa. IIpt. thai 01 tho 

onpnal euelobullil .01u1l101l &ad 1In. whole pl'ooedure 

ot 0014 acgl'GgaUon and oOlltnfupUon npoate4. ftaaU, 

the •• 41mont weo dlso01ved In halt 1In. orlginal volu.a 
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O~ 0.08 •• odiua ohlorlde .olution aa4 tbe ooaoent ... 

tlon dot.niaed ae bo~ore. !he Uae tak .. ~or tJLe 1I&S1-

mUlA aggregatlon o~ euglollul1n to tOD or;roglollul1n at 

ZOo tor tho two apeol.. OOW aa4 lIuf~alo waG de to rained. 

!he .upeeatlUlt aJI/I tbe .edlaent ollWned o~te' 

the •• oolld oold aungoUon •• 1'8 I'tta1 .. 6 aII4 •• 6 ill 

the egglu1l1na1l10n IUI4 attaohaDt teot.. O~oglobul1n 

aa4 euglo1lul1n r ~roa 0011 and buftalo o .. pl .. , .en tr.... drled In sa Bdward l¥opbill •• r IUld otored ~or 

turther otuU ... 

4. PrepmUon of bao'te£1al "t1UP" 

ill the leotio 0111 ture. exoept a tew •• "". ;roa 
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la 1e.et destroee broth ooato1a1ng o.a~ yeaet extroot, 

O.5~ peptone oad O.l~ dextro... 8treptoOQOOUl R1"9Fi. 

organioa. were growa in fGV a.diu. (8tadhouder., 1981) 

ooa1l011l111& 1~ tryptone, 1~ b •• t extraot, 0," , ... t 

"'troot, 4~ t1ltftted to_to estraot, ~ gluoo .. , 0.1~ 

""'.11 80, an4 o.~ potaeelum hydrogen phoephde. I$n,tt­

"nUl wmP»1Uf wo. growa 111 10a,t destro •• broth 

•• a.'ll1ag 10~ PQUI1 Ug .. ted aUlt. "reptoooom 

meMe waG pon 111 eerua broth. !he reet ot tht 

Ol'pn18810 ,.ere grown 111 l1utrient broth (8-.114&1'4 •• thode 

., ",widona1l1011 ot 4a1~ produot •• 1951), exo.pt thl oultur. 

ot oloetridium, ,.hioh woe gro .. uIlder anaerobio oon41t1bllO. 



ft.. ~ •• ~ oultur •• were 1nooulate4 1n approp1'1at. 

bro~ an4 inoubate4 at 3'°0 tor 24 hour8. ft.. ~b •• 

•• re oentrltuged and paoke' oell. tran8t8rro' ~o bulk 

_diu (100 Ill.) an4 inoubated tor 18 houra at 17°0. 

A~ the aaooD! hour ot lncuba~10n 10 as. ot 2, a, 5, 

t1'1phenyl tetraao11ua ohlo1'1de .a8 added (00ncentrat1on 

0.01_) ~o the 1nooulate4 broth. ~he oulture •• ere In­

aot1Tate4 by keep1ng 1n a waterba~ at 60°0 for oae 

hour. ft.. broth waa oent1'1tuge4 an4 the oella weI'. 

waahed 11% UIII .. wi ~ Ito1'118 pho.phate buttered .aliae 

an4 tlnally au.pen'ed ln 5 1111. ot n01'lll81 .allae (0.66 ~. 

_ 8041l1li ohlo1'1de) oontaining 1" phellol an4 1" glyoerol. 

~. oOllstltuted the at&1ned, 1naot1vated ant1gen. 

ft.e 1nhibitory traotioll.8of milk prepared by oold 

eoeton8 pre01pitatlon of ooloatral whey (a .. tloll 3.g), 

til. wIl.y protell1.8 of milk (3 .h) and the fat globule 

weBblnge (3.e) W8re te.tod tor agglutinIn ao~lvl~y, by 

the tube aggltlUnaUon 1080t an4 the mioroacopioal obaer­

vai10n lIIethod, uaing Sjr!p$9000c98 0E,III0r&a 803 organ181118. 

a) bbe aulul1ll&t1on ~ .. t hU.lk £iN "a1) I Tb.1a 

.... we. baaed on tho p1'1noIple ot 1004 (1950) tor 

bueUa. '01' the rIng ~o.t, aample. ot 00. or buttalo 

lilt waro adju8ted to cont&1n '" tat, 81nce upto a level 

.t 4.~ tat, the milk 1'1ng t •• t gave diUillCt ring an4 
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tne r .. ul.\a ooul.d " read •• ill <If.oh.anl.1npa, 1964). 

All the protein fr.o~ion. wera di •• olved in the heat 

treated milk (80°0 for 5 minute.) contaia1ng ~ fat, at 

a conoentration of 1 mg. per ml. '0 about 5 ml. or fat 

globulo washing., enough ot tat globulee prepared acoor­

ding to Beotlon 3.3. were added to giVB a flnal ooncen­

tration cf 4~. fo e ml. of the teBt .01u~10na in Khaa 

te.t tube., 0.1 ml. cf ata1ned an~ig.n of i1£!R'OOOQCUI 

ore!oril 803 waa added, mix.d and inoubated at 40°0 ~ 

0.5°0 until the ring tor!&~ion in the tube. were evident. 

!he raw and haat treated (80°0 for 5 minute.) oow and 

buffalo milk .are employed a. oontrols. 

b) ~~o£o'ooel0 ob.e£!!t~on of agglutination. !he 

.ethod wae 8imilar to that of RuIDIona .!! .Il (1965). All 

the protein fraotione mentioned above ware dissolved in 

ailk ultratll trate at the rate of 1 m~. par ml. 'I!o 

0.8 ml. of the •• 801ution81nd fat globule washings and. 

fat globule membrane matarial. (sact10n 3.f) was ad4e4 

0.8 ml. ot the ataine4 antigen of 8trsptococoUf oram2[~1 

803, in a Khan te.t tuba. A 0.04 ml. aliquot of eaoh 

!1xhre was transferred to a oavi ty alide, incubated at 

,,°0 for 15 minute. and examined under a miorosoopa for 

lIIlutination. !he result was aon.i4ere4 to be positiYe 

if agsregatea of ten or mOre oell, were ob.erved undelf 

the !iorosoope. 
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~e agglut1n1n aotlvity was e.timated by following 

the ohang .. In pH, and aoUitl of hst aamplea and allO 

agglutlnatlon pahomena, uslng 31£ee$99000ul orem9El' 808 

organi ..... 

a) Det.mna~lon 0:' eRa file oolostral whey, milk 

(ak1m milk), fat globule .shings and euglobulin 41s­

.olved ln milk ultratl1tr.te (2 mg. per ml.) w.,. 

subjeoted to the laot.n1n •• .., method of Auolair and 

H1rloh (19D8). 

Teet sampl.s were dl1uted to dlfterent le.el •• 
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• tartlng from 1/5th d11ution and aaking 1/10th, 1/1Dth. 

l/aOth and 80 on upto 1/100th d11ution tor milk and eu­

globulin and at.rting from 1/100th dHution and making 

1/200. 1/400. 1/600 and 80 on upto 1/8000th dilution tor 

the ooloatral whal and starting trom the undiluted ... ple. 

and making two fold dl1utlone tor the tat globule wa8h1nge. 

Dllution. in between were mad. when tha lower 411utlon 

... 8trongly poaiti.e and the nezt higher dl1ution .a 

negatlve. The oonventlonal two fold .erial dilutlon was 

ut made ainoe an .oourate a.timate of the tUra at 

h1lber 411ution was not possible. file •• dilutions .8ra 

ude using .terUe reoolUlU tuted skim milk adjuated to 

pi 7.0 with H/l0 Sodium hydrozid.. fIl8 duplioat. d11u­

tLODS of the sample. were haated in a watarbath ~t 80°0 



for 20 minute. to deatr01 the agglutinins. !he higheat 

dilution or the test aampl •• , at whioh inhibitlon ot 

aold development .s. eT1dent ao oompared to the oorrea­

ponding oontrol .ae taken aa the maE1aum inhibitor1 

titre. 

b) D,termination or aoiditYI Aa desoribed above, 

aimilar dilution. ot the test samplea .ere prepared 

along with the oontrol., using oterile reoonotituted 

skim milk adjusted to pH 7.0 .1th _/10 Sodium htdroxide. 

ltter 1nooulation with an 18 hour old oulture or Strepto­

oooous oremori. 803 at 1~ leTel the tub ••• ere inoubated 

tor 6 hours at 3700. !he aoldit1 eas determined as 

peroent laotio aoid b1 t1trating against N/l0 sod1um 

hr4roxide to phenolphthale1n end point, and the maximua 

titre determined as betore. 
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0) !abe agglutination t •• t (Milk nng te.t) 1 the 

'est aolut1one and the oontrols .ere d11uted .s before 

81th milk ultraf1ltrate. 'at globules preparsd aooord­

ins to .eotion 3.d •• ere added to the d1luted test 8Ol~ 

tions to a Una! oonoentration of 4~. the hat ne 

pe.to,.e, as deaoribe' under aeotion 5.a. the higheat 

tUuUon i~. ":.Uoh the appearanoe or pink ring .aa ob.erved 

•• tllken aa the tUre. 

4) l1oroBoopl0 ob'!I!ation of agglut1natioBI the 

••• , eolut10ns and the oontrole .ere d11uted to difterent 



leTal. with phosphete buftered sallne, and the teat wa. 

par.tormec1 a. described UAcl.er aeoUon :l.b. !ha highe.t 

dilution of the eamplea giTing poaitlTe teat. war. iak.n 

a. the U t". 

In addit10n, the estimation ot agglutinin aottvtt7 

wa. dona in the blood se1'Wll, oolost1'Wll and 111111: and the 

rat globule washings throughout tha laotation ln dlft.~.nt 

bree4s of oows and buffaloe. u8ing StreptoooOOU8 oramori. 
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B03 and ln the 1I141aotatlon ml1k ue1ng Streptoooccua or.mori' 

803 and Sjreptoooooue laotl. ~7 organiam" and ln the blooc1 

a.rum ot the calT.a, trom blrth upto the age of e1x monthe 

at regular lnterTel., using Strepllo09oouB oFemorl, 803 and 

Sacherlohia 0011 organi .... 

7, ,nilvtt' of different fractiOn! th0.inS a.g1ut1niD 
ao iT %1 

!he traotion. thet .. er. t,.ted for ag"luUn1na actl­

n 1Iy ,.ere ana17sed by the methode of eleotrophoreeia, gel 

tiltratlon and paper ohromatography. 

a) Eleotrophoretl0 analYsla! !he aoetone fraotlons, 

LaoteDin L1, and L2 fraotlon., euglobulin, tat globule 

waeh1n,ls and or7og10buline were 8ub3eoted 110 hori.ontal 

etaroh gel eleot~ophoraslB ot Sm1thi., (19~3). Hydro17a.d 

.taroA (OonDaugbt rea.aroh laboratorle., roronto, Oanada) 

... Wle4 at 11.5~ oonoentration for eleotrophoreai" 

rou11k'a diBoontinuoQ8 bQtter wae Q •• d (Poulik, 1957). 

!be Gomposition and oonoentration ot the butfer are! 



!lel buffeJ! I 

0.076 • fri. (hydJ!oxymethyl) 
lli.ino •• then8 

Bridge bufful 

0.11 • Borio aoid 

0.05 Sodium HydJ!OX1de 

••• ... 
9.21 gas./lit. 

1.05 gma ./li •• 

••• 18.55 gm •• /lit. 

••• 2.0 gm •• /11~. 

~he pH of the bufteJ!8 was adjusted to 8.65. 

Staroh at 11.5~ level waa weighed and tranafeJ!red 

to a 81de armed oonioal na". !h. method ot preparaUon 

of .taroh gel tor eleotrophore.1a waa similar to that 

ot Krietjanaaon (19611, 196(;) with minor alteJ!ation •• 

Two thirds quantity ot the req~ired gel buffer wa. heated 

to boiling. Staroh _. III1xed with the re::taini-'g bufteJ! 

and tbe heated bufter was added to the ataroh - bufter 

III1xture awirling the na" all the while. !he aiJ! 

_ubbl •• were removed by dep.e.ing under vao~um for 

about half a III1nute and the gel _e poured into perepax 

lr'71 ::..aed wUh falae bottom and .. llowed to set. 

~he material. weJ!e absorbed in whataan No.1 .. 

tl1t8J! paper and inserted into the gel. ~. electro­

phofteh was our1ed out :!'Oi!-II-holllrs _!it iilG-;w.lt •• 

4ttoJ! .leotrophore.le the gels were ali oed horiBOn­

tally, etainad wUh 1~ &miioblaolt (Sarger,t '?~4) in 

attbaDol, aoetic aoid, water (u I 2 I 5) for 20 minutee 
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ana oleaftd ln methanol, aoetio aold, and water (5 I a I 5). 



b) S.phadex g.l (11trationl !he colostral Wh.y, 

milk wh.y, mastitis milk Wh.y, tat globule washine' 

and or,yoglobulin w.r. tractionated in a column ot 

8epha4ex gel. S.phad.x G 200 (40 - 120u, Pharmaoiat 

Uppsala, Sweden) was used tor fractionation .mployine 

m.thods Buggested by Porath and Flodin (1959). 

!he Sephad~x 1I&a awollen in .xoe"s of Bolvent in 

a boiling waterbath for Bix hour. and deaerated under 

Yaouum. !he elurry in the buffer was paoked in a 

special jacketed Sephadex column (K25!45 3aoket.d, 

Pharmaoiat Uppaala, Sweden) 45 ome. long and 2.5 om •• 

int.rnal diameter, mounted vertioally. Extra oar. 

was taken to maintain the steady riBe of the horizontal 

.on. ot the gel b.dwhile paoki~l. After the .ntire 

elurry was added and a required gel bed height had be.n 

obtain.d, the oolumn was oonneoted to a r ••• ~oir 

oontaining the .luant butter and th. gel bed wa. stabi­

lised by'running the eluant oTernight. 

!he samples war. d1alyaed against the eluant 0.1 M 

tria - Hydrochlorio aOid, butter pH 8.0 and 1 •• 041\111-

ohloride for 24 hours at 5°0. A quantity ot 2 ml. ot 

the dialYB.4 sample "as applied to the sample applioator 

l:ept in pOB1 tl.on oTer the gel bad and the aluant waa run 

through the oolumn. !he flow rata was adjuuted to 12 -

15 &1. per hour and 2 ml. fraotions Were collected in 
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t... tuba.. !he t ... action. w..... ane17.e4 to ... th. pro.dn 

oon~.n' a' 280 mu in a Beokman D U 2 ul ..... viol.t Spect ... o-

pbotome...... and .he elu.ion OurTe. .er. d .... wn to ... • aoh 

ot the .ampl... Th. f ... ao.ionation ot or.roglo~ulin ... 

carri.d cut at 400 ~1 oirculating ioe oold wat.r in the 

Jaoketed oolumn. 

' .... otion. eXlt'iting agglutinin activi'1 .ara 

pooled. oono.ntrat~~ br dahTdr8tion under vaouum aY .... 

caloium chlorid. and rotraotionat.d on S.phad.x G 200 

under the conditione given a~ov •• 

0) Paper 'bro!atosraphl ot hydroll.e4 p£9t.1D11 ' 

Solutione ot euglobulin and orroglobulin and tho aotiv. 

fraotion in the tat globule aggluiinin •• ro hyd ... olys.d 

in 2 N Brd ... oohloric aoid for 10 hour. at 15 lb.. pre .. 

8ure (Ban.~ ot al~ 1947) except tor tryptopban d~er­

miDation tor.whioh t~e p,~cedure ot Hire et 81. (1954) 

wae employed, to ... hydrolya1a. 

The hrdro11a.d p ... ot.1ne were oODe.ni ... ated D1 drring 

under vaouum ov .... caloium chloride and .pott.d in a 

whatlll8ll No.1 MIl Oh1'Olllatographio paper (22.5" x 18.5") 

and develop.d in a Ohromatographio ohamber tollowing two 

d1meneional technique. u8ing 8~tu ... ated phenol wat .... 

(500 gm •• ot phenol disaolv.d 1n 125 ml. ot diatillad 

.. t .... ). (Ivo ... Smith. 1958) tor 24 -. ..... and ~ - Dutanol­

antio acid .at .... (250 •. 60 • 250), Woiwood, 1919) tor 
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18 hours. After drying. the amino aoids .ere developed 

with ntnhydrin (0.5 gms. ~ ninhy4zin in aoetone). 

~e .eparated .pote were evaluated quantitatively 

by eluting the .tained portions with 3 ml. ot 2~ sod1um 

b10arbonate 1n 50~ methanol. The oolorimetrio r .. d1nge 

were taken in a Klett Summerson photoeleotrio oolori­

meter employ1ng a No.52 filter. The analys1s were done 

1n duplioate under 1dentioal oondit10ns. 

Pure known amino a01ds of 0.03 M oonoentration 

were a180 ohromatographed simultaneouely and used a • 

• tandards ·to determine the oonoentration ot the am1a.o­

a01ds in the protein hydr"lysates. 

8. inflUenCe of pH and 1emperature on asg1utinin 
aotlTiiy,! 

a) ~I The euglobulin was diseolved at the rate 

ot 2 mg. per ml. 1n a buffer oonta1ning different pro­

port10ns of 0.2 ~ eolution of aonoba810 sodium phosphate 

arut 0.2 • ,olution of dihaaic eodium phosphate, (OruiOk­

ahallkj 1965) wi.th pH values ot 5.6 to 7.4. The tat 

globule .ashinge .aa also adjuated to the eame pH 

"'Bluee. 

D1fferent t1lutiona of the teat solutions were 

made arut the agglutinat10n t1tre determined, by direot 

Biero.copie observation method. The maximum titre and 

the corre.ponding pH value •• ere determined. 
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b) !e.perat9r!' !he eaglobulin aolution in milk 

uUrafllirate and the tat globule .. auinge were IrllPt 

1n waierbathe at 41fterent tempe .. ture ranging from 

600 0 to 80°0 and exam1ned at freqaent interYal" tor 

aotiYity, aDd the tim. taken for 1nact1Yat10n at eaoh 

~e.p.ratur. was d.t.~mla.4. 

aJ Agglat1najiin of baote£1!1 Different dilations 

of tile eaglobuUn ( 2 mg. per 131.) 1n milk altratlltra1le 

and the saperaatant aDd the sed1ment after the seoond 

cold aggregat10n were made, and sabjeoted to mioroeoo­

p10al observat1on of agglut1nation us1ng §trep~oooooUl 

qremor1. ,803 antigen, a8 described ear11.r and tile 

titree determined. 

b) Agglut1nat10n.~! fat globulea. reet eample. 

of eaglobulin, .apernalant and the .ed1ment after the 

eeooDd oold aggregation were diluted to d1fferent leyele 

Ihrting from 1/5tl1 and making 1/10th, 1/15tl1 and eo on 

upto 1/100th d11uUOD. To (). 2 al. ot the te.t .olutioll 

0.02 ml. of tile fat globul.e .ere added aDd lleLf for 

10 .'.natal! a" 3'1°0. tile .. ol~t1on was taken on a gla.s 

e11de and examined under the miorosoops for the clastered 

fat globule.. !he tat globulee suspended 1n 0.2 ml. ot 

normal .. Une was uaed aa the oontrol. 
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0) A~taohm!nt of baoteria to fat slOl91el' 

(1) gentrlfuae teu, !he IIldhod of 8tadholl4era ant 

Sup (1970) waa followed. 
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Different dl1ution. of the euglobulin, the aapelDatant 

and tha aadll1lent after the aeoond oold aggregatlon, .ere 

aubjeoted to the oentrifuge teat an4 the peroentag. Of orga­

niama attaohed to tile ore .. la7er waa deterlll1ned by the 

plat. oount .atll1l&tlon. 

In addltlon the oentrlfuge teat waa alao perforlllad 

u8ing 50 Ill. of oow aDd buffalo whole IIlUk adjusted h 

oontaln 4~ fat, to .hlah a baoterial auapena10n Of 81£'159-

ooqou, orelllorift BO~. ~tre2toooooua 1aot1' 17 an4 S1r,p'99900W! 

lagtla 02 • o~ntaln1ng 5 x 106 organiama per Ill. was added. 

!he peroentage of organislIlIJ in the ore .. la,fer, sk1m IIl1lk 

and aedilllent fraotions were de'erlll1ned. 

(11) 9" .. Elling txe"ll1lent~ !ha lIlethod follo.ed 

was sl11l11er to that of Stadholl4ere (1963). emplo71ns 

paehurt .. ed OOW· and buffalo "hole IIl1lk and skim 1Il11lt. 

(d) 8!!sreti9Q te,tel !he eaturation teet •• ere done 

to find out whether .the three groupa of antibodles pre.ent 

1n euglobulin are dlfferent. 

(1) At.oretion of aq!1bo41 to bagt'r1&l 0811., !he 

method of 8tadholl4.r. an4 Sup (1970) was followed. Atter 

the presoribed treatment the 8upe ... tant wa .. r.1toh-



drawn and subjeoted to agglutination teata with streett­

qooous oremori. 803 ant1gen, tat globules and baoterial 

"ttaobment to tat globules. 

(11) AdsorptiO! ot antibodY to tat glQbul.,. !ha 

prooedure de.oribed by 8tadhondere and Hup (1970) .a. 

adopted and the tat globules treated solution wae 

teeted tor baotarial agglutination using 6tr8ptoooooUl 

oFemorie 803antigan, tat globule agglutination and attaoh­

ment ot baoteria to tat globula •• 

a) SpeoitioitY ot aSSlutiniD!1 

(i) AntibodY - bsoteria qqiApl!l!j' !hie te.t ... 

baaed on the principla ot Portll8JU1 and AllOlair (19119) 

tor the 1nvestigation on tha .paoiticity ot the aati­

bodi.. whioh agglutinate tho baoteria. 

Saturation teste .er. oarried out using the ditf.rent 

baoterial .traine and the treated solution. ware again 

te.t8d with all tha baoterial strain. and their immuno­

logioal relationship. d.terminad. 

(11) AnUbo!l,y - fat glqbule oo'ply' !he teat was 

partorm.d aooording to the .ethod ot Stadhondera and 

Bup (1970) using tat globula. tro! Sindhi, 181'''1'. and 

."n~ •• or1pt 00'8 and Murrah and Xonde.oripi battalo ••• 

(iii) 'p1ibOdY attaohing bagt'rial q,ll. SO tat 

110bgl •• , !he euglobulin aolution divided into t.o 
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por.ion. wee !ub3ected '0 the oen1lri.tuae hat uat", 

lIhe 1'a1l globul .. 01' oow and bu1'1'alo II1lk .ep&fttel1'. 

!he centrifUge teet wa. repeated again with the 1Ireate' 

80lu'ion and UAtr8atad bac'eria and ta1l globule., and 

the peroen'age at baollerial attaChmen1l wee de1lerllined 

in eaoh oaee. 

10. 4g1~Ul11n !lot1!1V iB mUle trom intsoted 1Itltl.£I1 

a) Oono'B'!!lt&on 01' asglutip1B.1 'rom the ol1lell 

at inteotiOl1. II1lk 1'rom the inteoted 1I4d81' we. II1lb3eoied 

to agglutination teat at eYery six hour. by the 11101'01-

oopioal obBerTation method and the agglutination tit£! 
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waB tleterllined uat", 1I';:8P1l09000,+8 orporia 803 orpnieme. 

Siau11laneoully 1Ihe leuoooyte OOUAt 01' the.e aaapl.e were 

daterllined by the direot miorosoopio ooun. method (Stan­

dard methode tor the exemination at dairy productl, 1913). 

b) Infiuenoe o£ leuoQUle 0811. OB baOl'na], agl!!-

11 .. t&9nl The leuoooyt. .u.pen.ion required for th_ 

,1 •• ts wal prepared by the following methodl 4bout 30 

110 50 ml. of O.85~ ctorile e04iua ohlorid. aolu1i1on ... 

1ntueed ln'o each quarter 01' the udder and the II1lk .". 

001180tad aeoeptioally 8 houre at'ar the in3801l10n. !he 

llilt wa. oantrituge4 !l1I 6000 rp for 30 III1nd •• and the 

&up.matant d1.oarded. the leucocyte •• ere BUBpende' 

in sterile III1lk ultra1'lltrah, in which serial dUu1;1ol1l 

.. re prepared, to contain 1'rom 100,000 leuoocyt •• per ml. 



upto 4,000,000 per IIl.Ulllns milk ult1'at1U:rah. !he 

iub.. "ere oenirituged and ihe •• di •• ni.d 1.u0007t •• 

".re add.d to milk with DOrmal aggluUnation 1;11;re. 

A aample ot milk tro. lntected uddu haTins a 

high bucoo;rte oount waG oentrifuged at 4000 1'18. tor 

30 minute.. !Be agglutlnatlon tltre ot the ma.tltl0 

milk .ample betore and atter oentrifugation ft. deier­

mined. 

0) 'gslutln1 p ao'lT1tl &9111.1; 0811.11". orUn'." 

Until antigen8 ot 1.olated organi .. a •• 1'. prepared tile 

.. mple. of milk and blood .er •• iored at .6°0. !he oau­

eatlve organi ... fro. maat1ti. m1lk aampl •• "ere i.olated, 

and the erganiana t7ped a. per the .. tiloda outlined in 

Berge;r'. Manual of »eterm1natiTe Baoteriolog;r (1948). 

!he agglutination t1 tr •• of intected milk and blood 

.ere 'etermined in reapeat of the organi ... 1.olate.' 

from tile inteated udder, b;r the microsoopical exaad De• 

101on method. 

d) Agglutinin lnh!))1 torI In a te" ca ••• of chroniC 

inteotion the milk and blood .orum of tile animal shond 

negat1ve agglutinin aotivit;r again.t the organi ... 1.0-

latd from the inteoted ... pl... In auoh ca.ea the 
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following prooedure wa. adopted. 

!h. 18ola1;8d orgllll1 ••• were heted with normal. .milk. 

and blood •• rum for a&&lut1nat10n. 

Culture. of other baateria Tis. 8tr!p'0099~¥i or~­

IIIOri. 803, S1inp!ooooog laot19 57, Etoh.rioll1 .. 0011 

.ere inooulated into the milk and blood •• rum tro. the 

inCected .. nimale and the .... pl.. tested for a&&lut1na­

tion. 
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!he milk !JIll blood •• rum froll inteatd ",,111&1 were 

eleo aub3ected to the following tra .. tllents !JIll than te.ted 

tor agglutination using the 1solated org!D1 .... 

(1) !he milk .. hey trom 1nteaied anillal oe dia-

11 .. 4 ap1nat normal milk whey at ,00 tor 2' hour •• 

(11) !he milk and blood serum froll inteoted !Di­

al. were mixed wi th an aqual quant111y of normal milk 

and blood .arum. 

(111) !he milk and blood a.rum froll the 1ntaoted 

anial .. era diluted and then m1xd with the WlCl1lutad 

DOnal milk and blood •• rulll. 

(1T) !he milk and blood •• rum.troll int.oted !Di­

Ial .ere heated at 60°0 for 20 minut ••• 

(T) !he milk and blood .erum froll inteotd !Dimal 



.ara aub~.ot.1I to .. tunUcm t ..... with tha 0.pn1_ 

1801&11811 trom thll lateoted IdlJt l1li4 t:rum "t .. b4 with 

tbe .... uatr .. tad o~ ... fOIr as31Il1l1natlon. 

11. 

In th. ooure. ot the 11'1147 111 .. a ollallned 1Ihat 

oanain .'"lM ot Olrgaai .... wIl10h •• lra tal tlal17 1.'8.1.· 

ta' to agglut1nin" 1n mUll: baoaIIIa saMUi'lll on aub-

0I.l1tunng thea a nllabll. ot tl..... Henoa. it _ tI'loup' 

neoe •• aJ/1 to atud;r the lJehav10v ot agglu1l1nln reaia­

teat aa4 .analtll'. atJralna ot olrganiama lDdlTldual17 

a. wall aa in t.b.. rom or .. ixall oul turea towU'4a oU1r4 

tonation in paateuri •• d aida II1lk ot 00. alIA bu!!alo. 

a) I11!?aU2D ot as/l1ll1l1MUns y4 !lOB yglJl"!!I­

S1,V va!'1a1/,iI. rna ... thod outlined b7 stadhoudera aII4 

Hap (1~70) was tollo.a4 rOI: the 18olation ot aggtu1l1-

lIatiJlg and lIOn agglutinating vanante ot !ltnp!<lo99N 

let1.010. 

11) BachE'1l QUUml' rna following ouUv.a .e" 
,alAot.d for thia .t~471 stnR'Qq0091!1 ?aqUI 57, a 

1Il1tl&n •• IllI1Uv. to both aaglllti.a1U aII4 lao'opuoat .... 

t.a 111111:. thr.. 41ft.reat a'niM of SVtR'99ocoM 1M_ 

jia 010. ona, a.IllI1'1va '0 both 8&Slu'1alM and lao'o­

JllOlI1daae. a.ooll4, _II1UT8 01117 '0 lao'operoz1 .... 

III ",1ataat to a8&lut1alM, a114 ~r4, "ail", 
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11o both t7,.1 ot: 1Dh1bl tora 1n milk, aDd etrai_ ot 

Atrlp1OOocoU! lao.1. 08 which Wlra 10~ r •• 1stant to 

both the tne. cf 1nb1b11l0re in II1lk. 

0) culture 8u11lab111 1;1 te.!. !he aboTe IIIIIn'll1on.' 

e1ngle .tra1n culture. a. WIll a. mixed culture. con­

tllining two ot the.e .train, of organi .. , in 41tter .... t 

proportion. w.ra 1noculated 1nto pa,Uuri.ed ,ldm 1I111t 

(7aoO for 10 .eoond,) cf oow aDd buftalo at l~ leTel 

ant 1noubated at 37°0. !he t1me taken for olotting 

aa4 tha nature at the ourd tormed were then determined 

1n r,apect of theae oulturea. 
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RESULTS 



a) lSIlMStga)loD .f \l9t'£&,1 ~abl.. 1, 2 and a 
pre •• nt the lnflQ8no. of ao.ton. fraotiona, wh!7 prot81n 

fraotion. and fat 8l0bQl. _Uiqa of oow and buffalo 

s .. pla. on ~h. aggbUll&tion ot Hohna. b7 til. II1lk 

rlng t8.t (tQb' acglQtill&tlon , •• t). Raw eow and buffalo 

milk wUh ~ fa' gaTe po.l t1 va hsh in 20 45 II1nute, 

r.,peotiv'17. whil. the h.at tr.at.d II1lk wa. n.gativ •• 

~. ring format1~n in h.a~ treated milk ooQld b. 

reator.d b7 the addit10n of wh.y prote1n traotione and 

tat 8lobQl. _ehing. of II1lk. bo.pt 50" ac.tone trae­

t1on. the re.~ ot til. traotion. wer. po81t1v. with 

varying lengtil. ot inoQbat10n tia.. the eborte.t for 

Laot.n1n Ll .xtraot - 45 and 51 II1nQt.. for oow and 

buffalo .ampl •• r •• pectiv'17 and the long.st tor the 

10" aoetone fraction - 100 and 120 minQt.8 for oow and 

buffalo aaapl.8 re.peotiv'17. All the fract1on. froa 

buffalo oolo.tral wh'7 r.quir.d a longer 1noQbation 

tla. than that of the oorresponding fractions of oow 

to give a po.1t1v. t.st, All the fraot10ns .xc.pt 

Laot.n1n Ll .xtraot of oow and buffalo ooloat~ and 

80" trao'lon ot oow oolo.t~, r'qu1red a long.r inou­

bat10n t1a. in h.at tr.at.d buffalo milk than in h.at 
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IDLE ! 

.fHE AQGLUfIH4fIOI or Y69fEBIA WITH AO§!OHj 

'IAOTIONS or OOMO§!BAL Wagi 

(fea1l organilllll - S\5'!R1IooOOOgB Us,!!", 803) 

.. _----------------------.-._---

Variety of milk 

... _------
Oow II1lk 

Heated oow milk· 

• • • 

• • " 
• • • 
• • • 
• • • 
• • • 
• • • 

fille 1;aken for 
Aoe1;one tractions ring torma1;ion in 

(1 .... per Ill.) minut •• 

- - - - - -- - - - - -
Hone 
lone 
L eztrac1; 
(315% traoUon) 
L ."tract 
(215" fnoUon) 
10" fraotion 
2~ fracUon 
30" fraoUon 
~ fnoUon 
110" fraotion 

- - - - - - - - - -Oow Buffalo 
----------

20 (oontrol) 

-
40 55 

95 
100 
100 
55 
65 

-

110 
120 
1115 
65 
715 

-
Buftalo milk Hone 
Hea1;ed buffalo milk" None 

40 (oon1lrol) 

-
• • • 

• • 

• • • 
• • • 
• • • 
• • • 
• • • 

L .,,1;rac1l 
(311" traotion) 
10 8%111'"" 
(116!' fraction) 
10" traotion 
20" tra01l10n 
30" fraction 
40" fraotion 
~ frao1;ion 

100 
105 
105 
55 

70 

-

115 
185 
180 

'10 

'15 

-
.------------------------------

101;81 • Hea1l 1Ireatll8nt at 8000 for 15 m1nute •• 
- Ho 1'1118 format10n. 



TtNt' 2 

!HE AGGLU!INA!ION 0' BAO!ERIA WI!H WHEY pgO!§I!S 

(!.a. organism - 8.r.p,00000u, 01".01'18 893) 

-------------------------------
Var1ety or ID1lk 

Whll pro~e1n 
fraoUon8 

( lJIlg. per 1111.) 

U,.. 1;al<.n tor 
r1ng tOl'll8Uon 1n 

ID1nute. 

--- -- --- --00. Buftalo -------------------------------
00. 1I1lk Ion. 
B.ated 00. ID1lk* lion. 

0 • • Buglobu11n 
• • • Pa.u4oslobul1n 
• • • B.ia Laotoglobulin 
• • • Alpha Laotalbu1l1n 

httalo ID1lk Non. 
Bt.ie4 buftalo milk* Ilona 

• • • Buglo bu11n 
• • 
• • 
• • 

• 
o 

• 

Pa.udoslobul1n 
B.ta Laotoslobul1n 
Alpha LaoialbulD1n 

20 (oontrol) 

25 40 

-
415 (oontrol) 

28 4Ii 

--
.------------------------------

lot. 1 • H.at tr.atment at 80°0 tor 15 ID1nut ••• 
- No r1ng toraation. 



"DM • 
ZH§ AQ9LUtXBAlIOB 01 BAOtERIA IIlS 

IU GL01!ULE 1A8HIJrAA 

(! •• , o~Ian1.m - S1r'P!09oooUl 9£819£1. 891) 

-------------------------------
Variety ot milk Add1tion. 

tim. taken tor 
rinS tormat1on in 

minutes 

-------------------------------
Oow milk 
Heated oow m1lk* 

• • • 

• • • 

Bon. 
lone 
Oow tat slobule 
waahtnsa 
Buffalo fat 
,lobule waahinsa 

Buttalo milk Bon. 
Se.ted buffalo milk* lone 

• • 

• • 
• 

• 

Oow tat slobule 
waahinga 
Buftalo tat 
slobula waeh1np 

20 (oon1lrol) 

1~ 

-
45 (oodrol) 

-
160 

-------------------------------
lots. * Seat treatment at 80°C tor 15 minute •• 

- Bo riD, tormat1on. 
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The eUllohalla of ~be wheT ~~elaa lave a ,0&1-

U" •• 1lk riag ha'll. !he euslohalla of huffalo ailk 

require. a loager lnouhai10a U.e for a po.l~lya tel~ 

than 'IIhat of on ailk, be U .. ~ea belag 400 aII4 4011 

ainu'll •• ln hea'll traat •• 80W aII4 buffalo milk r.opaoiiyaly, 

wblle the n.. ~ea bT tho aUilobulla of oow a11k __ 

21 and 28 minute. onlT la hea'll treatad oow and huffalo 

milk reapeoUyelT. rhe euclobuUn of hoth oow aII4 

buffalo milk ln hea. beated buffalo milk took a 10llC8r 

tlae for a po.1UYe i •• i thea in heat treated cow ailk. 

rhO fat global. _.blaga of oow aleae __ ,0&1-

UT' for the milk rlag t •• t, requiring 140 ainu". in 

heat treated on milk and 160 minutes in heat treatad 

buffalo &ilk. 

The reaalta of the mioroaoopioal obserY8tioa of 

~h. baoterial agglutination bT milk, oolostral wb0T, 

aoetone fractlone, whaT protelna and fat globale waahlaga, 

trom the atlk and ool08trwa ot oow and buffalo are uown 
in ~able 4. rhe .1lk, oolooiral, wboT all the aoetoao 

fraotl0.8 axoepi 50% fraotlon, euglobulin, paau4oglohalin 

and tlle hi global ... ablag. of oow aII4 huffal. aaaplo. 

wore po01tlve for agglutination. The agslutina'llloa of 

baoteria ln 0010 and huffalo ... ple. .howed Yariatloa_ 

i. inte.aUT. !he acglutiuUon in milk, oololbal wh.T, 



lI10.r0ph&tOjlraplul 0·( tho 
as&lutina\1on of bactoria 
., &oloaUal m01, mlltt 
.~O.ul1A aa4 ta' ,bDulo 
woab111ga ot OOW aa4 bv.ftalo 
... pla •• 
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1 and 2 controls. 
3 - Co ... 
6 - Ruffalo 
4 - Oow 
7 - Buffalo 
5 - Cow 
e - Buffalo 

Colostral 

Milk 

Euglobulin 

Fat globule 
washings 

• 



TABL3 4 

MICROSCOPICAL OBS~RVATION OF AGGLUTINATION WUH 

VARIOUS PROTEIN FRACTIONS OF MILK 

('est organism - streptooooous oremorie S03) 

- - ---- -- - - - - - -- - - -- - - -
J/raotione 

Mloroeoopioal observation of 
bacterial agglutination 

Cow Buffalo - - - - - - ----- - - - - - - - - - - - - - - - - - - - -
Antigen + Normalsaline - (oontrol) 
lUlk +++ 

Colostral whe3' ++++ 

Aoetone fraotiona. 
L1 extraot +++ 

L2 extraot + 
10:' fraotion + 
20:' fraotion + 

30% fraction ++ 
40% fract10n + 
50:' fraotion 

Whel proteine. 
,mglobulin +++ 

Pseudoglobulin + 

Beta laotoglobulin 
Alpha lactalbum1n 

Pat globules. 
Pat globule wash1ngs + 

- - - -- -- - - - - - - - - - - - - - - -
Note. - No agglutination. 

+ Vieible agglutination. 
++ Claar visible agglutination. 

+++ Strong agglutinat1on. 
++++ Very strong agglut1nation. 

++ 
+++ 

++ 
+ 
+ 
+ 

++ 

+ 

++ 

+ 

+ 

- - - - - --



Lacten1n Ll extract and euglobulin was stronger in 00. 

sample a than the oorresponding fractions of buffalo 

samples. 

Plate 1 shows tne agelutin~tion of bacteria by 

oolostral whay, milk, euglobulin and fat globule washings 

of oow and buffalo aample •• 

bJ Agglutination of fat globule" Table 5 shows 

the effect of whey proteln fraotions and fat globule 

washlngs on the agglutinatlon of fat globules. The 

euglobulin of CO" and buffalo milk strongly favoare4 

olWlping of fat globules. 'fhe fat globule washings of 

cow and buffalo samples also were positive, but the 

effeot was not as strong as that of euglobulin. Th. 

reet of the fraotions tested were negative. Among posi­

tive fractlons no dlfferenoes were observed between 00. 

and buffelo fraotions in the degree of olumping. 

Plate 2 present. the agglutlnation of tat glObule. 

by the euglobulln solution of oow and buffalo. 

Table 6 give. the effect of fat globule membrane 

materials of cow and buffalo :rril<, on the bact~ria and 

72 

fat globules br the direct mioroscopl0 observation method 

tor agglutinatlon. The membrane materi~lB of fat globules 

of both oow and buftalo milk did not h:.ve any effect on 

the bacteria a8 well as on the fat globules of oow and 



TABLE: 5 

TH;: AGGLUTINATION Oli' FAT GLOBUL3S WITH WHEY PROT3INS 

- - - - - -- - - - - - - - - - -- - - -- - - - --

Test solution 

Normal ea11ne (control) 
Cow euglobulin (2mg. per mI.) 
Cow pseudoglobulin (2mg. per mI.) 
Cow beta lactoglobulin (2mg. per mI.) 
Cow alpha lactalbumin (2mg. per mI.) 
Buffalo euglobulin (2mg. per mI.) 
Buffalo pseudoglobulin (2mg. per mI.) 
Huffal" beta lactoglobUlin (2mg. per mI.) 
Buffalo alpha laotalbumin (2mg. per mI.) 
Cow fat glob':le .,;aahinga 
Buffalo fat blobule washings 

Mioroscopioal 
observation 

of fat globule 
agglutination 

Cow Buffalo 

++ 

++ 

+ 
+ 

++ 

++ -
+ 
+ 

--- - - - - - - - - - - - - - - -- - - -- -- - -----
Note. - No Agglutination. 

+ Vis1bl. agglutination. 
++ Strong agglutination. 



1l101'Opbo1;ograpb. of the 
a,:glutina1i1on of fa1; 
globule. bl 1he euglobulin 
.olutton of oow aDQ o1.l!falo 
Ill1lk. 

-0-0-0-



1 - Oow 
2 - Burfalo Controle 



:!!ABLE 6 

EFFEO~ OF FA~ GLOBULE M3MBRANE MATERIALS 

ON THE BACTERIA AND FA~ GLOBULES 

(Test organ1sm - Streptocoocus oremoris 803) 

Test solution 

Antigen + Normal Saline 
Fat globules + Normal Sal1ne 
Pat globule membrane material 
of oow + Antigen 
Fat globule membrane material 
of buffalo + Antigen 
Pat globule membrane material 
ot oow + Cow tat globules 
Pat globule membrane material 
of oow + Buffalo fat globules 
Pat globule membrane material 
of buffalq + Cow fat globules 
Pat globule membrane material 
of buffalo + Buffalo fat globules 

M10rosoop1cal 
obsel"lation for 

agglut1nat1on of. 

Baoteria Fat 
globule. 

--- - - - - - - - - - - - - - - - - - - - - - - -
Note. - No agglutination. 



bu!talo m1lk. 

Table 7 pre.ents aVidenos that the euglobulin 

antibodies are adsorbed on the surtaoe ot the tat 

globules, capable ot being recovered trom tho tat 

globules by Buitable treatments. The washings trom 

the already washed tat globules ot both cow and buttalo 

samples were found to be negative for both bacterial and 

tat globule agglutination by m1oroeoopicel observation. 

Pat globule washings tram the waahed tat globulee ot 

cow m11k, resuspended in cow milk were positive tor 

agglutination ot bacteria, and tat globules with a 

titre ot 1/2 and 1/4 reepectively. Sim11arly the tat 

globule washings trom the washed tat globules ot buffalo 

milk, resuspended in butfalo skim milk was positive 

with a titre ot 1 (undiluted sample) tor baoterial 

agglutination and 1/4 for the agglutination ot tat 

globul ... 

When the washed tat globules of cow milk were 

adsorbed in the skim m11k at buttalo, ths waShings 

from the resuspended tat globul.s ot oow m11k gave 

the seme titre as woa obtained with adsorption treat­

ments with cow akim m1lk, the titre. baing 1/2 tor 

bacterial agglutination and 1/4 tor tat globule agglu­

tination. 'Uhen the washed fat globule. ot but'talo m1lk 

"ere adsorbe" in cow skim milk, the washings tram the 
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TABL3 7 

EVID"lNCE FOR THE: ADSORPTION OJ!' EUGLOBULIN ANTIBODIES ON TdC; SURFACE OF FAT GLOBULES 

- -
Mater1al Treatment 

Agglut1nat1on t1tre 
by m1croscopical 

observation for the 
agglutination of: 

--- -- -
Bacteria J!'at globules - --- --- --------

Washed fat globules 
of cow 
Washed fat globules 
of cow resuspended 
in cow sk1m milk 
Washed fat globules 
of buffalo 
Washed fat globules 
of buffalo resuspended 
in buffalo skim milk 
Washed fat globules 
of oow resuspended 1n 
buffalo skim milk 
Washed fat globules 
of buffalo resuspended 
in cow skim milk 

Washings from the 
washed fat globules 
Washings from the 
resuspended washed 
fat globules 
Washings from the 
washed fat globulss 
Washings from the 
resuspended washed 
fat globules 
Washings from the 
resuspended washed 
oow fat globules 
Washings from the 
resuspended washed 
buffalo fat globules 

- -- ---- ---
Notel - No agglutination. 

1/2 1/4 

1 1/4 

1/2 1/4 

1 1/4 

--- --



resuspended fat globules of buffalo milk gave titre. 

similar to tbat obtained with adsorption treatments 

1n buffalo sk1m milk, the titres being 1 (undiluted 

sample) and 1/4 for baoterial and fat globule agglu­

tination respeotively. 

2. Analysis of fraotions oarrying agslutinin aotivitYI 

a) Staroh gel eleotrophoresisl Plates 3, 4 and 5 

present the protein patterns on staroh gel electropho­

resis of the acetone fraotions of ooloetral whey, LBo­

tenin L1 and L2 fractions and euglobulin, fat globule 

agglutinins and oryoglobulins of oow and buffalo samples. 

~he 10~ aoetone fractions oontained only the immune glo­

buline. ~he 20~ frsction in add1tion oarried bets 

laotoglobu11n. The 30 and 40~ frsctions showed the 

presenoe ot immune globuline, alpha lsotalbumin and 

beta leotoglobulin in varying intensities. The oonoen­

tration of the immune glob\11ins in the 30~ fraction was 

the high&st. The ~atterns were siailar in both cow and 

buffalo aamyles exoept for the lower oonoentration ot 

the i~~UA. globulins in all the fractions or bntfalo 

samples. 

The Laotanin L1 oarried the immune globulins, 

alpha lactalbumin and beta lactoglobulin in different 

conoentrations, While the Lactenin L2 showed the pre •• nce 

of immune globulins and beta laotoglobulin only. The 
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Starch gel uleotrophoret1c 
pa.tterns 01' aaetol.L8 tra.c­
tion or o'Jl:>stral ,1hay of 
oow ani 01.&.':' 1'.:110. 
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eleotrophorea1. 

10 ' aoetone fraotion 

2 - 00"* 
6 - Dattalo 20)" aoetono 

3 - Cow 
7 - Buffalo 3Ol' aoetone 

4~ aoetone fraction 



a~aroh ~.l .1.ciropbor.~10 pa' •• rne of Laoten1n Ll 
IIJld L2 of 0 ow and buffalo 
IIIUlI: 
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eleo~rotlhore"1s 

1 - Cow 
2 - Buffalo Laotenln Ll 
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ELUANT VOLUME _1111 

~ 
IMMUNE GLOBULINS 
A.COLOSTRUM 
B. MILK 
C. FAT GlOBUlE \lWiHlNGS 
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Protein elution pattern 
on Sephadex G 200, of 
the illmune globulins of 
colostrWil. milk and fat 
globule washings of buffalo. 

-0-0-0-
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buffalo sample a ahowed a aingle peak in the immune 

globulin position of the elution pattern, the ooncen­

tration of cryoglobulin. obtained from oow eaaples were 

O.'9~ and that from buffalo samplee were O.4~. 

0) Paper OhromatographYI !he amino aoid oomposi­

tion of the protein hydrolysatee of the euglobulin, 

cryoglobulin and fat globule agglutinins of cow and 

buffalo samples i8 shown in table 8 and the ohromatograme 

in plates 6 and 7. ~he following eleven amino aoide 

have been spotted in the three protein fraotion. of 

oow and buffalo samplea. valine, leuoine, isoleucine, 

phenylalanine, oystine, methiOnine, tryptophan, arginine, 

histidine, lysine and threonine. On a quantitative 

basis, within speoie. wide variatione were not eVident, 

although between samples of oow and buffalo some amount 

of variat10n was seen in respeot of individual amino 

aoids. 

In the euglobulin and the fat glObule agglutinins 

79 

of the buffalo aamples, in addition to the above mentioned 

eleven amino aoids, tyrosine was present. But this was 

absent in the oryoglobulin of buffalo sample.. ~he amino 

aoid oomposition of tbe oryoglobulin of buffalo samples 

showed very little deviations from the composition of 

the cryoglobulin of oow samples. 



tABLE 8 

A!lIRO ACID COllIPOSI nON 01' THE my ?ROTBIN AND PM! GLOBULE ,\CHIeU'IIlIlfS 

----------------------------------------------
Cow llUttalo 

AlIino ----------------------------------------
ac14. h. Cryo Pat globUle Ell cryo Pat slobUle 

globulln slobUlin agglllUn1ne SlobUl1n globUlin asglut1nina 
percent percent percent percent percent percent 

- - - - ----------------------------------------
» Vallne 9.2 ;!; 0.51 9.6 :!: 0.4'1 8.9 ! 0.55 10.1 ! 0.8'1 9.9 ! 0.55 10.2 ! 0.65 
t-> wllOine 9.'1 + 0.80 10.1 + 0.65 9.8 + 0.55 10.3 + 0.40 10.1 :!: 0.46 9.'1 + 0.38 p - - - - -I eo le1.101na 3.3 + 0.03 3.1 + 0.10 2.8 :!: 0.09 3.'1 :!: 0.10 3.6 ! 0.12 3.1 + 0.09 n - -
) ~::!.J 2.11 + 0.10 3.0 + 0.10 2.4 ! 0.08 2.7 ! 0.08 2.9 ! 0.10 3.0 ! 0.011 -

C7eUne 4.1 .. 0.09 3.9 '* 0.09 3.1 '* 0.05 3.6 .. 0.06 4.1 '* 0.10 3.·2 * 0.08 
lIeth10nine 0.7 '* 0.01 0.1 :t 0.01 0.8 * 0.03 0.6 '* 0.01 0.5 '* 0.02 0.7 '* 0.04 
~ptopban 1.9 :t 0.02 1.7 :t 0.01 1.6 '* 0.03 1.8 '* 0.04 1.6 :t 0.02 1.9 '* 0.03 
Arginine 5.0 '* 0.10 5.2 '* 0.09 4.6 '* 0.12 4.4 '* 0.09 4.2 '* 0.11 4.5 '* 0.10 
H1etidl. 2.1 :t 0.15 1.9 :j: 0.11 1.8 '* 0.13 2.301; 0.12 2.0 '* 0.14 2.1 '* 0.10 
Ieyll1ne 5.9 :t 0.10 6.1 '* 0.10 6.2 :t 0.011 6.2 .:t 0.11 5.11 '* 0.10 6.1 '* 0.12 
Threonine 10.3 .:t 0.110 9.9 01; 0.10 10.4 01; 0.55 10.6 '* 1.1.60 11.1.1 .:t 0.71 9.11 '* 0.59 
fyroll1ne -- - - 2.5 '* 0.03 -- 1.2 '* 0.01 

------------------------ --------------------
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3. Properties of euglobulin an~ibo41e8' 

a) Effeot of pH. In the table 9 the pH range at 

whioh the agglutinin. of oow and buffalo milk e~bited 

optimal aotivity is presented. No difference. in the 

pH range were eVident betw.en the whey protein and 

the fat globule agglutinins of the sample. from the 

same specie.. !he pH range for maximum actiVity for 

the agglutinins of oow and buffalo samplee were slightly 

different. !ha maximum aotivity for samples from oow 

milk was between pH 6.1 and 6.5 whereas the maximum 

aotivity for aample. from buffalo milk was between pH 

6.3 and 6.6. 

b) ;ffect of temperature. Table 10 proVide. the 

results regarding the inactivation temperature for the 

agglutinins. The temperature of inaotivation did not 

very much between the whey protein and the fat &lobule 

agglutinins of cow and buffalo milk. 

Table 11 shows the effect of holding euglobulin 

solution from cow and buffalo milk for prolonged period. 

at 200. Storage of euglobulin solution at low tempe­

rature for extended length of time resulted in the 

aggregation ot euglobulin torming oryoglobulin in both 

oow and buffalo samples. Por the formation of cryo­

globulins to a maximum level, euglobulin of cow milk 
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pH 

5.6 
5.8 

6.0 
6.1 

6.2 
6.3 
6.4 

6.5 
6.6 
6.7 
6.8 

6.9 
7.0 
7.2 
7.4 

rABLE 9 

rHE pH or OPrlMAL ACrIVlry POR WH~Y PROT3IN AND rAT 

GLOBULE AGGLUrININS 

(Test organism - Streptocoocus cremori. 803) 

·Concentration of whey 
~rotein agglutinins 
(Euglobulin solut1on 

lmg. per ml.) 

Cow 

15 
20 

20 
25 

25 

25 

25 
25 
20 
20 
20 

15 
15 
16 
15 

Buffalo 

10 
15 
15 
15 
15 
20 

20 

20 

20 

15 
15 
15 
15 
10 
10 

'Conoentration of 
fat 

globule 
agglut1nins** 

Cow 

1.0 
1.0 
1.5 
2.0 
2.0 

2.0 

2.0 
2.0 
1.5 
1.5 
1.0 
1.0 

1.0 
1.0 

1.0 

Buffalo 

0.5 
0.5 
0.5 
0.5 
0.5 
1.0 
1.0 
1.0 
1.0 
1.0 
0.5 
0.5 
0.5 
0.5 

0.1> 

------ -----------------------
Note. * Conoentration is the reoiprocal of the titre • 

•• 0.6. Positive at t"o fold concentration of the 
solution and the actual solution itself wss 
nsgative. 1.0. Original solut10n 1tself was 
positive. 1.5. Positive at one and half 
times dilution. 2.0. Positive at two fold 
dilution. 



U;)LE lO 

THE T3MP3RATURE OF INACTIVATION FOR WHEY PRO~3IN AND 

FAT GLOBULE AGGLUTINIIIS 

(~est organism - streptococcus cremoris 803) 

- - - - - - - - - - - - - - - - - - - - - - - -
Time 1n minutes 

-- - - - - - - - - - - - - - - - - - - -
\'/hey prote1n 
agglutinins 

- - - - - - - - -
Cow Buffalo 

Fat globule 
agglut1n1ns 

- - - - - - - - - -
Oow Buffalo - - - - - - - - - - -- - - - - - - - - - - - - - - - - -

60 40 40 40 40 

64 33 32 32 32 
68 19 19 18 19 
70 12 12 12 12 
72 10 10 10 9 
74 4 4 4 4 
76 2 2 2 2 
80 1/2 1/2 1/2 1/2 

- - - - - - - - - - - - - - - - - - - - - - - - - - -



Time 
(hours) 

15 
17 
19 
21 
23 
25 
27 

UBLE 11 

T,i3 EFFECT OF LOW XiNPERATURE ON '<HZ EUGLOBULIN SOLUTION 

FOR PROLONGED PERIODS 

concentration of 
euglobulin 
solution 

(mg. per 10Oml.) 

Concentration of 
the sediment after 
first aggregation 
(mg. per 100ml.) 

- -
Concentration of 

the sediment after 
second aggregation 

(mg. per 100ml.) 

Aggregated eu­
globulin after 

second aggregation 
(cryoglobulin ~) 

- -- ------ - -
Cow 

300 
300 
300 
300 
300 
300 
300 

Buffalo Oow Buffalo C-ow Buffalo 
----~ -- ----

300 
300 
300 
300 
300 
300 
300 

16.2 
21.3 
21.6 
27.1 
27.1 
27.1 
27.1 

15.3 
18.6 
19.2 
21.9 
22.8 
24.3 
24.3 

12.9 
13.6 
18.3 
25.4 
25.4 
25.4 
25.4 

9.4 
10.2 
12.8 
13.2 
14.2 
15.3 
15.3 

Cow 

4.30 
4.53 
6.10 
8.46 

8.46 

8.46 

8.46 

Buffalo 

3.11 
3.40 
4.26 
4.40 
4.73 
5.10 
5.10 

--- - --



reqaired 21 hours at 200, while the euglobalin of 

buffalo milk reqaired 25 hour.. In the case of cow 

samples at the end of the seoond oold aggregation 

8.46% of the euglobulin aggregated at low temperature 

while in baffalo samples only 5,1% of the euglobulin 

aggregated to form oryoglobulin. 

0) Aotion of euglobulin antibodies on the bacter1' 

and fat Mobale .. Table 12 indio ,tee that the euglobalin 

antibodies are oapable of attaohing baoteria to the fat 

globules in both cow and buffalo sample.. The attaoh­

ment of baoteria to the fat globules, as measured by 

the peroentage of baoteria in the oream layer was higher 

in euglobalin of oow milk which was 89%, than in the 

euglobulin of buffalo milk, where it was only 49.5%. 

When the felt globules of buffalo mili<: were used in the 

teat l'Ii th the euglobulin of oow milk, the baoterial 

attacrunent was 75.4%, whioh was higher than the attach­

ment of bacteria with the fat globulss and the ellglobulin 

of bllffalo milk. With the fat globlllea of cow milk and 

euglooulin of buffalo milk, the bacterial aUaohment was 

only 68.5i4, whioh was lower than the attaohlllent obtained 

with the fat globules and eagloDlllin of COli milk, but 

higher than the baoteri,l att"ohClent with the fat glO­

bules and euglobulin of buffalo milk. 

The results of the oentrifuge test on whole milk 
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TABLE 12 

EUGLOBULIN ACTIVITY III THE ATTACH lENT OP 

BAOTERIA TO PAT GLOBULBS 

(Teet organi8m - Streptgoocaus aremor1s 803) 

- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -
Source of 
euglobulin 

(2mg. per ml.) 

Number of 
bacteria 

added per ml. 

Attaohment of baoteria 
(% bacteria in the cream 

layer) to the 
fat globules of 

- - - - - - - - - - - - - - -Cow But:falo -- ---------------------------
Cow 

Buffalo 

- - - - - - - - - - - - -

89.0 

68.5 

75.4 

49.5 

- - - - - - - - - - - -



and the cream rising experiments with whole milk and 

skim milk of cow and buffalo, with two agglutinin sen­

sitive and oue agglutinin resistant strains ot organisms 

are presented in tables 13 and 14. In the centrituge 

test With the agglutinin sensitive strains Strepto2200U! 

oremorl. 803 and Streptogooou8 laoti! 57, the percentage 

ot bacteria in the oream layer ot OOW milk wae highest, 

whUe the sediment oontained a much lower percentage ot 

baoteria, and the middle pDrtion - the skilO milk had 

87 

the lowest peroentage of organism.. The percentage ot 

bacteria 1n the oream, skim milk and sediment tor Strep­

looooou. oremori, 803 were 86.6, 2.3 and 11.1 respeotively 

and for StreptococCuI leotis 57 were 75.B, 4.3 and 19.9 

respeotively. In the buttalo milk the percentage ot 

baoteria in the oream layer and the sediment did not 

abow wide ditterenoes ae in the cow samples, whlle ~he 

skim m1l~ in the m1ddle port1on contained 7ery low peroen­

tage ot organisms; the val~e8 for Streptocoocus cremoris 

BJ3 in the oream, skim milk and sediment being 48.7%, 

5.9%, and 45.4% respectively and for streptooooous leo­

tis 57, the values were 41.4%, 9.4% and 49.2% respeotively. 

~he results of the centrituge teet with an agglu­

tinin resistant strain streptoooCCUB laotia 02 in both 

cow and buffalo samples Were tar different from thoe. 

at the aggluti,dn sensitive strains. ~he skim milk in 



TABLE 13 

DISTRIBUTION OF AGGLUTININ SEliSITIVE A:ID RESISTANT BACT3RIA III 

DIFFERENT LABRS OF WHOLe LlIL.1( (C~lTTRIFUGE NST) 

- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -

Variety of 
milk 

Nwuber of 
baoteria 
added per 

ml. 

Percentage af bacteria in different l~ere 

- - - - - - - - - - - - - - - - - -
Streptooooous 
cremarls 803 

( aensi U ve ) 

Streptocoooua 
laotis 57 

( aensi ti va) 

Streptococous 
lacUe ~ 

(resistant) 

- - - - - - - - - - - - - - - - - - - - - - - - - - - - - -
Cream Skim- Sedi- Cream Skim- Sedi- Cream Skim- Sedi-

milk ment milk ment milk ment - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -
Cow milk with 

5 x 106 4% fat 86.6 2.3 11.1 75.8 4.3 19.9 4.8 88.5 6.7 

Buffalo milk 
5 X 106 with 4' fat 48.7 5.9 45.4 41.4 9.4 49.2 2.1 93.3 4.6 

- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -



'fAilLE 14 

DISTRIBUTION OF AGGL'I'rININ SENSITH3 A:lD RESISTANT BACTERIA IN DIFl!'ERENlI 

LUERS 07 WHOLEl.!ILK AND SKIM IoIILK (CREAM RISING EXPERII/IElIT) 

Variety of milk 

*Bacterial co~ts iu different layers 

streptocoCCUB 
cremori. 803 

( sensi ti va) 

Bottom 
layer 

Streptocoocus 
lactis 57 

(se<lsitive) 

Cream fUddle (upper portion part) 
Bottom 
layer 

Streptococcus 
lactis C2 

(res1stant) 

Cream i41ddle (upper portion part) 
Bottom 
layer 

Cream Middle 
(upper portion 
part) __ 
----- 7 

It 107 x 10 -,,-107- -,,-107- - ~ 107 - ~ 107 - ~ 107 - -,.-107- -X-107-

Cow milk with 
4% tat 
Buffalo milk 
with 4% tat 

Cow skim milk 
Buffalo skim 
milk 

272 10.5 47.0 227.4 14.9 

146 24.0 139.5 121.2 28.1 

- - - - - - - - - - -
Upper Bottom Upper 

portion layer portion 
- - - - - - - - - - - - - - - - -

26.8 290.0 18.1 

61.0 247.5 47.2 

69.0 24.2 341.7 :;1.8 

140.0 7.0 310.2 18.7 

- - - - - - - - - - - - - -
Bottom Upper Bottom 
layer portion layer 
- - - - - - - - - - - - - -
284.3 338.4 11.2 

283.7 327.0 7.1 

- - - - - ~ - - - - - - -
Note. * A 24 hours old culture of all the organisms were inoculated and inoubated 

for silt hours at 370 0. 



the middle portion contained the highe8t percentage 

of organise,1s - 88.5~ 1n cow milk and 93.3>' in buffalo 

milk, Vlhill!l the cream lay'r and the sediment oontained 

4.8~ and 6.7>' re8pective17 in cow milk and 2.1" and 

4.0" respeotively in buffalo milk. 

In the oream rising experiments with the &ame 

agglutinin senaitive and resistant strains of organiama, 

a similar result an in the oase of oentrifuge test was 

obtained in the oow and buffalo whole milk. In cow 

and buffalo skim milk most of the agglutinin senaitive 

organism. 8ettled to the bottom leaving a fewer number 

of organisms in the upper layer. The number of organi.ms 

in the upper portion of buffalo skim milk was muoh higher 

than the baoterial oount in the upper l~er of cow &kim 

mil". The rever.e was the ca.e with respeot to the 

distribution of ag;;lutinin resistant strains in cow and 

buffalo a]eim milk. The upper layer of both oow and 

buffalo skim milk oontained the largest number of orga­

nism •• 

Table 15 ahow. tha influenoe of differsnt levela 

of eugloou11n ant1bod1e. on the agglutinat10n of bac~.ria, 

fat globules and the uttaohment ot baoteria to fat glo­

bules. >11 th increa.1ng conoentration of euglobuUn 

from 0.2 mg. per ml. to 2.0 mg. per ml. a progre •• 1ve 

increase was observed in the t1tre. for baoterial and 



TABLE 15 

THE El'FECT OJ' DIJ!'FERr;NT LEIELS OF JruGLOBULI N ON THE AGGLUUNAUON OF BACT·;RU. 

FAT GLOBULES AID TaE ATTACHMENT OJ!' BACTERIA TO FAT GLOBULES 

(Test organism - ~treptoooccuo cremoris 803) 

- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -
Attachment of 

Concentrat10n Agglutination Agglut1nation bacter1a to 
titre titre fat globules Test of euglobul1n (bacter1a) (fat globules) (" baoteria in solution added oream layer) (mg. per mI.) - - - - - - - - - - - - - - - - - - - - - - - - - - - - -

Cow Buffalo Oow Buffalo Cow Buffalo - - - - - - - - - - - - - - - - - ------ -----------------
Milk ultra Nons 0.4 0.2 
filtrate + 0.2 1/2 1 1/4 1/4 68.0 19.3 
fat globules 0.5 1/5 1/2 1/15 1/15 85.2 84.7 of cow or 
buffalo to 1.0 1/20 1/15 1/40 1/40 86.8 48.4 
a level of 1.5 1/25 1/15 1/45 1/45 87.4 49.2 4::' fat 

2.0 1/30 1/20 1/50 1/50 89.0 49.5 



fat globule agglutination and the percentage of bacteria 

in the oream layer of both cow and buffalo samples. In 

the absence of euglobulin in the test solution of the 

two speoies, the bacterial and fat globule agglutination 

were negatiTe and a Tery IImall or negligible percentage 

of bacteria were only present in the Oream layer. 

d) Differentiation of three classes of antibodiesl 

The effect of d1fferent fract10ns obtained after the 

cold ag;,regation of euglobulin for the formation of 

cryoglobulin, on tne baoteria and fat g~obu~~s are 

presented in table 16. The control solution of euglo­

bulin at a concentration or 2 mg. per mI. gave titres 

of 1/30 and 1/20 for bacterial agglutination in cow 

and buffalo samples respectively and 1/50 for the agglu­

tination of rat globules of both oow and buffalo milk 

and bacterial attach~ent of 89% to the fat globules or 

oow milk and 49.5% to the rat globules or buffalo milk. 

The supernatant after the second cold aggreg,.tion of 

the euglobulin solution agglutinated only the baoteria 

wi th 101 tree of 1/30 and 1/20 for cow and buffalo samples 

respectively, and the fat globule agglutination and the 

baoterial attaohment to the fit globules were extremely 

feeble and negligible wilen oompared with the values for 

the oontrol. In fact, the attaohment of the bacteria 

to the fIt globule. in the case of buffalo samples was 

9l 



'!ABLE 16 

THE AGGLUTIIIATIml OF BACT .'ltIA. FAT GLOBULES AID TlB ATTACInJENT or BACTERIA TO 

rAT GLOBULES WITH FRACTIONS OBTAIII3D AFTER COLD AGGREGATION 

- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - ---
Test solution 

Agglutination 
titre 

(bacteria*) 

Cow Buffalo 

Agglutination 
titre 

(tat globules) 

Ccw Buftalo 

Attachment ot 
bac tarta * to 
tat glcbules 
(" bacteria in 
cream layer) 

Cow Buftalo - - - - - - - - - - - - - - - - -- - - - - - - - - - - - - - - - - - - - - - - - - - - -
Euglobulin 
(2mg. per ml.) 
oontrol 

Supernatant atter 
second cold 
aggregation 

Sediment atter 
second cold 
aggregation 

1/30 

1/30 

1/20 1/50 

1/20 1/2 

1/40 

1/50 89.0 49.5 

1/2 0.3 

1/40 83.0 47.0 

- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -
Note. * Bacteria - streptocoocus cremons 803 



not demonstrable. The titre for fat globule aggluti­

nation was only 1/2 in both the oases. ~he sediment 

obtained after the seoond cold aggregation of the eu­

globulin solution of oow and buffalo samples was negative 

for the agglutination of bacteria and oontained the 

factors responsible for the agglutination of fat glO­

bules and the attachment of baoteria to the fat globules. 

~he titre for fat globule ag61utination was 1/40 in 

both cow and buffalo samples and the peroentage of 

bacteria in the cream layer was 83.0 in cow samples 

and 47.0 in buffalo samples. 

Table 17 presents the results of the saturation 

tests ill the euglobulin solution of cow and buffalo 

samples witn bacteria and fat glob~les. The euglobulin 

solution of oow and buffalo samplee (control) gave the 

titres of 1/30 and 1/20 for the bacterial agglutination 

in cow and buffalo samples respeotively and 1/50 for 

the agglutination of fat globules of both cow and buffalo 

samples and bacterial attaohment of 89% to the fat 

globules of OOW milk and 49.5% to the tat globules of 

buffalo milk. After absorbing the antibodies in the 

euglobulin solution with baoteria (Strep~ooooous ore­

morie 803), by oonducting the saturation test, the 

treated euglobulin solution contained only the anti­

bodies aggluUnating the f,;t globules whose Utre was 

unohangsd, and the antibodies for the agglutination of 

94 



UBLE 17 

THE AGGLUTINATION OP BACT~A. PAT GLOBULES AND Tore ATTACHMENt OP BlCT~RIA 

'l0 PAT GLOBULES BY 'lHE EUGLOBULIN SOLUTION APTi>R TREA;~4En 

- -
Souroe of 
euglobulin 

(2mg. per ml.) 

!ITH BACT~A All]) PM! GLOBUL>S (SATURATION TESTS) 

Treatment of 
euglobulin 

- -
Agglutlnation 

titre 
(baoter1a·) 

- - - -
Agglutination 

titre 
(tat globules) 

- - - -
Attachment of 
bacteria· to 
fat globules 
(~ bacteria in 
cream layer) 

--- -- -- --- --- -- -- -

Cow 

Buffalo 

Control 
Adeorption by 
bacteria" 
Adsorpt10n by 
cow fat globules 

Control 
Adsorption by 
bacteria· 
Adsorption by 
buffalo 
tat globulee 

1/30 

1/30 

1/20 

-
1/20 

1/50 89.0 

1/:;0 9.0 

1/2 14.5 

1/50 49.5 

1/50 5.2 

1/2 6.3 

- -- -- -- - -
Note. • Bacteria - Streptococcus oremoris 603 



bacteria and for the attaohment of bacteria to the fat 

globules were absent which was indicated by a negative 

result for the agglutination of baoteria and a very low 

percentage of bacteria - 9.0 and 5.2 only in oow and 

buffalo samples respectively in the cream layer. Similar 

absorption of euglobulin solution with fat globules 

was performed. In the treated euglobulin aolution, 

the antibody which agglutinated the bacteria only were 

present in the same concentration as in the control, 

and the antibodies for fat globule ag~lutination and 

b~otsrial attaohment to the fat globules were absent 

in both oow and buffalo samples. The titre for the 

ag,;lutination of fat globules in the treated euglobulin 

solution was only 1/2 for both cow and buffalo samples 

and the bacterial attachment was only 14.5% to the fat 

globules of oow milk and 8.3% to the fat globules of 

buffalo milk. 

Plate 8 shows the agglutination of bacteria, fat 

globules and the attaChment of agglutin~ted bacteria 

to the fat globules, by the euglobulin solution, the 

agglutination of fat glob~les and the attachMent of 

bacteria (unagglutinated) to the fat globules by the 

cryoglobulins. The results were similar in both OOW 

and buffalo samples. 
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;tio"'Op:lo~ogr">,h ot tho 
aBglut1nation of b~oter1a. 
fat globulee and the ·~tt&ch-
ment or baoteria to rat 

globule9 by the euglobulin 
and eryoglobulill of. oow and 
buftalo ..... plea. 

-000-



3scter1al and fat globule 
agglutination 

1 - Control (fat Globules) 
- Control (Bacteria - Str. oremorie 803) 
- Euglobulin F (Attachment of aggluti-

nated bacteria to agglutinated fat 
globules) 
Cryoglobulin (agglutination of fat 
globules) 

- Cryoglobulin (Attachmsnt of unagglu­
tina ted cells to the agglutinated 
fat globules) 



4. Setimation ot agglutinin activity. 

a) Bacterial agglutination. Tables 16 and 21 give 

the results of the estimation of agglutinin aotivity by 

pH assay, aoidity teete, tube agglutination test (milk 

ring test) and miorosoopioal observation method, in 

colostral whey, "ilk, tat globule washinge and euglo­

bUlin of oow and buffalo. 

The cow samplee of oolostral whey, milk, tat 

globule washings and euglobUlin solution inhibited the 

test organism - Streptoooccus oremoris 603 at a titre 

of 1/1200, 1/25, 1/2 and 1/30 respectively, whereas 

the same samples of buffalo gave inhibition titres ot 

1/800, 1/20, 1 (undiluted sample) dnd 1/20 respeotively 

in the methods of estimation of agglutinins by pH assay 

and acidity tests. The pH values of oow samples of 

oolostral whey, milk, fat globule washings and euglobulin 

at inhibition were, 6.45, 6.3, 6.3 and 6.4 respectively 

and the pH values of the oorresponding samplee of buffalo 

at inhibition were, 6.35, 6.5, 6.4 and 6.45 respeotively. 

Tho controle for all the _,bovs four samples tr91ll cow, 

developed pH values of 5.3, 5.2, 5.6 and 5.25 respec­

tively and from bUffalo developed pH values of 5.35, 

5.3, 5.8 and 5.3 respeotively. 

In the aoidity tests the oow samples of oolostral 

whey, milk, fat globule washings and euglobulin solu-

97 



TABLE 18 

ESTIMATION OP AGGLUTIBINS BY pH ASSAY 

(Test organism 1~ inocu1um of Streptoooccus oremoris 803) 

Test solution 

Colostral whey 

Milk 

Pat g10bule 
washings 

Euglobulin 
(2mg. per mI.) 

f 

l 
f 

i 

-
Cow 

Buffalo 

CO" 

Buffa10 

Cow 

Buffalo 

Cow 

Buffalo 

- - - -
pH at half 

dilution with 
BlI:1m milk 

6.7 

6.8 

6.85 

6.9 

6.9 

6.9 

6.55 

6.4 

pH of the 
control after 
incubation 

5.3 

5.35 

5.2 

5.3 

5.6 

5.8 

5.25 

5.3 

pH at 
which 

inhibited 

6.45 

6.35 

6.3 

6.5 

6.3 

6.4 

6.4 

6.45 

- --
Dilution 
at which 
inhibited 

- - - -
1/1200 

1/800 

1/25 

1/20 

1/2 

1 

1/30 

1/20 

- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -



WILE 19 

!SHllUIOJI OJ! AGGIoUTl!lIIIS BY ACIDIrY DE~ ffi:UIIUIOJI 

(Teat organ1sa - l~ inocul~ of streetococoua crsmoria 893) 

----------------------------------------------
'fe"t "olu u'on 

"at " acid1 ty of 
the control aftar 

1nCubation 
lIat 1; ao1d1tl ot 

inhibItion 
»11ut1on at wbioh 

inh1bited 

----------------------------------------------
Col08tral 
whal 

'.I111t 

Fat globule 
.. ahinge 

;;:·.lglobulin 
(2mg. per ml.) 

i Oow 

Buttalo 

l 
Cow 

Buffalo 

l 
Cow 

Buftalo 

i Cow 

Burtalo 

0.42 0.11 1/1200 

0.40 0.16 1/800 

0.:5' 0.1'1 1/25 

0.36 0.10 1/20 

0.31 0.18 1/2 

0.28 0.15 1· 

0.41 0.15 1/30 

lJ.3'1 0.1S' 1/20 

-- --- - - - -- - - - - - -- --- --- - - - - - - - - - -- -- - - - - - - --
Note •• 1 indioates tbat th~ un4iluta. solution W~B positive and a two fold 

dilution waa nagative. 



tion developed acidity peroentage of 0.11, 0.17, 0.18 

and 0.16 at inhibition as against the acidity percen­

tages of 0.42, 0.39, 0.31 and 0.41 respectively in 

the oorresponding controls. The buffalo ~"ples of 

colostral whey, milk, fat globule washings and euglo­

bulin solution at inhibition developed ao1dity peroen­

tages of 0.16, 0.10, 0.16 and 0.13 respectively while 

in the corresponding controle, aoidity percentages of 

0.40, 0.36, 0.28 and 0.37 respeotively. 

In the method of estimation by milk ring test the 

agglutination titres for the respective fractions of 

oow and buffalo samples were muoh lower than the inhi­

bitory tHres obtained by the previous two methods for 

the same test organism S,reptooooous oremori!! 803. In 

oow samples of oolostra whey, milk, fat globule washings 

and euglobulin Bolution the maximum tit res upto whioh 

ring formation was eVident, were 1/600, 1/10, 1 (un­

diluted sample) and 1/10 respectively and the time taken 

in minutes for the ring fc.n·,;lation for the reopeotive 

fractions were 20, 20, 140 and 2;) respectively. In the 

buffalo samples of the oorresponding fractions the maxi­

mum titres were 1/200, 1/5, 2/1 (two fold conoentration 

of the solution) and 1/5 respeotively and the time taken 

in minutes for thB ring formation for these fraction. 

were 40, 46, 126 and 40 respectively. No ring formation 

lOll 



!fABLE 20 

AGGLUTIIUN ESTIMATION BY MIlK RING TES; 

(Test organism - Streptooooous cremoria 803) 

Test solution 

Colostral 
whe;)' 

Milk 

Fat globule 
wash1ngs 

2uglobul1n 
(2mg. per me.) 

I Cow 

~ Buffalo 

{ 

f 

i 

Oow 

Buffalo 

Cow 

Buffalo 

Cow 

BUffalo 

- - - - - - - - - - - - -

Reaotion 
of 

oontrol 

Incubation 
time in 
minute. 

Titres for 
positive 
reaotion 

- - - - -
20 

40 

20 

45 

140 

125 

20 

40 

1/600 

1/200 

1/10 

1/5 

1* 

2/1** 

1/10 

1/5 

Note. - indioates no ring formation. 
* 1 indicates that the undiluted solution was 

positive and a two fold dilution was negative, 
** 2/1 indioates that a two fold ooncentration 

of the solution was positive and that the 
solution itself wss negative. 



TABLE 21 

AGGLUTININ ESTIMATION BY MICROSCOPICAL 

OBSERVATION OF AGGLU;INATION 

(TeBt organism - Streptocooous oremoris 603) 

- - - - - - - - - - - - - - - - - - - - - - - - -
Test solution 

- - - - - - - -
ColoBtral ! Cow 
whey Buffalo 

! Cow 
lIilk 

Duffalo 

,.t globule ! Cow 
washings Buffalo 

Buglobulin ! Cow 
(2mg. per ml.) Buffalo 

Control Miorosoopical 
observation 

- - - - - - - - - -
+ 

+ 

+ 

- + 

+ 

+ 

+ 

- + 

Titres for 
positive 
reaotion 

- - - - - - -
1/1200 

1/600 

1/25 

1/20 

1/2 

1* 

1/30 

1/20 

.. - - - - - - - - - - - - - - - - - - - - - - --
Note: + indioateB visible agglutination. 

* 1 indioates that the undiluted solution waB 
positive ~nd a two fold dilution was nsgative. 



was eVident in the controls of the respective fractions. 

The agglutination tHres obtained by the micros­

oopical observation method for agglutinin estimation 

for the same four fraotions of cow and buffalo samples 

were the same as that of the inhibitory titres give by 

the firet two methods - pH assay and aoidity tests. All 

the samples were positive for agglutination, while the 

corresponding controls were negative. 

b) Pat gbbule agglutination. Table 22 presents 

the antibody titre of the euglobulin sol,ltion and fat 

globule washings of cow and buffalo samples for the 

agglutination of fat globules of cow and buff~lo milk. 

The titres of the euglobulin of cow and buffalo 

samples for the agglutination of the fat globules of 

the milk of the two species were found to be the same, 

the v~lue being, 1/40. The titres also remained the 

same when the euglobulin s01 ~ltion of cow and buffalo 

samples were each tested on the fat globules of milk 

of both the speoies. The behaViour of fat glob~~e 

washings of oow and buffalo samples on the aggluti­

nation of the f'lt globules of the two speoies was 

similar to that of the euglooulin solution, but the 

titre was 1/4. 

c) Attachment of bacteria to tat globules. In 
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TABLE 22 

THE ANTIBODY TITRE POR PAT GLOBULE AGG#UTINATION 

* - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -

Teet solution and 
speoies of animal 

-- - - - - - - - -
Euglobulin 
(lmg. per ml.) 

Cow 

Buffalo 

Pat globule 
washings 

Cow 

Buffalo 

! 
! 

! 
! 

Pat globule. and 
epeoie. of animal 

Agglutination 
titre for 

fat globules 

- - - - - - - - - - - - - - - - - - -

Oow !at 

Buffalo 

Oow fat 

Buffalo 

Oow fat 

Buffalo 

Oow fat 

Buffalo 

globules 

fat globules 

globule. 

fat globules 

globules 

fat globules 

globules 

fat globules 

1/40 

1/40 

1/40 

1/40 

1/4 

1/4 

1/4 

1/4 

-- - - - - - - - - - - - - - - - - - - - -- ------



table 23 the titre of milk and euglobulin Bolution 

for the attaohment of b~ot.ria to the tat globule. 

i8 presented. 

For the undiluted whole milk and euglobulin 

solution (oonoentration 2 mg. per ml.) of cow and 

buffalo, the baoterial attaohment at the tat globules, 

as eVidenced by the percentage of baoteria in the 

oream layer, was maximum. The baoterial attachment 

in the oow and buffalo whole milk was 86.6% and 48.7% 

respecti~ely, and the baoterial attachment in the eu­

globulin solution of OOw and buffalo waH 89.0% and 

49.5% reBpect1~.l]. With an inorease in the dilution 

of whole flilk and tile euglobulin solation, a progressiye 

deorease in the baoterial attaohment to the fat globul •• 

was observ"d in Doth oow and buffalo samples. But, even 

at a titre of 1/10. in the whole milk and euglobulin 

eolution of oow samples, the bacterial attaohment was 

consider:"bl] hl,~1Qr. the yalues being 65.0% and 70.3% 

respeotively, whereas, in the buffalo sa:nples eYen at 

a titre of 1/5 there was o,nsiderable deorease in the 

bacterial attachment to the fat globules, the peroen­

bge or bacteria in the oream layer, in whole milk was 

32.5 and in euglobulin solution was 33.0. 

5. Faot 1's intluenoin tlle V iations in the a lu­
in n ao iv! 1 0 mi t 

a) Stage ot laotation. Table 24 and 24a the cJnoen-

10:i 



ruLE 23 

THE AN'GIl!ODY 'GURll FOR 'GH§ ATTA,CHMEN'G 

cr BActERIA. 'GO ;H B 'AT GLOBULES 

(:rest organism - Streptoooocus oremoris 803) 

-- - - -- - - - - - -- - - - - - ---
'lest 

solution 
Dilutions 

(t1tres) 

- - - - - -- - - - - - ---

Whole milk 

Euglobulin 
(?mg. per ml.) 

Undiluted 

1/2 

1/5 

1/10 

1/15 

Undiluted 

1/2 

1/5 

1/10 

1/15 

Bacterial attachment to 
tat globules (~ bacteria 

in oream layer) 

- - - - - - -- - - -- - - --
Cow Buftalo 

86.6 

85.5 

81.0 

65.0 

10.5 

89.0 

87.0 

84.5 

70.3 

12.6 

48.7 

45.0 

32.5 

21.B 

1.2 

49.5 

48.8 

33.0 

20.9 

-- - -- - - - - - - - - - - - - - - - -



trat10n of agglutinins in the blood, milk and fat 

globule washings of different breeds of cows and 

buffaloes, throughout the lactation period, commencing 

from about 24 hours before calVing. In general the 

agglutinin aotivity in blood, m1lk and fat globule 

washings of cow was found to be higher than 1n the 

correspond1ng fraotions of buffalo. In both COil and 

buffalo samples, the prepartum lacteal secret10n and 

the oolostrum exhibited the "ighast agglutinin acti­

vityand the activity was found to be 1n the following 

decreas1ng order in the different breeds of cow and 

buffalo, Nondescr1pt, Nondescript Jersey Grades, Sindhi 

Jersey cross, Sindh1 and Jersey among cows and Non­

descr1pt and Murrah among buffaloes. 

IVhile following the a~:glut1nin aotivity through­

out the lactat1on, it was evident that there was a 

very sharp fall in the activity in milk, after 24 

hours following oalVing and tile concentration of agglu­

tinin on the tifth day of laotation itself was very low 

when oompared to the agglutinin ooncentration in the 

oolostrum or the prepartum lao teal secretion. 

The agglutinin 'lCti Vi ty in the blood serum about 

24 hours prior to calving wae also high wi th a gradual 

and progressive decrease with advanoing laotation after 

calving. 
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TA.BLE 24 

CO:JC1!1'TBATION OJ> AG~.I!(fTININS IN BLOOD, MILK ADD PAT GLOBUL,l WAS!IIIfG5 

D!JRIUrj THE I.A.CTA1'ION CYCLE op CO'll8 

stage o£ 
laotatian 

A.bout 24 haure 
before calving 

Immediately atter 
calving 

1 day 
2 daye 

3 daye 

4 daye 
5 daye 

6 daye 

7 d9.18 

14 dayo 

1 mcmth 

Li- aontlla 

2 IIlOnths 

.et montha 

3 montha 
3~ lIlonths 

4 months 
4~ mouths 
S months 

51- month" 
6 mantho 

6i months 
., IIIOntha 

7; month, 

8 IIIOnth, 

Si month' 
9 months 

9t I:IOnthe 
1Q -lIIOnths 

10i month, 
11 months 

lIondsecript 

,lilk 

1311.1 

1178.6 

1:1".3 
,1.7 

204.5 
109, ., 

74.3 
(l1,a 

45.2 

~5.0 

30.4 
2(1.8 

21. 7 

'10.1 

26.4 
21.7 

26.1 

32.7 
22,4 

2S,6 

2().4 

21J,7 

28.' 
~2,1 

24.3 
27.4 

47,4 
170.6 

~47.2 

Blco<1 

05' 

SOl 

:;12 

." 

." 

453 
45. 

'" '43 
_316 

2'72 

'" 219 

". 
$4' 
,>6 

''4 

'" '" 27' 
'" 321 

'" '07 
'50 
'53 
", 
54' 
'" 

RoIi4eecript §indhi Jeroey 
Jereey grades croes 

M1lk Blood 

1303.2 

1170.9 

646.8 

304.6 

l69.7 

101.3 

71.0 

56.4 

41.1 

31.2 

27.3 
24.2 

21.4 
29,1 

37.7 
18.9 

24.7 
2'1.1 

20.3-

24.9 

28.1 

23.6 , ... 
26,7 

19.9 

20.1 

29.7 

34.4 

41.6 

161.3 

.. M 

6 .. 
SO, 
." 
,21 
M 
m 

'" "" 21' , .. 
",. 
.97 

". 
218 

"" 21' 
251 .., 
'" ,.. 
'" 
'" 310 

". 
2'<:4 
,,5 
30' 

'" 60' 

"8 

Silk Blood 

1298.4 

1103.7 

629.2 

2tJ9.5 

148.1 

97.4 

70.3 
66.2 

40., 
25.6 

21.2 

19.3 

$S.' 
15.7 

16.9 

15.3 

20.4 

18.2 

16.4 

21.4. 

23.2 
21.1 
24..8 

".1 
19.1 

21.3 

26.9 

32.1 

40.3 
160.7 
291.4 

60' 
'93 

"" ." 

42' 
'" .. , ... .. , ... 
'20 
20' 
.l4 
309 

.44 
3ll 

'l4 
.67 

'" "!3 
'35 .. , 
27' 
'" >98 ,,. 
'" '" 561 

'" 

§indhl 

lUlk Blood 

1244,0 

1102,3 

601.1 

219.5 
109.6 

'16.2 

56.6 

4Z." 
"., 
25.0 

20.1 

19.8 

10.7 

20.1 

15.1 

34.4 
1'1.8 

17.0 

15.9 
16.7 
19.9 

18.' 
19.1 
22.1 

18.6 
20 •• 

21.7 

26.4 
40.0 

1:11.4 

2~0.8 

55' 
'" .. , 
.07 

'" '" '" "', 
m 

'07 
18' 
,,31 
,17 

'" '" >9. 
m 

'" '99 

'" 223 

'" '" ,>6 

19l 

'" 264 

'" .. , 
'" 

Jeraey 

!dilk Blood 

1212.6 

1058.5 
52'7.2 

202.:5 

103.4 

51.7 

47.2 .... 
at.2 
21.6 

18.9 

20.1 
14.6 

,0.3 
13.6 

10.8 

10.6 

13,9 
11.7 

14.1 

16.3 

1&.1 

,0.3 
20.8 
15.3 

15.8 

16.3 
24.7 

$4.' 
143.6 
201.3 

620 

512 

'" 39' 
'" 431 

35' ,,. 
'" 20' 

'" 191 

'" ". ,5> 
)28 

m 
)28 

'" ". 
m 
,11 

'" '61 

'" 223 

20' 
25' 

'" Ol' 
,8' 

Note: rhe CO!108ntrat~on of ag;lutinine 1n "the i.lt globule waahinge in 0.11 the breade cf (lOW, 
frcm 3 days aner oalving upto the end c£ lactation \'1GB 2. 



TlBL8 248 

COliC ~IfTRATIOJt OF AGGLUTINI!JS IN BLOOD. :!ILK AND FAT GLOBUL3 WASHINGS 

DllRING THE 1A.CTATION eyer.;;: OF BUFFALOJ::::S 

stags ot 
lactation 

Nondesoript Murrah Both th" breeds 
ot b,d:ta.loea 

About 24 hour" 
beCore calvtug 

I'JlDediately after 
olllvil\& 

1 d.,. 

::' da,:/$ 

:3 da,re 

4 daye 

5 daye 

6 daya 
7 de.,ye 

14 daya 

1 month 

li;. month. 

2 monthe 

2il" lIIonthe 

:3 monthe 

31 lIIonthe 

4 l'Ionthe 

411 monthe 

5 monthe 

5'11- monthe 

6 monthe 

6~ t:lonths 

7 months 

71< mOllthe 

8 monthe 

8-~ monthe 

9 r.lonthe 

9~ monthe 

lil1lk Blood 

1210.7 

1050.1 

509.2 

211.4 

90.3 

41.6 
33.1 

25.2 

22.4 

20.7 

17.9 

15.4 

20.1 

22.3 
1:\.3 

17.8. 

29.4 

18.d 

16.3 
15.7 

21.4 

15.6 

13.5 

19.7 

21.4 
43.4 

107.9 

220.8 

, .. 
." 

.21 ... .,. 
'" 38' 

'" >10 

'" 
274 
211 

'" 214 
148 
193 
218 

'" 318 ... 
3$1 

288 

226 

201 

". 
m 
441 ,,. 

"'"' 
1164.1 

981.9 

503.0 

200.2 

93.5 
41.i 

29.7 

26.4 
20,8 

2u,1 

10.2 
12.4 , .. 
UI.' 
18.7 

11.9 
17 .4 
21.3 

14.6 
11.2 
10.8 

15.4 

24.7 

18.6 

15.1 

16.2 
16.7 

'M 
10 mOrlthe 39.'1' 

10~ monthe 147.8 
11 monthe 234.5 

Hotel ~ not deter~lned. 

Blood 'at globule washluga 

632 

"d 
518 ... 
'" '" 34' 
311 

". 
'" 
212 
172 

13' 

". 
'44 
16' 
121 
102 
104 
271 

"" 316 

'" ,54 
214 
103 
267 

'43 
201 
403 

592 

- - - - - - - - -

1 

1 

1 

1 

1 

1 

1 

1 
1 

1 
1 
1 

1 
1 
1 

1 
1 

1 

1 

1 

1 

1 
1 
1 

• 



Further 1t waa seen that the ooncentration ot 

agglutinin was seversl times higher in the ooloetrum 

and prepartum lacteal secretion than in blood. !he 

agglutinin actiVity appeared to reaoh a normal level 

in both blood and milk by about the 14 day or one month 

after parturition, and the actiVity Showed limited 

fluotuations in both blood and milk throughout the 

mid lactation period. There seemed to be no corre­

lation between the conoentration of agglutinins in blood 

and that in milk, beoause an increase in activity in 

blood serum d1d not necessarily give rise to an increase 

in the acti',i ty in milk and a decrease in blood level 

also did not always reduoed the activity in milk, as 

is evident from the t.ble. 

At the end of lactat10n, even about a fortnight 

prior to the ceseation of milking a considerable in­

orease in agglutinin activity in both milk and blood 

was observed. 

The above mentioned observations were made in 

respect of all the breeds of cows and buffaloes studied. 

The estimation of agglutinin aotiVity in the fat 

globule washings of cow and buffalo oould not be made 

1n the prepartum lacteal secretion and in the milk upto 

the aeoond day after calving. !he conoentration of 
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agglut1nin in the fat globule washings of oow and 

buffalo did not ahow any variation throughout the 

lactation period, but the agglutinin conoentration 

in the fat globule washings from the milk of all the 

breeds of OO,'IS studied was higher, ths value being, 2, 

than in the two breeds of buffaloes .tudied, where the 

concentration was 1 (undiluted samples only were poa1-

t1ve) • 

Graphs 4 and 5 show the variation in the agglu­

tinin activity in thB blood and milk of Sindhi, Jersey, 

Nondescript, OOWs and Murrah and Nmdesoript, buffaloes 

throughout the stage .. of laotation. 

b) Species and breeds. The ooncentration ot agglu­

tinin in the milk and fat globule washings Ot difterent 

breeds ot cows and buffaloes, in respeot of two diffe­

rent agglutinin sensitive strains of organ18llls are 

presented in table 25. 'rhe oreeds studied were, Jeraey, 

Slndhi, Nondesor1pt, Sindhi Jersey crose and Nondescript 

Jereey Grades in oows and Murrah and Nondesor1pt in 

buffaloes. The aggl~tinin concentration was determined 

in the mid lactation milk from normal and healt~ ani­

mals. In general, in milk, the average ooncentration 

of agglutinin waa higher for Streptooooous c remoria 803 

organisms than StreptooooOUI lact18 57 organisms, in all 

the brseds of cow and buffalo. 
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Cow 

'rABLE 25 

CONCEN'rRATION OJ!' AGGLUTININS IN THE MILK AND PAT GLCBULB 

WASHINGS OP DIl!'PERElIT BR ,EDS OP COW AlIID BUl!'PALC 

(Tes~ organiems - Streptococcus cremoris 603 and Strep~ooocoue lacti8 57) 

Speoie. and 
breeds of 

animals 

Jersey 
Sindb1 
Non descript 

C Sindhi Jersey 
cross 
Non desoript 
Jereey croes 

- - - - - - - - - - - - - - - - - - - - - - -
Concentration of agglutinins 

Milk Pat globule washinge 

S.oremorie 603 S.lacti. 57 

- - - - - - - - - - - - - - - - - S.eremorie 603 S.leoti. 57 
Range Mean Range Ilean 

10-30 15.3 6-20 10.6 2 2 
10-40 16.9 8-30 13.1 2 2 
15-50 27.3 10-40 18.5 2 2 

10-45 19.2 10-30 14.7 2 2 

15-45 20.1 10-35 15.4 2 2 

10-30 1 1 ~ Murrah 15.1 6-20 9.9 
Buffalo 

10-35 17.6 6-25 1 1 Non desorip~ 12.4 

- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -



Among the speoies, the agglutinin ooncentration 

was low in buffaloes. Among oows the milk of Nonde&­

oript animals showod highest activity, 27.3 for StreptQ­

oocous lacti. 57; Jerseys exhibited lowest actiV1ty, 

15.3 for Str,ptoooccu. oremor1. 803 and 10.8 for 

Streptooooous lactie 57; Sindhi an!mals had an agglu­

tinin concentration of 18.9 for 3treptocoQcUS cremor1, 

803 and 13.1 for Streptococcus ;~1!! 57. The milk 

from the crOSBes between Sindhi and Jersey showed higher 

agglutinin actiVity than either of the pure bred ani­

mals, while the milk from Nondescript Jersey grades had 

an aotivity 1n between the two species. 

Among·buff~loe •• the milk of Nondescript animals 

h"d a higher "gglutinin concentration, 17.6 for strep-

12£~us cremoria 603 and 12.4 for Streptoooccus laot1. 

57 than the milk of Murrah buffaloes wbicb had 15.1 

for Streptooocous cremoris 803 and 9.9 for StreptocoCCU! 

lll~th 57. ,>---

With regard to f"t globule washings, all the 

breeds of COW8 bad the same agglutinin concentration 

of 2 in reapect of both the organisms streptoooocal 

Qremoria 803 and SjreR,0002QU, ll9ti, 57, wb10h waB 

higher than the agglutinin oonoentration in the two 

breeds of buffalos., which W~e 1 (undiluted samples 

only war. positive) in reapect of tbe organism. S$rept9_ 
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oooous oremoria 803 and Streptooooous laoti. 57. 

The histogram clearly showe the v'lriatiollll in 

agglutinin aotivity in different breeds of oowa and 

buffaloes in respeot of streptoooocu. or.mo;1s 803 and 

Streptoooocu. leotis 57 orgsnisma. 

a) ~globulin bacteria oomplex. Table 26 and 27 
-

describe the nature of the euglobulin b"oteria oomplex 

of oow and buffalo samples. A total number of 31 seleo­

ted, agglutinin aensitive bacterial strains, inoluding 

22 laotic b,cteria were tested for speoifioity of the 

antibody baoterium complex. The results indioated that 

all the orgsniams that were aensitive to agglutinins 

in milk, showed high degree of speoificity. The euglo­

bulin aolation treated with a particular sensitive 

strain, when tested agsin with the same untreated strain 

for agglutination was found to have lost all its agglu­

tinating capacity in relation to the same strain, the 

titree obt-In3d being 0 (no ag;llutinatlon). It was 

further obeerved, that the euglobulin solution treated 

with ~ partioular sensitive strain of orgsnism, not 

only lost its agglutinating power in respeot of that 

particular organi.m, but alao was found to have lost 

the agglutinating oapacity towards one or more other 
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sensitive strains of the S8me species, in tne same 

treatment. This type of reaotion was observed bet­

ween tne strains of tne same speoies, and not between 

organisms of one speoies and tne other. But 1n rea­

peot of the baoteria belonging to different speoies, 

it was found, that tne euglobulin solution absorbed 

by a given stra1n also lost a part of its agglutina­

ting activity towards strains of different spec1es as 

evidenoed by a reduction in tne titre towards otner 

organ1sms, when oompared witn tne oontrol. 

Based on tne behaviour of different stra1ns of 

streptoooocus laotis, Streptoooocus oremoria, and 

Escnericnia ooli organisms, 1t oould be reoognised, 

tnat the s1x sensit1ve strains of Streptococous laot1s 

fall in three groups, the eleven sensitive strains of 

streptococcus oremor1s in six groups and the two sensi­

tive of "eoherioh1a ooli in one group, stra1ns 1n eaoh 

group reacting in ident1cal way. In Streptoooccue lao­

tis, the first group comprised of strains C (isolate), 

18 and 69. th. seoond SR and 57 and the third, MLe. 
In Streptooocous or.moris the first group consisted 

of strains K, DR7 and 760, the second 803 and Rl, the 

third MLl and KH, the fourth 495 and 82, the fifth 972 

and the sixth HP. In Escherichia coli the single group 

oontained strains 745 and A (isolate). 

All thsse observat1ons were recorded for both cow 
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and buffalo sample., and except for the differenoes 

In the titrea for the indIvidual organisms in the 

samples of theBe two specIes, there were no differenoes 

regardIng the specifioity of the antibody - baoteria 

oomplex and the eXistence of groups in Streptococcus 

lactia, Streptoooccus cremorie and Esoheriohia coli. 
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b) Euglobulin fat globule oompleXI Table 28 explains 

the nature of the euglobulin fat globule oomplex. The 

fat glooules of SlndhI, Nondesoript and Jersey OOWS 

and Murrah and Nondescript buffaloes were tested for 

the nature of the euglobulin fat globule complex, The 

titres of the controls for the agglutination of fat 

globules from the milk of the three breeds of OOW8 and 

two breed. of buffaloes "e;N :/50. The euglobul1n solu­

tion absorbed by the fat globules from the milk of a 

particular breed of cow or buffalo, lost the agBluti­

nating activity towards the fat globules from the milk 

of the eame a. well as the other breeds of cows and 

buffaloes, and the ti tres were either 0 (negative for 

agglutination) or very negligible when compared to the 

titre of the oontrols. 

c) Nature of antibody attaching basteria to fat 

globules, The nature of the antibody attaching bacteria 

to fat globules is brought out in table 29. The fat 

globules of cow and buffalo milk were employed to 



TABLE 28 

NATURB OF ANTIBODY FAT GLOBULE COIULEX 

I-------------------------------------------~ I Sources of fat globules used for I 
I adsorption in euglobulin solution , 
I------------------------,------------------~ I I I I Cow I Buffalo I 
l--------T--------,------~-------,---------i 
I 1 I I I I 
I 1 Non I I I Non I 
1 Sindhi I de script :Jersey I MUrrah 1 descript 1 
I I I I 1 I _______________ 4 ________ ~ ________ ~ ______ ~ _______ ~-________ ~ 

I I I I I I I 
I Agglutination I I I I I I 

I titre in eu-: I 1 I : I I glObUlin) (2mg. I 1/50 I 1/50 I 1/50 I 1/50 i 1/50 i 
1 per mI. solu- I I I I I I 

ltion(control)l I I 1 I I 1 _______________ 4 ________ ~ ________ ~------~-------~----_____ ~ 

I I 1 1 I I I I 
I I·r! I I I t I I 
I l,q I 1 I I 1 I 

I il i 0 I 0 i 1 i 1/2 I 1/2 i 
~ 1..-1 I I 1 1 I I 
o I OJ I I I I I I 
• ..-1 I I 1 1 I I I 
~ I I I I I r I e ~ j------1--------r--------1------j--------,---------1 
oCt-! 0 I I 1 1 I I I 
0) 0 I 1 ~ I 1 I I 1 I 

rt:I II=!1l'lAI I I 1/ '/' a! m 100>.,-1 I 0 1 0 1 1 1 1 2 1 12 1 
0> l:Z;rd~1 I 1 I I I 

~r-I I 0 I I I I 1 I 
Q) ~ I I I I I I I 
~.o I 1 I I I I I 
~ Ol---~------T--------r--------i------,--------,---------, 
asr-tl I I t I I 1 I 

tlDl I >.. 1 I I 1 I I 
Q) I I 0> I I 1 I I 1 
... +' I I " I 1 I 1 I 0 I 1/2 I 1/2 I +=' ~ I I J..I 1 I I I I I 
-r-fCt-l1 I Q) I I I I I I 
+=' 1 I'" I I I I I I 

.s::1 1 I I 1 I I I 

§~i i-------+--------t--------f------1--------f---------, 
-,-I ~ I I 1 1 I 1 I I 
..p 0 I 1 1 1 I 1 1 
a! r-tl ~ 1 1 I I 1 I 

I !1 ~ i ... i 1/2 i 1/2 i 1/2 i 0 i 0 i 
I~ Ct-I 1 ~ I I I I I 1 
r;j,ar;::1 I I I r I I 
Ir-I '"""' I =:i I 1 I I I I 

i ~ i-------t--------r--------f------,--------i---------i 
1< I 1 1 1 I I I 
1 I I I 1 1 I I 
I I l..p I I I I 1 I 
I I <=" '" I 1/2 I 1/2 I 1/2 I 0 I 0 I 
1 100>..-11 I I I I I 
J 1t2!i'dJ..lJ I I I I I 
I I 0 I I I I I I 
I I I 1 I I I I 
I ___ ~ __ -~---------------------------------------------______ _ 



Souroe of 
euglobulin 

(2mg. per 1111.) 

Cow 

Buftalo 

TADLE 29 

NATURE OF AUUDODX ATTACHING 

BACTERIA TO FAT GLOBULES 

Treatment 
of euglobul1n 

Attaohment ot baoteria 
(~ bacteria in oream 

laler) to rat 
globules ot 

- - - - - --- - - - - -Cow Buttalo 
- - - - - - - -- - - - -- -

Control 

Adsorption bl 
oow fat globule 

Adsorption bl 
buffalo rat 
globule 

Oontrol 

Adsorption bl 
oow fat globule 

Adsorpti on bl 
buffalo fat 
globule 

69.0 

16.1 

16.8 

66.5 

14.4 

13.8 

75.4 

10.8 

9.9 

49.5 

9.6 

8.7 

-- - - - - - - - - - - - - - - - - - - - - - - - - - - --



absorb the antibodies from the euglobulin solution of 

cow and buffalo samples by saturation tests. The treated 

euglobulin solution of cow and buffalo samples, eaoh 

when tested with fat globules from the milk of both the 

species, for the percentage of bacteria in the oream 

layer by oentrifuge test, it was found that the baote­

rial attachment to the fat "lobules \V~D very low when 

oompared to the values of the control samples. The 

fat globules from oow and buffalo milk reacted similarly 

towards eaoh one of the euglobulin solut1on of cow and 

buffalo samples except for the differences in the per­

centage of bacteria in the oream layer of cow and buffalo 

samples. 

7. Agglutinin actiVity on different bacterial strains. 

The behaviour of a number cf bacterial strains 

towarde the agglutinins of blood serum,' milk and fat 

globulin washings of cow and buffalo samples is pre­

sented in table 30. Milk consists of both whey protein 

and fat globule agglutinins. To represent theee two 

agglutinins separat.ly, euglobulin solution was taken 

for the whey protein agglutinins and fat globule washings 

for the fat globule agglutinins. 

Out of the 56 strains of organisms tested for 

agglutination, 36 were lactic cultures, 15 pathogenic 

bacteria and 5 nonpathogenio but undesirable in milk 
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TABLE3.Q 

Tll3 AGGLUrlBIn ACUVlU IN BLOOD. MILK AND PAr GLOBUL, IUSlUIIGS OP COI'/ AlID JlUPFALO 

ON DIPFERBNr SrRAINS OP BACTERIA 

Bacterial strains 

1. Streptoooccus lactis A (180) 
2. Streptocoocus lactis B (ieo) 
3. StreptocooCUB lactiB C (iBO) 
4. Streptoooccus laotis s.a. 
5. Streptococcus lactis 57 
6. StreptooQOCuB lactie 18 
7. Streptococous lactis 02 
8. Streptococous lacti. Cl0 
9. StreptooocOUB laoti. ML2 

10. StreptocoooUB lactiB 69 
11. Streptoooccus lactiB RP 
12. Streptococcus lact1. 495 
13. StreptococCUB lacti. 803 

Agglutination titre 

- - - - - - - -- -- - - - - - - - - - - - - - - -
Oow Buffalo 

- - - - - - - - - - - - - - - - - - -- - - - ---
Blood 
serum 

Pat Blood 
l4ilk* globllle serum 

waah1ngB 

Pat 
lIilk* globule 

waahingB 

-----------------
-

1/220 1/20 1/2 
1/190 1/20 112 
1/240 1/25 1/2 
1/200 1/25 1/2 

1/150 1/15 1/2 
1/160 1/15 1/2 
1/220 1/20 1/2 

1/200 1/20 1/2 
1/300 1/30 1/2 

- - -- - - - - - - - - - - - - - - --- - - - --- - - - -- - - --- - - - - - - - - -
oontc1 •• 



- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -- ---

Bacterial strains 

AgglutinaUon Ut" 

- - - -- - - - - - - - - - - - - - -
Oow Bui'talo 

- --- - - - - - - - - - - - - - - - -- -- - - -
Blood 
.. rua !all<' 

?at 
globule 
wallhinga 

Blood 
serua 

Pat 
tilk' globule 

_lIhinga 

- - - - - - - - - - - - - - - - - - - - - -- - - - - - - - - - - - - - - - ------ --
14. StreptoooccUII cremorie C1 
1~. StreptocoocUII cremoria ~ 
16. Streptcooccus cremori. KH 
17. streptococcus creBoris MId 
18. Streptoooc""s oremori. R1 
19. Streptooocous cremoria 03 
20. streptococcus oremoria 07 
21. Streptococous cremeris 52 
22. Streptococous or8lllOrie DR? 
23. streptocoooUII oremoris 972 
24. streptocoocU8 cremorl. 760 
25. Streptocoocus cltrovorua 209 
26. streptococouB di"ceUlsctis DRCl 

27. st"ptocooCU8 diacetile.ct18 IlRC2 

28. Streptococcus diacetllsot1s DRC3 

29. StreptocoOOU8 thermopb11u8 489 
30. streptococcus thermoph1luB STS 

1/220 
1/260 
1/220 
1/150 

1/250 
1/300 
1/250 
1/150 
1/200 

1/211 
1/30 
1/30 
1/20 

1/20 
1/30 
1/25 
1/20 
1/20 

1/180 1/20 

--

1/2 
1/2 
1/2 
i/2 

l/2 
1/2 
1/2 
1/2 
1/2 

1/2 

1/150 
1/200 
1/160 
1/150 

-
1/150 
1/170 
1/280 
1/250 
1/250 

-

-
1/15 
1/20 
1/20 
1/15 

1/10 
1/20 
1/25 
1/25 
1/25 

-
1/220 1/25 

- -

-
1 
1 

1 

1 

1 

1 

1 

1 

1 

1 

----------------------------------------------
oontd •• 



----------------------------------------------
A&glut1nation titre 

--------------------------
Cow lIuttalo 

Bacterial etrains --------------------------
Blood Pat Blood Pat 

II1lk* globule l411k* globule serum weBbinge aerum waah1nge 

--- -- - - - - -- - - - ------ - - - - -- -- - - - - - - --- - - - - - -- --
31. Lactobacillue bulgaricus 1373 
32. Lactobacillus bulS-ricus Hansen's -
33. Lactobacillus bulgarious A (ieo) 1/100 1/10 1/2 1/100 1/10 1 
34. Laotobacillus acidoph11us 11 1/150 1/10 1/2 1/100 1/5 1 
35. Laotobaoillue aoidophllus BA - EE -
36. Lactobacillus plantarum 69 1/140 1/15 1/2 1/150 1/10 1 
37. streptococcus taecalia 190 1/90 1/10 1/2 1/130 1/15 1 
36. streptococcus taecalia 30 
39. Strsptococcus agalactiae 665 1/100 1/20 1/2 1/100 1/15 1 
40. Streptooocous pyogenes B - 49 - 3 1/120 1/20 1/2 1/75 1/15 1 
41. StaPhYlococcus aureus Kl GJ4 1/100 1/15 1/2 1/90 1/15 1 
42. Bacillus cereua (lao) 
43. Eacherichia coli 745 1/120 1/15 1/2 1/70 1/15 1 
44. ,scheriehia coli 555 
45. 3acheriehia coli (iao) 1/120 1/20 1/2 1/90 1/10 1 
46. Pseudomonas aerogenoea 1/100 1/10 1/2 1/100 1/5 1 
47. Pseudomonaa fluorescene - -
----------------------------------------------

contd •• 



------------------- --------------------
Agglut1nation tltre 

------------------ --
Bacter1al etra1ne 

Cow BuUalo 
---------------------- - ---
Blood II1llt" 

Fat Blood 1'..-
serum glob"le II1lk· globule 

wallhlnga aerum 
wallh1nga 

----------------------------------------------
48. Pasteurella boV1eeptloum 1/70 1/5 1 1/50 
49. salmonella typhoaa - -50. salmonella paratyphi -
51. Cloatr1dlum eOllYeli - -52. Clostr1dlum wslch1i 1/110 1/5 1 1/75 1 
OEsartame ieolated trom 
mae' 18 mtlkl 
53. streptooocci (lao) 1/100 1/25 1/2 1/100 1/15 1 
54. staphylococci (lso) 1/70 1/20 1/2 1/50 1/10 1 
55. Eaoh.r1chta call (ls0) 1/90 1/15 1/2 1/50 1/15 1 
56. Pseudomonas (leo) 1/70 1/2 - -
----------------------------------------------

Note, *Milk represents tltre tor euglobulln solUtion (2mg. per ml.) 

'(iso)' indicates organisms isolatod trom c~d, normal milk and mastiti. 
milk samples. 



and milk produots. * total number of 35 strains were 

found to be sensitive to agglutinins in the milk and 

blood serum of oows and 34 strains in the milk and 

blood serum of buffaloes. All the strains of organisms 

that were sensitive to agglutinins, were agglutinated 

by the agglutinins of blood serum, whey protein and 
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fat globules and the titree were higher in blood, lower 

in milk (whey protein) and lowest in fat globule wa&hinge. 

If a bacterial strain was posit1ve for agglutinin in 

blood, it was alao positive for agglutinin in milk and 

fat globule waahings. But there were two exception. in 

the caBe of buffalo sample., where the blood .erum was 

positive for Pasteurella bovisepticum, with a low titre 

(1/50) and the whey protein and fat globule washings 

were positive for Clostridium welohii with low titre. 

(1/75 and 1 respectively), but the fat globule washings 

were neg~tiv.. In all positive oases, there were consi­

derable variations in the agglutination titre. of blood 

aerlU1l and whey protein, !roa one baoteria to the other. 

In general, the blood serum and whey protein titres 

to\Vard. majority of laotio oultures were higher than 

the titres for the pathogenic baoteria. The titre in 

the fat globule washings remained unohanged, toward all 

8ensitive organisms in both cow and buffalo samples 

(1/2 and 1 respeotively), exoept towards £a8teurella 

boviseptioqm where the titre was 1 for oow samples and 
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Oloatridium walohi!, where the titre waa 0 for buffalo 

Bamples, and towards Pseudomonas (isolated from mastitls 

milk) where the titre was 0 for both oow and buffalo 

samples. Further in most of the strains inoluding 

pethogenic ones, the agglutination tltre of whey pro­

teins was h1gher in cow samples than in buffalo samples. 

The agglutination titre of blood serum although variable, 

did not ahow signifioant differenoes between cow and 

buffalo samples. In very few caBea like StreptocooCuI 

oramoris 760, Streptococous citrovorug 209, Streptocooous 

d18oetilaot1g DR02 and §treplooooou8 faeo!li8 190, the 

whay proteins of buffalo .amples gave a h1gher agglu­

tinat10n titres than the cow samples. 

6. Agglut1nin aotiVity in the milk from infected udderl. 

a) lIonpathogeniC organisms '!!l;d leuoooytegl Tabl •• 

31, 32 and 33 present the agglutinin aotiVity and the 

leuoocyte count in the milk from infeoted udder the 

agglutin1n aotivity in relation to the conoentratlon 

of leuoooytes and the agglutination titre in mastitis 

milk after removal of leuoooytes. The organism strepto­

cocous oremor1, 603, that waa employed for the assay 

methods for agglutinins, was used in these exper1ement8 

also far testing agglutination. 

It was found that at the beginning of the infec­

tion in the udder, when very mild clinioal symptoms only 



tA.i!LE U 

AOOLurtNnL~QnVI1'X <\N,D .:a:H1 L,jUCOOYT, OOUlI & Ii! 
THE ,MILK I!'jO:l Ill» ;C; :D .~!:lDER 

(Teet ol'gan1sn - 5tr82too"q09 qr. .. "ori! BUll) 

- - - - - -- - - -- - - - - - - -- - - - - - - - - - ---
St .... 8 ot 
inteotioll 

Aggltlt1nation 
111101'8 

- -- - - - ------ - - ---- ---
0001 Burfalo 0001 Buffalo - - - - - - - - ----- -- - - - - - - - --- --- - - -

(oontrol) Normal 
1/30 1/20 0.7axl0' 0.93%10' milk 

- - - - - - - - - - - - - - - - - -- - - ----- --- --
At the onaet 

1.00z10' 2.10xl04 ot inteotion 1/40 1/311 
Arhr 6 houra 1/411 1/35 4.60xlO' 3.6Oxl04 

Anal' 12 ho ..... 1/60 1/40 8.10x10' 9.20x104 

At1l8r 18 hour. 1/60 1/40 1.13&101) 1.06&1015 

Attar 24 houra 1/60 1/411 1.6'1;<1015 1.'1axl05 

After 36 houra 1/215 1/215 1\ 3.2OX105 2.60x10, 
Uler 411 hour. 1/115 1/10 15 8.60xlOIi '1.2OXI0 
UteI' 60 hOUl'a 1/2 1/2 1.6OX106 1.'72:1:106 

.Iotter 72 hour. - - 2. 21x10il 1.9Ul05 

Atter 84 hoUl's - - 2.63x106 2.10&106 

-------------------------------



~ABLE 32 

AGGLU~ININ AO~IVI~Y IN RELA~ION ~O THE 

CONOBN~RATION 0' LSUCOOY~ES 

(~eat orgaAiam - streptoooocus cr.moria 803) 

Concentrat10n of 
leucooytea per ml. 

Agglutination titre in 
normal milk 

- - - - - --- - - - --- --
Oow Buffalo 

- - - - - - - - - - - - - - --- -- - - - - - - - - - - --
Control (raw milk) 

1.0 x 105 

2.0 x 105 

4.0 x 105 

6.0 x 105 

8.0 x 105 

1.0 x 106 

1.2 x 106 

1.6 x 106 

1.8 x 106 

2.0 x 106 

2.5 x 106 

3.0 x 106 

3.5 x 106 

4.0 x 106 

1/30 
1/30 
1/25 
1/20 
1/15 
1/10 
1/10 
1/5 
1/2 
1 

1/20 
1/20 
1/20 
1/15 
1/10 
1/10 
1/5 
1/5 
1/2 
1 

_. - - - - - - - - - - - - - - - - - - - - - - - - - - - --



TABLE 33 

THE AGGLUTINATION TITRE IN MASTI~IS MILK 

AFT,R R~OVAL OF LEUOOOYT,§ 

(Test organism - Streptococous cremoris 803) 

- - - - - - - - - - - - - - - - - - - - -
Test sample 

Agglutination 
titre 

- - - -
Leucocyte 

oount 
per ml. 

- -

--------
Oow Buffalo Oow Buffalo 

- - - - - - - - - - - - - - - - - - - - - - - - - - -
Mast! tis milk 
before oentrifugation 1 2.1xl06 1. 82xl0& 

Mast! ti s milk 
after oentrifugation 1/36 1/25 

---------------------------



were evident, without the aooompaniment of evan the 

slightest visible changes in milk, the agglutination 

titre for the organism streptococcus oremori, 603, was 

sligh tly higher in both oow and buffalo samples, for 

the aame organism, which was employed as the control 

for oomparison of titree. The agglutination titre at 

the onset of infection waa 1/40 for cow milk and 1/35 

for bUffalo milk, whila in the controls the titres were 

1/30 and 1/20 for 0010 and buffalo samples respeotively. 

~his inoreaae in titres oontinued upto the 24th hour 

of infeotion, the titre a at thia stage being 1/60 and 

1/45 for cow and buffalo samples respectively. At the 

36th hour of infeotion there was B sharp f·J.l1 in the 

titre to a level of 1/25 in the infected milk of both 

the species. ~he titre. reached very low levels (1/2) 

at the 60th hour of infection and became undetectable 

from 72nd hour of infeotion onwards. A progressive 

increase in the leucooyte oount in the mastitia milk, 

with advanoing atages of infection wae observed. This 

inorease in leucooyte oount waa not muoh upto the sixth 

hour of infection and was wall within the normal levele, 

the average normal leucooyte count from healthy cows 

being upto 70,000 per ml. (MacLeod and Anderson, 1952). 

Prom tha 12th hour of infection, the leuoocyte count 

.howed a much higher increase and at the 60th hour at 

infection when the agglutination titra8 of both the 
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samples were only 1/2, the leucocyte count was 1.6 

and 1.72 millions per ml. 1n cow and butfalo samples 

respectively. After 72 hours and 84 hours of 1nfeo­

tion when the agglutination ti tre was nsgative, the 

leucocyte oount was 2.21 and 2.63 millions per ml. in 

cow .","ples and 1.94 and 2.1 millions per ml. in buffalo 

samples. 

When leucocyt&a were added to COIY and buftalo 

milk obtained from healthy udder, with normal agglu­

tination ti tre 01' 1/30 and 1/20 respectively for the 

organism Streptocoocus gr!me;!' 803, 110 was observed, 

that with progress1ve 1ncreases 1n leucooyte. concen­

tration 1n the milk, the agglutination titre decreased 

in both the samples. When the leucocyte count was apto 

100,000 per ml. in cow milk and 200,000 per ml. in 

buffalo milk the t1tre was not affected. A decrease 
-

in the t1tre 01' milk started when the leuoocyte -count 

W8. 200,000 per ml. in OOW milk and 400,()~v :',,. "l1. 1n 

buttalo milk. When the leucocyte count W4S 2.0 mil110ns 

per ml. 1n both oow and buffalo milks, no 3gglutination 

of baoteria was evident. 

Ma.t1tie milk samples trom oow and buffalo, obtained 

from estab11shed cases of 1nfection, had high leucocyte 

oounts with undeteotable or negligible levels of agglu­

t1nins. Atter centritugat10n tor the removal 01' the 

leucocytes, when the supernatant oontaining no leucooytes 



"US examined for agglutination, the titrn for the 

eame samples were found to be 1/35 and 1/25 for the 

cow and buffalo samples respeotively. 

b} Causative organisms. Table 34 presents the 

agglutination titre in the blood serum and the milk 

of mastitis and healthy animals for the oausative 

organisms, isolated from the infected milk. From the 

milk of cows suffering from mastitis, four organisms, 

namely, Streptococoi, Staphylocooci, Esoheriohia cOll 

and Pseudomonas were isolated. These organisms ware 

tested for agglutination in the blood serum and milk 

of the infected animals and also in the blood serum and 

milk of other healthy animals. It was observed that 

the milk of the infected animals had very high t1 tres 

towards the organisms isolated fro," the infected milk 
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of the same animals, while the titres for these organisms 

in the milk from healthY animals were muoh lower. The 

blood serum of the infeoted animals did not &how oonsi­

derable increase in the agglutination tit res towards 

these org~~isms, when compared with the serum titres 

obtained in healthY animals towards the same organide. 

Further the agglutination tHres in the infeoted 

milk of cows showed muoh higher increase than the titres 

in the infeoted milk of buffaloes, toward the respeotive 

organisms. The blood serum titres of the infected COW8 



!ABLE 34 

AGGLUTINATION UTR« FOR TIlE CAUSATINS ORGA.lIISIlS IN THE 

BLOOD Al,D :ULIC OF THJl INF3CT3D L'lD HEALTHY ANIMALS 

- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -
Spec1es of 

animal ~pe of organisms 
Agglutinat10n titre Agglutinat10n titre 
in infected animals in healthy animals 

Blood Milk Blood llilk 
- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -

Streptococc1 1/100 1/80 1/100 1/25 

Staphylococci 1/90 1/90 1/70 1/20 
Cow 

Escherichia co11 1/100 1/95 1/90 1/15 

Pseudomonas 1/20 1/70 1/70 1/2 I Streptococci 1/100 1/45 1/100 1/15 

Staphylococc1 1/S0 1/40 1/50 1/10 

~scherichia coIl 1/70 1/45 1/50 1/15 

Buffalo 

--------------------------- ---- -------



13j 

and buftaloes did not show wide variations. 

c) Agglutinin inhibitors in intected milk. fables 

35, 36 and 37 show the eiiologioal agents isolated frca 

mastitio milk samples whioh exhibited inhibition ot 

agglutination, the behaViour ot these organisms in the 

blood and milk ot the S!llllS inteoted anime.lE and other 

healthy animals, and the behaViOur of three other agglu­

tinin senaitive strains in the blood and milk et intected 

animals eXhibiting inhibition ot agglutination and in 

other healthy animala. 

Out of 82 co""a and 47 buffaloes suftering trom 

mastitis, milk trom 5 co""s and one buttalo did not 

agglutinate the organisms isolated trom the inteoted 

milk s!lIIIplee ot these animale. Such a phenomenon was 

observed in 6.1~ of the oasee in oowe and 2.1~ of the 

easea in butfaloea. Prom suoh oow milk samples E,oh.­

riohi,. 0011 (from 3 animals), Pseudomonas (from one 

animal) and Streptocoooi (trom one animal) organiamB 

and buttalo milk sample., Eacheriohia ooli (trom one 

animal) organiems were isolated. Theae animal. were 

tound to be auttering tram ohronio mastitia. All the 

iaolated organisma exoept one in which Streptooocci was 

involved ""ere gram neg~tive organisms. 

No agglutination waa observed in the.e bacterial 

strains when they were tested with the blood aerum and 



UBLE 35 

'rIm ~UOLOGICAL AGEN'rS IN MAS'rIUS CAS,~S SXHIBITING INHIBITION 01' AGGLUUNA'rION 

---------------------------- ----------

Species of 
animal 

'rotal number 
of animals 

with mastitis 

Number of animals 
in which inhi­
bition of agglu­
tination was 

Observed 

Peroentage Etiological agents 
isolated 

- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - --
Cow 82 5 

Buffalo 47 1 

6.1 

2.1 

I 
Escherichia coli (3 animals) 

Pseudomonas (1 animal) 

Streptooooci (1 animal) 

Esoherichia coli (1 animal) 

- - - - - - - - - - - - - - - -



;ABLE 36 

THE §EijAVIOUR or ORGABlSMS ISOLATED FROM MAstITIS MILK 

SIlOWINct INHIBITION Oll' AGGLUTINATION TOWARDS MILK 

AND BLOOD SERUJ4 OF THE SAME IlI'F ilC'r LlD ANIMALS 

AND O'rHER HEALTHY ANIMALS 

- - - - - - - - - - - - - - - - - - - - - - - - - - - - -
Speoies of 

animal 

Organillllls 
i801ated froll 
the infeoted 

animals 

- - - - - - - - - - - - -

I 
Ssoheriohia co11 

Cow Pseudomonas 

Streptooocoi 

Buffalo Esoheriohia ooli 

Agglutination 
titre in 
infeoted 
animala 

Agglutination 
titre in 
healtllT 
animala 

- - - - - - - - - - - - - - - -
Blood Milk Blood Milk - - - - - - - - - - - - - - - -

1/85 1/15 

- 1/70 1/2 

1/100 1/25 

- 1/50 1/15 

-- - - - - - - - - - - - - - - - - - - - - - - - - - - - --



TABLE 37 

THE BEIlAVIOUR OF THREE OTHgR AGGLUTIIiiN SiillSITlVE ORGANISl~S TOIVARDS !.IILK 

AND BLOOD S.>RllM OF INF.OTED ANIMALS .~l!IBITING INHIBITION OF 

AGGLUTIlfATION AND, OF H3ALTHY ANIMALS 

- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -
Species 

of animal Orgaznsms 
Agglutination titre in 

infected animals 

Blood lIilk 

Agglutination titre in 
healthy animals 

Blood lI11k 
- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -- - - - - - - - - -I S.cremoris 803 1/350 1/50 1/300 1/30 

COlf S.lactis 57 1/300 1/45 1/300 1/25 

E.col1 745 1/150 1/30 1/120 1/15 I S.cremoris 803 1/250 1/35 1/2150 1/20 

Buffalo S.lactis 57 1/250 1/30 1/200 1/20 

3.001i 745 1/100 1/20 1/70 1/15 

- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -



milk of the infected animals from whioh they were 

isolated. But they all showed agglutination when 

tested with the blood serum and milk from other healthy 

animal with varying titrss. 

Three other strains of organisms - Streptocoocus 

cremoris 803, Streptoooocus lactis 57 and ~.oh.r1chla 

0011 745, known to be sensitive to agLllutinina in milk, 

were tested for agglutin~tion, with the blood eerum 

and milk of those infected animals which did not agglu­

tinate the organisms isolated from their milk, and also 

with the blood serum snd milk of other healthy animals. 

It was found that all these organisms were agglutinated 

by the blocd and milk of the infected as well as the 

he~lthy animals. The agglutination titree obtained for 

the milk of these infected animals towards all the three 

organisms tested were higher than the titres obtained 

wi th the milk of normal healthy animals. These obser­

vations were made for both cow and buffalo samplee. 

Table 38 presents the naturs of agglutinin inhi­

bitors. The milk whey from ths 1nfeOted animal whioh 

did not agglutinate the organisms isolated from the 

8ame infeoted milk, was dialY8ed against the milk whey 

obtained from healthy animals showing normal aggluti­

nation titre. ~ven after dialysis the sample was nega­

tive for agglutination.rhe infected milk and blood 
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NAtuRE 0' rijE AGgLurININ INarBlrQRS 

-------------------------------
Natura of treatment. M1oro.oopica1 ob.ervation 

of agglutination 

----------------------.--------
1. Milk whe, from lnfected 

animal, dla1y •• d agatnat 
normal whey. 

2. Infeohd mill< and blood 
serum, mixed wi th an 
equal quantit, of normal 
mill< and blood .erum. 

3. Infeoted milk and blood 
aerum was diluted and 
mixed with undiluted 
normal milk and blood 
serum. 

4. Heated to sooe for 20 
mlnutes. 

5. Adsorbed with the ls01ated 
organism and retested with 
the aame untreated organism 

- (no agglutination) 

- (no agglutinatlon) 

I
Agglutination was I s •• n in two fold 

+ dllution for milk 
and Bix time. dilu­
tion for blood 

- (no agglutination) 

iAll the i.Olat.d~ 
+ organism •• ere 

agglUtinated 

-- --- - -- - - - - - - - - - - - -- -- --- - - - --



Protein elation patterna 
on >lepllaol.ex " 200, of tile 
1.l<mne glo bali"" froil 
mastitio milk whe1 of cow 
and batf"lo. 

-0-0-0-
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serum whan mixed with normal milk and blood serum, 

the normal milk and blood serum lost their ability 

to agglutinate the baoterial cella. Two fold dilu­

tion of the infected milk and a six fold dilution 

of the blood serum from the infeoted animals, when 

mixed with equal quantity of undiluted normal milk 

and blood serum, a positive reaotion for agglutination 

wae obtained. Thi8 faotor present in the infected 

milk wae not inaotivated at 60°0 for 20 minute •• 

Infeoted milk and blood serum from suoh animals when 

tested with the isolated organisms Bad retested with the 

eame untreated organisme were found to be positive 

for agglutination towards these organism.. All the •• 

observations were reoorded for both oow and buffalo 

sample •• 

Graph 6 shows the protein elution pattern of 

the il!L.une globulins fron mastitio milk whey of cow 

and buffalo. An inorease in the total i~une globulins 

i. evident in both oow and buffalo samples. aut the 

increase in buffalo sample was lesser than that of OOW. 

9. 

Table 39 present. the oolostral influenoe on the 

agglutin1ns in the blood serum of oalves from birth, 

upto the age of six months. The bacterial strains 
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employed were streptoooocus oremoris 803 and E.oh.r1ohia 

0011. The precolostral oalf blood serum had the lowest 

agglutinin concentration ot 15 and 5 tor streptocoocus 

cremoris 803 and 8 and 2 for ~scher10h1a 0011 (isolate) 

in cow and buffalo samples respectively. After colos­

tral feeding a very rapid inorease in the agglutinin 

aotivi ty was observed in the blood serum wi thin G houri 

of suckling and the activity reached the dam's level 

at 24 hours after birth in calves of \Vhi te oattle. The 

agglutinin aotivity oontinued to increase Btill further 

to reach a maxim~ level at the age of 3 days, the 

oonoentration being 414 and 189 for streptoooccus cr.­

moris 803 and Esoherichia coli (isolate) respeotively. 

Thereafter, although a slight fall in the aotivity was 

observed with fluctuations upto the age of six months, 

the oonoentration waB higher than or almost equal to 

that of the dam's level. 

The inorease in agglutinin 3ctiv1ty in the blood 

serum of buffalo calves after oolostral feeding waB ver,r 

slow and the maximum oonoentration of 193 and 87 for 

Streptoooocus oremoris 803 and ~Boh.r1oh1a ooli (isolate) 

respectively was reached on thB 4th day after b1rth 

whioh itselt was much lower than the oonoentration in 

tho dam's blood Berum. As in the caBS ot calves ot 

white oattle, here too, thB aotivity decreased with 
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TABLE 39 

CO;,OS!'RAL I){~i.lJENCg Ql{ NE AGGLiJTl!fIltS It! THE BLOOD SERlr.~ 01' CALVo;S PRO]'! BIRtH 

TO SIX '40Nl'JIS OF AGS. IN R,":;P~OT OF TWO DU'lERENl' 

Aga or oalf 

Pl':'aoolostral pel':'iod: 
o hour-

Post coloB+, ,1 j)erlo(}1 
,,~ 

4 hOUl"1I 

eo hours 
12 hours 

16 llo\lt"" 

'" 2 daye 

"'" , ",. , ",. 

5 days 

'7 days 

14 daye 

llIonth 

2 IlIOntb.G , monthe , IIIOnths 

5 lIIonthll 

IllOntha 

AGGLUTHUN S3NSITlVE ORGAlIIS!.lS 

Ooncentratlon of agl>lutinin 1n the oalf blood lIe:Nlll 

StreptooocOUB 
ol"elllol'1e 803 

" " '" 14' 

'" 00, 

'" '" ,,. 
'" '" '" ", 
'" '" we 

'" ,., 
311 

Butfalo 

Eaohel':'iohia StreptooooOUB 
coll (ho) cralllOrh 803 

, 5 

14 12 

" 23 

" .. 
?4 " '0' 87 

14' '0' 
'" 127 

'" '" ". 16' 
'" 

,., , .. '" 17' 1'73 

'2' 16' 

'" '72 

'" '" 
12' '" , .. "'" 
'" '39 
1J1 '" 

Escherichia 
co11 (ho) 

2 

, .. 
19 

" .. 
" 51 

87 

" " " 81 

" 
" " " ,. 
77 

•• 
- ---- -- - - - -- - - -

:iotel '0 Ilour 1ndic'ltea i.'l1-Iediate1y alter blrth llut b"tor& feedin;,; coloetl"lUll. 
The concentration of 8ftl~1utlnin8 1n tlle .~.1.ternal 11100d serUlll in the ease 

ot wtLitg cHttle was 297 for strentocoCCLltl 0):9100):is 003 and 138 for 
'''chei';c)~ra-C5Ii (lao) emd in t._" (!,I"e ot GuHaloee ','u" 2;2 :"r mr 'i't"£~Cr6'joria ti03 :\',d n 1 for '::SCho~cOll (iso,. 



advancing age, showing tluotuations, but eVen upto 

the age of six months upto whioh tested the mother's 

level was not reaohed. 

Purther it was observed that, throughu~t the 

period trom birth to siX months ot age, the ooncen­

tration of agglutinins in respect ot the two organisms 

studied, was much higher in the blood serum ot the 

calves of white cattle than in the blood serum ot 

the butfalo calves at every stage. 

10. 

Table 40 and 41 present the behaviour ot single 

strain and miXed strain oultures of agglutinin sensi­

tive and resistant organisms in the pasteurized skim 

milk of cow and buffalo in respect of their curd forming 

aotivity. 

The organisms chosen were Streptococcus lactis 57, 
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a strain sensitive to both agglutinins and laotoperoxidase 

in milk, three variant strains ot the organisms strepto­

oooous lactis 010, in which one was sensitive to both 

agglutinins and lactoperoxidase in milk, a second strain 

sensitive only to lactopsroxidaee, but rseistant to 

agglutinins and a third strain resistant to both laoto­

peroxidase and agglutiRlnB, and Streptoooccus laotie 02' 

a hundred peroent resistant strain. These organiame 



TABLE 40 

THE EPPECT OP AGGLUTININ SENSITIVE AND RESISTANT SINGLE STRAIN CULTUR3S ON THE OURD 

P0!l!o\J\UON IN COW AND BUPPALO !!ILK (PASTURlZED SKIM MILlO 

- -- - - - - - - - - - - - - -- - - - - - - - - - - - - - - - - - - - - - - - - - - - - -
~pe and 
nature of 
organisms 

Seneiti_ 
ltHy to 

agglu­
tinins 

- - - - - - - - - -
Streptococcus I 
lact1s 57 
(sensitive) 
streptococcus 
lectis Cto 
(sene1tin) 
Streptoooccus 
lactis CI0 
(senei ti ve to 
lactoperoxi­
dase only) 

Streptococcus 
laoti. 010 
(res1etant) 

~ 

! 
~ 

streptoooccus l 
lactis C2 
(resistant) 

+ 

+ 

Number of 
organisms 

added 
per ml. 

Time taken 
for olotting 

1n hours 
-------

Cow Buffalo 

Texture (cons1stenoy) 
of the curd formed 

- - - - --------
Cow Buffalo - -- - - - - - - - - - - - - -- - - - - - - - -

15.0 x 107 16,r 17* 
19.0 x 107 32 29 

18.5 x 107 14 17 

14.0 " 10
7 5i 7 

16.0 x 107 6 6* 

1 
Semi solid ourd 
wi th slight wbey 
separation 

l Loose flaky clots 
with considerable 
wbey separation 

l 
t 

~ 

Pairly firm curd 
wi th few small 
whey pockets 

firm curd with 
no whey sepa­
ration or whey 
pockets 
firm curd with 
no whey separa­
tion or wbey 
pockets 

lairly tirm curd 
with slight wbey 
separation 
Loose flaky clots 
wi th consi·jerable 
whey separation 

Fairly firm curd 
with large 
whey pookets 

firm curd with 
no whey sepa­
ration or whey 
pockets 
firm curd with 
no whe.}' separa­
tion or whe.}' 
pockets 

- - - - - - - - - - - - - - - - - - - - - - - - - - - -- - - - - - - - - - - - - - - - - -



were lnoculated in approximately equal ooncentrations 

in the pasteurized sdm r:!ilk and lnoubated at 3'10 0. 

It was seen that the two re.istant stralns, 02 
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and 010 took a very short incubation time for clottlng 

the cow and buftalo mille samples, while the olotting 

time was very muoh prolonged for other strains. 1'he 

strain 010, whioh was seneitive only to laotoperoxidase, 

took 14 and 1'1 hours for olotting the oow and buffalo 

milk respeotively. The straine 010 and 57, eensitive 

to both the inhibitory substanoes in milk took 32, 29 

and 16* and 1,* hours respeotively for olotting cow 

and buffalo ,.~:Jc. Even after the determination of 

clotting time for the respective oultures, the inou­

bation was prolonged further to study the nature ot 

the ourd formed. Differences were observed in the 

consletency of the ourd formed. Reslstant stralns 

that had shorter olotting time, produced ourds, with 

a tirm olot and no whey separation was observed. ~he 

ag"lut1nln red stant but lactoperoxidase sensi ti va 

strains of 010 prod"" ed a fairly firm ourd wl th ieola ted 

small whey pockets trapped in the ourd. The sensitive 

strain,' 57, produoed a semisolid ourd wi th alight whey 

eepar~rion in oow milk and a fairly tirm ourd with alight 

whey separation in buffalo milk. The ourd formed by the 

sensitive organisms ot strain C10 was very 100S8 in 

conslstenay with flaky clots 3nd oonsiderable amount 



UBLE41 

THE EFl<'ECT OF IIIXED CULTURES OF AG(}LUTININ SiTIlSITIV ~ AND RESI STANT S'fRAIII'S 011' TH~ CURD 

FORMATIOII' IN COW AND BUPFALO MIL!( (PASTEURIZED SKIM MIIK) 

-- - -- ---
'lype and 
nature ot 
organisms 

streptocoocus 
lacUs C2 
(resistant) 

streptocooous 
1act1s ClO 
(senei ti ve) 

-

Proportion 
in mixed 
culture 

C2 • Cl0 

o : 10 

1 • 9 

2 • 8 

:5 • 7 

4 • 6 

5 , 5 

6 , 4 

7 : :5 
8 • 2 

9 l 1 

10 • 0 

-- ----

Ume taken 
tor olotting 

in hours 
Texture (consistency) 

of the curd tormed 

- - - - - - - - - -- - --Oow Buffalo 

32 

19i 

13 

11 

8 

7 

6t 
6t 
6 

6 

6 

- -
29 

19 

14i 

12 

10 

8 '" " 
7* 
7 

7 

6~ 

61-

~ 
! 
! 
! 
! 

Oow Buffalo 
---- ----- ---- -

Loose !laky clots 
with considerable 
whey separation 
Loose 01010 with 
whey separation 
Almost firm ourd with 
few whey pockets 
Fim ourd with few 
small whey pockets 
Firm ourd and no 
"hey separation or 
whey pookets 

I'irm ourd f 
Firm ourd 
Firm ourd 
FiN curd 
Fir'" ourd 
Fim ourd 

Loose tlaky clots 
with oonsiderable 
whey separation 
Looee 01010 with 
whey separation 
Fairly tirm curd with 
large whey pookets. 
Firm ourd with tew 
small whey pookets 
Firm ourd with t'"O 
or three small 
whe;), pookets 
Firm curd and no 
whey separation or 
IYhe;), pockets 
Firm curd 
Firm ourd 
Firm ourd 
firm ourd 
Pirm ourd 

--- ----



of whey separation. All the organisms except Strept~­

coocus lacti8 010 which was senai tive to both the inhi­

bitors in milk, took a slightly longer incubation time 

for clotting buffalo milk 8amples. 

To study the effect of mixed culture consisting 

of agglutinin sensitive and resistant strains on the 

ourd formation in milk, sensitive 8trains of strepto­

coccus lactis 010 and resistant strains of StreptocoCCUI 

laotia 02 were miXed in different propDrtions and the 

clotting time and the nature of curd formed in re8pect 

of these mixed culturas were deter~ined. 

The sensitive strain of Streptococcus laotis 

010 required 32 and 29 hours for clotting the cow and 

buffalo milk respeotively and the curd formed was very 

loose with flaky clots and considerable whey separa­

tions was evident in both the samples. The resistant 

etrai.1 JltreptococCU8 laatiB 02 took only 6 and 6lr hours 

for clotting the cow and buffalo milk respectively and 

alsc produced a firm curd ,nd nc whey separation waa 

eVident. 

With progressive increase in the proportion cf 

resistant strain in a mixed culture, the olotting time 

in the cow and buffalo "ilk samples were ahortened and 

the consistency of the curd formed also was 1~proved. 

Even the presence cf 10% cf the res1stant strain 02 
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in the mixed culture, was able to bring about a 

marked reduotion i~ the olotting time for both cow 

and buffalo nilk. A level of 30 to 40~ of the resistant 

strain in the mixed culture, besides 8horten1n~ the 

clott1ng time considerably, was able to produce curd 

of good quality. In genaral the clotting time for 

buffalo milk was found to be slightly hi5her than the 

clotting time for cow milk. 
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DIS C U S S ION 



DISOUSSIOI -
1. Isolation o.~lutinin aotive~otein fract!~ 

from oow and-liUItaIo mlli. 
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a) Agglutination of baoteria. ~he results of the 

mill< ring test with dif,erent protein fraotions of OOW 

and bUffalo milk (Tables 1, 2 and 3) indioate that the 

level of the immune globulin oontent within and between 

the speoies in the varioue aoetone fraotions of oolostral 

whey, is responsible for the variation notioed in the 

inoubation time required for a positive test. 

The euglobulins of the whey proteins of cow and 

buffalo samples only oarry the agglutinins. The level 

of euglobulin alone is not responsible for the diffe­

rential behaviour of oow and buffalo samples towards 

the milk ring test, but other faotors too are involved. 

The fat globule washings also oontain the agglu­

tinins for baoterial agglutination. The fat globule 

washings of buffalo contain a low oonoentration of 

agglutinins and hence is neg:>Uv8 for the milk ring 

test. 

In the microscopical obssrva,ion method for 

agglutination (Table 4), the variations observed in 

tile degree of agc;lutination 'Nith milk, oolostral whey 

and Lactenin Ll extraot of cow and buffalo samples i8 
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due to the differenoes in the iwnune globulin content 

within and between the species. Variations in the degree 

of agglutination With equal concentration of euglobu11n 

in 00" and butfalo s!lJllplea is due to the differences in 

the ag.~lutin1n oontent of the respect! ve euglobulins. 

Jat globule wash1ngs of cow and buffalo m11k also carry 

agglutinin act1Tity. 

The agglutination reaction observed with the whey 

protein fractions of oow are in agreement. with the 

results of Stadhoudere (1963). 

b) Agglutination ot tat globules. Among the whey 

proteins of milk, euglobu11n alone carries the tactors 

responsible tor the agglutination of fat globules(Tabla 5). 

Since the degr.e ot clumping between the cow and buffalo 

eamplell ill llama, the ocncentra tion ot ths ag·.;lutinins 

for the tat globule agglutination may be equal in the 

eamplee ot the two species. Variations in the degra. ot 

clumping by the fat globule washings and the euglobulin 

is obviously due to the dUterencee in tile concentrations 

ot this particular tao tor in theee two tractions. The 

r •• ulte ot the effect of euglobulin and tat globule 

washinge of oow milk samples on the tat &Lobules ot 

cow milk agree with tho •• ot Stadhouders and Hup (1970) 

and Kenyon!! 51 (1966) respeotiTely. 

The tat globule membrane materials do not carry 
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any antibodies for the agglutination of either bacteria 

or the fat globules (Table 6). The agglutinin activity 

present in the fat globule washings is due to the substanoes 

adsorbed on the surface of the fat globules (Table 7). 

The adsorption experiments indicate that the euglobulin 

of cow a8 well as buffalo aample8 Can be adsorbed on 

the fat globulee ot cow and buffalo milk. Although the 

agglutinin activity of cow milk towards bacteria is higher 

than that of buffalo mill!!, adsorption ot euglobulin anti­

bodiea by the fat globule. of cow and buffalo milk, from 

the cow and buffalo skim milk, is constant for the respec­

tive species. This means, irrespective of the concentra­

tion of tha euglobulin antibodies in milk, the adsorption 

on the fat globule. remain. oonstant for the partioular 

species. This may be due to the differences in the surface 

area of the fat globules of cow and buffalo milk. 

From the foregoing disoussion it i8 olear that the 

euglobulin of the whey proteins of COIY and buffalo milk 

carry the ag"lutinins. The ag.,lutinin activity in the 

buffalo milk 1s leas than that of cow milk. The agglu­

tinin aotiVity of the fat globule washings is due to the 

agglutinina adsorbed on the surface of fat globulea • 

. Euglobulin oarry factors responsible for the aggluti­

nation of fat globules. 

2. Analysis o(..!!:ill!ons ca;:rying aSlllu1i1nin aot1Vitll 
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a) starch gel electrophoresi.1 The eleotrophoreto­

gram (Plate. 3, 4 and 5) reveal that the proteins oarrying 

ths agglutinin actiVity oannot be rract10nated in the 

pure form by the acetone fractionation technique adopted. 

The Ammonium sulphate fractionation (Sm1 th, 1946) "ives 

pure euglobulin which carries all the ag,;lutinin acti-

Yi ty in ;lilk. The presence of a protein fraction in the 

im;,une globulin position in the fat globule washings, indi­

oate that probably the euglobulin is responsible for the 

agglutinin actiVity of the tat globala washings and henoe 

it can be oonetrued that the fat globale agglutinins may 

be identioal with the whey protein agglutinins. This has 

b.en oonfirmed by other cri teria aleo, rl1.> cr.;o;:lnbulins 

of cow and buffalo milk appear to be the same. 

b) Gel filtration on SephadeXI The protein elution 

pattern on aephadex (Graph. 1, 2 and 3) rev.al that the 

technique of gel filtration on sephadex G 200 is suited 

for the separation of the protein fraction assooiated with 

ths agglutinin aotiYit,fo The 10\'/er agglutinin activity 

of buffalo milk 1s due to the lower conoentration of the 

agglutinin aotive fraotion of the immune globulin of 

buffalo milk than that of COW milk. The elution pattern 

also rev"al that the f,;t globule agglutinin. are identical 

with the whey protein agglutinins in both oow and buffalo 

samples. The position of the agglutinin aotive ~raotloa 

in the elution pattern indioate t;"at these are natural 



antibodies in milk probably belong1ng to the IgM elas. 

of immWle globuline (Mach.u Al., 1969) 

The protein elution pattern of cryoglobulin. of 

cow and buffalo milk indic"tes that this protein of 

the two epecies are similar exoept for the differeno •• 

in the ooncentration. 
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c) Paper chromatography' From the chromatograms 

(Plates 6 and 7) and the results (Table 8), it is seen 

that the amino aoid oomposition of the euglobulin, cryo­

globulin and the fat globule agglutinins of cow and 

buffalo samples are qualitativsly same except for the 

presence of tyrosine in the buffalo samples of euglobulin 

and fat globule agglutinins. The great similarity in 

the oomposition of ths different fractions of the immWle 

globulins of cow and buffalo 1I1ll< indic'ite their similar 

function.. Since d1fferent globulin fractions concerned 

with immunity do not possess the same amino acid composi­

tion (~mith ~'m ~rc<4e. 1947) it 1s reasonable to expect 

differenoes in the amino aold make up of the immune glo­

bulins of cow and buffalO lJill<. 

The above discussions clearly indicate that a 

portion of immune globulins of milk of cow and buffalo 

carry the natural antibodies (agglutinins). The fat 

globule a:,c~lutinlns and the whey protein agglutinins 

are identical. 



3. Properties of euglobulin antibodies. 

a) Effect of pHI The agglutinins in the milk and 

fat globule washings manifest their maximum aotivity 

at a particular pH range of 6.1 to 6.5 and 6.3 to 6.6 

in oow and buffalo samples respeotively (Table 9). 

These pH ranges seem to be ideal for the maximum acti­

vity of the euglobulin antlbodies. 

b) Effeot of temperature. lI'ro,.l the results 

Crable 10), it is seen that the ag:jlutinins 'H'G lnacti­

vlted in 12 minutes at 70°0. Ko.1kowe~i and 14ooquot 
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(1956) have observed that the Lactenin Ll fraot1·on ·"as 

de.troyed at 700 0 for 20 minutes. Since the L"otenin L1 

fraction which oarries the agglutinin ,ctivity is hetero­

geneous with a mixture of three proteins, immune globulins, 

alpha lactalbumin and beta lao ,oglobulin, 'probably it was 

able to withstand the heat treatment at 70°0 for a longer 

duration ae observed by the authors ment'.or .. d above. 

When euglobulin solution i. held at low temperatures, 

a minor portion of it appears to aggregate or preoipitate 

lfhich 18 reterrod a8 cryoglobulin. Probably, ~li. d1fte­

renoes observed between oow and buffalo samples of eu­

globulin in the time taken for maximum ag5regation and 

the peroenta,;_ of aggregated euglobulin (fable 11), is 

due to speoies differences that might exist in the 



intrioate struoture of the proteins. Stadhouders and 

Hup (1970) observed that only 5 percent of the euglo­

bulin a~grega ed in a holding time of 20 hours at 2°0 

at the second oold aggregation in oow milk samplee, al­

though in the present e.~perimants 8.46 percent of the 

euglobulin solution of cow milk samples aggregated 

after a holding time of 21 hour •• 

0) Action of euglobulin antibodies on the bacteria 

and fat globule., The euglobulin antibodiee are able to 

attaoh the bacteria to the fat globules. The greater 

bacterial attaohment (Table 12), in the case of cow 

samples than that of buffalo samples, is eVidently due 

to higher antibody aotivity of cow milk for baoterial 

attaChment. 

In the centrifuge tests and cream rising experi­

ments (Table. 13 and 14) the number of organisms in the 

cream layer are the agglutinated cells which are also 

attached to the fat globules, the sedimented cells are 
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the agglutinated bacteria and the oells that remained in 

the middle portion - skim milk, must be the unagglut1nated 

0811s. The greater number of agglutinin sensitive baoteria 

in the oream layer and the fewer number of cell. in the 

skim milk port1on in cow milk i. an indication of the 

higher antibody activity for the attaohment of becteria 

to fat globule. and for the agglutination of baoteria, 



intrioate str~oture ot the prote1ns. Stadho~der8 and 

B~p (1970) observed that only 5 percent ot the e~glo­

b~l1n aggrega"ed in a hold1ng time of 20 hours at 2°0 

at the seoond oold aggregation in oow milk samplee, al­

tho~gh 1n the present exper1ments 8.46 percent ot the 

e~glob~lin .01~t1on ot oow milk samples aggregated 

atter a holding time ot 21 hours. 

0) Action of e~glob~lin antibodies on the bacteria 

and tat globules. ~e e~lobul1n antibodies ars able to 

attaoh the bacteria to the tat glob~les. The greater 

bacterial attaohment (Table 12), in the oaae ot oow 

samples than that ot buffalo samples, is eVidently due 

to higher antibody aotiv1ty of cow milk tor baoterial 

attachment. 

In the oentrifuge tests and cream riaing experi­

ments (Table. 13 and 14) the number ot organisms in the 

cream layer are the agglutinated cells which are a180 

attached to the fat globules, the aed1mented cells are 
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the aggl~tinated bacteria and the oells that remained in 

the middle portion - skim milk, m~st be the unagglut1nated 

oells. ~e greater number ot agglutin1n sensitive bacteria 

in the cream layer and the fewer number ot celle in the 

skim milk portion in oow milk 18 an indication ot the 

higher antibody actiVity for the attaohment ot bacteria 

to fat globules and for the aggl~tinat1on ot baoter1a, 



than the antibody activity in buffalo milk, for the •• 

two phenomena. 

The reason for the large number of cell. in tha 

sediment or the bottom layer in buffalo milk sample. 

i8 due to the attachment of a lesaer number of the 

agglUtinated cells to the fat globules, Bince the 

antibody activity for the attaohment of the bacteria 

tc the fat globules is much lesa in buffalc milk. 

In the caee of agglutinin resistant straina, the 

majori ty of cell. remain ln the akim milk portion and 

a veZ1 few cell. in the oream layer indioated, that the 

organiame re.i.tant to the agglut1nin aoteV1ty for bacte­

rial aggl~tinat1on will not get attaohed to the tat 

globule8 whiah means that they will aleo be reeistant 

to the antibody activity to the bacterial attachment. 

fhe result. are in agreement with thcae of Stadhouders 

and Hup (1970). 

In the two agglutinin senai 101 ve strain., the number 

or peroentage of organisms in the cream layer repre.en­

ting the bacterial attachment shows oonsiderable varia­

tic"., beoause, for different baoteria, the biding a1 10 .. 

are different in relation to the number and distribution 

at the determinants. fhe results of cream rising experi­

ments ahowing the distribution of baoteria throughout 

the milk and the oentrifuge tests with cow milk are in 
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agreem.nt with thoa. of Stadhoudera (1963) and Btadhou4erB 

and Hup (19'10). 

d) Ditferentiation of three 9la, ••• of antibodie •• 

From the behaviour of the two fractions, 8upernatant and 

the sediment obtained after treatment of the euglobulin 

for cold aggregation (~able 16), it is seen that the 

entire agglutinin activity towards baoterial agglutin"Uon 

is oonfined to the supernatant fraotion, while the anti­

body aotivity :for f'at globule &"lut!nati.on 'loM -th. baote_ 

rial attaohment to the fat globules are pr.eent only in 

the sediment traotion - the oryoglobulina. It oan b. 

oonstrued then, that theee two antibodies, one for baoterial 

agglutination and the other tor tat globule a3glutination 

and the attaOhment of bacteria to tat globules are 

diff.rent from .ach other. 

The saturation teste in euglobulin .olution with 

bacteria and felt globules provide turther evidenoe (~able 17), 

that these three olae ••• ot sntlb)d188 are different. 

Adsorption of euglobulin solution by baoteria, remove. 

the a~t1bod1eB for baoterial agglUtination and the attaoh­

ment ot baoteria to tat globules. ~e titre ro~ fat 

globule agglutination remains unchanged indioating tbat 

the ant1bodies for fat globule ogglutination are dlfferent 

from each of the other two groups of antibodies. Adsorp­

tion of euglobul1n solution by tat globules, remOVe. 



the antibodies for fat globule agglut1nation aa .ell 

aa thoae attaching bacteria to fat globules, leaVing 

the antibodies for bacterial agglutination unaltered, 

whioh menna that the antibodies for bacterial aggluti­

nation are different from eaoh of the other two group. 

of antibodies. These observatione imply that the •• 

three group. of antibodies present in the euglobulin 

of oow and buffalo milk are different from eaoh other. 

These resul t8 are in aocordanoe wi th the obs"rva1;!on ot 

Stadhoudere and llup (1970). 

The discussions bring out the following factal 

The euglobulin antibodies bave an optimum pH rang. for 

activity with specie. ditterenoes. They are inaotivated 

at 70°0 for 12 minutes. At low temperature (2°0) the 

euglobulin antibodies aggregate forming oryoglobulin. 
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The euglobulin antibodies are responsible tor the attaoh­

ment of bacteria to tat globule. showing highsr baoterial 

attaohments with cow sample. than with butfalo sample •• 

The .uglobulin antibodies are composed of three different 

antibodies, 1. tor agglutination of bacteria, 2. for 

agglutination of fat globules and 3. tor attaohment ot 

baoteria to fat globules. 

4. EatimaUon of agglutinin aotiVitzl 

a) Bacterial agglutinationl The re.ultB indicate 



160 

that the antibodies respone1ble for the agglutination 

of baoter1a are higher in thB cow samples than 1n buftalo 

sample. (Tables 18 to 21). Higher agglutinin aotivity 

in the oow samples of oolostral whey, milk and fat glo­

bule washings is due to a higher concentration ot eu­

globulin in these fraot1ons, than in the corresponding 

fractions ot buffalo samples. In the euglobulin solu­

tion from cow milk the higher agglutinin aotivity i. 

due to a h1gher ooncentrat1on of the fraction carrying 

antibody act1v1ty, wh1ch inturn ind1cates the high 

level of antibody content in cow samples. 

The three methode, pH assay, acid1ty determination 

and m1croscopical observation of agglutination give an 

aOO1lrate est1mate of the agglutinin aotivity towards 

baoterial agglutination. The methods of pH aeB~ and 

acidity tests, for estimating agglutinin uctivlty can 

be employed, only by making usa of an organism .. hioh i. 

sensitive to the agglutinins in milk and ~.n~ens1t1ve to 

other inhib1tory substances. aence, the direct mioro8-

copic observation of agglutination is WOe beat method 

for the estimation of agglutinin aotivity in milk for 

the agglut1nation of bacteria. 

The agglutination titre. for oolostrum and milk 

samples of cow agree with thB values of Emmons .!1.Dl 

(1966) and the titre for the euglobulin solution from 



oow milk is comparable to the valu.. of Stadhouders 

and Hup (1970). NataraJan and Dudani (1961) obtained 

higher tltres for the inhibitory action of eow and 

buffalo milk. Further, they reported that the titre 

valu. for buffalo milk were hi~er than for oow milk, 

and that the taoten1n content of buffalo milk was 

higher, oompared to that of cOW milk. But they have 

determined the total inhibitory aotion of cow and 

buffalo milk whioh includes in addition to the agglu­

tinins, the other inhibitory substance. ae well. In 

this investigation only the agglutin ns of oow and 

buffalo milk have determined and thia may be, the reason 

for the contradiotory observations reoorded. 

b) lat globgle ~5~lutinatiQQ' !he euglobulin 

antibody for fat globule agglutination of cow and 

buffalo a_plea """ "l~al ('table 22), whioh may mean 

that the binding sites of the euglobulin antibodies 

of the oow and buffalo samples towards the fat glo­

bules of oow and buffalo milk are equal and similar. 

Sinoe the fat globules of cow and buffalo milk babav. 

identioally towards the euglobulin from the milk of 

either speoies, it is aleo probable that the determi­

nants of the fat globules of 'he milks of the two 

speoies are sama or similar. Quantitative differeno •• 

in tha euglobulin conoentration must be responaible for 

the ~o .. titrs in. tha f.t glob,," '118..M:Q,gB to ..... ro.e the 
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fat globule agglut1nation. The re.ult8 in resp8ct of 

euglobulin of cow agrees with thosl of Stadhou4er8 aDd 

Sup (1970). 

0) Attachment of baoteria to fat globules. From 

the results (Table 23), it is av14ent that the anti­

bodies for the attachment ot bacteria to tat globule. 

are higher in the cow samples than in buffalo. 
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From the above discussion it 1s evident that the 

microscopioal observation of agglutination metho4 1s the 

best tor the estimation at agglutination titre for baote­

rial agglutinationi the ~gglut1nation tltre for bacterial 

agglutination in oow milk is higher than that of buffalo; 

the antibociies for the agglutination .,; f'.t "lobules are 

equal in both cow and buffalo samples, and the anti­

bodies for the at tachmcmt of bacteria to tat globules 

is higher in oow milk then in buffalo. 

5. intluenc1n the v~riatlon in the a ut1nin 
19' 

a) Stage ~f lactation: It is quite apparent tram 

t.he results (Tables 24 and 24&), that the agglutinin 

activity is considerably 1nfluenoed by the stage at 

lactation. Very high inoreaee in the agglutinin acti­

vity in the prepartum lacteal secretion, oolo.trum, in 

the milk ob ta1ned tor a few days following parturi t10n 



and 1n the m1lk obta1ned at the end of laotat1on, could 

be due to a h1gh oonoentration of immune globul1ns 1n 

them. Although the 1mmune lactoglobul1ns of bovine 

oolostrum are qualitat1vely similar to those 1n serum, 

marked differences between their relative aonoentration8 

in serum and oolostrum are evident as .een from the wide 
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differenoes in the agglutinin aot1v1ty. S1nce the mammary 

gland shows a highly select1ve preference for absorption 

of the eleotrophoret1cally faster serum 1mmune globulins 

and has the ability to conoentrate this protein in 

colostrum (Pierce and Feinstein, 1965) suoh wide diffe­

rences in the oonoentrat10n of immune globulins in the 

blood serum and milk during oolostral stage and end of 

lactation are obvious. The "ariat1ons in the conoentra-

*10n of agglutinine in blood does not direotly influence 

the agglutinin concentration in milk, probably beoause 

of this property of hlSh selecti"ity towards the absorp-

tion of serum immunoglobulin". .'mmone et al (1966) have --
001101uded th~t agglutinatin" antibodies do not filter 

into milk from blood at a C:H1St.mt rate. The udder 

itself is suggested to be one of the site of antibody 

produotion by Kerr .!1.!! (1959) and Porterfield.!1 A! 
(1959), 1n whioh oa88 a part of the "ariation 1n the 

agglutinat1ng antibod1es in milk eepe01allr during mid 

lactation period may be, a result of 1ts own respona. 

to neoessit1e8 11ke baoterial st1mulation or other oaU8e. 



Hance, the variationa in the agglutinin aotivity in 

the milk at different stages of lactation from a day 

prior to calving upto the end of laotation oould be 

due to the oombined effect of the selective preference 

of the IIl&JII1I\8ry glanda toward. serum ilDDluno globulins 

and the response of the Udder for antibody production, 
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~e reason for a constant level of agglutinins in 

the tat globule ';'ashinge at different stages of lacta­

tion could be due to the fact that the surface area 

availabls for adsorption or euglobulin 1s more or le •• 

oonstant and could be expected to alter only with varia­

tions in the size of the fat glouules and in the rat 

content. But these variations in the level of fat and 

sill. of the fat gl'Jb\.,l.a ,.c'e only limited, and hence i. 

unable to manil,'est a pronounc<td effect in the ag"lu­

tlnln oontent to a~l~V :1 )teotable levels. 

b) Sp!cies and breed!!, The results shonng the 

agglutinin aotivity in different breed. ot coW and 

buffaloes indioate that ureed and specie. variation. 

do exist in the concentration of agglutinins in mi;Lk. 

The agglutinin aotivity in milk or blood eeruc is 

,~ contl'i button of that particular olass of proteina. 

the immune globulins of milk and blood eeru!!!, the 

level or concentration of wh~ch is contrclled by genetic 

v"ria .ions. In as much as che degree of agglutin1n 



activity is due to tne level of immune globulins whioh 

is controlled by genetio variations, differences in the 

agglutinin aotivity in the milk of different breeds and 

speoiee are bound to ocour. Emmons ~ ~ (1966) have 

stated that the ooncentration of agglutinating anti­

bodies in milk were independent of the breed and age of 

the cows. One interesting observation is that the milk 

of crOBS breds (50% exotio blood) exhibited a higher 

agglutinin soU Vi ty than that in the milk of either 

of the pure bred animale, namely Jersey or Sindhi. 

The agglutinin aotiVity towarde the two orga­

nisms Streptoooocus oremoris 803 and Stregtoooocug 

laotie 57, are different in all the breeds of cows and 

buffaloes exanined, because, for the different baoteria 

the binding sites as well as the number and distribution 

of determinants are different, (Stadhoudere and Hup, 

1970). 

The agglutinin aotivity varies with the stage of 

laotation, species and breeds of animals und strain of 

test organisms. 

6. 

a) Euslobulin bacteria OOI!\PleXl The antibody 

buoteria oomplex is found to be highly speoifio, bsoau •• , 
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the treatment of e~lobulin solution with one~arti­

cular sensitive strain is able to remove completely 

the homogeneous antibodies only, but not those anti­

bodies of a different sensitive strain of organism 

\ '1",,1.. 2f> ana. 2'1). 'fu1.. 1M.an.s that the u1.n.41.lII!. sUn 

in. the antibodies for any ona organism is different 

from the other. But this speoificity appears to be 

limited, because tile euglobulin solution after treat­

ment with a partioular .ensitive bacteria apart fro. 

loeing ita agglutinating capaoity to>l8.rds that orga­

nism, also loses its agglutinating power towards one 
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or several other 8ensitive strains of the 8ame speoies, 

probably due to the sharing of the antibodies by cloeely 

related strains of the same epeoies. !his i. pos8ible, 

beoauee a oell surface possesses 8. great diversity of 

antigenio determinants and many of the.. det.rminant. 

are identical or similar in groupe of different, but 

related oelle (Davis 11!!, 1969). The obaervation that 

oertain strains of sensitive baoteria of one speoie., 

are oapable of abaorb1ng partially the antibodies corres­

ponding to sensitive bacteria of different speoi •• , i. 

an 1nd1oat10n of the eXietenoe of crOes reaotions bet­

wean .trains of different groups. The six etrains of 

StreptooocoU! leoti., eleven strain. of StreptoqoccU! 

cremori. and two strains of Eeoherichia 0011, h:lV8 three, 

six and one immunological group or groupe respectively, 



determined on the basis of the immunolog1oal relation­

ehip between strains within a group. Strains of diffe­

rent groups sre unrelated as to their determinanta. 

These observations relating to the results 

obtained from the samples of cow milk, agree with the 

results of MoPhillips (1958), Portmann and Auolair 

(1959), and Stadhoudere and Hup (1970). 

b) Euglobulin - fat globule complexl Prom the 

results 1t 1s evident that the treatment of the e~­

globulin solution with fat globules from the milk of 

any one breed of cows or buffaloes is able to remove 

the antibodies agglutinating the fat globules from 

the milk of the same a8 well as the other breeds of 

cows or buffaloes examined (Table 28). If the euglo­

bulin fat globule oomplex 1s specific, then the treat­

ment of euglobulin solution with one type of fat glo­

bule. will remove only the corresponding homogeneous 

antibodie., and whentJle fat globules from the other 

souroes are tested, they will be agglutinated, sinoe 

the agglutinating antibodies for~h.m will be present 

in the same euglobulin solution. aanoe, the results 

indioate that the euglobulin-fat globule oOlOylex is 
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not speoific, as reported by Stadhoudera and Hup (1970). 

Probably the binding sites in the antibody molecules 

in the euglobulin solution from oow or bUffalo milk 



for the fat globulee from the milk of different breeds 

of oows or buffaloes are either identical or similar. 

c) Nature of antibody attaohing baoteria to fat 

globules. ~he euglobulin antib ,dies attaohing bacteria 
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to fat globules (~able 29)bring out the fact that these 

antibodies for the att,>chment of bacteria to fat globules, 

also laok specifici ty, si.lce the treatment of el1glo­

bulin solution with the fat globules from the milk of 

either cows or buffaloes removes this olaso of anti­

bodies towards the fat globules fro:', the milk of 8i ther 

of the two epecies, rendering the euglobulin solution 

incapable of attaching the baoteria to fat globules. 

Hut it appears from the results in table 29, that the 

treatment in the saturation test with the fat globul •• , 

whioh has been re;,eated ,brae times, does not remove 

the entire antibody, wherein, in all the cases after 

treatment, the property of bacterial attaohment to the 

fat globules is not oompletely lost. ~he reason must 

be that tha treatment repeated thrioe, for the adsorp­

tion of antibodies from the euglobulin solution by the 

fat globules, is .i ther insufficient to remove all the 

antibodies, or that this group of antibodies oa,mot be 

completely removed by adsorption. ~he first explanation 

8eems to be more appropri.J.te, beca',!se in the experiments 

for the aggregat10n of the euglobulin, it has beeD 

possible to separate these antibodies oompletely from 



the supernatant of the euglobulin solution at low 

temperature, To teat this possibility, the adsorp­

tion treatments were further oarried out and it was 

found that atleast two more treatments were necessary 

to reduce this group of antibodies to negligible 

levels. The results obtained with the fat globulee 

of cow milk are in agreement with the results of 

/; Stadhouders and Hup (1970). 

In the agglutination reaction it is found that 

ths euglobulin - bacteria oomplex is specifio, the 

euglobulin - fat globule complex and the antibody 

attaching bacteria to fat globules are non specifio. 

7. Agglutinin aotivity on different baoterial strains, 
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A large number of organisms are agglutinated by the 

antibodies in milk and blood serum (Table 30), indioates 

that the .. are natural tmtibodies. They have not formed 

due to any speoifio stimulus, but might havs arisen as 

a result of invasion of the oral cavity and ths intestinal 

traot by a large number of mioroorgan1sme through feed 

and other meane (Evane .!! Al, 1966). Purther, it appears 

that it is not neoessary for all the.e organisms to be 

present in the alimentary tract of the animal to stimulate 

antibody produotion, The presence of few straina ot 

organi8ms are sufficient to induoe ,roduotion of ant1-



bod1es, which could be shared by other strains ot 

Organ18mB as well, s1nce 1mmunological relat1oniA1p 

between d1fferent strains of same groups within a 

species hae been demonstrated in thi8 8tudT a8 well 

a8 by Portmann and Auolair (1959). 

If the blood serum 18 posit1ve for agglut1nat10n 

towarda any organhm, m1lk and the fat globule wa.hinge 

aleo are poeitive, sinoe the i~nunoglobulin8 of blood 

whioh oarry th8ee ""tural antibod1es. are the so.urce 

of the 1mmune globulins of milk. 

~he d1ffereno •• in the agglutinat10n t1tre. ot 

blood serum, whey proteins and tat globule washings, 
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is due to differences in ,he concentration ot the immune­

globulins in them. In the few exceptional case observed 

in the cow and buffalo eamples towards Paeteur.eUa 

bovisepticum, Olostridium welohii and Pseudomonas, whare 

ths m11k or fat globule washings or both giVing negat1ve 

result8 when blood serum was positive, m1gnt bs due to 

the very low titre in blood, resulting in such a low 

antibody content in m1lk towards those p!lrticular orga­

nisms. !here i8 no relationship Detween the agglutinin 

ac'o1'1i<:'1 in blood •• l:W!I .. ,,6. 1" ~l.k. beosun ot the "rd.ghq 

selective preferenoe shown by the mammary gland towards 

adsorption of serum immunoglobulins (Pierce and Feinstein, 

1965) and due to the taot that agglutinating antibodies 



bodies, which could be shared by other strains ot 

organisms as well, since immunological relationship 

between d1fterent strains of same groups within a 

species hae been demonstrated in this study as well 

a8 b1 Portmann and Auclair (1959). 

It the blood aerum is pos1tive tor agglut1nation 

towards any organism, milk and the tat globule waahings 

also are pos1tive, sinoe the iwnunoglobulina ot blood 

whioh oarry these ~.tural antibodies, are the souroe 

of the immune globu11ns ot milk. 

The difterenoos 1n ~he agglut~tion titre. ot 

blood aerum, wney proteins and tat globule washings, 
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is due to differenoea in the oonoentration of the 1mmune­

globulins in them. In the few exoeptional oa8e observed 

in the oow and buffalo samples towards Palteurell, 

boviasptioum, Olostridium walohii and Pseudomonas, whara 

tha milk or tat globule washings or both giving negative 

results whan blood serum was positive, might be due to 

the very low titre in blood, resulting in such a 10. 

antibody oontent in milk towarda tho.e pClrtioular orga­

nips. fhara i8 no relationship oetween the agglutinin 

aotivity in blood .erum and in milk, baoauee of the highly 

seleotive preterenoe shown by the mammary gland towards 

adsorption ot serum immunoglobulins (Pierce and Peinstein, 

1965) and due to the faot that agglutinating antibodies 



do not tilter into milk trom blood at a constant rate 

(Emmons.!! l!!, 1966). 

Variations in titres between on. bacteria, and 
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the other oould arie, probably as a result ot the extent 

of invasion of the alimentary traot of the animals, 

by these organi8ms, and also in the differenoe. in the 

determinants of these organisms as well as the number 

of binding sites in the antibodies for these organisms. 

~. reason for a high titre for most of the orga­

nisms in eow milk than in buttalo milk, oould be explained 

on the basis of the higher euglobulin content. nut, 

the behaViour of the tew strains whioh have given a 

higher titre in buffalo sample. than in cow samples, 

could be either poaaibly due to differenoes in bacte-

rial strains and their capaoity to reaot with antibodie. 

or, probably the number of binding sites in the anti­

bodies, for these organisms, in buffalo milk are more 

than in the oase of oow milk. As per Davis .!! l!! (11/65) 

agglutination titres obtained with difterent baoteria, 

are not neoessarily at all oomparable. 

It is seen that majority of the organisms (non -

pathogeniC and pathogenic), tested are sensitive tQ 

agglutinin. with varying titres. The agglutination 

titre. ~or all the sensitive organisme exoept tour, 

~B h~~er ~n cow than in buffa~o samp~.8. 



8. AH1Utl,nil! aotivl,ty in the mUk from ma,t1tlo 
u 8£11 
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a) Nonpathogenic organisms and LeuoQcytee. !he 

agglutination titre in mastitio milk towards the non­

p~thogen1c organism. increased (Table 31), due to the 

inoreased permeability of the capillaries of the infec­

ted udder leading to an increaaed amount of immune 

globulins in milk, from the blood, (Lecoe and Legates, 

1959). This 1s very clearly seen from the protein 

elution pattern - plate 14 of the immune globulins from 

mastitic milk whey from cow and buffalo. In the elution 

pattern the second striped area of the first peak wh10h 

1s posit1ve for the oausat1ve organisms alone seems to 

represent the specific ant1bodies produced by the udder 

tissues in response to the 1nfeotion. The lower spe01-

fio antibody aotivity in buffalo samples is an ind10at10n 

of lts poor response to the 1nfeotion or inefficient anti­

body production in the tissues against invading pathogene. 

!he results olearly show that whenever there 1s 

grea tar increase in the leucooyt:1.o count the ag:;luti­

nation titres deorease (Table 32), until 110 reaohe. a 

negligible level. In mastitic milk ahowing negat1ve 

agglutination titre tile removal of leucooytes restored 

most of the agglutinin activity (Table 33). This indi­

cates that tile leuoooytea have a neutraliaing effect on 



the inhibitory faotora in the milk (Jonea and Little 

1934). 

b) Cau§at1ve organiQffil1 The re.ults ahow that the 

oaueative organiams are agglutinated by the milk and 

blood of other healthy animals (Table 34) indioating 

that they are aenaitive to the natural agglutinins in 

them, although the titre 1a found to ba low. The agglu­

t1nation titre of the infected milk towards causative 

organisma is high, whloh 1nd10ates that it ls a spec1-

fic induced antibody. The inorease 1n the agglut1nin 

activ1ty. 1n blood serum due to infeot10n 1s very 11ttle 

and negligible while the agglutinin aotl Vi ty 1n the milk 

from infeoted animals 1. very high, when oompared to 

the titre of the milk from healthy animals towards the 

causative organisms. This oonfirms the view of Kerr 

!1 ~ (1959) and Porterfield !1 ~ (1959) that udder 

i8 a site of antibody produotion. Prom the re8ult. 

it 18 Been that the immune response of the buffaloes 

towards infection i. very poor resulting in smaller 

ant1body activity in the T:tilk. 

0) Agglutin1n inhibitor,1 The milk of infected 

animale should normally i~ve a higher titre towards 

the causative organisme isolated. In 80me caeee nega­

tive results were obtained (Table 35), towards cau.atiy. 

organiems. The oausative organ1~ms isolated from the 
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1188ti1010 milk showing 1nhibition of agglutination, 

are sens1t1ve to agglutinins in milk, sinoe they are 

agglutinated by the blood and milk of health7 animale 

(Tabl. 36). Such mastitio milk Showing 1nhib1t10n of 

agglutination toward. oausative organislBs, oarry agglu­

t1nin activity i8 8hown by the agglutinat10n of thr •• 
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other agglut1nin sensitive organisms (Table 37). Henoe, 

the 1nhib1t10n of agglutinat10n towards causat1ve organ1sms 

may be due to the presenoe of some inhibitory factor 

suppressing the agglut1nin activity. This factor is 

nondialysable, heat stable and also speo1f10 to the 

partioular organism (Table 38). It appears to be present 

in oertain ooncentration in milk and blood and its effact 

of inhib1tion of agglut1nation oan be removed by appropriate 

d11ution.. Th.e. inhibitor. seem to pose.es the pro­

perties of ant1bodies, or they may be a modified antibody 

e.g. modif1ed by a proteina.e exoreted into the milk 

in the abnormal udder8 interfering with the agglutinB. 

Although the nature of this factor 1s not known~t 

present, it i& worthwhile to further study in this 

regard to combat Buoh factors to arre"t the o')uree 

of infection for ultimte increase of milk production. 

From the for_roing it i8 •• en that IBBstitio milk 

contains a higher agglutinin activity; leucocytes exert 

a neutralizing efreot on the ag,~lut1n1n aotivity; there 



are oer~ain substanoes whioh inhibit the ag,;lutinin 

aoti vi tYI and the Llmune response of the b~ffalo.s 

towards infect10n is poor when compared to OOW8. 

9. Transfer of im:'lU,18 ~o bul1n from oolos trum to 
the new born caI?:-

The result. ind10ate (Table 39), the occurrence 

of agglut1nin activity 1n the preDoloBtral oalf serum, 

ta<en immediately after birth due to (i) stimulation 

by subetanoes related to the organisms used for the 

ass~y or (ii) the passage of small amount. of maternal 

antibody to the foetal side or (iii) the exertion of 

antibaoterial activity by the oomplement in the absenoe 

of speoif10 ant1body (clvane !1 ~ 1936). 

The rapidity with which the aggluti,nat10n titre 

in the calf serum 1noreases, is an indication of higher 

permeabil1ty of the intestinal mucous merlbrans to absorb 

the colostral antibod1es. The absorption of colostral 

antibodies dissppears within 24 to 48 hours of birth 

(Ooml1ne ~ aI, 1951). The level of maternal antibodies 

is reached in about 24 hOdrs after birth in the oalves 

of white oa~tle and the ~ax:mum titre at 48 hours aft.~ 

birth which i8 in aooordance wah Klaus .l!! Al: (1969). 

The maximum antibody titre in the blood eerum of buffalo 

oalves appears at about 72 hours after birth and does 

not reaoh that ot the maternal level even upto the age 
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of six months. Henoe, it 1s eVident that the buffalo 

calves seem to have a lim1ted oapacity for absorption 

of colostral antibodies. Due to the above reasons the 

buffalo oalves appear to be more prone to several 1nfec-

tiona diseases in the early calthood. 

~he results also show that even after the maternal 

level i. reaohed in the blood serum of oalves the t1tre 

oontinues to inorease further in the oaS8 of wh1te 
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oattle. This is beoause, the level of IgG in the maternal 

oolostrum is signifioantly higher than the level in 

maternal serum (Klaus. at al, 1969) and the further --
inorease 1n the titre in the serum of oalves even after 

the intestinal permeability is lost, is due to the 

transport of unohanged immune globulins of oolostrum 

after absorption from the small intestine of young 

oalve. through the lymphatios to the systemic ciroula­

tion (Comline !!!l, 1951). ~e gut of the new born 

oalf has a high absorption capaCity to utilize large 

volumes ot colostrum (Kruse, 1970). 

~e ant1body absorpt1on frcm the colostrum 1n 

the oaS8 of buffalo calves is lower than that of the 

calves of white cattle. The maternal antibody level 

is reached in about 24 hours in the calves of white 

oattle whereas in the buffalo oalves even upto the 

age of 6 montha it is not reaohed. 



10. A lui nin res siant and sensitive strains on 
e ~rmen at on 0 I 

The olotting time tor the sensitive strains of 

Streptoooocus lecti. 5'7, and StreptooooCU8 leoti. 010 

are much prolonged as t"BY are sensitive to lacto­

peroxida8e and the agglutinins in milk (Table 40). 

A comparison of the two strains oto, one sensitive 

to both agglutinins and laotoperoxidase and the other 

only to lactoperoxidase sives an idea as to the extent 

of inhibition of acid production by the agglutinins. 

In the presence of the pronounced effect of both the 

illhibi tory substanoes a loose !laky curd is formed, due 
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to very low levele of acid production. These observations 

indicate the importanoe of the strains of organisms 

ohosen for tlle preparation of fermented milk produots. 

All the cultures tested for curd formation are ouserved 

to take a sllg"tly 10llJer incubation time in buffalo 

milk than in cow milk. Probably this is due to the nigher 

laotenin (both the inhibitory substance together) content 

of buffalo milk tnan that of cow milk as reported by 

Natara3an and Dudani (1961). The results (Table 41) 

indicate that the inclusion of a resistant strain in a 

mixed culture helps the susceptible strain to overcome 

the inhibition due to a';glutination tor Bome extent and 

produces beneficial effec!.s. The observatio"s are in 

accordance with ti10se of Randolph and Gould (1966) 



A leTel of atleaat 30% of the resistant strain is 

required in the mixed culture t" produce a good 

quali ty ourd. 

The senei t1 vi ty ot the starter organism influence 

tl1e qual! ty of the f6r:-.19nted milk product. 
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CONCLUSION 

The imi,lune globulins of milk, present a wide range 

of antibodies capable of agglutinating ,mltivariou8 

species of organisms that might invade the udder ir­

respeotive of their pathogenicity. ~hese agglutinating 

antibodies are pre.)nt in the euglobulin fraotion of 

the immune globulins of milk. 

l!he fat globule agglutinins are identioal with 

the whey protein agglutinins and it mesns that the 

euglobulin adsorbed on the surface of the fat globule. 

are responsible for the agglutin1n aotiVity of the fat 

globule washings. Hence, the fat globule., for exerting 

inhibitory :lotion have to depend onohe euglobulin anti­

bodies of the whey or milk. The role of fat globules 

in the inhibition of aoid production by oarrying majority 

of susoeptible cells into the cream layer, 1s due to an 

altogether different type of antibodies in the euglobulin 

of "ilk or whey whioh favours the attaohment of bacteria 

to fat~lcbl)l88 and hence, the fat globules by themselTes 

may not play a major role in the inhibitory action of 

milk. 

!hs agglutinating antibodies in milk are shown to 

exist as three distinct class •• of antibodiee exhibiting 

different biological aotivities. (i) the agglutination 

of baoterial strains, (ii) the agglutination of fat 



globules and (iii) the attachment of bacteria to fat 

globule •• 

The foregoing facts apply to t11e r:dlk of the two 

speoies, cow and buffalo. The present study regarding 

these three classes of antibodie8 in the milk of both 

cow and bUffalo yielded interesting results. ~hese 

observatione have helped to throw Bome light on the 

differential uehaviour of the cow and buffalo milk 

towards the milk ring hat. 

It was found that the ant1bodies for bacterial 

agglutination and the antibodies for the attaohment 

ot bacteria to tat globule. were higher in cow milk 

than in buffalodllc, while ant1bodie. tor the tat 

globule agglutination was about the same in the milk 

ot both the species. The higher antibody titre tor 

the attachment ot baoteria to the fat ;',lobules appeare 

to be responsible tor giving a positive milk ring test 
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at a shorter inoubation time in cow milk, than in bUffalo 

milk. Inci~BI1tally, these antibodies provide a clearer 

method tor differentiation of the milk of these two 

species. A study of these ant1bod1.e in the milk Of 

other epecies of animal. might provide further infor­

mation in this regard. 

It haa been shown that the agglutination titre. 
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Tarl between breeds and apecie. - Nondescript animal. 

hadhign titres, pure bred have low titre. while the 

crosses had either intermediate or higner titres than 

either of the pure bred animals. Hence, it seems probable 

that the agglutination titres may give an indioation as 

te the extent of blood of a known or exot10 breed in an 

individual animal, provided the titrea in all the breeds 

of animals are known. Henoe, further studies oan be 

taken up to determine the level of agglutinins in the 

blood and milk of various other br.eds. 

The observation of this study, that the 8U&lobul1n 

antibodies from the skim milk or whel of cow or buffalo 

can be adsorbQd on the membranes of the fat globules of 

either of the speoies eeems to indicate that probabl, 

the membranes of milk fat globules of cow and buffalo 

belong to the same imnnanologioal group. larther studl 

is nesdsd to determine the immunologioal relationship 

between the milk fat globule membranes of different 

speoies of animals. 

!hese agglutinating ant1bodiee 1n milk may pl~ 

a signifioant role in the control of udder inteot1ons. 

Althougn these naturally occurring antibod1es are pre­

.ent in much lower titre., they can control the infeo­

tion to a oertain extent, until the udder reBpond to 

thB infeotion bl an increased Slnthesie at antibodies. 
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Henoe, 1t tollows that the greater the ant1body aotivity 

towards the pathogene, thB greater will be the res1e­

tanoe to the inteotion. 

In India. where all probable meaaures are being 

taken to augment mUk prod1.lOtion by introduoing high 

proportion ot exotio blood it is neoessary to take 

cognisanoe ot the taot that there would be deleterious 

etfect. on the capaCity ot such animals to disease 

resistance, since the present study reveal that the 

exotic bred have the loweat agglutinin co~;.~t. fbUB 

it appears, a more rational baei. i8 required in intro­

ducing exotic blood in the ettorta for augmenting milk 

produotion. ~he present studies present a oompl.mentary 

factors towarda that. ~he crosses between Sindhi and 

Jer.ey prove to be better than either of the two pure 

bred Itook, ooncerning the antibody aot1vity of the milk. 

Theretore. it appeara reasonable to tavour such oros •••• 

The observation of the present study. that there 

ia an initial inoreas' in the agglu1;1naUon 1;1 tre in 

mastitis milk may be useful in deteoting subolinioal 

oase8 ot mastitis and the inorea •• in the 8peoifio anti­

body may be u8etul to idsntity the oausative organism 

by employing several antigen.. Purther work i8 to be 

taken up in thi8 aspect. 

~e pre.ent study affords explanation tor the 



observation that the maternal antibody 1 ••• 1 i. reaohed 

in the 061.88 of wh1te cattl. within 24 hours atter 

suokling oolostrum, whereas e.,en after s1x months at 
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age the maternal antibodT 1 ••• 1 i. not :z'esMild jJ2 t1:, 

butfalo cal.... This implies that the rate of absorp­

tion of coloetral antibodies i •• ery alow and ineffioient 

in butfalo oal.e8, whl1e 1t i8 at a •• ry rapld and hi~er 

rate in the oal.ss of white oattle. fbe slow absorption 

of ooloatral ant1bodles, ooupled with a oonsiderably low 

antibody t1tre. 1n blood serum obs.rved in buffalo oal.e. 

oould ha •• serioUs repurou.siona (m their r •• i.tance 110 

diseas8 resulting in early oalf mortality. EarlY oalt 

mortality 1n cows is ratller n"O·.~tble wllen oompared to 

the mortality in buffalo oalves, and it appears that the 

above rea.on may b. one of the possible explanation to~ 

suoh a calamity in buttalo oal .... In India, where 

buffaloes do play a ma30r role in milk produotion, the 

problem of calf mortality is a great handioap and this 

problem remain UDsol •• d due to the natural oauees. 

~h. present study serves to emphaslze a more judi­

cious seleotlon of starter oultures in dairy induatry. 

~e higher antibody aotivtt¥ of oow milk toward. a large 

number ot laotio streptoooool pre.ente a problem to 

eeleot tlle 8uitable t¥pe of culturu for the preparation 

of fermented milk productB, cheea. etc. ~h.r8fore starter 

cultures muat be Boreened, for their .uBoeptlbility to 



be agglutinated by the antibodies present in milk. 

However, buffalo milk appears to be less exaoting 

in this re8peot. Anyway, in both oa888 oare must 

be taken in seleoting oultures. Resistant oultures 

will be more ueeful when single oulture. are used, 
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but when miXed oultures are used, where use of a 

senaitive oulture i8 eeeent1al to bring about desirable 

ohanges in milk, a resistant culture also must be used 

to OVeroome the effect of agglut1nin •• 



SUMMARY 
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SUIlJllARI 

1. A total number of 1132 samples of colostrum, 

milk and blood from CO'R8 and bu!!aloes were analysed 

for the ag,luUn1n actiVity. Of the 1132 Ba"ples, 680 

were from cows, which comprised of 68 samples of co1&s­

truro, 371 samples of mid laotation milk, 53 samples of 

blood and 53 samples of milk, both collected througb-

out the stage of lact·,tion from a day prior to partu­

rition upto the end of lactation, 63 samples of calf 

blood from birth upto the age of six months and 82 sam­

ples of milk tram intected udders. A total of 452 

samples were from buffaloes which oonsisted of 53 samples 

of colostrum, 268 samples ot mid lactation milk, 28 

eamples of blood and 28 samples ot milk both oolleo-

ted thro~ghout the stage of lactation from a day prior 

to parturition upto the end of lact.tion, 28 samples ot 

calf blood from birth upto the 3"e of six months and 

47 samples of milk from infooted udders. 

2. The teohn1~ue of gel filtration on Sephadex 

G - 200 can be used for isolating the pure frac ti';n 

of the protein oarrying agglutinin aotivity. 

3. The agglutin1n activity wae carried by the 

euglobu11n fraotion of oolostrum and milk of cow and 

buffalo. 



4. me fat globule washings of cow and buffalo 

m11k also exhi bi ted agglutinin aoti vi ty. 

5. The euglobulin and fat globule washings of 

cow and buffalo milk agglutinated the fat globules 

of both 00'11 and buffalo milk. 

6. The fat globule membrane materials from the 

fat globules of the m11k of cow and buffalo, did not 

carry and agglutinin activity. 

7. Euglobulin antibodies adsorbed on the surtaoe 

at the tat globules were responsible for the agglutinin 

aotivity of the fat globule washings of the milk of 

cow and buffalo. 

8. !he ooncentration of the immune globulins and 

the traotion of immune globulin carrying agglutinin 

activity was lower in buffalo than in the oow sample •• 

9. Amino aoid oomposition of the agglutinin active 

fractions of the euglobulin, fat globule washings and 

the oryoglobulins was qualitatively the same with minor 

quantitative variations. The euglobulin and fat globule 

washings ot buffalo samples showed one additional amino 

aoid - tyrosine. 

10. The whey protein agglutinins and the fat glo­

bule agglutinin. appeared to oe identical, in both cow 

and bUffalo samples. 
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11. The agglutinins of OOW milk samples showed 

maximum aotivity at pH rangry of 6.1 to 6.0 and buffalo 

milk sample. at pH range of 6.3 to 6.6. 

12. The agglutinins of oow and buffalo milk, were, 

inaotivated at the temperature, time combination8 of 

70°0 for 12 minutes, 72°0 for 10 minutes and 7400 for 

4 minutes. 

13. The euglobulin solution of cow and bUffalo 

aamples ag,;regated to form oryoglobulins at 2°0 for 

21 and 25 hours respectively. 

14. The euglobulin 8olut1on of oow and buffalo 

samples "ere able to attaoh the bacterial cella to 

the fat globules. 

15. The euglobulin antibod1es in cow and buffalo 

milk comprised of. a) the antibodies for the baoterial 

agglutination, b) the antibodies for the attaohment of 

baoteria to the fat globules and c) the antibodies for 

the fat globule agglutination. 

16. The cryoglobulin, a fraotion of the 8u~lo­

bulin was responsible for the fat globule ar,glutina­

t10n and for attaohing the bacteria to the fat globules 

1n oow and buffalo sample •• 

17. The agglutinin aotiv1ty for bacterial agglut1-

187 



nin aotiYity tor baoterial agglutination was higher 

in oow samples than in butfalo. 

lB. The agglutlnation titre of euglobulin an4 

rat globule washings towards fat globule aggluti­

natlon was the same in cow and buffalo samples. 

19. The antibody tUre of milk and euglobulin 

solution towards the attaohment of baoteria to the 

fat globules was higher in oow samples than in buffalo. 

20. ~h. whey prote1n agglutinin aotivity was 

influenoed by the .paoies, breed and stage of laota­

tion. 

21. Only species Yariat10n influenoed the tat 

globule ag,slutlnln actt vHy. 

22. The euglobulin bactsria cOllplex sho"ed a hig!!. 

degree of specificity, while the euglobulin fat globule 

complex and the antibody attaching bacteria to the fat 

globule. "ere non specifio. 

23. Majority ot the organisms ts.ted (pathogenio, 

nonpathogenio, desirable and undesirable), were •• n.i­

tive to the agglutinins of milk and blood .erum of oow 

and buffalo. 

24. The agglutinin aotiYity in the mastitis milk 

of cowtnd buffalo increased in the early stages of 
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the disease, but deoreased with the progress of the 

disease. 
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25. The inorease in the leucooyte ooncentration 

in the infected milk, deoreased the agglutinat10n titre 

in r.dlk. 

26. The infected milk showed a muoh higher t1tre 

towaras the causat1ve organisms for mastitis, while 

the t1tre of normal milk towards theee organisms was 

very low. Th1s 1norease 1n the titre shown by the 

infected milk of oows, was muoh h1gher than that of 

buffaloes. 

27. The agglut1nation titre in the blood serum 

of the infected oows and buffaloes d1d not show signi­

fioant inorease as that obtained 1n the 1nfected milk 

01 these animals. 

28. The milk and blood serum of 6.1 peraent of 

the infeoted oows and 2.1 percent Of the infeoted 

buffaloes did not agglut1nate the oausative organisms, 

but showed agglut1nin aotiVity towards other nonpatho­

genic Ilt"ganisme. 

29. The factor responsible for the inhibition of 

aS3lutination was nondialyaabls, heat stable and speci­

f10 to the particular organism. 
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30. ~he agglutlnln aotlvlty ln the blood serum 

of new born oalves eXh1b1ted a rapld 1ncrease following 

the 1ngestion of colostrum. ~hiB rat. of 1ncrease 1n 

the bloud serum of the oalves of white oattle wae verI 

rapld reaohing the dam'. level at 24 hours after b1rth, 

wh1le ln butfalo calve. the rate of 1norease wae verT 

slow, and the dam's level waB never reaohed even upto 

the age of six months. 

31. Agglut1nin reeietant strains olotted the milk 

at a much shorter t1me, bes1des produoing curd of good 

oonsistenel. whereas. sensit1ve straln. took a long 

1noubatlon t1me, but produoed loose tlBkJ olU'd with 

whey separat10n. 

32. Addition of resistant strains to a Isvel of 

30 or 40 percent, to a oulture of desirable sensltive 

strain produced eurd of good quality. 



BIBLIOGRAPHY 



191 

l}IBLIOGRAPHY 

American Ptlbl1c 
Health Association 

Anantharamiah, S.N. 

Aschaffenburg, R. 
and Drewry, J. 

Askonae, A. Brigitte 

Auclair, J.3. 

Auclair, J.E and 
Berridge, N.J. 

Auclair t J. ~ and 
Hirsoh, A. 

Auclair, J and 
Yvonne Vassal 

Auclair, J and 
Portmann, A. 

Brsed, R.S., Murray, 
J.G.D and Hitchens, 
A. P. 

Brown, R. 'II. 

Oampbell, S.G and 
Noroross, N.L. 

Ohambers, W.H. 

Cheeseman, G.C and 
Jayne Williams, D.J. 

Oomline, R. S., 
Roberta, H.e and 
T1tchen, D.A. 

Coplana, IJ. 

1953 Standard methode tor the 
Examinatlon ot Dair,y 
:)roducts, lOth Edition, 
!le" York. 

1969 Mar;ual of Summer Institute on 
Milk j;roduction, 4, 403. 

1957 !liochem. ,J"., 65, 273 

1951 !liochem. J., 48, 42. 

1954 J. Dairy Res., 21, 323. 

1953 J. Dairy Res., 20, 370. 

1953 J. Dairy Res., 20, 45. 

1963 J. Dairy Res., 30, 345. 

1959 Proe. 15th Int. Dairy 
Congr., 2, 580. 

1948 Borgey's Manual ot Determina­
tive Baoteriology, 6th Edi­
tion, ":11...1; am. and Wilkins. 

1962 Amer •• I. Vet. Res., 23, 251. 

1964 Amer. J. Vet. Res., 
25 (107), 993. 

1920 J. Bacteriol., 5, 527. 

1964 Nature, Lond., 2u4, 6B8. 

1951 Nature, Lond., 167, 561. 

1907 Lancet, p. 1074., cited 
Ch~,b.rB (1920) J. Bacteriol., 
5, 527. 



192 

DaTie, D. Bernard, 1968 Prinolph. ot Mloroblology 
and l~~unology, 1at Editlon, 
Publ1 &hed by Harper and Row, 
London and John Weath.rhl11, 
Inc., Tokyo. 

Renato Dulbeoco, 
Eisen, 5. Herman, 
cu.!09berg, S. Harold and 
Barl'ywood, Jr • •• 

Derbyshire, J.B. 1964 J. Path. Baot., 87, 137 

Amer. J. Phyel0 •• 191, 271. D.u~eoh, R.P and 1067 
Smith, R. Vearl. 

Dunkley, I.L and 
Sommer, H.R. 

Emmons, D.B. , 
Elliott, J.A and 
Beokett, D.C. 

----------------
----------------

---------------
3YanB, J.8 and 
Cope, T.A. 

3vans, R.T. Suanne 
Spaeth and lIergen­
hagen, B.E. 

lokker, A.P. 

loster, E.M. 

Gl1lles. J. Ai18a. 

Hansen, R.G., Po'tter, 
R.L and Phl11ip8. P.H. 

Henningson. R.W and 
Kosikowakl. P.V. 

He .... ld. C.T and 
Brunner, J .R. 

1944 Res. Bull. Agr10. Bxp. Stn. 
Univ. 11eo., 151. 

1963 J. Dairy SOl., 46. 600 

1960 J. Dalry Soi., 48, 1245. 

19663 Proc. XVII Int. Dalry 
Oongr •• D2. 499. 

196Gb J. Dairy Scl., 49, 1357. 

19J8 Univ. Penn. :Jed. Bul., 21, 264. 

1966 J. Immunol. 97 (1). 112. 

1890 Ztschr. t. Hyg. Intektlons­
krank, 9. 41. Clted RoadHouse, 
O.L and Henderson. The mar~.t 
milk iudustry, 2nd Edltion. 
McGraw Hl11 Book 00., p.47. 

1952 J. Da~rl Sci., 35, 988. 

1960 ~ld. J. Agrl. SOl., 18, 123. 

1947 J. Bl01. Ohem., 171, 229. 

1957 J. Dalry Sol., 40 (7). d18. 

1957 J. Dairy S01 •• 40 (8), 948. 



l11n8mann, P.G and 
Glenn, !t.H. 

Hirs, C.H.W. Stein. 
H. Willl"m and stan­
ford Moore 

HObbs, B.O. 

Hunziker, C.F. 

Ivor 3mi tho 

Jago, G.R. 

Jonas, F.S and 
Little, R.B. 

Jones, F.S and 
81m:'ls, R.S. 

Jones, F.fl., 
PUllinger and Kemp. 

Kenyon Alan, and 
Jennee Robert. 

Kenyon, A.J., Jenness, 
Robart., AnJerson, K. 
Robert. 

1906 

1954 

1939 

19')1 

1908 

1904 

1927 

1934 

1930 

1937 

1958 

1966 

Keogh, P. Berbara. 1958 

Kerr, -{{.R., Pearson 1959 
J.K.L. j,nd Rankin, J.b;.j"'. 

Kleus, G.G.B., Bennet. A 1969 
and Jones, J.J. 

Itohn, J. 

Koelkewski, 1.V and 
Meoquet, G. 

Koaikowskl. P.V and 
0' Lear:! , M .. 

1959 

1958 

1963 

J. Infeot. Dis., 0, 534 

J. Bioi. Chem., 211, 941 

J. Dairy Res., 10, 35. 

N.Y. Oornall st •• Bul., 197 

nh~omstographia Teohniques, 
~.Lld ':::di t1on .. 

J. Dairy Res., 21, 11. 

J. exper. Med., 45, 319. 

193 

XII Int. Vet. Congr • .. 2, 563. 

J. exper .. jIIad .. , 51, 327. 

J. ;lyg. Car:'lb .. , :37, 527. 

J. Dairy SCi., 4:i (5) , 716. 

J. Dairy SCi., 49, 1144. ' 

Aust. J. Dalry !technol., 13, 132. 

Brit. Vet. J., 115, 105. 

Immunology, 16 (3), 293. 

Nature, Lond., 183, 1055. 

Advances in cheese rech­
nology, Pood and Arlculture 
Organisation, Hom~., p.36 - 40. 

J. Dalry SCi., 46, 89. 



KriBhnasamy, S. 

Krist jansson, 1.K. 

ICruse, V. 

Larson, B.L. 

Leece, J.G and 
Legates, J.~. 

Mach, J.P., Pahu4, J.J 
and Isl1ker, H. 

Macleod, P and 
Anderson, w.O. 

194 

1964 Dissertation submitted to the 
Universl ty of 14adras, in 
partlal fulfilment of the 
requirement for the degree of 
[llaBter of Veterinary Science. 

1963 Genetlcs, 48, 1059. 

1963 Genetios, 53, 675. 

1970a Anim. Prod., 12, 619. 

1970b Anim. Prod., 12, 627. 

1958 J. Dalry 501., 41, 1033. 

1959 J. Dairy Sol., 42, 698. 

1969 Nature, Lond., 223, 952. 

1952 Storrs Agr. Exp. stat 
Bull., 290. 

M ..• cLeod, Patricia, 1953 J. Dairy Scl., 36, 1267. 
Plastridge, W.N., 
Anderson, E.O., 
Gullet, V.N and Hale, H.H. 

Mason, J .H., 
Dalllng ~ and 
Gordon, W.S. 

MoPhllllps, J. 

Mo~ven, A.D and 
Whlte Mar3ory, B. 

lIohanl1ngam, U. 

MorriS, O.S. 

Murph,. t J .M. , 
Stuart, 0.11 and 
Reed, p.I. 

1930 J. Path. Baot., 33, 763. 

1958 Nature, Lond., 182, 869. 

1950 Vet. Reo., 62, 27. 

1964 Dlssertation submitted to the 
University ot Madrae. in 
parti"l f'ultU:ment (If·'-lIlla 
requirement for the degree ot 
lIaster ot Veterlnary Solan08. 

1945 Dairy Inds., 10, 180. 

1952 Cornell Vet., 42, 133. 



Naraaimhan, ll. 

Natar~jan, A.M and 
Dudan1, A.T. 

Natarajan, A.M •• 
Laxminarllyana, H and 
Anantharamiah, S.N. 

Newbould, J.H.S. 

Or-am., J.D and 
Rei ter, B. 

Pieroe, A.E. 

Pieroe, A.E and 
'einstein, A. 

Porath, Jerker and 
Flodin, Per. 

Porterfield, I.D., 
Petersen, W.E. and 
Berry Oampbell. 

Portmann, A and 
Auolair, J. 

Paulik, M.D. 

Pullinger, 
and Kemp 

Randolph, II.E. 

Randolph, H.E and 
Gould, I.A. 

Reiter, B and 
Oram, J.D. 

195 

1966 Dissertation Bubmitted to the 
University of Madraa, in 
part1al fulfilment of the 
requ1rement for the degree of 
Master of Veterinary Soience. 

1966 Ind. J. Dairy Soi., 14, 179. 

1964 Ind. J. Dairy Soi., 17. 42. 

1964 Dairy SOi. Abair., 26 (6), 245. 

1966 Bioohem. J., 100, 373. 

1962 Animal Health and Produotion, 
l'roo. XIII Symp. of the 
Colston Res. Sooiety, Univ. 
of Bristol. Butterworth., 
London., pp. 169 to 206. 

1965 I~~unology, 8, 106. 

1959 Nature, Lond., 163, 1657. 

1959 Vet. Mad., 54, 1. 

1959 Annls. Inst. Pasteur, !97, 590. 

1957 Nature, Lond., 180, 1477. 

1937 J. Hyg. Camb., 37, 527. 

1963 Dies. Abstr. St. Univ. 
Columbus, Ohio., 24 (1), 35. 

196G J. Dairy Fol., 49, 254. 

1967 Nature, 216, 326. 



Reiter, B and Moller 
rdadaon, A. 

Reiter, B., 
Piokering, A. 
Oram, I.D and 
Pope. 

RoadHouse, O.L and 
Render.on, J.L. 

1963 

1,)63 

1950 

Roseneau, M.J and 1909 
McOoy, C.W. 

Sargent, R John. 1964 

Sasaki, Rand 1955 
A1bara, IC. 

------------- 1959 

Sharpe, M. Elizabeth, 1962 
Naave, '.K and Reiter, B. 

Shermann, .T.l1 and 
Curran, H.R. 

Singh, Band 
Laxmlna.rsyana, H. 

Slngh, Il and 
'.larahall, R.T. 

Slpka, M. 

Sm1th, L. Emil. 

-----------
Smith, T., 
Orcutt, M.L and 
L1ttle, R.B. 

Sm1 thies, O. 

1924 

1948 

1955 

1959 

1946 

1948 

1923 

1935 

J. Da1ry Re •• , 30, 438. 

J. Gen. Miorob101., 33, xi1. 

The Market Milk Industry, 
2nd Edition" MoGraw Hill 
Book 00. 

U.S. Pub. Health Servo Byg. 
Lab. Bul., 56, 497. 

196 

Methode in Zone Eleotrophoresi8. 

J. Aaric. Chem. Soo. Japan, 
29, 865. oited Da1ry Soi. Abstr., 
21, 120, 1959. 

XV Int. Dalry 601. Congr., 1 
(1 4: 2), 82. 

J. appl. Bact., 25, 403. 

Proo. Boo. EXpt. iliol. Med., 
22, 15. 

Ind. J. Dairy Sal., 1, 78. 

J. Da.iry Soi., 48, 769. 

t.V Int. Dairy Congr., 1, 179. 

J. Bl01. Ohern" 165, 665. 

J. Dairy S01. , 31, 127. 

J. 8xpar. Mad., 37, 153. 

B1oohem. J., 61, 629 



Srinivasan, ~.R. 

Stadhouders, J. 

Stadhoudera, J 
and Hup, G. 

Stooking, W.A. Jr. 

Thoma., K.C., ~ 
Nambudlrlpad, v.K.N 
and Dudant, A.!. 

Thompson, R. 

Vedanayakaln, A.R." 
Krlshnasamy, S., 
Balakrishnan, R and 
Srinivasan, ~.R. 

WilBon, A. T and 
Rosenblum, N. 

Wo1WOl)d, J. 

Wolin, A .. G and 
Kosikowaki, F.V. 

------.----------

Wood, R.N. 

Wright, R.C and 
Trammer, J. 

--------------

19'1 

1)G8 Dissertatlon submitted to the 
University of Madras, in 
partial fulfilment of the 
requirement for the degree of 
Master of Veterinary Soieno •• 

1]63 Beth. M1lk and Dairy J., 17, 96. 

lj7J Ne'h. 1411.k j)~1~~ .r,~ 2.4 .. 79. 

1904 Conn. Storrs Sta. Rapt. 89 - 106. 

1966 XVII Int. Dairy Oongr., 
D 455 - 60. 

1940 Aroh. Path., 3D, 1096. 

1968 Paper presented at the 
symposium on milk protein., 
Indian DaJry Solenoe Associa­
tion, Bangelor8. 

1952 J. expo Mad., 95, 51. 

1949 Blocher1, J. , 45, 412. 

1955 J. Dairy SCi., 38, 597. 

1958 J. Dairy Sci , 41, 34. 

1950 Scienoe, 112, 86. 

1957 J. Dairy ReB., 24, 174. 

1958 J. Dairy Rea,t 25, 104. 



A C K • 0 W LED GeM B N ! 

I am greatly indebted to Dr. V. Ra~hna8abapathy, 

G.Y.i.V.O., B.V.Sc., Ph.D., Director of Veterinary Bdu­
oat10n and Researoh and Dean, Madras Veterinary Oollege, 
for his valuable guidanoe, sU8~a1n.d inter •• t shown 
and enoouragement given in the preparation of the ~hee1s. 

It would bs impossible for me ~o adequately convey 
iIl mere words my indebtedness to my revered teaoher 
Dr. A.R. V edana.yakam , G.},i.V.O., B.V.Se., ;,1.30., retired 
Professor of Dairy Soienoe, ;,Iadras Veterinary Oollege, 
for his unfailing kindness, and inspir1ng guidanoe 
throughout the COurS8 of this study. 

l,iy deep graUtude is due to Dr. S. Krishnasamy, 
G.M.V.O., B.V.Sc., M.V.So., Professor of Dairy S01ence, 
Madras Vet8rin~ry College, f"r nis unstinting ooopera­
tion, valuable and crit10al d1scuss10n for the oomple­
tion of ''Xl study and preparation of the thesiB. 

I wish to record my warm appreoiation and to extend 
my sinoere thanks to the Profes30r at Physiology, the 
statt of the Department of Dairy Soiencs and Animal 
GeneticB, in particular to Dr. V. Sethumadhavan, B.Sc., 
M.V.Sc., Assistant Researoh Officer, Fundamental GenetiCS, 
Madras Veterinary Oollege, for the cooperation extended 
during the oourse of my study. 

I am thankful to Dr. E.R.ll .• Shanmugasundaram, 
M.A., B.Se., Ph.D., F.R.I.O.(Lond.), Professor of 
Biochemistry, Univeraity ot Madras for providing taoi-
11ties tor my studies whenever required. 

I shall be failing in my duty if I do not aoknow­
le,lge tM kin" help given b;l Dr. llertie A.D'Souza, G.III.V.O., 
B.V.So., A.S., Retired Director of Veterinary ~1ucat10n 
and Research and Dean, Madras Veterinary Oollege; tor 
registering for the Ph.D., degree in the Univeraity at 
Madras. 



The entire research work submitted in this 
thesis was under tile award ot Senior ReBearch I!'ellow­
ship in Dairy .'Jicrobiology by the Indian Oouncil ot 
Agricultural Research, New Delhi. Ths author expresses 
l1is deep gratitude to the 00un011 tor the BS8istanoe. 


