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INTRODUOCTION



ISTRODUGCTION

The bactericidal activity of raw milk was first
obaoéved by Pokker (1890) in raw goat's milk, 3Since
then interest has inoreased greatly in recent years
with the realisation that, the antibacterisl property
of nilk was due to a group of hctordgcncbnn substances
probably unrelated to eash other, with differing physico-
chenical properties. These substances exerted s tatai
or partial inhibition on the growth ét maﬁy micro orga-
nigms inoluding straiha of lactic streptococol.

.?hin group of hotarogenooﬁ- subatancse with antgi-
baoterial aotivity in milk can be recognimed as the
agglutinine in the whey proteins of milk, as well as
that assoclated with the fat globules of milk and the
inhibditory substances in the whey proteins of milk,

In resent years a number of investigations have
been son ucted on the agglutining in nilk which are
speoific antidodies, that have heen shown to cocur in
the imnune globulin fraction of milk which are preformed
in the blood of cow,. Henoe, the recdnx advances in the
slucidation of the astructure and properties of the imzuno~-
globulins of mammaliaen sera is also appliocable to
the immune globulins of milk and colostrum since, a» in
blocd serum, three main classes of immunoglobulins, Ig@d,
Igk and IgA, in milk and colostrum, which appear to carry



antibody aotivity bave been recognised (Mach et al,
1969} .

Yet another group of agglutinine has desn shown
to occur on the surface of the fat globule membrane
called the fat globule agzlutinine (Kenyon ¢t gl, 1968).

The obaervation, that the phenomenon of aggiuti-
nation interfered seriously with the manufacture of
cottage cheese (Emmons et gl, 1953). and the role of
fat globules in the inhibition of starters (Jago, 1984
and Gillies, 1960) were the focus of interest to the
daliry microbiologists in recent years,

The published reports in tha.paat decade or two
on the agglutinine of the whey proteins and the fat glo-
bules of milk are inadequate to provide conclusive evi-
dence to prove whether those two antidodies are identiocal
or only antigenically related, in which case they may
he expected to have both common and dietinctive strue-

tural features,

Although extensive studies have been undertaken on
the agzlutinine of cow milk, there is pauvcity of similar
studies on the agglutinines of buffalo milk,

The importance of the buffalo for milk produstion
in India need hardly be emphasised, Hence, it was thonght
that a study of agglutinins in dbuffalo and cow milk would



be of value for the dairy industry due to the important
role of aggzlutining in the gaharal immune response as
well as in the paspive transfer o0f immunity from mother
to offapring.

This investigation is undertaken to study:
a) the nature and properties of the aggluiinins of cow
and buffalo milk with a view to elucidate the inter
relationship between the whey protein and the fat glo~
bule agglutinina of the two species, b) the behaviour
of different bacterial strains towards thn.sgglﬁtininn
of cow and buffalo milk, ¢} the agglutinin aotivity in
the milk from mastitio udder and the responss of udder
towards invading pathogens, &) the influence of colostral
antibodies on the agglutinin activity in the blood of
cow and buffalo calves and e} the effeot of susceptible
and resistant bacteria on the fermentation of milk,

The present findings of tﬁo investigation have bheen
discussed in relation to their implicationa on such para-
meters as differential susceptibility to diseases as well
as ita possible role in calf mortality and the importancs
of seleoting suitable cultures for preparing fermented
" milk producta,

Further, a study on the agglutinating antibodies in
the milk of Aiffersnt breeds of animals, and their role
in the control of udder infections, may provide interest-



ing information and valuable solution to combat the
losnes dus to mastitis, The annual loss inourred dus
t0o magtities alone in India, 1s estimated to bde abdout
%.50 to 80 orores (Anantaramiagh, 1969) and in Tamil-
Nadu about Bb,2.6 to 3 orores (Krishnaswany, 1964).
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Raw milk has the property of killing or inhibiting
the growth of many mioroorganisme (pathogenic and sapro-
phytic) to some extent. There are evidences for the
presence of inhibitore in raw milk which d4iffer in their
kntibadtorial specifiocities, This property is referred
to as the germioidal property of milk,

1. The germioidal property of milks

The presence in milk of a germioidal aotivity was
firast demonstrated by Pokker (1890) in raw goat milk,
Hungiker (1901) studied the action of milk of the indi-
vidual cows on their own milk flora, and observed a
marked decrease in dbacteria in the milk of some cows
and none in others, He also investigated ths possible
variation in the germioidal power in the milk from diff-
erent cows, Stocking (1904) explained that the reduotion
in the number of bactaria in the mixed milk from a hexd
of 30 cows was dus to the death of those organiasms which
found milk an unfavourable medium, Using purs cultures
Coplans (1907), Evans and Cope (1908) and Roseneau and
MoCoy (1909) established definite germicidal action in
the milk in varying degrees on gquite a number of 4iff-
erent species of baoteria, With the aid of miorcscopioe
examination and plate ocount, Chambers (1920) demonstra-
ted the germioidal property in raw milk which was specifia,



depending on both the individual cow and the species

of bacteria. Sherman and Curran (1924) observed that
Streptogogous lagtig was definitely inhibited when ino-
oulated into fresh milk. Jones and Little (1927) found
 that milk of cows posaessed baoterioidal properties
which inhibited the growth of microorganisms in milk,
The substance responsible for the inhibition of organisnms
was referrod by Jones and Simms (1930) as lactenins,

The relatively quiok death of Streptocoocus pyogensg

in milk stored at room temperaiure was attributed to

the natural inhibhitory properties of milk by Pullinger
and Kemp (1937). Wilson and Rosenblum (1952) reported
that human and goat milk contained an antistreptogoccal
prineiple similar to the lactenin of cow milk bdbut their
attempts and those of the previous workers to purify

and identify the lactenin failed., 7They also observed,
that milk was inhidbitory only under aercbic conditions
and that there was no inhibitory action invive. Auclair
and Hirsoh (1953) demonstrated the presenoce of two inhi-
bitory substances in milk which according to them ferc
tdentical with the lactenins of Jones, W¥olin and Kosi-
kowski (1985) recognimed the presence of matural bacte-
rial inhibitory properties of milk in some raw milk
sanples, knowa not to contain ansidodies, sulpha drugs
or quarternary ammonium compounds. Using Streptoccocug
pYogeneg as the test organisas %o study the germicidal



property of milk Henningson and Kosikowski (1987) repor-
ted that the lethal effeot of raw milk and whey for
Btreptosgacus pyogeney was probably dus to deficiensy
of free sulphydryl groups and denatured aldumina, VWrighs
and Tramer (1987) attributed the inhidition of moid pro-
duction by certain starters in raw milk to the sotion

of agglutining and oream rising, In the following year
(1958) the authors, on further investigations, suggested
that, the sgglutinin was lsotenin 1 and lactoperoxidase
was laotenin 2, Sipka (1989) reported the existence of
tvwo inhibitory -ub:tannin in shesp milk, Basaki and
Aibara (1959) studied the eflfeot of acetone fractions

of milk whey on Bagillus gubtilis, Jorynebagteriug

xerosig and Esgherighia ocoll, and reported that the
inhibitory substances in milk remained in the whey and

was associated with the beta lactoglobulin of whey pro-
teine, Reiter ¢t al (1983) showed that the inhidbition
of certain sirains of Streptogooccus oremorig in milk was
dus to the effect of lactoperoxidase, Kosikowskl and
OtLeary (1963) observed that during May and June about
86 percent of Irish milks showed thermolabile inhidbition,
attributable to natural inhibitory sources, Reiter and
Moller Madmen (1963) reported that the inhibitory msubw
stances of milk are numerous, they being, lactenins,
lagtoperoxidase, agglutining and the inhibitor associated
ﬁith the fat, They further foportod that raw nilk was



bacteriocidal against group A Streptococci and some
stgains'cf groups P, G, H, X, and I but all the strains
of groups B, ¢, D and B were resistant, A heat stable
inhibitory fmotor in milk against Bgeillus Stearothermo-
philus was observed by Cheesman and Jayne-Williams (1964).
fhey found that this factor was nondialysable separated
with the milk proteins on filtration on sephadex -~ G=28,
loat its activity on treatment with trypsin and was
probably associated with the electrophoretiocally slower
'moving component, Randolph and Gould (1966) observed
that milk from individual cows and herds inhibited the
acld production of single and mixed strain cultures.

Oram and Reiter (1966) who atudied the inhibition of
certain straine of group N Streptococci and the chemioal
nature of the inhibitory compounds, postulated that the
inhiditory systen was ocomposed of laotoperoxidase /thio-
cyanate/Hydrogen peroxide, whose sffeot on streptococoi
was highly strain specific. Reiter and Oram (1967) found
that some of the inhibitory systems in milk operated in
other body fluid: also, 7The inhibifory systems reported
by them were lactoperoxidass/thiooyanate/Hydrogen peroxide,
Xsnthine oxidase, lactotransferrin and complements and
antidodien, Vedanayakam e% al (1968) etudied the gerai-
cidal property of milk and reported that the germicidal
action of milk was only bacteriostatic and not bhacteri-
oidal,



2. lutini n atlks

~ a) Azglutioine asgociated with whey proteings The
observation of agglutination of ocertain baoteria in milk

serum lead Hinemann and Glenn (1908) to conclude that
the germicidal motion of milk was dus to agglutinins.
Using three different pure cultures Chambers (1980)
obmserved a best agglutination of Culture R and a good
agglutination of Bacterium laotis acidi in raw milk and
a weak agglutination of Bgoterium coli. He further
reported that there was no ocomnon relation between |
agglitination and bacterial inhibition. Hobbs (1939)
exanined a variety of milk organisms and attributed the
clunping effect of milk to nonapecifioc agglutinins., The
suggestion that agglutination and oreaming were mainly
reeponsible for the inhibitory aotion of milk was pro-
posed by Wright and Tramer (1957). Mo¥hillips (1958)
examined s number of fast and slow acid producing strep-
tococecal cultures for agglutination in raw whole milk
and found that only slow acid producing cultures were
agglutinated. Keogh (1958) reported that agglutination
aid not appear to be the direct oause of inhibition,

and oreaming resulted in physical removal of organisus
from the bulk of the milk, He reported significant inhie
bition ocourred due to agglutination, only uhen there
was & substantially ocomplete removal of organisms into
the oream layer, Auolair and Portmann (1959) named the
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agglutinine as inhibditory principles in milk *Lacte-
nin L', Portmamn and Auclair (1959) studied the inhi-
bitory and agglutinating power of raw milk and suggested
that because of the oloss relationship, the substances
responaidbls for these two phenomens were identioal,
Agglutination was saused by relatively speoific anti-
bodien, was shown by MoPhillips (1958) and Portmann and
Avclair (1959). BRandolph (1963) and Stadhouders (1963)
stated that these antibodies ccourred in the fimmung-
globulin fract¥ion of milk, Eammons gt gl (1963) asso-
oliated the sliudge formation at the bottom of cottage
cheese vats and slow aoid development, with the aggluti-
nation and settling of certain sirains of starter baoc-
teria. They also found that the starter bacteria were
agglutinated in the rennet whey from the pasteurized
skim milk, However, Stadhowders (1963) atudied the inhi.
bitory effect of Lactenin Iy on acid production in milk
and found that the inhibitiom in whole milk and skim
milik was the same and that rennet addition prevented

the agglutinins from inhibiting aoid production and
concluded that agglutinins were of no importance for

the activity of cheess gtarters. He also further stated
that the agglutinins were probably pfenlnt in the eu-~
glodulin fraction and the actual agglutination was nod
the causs of inhibition, and the inhibition of acid pro-
duotion was drought about by the removal 6: the baoteria



from the greater part of the milk. Reiter and Moller
Madsen (1963) said that agglutinins ccourred at low
titres in raw milk throughout the lactation. They almo
stated that the physical removal and mibasequent stan-
vation of the baoteria were unlikely to be the only
reason for the inhibition since some starters were
inhibited even when creaming was prevented, Eumons

ot g1 (1966) ssated that aoid production in the super-
natant skim milk was retarded through displacemens of
agglutinated bacteris to the bottom indicating that
agglutinating ansibodies in skim milk were not inhi-
bitory perse., Reiter and Oram (1987) attributed the
baoterioidal sctivity of raw milk against Gram negative
organisms to the killing effect of ocomplement and sntie
bodies and also said that agglutination reduced the
oount of Gram positive organisms. Vedanayakan ¢t al
(1968) confirmed the views of earlier workers that the

agglutinins of milk were sseoclated with the Lactenin Ly

fraotion,

lutind gociated w ulest Jago

(1954) found that the inhibitory substance in milk was
closely assoociated with the fﬁt glddules in milk which
was bacteriostatic and probably cnaynio in nature, He
also setated that the substanoces were adsorbed to the
surfaoce of the fat globules, eince after churning only
the dbuttermilk was found to de inhibitory while the fat
globules were inert in their effect upon susccptibic

i1
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organisms., Gillies (1960) demonsirated a correlation
between the degree of inhidbition and the amount of fat
present in milk and obserxrved that inhibition was meni-
feated only with the formation of a cream layer, when
the oslle were taken up by the rising fat globules, the
inhibitory factor was essooiated with the oftﬁl layer,
the inhibitory substances could be washed out of the
cream layer and that the inhibitory faotors from skim
milk could be adsorded on to the washed oream, He
concluded that agglutination was not necessarily =an
integral part of inhibition, but aocompanied the same
and that, skim milk appeared to donate a factor which
combined with another faotor on the fat globule membrane,
resulted in inhibition, if oreaming was permitted, and
both were necepsary for maximum inhibition, Retiter

and Moller Madsen (1963) reported that agglutinated
organisms as well ap individual ohaihn were observed

to aggregate around the fat globules and the hypotheais
of inhibition by starvation of bacteris in the cream
layer was not convineing. 8ince the difference in the
acld produotidn in whole milk and skir milk was very
small Stadhouders (1963) oconcluded that a smaller part
of the inhibitory principle was associated with the

fat globules while a greater part was precent in the
skin milk fraotion, Narasimham (1968) observed that
the cream washings of cow and buffalo milk contained
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agglutinins. He found that the concentration of agglu-
tinins on the fat globular membrans of cow milk was
higher than that of buffalo milk and that the agglu-
tinins were adsorbed on the fat globular membrane of
cow and buffalo milk., Vedanayakam et g1 (1968) reported
the presence of agglutinins in the oream washings of
cow milk,

a) Naturs of eugiobulin antibodiegs Kenyon and
Jennee (1958) confirmed that the suglodbulin of milk

was responsidble for fat globule agglutination, since

addition of colostral euglobulin restored the creaming
abllity of skim milk, Randolph (1963) showed that the
imaune globulin fraction of milk carried the 1nh1bito£1
factor and that the inhibvition was due to speocific anti-
bodies. Stadhouders (1963) reported that the euglobulin
of milk carried the agglutinin aoctivity for the inhibi-
tion of aoid production by lactic acid bacteria. Xenyon
ot a1 {1568) indicated that the immune globulins were
able 0 bring about fat globule clustering and oreaming
in milk., Fat globule agglutinins isolated from the sur-
face of fat globules were also shown by them, %o contain
imnmune globulins, and the demonstrated that the immune
globuline were responsible for the clusteéring of fa¥
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glodbules and the adherence and the agglutination of
Brucella cells on the fat globule surface with Brucella
ring test Stadhonders and Hup (1970) clearly demons~
trated ths vresence of three dietinet classes of antie
bodies in the ouglobulih of milk, ons causing the agglu-
tination of bacteris (which was euglobulin ¥, after the
removal of oryoglobulins), another one causing the agglu-
tination of fat globules and & third one ocausing the
attachment of baoteria to fat glodules (these two pro-
perties were attributed to oryegiobulins obtained by
eryoprecipitation of suglobulin).

b) §pecificity of agglutining:s MoPhillips (1968)
by acidity and baocterial ring test establighed that

the agglutinins in milk showed a high degrec of speoi~
fioity in regard to various susceptidle cultures. Pors-
mann and Auclaly (1959) demonstrated by absorption tests,
that the milk absorded by a given aensitive atrain lost
almost completely its inhidbitory aotivity and its agglu-
tinating power in relation to the same strain or stirain
of the sane group, From the behaviour of different
strains they were able to recognise five groups of
strains reaoting in identical way, With the help of
bacterial ring teat, and employing basterial strains

of Stpeptogoocus laciis 57 and Streptogogous oremorig 8o,
Sarasizhan (1968) demonstrated the specificity of agglu~
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tinins in milk, Stadhouders and Hup (1970) showed
that while the euglodulin baoterium oomplex wae speci-
fic, the suglobulin fat globule complex and the anti-~
bodies attaching bacteria to fat glodules were non~
spescifioc,

¢) pHi Thompson (1940) found the inhibdbitory sube
stances most etable at pH 6.5, Wilson and Rosenblum
(1952) showed that Laotenin Ly was mot stable to heat
at pH 6.0 to 6,5, Auclair and Hirsoh {1953) reported
that the maximum stability of Laotenin L, was PH 6,0
to 6.5, Kosikowski and 0'Leary (1963) observed that
most of the milks inhibitory for all test bacteria were
lower than normal in pH and all milks having & pH 6.4
or less inhidited atleast one of the test organism,

4) Zlempevatupes Thompson (1940) reported that the
inhibitory substances of milk were doatroy‘d by heating
for 20 minutes at 71° to 74%0. Morris (1945) demons-
trated that a factor aotive against certain strains of
coliform dacteria being dastrojed at 83%¢ for 30 minutes,
while another faotor like Lactenin was partially des-
troyed at 65°0 for 30 minutes and completely inaotivated
at 70°0 for 30 minutes. RoadHouse and Henderson {1980)
reported that high temperature i.e. 140° to 176°p for
30 minutes destroyed the germicidal property of milk,
This property was more marked at 100°% for a shortes
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duration than at 40°2, Wilson and Rosenblun (1962)

found that about 90% of lLaotenin Li was destroyed at

68%°C for 20 minutes, Foster (1952) reported the ocause
for the improved growth of organisme in milk subjected

to heat treatments beiween pasteurigation and boiling,

was the deastruotion of ons or more inhibitory components
naturally preseut in raw milk. Auclair and Hirsh {1953)
showed that the inhibitory substances of ailk were destroyed
by heating for 20 minutes at 71°C to 74%c. At 71%
Laotenin Lj was completely destroyed and heating to 70°C
at pH 7.0 for 20 minutes also Jdestroyed lLactenin Lj.

Jage (1954) stated that heiting the milk to voiling

point for variable periods, or autoclaving the ailk,
deatroyed the inhibitory effects of milk on susceptible
oultures, Sasaki and Aibara (19565) found that the nutural
goernicidal action of milk, increased by heating the milk
to 58°C for 20 minutes and was de:troyed by neating for
more than 20 minutes, at 70%0. Koaikowski and loeqﬁot
(1958) stated that Lactenin L; was inaotivated at 70°0

for 20 minutes., Randolph (1963) reported that pasteuri-
gation reduoed inhibition by'approxinately 158, Lodording
to Kosikowski and O'Leafy (1963) a nminimum pasteurisation
temperature was ineifective in eliminating the natural
inhibitory effects and he.t treating the milk to 180°%

for 5 minutes removed the natural inkihitory effects.
Bmmons ot al (1966),cbmerved thut skim milk heated to
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7190 for 30 minutes eliminated the defects due to agglu—
tination and that pasteurisation (72°0 for 16 seconds)
reduced the agglutinafing activity of skim milk by

50 te 75%. Randolph ani Gould (19668) reported that al
though pasteurization produced slight reduction in the
inhibitory property of milk, it falled to alter greatly
the acid production of the culture, indicating that the
inhibitory substances involved were heat stables.
Narasimhan {(1968) found that pasteurisation did not
destroy the agglutinins in milk and that the ag:luti-~
nins were destroyed when milk was heabed 3o 70°C for

20 minutes.

Dunkley and Sommer (1944) reported that at lower
temperature there were more agglutinins in the aurfaoa.
layers of fat globules, ¥Wilson and Rosenblum (1952)
found reduction in the lactenin aotivity at 22°¢ rather
than at 37°C. Randolph (1963) observed that the inhibitory
activity of milk was not affected by storage at 40°¢ for
48 hours. Stadhouders (1963) suggested an increased
adsorption of the agglutinines on the fat globules gt
low temperature (6°0) and gsonluded that tha distridbution
of the agglutihinn between the oream and the skim milk
fractions was dependant on the temperature. Randolph
and Gould (1966) reported that etorage of individual
cov sanples at 4.5%0 for 48 hours, héd no signifioant
effect on the inhibitory capacity of the milk. Narasimhan
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(1968), obsexved that storage of cow milk for 24 hours
at 4.8%C did not affect the agglutinin sotivity. Stad-
houdere and Hup (1970) showed that the euglobulin which
carry the agglutinating antibodies were able to aggregate
forming cryoglobulins at low temperature (2°0).

4. Paoctors affecting the agglutinin agtivity of t

a) Species:s Pokker (1890) reported the germicidal
action in goat milkx, Wilson and Rosenblum (1952) found
that human and goat milk contained antistreptoooqaoal
prinociple similar to that of cow milk, Kosikowskl and
Moequot (1958) reported that the concentration of Lac-
tenin Licand.Lo in milk from individual cows and bulk
nilk were relatively constant, Sipka (1959) observed

the presernce of two inhibitory substances in sheep milk.
Natarajan g% al (1964) stated that the agzlutinin content

was more in cow milk than in duffalo milk., GZmmons et al
(1966) studied the agrlutinin concentration in the blood
and milk of ruminante and nonruminants and observed that
the agzlutinin concentrations of milk from the beef cattle
and sheep were within the range found in milk from dairy
cows, Thomhs et 8l (1986) reported that the rate of aoid
.produotion by Streptogoccus oremoris, Straptodoccus diagetl-
laoctis and Streptococcus thermophilus was higher in buffalo
#ilk than in oow milk, Narasimhan (1968) studied the agglu-

tinin content in the milk of different spsoies of animls



by means of bacteriml ring test and reported that cow
and sheep milk gave positive ring teet while the milk

of buffalo, goat, ass and human were nngativé for the
ring test., He observed that the agglutinin content
varied from apecies to species. Vedanayakam g% al (1968)
observed that the lLactenin L, fraction of cow had a
greater inhibitory effect than that of buffalo.

b) Breed: Highest agglutinin content in the oross
bred cows followed by pure bred Thari and Sindhi animals
wae observed by Natarajan ¢t al (1964). Emmons et gl
(1966) studied the concentration of agzlutininas for
thres different strains of organisms, in the blood and
milk of Holetein, Ayrshire, Guernaoy and Jersey breeds
and found that concentrations varied between breeds and
concluded thal the concentration of agglutinina in milk
were independent of breed of the cows. Randolph and
Gould (1968) tound_variation in the Average inhibition
of aoid produotion by the milk from different breeds:
Ayrshire - 70%; Guernsey — 69%; Jersaey - 68%; Holatein
- 52%; Brown Swiss - 43%. Narasimham (1968) analysed
the milk of Gir, Sindhi, Jersey, Oross bred Singhi,
Oross bred Gir, Cross bhred Jersey and Nondesoript cows
for agglutinin content by means of nilk ring teet and
found tiat cross bred cows contained more agglutinins
in milk than pure brdd cCOWB. |

13
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¢) Bisge of lactation: McBven & wWhite (1950)
showed that the antibacterial aotivity deoreased during
the Arying off period, Auclair and Hirsoh (1953)
demonstrated that Lactenin Li, was the substance mainly
ooourring in ocolostrum giving partial imhlibition $o
high dilutions of the sanmples, and cobserved little
variations in the titres with wvarious samples of bdulk
milk and milk from oowa in mid lactation, Awolair
{1954) however, found, that the agglutinin content
of 80 samples of mid lactation milk varied betwesn
70=-220 unita and that colostrum was rioch in Lactenin Lj.
Kosikowski and Mooquot (1958) stated that large variations
in the Lj oceurred only betwesn colostrum milk and normal
-milk, and that Lactenin Lj was pressnt in large concen~
tration in colostrum and in lesser gquantities in nid
lactation milk,

Auclair and Portmann (1989) found high agglutinin
titre in colostrum as compared to mid lactation milk,
Portmann and Auolair (1959) etated thst Lacienin Lj
was found in high conosntration in coloatrum. In addition
they found another factor Lactenin 13 which inhibited the
growth of Bireptocoocus oremoris 760 ococurring in milk
and especially in ocolostrum. OCampdbell and Rorcroass
(1964) showed the presence of antibodies against §§ggnig-
gogous agalactiae in the colostrum of first calf heifers.



Emmons et al (1966) etudied the lactic streptococci
agglutining in milk and blood of cows throughout the
ptage of lactation and observed, that the agglutinin
titres were relatively high in the lacteal seoretion
obtained the day prior to parturition, titres dropped
#lightly in the first ooclostrum ocllscted, and in milk
titres decreased during the first two weeks to levele
that remained relatively constant until normal lactatien
ceased, and rose agalin Just before the end of lactation.
They suggested that late lactation milk might be a source
of high titres in bulked milk, Variation in the agglu-
tinin content of milk at different stages of lactation
was reported by Narasimhan (1968). Using the technique
of bacterial ring test, he observed maximum agglutinin
content in colostrum, which decreased slowly from the

5th day of lactation, remained more or less constant till
about the 9th month of lactation and inoreased at the
10th month of lactation.

4) Miscellaneous factorss Variation in the agglu-
tinin content of milk from different quarters cf the

pame cow wus noted by Jones and Simms (1930). MoBven
and White (1960) showed that the inhibitory activity

in milk 4id no%t vary either with season or the diet,
Ogulak and Meanwsell (1951) attributed the 'winter slow-
- ness' of cheese ptarters in pasteurized to an inhibitory

substance and a growth factor and in summer when grass
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and green fodder were fed to the animals, the growth
factor was sufficiently high to overcome inhibition,
Jngﬁ (1954) said that the inhibitory substance was
normally present in all milk eupplies throughout the
year, Wolin and Kosikowski {(1958) ohaorﬁod seasonal
variations in the initial sone size of bacterial iﬁhi-
bl tory sonea in whey agar by raw milk and stated ihat
gone size decreased or disappeared during the winie;
months., Wide variations wwre observed from day to day
in the ability of milk to support acid production by |
Keogh'(1958) and they said that none of'thosq.variations
wore assooiated with QOather conditions,. Koslkoweki

and O*'Leary (1963) oboérved thermolabile inhibition
attriiutabls to hatural innibitory sources in about

56% of Irish milks tested during the warm acnths of

May and June. Seasonal variation of the inhibition

of acid produotion by the agglutinine in milk was reocog-
nised by Stadhoudera (1963) who observed that from Hareoh
to June the inhibition was rather small. Emmons gt gl
{1968) found that the concentration of agglutinins in
milk were indepandent of the age of the ocows. |

5. Methods of entima n for iut in set >4

'a) pH _assays Using Streptoccocus pyogenes 'Richards’
strain aa the test organism Auoclalr and Hirach (1953)
estimated the inhibitory aotivity of milk by pH responsse
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assays. A sample of milk from a normel cow in mid-
lactation which was inhibitory to the test organisnm

at 1/100 dilution was chosen as a standard;  The
standard was defined as ocontaining 100 units of 1nhi-
bitory substance (Lactenines) per ml. of milk, Dilutions
of unkﬁnwn samples wers prepared in sterile separated
milk ad justed to pH 7, To 1 ml. quantities of thess
dilutions was added 1 ml. of gluoogo peptone broth
containing 5% 'f)# of an 18 hour sexrum broth oulture

of 3treptococcus pyogones. The tubes were incubated

at 37°C for 6 hours, then 10 ml, of distilled water

was added %o each tube and the pH determined electro-
metrically. The pH response aseay of Auclair and

Birsch (1953) was followed by Sasaixi and Aibara (1959)
using gtreptoooccus pyogenes 'Yugo' as the teast organiem
seleoted from more than 20 etrains of animal and human
type. KRatarajan and Dudani (1961) determined the Laotenin
content of cow and buffalo milk using 21 different
lactic as well sa'othef organisms including a few patho-
genic cultures by pH response asasay, Srinivasan (1968)
estimated the natural inhidbltory property of cow, bdbuffalo,
sheep and goat milke by pH reasponse aseays.

) Activity teat: Keogh (1958) assessed the variations
in acid production by starter cultures in milk by astivity

tests, Tests were performed in raw and hgat treated milk.
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The milk samples were {nooulated with 1 ml. of 10%

starter cultures, incubated for 5% hours at_ao°a and
titrated with K/10 Bodium hydroxide to phenolphthalein

end point and the results roportad as net acidity.

Gillies (19680) studied the role of fat globules in the
inhibition of certain strains of Sireptocosousg eremorig

in pasteurised milk by an examination ¢f the acidity
produotion by theas starters, sfadhoudcrs (1963) determined
the inhibitory effect of hﬁotan&n Ly on aoid production

by the starter §treptogogous cremoris 803 by sotivity tests,

0) ¥ilk ring $aetr To study the eflect of agglu
tinins in raw milk on the various starter cultures
Keogh (1958) employed the technique of ring test., To
a drop of stained antigen 2 ml, of whole raw milk was
added, mixed and incubated at 30°0 for 3 hours. Tests
with heat treated whole milk were performed in parallel.
in positive teats & deep purple ring appeared rapidly in
the oream layer, the lower milk clearing to white; In
the negative testi the milk remained mauve throughout.
iaralimhan (1968) studied thes agglutinin conicci of oOW,
vuffalo, sheep, goat, ams and human milke by the milk
ring test, '

d) Miocroagopical observation of agglutinations
Oahabers (1920) employed the microscopical observation

l.thoc-to.detornini the degree of agglutination for three
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different strains of bacteria in raw milk by making
smears of raw milk, Keogh (1958) studied the role of
agglutination and orsaming in inhibition by raw milk

by uaing miorosocopic observation of agglutination as

one of the techniques, Por the test he made aéaars

of milka after inoubation in the activity tests,
stained with Loeffler's Methylene blue and examined
microscopically. MNeapuremsnt of the ag:lutinating power
of the milk was performed by Porimann and Auclair (1989)
by the technique of microscopical observation of agglu-
tination, Two folid dilutions of milk samples were
prepared. On a glase slide a drop of eaoh dilutions

was mixed with one drop of the bacterial suspension and
the agglutination of the bacteria were observed under

the microacope. Bmmons gt al (1965) reported & sensi-
tive teat for laotic etreptocoocal agglutining, wherein
serial dilutions of whey were prepared. A volume of

0.2 nl, of each dilution was mixed with 0.2 ml, of the
cell unabenaionalin Kahn tubes. A 0.04 ml. aliquot of
esach mixture was transferred to the well of a Kline slide
and tae slide was shaken for 60 minutes and the wells

on the slide were observed foov agglutination, under a
pterec microscope {(30x)., The last dilution showing agglu-
tinz’ion was .recorded as the titre of the whey. KNarasimhan
{1968) employed the teonnique of mioroscopic chaervatica
of agglutination to examine the whoy.-laotoninl,_nnd oream



washings of ocow and buffalo. Stadhouders and Hup (1970)
entimated the agglutination titre for the bacteria by
the mioroscopio obeervation methed for agglutination
and suggested that if aggregates of 10 or more cells
were obsarved under the microscope within 20 minutes

the result was oonsidered to he positive.

6. Agglutinin aotivity on different bacterial strains

Chambere (1920) observed that a brilliant red
chromogen isolated from a oreamery oan, called culture
R showed best agglutination in raw milk, Bsotepium
lmotis acidl gave a good agglutination and Bagterium
80l1% a weaker agglutination. Sherman and Ourran (1924)
found that Streptocooous lactip was deféenitely inhibited
when incoulated into fresh milk, OCurrsn (1931) noted
that rapid growing invasive type of streptococci were
moat affeoted, Jonee e% al (1937) reported that agglu-
tinins of milk were very active against Streptosoocous
pyogeneg. Auolair and Hirsoh (1953) employed Strepto-
gooous pyogenes 'Richards' strain for estimating the
Lactenins Lji and Lpg in milk and oolostruz and reported
that Gtreptococcus pyogenee was very sensitive to inhi-
bition by raw milk, when grown aerotiocally, and Strepto-
goccus agalagiéiae which was also sensitive to inhibition
was able to overcome the inhibition in the presonce of
peptone, Jago (1954) observed that many single strain
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lactic streptooooci exhibited a difference in susgepti-
bility to an inhibitory substance present in raw and
H.7.8.7. pasteurized milk, some being markedly affected
while others were oanplateiy resistant. He further
noticed that when oream was removed from raw whole

nilk susceptible culture Streptococous oremoris MLy
showed a marked inorease in lactic aold production,
Keogh (1958) inveatigated the effect of agglutininas

in raw milk on the following starter oulturea by ring
tent: |

mew (01, 93, X, DRy, Ry, Uss. HP,
Bg and KH),

Streptogoogus lactis (Op and 03p),
§treptogoocus dimgetilactis (DROj, DROp and DRO3).

He found the following cultures were positive for the
ring test., | |

Streptocoocus oremoris (Cy, DRy, Ry, USz, HP, Bg and kH),
tzeptogogous lactis (010) and

Streptogoocus disoetilactis (DRCg).

NoPhillips (1958) who demonstrated the speoifiocity of
agglutinine in milk used as test organisme Ftrepioooccug
lactis C10 & fast acld producing oultura and Jrepie-

gogous eremopiy MLi, KH and DRy all slow acid producing
cultures, He established that in ali casca the slow

cultures were agglutinated. With a view %0 investigate
the relationship between inhibition and agglutination of
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different strains of lactic streptosocei by raw milk
Portmann and Auclair (1959) selected the following
15 strains of laotic streptocoaci.

gt;!gtoooocna oremoris (978, Ege 760, DR7, K, 803
Ry; Usy, KH, ML3, O3 sad HP),

Streptocogous lactig (C10 and 77) and

Streptogogcus diacetilactis (DROa).
They found out of thege 15 strains, 11 were agglutinated

exoept strains C3, 010, T7 and DRC3. Gillies (1960)

exanined susceptible strains of Streptocogcus oremoprin

HP and Rg and resistant strains of S{reptocooous gremoris
013, and O3 for scid production and found inhibition of

the susceptible strains ooourred only when oream layer

was allowed to form on top of the milk, Smears of suscep-
tible strain HP was found ¢to be agglutinated while resis~
tant strain Oz showed no evidenoce of agglutination,
Natarajan and Dudani (1961) studied the naturel inhi-
bitory action of cow and buffalo milk on 21 cultures
aonsisting of laotic acid bacteria, and other milk apoilage
organisme as well as a few pathogens encountered in milk,
ahh found that exocept roﬁr oultures the rest were inhi.
dited with varying titres. ahﬁrpc 8% a1 (1962) observed

s reduction in the growth of a strain of Staphylecodoug
.g;,g; in raw or pasteurirzed wmilk than in eteamed or
sutoolaved Milk due o0 agglutination of the bacteria

whioh interfered with tha'houﬁts on agar plates, ﬁandolph
(1963) examined the susceptibility of 2 strains of
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S%zeptoogocus lagtis, 9 strains of Jireptocooqus eremeris
and 7 mixed strain ocommercial ocultures to natural inhi-

bitors in milk and found that susceptibllity varied from
7 $o 85% and that single strain ocultures wers gonerally
more susceptidle than mixed culture, BEmmons 9% al (1963)
found certain strains of starter baoctsria for cheese
manufacture - Streptogogcus oremorig and Sireptogocous
lactis were agglutinated resulting in slow acid produe-
'tion and sludge formation, They also ocbserved that agglu~
tination was evident with 14 strsins in reanst whey from
pasteuriged skim milk and that the agglutinia titres

for each strain wap not directly related $0 the exteng

of settling, which was greater with some strains, Auclalr
and Yvonnevassal (1963) using strains of Streptogoogug
lsotig C10 and Op and Streptocogous coremoris 760 and

972 showed that a resistant strain of Streptococoup lae-
3ig C10 becanme sensitive to lactoperoxidese as well as

%o both agglutinine and lactoperoxidase on repeated sub-
oulturing in autoclaved milk, Yariants sensitive to bhoth
agglutining and lacioperoxidase appeared after a numbeyr
of suboultures. In.none of the ocultures of Oyp any cells
sensitive only 10 agalutinine and not to lactoperoxidase
were found. The 100% resistant strain of Sireptococoug
laotis Op 414 not show any sign of sensitivity to lacte-
ning even after 12 months of suboulturings in autoclaved

milk, Strain Jireptogoocus oremoris ?60_aens1tiva %0
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agglutinine on subsulturing contained cells sensitive

to both agglutinins and peroxidase, while Zirepiosocoung
gremoris 972 sensitive to both agzlutinins and to
peroxidase on suboulturing ocontained 100%4 cells senaji~
tive o both the inhibitors. Stadhouders (1963) showed
the inhibitory effect of Lactenin Ly on acid production
in milk by Streptococcus cremorig 803, a strain sensitive
to agglutining in milk and insensitive to lactoperoxidase,
and uged this ap the test organiem in the inveastigations.
Reiter and Moller iadsen (1963) reported that the natueal
non specific antibodies of milk agglutinated the non-
pathogenic group N streptococoi, An azglutinin sensi-
tive organism Streptococcus cremorig DRy was used by
Bmmons et g1 (1965) to develop a sensitive test for
laotic streptoooccal agglutinina and they found the
organiem was positive for asgglutination with 1/4 and

1/8 dilutions of whey and negative for 1/16 dilution,
Randolph and Gould (1986) showed that Laotenin Lx was
active on many strains of lactiq streptococol, while the
other Lactenins Lj and Lo were active only on a few strains.
They examined the following single and mixed strains
cultures for their susceptibility.

Bingle atraing:s Streptococcus sremorig (K, XH, MLy, R;,
333, HP. EB, 03 m c?)!

Streptococous lactis Cp and Cge
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Mixed strainas Stpreptococous lagtig Og (resistant) with

any one of 3jrepioooqgue qremoris R, HP
and KR (all susceptible) in different
proportions,

fhey obsarved that the cultures varied widely in their
atid producing capacities, that the inhibition of acid
produotion were higher for thq:a}ngle strain cultures
than for the mixed straia éultﬁres. and that even 0.1%
of resistant Og and 0,9% of any one nueooptiblalbuitnnou
produced significantly bdensficlial results in markedly
reducing the inhibitory property of both milk and skim
milk. Zimmone et a} (1968a) studied the agzlutinin titres
for Streptococcus laotig Cs,

and Streptococcus cremoris DR7 in blood and milk through~-
out the lactation of cows and found that strain Cp; did

not agglutinate in normal milk and stfaina DRy and Ry
agglutinated in blood and milk of all mature 1aotatiﬁ¢
animals but showed wide variations in titres. The authors
(1966b) also reported the resulis of their etudy on the
agglutination of a number of cultures of Streptoaocous
gremoris and Sireptocoocus laotis. They found the sirains
of Streptococcus oremoris K, MLy, HP, ML3, KH, Ry, Zg, TR,
Rg, Eg, Dﬁq. USs and Cy and the strains of Jtgeptosogcous
lactis Og were aggiutinated with varying titres and the
strains of Streptogoccug oremorig C3, 013, O7, and 013

and §treptocoocus lagtig Op were not agglutinated, Reiter
and Oram (1967) attridbuted the inhibvition of gram negative



organisms by raw milk to the killing effect of complii-
ment and antibodliea and the reduction in the count of

gran positive organisms was due to agglutination, They

aleo detected agglutinins against Strepteoocaus pyogenes,
Streptococous dysgalaotise, Streptogogcus agalmctise,

Esgherichia coli and Corynebacferium ulcerane in the
blood, milk and secretions of different animals,

Narasimhan (1968) etudied the response of bacterial
cultures to ring teet and found that Streptococoug
lactig 57 and Streptococcus cremoris S; jave positive

ring test while Streptogooous thermopnilusg, Streptoogeoeus

laciie A (isolate) and B (isolate) and Streptocoocus
faecalia were negative for the teet,.

7. tibacterial activity in the milk from infected

a) Natural inhibitory action:s Jones and Simus
(1929, 1930) showed that cows reslstant to mastitis

produced milk with a higher inhibitory titre than
susceptible cows., Singh and Laxminarayana {(1948)

~ reported that mastitie milk reduced the growth of
starter crganisns, when compared with normal milk,
NMurphy e% al (1952) stated that the bacterieidal or
baoteriostatic pfoportill 0f normal milk, would be
unable to prevent the growth of even small numbers of

§izeptocogous agalactiae, but found that in two quarters

which were already infected, one with micrococci and

32
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one with non-haemolytic corynsbaocteria, infection was
prevented. Ho correlation between resistance to infeow
tion and the inhibitory power of raw milk was found by
Auolair and Hirsh (1953). ‘Brown (1962) reported that

the antibody titres in blood might be influenced by

the number of infected quarters. Derbyshire (1964}
proposed that severe mastitie seemed to ocour when the
milk became leas bacteriostatioc and also demonsirated

that milk froﬁ a cow uith.mild magtitia had an'inartasod
inhibitory sffect on the multiplication of §§a§§glooogogg
aureus, Narasimhan (1968) by meuha,of bacterial ring teat
found that mastitis milk was positive for agzlutination
in both oow and buffalo milk and that the agzlutinin content
was also high,

- b) Antibody produotion in the udder: Smith et al
{1923) conzluded that the udder Adistinotly partioipated

in the production of agglustinin when the gland was invaded
by living or dead Bruoella organisme and they recorded

s tissue reaction following the infusion of the udder by
thews baoteris, Kerr gt gl (1959) demonstrated bﬁ tn=
fusing bacterial and protosoal antigens into laotating

and nonlactating udders, that a weries of infusions could

~ stimulate the produotion of specifio antibodies within

the gland. Porterfield et a1l (1959) made similar obser-
vations and showed that udder was site of antibody produc-
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tion and responded to stimulation, and that intra
mammary infusions of an antigen made during the dry
period resulted in a higher antibody content in the
oolostrum than in the blood serum. They also found
that antibodies appesred in the milk within two hours
after lactatirg ocws were infused with.she antigens.

o) Leucocytest The geomotriu average cell coﬁht
of milk from healthy cows was found to be about 70,000
per ml. by MacDeod and :udefaon (1952). Maoleod et sl
(1953) showed a relationahip between the numbexr of
1eucocjtea in the herd nmilk and the percentage of
nastitis animals in the herd. whuy found if the poroen-
tage of the infected animals within a herd was 40% or
more, the average leuoooyte count might be 1,000,000
or more per ml, of milk, and the milk from herds affected
vith Streptococcus agalaotiae infeotion had higher leuco-
~eyte ocounts than with organisms other than Streptogoocun
agalaotias. Newbould (1964) atated that in any baoterial
invasion of the human or animal body, leucooytes consti-
suted the ns jor natursl defénco sechanisz and that in
the invasion of the bovine mammary gland, milk from
normsl glands contained few leuoooytes and they gould
aot probably play any role in the very early stages of
infection, Derbyshire (1964) investigated the part
played by cellular and humoral components of tastitis
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milk {n inhibiting Btaphyloseccal multiplication and
observed that the uilk became relatively inhibitory

to the srbwth of 8taphylooocol in proportion to the
number of leucocytes added to the normal milk, They
alse found the supernatant fraction of mastitis milk
after the removal of leucooytee was also inhibitory,

and that cellular fraction w-.s no longer bacteriostatic
when the cells were killed by heat and the humoral inhi-
bitory component of mastitis milk which might originate

~ from blood serum was also heat ladile. Singh and Harshall
(1965) obaerved reduction in plate counts with increasing
concentrations of leuwcocytes in sterile skim milk.

d) Wney grogaiggs Lecoe and Legates (1959) reported
a change in the whey protein pattern of uilk from masti-
tic quarters, where the spp.lxtﬁéi:of blood serum albumins
and an increase in the amount of immune globulinas wore-
evident. They concluded that the presence of blood serum
albunin in whey was a reliable indiocator of mastitis and
the appearance of blood serum albumin and the increase in
immune globulin were due to the increased capillary
permeability of the tiesue ap a result of infection which

lead to the out pouring of plasma proteins from the bleod

oiroulation.
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Singh and Laxminerayana (1948) studied the growth
of starter organisms in milk and observed that pﬁatcnw
rigation and boiling 1mprdved the growth and adtivity
of the starters in ordinary milk, espeocially with early
and late lactation zilks, Keogn (1958) reportedlthﬁt
depression of acid production at times took place in
the oheese v.t, and sugzested that the cultures not uffec-
ted by creamkng were most useful in cheeae ranufacture
when the milk was seasonally inhibitory. Natarajan and
Dudani (1961) stated that the natural inhibitory substances
in milk were of practical importance partioularly in
chegge making and maintenance of starter cultures and
alao on the keeping quality of milk. Emmone et al (1963)
attribvuted the sludge formation on the bottoa of cottage
cheege vats and slow acid development, to tne agglutination
and settling of certain strains of starter dagteria. They
found that the rate of aocid development in the rest of
the vat was reduced, and if serious, resulted in the
failure of manufacture and that the curd formed laoked
uwniformity of firmness and particle size., However 3tad-
houders (1963) was of the view that allutinins were of
no importance for the activity of cheese atarters, since
they fouﬁd that rennet addition prevented the agglutinins
from 1nh1biting 10id production, Reiter and Moller
Madsen (1963) supported the above view and etated that
sinos rennstting of milk prevented the creaming up, the
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agglutinins associated with the inhibition was of no
ooncern in oheese making., immons gt al (1966a) further
investigated the laoctic atreptococcal agglutinine in
milk and blood of different cows with susceptibdle and
resistant strains and concluded that for the selection
of strains for ocottage cheese starters, it must be tasﬁnod
that strains agglutinating in milk from several herda
ag:lutinated in most milk supplies and that strains with
low agglutinin titres in blood and first colostrum were
satisfactory for cottage cheese manufacture., The authors
in the same ysar (1966b) after a detailed study on several
suaceptible and resistant strains recommended selection
of agglutination resistant strains for cottage cheese
cultures. Randolph and Gould (1965) recommended the use
of suffioient amounts of resistant strains in mixed strain
oultures, to reduce the possibilit; of atarter failures
or slow acid produetion due to the natural inhibitoxy
effeot of milk and permitting at the game time the use

of susceptible astraine whioh aight have beneficial sffects

on the quality of the products.

9 inportance gf colostral antibodies to the new
) %Bsgrn g&.IVO!  ;

Mason ot al (1936) observed that in cows placental
- transaission of antitoxin produced astively or passively
444 not take place and the calves obtained antitoxin

fhroggh the lactoserum. Smith (1948) stated that colos~
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tzum served a special funotion to enhance the resistance
of the new born to infectious disesmse and that the colos-
trum contained extremely high concentrations of immune
laoto globulins which were passively transferred to the
offapring, where they might persist in fhn blood strean
for many months, until the new born were able to make
antibodies of their own. Oomline et 81 (1951) reported
that the appearance of certain of oolostrum proteins

in the bdlood serum ooccurred following the feeding of
colostrum to the new born of many species and that the
capaoity to absorb large amounts of unchanged proteins
disappeared within 24 to 48 hours of birth. They further
observed that inoresse in ag:lutination titre was elther
greatly reduced or absent in three animale in whioch whey
was not admintatered until 63, 64 and 65 hours after
birth and there was an interval of 60 to 120 minutes
between the introduction of the whey into the duodenum
and the appearance of colostral proteins in the lymph

of young animales and suggested that after ahsorption the
globulins might be carried by the lymph to the aystemio
oirculation. Deutsch and Smith (19587) found the gut of
the new boﬁn herbivore lost 1ts,permnab111§y to large
nmoleoules during the first 24 to 30 hours of post partum
11f¢. Larson (1958) showed that the immunoglobulins were
5ot altered in passing from the blood stream to the seore-

tions of the mammary gland and the inoreased transfer of
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the immune glodbuline was timed with the approaching partu-
rition and although the rate of tranafer started to inorease
about a month before parturition, it did not reach ¢
maximum until just before parturition, Plerce (1962)
stated that the ungulates at birth were 1mnunoiogionlly
unstable, and atability was established by suokling tha
motaer, and r:sorded over 50 percent of immune lagtoglo-
bulin in the serum of suckling calves 48 hours after birth,
Pierce and Peinsetein (1965) indicated that the mammary gland
showed a highly selective preference for, and‘hoﬁao ability
to oconcentrate in colostrum, the electrophoretically
fastest seruu immune globulins and they found in oohtrast
to the mammary gland the intestine of the new bdorn calf
{permeable to the undegraded protein during the first 24
hours of life) showed no selectivity and that the immune
globulins nho!ing.throe elsctrophoretic modilities were
absorbed readily equally. They showed that the calf re-
oeived into its oiroulation from ingested coloatrum
seleoted maternal serum immunoglobulins and this seleotion
occourred within the mammary gland during the formation

of colostrum, Klaus et gl (1969) reported that the colos-
trum 1gG was significantly higher than the level in
naternal serun and the IgM and Igd in calf serum reached

& peak at 48 hours which was muoh higher than the maternal
level, They alao observed that both Igd and Igk were
spsorbed from the gut of the calves with equal efficiency.



Kruse (1970) found highly significant differences between
hreeds in.the yield of colostrum at first milking after
oalving and in the concentration of immune globulin in
cologtrum. He repqrted that the Red Danish Breed ani
mals had the highest colost:um yield, but the lowest
immune globulins peroent; the individual variation in
the colostrum yield, im:une glebulins percent and immune
globulin yield was very marked; heifers had a 1owir
goloatrum and immune globulin yield than cows in aecond
and later lactatione, He oconcluded that, some of the
case of hypogammaglobulinaemia in calves wasz not 4due

to failures in the calf's ability to ingeat colostrum
and to absorb the immmoglobulin, bdbut, rather to an in-
suffioienoy in the immunoglobulinms transfer from the
mother., Kruse (1970a) reported that the inorease in
serum immunoglobulin concentration during the firet 24
hours after ocolostrum feeding, was a function of the
mass of immunoglobulin faﬁ to the calf, the age at
solostrum feeding, and the birth weight of the oalf;

and tha.rirst two were predominant factors, He observed
that the delayed fecding of coloafrum from 2 to 20 hours,
reduoed the absorption voefficient to about half, The
absorption coefficient appeared to be unaffected by the
{mmuneglobulin percent in the colostrum, and also by the
4mmuns globulin given to the calf, The author (1970b)
further observed that the probability of an individual



getting hypoganmeglobulinaenia ocould be minimised by
early feeding of a large gquantity of cclostrum at the
first feeding after birth,
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MATERIALS AND MBYHQDG
1. gamples:
The firet colostirum from 68 cows and 83 buffaloes
and mid lactation milk from 371 cows and £68 dbuffaloes
were colleoted from Sindhi, Jersey, Nondesoript, Sindhi

Jerasy oross and Nondesoript Jersey grades, oo't'and
Nurrah and Nondescript buffaloces.

Biood and milk samples from 9 Sindhi, 8 Jersey,
18 Nondesoript, 11 8indhi Jersey oross and 7 Nondesoript
Jersey grades, cows and 12 Murrah and 16 Nondesoript
buffaloes were collected throughout the lactation from
sbout a day prior to parturition upto the end of laota~
tion, 7The samples were taken daily upto the seventh
day of lactation, then on the fourteenth day and subge~
quently at fortnightly intervals.

fthe calf blood from the above mentioned breeds of
animals was collected immediately after birth, defore
feeding colostrum and thereafter at different intervals
uptoc the age 6! six montha,

A total number of 129 samples of nmilk from infected
uwdders were oollected of whioh 82 were from cows and 47
fxom buffaloes,

A1l sanples were Gollected assptically in sterile
mllk bottles or test tubes and subdjected to necsssary
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treatments immediately after ocolleotion,

2, Bacterial oulturess

The following oultures of daoteria, isolated “rom
milk and curd samples in this laboratoery, as well as
type oultures odtained from other sources were used for
the study.

a) late d 0 3
Ssreptoogocgus iactis (A, B and O)
Lagtebaotllug bulgaricus
Beoillus oereus
Bsonerichis ooli

b) Igolated from mestitie udders of ocows:

8saphylococcus mpecies
Streptocoocus spedies

Pssudomonas spesaies

Zsoherichis oold
o) oul tureg:
of the o s Bource
% ou % . Rational Dai

Research Insti-
tute, Bangalore.

National Dail
Researoh Inati-
tute, Karnal.




%mmmzm
%gregtbcoogug dégooti}agt;g
S 1 2 .¥§

treptococo hers lu
an

ctobaclillus bulgariou
en's an
Lactogacillug acidophilug Rational Dairy
1 an + oo Research Insti-
Lactobacillus plantarum (89) tute, karaal |

Streptococcus faecalis (190 and 30)
Streptocoocus agalagtiae (865)

W
Staphylocogous sureus (KIGM)
Zacherichia goli (745 and 558)

Pseudomonas aerogenoss
Pgeudomonaa fluoresceng

)] lla bo apt
Institute of

Qlostridium welohil Veterinary Pre-
dium chauve | vent;::.nedioine.
falnonella typhosa
Salmonella paratyphi
oy
oug cremo (803 - nevitute lior
acsay culture Dairy Research,

the Natherlands
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a) Gologtral and milk whey:s Whey from colostrum
and milk was prepared by the addition of rennet. Whey

was concentrated when necessary to 1/3p¢d or 1/5%h its
original volume by freesing, and sterlised by filtra-
tion through a sintered glass bacterial filter,

b} Blgod gegum: Blood from the jugular vein of
the aninmal was collected aseptically and serun was

cbtained by centrifugation of the olotted blood,

c) Milk ultrafiltrate: Milk ultrafiltrate was
prepared by adopting the method of Stadhouders and
Hup (1970).

4) Pat globulem: The method outlined by Stadhou-
dora and Hup (1970) wam followed for the preparation
of the two bdypes of fat globules, one from raw milk
and another from heat trested milk (80%0 for 5 min.)
for studying their agglutination and the baoterial attaoh-
nent to the fat globules respectively.

8) Bat globule washinggs The meihod of Kenyon

- 9% 31 (1968) was followed for the p:oparation'ot fat
globule washings which constitute the fat globule agglu-

; #inins, Ooncentration was sffscted by drying from the
frosen state under vacuum over calcium chloride and
sterilized by filtration through a sintered glass bacterial
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£4lter. The proteins in the fat globule washings were

recovered by cold acetons precipitation (Askonss, 1951)
using 100% acetons ooncentration, redissolved in appro-
priate quantities of phosphate or trie citrate or tris

hydrochloric acid buffers and used in the analysis,

£) Fat globule brane: The method of Herald
and Brunner (1987) was used for the prtparatioh of
fat globule membrane materials,

3 : fractions of milks Lactenin frao-
tions L and 1 were prooipitatod by oold notténo from

the concentrated colostral whey as per the method of
Auclair and Berridge (1953) enmploying 35% acetone conoen~
tration for Lj fraotion and 26% for Lg fraction (Kosikowski
and Mooquot, 1958}, The preoipitates were dried from the

frozen states under vacuum over oalcium chloride,

The ooncentrated golostral whey was also fras-
$ionated by cold acetone precipitation using 10, 20,
30, 40 and 50 percent concentrations of acetons as wase
done by Sasaiki and Aibara (1959), These fractions were
dried as nmentioned earlier.

h) Whey proteing: Euglobulin and pseudoglobulim
were prepared from colostral whey according to the method

of Smith (1946) and the solutions were conoentrated by
the method of Kohn {19859). The method of Asohaffenburg
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and Drewry (1987) was followed for the preparation of
beta laotoglobulin and alpha lactalbunmin,

Sanples of beta lactoglobulin and alpha laot-
albumin were alsc obtained from Dr. MoMeekin, U.S5.A.

i) Cryezle s The oryoglobulin was separated
from the sugiobulin ¥ fraotion at low temperature (0
to 2°C) as per the method of Stadhouders and Hup (1970)
with minor alterations in the procedure to snitstﬁe.pur»
pose of this inveatigation, | |

'Euglobulin about 2 mg. poﬁ nl,, was dissolved in
0,06 M sodium chloride solution at 37°C, distributed in
‘small tudes 8 x 0.4 om.,, cooled to 2°C and stored at
that temperature for 15 to 27 hours in seven datches,
All thes seven batches were examined in the following
aanner at two hourly intervals, starting from the 15th
hour of stsorage upto the 27th hour, ZThe tudbes were
oentrifuged at 20,000 rpa for 30 minutes and the -idi-__
aent was dispolved in half the priginal volume of 0,08 M
sodiun ohlorids solution, The protein concentration was
deternined by estimating the optical deneity at 280 MNu
in a Bookman DU 2 ultraviolet spectrophotometer, Then
the volume of the solution was mads upto thats of the
orisinal suglobulin solution and the whole procedure

of o0ld aggrogation and centirifugation repoated, Finally
the sediment was dissolved in half the original volume
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of 0.08 M sodium chloride solution and the concentra~
tion determined am befors, The time taken for the maxi-~
num aggregation of euglobulin to form cryoglobulin at
290 for the two speoies cow and buffalo was determined,

The supernatant and the sediment odtained after
the sscond cold aggregation wers retained and used in
the agglutination and attachment tests. Oryoglobulin
and euglobulin P from cow and dbuffalc samples, were
- freeze 4dried in an Bdward lyophiliser and atorod for
turther studies.

4. Pre tion of bacte t

All the lactic culturee except a few wears grown
in yeust dexirose broth containing 0.3% yeast extract,
0,54 peptons and O.1% dextrose, gJireptcocgous oremoxis
organisms wors grown in TGV medium (S8tadhouders, 1983)
asontaining 1% tryptone, i% bdeef extract, 0.5% yeast
extract, 4% filtrated tomato extract, 2% gluoose, 0,1%
Tweon 80, and 0.2% potassium hydrogen phosphate. Zirepto-
Sogqous therpmophilug was grown in yeast dextrose broth
containing 10% papain digested milk, SBtreptococous
RYogenes was grown in serum broth. The rest of the
organisme were grown in nutrient broth (Standard methods
of exardnation of dairy produots, 1953), sxcept the oulture
of clostridium, whioch was grown under anasrobic conditibns,
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The test cultures were inooulated in appropriate
broth and incudbated at 37°C for 24 hours., The tubes
wore acntfitugod.and packed cells tranaferred to bulk
medium (100 ml.) and incubated for 18 hours at 37°0.

At the second hour of inoubation 10 nmg, of 2, 3, &,
triphenyl tetragolium chloride was added {oconcentration |
0.01%) %o the inoculated broth., The oultures were in-
activated b;} keeping in s waterbath at 60°0 for one

hour, !he_hroth was contrifuged and the cells wers
washed six timee with sterile phosphate huffered saline
and finally suspended in 8§ ml, of normal saline (0.85 gm.
% sodium ehleride) containing 1% phenol and 1% glycerol.
Thie constituted the stained, inactivated antigen.

8. De iifferent frao-

The inhibitory fraotions of milk prepared by ocold
acetone preoipitation of oolostral whey (meection 3.g),
the whey proteins of milk (3.h) and the fat globule
washings (3.e) were tested for agglutinin activity, by
the tube agglutination test and the mioroscopical obser-

vation method, using Streptoccocus oremoris 803 organisms.

a) Jube agzlutination test (Milk ring test): Thie
fest was based on the principle of Wood (1950) for

Srusella, PFor the ring test, samples of oow or buffalo
ailk were adjusted to contain 4% fat, since upto a level
of 4.5% fat, the milk ring test gave distinct ring and



the results could be read easily (Mohanlingam, 1964),

All the protein fractions were diasolved in the heat
treated milk (80°C for 5 minutes) containing 4% fat, at
a conoentration of 1 mg. per mi. To about 5 ml. of f£a¢
globule washings, enough of fat gldﬁulos prepared aocon
ding to seotion 3.3. were added to give a final oonnin-
tration of 4%, To 2 ml, of the test solutions in Khar
teat tubes, 0.1 ml, of stained antigen of Jtreptocoacus
gremorig 803 was added, nmixed and inocudbated at 40°0‘: _
0.8°0 until the ring formation in the tubes were evident.
The raw and heat treated (80°0 for 5 minutes) cow and

buffalo nilk were employed ams controls.

b) Microscopic obdssrvation o lutinaticns The
method was sinmilar to that of Bmmons et g1 (1965}, All

the protein fractions mentioned above ware diseclved in
uilk ultrafiltrate at the rate of 1 mg. per ml. To

0.2 ml., of these solutions :nd fat globule washings and
fat globule membrane materials (seotion 3.f) was added
0.2 ml, of the stained antigen of fSitrsptococous cremorip
803, in a Khan test tudbe. A 0,04 :ml. aliquot of each
aixture was transferred to a cavity slide, incubated at
3% for 15 minutes and examined under a microscope for
aggiutination, The result was considered to be positive
if aggregates of ten or more cells were observed under

the microscope.
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6., Eatimation of agglutinin activity:

The agglutinin aotivity was estimated by following
the changes in pH, and acidity of test samples and also

agglutination pehomena, using Strepfococous gremoris 803
organisas.

a) Determination of pHi The colostral whey, milk
(ekxim milk), fat globule washings and euglobulin dis-
solved in milk ultrafilirate (2 mg. por mi.) wers
sub jected to the lactenin assay method of Auclair and
Hirsoh (1953).

Tont manples were diluted to different levels,
starting from 1/5th dilution and making 1/10th, 1/15th,
1/20th and so on upto 1/100%h dilution for milk and sue
globulin and starting from 1/100th dilution and making
1/200, 1/400, 1/800 and so on upto 1/2000th dilution for
the occloatral whey and starting from the undiluted samples
and making two fold dilutions for the fal globule washings.
Mlutions in between were made when the lower dilution
was strongly positive and the next higher dilution was
negative. The conventional two fold serial dilution was
not nade sinoe an accurats estimate of the titre at
higher dilution was not possible, These diluxioh; were
asde using sterile reconstituted skim milk adjusted to
pE 7.0 with K/10 Sodium hydroxidé. The duplicate dilu-

tlons of the esamples were heated in a waterbath gt go%
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for 20 minutes to deatroy the agzlutinins, The hizhest
dilution of the test samples, at whioh inhibition of
acid development was evident as compared to the corres-

ponding control was taken ap the maximum inhibitory
titre.

b) Determination of acidity:s As described above,
sinilar dilutione of the test samples were prepared

along with the controls, uaing sterile reconstituted
skim milk adjusted to pH 7.0 with K/10 Sodium hydroxide,
After inooulation with an 18 hour old oulture of Strepto-

ooccus oremoris 803 at 1% level thi tubes were incubated

for 6 hours at 37%. The scidity was determined as
peroent lactic acid by titrating against N/10 sodium
hydéoxido $o phenclphthalein end porint, and the maximum

titre determined as before.

¢) Pube agglutination test (Milk $inx test)s The

$o8t solutions and the oontrols were diluted as defore

with milk ultrafiltrate, Pat globules prepared acoord-
ing to seotion 3.4, were added to the diluted test solu~
tions to a final concentration of 4%. The test was
performed 82 described under seoction 5.a, The highest
dilution in =lich the appearance of pink ring was observed
wae taken as the titre,

d) Mioroscopic observation of agslutinationt The
tent solutions and the controls were diluted to different
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levels with phosphate buffered saline, and the test was
perforned as desoribed undar section 5.b. The highest
dilution of the samples giving positive tests were taken
as the titre.

In addition, the eatimation of agglutinin activity
wag done in the blood serum, colostrum and milk and the
fat globule washinga throughout the lactation in ditfcront
breeds of cows and buffaloes using Streptococcms gremoris
803 and in the midlactation milk using Sireptococcus oremoris
803 and Streptogoccus lactis 57 organisms, and in the blood
gerun of the ealves, from birth upto the age of six monthl

at regular intervales, using Streptogocous oremoris 803 and

Becheriohis coli organisms,

7. gg%leig of different fractions ghowing agglut
BOLiY s

The fractions that were tested for ag:lutinine acti-
vity were analysed by the methods of elsctrophoresis, gel
filtration and paper chromatography,

a) Electrophoretioc analyeis: The acetone fractions,
Iactenin L1, and L2 fractions, euglobulin, fat glodule

washinzs and oryoglobulins were subjected to horigontal
starch gel eleotrophoresis of Bmithies (1953)., Hydrolysed
starch {Connaught research laboratorles, Toronto, Canada)
was used at 11,58 concentration for electrophoresis.
Poulik's discontinuous buffer was used (Poulik, 1957),

The oomposition and concentration of the buffer aret



gel buffer:
. 0,078 ¥ Tris (hydroxymethyl)

aninomethans see 921 gma./lit.
0.005 ¥ Oitric acid ees 1,05 gme./11%,

Bridge buffer:

0.3 M Borio scid 0+0318,00 gnll./lit.
0.05 8odium Hydroxide ses 22,0 gma./11t,

The pH of the buffers wae adjusted to 8.65,

S8taroh at 11,5% level was weighed and transferred

to a side armed conical flask. The method of preparation

of starch gel for electirophoresis was similar to that
of Kristjaneson (1963, 1966) with minor alterations.

Two thirds quantity of the required gel buffer was heated

to boiling. 8taroh was mixed with the renainiag buifer
and the heatsd buffer was added to the starch - buifex
mixture swirling the flask all the while. The air
bubbles were removed by degassing under vaocuum for
about half a minute and the gel was poursd into perspex
tréye Liited with falee botton and allowed to sest,

The materials were abaorbed in whatman No,3 MK
filter pap=r and inasertzd into the gol. The electro~
phoresis was carried out fop B-homds &b %ECGiwslte,
After ¢leotrophoresis the gels were sliced horigone
tally, stained with 1% amidoblack (Sargen® '984) in
inthanol, acetic acid, water (O : 2 1 6) for 20 minutes
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and oleared in methanol, aocetic acid, and water (5 : 2 : 8).



b) Sephadex gel filtrations The colostral whey,
milk whey, nastitis milk whey, fat globule washings

and oryoglobulin were fractionated in a solumn of
Sephadex gel. Sephadex G 200 (40 - 120 u, Pharmacia,
Uppsala, Sweden) was used for fraotionation'cmploying
nethods suggested by Porath and Flodin {1959).

The Sephad>x was ewollen in exce:s of solvent in
a bolling waterbath for six hours and deaerated undep
vacuum, The slurry in the buffer was packed in a
special jacketed Sephadex column (K25/45 jacketed,
Pharmacia, Uppsala, Sweden) 45 cms. long and 2.5 ocus,
internal diameter, mounted vertieally. =xtra ocare -
wag taken to maintain the steady rise of the horizoantal
zone o>f the gel bed while packinz. After the entire
slurry was added and a reguired gel bed height had been
obtained, the column was connected to & reservoir
containing the eluant buffer and the gel bed was stadi-~
lised by running the eluant overnight.

The samples were diaslysed against the eluant 0.1'u
Tris - Hydrochloric acid, buffer pH 8,0 and 1 M sodium-
chloride for 24 hours at 5%, 4 quantity of 2 ml, of
the dialysed sample was applied to the sample applicator
kept in position over the gel bed and the eluant was run
through the column, The flow rate was adjuuted to 12 =

15 al, per hour and 2 ml, fractions were collected 4in

35
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test tubes. The fractions were analysed for the protein
content at 280 mu in a Beckman D U 2 ultraviolet Speotro-
photometer, and the elution ocurves were drawn for each
of the samples. The fractionation of oryoglodbulin was
carried out at 4°C by oiroulating ice 00ld water in the

jaoketed column,

Practions exhibiting agglutinin activity were
pooled, concentrated by dshydration under vaouum ever
calcium chloride and refractionated on Sephadex G 200

'under the conditions given above,

o) Paper Ghromatography of hydr
Solutions of euglobulin and oryoglobulin and the active
fraction in the fat globule agglutinin were hydrolysed
in 2 N Bydroohloric aoid for 10 hours at 15 lbs. pres-
sure (Hansefi et al; 1947) dxetpt for tryptophan deter-
aination for whioh tie procedure of Hirs et al, (1954}
wag employed, for hydrolysis,

The hydrolyaed proteins were concentrated by drying
under iacuum over calcium chloride and ampotted in a
whatman No.1l MM Chromatographioc paper'(aa.si X 18,5")
and developed in a Ohromatographioc ochamber following two
dimensional technique, using saturated phenol water
(500 gum. of phenol dissolved in 125 ml, of distilled
vater), (Ivor Smith, 1988) for 24 hours and A - butanol-
‘soetio acid water (250 : 60 3 £50), Woiwcod, 1949) for
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18 hours. After drying, the amino acids were developed
with ninhydrin (0.5 gms. % ninhydrin in acetons).

The meparated spots were evaluated quantitatively
by eluting the stained portions with 3 ml. of 2% sodium
bloarbonate in 50% methanol. The colorimetrio resdings
were taken in a Klett Summerson photoslectiric colori-
meteyr employing a No,52 filter., The analysis were done

in dupliocate under identical conditions.

Pure known amino acidas of 0.03 ¥ concentration
were also ohroumatographéd simultasnsously and used as
standards to determine the concentration of the amino-

acide in the protein hydrerlysates,

8., Influence of and temperature on agglutinin
aofivzgig

a) pH: The suglobulin was dissolved at the rate

of 2 mg. per nl, in 8 buffer containing different pro-
portions of 0.2 i solution of monobasic sodium phoephate
and 0.2 X solution of dibasic sodium phosphate, {Cruicke
shank; 1965) with pH values of 5.6 to 7.4. The fat
globule washings was also adjusted to the same DH

valueg,

Different dilutions of the teat solutions were
nade and the agglutination titre determined, by direct

niecroscopic observation method, The_maximum $itre and

the corresponding pH values were determined,



b) Temperature: The euglobulin solution in milk
ultrafiltrate and the fat globule washings were Xkept
in waterbaths at different tcmparaturé ranging from
80°C to 80°C and examined at fraquent 1n£ervals. for
activity, and the time taken for inactivation at each

tenperaiure was determined,

9., Mochanism of agzlutinetions

a) Agglutina}igﬁ of baotegigs Different dilutions
~of the euglobulin ( 2 mg. per ul.) in milk ultrafilirate

and the supernatant and the sediment after the second

cold aggregation were nmade, and subjected to miorosco=-
pical observation of agglutination asihg‘§1;gg§ooogogg
oremoris 803 antigen, as described sarlier and the

titres determined,

b) Agglutination of fat globuless Test samples
of euglobulin, supernakant and the sediment after the

second oo0ld aggregation were diluted to different levels
starting from 1/5th and making 1/10th, 1/15¢th and so on
upto 1/100th dilution. To (.2 ml, of the test solution
.08 mi. of the fat globules were added and held for

10 minutes av 37°0, The solution wase taken on a glass
slide and examined under the microscope for the clustered
-fat globules. The fat globules suspended in 0.2 ml, of

normal saline was used as the oontrol.

38
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¢) Attaohment of bagteria to fat globuless
(1) Qentrifuge test: The method of Stadhouders and

Hup (1970) was followed,

Different dilutions of the suglodulin, the supernatant
and the sediment after the second ogold aggfeg&tion. were
‘subjected to the centrifuge test and the percentage of orgs-
niens attached to the cream layer was determined by the

plate count estimation,

In addition the centrifuge test was also performed
using 50 ml. of cow and buffalo whole milk adjusted to
oontain 4% fat, to whioh a baoterial suspsnsion of Strepto-

gogous oremoris 803, Jtreptogoocus lactis 57 and Streptogooccug
dagtip Cp , oontaining 5 x 108 organisms por ml. was added.

The perocentage of organisms in the oream layer, skim milk

and sediment fractions were determined.

(11) Oxeam piging experimentsy The method followed
was similar to that of Stadhouders (1963), employing

pasteurized cow and buffalo whole milk and skinm milk,

(d) Saturstjon tests: The saturation teats were done
to find out whether the three groups of antibodies present
in suglobulin are different,

(1) Adsorption of antibody to bacterial cellgs The
method of Stadhouders and Hup (1970) was followed. After

the preseribed treatment the supermatant was with-



drawn and subjeated to agglutination tests with Strepto-
gogous cremoris 803 antigen, fat globules and bacterial
attachment to fat globules,

(11) Adeorption of antibody to fat globulegs The
procedure desoribed by Btadhouders and Hup (1970) was

adopted and the fat globules treated sclution was

tested for bacterial agglutination using Streptooocous
cremoris Boséntigon, fat globule agglutination and attach-
ment of bacteria to fat globules.

e) Specifioity of agglutinina:
(1) Antibody - bacteria co: t This test was

based on the principle of Portmann and Auclalr (1959)
for the investigation on the specificity of the anti-
bodies whioh agglutinate the baoteria.

Saturation tests were carried out using the different
bacterial strains and the treated solutions were again
tested with all the bacterial stirains and their immuno-~
logical relationships determined.

(i1) Antibody - fat globulse @o $ The test was
performed according to the method of Stadhouders and
Hup (1970) ueing fat globules from Sindhi, Jersey, and
hunfesoript cows and Murrah and Nondesoript buffaloes.

(111) Antibody atta baot 1
giebules: %the euglobulin solution divided into two

60



61

portions wae subjected to the centrifuge teat using

the fat globules of cow and buffalc milk separately.
The osntrifuge test was repeated again with the treated
solution and untreated bacteria and fat globules, and
the percentage of bacterial attaohment was determined

in eadh case,

10, iutinin act ‘milk from infected udd 2

a) Concentration of agglutinings Prom the onsst
of infection, milk from the infected udder was sub jected

to agglutination test at every six hours by the micros-
copical obsarvation method and the agglutination titre

wag detormined using Sireptogoogus oremoris 803 organisus.
Simultaneously the lesucocyte count of these sanples'wnrn
determined by the direct miocroscopic count method (Stan-
dard methods for the examination of dairy produots, 1953).

b) Infiuence of leucooyte cells on ba a -
tination: The leucooyte suspension required for thé
tests was prepsred by the following methods Adout 30
$0 50 ml, of 0.85% cterile sodium chloride solution was
infused into each quarter of the udder and the nilk was
collected amoeptically 8 hours after the injection, The
nilk was centrifuged at 6000 rpm for 30 minutes an# the
supernatant discarded, The lesucocytes were suspended
in sterile milk ultrafilirate, in which serial dilutions
were prepared, to contaig from 100,000 lauoooytia per ml,
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upto 4,000,000 per ml, using milk ultrafiltrate, The
tubes were oonxrifugad and the sedimented leucocytes
wore added to milk with normal agglutination titre,

A sample of milk from infected udder having e
"high leucocyte count was centrifuged at 4000 rpm. for
30 minutes, The agglutination titre of the mastitioc
milk sample before and after ountritugatioﬁ wag dster-
mined,

Until antigens of isolated organisms were prepared the
samples of milk and blood were stored at -5°0, The cau-
sative organisms from mastitis milk samples were imolated,
and the organismas typed as per the methods outlined in
Bergey's kannal of Determinative Bacteriologzy (1948).

The agzglutination titres of infected milk and blood
were determined in respect of the organisms isolated
from the infected udder, by the miocroscopical examina-
tion method,

d) Agzlutinin inhihitors In a few cases of chronie
i{nfection the milk and blood serum of the animal showed

negative agglutinin activity againest the organisms iso~
lated from the infeoted samples, In such cases the
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following procedure was adopted.

The isoclated organismes were tegtoed with normal milk
and blood serum for agglutination.

Cultures of other bacteria vis, Sireptogogiuy ore-
morie 803, 3treptosooous lactis 57, Esherichia coli

were inooulated into the milk and blood serum from the
infected animals and the samples tested for agglutina-
tion,

The milk and dlood meruam from infscted animal were
also subjected to the following treatments and then tested
for agglutination ueing the isolated organisams. |

(i) The milk whey from infected animal was dia~
1ysed against normal milk whey at 4°C for 24 hours,

(1i1) The milk and blood perum from infected ani-
malas were mixed with an equal quantity of normal milk
and blood serun,

(444) The milk and blood serum from the infected
aninal were diluted and then mixed with the undiiuted
normal milk and blood serun,

{iv) The milk and blood serun. from infected ani-
mal were heated at 60°C for 20 minutes.

{v) The milk and bdlood serum from infected animal
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were subjescted to saturation tests with the organisas
isolated from the infected milk and then retested with
the same untreated organiasns for ag:zlutination,

In the courss of the study it was observed thas
certain strains of organisms which wers initially resis-
tant to agglutinins in milk bLeoame sensitive 6n sub-
culturing them a number of times., Henoe, it was thought
necensary %o etudy the behaviour of agzlutinin resis-
tant and sensitive strains of organisms individually
as well as in the fors of nixed oultures towards curd
formation in pasteurised skim milk of oow and dburfalo,

ing variants:s The method outlined by Stadhounders and
Hup (1270) wae followed for the 1solation of agslutie
nating and nom agglutinating variants of Jtreptocooqus

Jactis 010,

b} Bacte u 3 The following ocultures were
selected for this stidys Sgreptosogcus lasctig 57, a
eulture sesnsitive to both agglutinins and lactoperoxidase
1a atlx, three different strains of Sixeptogocous isg~
J\a 0100 One, sensitive to both aggilutinins and laotoe-
yoroxidasa, sescond, sensitive only to lactoperoxidase
and resistant to agglutinine, and third, resistant



to both types of inhibitors ir milk, and stirains of

ﬂ_ggg!gg_gggg_l_gﬁlg 02 which were 100% resistant %o
both the typses of inhibitors in milk,

o) Qulture suitability tests The above mentioned

single strain cultures as well as mixed cultures con-
taining two of these strainas of organisms in ai fferent
preportiona were inooulated into pasteurized skim milk
(12°% for 10 seconda) of cow ani buffalo at 1% level
an incubated at 37°C, The time taken for olotting
and the nature of the curd formed were then determined

in respect of theae cultures, .
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a) Agglutination of bagterias Tables 1, 2 and 3

present the influence 6: acetone fraotione, whey protein
fractions and fat globule washings of cow and buffalo
sanples on the agglutination of bacteria, by the milk
ring test (tube agglutination test), Raw eow and buffalo
milk with 4% fat gave positive tests in 20 45 minutes
respsctively, while ihe heat treated milk was negative.

The ring formation in heat treated milk oould be
restorsd by the addition of whey protein fractions and
fat globule washings of milk., Exoept 50% acetons frac-
tion, the rest of the Fraotions were positive with
varylng leangths of inoubation time, the shortest for
Lactenin %) extract - 45 and 5B ninntcl for cow and
buffalo samples respectively and the longest for the
10% acetone fraction ~ 100 and 120 minutes for cow and
buffalo samples raspcotivcly. All fho fractions from
buffalo colostral whey required a longer inoubation
time than that of the corroapoﬁdins fractions of oow
%0 give a positive test, All the fraotions except
"~ Laectenin Lj extract of cow and buffalo colostrum gnd
0% fraction of cow colostrum, required a longer inou-

bation time in heat treated buffalo milk than in heat



ZABLE 1
ZHE _AGGLUTINATION OF BACTERTA WITH AQETONE
FRACTIONS OF 00 #HRY

(Teet organism - Streptosocous oremoris 803)

Time taken for
ring formation in

Variety of milk Acetone {ractions ninutes

(img. per ml.)

Cow milk None 20 (control)
Heated cow milk* Hone -
" " N L extract
(35% fraction) 45 56
" " n L extract
(25% fraotion) 95 110
" " n 10% fraotion 100 120
" " " 20% fraoction 100 115
" n " 30% fraction 55 65
" " " 40% fraoction 85 75
" " " 50% fraotion - -
Buffalo milk None 45 (ocontrol)
Heated buffalo milk* Nons _ -
" " " L extraot
(35% fraction) 45 55
" " " L extraot
(25% fraction) 100 118
" " " 104 fraction 108 125
n " " 20% fraction 108 120
" " " 30% fraotion 85 70
" " " 40% fraotion 70 75
" " " 504 fraction - -

N owE W o we W b W A R o o E B A W aE Ee A an e e W Rl W W E A S aEE A

Kote: * Heat treatment at 80°C for 15 minutee,
~ No ring formation,



ZABIR 2
PHE AGGLUTINATION OP BACTERIA WITH W o,

(2eit organism ~ Streptococous cremoris 803)

- e e & 2 apk A Ay S A T A ar O S A Ey e S o e Ee ar oy A A A ay ak aE e

Time taken for
¥hey protein ring formation in
Variety of milk fraotions minutes
{lmg, per ml.)

; e e mlh W b W M mr Al w

Cow Butfalo

AR W R AR AR e My mk EE e G mE WS Wk S o MR Wk A S Ey Wk A W W ah oy A W R

. Cow milk None 20 (control)
- Keated cow milk* None -

" " " Buglobulin 28 40

" " " Paeudoglobulin - -

" " " Beta Lactoglobulin - -

" " " Alpha Lactalbumin - -

Buffalo milk None 46 (eontrol)
‘Heated buffalo milk* None -

. " "  Buglobulin 28 45

" L " Pseudoglodbulin - -

" " " Beta Lactoglobulin - -

» " #  Alpha Lactalbumin - -

Notel * Heat treatment at 80°C for 15 minutes.
- ¥o ring formation. '



JABLE 3 |
THE AGGLUTINATION OF BACTERIA WITH

ULE WASHIN
(Teot organism ~ S¥reptooocous gremoris 803)
. Time taken for
Varisty of milk Additions ring formation in
: ninutes
Cow millk Hone 20 (oontrol)
Heated cow milikc® Kone ‘ -
" Boon Cow fat globule .
washings 140
" " " Buffalo fat
globule washings -
Buffalo milk Kone 45 {control)
Heated buffalo milk* None -
" " " Cow fat glodbule
washinge 180
" " o Buffalo fat
giobule washings -

W me W W iy R AR RR mE WP W A T AR MR R e A S A W A B AR B B A AE e A

Note: * Heat treatment at 80°C for 15 minutes.
-~ ¥o ring formation,
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treated cow milk for a positive test.

The euglodulin of the whey proteina gave & posi~
tive milk ring test, The cugiobulin of buffalo milk
required a longer inoubation time for a positive test
than that of cow milk, the time taken being 40 and 45
minutes in heat treated sow and duffalo milk rsspectively,
while the time taken by the suglobulin of cow milk was
25 and 28 minutes only in heat treated cow and buffalo
nilk respeotively, The euglodulin of both cow and
buffalo milk in heat treated bduffalo milk took a longer
tice for & posidive test than in heat treated cow milk.

The fat globule washings of aow alone was poaf-
$ive for the milk ring test, requiring 140 minutes in
heat treated cow milk and 160 minutes in heat treated
buffalo milk,

The results of the microscopiocal obairvatiun of
the bacterial agglutination by milk, colostral whey,
sostone fractions, whey proteins snd fat globule washings,
from thse milk and golostrum of cow and buffalo are shown
in table 4, The milk, colostral, whey all the acetone
frastions exoept §0% fraotion, euglobulin, pseudoglobulin
and the fat globule washings of cow snd buffale samples
wore positive for agglutination. ¥The agglutination of
bacteria in cow and buffalo samples showed variations
in intensity. 2The agglutination in milk, colostral whey,



Mieorophotographe of the
agglutinasion of bacteria
by colostral whey, milk,
suglobulin and fas globuls
washings of cow and buffalo
samples,

e !



Bacterial Agglutination

(Streptococcus cremorig 803)

[

and 2 controls.
Cow ;
Buffalo

Cow "
Buffalo ; il

Cow -
Buffalo ; Suglobulin

Cow ) Pat globule
Buffalo ; washings

Colostral whey

1
S5
6
4
7
5
8
9
0




TABL: 4
MICROSCOPICAL OB3IRVATION OF AGGLUTZINATION WITH

YARIOUS PROTIIN PRACTIONS OF MYIE
(Test organism - Streptococcus ocremoris 803)

M G A AR B W AN SR mk A Em me R me R E W SR W W EE AR e e ae W A B W A

Microscopical observation of
bacterial agglutination

Practions
Cow Buffalo

Antigen + Normalsaline - {control)
Milk +4+ ++
Colostral whey i+ ' +++
Acetone fractionat
L1 extract +++ ++
Lo extract + +
10% fraction + +
20% fraction + +
30% fraction ++ 4+
40% fraction + +
50% fraction - -
¥hey proteing:
Suglobulin +4+4 ++
Pasudoglobulin + +
Beta lactoglobulin - -
Alpha lactalbumin - -
Pat _globulest |
Pat globule washings + +
Note: - No agglutination.

+ Visible agglutination,
++ Clear visible agglutination.
+++ Strong agglutination,
++++ Very strong agglutination.



Lactenin Lji extract and euglobulin was stronger in cow

samples than the corresponding fractions of buffalo

pamples,

Plate 1 shows the agglutination of bacteria by
occlostral whey, milk, euglobulin and fat globule washings

of cow and buffalo sampleas,

b) Agglutination of fat globules: Table 5 shows

the effect of whey protein fractions and fat globule
waghings on the agglutination of fat globules, The
euglobulin of cow and buffalo miik strongly favoured
clunping of fat globules., The fat globule washings of
cow and buffalo samples also were positive, but the
effect was not as strong as that of euglobulin, The
rest of the frasctions tested were negative., Among posi-
tive fractions no differences were observed betwesn cow

and buffelo fractions in the degree of elumping.

Plate 2 presents the agglutination of fat globules
by the suglobulin solutlon of cow and dbuffalo.

Table 6 gives the effect of fal globule membrane
materials of cow and buffale millx, on the bacteria and

fat globules by the direct mie¢roscople observaition method

72

for agglutination., The membrane materlais of fat globulea

of both cow and buffalo milk did not have any effect on

the bacteria as well as on the fat globules of cow and



TABLE §
TH3 AGGLUTINATION OF FAT GLOBULES WITH WHEY PROTSINS

- mE W NR BR Sy mm Gy EE wp e e ER En S mn Mk Em EE MR EE W W mE e MR s e B MR W

Mlorosoopical
obgservation
of fat globule
agglutination

- A Em mB ae wY m WA mh e

Cow Buffalo

Tast solution

Normal saline {control) - -
Cow euglobulin (Zmg. per ml,) ++ ++
Cow pseudoglobulin (Z2mg. per ml.,) - -
Cow beta lactoglobulin (2mg. per ml.) - -
Cow alpha lactaloumin (2mg. per ml,) - -
Buffalo euglobulin (2mg. per mi.) ++ ++
Buffalo pseudoglobulin (2mg. per ml.) - -
puf{alr heta Laotoglobulin (2mg. per ml,) - -
Buffalo alpha lactalbumin (2mg, per ml.) - -
Cow fat globtle washings + +
Buffalo fat zlobule washings + +
Note: - No Agglutination,

+ Vieible agglutination,
++ Strong agglutination.



Miorophotographs of the
arglutination of fat
globules by the suglobulin

solution of cow snc vuffelo
nilx,

- o s o
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ABLE 6

EFPECT OF FAT GLOBULE M MBRANE MATERIALS
ON_THE BACTERIA AND FAT GLOBULES

(Test organism -~ Streptocogcus cremoria 803)

W R R O EE ke EE W O mr mk R S O a  AF mh am o O Es oy mp P e T O W AR am e

Mioroscopical
observation fopr

Teat solution agglutination of:

- s s aw e s Em mE M S e e

Fat
globules

e o W s MM MBS AR e mm e am A ks SR am wl am ae G G EmE s Al am mm gt mm mm W

Bacteria

Antigen + Normal Saline -
Pat globules + Normal Saline _ -

Fat globule membrane material
of cow + Antigen -

Fat globule membrane material
of buffalo + Antigen -

Pat globule membrane material
of cow + Cow fat globules -

Pat globule membrane material
of cow + Buffalo fat globules -

Pat globule membrane material
of buffalq + Cow fat globules -

Pat globule membrane material
of buffalc + Buffalo fat globules -

Notes = Ho agglutination,



-2
ot

buffalo milk,

Table 7 presents evidence that the euglobulin
antibodies are adsorbed on the surfage of the fat
globules, capable of being recovered from the fat
globules by suitable treatments. The washings from
the already washed fat gzlobules of bhoth cow and wvuffalo
samplea were found to be nagative for both bacterial and
fat globule agglutination by miercsoopleal observation,
Pat zlobule washings from the washed fat globules of
cow milk, resuspended in cow milk were positive for
agglutination of bacteria, and fat globules with a
titre of 1/2 and 1/4 respectively. Similarly the fat
globule washings from the washed fat globulea of duffalo
milk, resuspended in buffalo akim wilk was positive
with a titre of 1 {undiluted sample) for baoterial
agglutination and 1/4 for the agglutination of fat

globules,

When the washed fat globules of cow milk were
adsorbed in the sikim milk of buffalo, the washinge
from the resuspended fat globules of cow milk gave
the same titre as was obtained with adsorption treat-
ments with cow skim milk, the titres being 1/2 for
bacterial aggzlutination and 1/4 for fat globule agglu-
tination, When the washed fat globules of buffalo milk

were adsorbec in cow ekim milk, the washings from the



TABLS 7
EVIDSRCE FOR THE ADSORPTION OF BUGLOBULIN ANTIBUDIES ON TA. SURFACE OF FAT GLOBULES

Agglutination titre
by microscopical
ocbservation for the

Material Treatment agglutination of:

- O O AR s EE R mE R SR SR we e

Bacteria Pat globules

- o o

Washed fat globules
of cow

Washed fat giobules

Washings from the
waghed fat globules

Washings from the

1/2 | 1/4

of cow resuspended resuspended washed

in cow skim milk fat globules

Washed fat globules Washings from the

of buffalo washed fat globules - -

Washed fat globules Washings from the

of buffalo resuspended resuspended washed 1 1/4
in buffalo ekim milk fat globules

Washed fat globules Waphings from the

of cow resuspended in resuspended washed 1/2 1/4
buffalo akim milk cow fat globules

Washed fat globules Washings from the

of buffalo resuspended resuspended washed 1 1/4

in cow skim milk

Note: - Ko agglutination.

buffalo fat globules
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resuspended fat globules of buffalo milk gave titres
similar to that ovbtained with adsorption treatmente
in buffalo skim milk, the titres.baing 1 (undiiuted
sample) and 1/4 for dacterial and fat globule agglu-

tination respectively.

2. Analysis of fraotions carrying agglutinin activitys

a) Stargh gel elegtrophoresis: Plates 3, ¢ and §
presaent the protein patterns on sturch gei electropho-
repis of the acetone fractions of colostral whay, Laow
tenin Lj and Lg fractions and euglobulin, fat globule
agglutinine and oryoglobulins of oow and buffalo samples.
The 10% acetone fractions contained only the immune glo-
bulins. The 20% fraction in addition carried beta
lactoglobulin, The 30 and 40% fractions showed the
presence of immune globulinsg, alpha lactalbumin and
bata lactoglobulin in varying intensities. The concen-—
tration of the immune globulinsg in the 30% fraction was
the highest. The patterns were sioilar in both cow and
buffalo samples except for the lowsr concenitration of
the iammuae globulins in all the fractions of buffale

panplas.

The Lactenin Li carrled the immune globulins,
alpha lactalbumin and beta lactoglobulin in different
concentrations, while the Lactenin L, showed the presence
of immune globulins and beta lactogiobulin only. 7The



3tarch gel e¢lecirophoretic
patterns of acebtous fragw
tion of calaastral whey of
gow and bulfalo,



PLATE 3
Starch gel electrophoresis

Buffalo

4 g::falo g 20% acetone fraction

- g:;falo ; 30% acetone fraction

> gggfalo ‘ 404 acetone fraction

Cow g 10% acetone fraction

QO 30 G0 G




dtarch gel slsctrophoretic
patterns of Lactenin Iy
and Ly of cow and buffalo

milk _
o (! o Qe



T8 4
Starch gel elecirofhoresis

Cow
Buffalo

; Lactenin L)

Cow . &9
Bgffalﬂ ; Lactenin L2




3taren gol slacirophoretioc
patterns of wusiobulin, fut
globule agzlutinin and Cryo~
globuline of cow und buifxulo
saples.



PLATE 5
Starch gel electrophoresis

Cow Jugzlob

Baffalo é $tovalin
Cow i fat zlobule
Buffalo agglutinine

Cow S
Buffalo i Cryoglobulins

4
3
g
3
4
5
6
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Protein elution pattern

on Sephadex & 200, of

the imsune globulins of
colostrum, milk and fat
globule washings of buffalo.
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BUFFALO
IMMUNE GLOBULINGS
A.COLOSTRUM
B.-MILK
C.FAT GLOBULE WASHINGS
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Shaded area represeats natural
antibodies (azslutinins) ia milk
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buffalo samples showed a single peak in the immune
globulin pomition of the elution pattern, %$ho concenw
tration of eryoglobulins obtained from cow samples were

0.69% and that from buffalo samples were 0,42%,

¢) Paper Ohromatographyt The amino acid composi-
tion of the protein hydrolysates of the suglobulin,

ecryeglobulin and fat globule agglutinins of cow and
buffalo samples is shown in table 8 and the chromatograms
in plates 6 and 7., The following eleven amino acids

have been spotted in the three protein fractions of

sow and buffalo samples: valine, leucine, isoleucine,
phenylalanine, cystine, methionine, tryptophan, arginine,.
histidine, lysine and threonine., On a quantitative
basis, within species wide variations were not evident,
although between samplea of cow and buffalo some amount
of variation was seen in respsct of individual amino

aclds,

In the euglobulin and the fat globule agglutining
of the buffale pamples, in addition to the above mentioned
eleven amino moids, tyroaine was present. But this was
absent in the eryoglobulin of buffalo samples. The amino
aeld composition of the aryoglobulin of buffalo samples
gshowed very little deviations from the composition of

the cryoglobulin of cow samples.
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IABLE 9
AMINO ACID COMPOSITION OP THE WHEY PROTEIN AND FAT GLOBULE AGGLUTINING

R AR ik mee mm o e R e WA A AR e A M AR WR R WA W W A A B A T W E S A aE dE EE MR A AR e dme s ek W S om Al e

Cow Buffalo
Amino e
acids Ea Cryo Fat glodule Ba cryo Pat glodule
globulin &lobulin agglutinins globulin globulin agzlutining
percgont percent peroent percent percent percent
Valine 9.2 £ 0.51 9.6 4+ 0.47 2.9 + 0,556 10.1 4 0.87 9.9 £ 0,55 10.2 + 0.65
Leucine 97 # 0.80 10.1 # 0.65 9.8 + 0.55 10.3 & 0.40 10.1 + 0.46 9,7 + 0.38
I8o leucine 3.3 ¢+ 0.03 3.1 + 0.10 2.8 + 0.09 3.7 + 0,10 3.6 + 0.12 3.1 + 0.09
e o 2.9 ¢ 0,10 3.0 + 0,10 2.4 + 0.08 2.7 + 0,08 2.9 + 0.10 3.0 + 0.09
Cystine 4.1 2 0.09 3.9 £ 0,09 3.1 £0.05 3.8 % 0.06 4,12 0.10 3.2 2 0.08
Methionine 0.7 2 0.01 0.7 2 0.01 0.8 £ 0.03 0.6 £ 0,01 0,5 2 0.02 0.7 2 0.04
Tryptophan 1.9 2 0,02 1,7 2 0.01 1.6 £ 0.053 1.8 £+ 0.04 1.6 2 0.02 1.9 2 0,08
Arginine 5.0 £ 0.10 De2 £ 0.09 4.6 2 0.12 4.4 1z 0.09 4.2 2 0.11 4.5 2 0.10
Histidine 2.1 £# 0,15 1,9 3 0.11 1.8 £ 0.13 2.3 1 0.12 2.0 £ 0.14 2.1 2 0,10
Lyesine 5.9 2 0.10 6.1 £ 0.10 6.2 £ 0.09 6.2 2 0.11 5.9 2 0.10 6.1 z 0.12
Threonine 103 2 080 9.9 £ 0,70 10.4 1 0.55 10.6 & U.60 10,1 £ 0,72 9,9 2 0.59
Tyroaine - - - - - 2.5 £ 0.03 -~ - 1.2 & 0.01

Ay W WE R W We e sl MR A Eme e MR W M A am EE M ae A sl A G EE Eh ol e AN SR AR wt i sk am MR e A A e e e o e o A



Paper ohromatogram of the
protein hyirolysates of
auglobulia, oryozlebulia
and fat globule i-xluti-
ning of cow sakolaes.
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PIATE €

Paper chromatogran of cow sanmples

Valine; LEU - Leucinej;

- Phenylalanine;

—

Arginine;
Threonine;

HIS

1LE - Isoleucine;

CYS - Cystine; MET - Methionine;

- Histidine;

LYS -« Lysinej;




Paper carocaatogear oi the
proYel i nydrolyeutes oY
sugsioculin, oryo;lobulin
and fat globule aggiuti-
ning of vuffalo swmples.
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PLATE 7

Paper chromatogram of buffalo samples

@w

‘

Valine; L=
Phenylalanine; (YS - Cystine;

Arginine;
Threonine;

PHENCE B TER 3 e

U - Leucine; ILE - Isoleucine;
MET - Methionine;

HIS - Histidine; LYS - Lysines
YR -« Tyrosine,
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3. Properties of euglobulin antibodies:

a) Bffegt of pH: In the table 9 the pH range at
which the agglutinins of cow and buffalo milk exhibited
optimal activity is presented. No differences in the
pH range were avident between the whey protein and
the fat globuls agglutininse of ths éamplea from the
pame species, The pH range for maximum activity for
the agglutinins of cow and buffalo eamples were slightly
different. The maximum activity for samples from cow
milk was between pH 6.1 and 6.5 whereas the maximum
activity for samples from bdbuffalo milk was between pH
€.3 and 6.6,

b) iffect of temperature: Table 10 provides the

repults regarding the inactivation temperature for the
agglutinina. The temperature of inactivation did not
very much between the whey protein and the fat globule
agglutinins of cow and buffalo millk,

Table 11 ghows the effect of holding euglobulin
solution from cow and buffalo milk for prolonged periods
at 2°C, Storage of euglobulin solution at low tempe-
rature for extended length of time resulted in the
asgeregation of euglobulin forming cryoglodbulin in both
cow and buffalo samples. PFor the formation of cryo-

globulins to a maximum level, suglobulin of cow milk



TABLE 9
THE pH OF OPTIMAL ACTIVITY FOR WH3Y PROTSIN AND PAT

LOBULE AGGLUTININS
(Test organipm - Streptococcus cremoris 803)

_-— o WE W W AR WE A mk gw wk wh Al EN ER EE R I W R W RER AT AR W M WE TR B E am

*Concentration of whey *Concentration of

roteln agglutinins fat

Buglobulin solution globule
PH img. per ml.) agzlutining**

Cow Buffalo Cow - Buffalo
5,6 15 10 1.0 0.5
5.8 20 15 1.0 0.5
6,0 20 15 1.5 0.5
6.1 25 15 2.0 0.5
6.2 25 15 2.0 0.5
6.3 25 20 2,0 1.0
8.4 25 20 2.0 1.0
6.5 25 20 2.0 1.0
6.6 20 20 1.5 1,0
6.7 20 15 1,5 1,0
6.8 20 15 1,0 0.5
6,9 15 15 1.0 0.5
7.0 15 15 1,0 0.5
7.2 15 10 1,0 0.5
7.4 15 10 1,0 0.0

- e E W A Aap e EE My mk mp W W SR Ep Em W W ER AR AR e MR m s SR e e o B ew

Notes * Concentration is the reciprocal of the titre,

** 3,51 Poaitive at two fold concentration of the
golution and the actual solution 1tself was
negative, 1,02 Original solution itself was
positive., 1,5: Positive at one and half
times dilution., 2.0t Positive at two fold
dilution, -



ZAJLE 10
THE TEMPSRATURE OF INACTIVATION FOR WHEY PROTEIN AND
FAT GLOBULE AGGLUTININS

(Test organism - Streptococcus cremoris 803)

Time in minutes

- mm ok e e W ok R e b el o e o M me M e ey R

Temperature (°C) Whey protein Fat globule
agglutinins agzlutining
Cow Buffalo Cow 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 g
74 4 4 4 4
78 2 2 2 2



TABLE 11
3 SPPECT OF LOW TUMPURATUR:Z ON THS ZUGLOSULIN SOLUTION

FOR PROLOWGED PERIQDS

AR R W R v i o wE W AR ER Ep AR B v A W EE SR B MR AR WP S 4y SN mk mh Wl W o m S R ER Ee SR AR ar wm me e PR A

Concentration of Concentration of Concentration of Aggregated eu-
euglobulin the sediment after the sediment after globulin after
Time solution tirst aggregation seacond aggregation asecond aggregation
(hours) (mg. per 100ml.) (ng. per 100ml.) (mg. per 100ml.) {eryoglobulin %)
Cow Buffalo Gow B -Batzaio Cow Buffalo Cow Bufzalo
15 300 300 16.2 15.3 12.9 9.4 4.30 3.11
17 300 300 21.3 18,6 13.6 10.2 4,53 3.40
19 300 300 21.6 19,2 18.3 12.8 §.10 4,26
21 300 300 27.1 21.9 25.4 13.2 8.46 4.40
23 300 300 27.1 22.8 25.4 i4.2 8.46 4,73
25 300 300 27.1 24.3 20,4 15.3 8.46 5.10

27 300 300 27.1 24.3 25,4 15.3 8.46 5.10



required 21 houra at 200, while the euglobulin of
buffalo milk required 25 hours. In the case of cow
sanmples a2t the end of the second cold aggregation
8,46% of the euglobulin aggregated at low temperaturs
while in buffalo samples only 5,1% of the euglobulin
aggregated to form oryoglobulin.

o) Action of euglobulin antibodies on the baucteria
and fat globulea: Table 12 indicates that the eugzlobulin
antibodies are capable of attaching bacteria to the fat

globules in both cow and buffalc samples. The attaoh-
ment of baoteria to the fat globules, as measured by.
the percentuge of bacteria in the cream layer was higher
in euglobulin of cow milk which was 89%, than in the
euglobulin of buffalo milk, where it was only 49.5%.
#hen the fut globules of buffalo milk were used in the
test with the euglobulin of cow milk, the bacterial -
attachment was 75.4%, which was higher than the attach~

nent of bacteris with the fat globules and the euglobulin

of buffalo milk, WwWith the fat globules of cow milk and
euglobulin of bpuffalo milk, the bacterial attachment was
only 68.5%, which was lower than the attachuent obtained
with the fat globules and eugiobulin of cow milk, but
higher than the bacterial attuchnent with the fat glo-
bules and euglobulin of buffalo milk,

The repults of the centrifuge test on whole milk

[y



TABLE 12
BUGLOBULIN ACTIVITY IN THE ATTACHIENT OF

BACTERIA TO FAT GLOBULSS

(Test organism - Streptococcus oremoris 803)

Attachment of bascteria
{# bacteria in the cream

Source of Number of
euglobulin bacteria f;%yefgbzge:hgf
(2mg. per ml.) added per ml. g :
Cow Buffal
Cow 5 x 10° 89.0 75.4
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and the cream rising oxperimentsa with whole milk and
skim mllk of cow and wuffalo, with two agglutinin sen-
aitife and one agglutinin reaiatant strains of organisms
are presented in tables 13 and 14, In the centrifuge
test with the agzlutinin sensitive stralins Streptococcus
gremorig 803 and Streptogogcus lagtis 57, the percentage
of bacteria in the oream layer of cow milk was highest,
while the sediment oontained a much lower percentage of
bacteria, and the middle pertion - the skim milk had

the lowest percentage of organisms. The percentage of
bacteria in the oream, akim milk and sediment for 3tirep-
toooccus oremoris 803 were 86.6, 2.3 and 11.1 respectively

and for Streptococcus lactis 57 were 75.8, 4.3 and 19.8

respectively. In the buffalo milk the percentage of
baoteria in the cream layer and the sediment did not

show wide dlfferences am in the cow samples, while the
skim milkx in the middle portion contained very low percen-
tage of organisms; the values for Streplococcus oremoris
8.3 in the cream, skim milk and sediment being 48,7%,
5.9%, and 45.4% respectively and for Sireptococcus lac-

tie 37, the values were 41.4%, 9.4% and 49.2% respeotively,

The results of the centrifuge test with an agglu-
tinin resistant strain Streptococcus lactis Op in both
cow and buffalo samples were far diffsrent from those

of the aggluti.in sensitive strains, The skim milk in



TABLE 13

DISTRIBUTIOR OF AGGLUTINTN SENSITIVE AYD RESISTANT BACTIRIA IN

DIPFERENT LAYSRS OF WHOL:S MIIX (CSNTRIFUGE TEST)

- W M W EE oy B W e MR SR MR WS W ER SR M Emm ek AR = omm am A

— o o W E we o e omw oam

. Streptococcus
Varégzi of Egﬁzgrigx cremoria 803
ml. (sensitive)
Skime Sedi-
Crean onilk ment
4% fat 5 x 10 B6.6 2.3 11.1
Buffalo milk 8
with 4% fat 5z 10 48,7 5.9 45.4

-_—eaw Em MR mm me Gk mE mE EE mE BE me e A T SR e AR e e mE e

3treptococcus Streptococcus
lactis 57 lactis Cg
{Bensitive) (resistant)
Skim- Sedi Skim- Sedi-
Cream milk ment Cream milk nent
75.8 4.3 19.9 4.8 88,5 6.7

- o EE EmE L WE Em AR mR T o W m R W M e MR e e



TABLE 14

DISTRIBUTION OF AGGLUTININ SENSITIVS AND RESISTANT BACTERIA IN DIFFERENT
LAYERS OF WHOLBMILK AND SKIM MIIK (CRSAN RISING EXPERIMENT)

Streptococgga Streptocoggus Stieptococcus
cremoria B lactis actis C2
Variety of milk (sensitive) (seagitive) (resistant)
Crean . Crean : Cream .
Middle Botton Middle Botton Middle Botton
g:fg?r portion 1layer g§££§r portion layer ézﬁg?r portion layer

zx 107 x 107  x 167 x 107 x 107 x 107 x 107 x 107 x 107
Cow milk with

4% fat 272 10.5 47.0 227.4 14.9 69.0 24,2 341,7 31.8

Buffalo milk

with 4% fat 146 24.0 139.5 121.2 28.1 140.0 7.0 310.2 18,7
Upper Bottom Upper Bottom Upper Bottonm
portion layer portion layer portion layer

Cow skin milk 26.8 290.0 18,1 284,3 338.4 1.2

Buffalo akim

milk 61.0 247.5 47.2 283.7 327.0 7.1

- R we e e

Hote: * A 24 hours old culture of all the organiams were inoculated and incubated
for six hours at 379C,
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the middle portion contained the highest percentage

of organisus - 88.5% in cow milk and 93.3% in buffalo
milk, while the cream lay:r and the aediment contained
4,8% and 6,7% respasctively in cow milk and 2.1% and
4,8% respeotively in buffalo milk,

In the cream rising experiments with the same
agglutinin sensitive and resietant strains of organiema,
a gimilar result ac in the case of centrifuge test was
obtained in the oow and buffalo whole amilk., In cow
and buffalo skim milk most of the agglutinin sensitive
organisns settled to the bottom leaving a fewer number
of organisms in the upper layer. The number of organisms
in the upper portion of buffalo askin miik wag much higher
tkan the bacterial count in the upper layer of gow skim
milic. The reverse was the case with reepect to the
distribution of ag:lutinin resistant strains in oow and
buiffale skim milk, The upper layer of both cow and
buffalo skim milk contained the largest number of orga-

nianms,

Table 15 shows the influence of different levels
of euglooulin antibdodies on the agglutination of baotaria,
fat globules and the attachment of bacteria to fat glo-
bules. +#ith increasing concentration of euglobulin
from 0.2 mg. per nl, to 2.0 mg. per ml. a progressive

increase was observed in the titres for bacterial and



TABLE 15
THE EFFECT OF DIFFERENT LEVELS OF EUGLOBULIN ON THE AGGLUTINATION OF BACTIRIA,

FAT GLOBULES AND THE ATTACHMENT OF BACTERIA TO PAT GLOBULES

(Test organism - Streptococcus cremoris 803)

AR MR R S e am EE M Em e g R EE Em SR M W S e W Mk e S e e Sk we wl TR wmh am mm o A A S w suk W mm m me e e Al ew

Attachment of

Agglutination Agglutination bacteria to
Reat ngcenigzzigg titre titre fat globules
8 of eug (vacteria) (fat globules) (# bacteria in
solution added cream layer)
(mg. per ml.) y
Cow Buffalo Cow Buffalo Cow Buffalo
i1k ultra None - - - - 0.4 0.2
filtrate + 0.2 1/2 1 1/4 1/4 68.0 19,3
ggtcginglas 0.5 1/5 1/2 1/15 1/15 85.2 84.7
buffalo to 1.0 1/20 i/15 1/40 1/40 86 .8 48.4
2%1§;:1 of 1.5 1/25 1/15 1/45 1/45 87.4 49.2

- oam e ER o A e SR ok EE oy ek SR sy A ok e me MR B S A Wm AR Am o A am e sm AR AR AR AR R M o ok sy o am me e e W oam



fat globule agzlutination and the percentage of bacteria
in the crean layer of both cow and buffalo samples. In
the absence of euglobulin in the test golution of the
two apecies, the bacterial and fat globule agglutination
were negative and a very small or negligible percentage

of bacteria were only present in the cream layer.

d) Differentiation of three classes of antibodiess:
The effect of different fractions obtained after the

cold agiregation of euglobulin for the formation of
cryoglobulin, on the bacteria and fat gloobules are
presented in table 16, The control solution of euglo-
bulin at a concéntration of 2 mg. per ml., gave titres

of 1/30 and 1/20 for bacterial agglutination in cow

and buffalo samples respectively and 1/50 for fhe agglu-
tination of fat globules of both cow and buffalo mlilk
and bacterial attachnent of 89% to the fat globules of
cow milk and 49.5% to the fat globules of buffalo milk,
The aupernatant after the second cocld aggregation of
the euglobulin sclution agglutinated only the bacteria
with titres of 1/30 and 1/20 for cow and buffalc samples
reaspectively, and the fat globule agglutination and the
hacterial attachment to the fut globules were extremely
feable and negligible wiien compared with the values for
the control. In fact, the attachment 0of the bacteria

to the f:t globules in the case of buiffalo samples was



TABLE 16

JIHE AGGLUTINATION OF BACT RIA, PAT GLOBULES A:'D THY ATTACIDIUNT OF BACTERIA TO

FAT GLOBULES WITH FRACTIONS OBTAINID ARTER COLD AGGREGATION

W MW M ER R e M e ar me WE e W AR Em e R SR EE W M S R mm W R W R S e we O w mm W amk am am aE mm E W e

Attachment of

Agglutination Agglutination bacteria* to
titre titre fat globules
Test solution (bacteria*) {fat globules) (£ bacteria in
cream layer)
- Cow -Buffazo -c;w Buffaio -G;u* ) 'BErEan
Buglobulin
(2mg. per ml.) 1/30 1/2¢ 1/50 1/50 89.0 49.5
control
Supernatant after
second cold 1/30 1/20 1/2 1/2 0.3 -
aggregation
Sediment after
second cold - - 1/40 1/40 83.0 47,0

aggregation

. w wm o m e W e N SR W el AR SR M AT B B Al ok wH W IR EE W IR EE W A e e W vk R i mm Sl An R SR W W e w= wa

Note: * Bacteria - Streptococcus cremoris 803




not demonstrable. The titre for fat globule agzgluti-
nation was only 1/2 in both the cases. The sediment
obtained after the seocond cold aggregation of the eu-
globulin solution of cow and buffalo samples was negative
for the agglutination of bacteria and contained the
factors responsible for the agglutination of fat glo-
bules and the attachment of bacteria to the fat globules.
The titre for fat globule ag:lutination was 1/40 in

both cow and buffalo samples and the percentage of
bacteria in the cream layer was 83,0 in cow samples

and 47.0 in buffalo samples.

Table 17 presents the results ¢f the saturation
t2ate in the euglobulin solution of.cow and buffalo
samples with bacteria and fat globules. The euglobulin
solution of cow and buffalc pamplea {control) gave ihe
titres of 1/30 and 1/20 for the bacterial agglutination
in cow and buffalo samples respectively and 1/5C for
the agglutination of fat globulea of both cow and buffalo
ganples and bacterial attachment of 89% to the fat
globules of cow milk and 49,5% to the fat globules of
buffalo milk, After absorbing the antibvodies in the
euglobulin solution with bacteria (Streptocoocus cre-
moris BO3), by conducting the saturation test, the
treated euglobulin solution contained only the anti-
bodies agglutinating the f£at globules whose titre was
unchanged, and the antibodies for the agglutination of

34



TABLE 17
THY AGGLUTINATION OF BACTSRIA, PAT GLOBULES AND T:HS ATTACHMENT OP BACTSRIA

0 PAT GLOBULES BY THE EUGLOBULIN SOLUTION APTSR TREATMERT
WITH BACTSRIA AND FAT GLOBUL3IS (SATURATION TESTS)

Attachment of

Jource of Preatment of Agglutination Agglutination bacteria* to
euglobulin suglobulin titre titre fat globules
(2mg. per ml,) L (bacteria*) (£at globules) (% bacteria in

cream layer)

Control ' 1/30 1/50 89.0
Adasorption by -
Cow bacteria* - 1/50 9.0
Adsorption by
cow fat globules 1/30 1/2 14.5
Control 1/20 1/50 49,5
Adsorption by
Buffalo bacteria® - 1/50 5.2
Adsorption by
buffalo 1/20 1/2 8.3

fat globules

Note: * Bacteria ~ Streptococcus oremoris 803



bacteria and for the attachment of bacteria to the fat
globules were absent which was indicated by a negative
result for the agglutination of bacteria and a very low
percentage of bacteria - 9,0 and 5,2 only in cow and
buffalo samples respectively in the cream layer., Similar
absorption of suglobulin solution with fat globules

was performed. In the treated euglobulin solution,

the antibody which agglutinated the bacteria only were
present in the same concentration as in the control,
and the antibodies for fat globule agglutination and
bacterial attachment to the fat giobules were absent
in both cow and buffalo samples. The titre for the
ag:lutination of fat globules in the treated euglobulin
golution was only 1/2 for both cow and buffalo samples
and the bacterial attachment was only 14.5% to the fat
globules of cow milk and 8.3% to the fat globul&a of
buffalo nilk.

Plate 8 shows the agglutlnation of bacteria, fat
globules and the attachment of agglutinated bacteria
to the fat globules, by the euglobulin solution, the
agelutination of fat globules and the attachment of
bacteria (unagglutinated) to the fat globules by the
ecryoglobulina. The resulis were similar in both cow

and buffalo samples.

96



#leropnotogruph of the
agglutinatlon of bucteria,
fat globulee and the uttash-
asnt of baoteris to fat
globules by ths euglobulin
and cryoglobulin of cow and
buffalo samples.
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PLATE 8

Bacterial and fat globule
agzlutination

- Control (fat zlobules)
Control (Bacteria - Str. cremoris 803)

Buglobulin F (Attachment of aggluti-
nated bacteria to agglutinated fat
globules)

Cryoglobulin (agglutination of fat
globules)

Cryoglobulin (Attachment of unagglu-
tinated cells to the agglutinated
fat globules)
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4, Estimation of agglutinin activity:

 a) Bagterial agglutipations Tables 18 and 21 give

the resulis of the estimation of agzlutinin activity by
pH assay, acldity tests, tube agglutination test {milk
ring tesat) and microscopical observation method, in
colostral whey, uilk, fat globule washings and suglo-.
bulin of cow and buffalo.

The cow aampléa of colostral whey, milk, fat
globule waghings and euglobulin solution inhibited the

test organism - §traptodbccus cremoris 803 at a titre

of 1/1200, 1/25, 1/2 and 1/30 reapectively, whereas

the same sanmples of buffalo gave inhibition titres of
1/800, 1/20, 1 (undiluted sample) and 1/20 respectively
in the methods of estimation of agzlutinins by pH assay
and acidity tests., The pH values of cow samples of
colostral whey, milk, fat globule washings and euglobulin
at inhibition were, 6.45, 6.3, 6.3 and 6.4 respactively
and the pH values of the corresponding samplee of buffalo
at inhibition were, 6.35, 6.5, 6.4 und 6.45 respectively.
Thes controls for all the above four samples frpﬁ COW,
developed pH values of 5.3, 5.2, 5.6 and 5,25 respec-
tively and from buifalo developed pH values of 5.35,

5.3, 5,8 and 5.3 reapectively.

In the acidity tests the cow samples of colostral
whey, milk, fat globuls washings and euglobulin solu-



TABIE 18

ESTIMATION OF AGGLUTININS BY pH ASSAY
{Test organism 1% inoculum of Streptococcus cremoris 803)

pH at half pH of the pH at Dilution
Teat solution dilution with control after which at which
pkim milk ineubation inhibited inhibited
' Cow 6.7 5.3 6.45 1/1200
Colostral whey
Buffalo 6.8 £.35 6.35 1/800
Cow 6.85 $.2 6.3 1/25
Milk
Buffalo 6.9 5.3 6.5 1/20
Fat globule Cow 6.9 5.8 6.3 1/2
washings Buffalo 6.9 5.8 6.4 1
Buglobulin ; Cow 6.5 $5.29 6.4 1/30

(2ng. per ml.) Buffalo 6.4 5.3 6.45 1/20



{(Test organisa - 1% inoculum of Streptococcus cremoris 803)

Net # acidity of s
Test solution the control after H°t1§hig%§§§g of Bilufigﬁbgﬁeghich -
incubation : -

Colostral Cow 0.42 0.4 1/1200
whey Buffalo 0.40 0.16 1/800

Cow 0.39 0.17 1/25
dilk

Buffalo 0.38 0.10 1/20
Pat globule z Cow 0.31 0.18 e
washings Buffalo J.28 0.15 1=
Ruglobulin i Cow 0,41 0.15 1/30
(2mg. per mi.) Buffalo 0.37 0.13 1/20

Wis wm e R Sy oy ar e aR mn SR ar SR SR W R AR WP W wie S W A A we m A GR mE R ok Ak W G W AR AR M TR Gt AR W e e e e

Note: * 1 indieates that the undiluted solution was positive and a two fold
dilution was negative,
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tion developed acidity percentage of 0,11, 0,17, 0.18
and 0.15 at inhibition as against the acldity percen-
tages of 0.42, 0,39, 0.31 and 0.4l respectively in

the corresponding controls. The buffalo samples of
colostral whey, milk, fat globule washings and euglo-
bulin solution at inhibition developed acidity percen.
tages of 0,16, 0.10, 0.15 and 0,13 respectively while
in the corresponding controls, acidity 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
cow and buffalo samples were much lower than the inhi-
bitory titres obtained by the previous two methods for
the same test organiam Sireptocoocus cremorlisg 803, In
cow samples of colostra whey, milk, fat globule waahingé
and euglobulin solution the maximum titres upto which
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 forusstion for the reopective
fractions were 20, 20, 140 and 20 reapectively. In the
buffalo samples of the corresponding fractions the maxi-
mum titres were 1/200, 1/5, 2/1 (two fold concentration
of the solution) and 1/5 respectively and the time taken
in minutes for the ring formation for these fractions
were 40, 45, 125 and 40 respectively. ¥o ring formation



PABLE 20

AGGLUTININ ESTIMATION BY MIIX RING TEST
{Test organism - Streptococcus cremoris 803)

- ks Am W W M e

Teat solution

o N W am e e

Colostral
whey

Hilk

Fat globule
washings

Zuglobulin
(2mg. per umi.)

- s e o d e oM mn R o mE W ek D kD W el A e mm

Reaction
of
control

W mR A e O me W A e o

Cow

Buffalo

Cow
Buffalo
Cow
Buffalo
Cow
Buffalo

e s Em ma wm Em g ww e a

Incubation Titres for

tine in poaitive
minutes reaction
20 1/600
40 1/200
20 1/10
45 1/5
140 1*
128 2/ 1w
20 1/10
40 1/6

- s s o o e ek e En e

- indicates no ring formation.

% 1 indicatea that the undiluted solution was
positive and a two fold dilution was negative,

#* 2/1 indicates that a two fold concentration
of the solution was positive and thal the
gsolution itself was negative,



TABLE 21 -

AGGLUTININ ESTIMATION BY MICROSCOPICAL

OBSERVATION OF AGGLUTINATION
(Test organism - Streptococcus cremoris 803)

Colomtral ; Gow
whey Buffalo
Cow
Milk
Buffalo

Fat globule { Cow

waghings Buffalo

Buglobulin Cow

(2mg. paxr mlo) g Buffalo

ok A e o WA e AR e Ee w WS W

Rote:

+ indicates vislble

Control Microscopica

1 Titres for

positive

observation L4 ction
_ + 1/1200
_ + 1/800
_ + 1/25
- + 1/20
_ + 1/2
- + 1
_ + 1/30
- + 1/20
agglutination,

* 1 indicates that the undiluted solution was
positive und a two fold dilution was negative,



waes evident in the controls of the respective fractions.

‘The agslutination titres obtained by the micros-
coplcal observation method for agzlutinin estimation
for the same four fractions of cow and buffalo samples
were the same as that of the inhibitory titres give by
the first two methods - pH assay and acidity teats. All
the samples were positive for agglutination, while the

corregponding controls wers negative.

b) Pat globule agzlutinations Table 22 presenta

the sntibody titre of the euglobulin solution and fat
globule waﬁhings of cow and buffalo samples for the

agzlutination of fat globules of cow and buffalo milk,

The titres of the euglobulin of cow and buffale
gamples for the agglutination of the fat globules of
the milk of the {two species were found t0 be the mame,
the vilue being, 1/40., The titres also remained the
same when the suglobulin solution of ecow and buffalo
samples were each tested on the fat globulea of milk
of both the apecies, The behaviour of fat globuie
washinzs of cow and buffalo samples on the aggluti-
nation of the fat globules of the two speclies waa
similar to that of the euglonulin solution, but the
titre was 1/4.

c) Attachment of bacteria to fat globuless In

143



TABLE 22
THE ANTIBODY TITRE FOR PAT GLOBULE AGGLUTINATION

Test solution and Pat globules and Aggi::inggion
ppecies of aninmal species of animal fat globules
Buglobulin
(1mg. per ml.,)
z Cow fat globules 1/40
Cow
Buffalo fat globules 1/40
Cow fat globules 1/40
Buffalo
Buffalo fat globules 1/40
Pat globule
washings
Cow fat globulesa 1/4
Cow
Buffalo fat globules 1/4
Cow fat globules i/4
Buffalo
Buffalo fat globules 1/4



table 23 ithe titre of milk and suglobulin solution
for the attachment of bucteria to the fat globules

is presented.

Por the undliluted whole milk and euglobulin
solution (concentration 2 mg. per ml.) of cow and
buffalo, the bacterial attachment of the fat globules,
as evidenced by the percentage of bacteria in the
cream layer, was maximum. The bacterial attachment
in the cow and buffalo whole milk was 86.8% and 48,7%
respectively, and the bacterisl attachment in the eu
globulin golution of cow and buffalo was 89.0% and
49.5% respectively., With an increase in the di lution
of whole nilk and the euglobulin solution, & progressive
decreage in the bacterial attachment to the fat globules
was obgerved in both cow and buffulo samples. But, even
at a titre of 1/10, in the whols milk and suglobulin
polution of cow samples, the bacterial attachment was
considersbly higier, the values being 65.0% and 70.3%
respectively, whereas, in the buffalo sanples even at
a titre of 1/5 there was o.nsiderable decrease in the
bacterial attachment to the fat globules, the percen-
t1ge 0f bacterla in the crean layer, in whole milk was

32.5 and in euglobulin solution was 33,0,

Se Factgra influencing the variations in the agzlu-
inin activity of miiks

a) Stage of lactations Table 24 and 24a the concen~

103



NT
or

Tast
golution

Whole milk

Buglobulin
(2mg. per ml.)

TABLE 23
DY TITRE FOR TH:

TTACHMENT

C A TO THE FAT GLOBU
(Test organiem - Streptococcus cremoris 803)

an mm mle SW mhh W W WP WA G il Wl W WD SR A MR W MW S o i ml MR WD daE W W W E.

Dilutions
(titres)

Bacterial attachment to
fat globules (% bacteria

in oream layer)

- o WA L g am am W mr e

Undiluted
1/2
1/5
1/10
1/15

Undiluted

86.6
85.5
81,0
65.0
10.5

89,0
87.0
84,5
70.3
12.6

- A R O mE e e AE A e W e e mh a

Buffalo

- e = - A ek Mk = S L

48.7
45.0
32.8
21,8

1,2

49.5
48,8
33,0
20.9

1.4



tration of agglutinins in the blouvd, milk and fat
globule washings of different breeds of cows and
buffaleoes, throughout the lactation period, commencing
from about 24 hours before calving. In general the
agslutinin activity in blood, milk and fat globule
washings of cow was found to be higher than in the
gorresponding fractions of buffalo., In both cowv and
buffalo samples, the prepartum lacteal secretion and
the colostrum exhibited the aighest agglutinin acti-~
vity and the activity was found to be in the following
decreasing order in the different breeds of cow and
buffaleos Nondeseript, Nondesoript Jersey Grades, Sindhi
Jersey cross, Sindhi and Jersey among cows and Non=

dageript and Hurrah among buffaloes.

While following the a:;glutinin activity through-
out the lactation, it was evident that there was a
very sharp fall in the activity in milk, after 24
hours following calving and the concentration of agglu-
tinin on the fifth ddy of laetation itself was very low
when compared to the agglutinin concentration in the |

colostrum or the prepartum lacteal secretion,

The agglutinin activity in the blood serum about
24 hours prior to calving was also high with & gradual
and progreassive decrease with advanoing lactation after

calving.

197



TABLE 24

SGOUCINTRATION OPF AGULJTININS IN BLOOD, MILK AND PAT GIOBHL: WASHINGS
D THE LACTATION CYCLE COW.
. Rondsecript S8indhi Jarsey
Stage of fondescript Jersey zrades eross Sindni Jeraey

lactation

L i T T T T T T

uilk Blood Wilk Blood Bilk  Bleed Milk¥ Bleod H1lk Blood

- = e o= wm

About 24 houtre

before calving 1311,1 754 1308,.2 712 1298.4 647 1244.0 541 1212.6 620
Inmediately after

calving il79.8 531 1170.9 B34 1103.7 6ot 1102.3 354 i088.8 sl
1 day ThREL,E O 512 646.8 502 629.2 493 601.1 474 Sg7.2 470
2 daye 1.7 414 04,6 429 259.5 487 219.6 403 202.3 391
3 daye 204,5 427 169,7 481 148,1 479 109.8 407 103.4 427
4 days 109.7 453 101.3 437 97.4 421 8.2 449 51.7 431
5 daye 74.3 451 71.0 3Tt 70.3 334 56.6 313 47.2 354
6 days 8x.8 379 6.4 329 66.2 307 43.4 37 8.1 3%
7 duye 45.2 443 4.1 304 A0.3 3R N8 300 1.2 293
14 daye 35.0 38 31.2 271 2%.6 387 26.0 231 21,8 204
1 moath 0.4 272 27.3 243 21.2 2z 20.1 207 8.9 229
L} monthe 26.8 215 24,2 208 9.3 220 ig.8 189 20.1 191
2 gontibs 21,7 218 21.4 197 8.9 207 15.7 231 14.6 212
2% months 45.1 288 28,1 199 1.7 2l4 20,1 217 50,3 256
3 moaths 26.4 341 37,7 278 16,9 309 15.1 279 13.6 251
3k monthe 21,7 318 iB.g 269 15.3 344 3.4 296 0.8 128
4 months 28.1 374 24.7 214 20.4 311 17.8 194 15.6 131
43 mouthe 32,7 3R7 27.1 251 18,2 Rl4 17.0 157 3.9 128
5 montha 22.4 249 20,3 237 8.4 187 15.9 132 11.7 159
5% montha 25.8 278 24.9 269 21.4 228 15.% 199 14,1 214
6 montha 29.4 254 28.1 286 23.2 283 19.9 281 16.3 237
64 months 25.7 321 23.6 273 2i.1 235 18.7 g23 18.1 211
Tt months 28.3 334 2%.9 269 24.8 248 9.1 23 20.3 219
‘4 monthe 32.1 0 307 26,7 310 25.1 274 22.1 259 20.8 251
8 monthe 24,3 265 ig.¢ 27 19.1 257 18.6 216 15.3 256
B4 montha 27.4 253 20,1 224 21,3 198 20,4 181 5.8 223
g montha 47.4 374 26.7 243 26.9 228 21,7 283 8.3 204
9% montbe 170.6 543 34.4 ao? 32.1 gva 26.4 264 24.7 b2
10 monthe 347.2 TEZ 4.6 371 ,40.3 870 40.0 339 34.4 327
1¢) monthe 161.3 803 160.7 561 i51.4 482 143.6 blé
11 monthe 30,7 748 291.4 624 2u0,8 679 2531.3 6BY

Note: Tha congeatration of ag ilutinins in the fat globule washings in all the breeds of cowa
from 3 days sfler salving upte the end of lactation wae 2.



TABLE 244

CONC _NTRATIOR OP AGGLUPINLES IF BLOOD, :MELK AND FAT GLOBUL:]. WASHINGS
DURING THE LACTATION CYCQLS OF BUPPALOES

stags of Wontesozize w9, breets
lactatlon e e o e e e e e e m e mm - e
L1k Blood Hilk Blood Pat globule washings

About 24 hours

bafore ealving 1210.7 845 1184.1 632 -

Jumediately after

calving 1350.1 bar o81.9 604 - #

1 day 509.2 921 503,0 518 -

2 days 211.4 483 206.2 429 -

3 days 90.3 594 93.5 386 1

4 daya 41.6 396 41.1 391 1

8§ days 33.1 247 29.7 547 1

& days 25,28 362 ' 26,4 311 1

7 days 22.4 310 20.8 209 1

14 dayse 20.7 228 2u.1 136 1

1 month 7.9 274 15,2 212 1

i} months 15.4 211 12.4 172 1

2 months 2G.1 173 8.3 137 1

24 months 22.3 214 18.5 199 1

3 monthe 15.3 148 18,7 244 i

3 montha 17.8. 193 : 11.9 185 1

4 ponthe 29.4 218 17.4 121 1

4% monthe 18.4 2587 21.3 102 1

5 manthwa 16.3 316 14,6 194 1

% months 15.7 335 1.z 271 1

6 months 2i.4 361 10.8 283 1

6% months 15.6 288 15.4 316 1

7 ponthe 13.5 226 24.7 327 1

T¥ mopnthe 19.7 201 13,6 254 i

8 nmonthe 21.4 184 15.1 214 1

8% monthe 43.4 373 18,2 193 i

9 maonthe 107.9 441 16.7 267 1

9. monthe 220.8 584 30.3 243 1

13 moatha 39.7 201 1

10 monthe . 147.8 403 1

11 nontha 234.5 592 1

Nota: * not detersined.
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Purther it was secn that the concentration of
agglutinin was several times higher in the colostrum
and prepartum lacteal aecration than in blood. The
agglutinin activity appeared to reach a2 normal level
in both blood and milk by about the 14 day or one month
after parturition, and the activity showed limited
fluctuations in both blood and milk throughout the
mid lactation period, There seemed to ke no corre-
lation between the concentration of agglutinine in blood
and that in milk, because an inorease in activity in
blood serum did not necessarily give rise to an increase
in the.activity in milk and a decrease in blood level
also did not always reduced the activity in milk, as

is evident from the table.

At the end of lactation, even about a fortnight
prisr to the cessation of milking a conaiderable ine
craase in agglutinin activity in both milk and blood

was ohaerved,

The above mentioned observations were made in

regpect of all the breeds of cows and buffaloes studied,

The estimation of agglutinin activity in the fat
globule washings of cow and buffalo could not be made
in the prepartum lacteal secretion and in the milk upto

the second day after calving, The concentration of
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agglutinin in the fat globule washings of cow and
buffalo did not show any variation throughout the
lactation period, but the agglutinin concentration

in the fat globule washings from the milk of all the
breeds of cowvs studied was higher, the value being, 2,
than in the two breeds of buffaloes studied, where the
concentration was 1_(und11uted sanples only were posi-

tive).

Graphs 4 and 5 show the variastion in the agglu-
tinin activity in the blood and milk of Sindhi, Jersey,
Nondescript, cowa and Murrah and Nondescript, buffaloes
throughout the stage.of lactation,

b) Species and breeds: The concentration of agglu-

tinin in the nilk and fat globule washings of different
breeds of cows and buffaloes, in respect of two diffe-
rent agglutinin sensitive straine of organisms are
presented in table 25. The breeds studied were, Jersey,
8indhi, Nondescript, Sindhi Jersey cross and Nondescript
Jersey Grades in cows énd Murrah and Nondescript in
buffaloes. The agglutinin concentraticn was determined
in the mid lactation milk from normal and healthy anie
mals, In general, in milk, the average concentration

of agglutinin was higher for Streptococcus ¢ remorig 803

organisms than Streptococcus lactig 57 organisms, in all

the breeds of cow and buffalo.



TABLE 25

CONCENTRATION OF AGGLUTININS IN THS MILK AND PAT GLOBULE

WASHINGS OF DIFFERENT BRIEDS OF COW AND BUFPALO

{Test organisme ~ Streptococcus cremoris 803 and Streptococcus lactis 57)

- mm ww A R mh W R W e

Species and Milk Pat globule washings
breeds 0f 33 = o - o m e e m e e e e m e e e e .- - e - .= e - -
animals S.eremoris 803 S.lactis 57
------- - = = = = = =« =« =« J,cremoris 803 S.lactis 57
Range  lean Range  Mean
Jersey 10-30 15,3 8-20 10.8 2 2
Sindhi 10-40 18.9 8-30 13.1 2 2
Non descript 15-50 27.3 10-40 18.5 2 2
Cow 8indhi Jerssy
crosg 10-45 19.2 10-30 14,7 2 2
Non descript
Jersey cross 15-45 20.1 10-35 15.4 2 2
Buffalo ; Hurrah 10-30 15.1 6€-20 9.9 1 1
Non deseript 10-35 17.6 625 12.4 1 1

- o am am e Em mm e wm um



Among the aspeocies, the agglutinin concentration
was low in buffaloes. Among cows the milk of Nondes-
oript animals showed highest activity, 27,3 for Sirepto-
goccus laciig 57; Jeraeys exnibited lowest activity,

15.3 for Jtreptococoug oremoris 803 and 10.8 for
Streptogogcus lactis 57; Sindhi animals had an agglu-

tinin concentration of 18,9 for 3treptococcus cremoris
803 and 13.1 for Streptocogcus iuctis 57. The milk

from the crosses between Sindhi and Jersey showed higher
agglutinin activity than either of the pure bred ani- _
nmals, while the milk from Nondescript Jersey grades had

an activity in between the two aspecises,

Among buffaloes, the milk of Nondescript animls
had a aigher zgglutinin concentratioﬁ, 17.6 for Ztrep-
tocoocus cremoris 803 and 12.4 for Streptococcus lactis
57 than the milk of Murrah buffaloes which had 15,1

for Streptococcus cremorig 803 and 9.9 for Streptococcus
la~tia 57,

With regard to fat globule washings, all the
breeds of cows had the same agglutinin concentration

of 2 in reapact of both thae organiams Streptococcus

cremorig 803 and Streptogoccus lactis 57, whioch was
higher than the agglutinin concentration in the two

breeds of buffaloes, which wus 1 (undiluted samples
only werd positive) in reapasct of the organisms Strepto -

113
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goecus cremoris 803 and Streptococcus laotis 57.

The histogram clearly shows the variations in

agglutinin activity in different breeds of cows and

buffaloes in respect of Streptocogcue cremoris 803 and
Streptococcus lactis 57 organisnms.

6. Behaviour of euglobulin antibodies in agglutination
reactionss

a) tuglobulin bacterias complex: Table 26 and 27

describe the nature of the euglobulin bioteria complex
of cow and buffalo samples. A total number of 31 selec-
ted, agglutinin sensitive bacterlial straina, including
22 lactic bucteria were tested for specificity of the
antibody bacterium complex. The results indicated that
all the orzanisms that wers sensitive to agglutinins

in milk, showed high degree of specificlty. The euglo-
bulin solution treated with a particular senaitive
strain, when tested agaln with the same untreated strain
for agglutination was found to have lost all its agglu-
tinating capacity in relation to the same strain, the
titres obteinad being 0 (no agglutination). It was
further observed, that the euglobulin solution treated
with a particular sengitive strain of organism, not

only lost 1ts agglutinating power in respect of that
particular organism, but alac was found to have lost

the agglutinating capacity towards one or more other



sensltive strains of the same species, in the same
treatment., This type of reaction was observed bhet-
ween the strains of the same species, and not between
organisms of one species and the othsr. DBut in res-
pect of the baoteria belonging to different species,
it was found, that the suglobulin soclution absorbed
by a given straln also lost a part of its sgglutina-
ting activity towards straina of different species as
evidenced by a reduction in the titre towards other

organismas, when compared with the control.

Based on the behaviour of different strains of
Streptocogecus lactis, Streptocogcus cremoris, and
Ggcherichia coli organisms, 1% could be recognised,
that the aix sensitive strains of Streptococcus lactisg
fall in three groups, the eleven sensitive strains of
Streptococcus ¢remoris in six groups and the two sensi-
tive of Escherichia coll in one group, strains in each
group reacting in identical way. In Streptococcus lac-
tis, the first group comprised of atrains C (isolate),
18 and 69, the second SR and 57 and the third, MLg.

In Streptococcus cremoris the firat group consisted

of strainas K, DRy and 760, the second 803 and Rjp, the
third MLy and KH, the fourth 495 and Sg, the fifth 972
and the sixth HP. 1In Escherichia coll the single group

gontained strains 745 and A (isolate).

All these observations were recorded for both cow

117
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and buffalo samples, and except for the differences

in the titres for the individual organisms in the
sanples of these two species, there were no differences
regarding the speclfiocity of the antibody - bacteria
complex and the exlstence of groups in Streptococcus

lactis, Streptogoccus cremoris and Escherichia coli.

b) Buglobulin fat globule complexs Table 28 explaina

the nature of the euglobulin fat globule complex, The
fat glooules of Sindhi, Nondescript and Jersey cows
and Murrah and Nondemecript 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 oflthe three breeds of cows and
two breeds of buffaloea weixs /50, ‘The euglobulin solu-
tion absorbed by the fat globules from the milk of a
particular breed of cow or buffalo, lost the aggluti-~
nating activity towards the fat globules from the milk
of the mame as well as the other breeds of cows and
buffaloes, and the titres were sither O (negative for
agzlutination) or very negligible when compared to the

titre of the coantrols.

¢) Nature of antibody attaching bacteria to fat

globules: The nature of the antibody httaching bacteria
to fat globules is brought out in table 29, The fat
globules of cow and buffalo milk were employed to
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TABLE 28

Sources of fat globules used for
adgsorption in euglobulin solution

OF ANTIBODY FAT GLOBULE COMPLEX

[

ad

NATUR.

e —— T ——— po———— I i e Bty -
Noe ] i
2 ¢ 1
M Q
a1 ¥ 2 S N o S
o = | — — — o
i @
o o b I 1
o | ) ]
g - o e e e T - 4 ——-
8 4 _
i o ol
3 < < < S
= — —~ ! -t L ] e
B | _
A S B —— ,
1 o Q |
| g L -4 - = SO AN
t @ i ] i ~ 1 —
I " i ! 1 )
1 peee——— fe——————— - -t ————————— —tm————— - -
1 o !
1 £ i
) o o ]
i 5 1 85 € 1 o e | - < 1 £
o =) ~ 1 i { “ —
@ i I i
3 I I I
+ ———+ ——teem b ———dm e
1 1 1 1
~— 1 1
< o I |
o] ¢] | | o2 [AY]
& ~ ' o o — | ~. ~
) ~ ] 1 | -t -t
Lia} ] ]
] | ! I
e e et A Fr———— ———————— e e e ———
g S| | | " |
1Sy 8do 3dTIO “ " “ adTao
VR a8 2581 Tuputs -g9p ! Rosaep ! uBxang ) -sep
I o o UON | 1 { UGN
1 8898~0 1 e | IS pommm——— ! 1
|gndse o e ?
agat”
i sosd #0D I o1e
L hr - _ ki —
| 80wt A @ - | JO B2TNGOTI 3B ULTIA
| <4 w0 A




TABLE 29
NATURE OF ANTIBODY ATTACHING
BACTERIA TO FAT GLOBULES

M B W mk mr wk W TR ST AR SR W ER R oy Wl W e Al AR S T vm am ek ue W Am S W o

Attachment of bacteris

Source of (% vacteria in oream

Treatment layer) to fat
(232513221;2‘) of euglobulin globules of
Cow Buffalo
Control 89.0 ?5.4
Adsorption by
Cow cow fat globule 16,1 10,8
Adgorption by
buffalo fat 16,8 9.9
globule
Control 66 .5 49,5
Adsorption by
Buffalo cow fat globule 14,4 9.6

Adsorption by
buffalo fat 13.8 8.7
globule
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absorb the antibodies from the euglobulin solution of
cow and buffalo pamples by aaturation.testa. The treated
euglobulin soclution of cow and buffale samples, each
when tested with fat globules from the milk of both the
species, for the percentage of bacteria in the oream
layer by centrifuge test, it was found that the bacte-
rial attachment to the fat zlobules wus very low when
compared %o the values of the control pamples. The

fat globules from cow and buffalo milk reacted similarly
- towardas sach one of the euglodbulin solution of cow and
buffalo samples except for the differences 1ln the pepr-
centage of bacteria in the cream layer of cow and buffalo

samples.

7. Agglutinin activity on different bacterial straing:

The behaviour of a number of bacterial strains
towards the agglutinine of blood aserum, milk and fat
globulin washings of cow and buffalo sanples is pre-
gented in table 30, Milk consiste of both whéy protein
and fat globule agglutinins. To represent these two
agglutinine separatsly, 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 pathogeniec
bacteria and 5 nonpathogenic but undesirable in milk



PABLE 30
THS AGGLUTININ ACTIVITY IN BLOOD, MILK AND FAT GLOBULI WASHINGS OF COW AND SUFFALOD

ON _DIPFERENT STRAINS OF BACTERIA

Bacterial straine

Streptococcus
Streptococcus
Streptococcua
Streptococcus
Streptocoocus
Streptogocous
Streptococcus
Streptococcus
Streptococcus
Streptococcus
Streptococcus
Streptocoacus
Streptococcus

1/220
1/190
1/240
1/200
1/150
1/160
1/220
1/200
1/300

e ms ke W A S e e e A e s W EE A W R S AR ae EE e

Cow Buffalo
Fat Fat
H11k* globule 22998 yijps giobule
washings washings
1/20 1/2 i/200 1/20 i
1/20 1/2 1/180 1/15 i
1/25 1/2 1/180 1/1% 1
1/25 1/2 1/170 1/20 1
1/1%5 1/2 1/150 1/10 1
1/15 1/2 1/130 1/15 i
1/20 1/2 1/130 1/10 1
1/20 1/2 1/140 1/15 1
1/30 1/2 1/220 1/20 1

——

— o e

contd..
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Agglutination titre

Cow Buffalo
Bacterial strains o e o e e e e e e e e o
Blood  gike glzg;le Blood  mice glopgzlo
washings washings

14. Streptococcus cremoris Ci o - - - - -
15. Strsptococcus cremoris K 1/220 1/28 1/2 1/150 1/15 1
16, Streptococcus cremoris KH 1/260 1/30 i/2 1/200 1/20 1
17. Streptocoocus cremoris MIi 1/220 1/30 1/2 1/160 1/20 1
18. Streptococcus oremoris Rl 1/150 1/20 /2 1/150 1/15 1
19, Streptococcus cremoris C3 - - - - - -
20+ Streptococcus cremoris C7 - - - - - -
21, Streptococcus cremoris S2 1/250 1/20 /2 1/150 1/10 1
22, Streptococcus cremoris DR7 1/300 1/30 1/2 /170 1/20 1
23. Streptococcus oremoris 972 1/250 1/25 1/2 1/280 1/25 L
24. Streptococcus cremoris 760 1/180 1/20 1/2 /250 1/25 1
25. Streptoecoccus citrovorus 209 1/200 1/20 1/2 1/250 1/85 1
26. Streptococcus dincetilactis DRC1 - - - - - -
27. Streptococcus diacetilactis DRCZ 1/180 1/20 1/2 1/220 1/25

28. Streptococcus diacetilactis DRC3 - - - - - -
29. Streptococcus thermophilus 489 - - - - v -
S0+ Streptococcus thermophilus STS - - - - - -

- R SR EF W Ey A W A A B R e IR S W . e E T e Y e e e o W o mh AR e W AR AR g AR AN A ik g ae A A W e Ee A

contd..



Cow Buffalo
Bacterial strains L L L o o e o e e e e e m e e e e o
Blood yijp. giopuie 3109 e gopig
washings washings
31. Lactobacillus bdbulgaricus 1373 - - - - - -
32. lactobacillus bulgaricus Hansen's - - - - - -
33. Lactobacillus bulgaricus A (iso) 1/100 1/10 1/2 1/100 1/10 1
34. Lactobacillus acidophilus Li 1/150 1/10 1/2 1/100 1/% 1
35. Lactobacillus acidophilua BA ~ EE - - - - - -
36, lactobacillus plantarum 89 1/140 1/15 1/2 1/150 1/10 1
37. Streptococeus faecalis 190 1/90 1/10 /2 1/130 1/15 1
38. Streptococcus faecalis 30 - - - - - -
39. Streptococcus agalactiae 865 1/100 1/20 1/2 1/100 1/15 1
40. Streptococous pyogenes B - 49 - 3 1/120 1/20 1/2 1/75 1/18 1
41, Staphylococcus aureus KIGH 1/100 1/15 1/2 1/90 1/15 1
42, Bacillus cereus (iso) - - - - - -
43, Escherichia coli 745 1/120 1/15 1/2 1/70 1/15 1
44, Sscherichia ¢oll 555 - - - - - -
45. Rsoherichia coli (iso) 1/120 1/20 1/2 1/90 1/10 1
46, Pseudomonas aerogenosa 1/100 1/10 1/2 1/100 1/5 1
47, Passudomonas fluorescens - - - - - -

- wm we A W WP wmk ek am R am EE W AR W A W g W S TR BRI MR S m ke B ek W Ak M M @ w B S B Wi e am A W g W

contd..
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Agglutination titre

W mi G YR mip
-—ﬁ--lﬂ-—m---ﬂ-—ﬂ-‘-

Basterial etrains L. _cg' ' Buffalo
oaoea Milks globale Blood  yiies giobule
washinga washings

48, Pasteurella bovisepticun 1/70 1/5 1 1/50 _ -
49. Salmonella typhosa - - - - _ _
50, Salmonella paratyphi - - - - _ -
51, Clostridium chauveil - - - - - -
52, Clostridium welchii 1/110 1/5 1 1/75 1 _
2£5§§%fﬁga%§§laﬁﬂi.£zsﬁ
mas 8 3
53. Streptococci (iso) 1/100 1/25 1/2 1/100  1/15 1
54. Staphylococci (iso) 1/70 1/20 1/2 1/80 1/10 1
55. Escherichia coli (iso) 1/90 1/15 1/2 1/50 1/15 L
56. Pseudomonas (is0) /70 1/2 - - - _

--.-_‘-_-‘--___q.-qﬂ-—--—-*—--'—-
---ﬂ--ﬁ-#-ﬂ-m-----w

Note: *Milk represents titre for euglobulin solutigp (2mg. per mi,)

*(is0)* indicates organisms isolated from cup
nilk samples. d, normal nilk and mastitis



and milk products. &£ total number of 35 atrains wers
found to be sensitive to agglutinins in the milk and
blood serum of cowe and 34 stréins in the mlilk and
blood serum of buffaloes. All the straina of organiams
that were sensitive to agglutinins, were agglutinated
by the agglutinine of blood serum, whey protein and

fat globules and the titres were highsr in blood, lower
in milk (whey protein)} and loweat in fat globule washings.
If a bacterial strain was positive for agglutinin in
blood, it was also positive for agglutinin in milk and
fat globule washings. But there were itwo exceptions in
the case of buffalo samples, where the blood serum was
positive for Pasteurella bovigepticum, with a low titre
(1/50) and the whey proiein and fat globule washings
wore positive for Clostridium welchii with low titres
{1/75 and 1 respectively), but the fat globule washinge
were negative. 1In all positive camsem, there were consi-
derable variations in the agzlutination titres of blood
aerum and whey protein, from one baoteria to the other.
In general, the blood serum and whey protein titres
towards majority of lactic cultures were higher than
the titres for the pathogenic bacteria., The titre in
the fat globule washings remained unchanged, toward all
sensltive organimme in both cow and dbuffalo samples
{(1/2 and 1 respectively), except towards Pagteurellas
bovigepticum where the titre was 1 for cow samples and
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Clostridium welohil, where the titre was O for buffalo

samples, and towards Pseudomonas (isolated from nmastitis
milk) where the titre was 0 for both cow and vuffalo
sanples. Purther in most of the sirains inoluding
pathogenic ones, the agglutination titre of whey pro-
teins was higher in cow pamples than in buffalo samples.
The agglutination titre of blood eerum although variable,
did not show significant differences between cow and
buffalo samples. In very few cases like Streptocoocusg
oremoris 760, Streptococcus ciirovorusg 209, Streptocoocus

diacetilactis DRCg and Streptococcus fascalis 190, the
whey proteins of buffalc samples gave a higher agglu-

tination titres tnan the cow samples,

8. Agglutinin activity in the milk from infected udderass

a) Nonpathogenic organiems and leucocytas: Tables
31, 32 and 33 present the agglutinin activity and the

leucocyte count in the milk from infected udder the
agglutinih activity in relation to the concentration

of leucocytes and the agglutination titre in mastitis
milk after removal of leucocytes. The organiem Strepto-
goccus cremorig 803, that was employed for the assay

methods for agglutinine, was used in these experisments

alaso for testing agglutination.

It was found that at the beginalng of the infece
tion in the udder, when very mild olinical symptoms only



PABLE 31
AGGLUTININ ACTIVIZY AND THS L:UCOCYT: CQUMI IH
THB MILK FRO{ INP 307D YDDER

(Test organisn - Jtreptocoocus orenoris 803)

-y e em ek aE M o A W EE A A N WE O We i R ew A S SR W W B e WE W e W W

dp S Wy A G A S WR O EE AR AR S e ay A P

Rumber of
Stage of Aggl:fig:tion leusooytes
‘infeotion per nl,
Cow Buffalo Cow Buffalo
(control) Normal 4 4
a1l 1/30 1/20 0.78x10% 0.93x10
At the onset 4 A
of infection 1/40 1/38 1.80x10" 2.10x10
After 6 hours 1/45 1/36 4.60x10% 3.80x10%
Aftar 12 hours 1/50 1/60 8.10x10% 9.20x10%
After 18 hours 1/60 1/40  1,13x10° 1,06x10°
After 24 houre 1/80 1/45 1.67x10° 1,78x10°
After 36 hours 1/26 1/25 2,60x10°  3.20x10°
After 48 hours 1/15 1/10 7.20x10° 8.60x10°
After 60 houra 1/2 1/2 1.60x10%  1,72x108
Ater 72 hours - - 2,21x10%  1,94x10°
After 84 hours - - 2.63x10% 2,10x10°



TABLE 32

AGGLUTININ ACTIVITY IN RELATION TO THE
CONCENTRATION OF LEUCOCYTES
(Teat organism - Streptococcus cremorie 803)

A mm e e mm EmE shs s M W R A S G el W sl MG Gl A ml A mE mmm WM agy dmE e MR s R

Agglutination titre in
normal milk

Concentration of

leucocytes per nml, VAl U
Cow Buffalo
Control (raw milk) 1/30 1/20
1,0 x 10° 1/30 1/20
2.0 x 10° 1/25 1/20
4,0 x 10° 1/20 1/15
8.0 x 10° 1/15 1/10
8.0 x 10° 1/10 1/10
1.0 x 108 1/10 1/5
1.2 x 10° 1/8 1/5
1.6 x 10° 1/2 1/2
1,8 x 10% 1 1
2,0 x 108 - -
2.6 x 106 - -
3.0 x 105 - -
3,5 x 10° - -
4.0 x 108 - -

- o el Em mk Em R A o oy W oay mm e e



TABLE 33
THE AGGLUTINATION TITRE IN MASTITIS MITK

APTIR RIMOVAL OF LEUCOCYTES

(Test organism -~ Streptococcus cremoris 803)

-— ear e W e am Em  ws Em mm e Em W W wEk v i wm A e

Agglutination Lﬁgggﬁ{te
Test sample titre poe nl.

- R el i mm e T A G ks e mr s wml mle sek e e

Cow Buffalo Cow Buffalo

v o e mgE ap mm e Wk R e MR SR B MR EE MR mA I Em W AW SR AR B R WD AR R W

Mastitis milk 6 6
before centrifugation ~ i 2.1x10 1.82x10

Mastitis milk
after centrifugation 1/35 1/25 -
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were evident, without the accompaniment of even the
slightest visible changes in milk, the agglutination
titre for the organism Streptococcus cremorig 803, was

alightly nigher in both cow and buffalo samplas, for
the same organism, which was employed as the control
for ecomparison of titreas. The agglutination titre at
the onset of infection was 1/40 for cow milk and 1/35
for buffalo milk, while in the controls the titres wsre
1/30 and 1/20 for cow and buffalo samples respectively,
This inorease in titres continued upto the 24th hour

of infection, the titres at this staze being 1/60 and
1/45 for cow and buffalo samples respectively. At the
36th hour of infection there was a sharp {211 in the
titre to a level of 1/25 in the infected milk of botha
the species, The titres reached very low levels (1/2)
at the 60th hour of infection and became undetecitable
from 72nd hour of infection onwards., A progressive
increase in the leucocyte count in the mastitis milk,
with advancing stages of infection was obgserved. This
increase in leucooyte count was not much upto the sixth
hour of infection and was well within the normal levelsy
the average normal leuccoyte count from healthy cows
being upto 70,000 per ml. (MacLsod and Anderson, 1952),
From the 12th hour of infection, the leucocyte count
showed a much higher incrsase and at the 60th hour of
infection when the agglutination titres of both the
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samplgs'wore only 1/2, the lsucocyte count was 1.6

and 1,72 milliione per ml, in cow and buffalo samplesa
respectively., After 72 hours and 84 hours of infeoc-
tion when the agglutination ti tre was negative, the
leucocyte count was 2.21 and 2,63 miliions per ml. in
cow samples and 1,94 and 2.1 millions per ml. in buffalo

samples.

When leucocytes were added to cow and buffalo
milk obtained from healthy udder, with normal agglu-
tination titre of 1/30 and 1/20 respectively for the
organism Streptococcus gremoris 803, it was observed,
that with progreessive increases in leucocytes concenw
tration in the milk, the agglutination titre decreased
in both the aamples. ¥hen the leucocyte count was upto
100,000 per nl. in cow milk and 200,000 per mli. in
buffalo milk the titre was not affected., A decrease
in the titre of milk started when the loucocytevéount
was 200,000 per ml, in ocow milk and 400,00 z'» ml. in
buffalo milk. When the leucocyte count wus 2.0 mililons
per ml, in both cow and buffalo milks, no agglutination

of baoteria wus evident,

Mastitie milk samples from cow and buffalo, obtained
from established cases of infection, had high leucocyte
counts with undetectable or negligible levels of agglu-
tinins. After centrifugation for the removal of the

leucocytes, when the supernatant containing no leucocytes
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w.s examined for agglutination, the titree for the
some samples were found to be 1/35 and 1/25 for the

cow and buffalo samples respectively.

b) Causative organisms: Table 34 presents the
agglutination titre in the blood serum and the milk

of mastitis and healthy animals for the causative
organieme, isolated from the infected milk, Prom the
milk of cows suffering from mastitia, four organisms,

namely, Streptococel, Staphylococei, Escherichia coll

and Pseudomonas were isoluted., These organisms were
tested for agglutination in the blood serum and milk

of the infected animals and alsc in the blood serwn and
milk of other healthy animals. It was observed that
the milk of the iafected animals had very high titres
towards the organisms isolated from ths infected milk
of the pame animals, while the titres for these organiame
in the milk from healthy animals were much iower. The
blood serum of the infected animals did nol show consi-
derable increasc in the agglutination titres towardes
these organisms, when compared with the serum titres

obtained in healthy animals towards the same organisms.

Purther the agglutination titres in the infected
milk of cows showed much higher increase than the titres
in the infected milk of buffaloes, toward the reapective

organisms., The blood serum titres of the infected cowe



TABLE 34
AGGLUTINATION TITRZ FPOR THE CAUSATIN: ORGANISMS IN THE

BLOOD ARD 411K OF THE INFZCTID AND HEALTHY ANIMALS

ﬁ———-wﬁ-ﬂ——--—-wm-—--'-—----—-ﬂ--—-------“—--ﬂ-

Agglutination titre Agglutination titre

Sp::};:lof Bype of organisms in infected animals in healthy animals
Blood Miltk Blood Milk
Streptococed 1/100 1/80 1/100 1/25
Staphylococci 1/90 1/90 1/70 1/20
Cow
Escherichia coli 1/100 1/95 1/90 1/15
Pseudomonas 1/20 1/70 1/70 1/2
Streptococei 1/100 1/45 1/100 1/15
Buffalo Staphylococei 1/80 1/40 1/50 1/10

gscherichia coli 1/70 1/45 1/50 1/15
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and buffaloee did not show wide variations,

~¢) Agglutinin inhibitors in infected milk: Pables
35, 36 anﬁ 37 show the elklological agents isolated from

magtitic milk samples which exhibited inhibition of
agglutination, the behaviour of these organtisms in the
blood and milk of the same infected animely and other
healthy anlmals, and the behaviocur of three other aggiu~
tinin sensitive straine in the blood and milk #f infected
animala exhibiting inhibition of agzlutination and in
other healthy animala.

Out of B2 coﬁs and 47 buffaloes suffering fronm
maptitis, mllk from 5 cows and one buffalo did not
agglutinate the organisms isolated from the infected
milk samples of these animale. Such a phenonmenon wase
observed in 6.1% of the cases in cows and 2.1% of the
ceses in buffaloes. From such cow milk eamples Esche-
richiz cold (from 3 animals), Pseudomones (from one
animal) and Streptococci (from one animal) organiems
and buffalo milk samples, Bscherichis coll (from one
aninal) organisme were lsolated, These animals were
found to be suffering from chronio mastitis, All the
isolated organisma except one in which Streptococci was

involved were gram negative organisnms,

No agglutination was observed in theme bacterial

ptrains when they were tested with the bloocd serum and



TABLE 35
THE 3TIOLOGICAL AGENTS IN MASTITIS CASZS SXHIBITING INHIBITION OF AGGLUTINATION

Rusber of animals

Total number in which inhi-
sP:ﬁiQQIOf of animals bition of agglu- Percentage Etiolgg%gg%eggenta
with nmastitis tination was
observed
Escherichia coli (3 animala)
Cow 82 - 5 6.1 Pseudomonas (1 animal)

Streptococei (1 animal)

Buffalo 47 1 2.1 Zscherichia coli (1 animal)

v e A e et mm mm e R e B mE A e mek S VR mE  SER dwh e e MR e e R e AR W ER M SR e WA gy AR SN SR A AR M EE me W



ABLE 36

THE BEHAVIOUR OF ORGANISMS ISOLATED FROM MASTITIS MIIK

SHOWING INHIBITION OF AGGLUTINATION TOWARDS MIIX
AKD BLOOD SERUM OF THE SAME INFECTED ANIMALS

AND OTHER HEALTHY ANIMALS

N wp wm Emh a EE wE PR AR WS MR Emy WE EE A ms P W W W T R R TR TR W R mr ae o

Agglutination Agglutination

Organisms titre in titre in
Species of imolated from infected healthy
animal the infected aninals animals
animale

- Em e R W m WD MR A e ma kW

Blood Milk Blood Milk

- o M oemk W ok S S AN dm W amk SRR W B M W M S WM T BB amy M em o mw W Wm e W

Zscherichia coli - - 1/85 1/15
Cow Paeudonmonas - - 1/70 1/2
S8treptococeci - - 1/100 1/25

Buffalo Escherichia coli - - 1/50 1/18

- Ek SR ER W AR e i me W W R W R R e S W W En Sl T M fer W SR A mE me e



TABLE 37
THE BEHAVIOQUR OF THREE OTHER AGGLUTININ SENSITIVE ORGANISHS TOWARDS MI

AND BLOOD SZRUM OF INFSCTED ANIMALS ZXHIBITING INHIBITION OF

AGGLUTINATION AND, OF HTALTHY ANIMALS

W e k. R R W R e M mm vmd SR AR et W we var i wm Em v shh mm wn mm W A mm W e ek R um e mm me d A e W w mm mm M e el

Agglggination titre in Agglutination 'bit{a in
of animal ~ Oremntame EemeTemms e
Blood Milk Bleood Milk
S.cremoris 803 1/350 1/50 1/300 1/30
Cow S.lactis 57 1/300 1/45 1/300 1/25
B.coll 745 1/150 1/30 1/120 1/15
S.cremoris 803 1/250 1/35 1/250 1/20
Buffalo S.lactis 57 1/250 1/30 1/200 1/20

Z.00li 745 1/100 1/20 1/70 1/15

— o A EER MR A M A B e mke  SF GER A WM o G AR g A SR M MR M MM M MR e M Sar SmE TR EEL W A mm AP m s W B S e aE ma W
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milk of the infected animals from which they were
isolated, But they all ghowed agglutination when
teated with the blood serum and milk from other healfhy
animal with varying titreas,

Three other atrains of organisms - Streptococcus

cremoris 803, Streptococcus lactig 57 and Escherichia
colf 745, known to be sensitive to agslutinine in milk,

ware tested for agzlutination, with the blood serum

and milk of those infected animals which did not agglu~
tinate the organisms isolated from thelr milk, and also
with the blood serum and milk of other healthy animals,
It was found that all these organisms were agglutinated
by the blood and mllk of the infected as well as the
healthy animals, The agglutination titrea obtained for
the milk of these infected animals towards all the three
organismsg tested were higher than the titres obtained
with the milk of normal healthy animals. Thease obaer-

vations were made for both cow and buffalo samples,

Table 38 presents the nature of agglutinin inhi-
bitore. The milk whey from the infa¢cted animal whioh
did not agglutinate the organiems isolated from the
same infected milic, was dialysed againegt the milk whey
obtained from healthy animals showing normal aggluti-
nation tltre. :zven after dlalysis the sample was nega-

tive for agglutination., rIhe infected milk and blood



IABLE 38
NATURE OF T LUTININ INHIB

- WR W A R e S G EF A S Emr e W S A A SR W SR W ar g A W TR W AR S W R

Hiorosoopical obmervation
of agglutination

- ORE Wk EE ay g e W A o e W ok e o A W e W AR M e e i W S ae W W AR e

Nature of treatments

1. ¥ilk whey from infeoted
animal, dialysed againet - {(no agglutination)
normal whey.

2. Infeoted milk and blood
gerum, mixed with an
squal quantity of normal
milk and blood serun,

- {no agglutination)

3. Infected milk and dlood Agglutination was

. aeprum was diluted and seen in two fold
mixed with undiluted + {dilution for milk
normal milk and blood and six times dilu~
sorum. tion for blood

4, Heated to 60°C for 20
ninuten.

5. Adsorbed with the isolated All the isolated
. organism and retested with + {organisma were
the same unt$reated organism agglutinated

- {no agglutination)

W S A MR AR ak i MR A AR G M M T A WS A ule M AR wmh b o i e ml e EE g W A



Protein elution patterns
on Sephadex ¢ 200, of the
imnune globvuline froa
nantitic milk whey cf cow
and buffulo,
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sorun when mixed with normal milk and blood serunm,

the normal milk and blood serum lost their ability

%o agglutinate the bacterial cells. Two fold dilu=
tion of the infected milk_and a six fold dilution

0f the blood serum from the infected animals, when
mixed with equal quantity of undiluted normal milk

and blood serum, a positive reaction for agglutination
was obtained., This factor present in the infected
milk was not inactivated at 60°C for 20 minuteas.
Infeoted milk and blood serum from suoh animals when
tested with the isolated organisms amd retested with the
pame untreated organiems were found to be positive

for agglutination towards these organisms. All these
observations were recorded for both cow and buffalo

samples.

Graph 6 ahows the protein elution pattern of
the imaune giobuling from mastitic milk whey of cow
and buffalo, An increase in the total imrune globulins
is evident in both cow and bufimlo samples. 3ut the

inorease in buffalec sample was lesser than that of cow,

a9, Traﬁafer of immune globulins from colostrum to_the
new born calils

Table 39 prezents tha colosatral influence on the

azglutining in the blocd serum of calves from birth,

upto the age of six months. The bacterial straine

141



142

employed were Streptogogcus gremoris 803 and Escherichia
goli. The precolostral calf blood serum had the lowest

agglutinin ¢oncentration of 15 and 5 for Streptococcug
gremoris 803 and 8 and 2 for Egchexriohia ooli (isolate)

in cow and buffalo samplee respectively. After colos-
tral feeding a very rapid increase in the agglutinin
activity was observed in the blood serum within ¢ hours
of suckling and the aciivity reached the dam's level

at 24 hours after birth in calves of white cattle, The
agglutinin activity continued to increase still further
to reach a maximum level at the age of 3 daya, the
concentration being 414 and 189 for $treptococcus cre-
moris 803 and Escherichia coli (isolate) respectively.

Thereafter, although a slight fall in the activity was
observed with fluctuations upto the aze of six months,
the concentration was higher than or almost equal to

that of the dam's lavel,

The increase in agglutinin activity in the blood
serum of buffalo calves after coleatral feeding was very
slow and the maximum concentration of 193 and 387 for
Streptococcus cremoris 803 and jischerichia coll (imsolate)
respectively was reached on the 4tn day after birth

which iteelf was much lower than the concentration in
the dam*s blood serum., As in the case of calves of

white cattle, here too, the activity decreased with



TABLE 39
COMMSTRAL INFLUERCE ON THE AGGLUPINING IN THE BLOOD SERUM OF QALVZS FROM SIRTH
TO SIX JJONTES OF AGZ, IN RA3PECT OF TWO DIFFERENT
AGGLUTIRIN 83NSITIVE ORGANISHS

Age of calf - Cow Buffalo

Streptococous Esohsarichis Streptotccone Beacherichia
oremorls 803 coli {1mo} cremoris 803 coll {1so)

Pragolostral perlod:

O houp® 15 8 5 2
Poat colost- 1l peplod:
1 nour 24 14 iz -3
4 hoursa 57 27 23 14
& hours i21 49 43 19
12 hours . 147 74 [:1:) 2%
i hours ias 104 87 36
1 day ‘ - 304 147 123 44
2 daya ii4 185 27 81
3 daya 362 73] 193 87
4 dayae 358 158 67 6
5 daye 327 147 181 T4
6 daye 304 144 189 78
7 daya 368 17 173 81
14 duys 329 126 161 k]
1 month 298 138 172 79
2 monthn 319 133 134 6_9
3 months 308 121 125 (8
4 monthe ¥2l 145 i58 76
5 mpoaths 08 129 139 had
3 wontha 311 131 159 a2

- v wl e v e e b W o wr mh o e o e w ae e A i o uw — m o e o A e e

%ote: 0 hour indieates imiediately after birth but bafore feeding celostrum.
The canccntrstion of agrlutinina in tae wmaternal tlood seyum in the came

of wni tg catile wao 97 for Strgotococcus orsumopisg 803 and 138 for
ineh hig culs (iso) und t 3.5 case of tulfaloss wis 2 Jor

ghia ¢
Str:ptocnccua chuogia 93 aad Lkt for Jscnerichid goli {iso,.
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advancing age, showing flugtuations, but even upto
the age of six months upto which tested the mother's

level was not reached.

Purther it was obeerved that, throughout the
poeriod from birth to six months of age, the ooncen-
tration of agglutinine in respect of the %two organisms
studied, was much higher in the blood serum of the
calves of white cattle than in the blood serum of

the buffalo calves at every stage.

10, Agglutinin reﬁiatant §nd gensgitive sfrains on
a fermentation o £ 3

Table 40 and 41 present the behaviour of single

atrain and mixed astrain cultures of agglutinin pensi-
tive and resistant organisms in the pasteurized skim
milk of cow and buffalo in respect of their curd forming
activity.

The organieme chosen were Sireptococcus lactis 57,
8 atrain sensitive to both agglutinins and lactoperoxidase

in milk, three variant strains of the organisms Strepto-
coccus lactis €10, in which one was sensitive to both
agglutinins and lactoperoxidase in milk, a second strain
gsengltive only to lactoperoxidase, but resistant to
agglutinins and a third strain resistant to both lacto~

peroxidase and agzlutindns, and Streptococcus lactis Cg,

a8 hundred percent resimtant strain. Theao_organiama



TABLE 40

THE EPFECT OF AGGLUTINIY SENSITIVE AND RESISTANT SINGLE STRAIN CULTURSS ON THZ GQURD

PORMA

TION IN COW AND BUFPALO MILK jPAgTURIZED SKIM MIIK)

Sensiti- Number of Tine taken Pexture (consiatency)
§g€:r:ngr ¥Liy te  organiema roincigzgtng of the curd formed
Ninea P8r Ml, = =« = = = = = = o = = = = R R it
Cow Buffalo Cow Buffalo
Streptococcus 7 { Semi =0lid curd Pairly firm curd
%acttgt?Ze) + 15.0 x 10 16% 174 with slight whey with slight whey
sen separation separation
Streptococcus 7 Loose flaky clots Loose flaky clotis
lactis Cio + 19.0 x 10 32 29 with considerable with considerable
(sensitive) whey separation whey separation
Streptococcus
lactis Ci9 7 Fairly firm curd Fairly firm curd
(sensitive {o - 18.5 x 10 14 17 with few small with large
éactopa§o§i~ whey pockets whey pockets
age only
: Mo owduiin  Hus ot sie
%?g:i:taig) = 14.0 x 10 5% 7 ration or whey ration or whey
pockets pockets
Streptococeus . 3 mhey separa-  no whey separa
c - -
%iﬁﬁigtagt) 16.0 x 10 & 6% tion or whey tion or whey
pocketa pockets

- o WR R AR e TR TR W o L L oam e ww mm e me
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were inoculated in approximately equal soncentrations

in the pvasteurlzed siim 1ilk and incubated at 37°C.

It was seen that the two remsistant strains, Cp

and C10 took a very short incubation time for clotting
the cow and buffalo milk samples, while the clotting

time was very much prolonged for other strains, Yhe
strain 01p, which was sensitive only to lactoperoxidase,
took 14 and 17 houra for clotting the cow and buffale
milk respectively, The atraine Cip and 57, sensitive

to both the inhibitory substances in milk took 32, 29
and 164 and 1%k hours reapectively for clotting cow

and buffalo iik., Even after the determination of
clotting time for the respective cultures, the incu-
bation was prolonged further to study the nature of

the curd formed, Differences were observed in the
consiatency of the curd formed, Resistant atrains

that had shorter clotting time, produced curds, with

a firm clot and no whey separation was observed., The
agzlutinin reslstant dbut lactoperoxidase sensitive
straine of €10 produwed a falrly firm ocurd with isolated
small whey pocketa trapped in the curd. 7The mensitive
strainy 57, produced a pemisolid curd with slight whey
separc¥ion in cow milk and a fairly firm ocurd with slight
whéy geparation in buffalo milk, The curd formed by the
senpltive organisms of strain Cio wae very looae in

consistency with flaky clots and considerable amount



TABLE 41

THE EFFECT OF MIXED CULTURES OF AGGLUTININ SGNSITIVS AND RESISTANT STRAINS ON THI CURD

fype and
nature of
organiams

Streptococcus
lactis Co
(resistant)

Streptococcuse

lactie C10
(sensitive)

L I e

Proportion Time taken
in mixed for clotting
culture in hours
Co 2 C10 Cow Buffal

0 : 10 32 29
1:9 193 19
2: 8 13 143
3¢ 7 11 12
4 ¢+ 6 8 10
5: 5 ‘4 8%
6 s 4 6% %
7: 3 63 7
81 2 6 7
9 : 1 8 6k
10 :+ O 6 6%

- o e AN BN ey W gmp RN A aE e e e A M we ame e e ww

PORMATION IN COW AND BUFFALO MIIK (PASTEURIZED SKIM MIIK)

Texture (consistency)
of the curd formed

Cow

- W AR mm WM SR e ae SW O s o W ae we

Loose flaky clotas
with considerable
whey separation

Loose c¢lot with
whey separation

Almost firm curd with
fow whey pockets

Fim curd with few
emall whey pockets

Firm curd and no
whey separation or
whey pockets

Firm curd

Pirm curd

- Firm curd

Mra ocurd
Pirm curd
Firm curd

e dmp Sy am gs EE M E W

- o Am  mke e W sy mE R R

Buffalo

W o MR SR Mk AR S gw e oy W

Looae flaky clots
with considerable
whey separation

Loose clot with
whey separation

Pairly firm curd with
large whey pockets.

Firm curd with few
small whey pockets

Firm curd with two
or three small
whey pockets

Firm curd and no
whey separation or
whey pockets

Firm curd
Firm curd
Firm curd
Firm curd
Firm curd



of whey separation. All the organisms except Strepto-~
coocus lactis Cy1o which was sensitive to both the inhi-
bitors in milk, took a slightly longer incubation time
for clotting buffalo milk samples.

To study the effect of mixed culture consisting
of agglutinin seneitive and resistant strains on the

curd formation in milk, sensitive strains of Strepto-

coccus lactis C10 and resistant atrains of Streptococcus

Xaoctis Cz were mixed in different proportione and the
clotting time and the nature of curd formed in respect

of these mixed cultures were deterained.

The sensitive strain of Jtreptococcus lactis

C10 required 32 and 29 hours for clotting the cow and
buffalo milk respectively and the curd formed was very
looge with flaky clots and considerable whey separa~
tions was evident in both the samples, The resistant

strai.a Streptococcus lactls Co took only 6 and 6% hours

for clotting the cow and buffalo milk respectively and
aleso produced a fimm curd :nd no whey separation was

evident,

With progresaive increase in the proportion of
resistant atraln in a mixed culture, the clotiing time
in the cow and buffalo milk samples were shortened and
the consistency of the curd formed also was improved,

Even the presence of 10% of the resistant strain Gp

143
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in the mixed culture, was able to bring about a

marked reduction in the clotting time for both cow

and buffalo nilk. A level of 30 to 40% of the resiatant
strain in the mixed culture, besides shorteningz the
clotting time considerably, was able to produce curd

of good quality. In general the clotting time for
buffalo milk was found to be slightly hisher than the
clotting time for cow milk,



DISCUSSION
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DISCUSSION

1. Isolation of aéflutinin active protein fraction

Trom cow and bulfalo milk:

a) Agglutination of bugteria; The results of the

milk ring test with difierent protein fractions of cow
and buffalo milk {(Tables 1, 2 and 3) indicate that the
level of the immune globulin content within and between
the species in the various acetone fractions of eolostral
whey, is repponsible for the variation noticed in the

incubation time required for a positive test.

The euglobulins of the whey proteins of cow and
buffalo samples only carry the agglutinins. The level
of euglobulin alons is not responsible for the diffe-
rential behaviour of cow and buffalo samples towards

the milk ring test, but other factors too are involved,

The fat globule washings also contain the agglu-
tinins for bacterial agglutination. The fat globule
washings of buffalo contain a low concentration of
agslutinina and hence is negative for the milk ring

test.

In the microscoplcal observation method for
agzlutination (Table 4), the variations observed in
tne degree of agzlutination with milk, colostral whey

and Lactenin L1 extract of cow and buffalo samples is
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due to the differences in the imnune globulin content
within and between the specles. Variations in the degres
of agglutination with equal concentration of euglobulin
in cow and buffalo samplee iz due to the differences in
the agzlutinin content of the respective euglodulina.

Fat globule washings of cow and buffalo milk alao carry

agzlutinin activity,

The agglutination reaction observed with the whey
protein fractions of cow are 1n agreement. with the

resulte of Stadhouders (1963).

b) Agglutination of fat globuless Among the whey
proteing of milk, euglobulin alone carries the factors
reasponaible for the agglutination of fat globules(Table 5).
Since the degree of clumping between thg cow and buffalo
sanples 1s same, the concentration ¢of the agylutinine
for the fat glodbule agglutination may be equal in the
sanples of the two species. Variations in the degree of
clunping by the fat globule washings and the euglobulin
is obviously due to the differences in the concentrations
of this particular factor in these two fractione., The
rasulta of the effeot of suglobulin and fat globule
washings of cow milk samples on the fat zlobules of
cow milk agree with those of Stadhouders and Hup (1970)
and Kenyon et al (1966) respectively.

The fat globule membrane materiale do not carry
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any antibodies for the agglutination of either bacteria

or the fat globules (Pable 6). The agglutinin activity
present in the fat globule washings 1s due to the substances
adsorbed on the surface of the fat globules (Table 7).

The adsorption experiments indicate that the euglobulin

of cow as well am buffalo samples ¢an be adsorbed on

the fat globules of cow and buffalo milk, Although the
agglutinin activity of cow milk towards bacteria is higher
than that of buffalo milk, adsorption of euglobulin anti-
bodies by the fat globules of cow and buffalo milk, from
the cow and buffalo skim milk, is constant for the respec-
tive speciea. Thie means, irrespecfive of the concentra-
tion of the euglobulin antibodies in milk, the adsorption
on the fat globules remains constant for the particular
species. This may be due to the differences in the surface

area of the fat globules of cow and bhuffalo milk.

From the foregoing discussion it is clear that the
euglobhulin of the whey proteins of cow and buffalo ailk
carry the aggzlutinins, The ag.:lutinin activity in the
buffalo nilk ie less than that of cow milk, The agglu~-
tinin activity of the fat globule washings is due to the
agglutinins adsorbed on the surface of fat globules,
Buglobulin carry factors reeponsiple for the aggluti-

nation of fat globules.

2, Analysis of fractions carrying agglutinin activity:
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a) Starch gel electrophoresist The eleotrophoreto~
gram (Plates 3, 4 and 5) reveal that the proteins carrying
the agglutinin aetivity ocannot be fractionated in the

pure form by the acetone fractionation techanique adopted.
The Ammonium sulphate fractionation (Smith, 1946) zives
pure euglobulin which carries all the agglﬁtinin acti-
vity in =nilk, The presence of a protein fraction in the
imaune globulin position in the fat globule washings, indi.-
cata that probably the suglobulin is responsible for the
agglutinin activity of the fat globule washinga and hence
it can be construed that the fat globule agglutininse may

be identical with the whey protein agglutinins.l This has
been confirmed by other criterie albo. e oxjcglobulins

of cow and buffalo milk appear to be the sane,

b} Gel filtration on Sephadexs The protein elution
pattern on sephadex {Graphs 1, 2 and 3) reveal that the

technique of gel filtration on sephadex G 200 is suited
for the separation of the protein fraction assoclated with
the agglutinin activity., The lower agglutinin activity

of buffalo milk is due %o the lower concentration of the
agglutinin active fraction of the immune globulln of
buffalo milk than that of cow milk, The elutlion patiern
algo revcal that the £at globules agglutinine are identical
with the whey protein agglutinins in both cow wnd buffalo
samples., The position of the agglutinin active Tractioms

in the elution pattern indicate t.at these are natural
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antibodies in milk probably belonging to the IgM class
of immune gloduline (Mach et al, 1969)

The protein elution pattern of cryoglobulins of
cow and buffalo milk indicates that this protein of
the two species are similar except for the differences

in the ocacentration.

c) Paper chromatography: From the chromatograms

(Plates 6 and 7) and the results (Table 8), it is seen
that the amino acid composition of the suglobulin, cryo-
globulin and the fat globule agglutinins of cow and
buffalo psamples are qualitatively eame except for the
preaence of tyrosine in the buffalo samples of euglobulin
and fat glodbule agzlutinins., The great similarity in

the composition of the different fractions of the immune
globulins c¢f cow and buffalo milk indicate their similar
functions, Since 4irfferent globulin fractions concerned
with immunity do not posscss the same amino acid composi-
tion (Smith omi Grecae, 1947) it ie reasonable to expect
differences in the amino acld make up of the immune glo-
buline of cow and buffalo uilk,

The above discussione clearly indicate that a
portion of immune globulins of milk of cow and buffalo
carry the natural antibodies (agzlutinina), The fat
globule az~lutinins and the whey pfotain aggiutinins

are identical.
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3« Broperties of euglobulin antibodles:

é) Effect_of pHj The asgglutining in the milk and
fat giobule washings manifest their maximum activity
at a particular pH range of 6,1 to 6.5 und 6.3 to 5.8
in cow and buffalo samples respectively (Table 9).
These pH ranges seem to be ideal for the maxinmum acti-
vity of the euglobulin antibvodies,

b) Effect of temperatures Froa the results
(Table 10), it is seen that the agrslutinine ars inactie

vated in 12 minutes at 70°C, Kosikowski and Hooguot

(1958) have obaserved that the Lactenin Ly fraotion was
destroyed at 70°C for 20 minutes. Since the Lactenin Iy
fraction which carries the agglubtinin .ctivity is hetero-
geneous with a mixture of three proteins, immune globulinse,
alpha lactalbumin and beta lacuoglobulin, probably it was
gble to withstand the heat treatiment at 70°C for a longer

duration as observed by the muthors mentiored above,

When euglobulin solution is held at low temperatures,
a minor portion of it appears to aggregaute or precipitate
which is referred as cryoglobulin. Probably, the diffe-~
rences observed between cow and buffalo samples of eu-
zlobulin in the time taken for maximum agzregation and
the percentaze of nggregated euglobulin (Table 11), is
due to aspecies differences thut might exist in the
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intricate structure of the preteins. Stadhouders and
Hup (1970) observed that only 5 percent of the euglo-
bulin azgrega ed in a holding time of 20 hours at 2°C
at the second cold aggregation in cow milk samples, al=
though in the present experiments 8,46 percent of the
euglobulin solution of cow milk samples agsregated
after a holding time of 21 hours.

c) Action of suglobulin antibodies on the bacteria

and fat globules: The euglobulin antibodies are able to

attach the bacteria to the fat globules. The grester
bvacterial attachment (Table 12), in the case of cow

samples than that of buffalo samples, is evidently due
to higher antibody activity of cow milk for bacterial

attachment,

In the centrifuge tests and cream rising experi-
ments (Tables 13 and 14) the number of organisms in the
creanm layer are the agglutinated cells which are almso
attached to the fat globules, the sedimented cells are
the agglutinated bacteria and the c¢ells that remained in
the middle portion -~ skim milk, must be the unagglutinated
celle. The greater number of agglutinin sensitive bacteria
in the cream layer and the fewer number of cells in the
skim milk portion in cow milk is an indication of the
highey antibody activity for the attachment of dbacteria
to fat globules and for the agglutination of bacteria,
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intrioate structure of the proteins. Stadhouders and
Hup (1970) obmerved that only 5 percent of the suglo~
bulin aggrega:.ed in a holding time of 20 hours at 2%
at the second cold aggregation in cow milk samples, 8l=
though in the present experiments 8,46 percent of the
euglobulin solution of cow milk samples agzregated
after a holding time of 21 hours,

¢) Action of euglobulin antibodies on the bacteria
and fat globules: The euglodbulin antibodles are able to

attach the bacteria to the fat globuleas. The greater
bacterial attachment (Table 12), in the case of cow
samples than that of buffalo samples, is evidently due
to higher antibody activity of cow milk for bacterial
attacnment,

In the centrifuge tests and cream rising experi-
ments {Tables 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
the agglutinated bacteria and the cells that remained in
the middle portion -~ skim milk, must be the unagglutinated
colla, The greater number of agglutinin sensitive bacteria
in the cream layer and the fewer number of cells in the
skim milk portion in cow milk is an indication of the
higher antibody activity for the attaschment of bacteria
to fat globules and for the agglutination of bvacteria,
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than the antibody activity in buffalo milk, for these

two phenomena.

The reason for the large number of cells in the
sediment or the bottom iayer in buffalc milk samples
ia due to the attachment of a lesser number of the
agglutinated cells to the fat globules, since the
antibody activity for thLe attachment of the bacteria
tc the fat globules is much less in buffalo milk.

In the case of agglutinin resistant atrains, the
ma jority of celle remain in the akim milk portion and
a very few cellg in the cream layer indicated, that the
organisms resistant to the agglutinin aoctivity for bvacte-
rial agglutination will not get attached to the fat
globules which means that they will aleo be resistant
to the antibody activity to the bacterlal attachment,
The results are in agreement with thoese of Stadhouders
and Hup (1970).

In the two agslutinin sensitive straing, the number
or percentage of organisms in the ¢ream layer repreasen-
ting the bacterial attachment shows considerable varia-
ticus, becauge, for different bacteria, the biding sites
are different in relation to the number and distribution
of the determinants, The results of cream rising experi-
menta phowing the distribution of bacteria throughout
the milk and the centrifuge testa with cow milk are in
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agreement with those of Stadhouders (1963) and Stadhouders
and Hup (1970),

d) Differentiation of three clagses of antibodiess

From the behavicur of the two fractions, supernatant and
the sediment obtained after treatment of the euglobulin
for cold aggregation (Table 16), it is secn that the
entire agzlutinin asctivity towardis bacterial agglutinition
is confined %o the supernatant fraction, while the anti-
body activity for fat globule agglutination nnd the dacte-
rial attachment to the fat globulea are present only in
the gediment fraction -~ the eryoglobulinas., It can de
congtrued then, that these two antibodies, one for bacterial
agglutination and the othexr for fat globule azglutination
and the attachment of bacteria to fat globules are

different from each other,

The saturation tests in euglobulin solution with
bacteria and f£2t globules provide further evidence (Pable 17),
that these three c¢lasges of antib:dles are different,
Adgorption of euglobulin solution by bacteria, removes
the antibodies for bacterial agglutination and the attach-
ment of bacteria to fat globuleas. The titre for fat
globule agglutination remains unchanged indicating that
the antibodies for fat globule agglutination are ailfferent
from each of the other two groups of antibodies, Adsorp-~

tion of euglobulin solution by 1fat globules, removes



the antibodies for fat globule agglutination as well

as those atiaching bacteria to fat globules, leaving
the antibodies for bacterial agglutination unaltered,
which means that the antibodies for bacterial aggluti-
nation are different from each of the other two groups
of antibodies. These observations imply that these
three groupe of antibodies present in the suglobulin

of cow and buffalc milk are different from each other,
These resulis are in accordance with the obsarvation of

Stadhouders and Hup (1970),

The discussions bring out the following factss
The euglobulin antibodies have an optimum pH range for
activity with species differences, They are inactivated
at 70°C for 12 minutea, At low temperature (2°C) the
suglobulin antibodies aggregate forming oryoglobulin,
The euglobulin antibodies are responsible for the attach-
ment of bacteria to fat globules showing higher bacterial
attachments with cow.saﬁplaa than with buffalo samples,
The auglobulin antibodies are composed of three different
antibodies, 1, for agglutination of bacteria, 2, for
agglutination of fat globules and 3. for attachment of
bacteria %o fat giohules .

4, Batimation of agglutinin asctivitys

a) Bacteri lutination: The resulte indicate
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that the antibodies responsible for the agglutination

of bacteria are higher in the cow samples than in dbuffalo
samples (Tables 18 %o 21); Higher agglutinin activity
in the cow samples of colostral whey, milk and fat glo-
bule washings is due to a higher concentration of eu-
globulin in these fractions, than in the corresponding
fractione of bhuffalo samples., In the euglobulin solu-
tion from cow milk the higher agglutinin activity is

due to a higher concentration of the fraction carrying
antibody activity, which inturn indicates the high

level of antibody content in cow samples.

The three methods, pi assay, acidity deternination
and microscopical obssrvation of agglutination give an
agecurate estimate of the agglutinin astivity towards
baoterial agglutination. The methods of pH assay and
acidity tests, for estimating agglutinin uctivity can
be employed, only by naking use of an organism which 1is
senéitive to the agglutining in milk and insensitive to
other inhibltory substances, Hence, the direct micros-
copic observation of agglutination is the best method
for the estimation of agglutinin activity in milk for
the agzlutination of bacteria,

The agglutination titres for colostrum and milk
pamples of cow agree with the values of Emmons ef gl

{1968) and the titre for the euglobulin solution from
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cow milk is comparable to the values of Stadhouders
and Hup (1970), Natarajan and Dudani (1961) obtained
higher titres for the inhibitory action of cow and
buffalo milk. Purther, they reported that the titre
valus for buffalo milk were higher than for cow milk,
and that the lactenin content of buffalo milk was
higher, compared to that of cow milk. But they have
determined the total inhibitory aotion of ecow and
buffalo milk whioch includes in addition to the agglu-
tinins, the other inhibitory substances as well, In
this investigation only the agzlutin ns of odw and
buffalo milk have deteranined and this may be the rcason

for the contradictory observations recorded,

b) Rat_globule ~ngzlutinations The euglobulin
antibody for fat globule agglutination of cow and

buffalo samples &i- >;usl (Peble 22), which may mean
that the binding sites of the euglobulin antidbodies

of the cow and buffalo gpamples towards the fat glo-~
bules of cow and buffalo milk are equal and similar,
Since the fat globules of cow and buffalo milk behave
tdentically towards the euglobulin from the milk of
either specien, it is also probable that the determi-
nants of the fat globules of the milks of the two
apacien are sam3 or similar., Quantitative differences
in the cuglobulin concentration must be responsible for

the low titre in ths f£.% globule weshings towards the
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fat globule agglutination, The results in respect of
euglobulin of cow agrees with those of Stadhouders and
Hup (1870).

¢) Attachment of bagteria to fat globules: Prom
the results (Table 23), it is evident that the anti~
bodies for the attachment of bacteris to fat globules
are higher in the cow gamples than in buffalo,

From the above discussion it is evident that the
microscopical observation of agglutination wmethod is the
beat for the eatimation of agglutination titre for baote~
rigl agglutinatioﬁi the ugglutination titre for bacterial.
agglutination in cow milk is higher than that of buffalo;
the antibodles for the agzlutination ul £t glodules are
equal in both cow and buffalo samples, and the anti-
bodies for the attachmant of bacteriag to fat zlobules

is higher in cow milk than in bufraio.

Se antur% influencing the variation in the agglutinin
activity of millks

a) Stage of lactation: It is quite appareat from
the results {Tables 24 and 24a), that the agglutinin

activity is considerably influenced by the stage of
lactation. Very high increase in the agglutinin acti-
vity in the prepartum lacteal secretion, colostrum, in

the milk obtained for a few days followling parturition



163

and in the milk obtained at the end of lactation, could
be due to a high concentration of immune globulins in
them. Although the immune lactoglobulins of bovine
colostrum are qualitatively eimilar to those in serum,
marked differences between their relative concentrations
in serum and cclostrum are evident as meen from the wide
differences in the agglutinin activity. Since the mammary
gland shows a highly selective preference for absorption
of the electrophoretically faster serum immune globulins
and has the ability to concentrate this protein in
colostrum (Pierce and Feinatein, 1965) such wide diffe-~
rencea in the concentration of immune globulins in the
blood serum and nmilk during colostral stage and end of
lactation are obvious. The variations in the concentra-
pion of agzlutinine in blood does not directly influence
the agzlutinin concentration in milk, probably because
of this property of high selectivity towards the absorp-
tion of serun immunoglobulins. .mmons gt al (1966) have
concluded that agglutinating antibodies do not filtorl
into milk from bloed at & cunstant rate. The udder
itself is suggested to be one of the site of antibody
production by Xerr et al (1959) and Porterfield st al
(1959), in which ocase a2 part of the variation in the
agglutinating antibodies in milk especially during mid
lactation period may be, & result of itsg owmn response

to necessities like bacterial stimulation or other cause.
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Hence, the variations in the agglutinin activity in
the milk at different stages of lactation from a day
prior to calving upto the end of lactation could be
due to the oombined effact of the meleciive preference
of the mammary glands towards gerum immuno globuline

and the response of the udder for antibody production,

The reason for a8 constant level of agzlutinins in
the f£at% globule washinge at different atﬁgea of lacta~
tion could be due to the fact that the surface area
availabls for adaorption of euglobulin is more or lees
constant and could be expected to alter oaly with varia-

tione in the size of the fat globules and in the fat
content, 3ut these variations in the level of fat and
size of the fat globulss ave only limited, and hence is
unable to manilest a prunouncad eifect in the agzlu-

tinin content to a:iy :i:tectabls levels,

b) Species and brecdss The results showing the

agglutinin sctivity in different breeds of cow and
puffaloes indicate that ovreed and species variationa

do exist in the concentration of agglutinine in milk,

The agglutinin activity in milk or blood seruun is

a contribution of that particular oclass of proteins,

the immune globulins of milk and blood ssrun, the

level or coacentration of which is controlled by gemetic -

variavions, In as much as ihe degree of agslutinin



activity is due to tne level of inmune globulins which
is controlled by genetic variationas, differences in the
agglutinin aoctivity in the milk of different breeds and
species are bound to ocour. Emmons et al (1966) have
gtated that the concentration of agglutinating anti-
bodies in milk were independent of the breed and age of
the cows. One interesting observation is that the milk
of cross breds (50% exotio bdlood) exhibited a higher
agglutinin activity than that in the milk of either

of the pure bred animals, namely Jersey or Sindhi,

The agglutinin activity towards the two orga-
nisms 3treptococcus cremoris 803 and Streptococcus

lactis 57, are different in all the breeda of cows and
buffaloes exanmined, because, for the different bacteria
the binding sitea as well as the number and distribution
of determinants are different, (Stadhouders and Hup,
1970).

The agglutinin activity varies with the stage of
lactation, species and breeds of animals and strain of

test organiams.

6. Behaviour of euglobulin antibodies in agzlutination
reactions

a} Euglobulin bucteria gomplex: The antibody

baocteria complex 1a found to bhe highly specifio, bacause,




the treatment of euglobulin solution with one parti-

cular sensitive strain is able to renove completely

the homogeneous antibodies only, but not those anti-

bodles of a different sensitive strain of organism

{Table 28 and 27). Thie means that the binding sitea

in the antibodies for any one orgsnism is different

from the other. But this sepecificity appears to be
limited, bscause the euglobulin solution after treat-
ment with a particular sensitive bacteria apart from
losing its agglutinating capacity towsrds that orge-
nism, also loses lis agglutinating power towards one

or several other sensitive strains of the same mpecies,
probably due to the sharing of the antibodies dy closely
ralated strains of the pame apecles. This ims possible,
beoause a oell surface possesses a great diversity of
antigenic determinants and many of these determinants
are identical or similar in groups of different, but
related cells (Davis gt al, 1969), The obaervation that
certain straine of sensltlive dbacteria of one species,
are capable of absorbing partially the antibodies corres-
ronding to sensitive bacteria of dilferent species, is
an indication of the existence of'éfoda raﬁotiona bet-

wezn atrains of differeat groups., The six straina of

Streptococcus lactis, eleven strains of Streptogoccus
cremoris and two strains of Esgherichia coli, have three,

gix and one immunological group or groups respectively,
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determined on the basis of the l.umunologloal relation-
ship between strains within a group. Strains of diffe-

rent groupe are unrelated as to their determinants.

These observations relating to the results
obtained from the samples of cow milk, agrece with the
results of MoPhillips (1958), Portmann and Auclair
{1959}, and Stadhouders and Hup (1970).

b) Buglobulin - fat globule complex: Prom the
results 1t is evident that the treatment of the eu~

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 aa the other breeds of
cows or buffaloes examined (Table 28), If the euglo~
bulin fat globule complex is spescific, then the treat-
ment of euglobulin aolution with one type of fat glo~
bules will remove only the corresponding homogeﬁeoua
antibodies, and when the fat globules from the other
sourcesa are tested, they will be agglutinated, since
the agglutinating antibodies for them will be present
in the same euglobulin solution. ience, the results
indicate that the euglobulin-fat glcbule conmvlex is
not specific, as reported by Stadhouders and Hup (1970).
Probably the binding sites in the antibody molecules

in the euglobulin solution from cow or buffalo milk
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for the fat globules from the milk of different breedms

of cows or buffaloes are either 1dentical or similar,

¢} Nature of antibody attaching bacteria to fat
globules: The euglobulin antibidles attaching bacieria

to fat globules (Table 29)bring out the fact that these
antibodies for the attachment of bacteria to fat globulaes,
also lack specifielty, si.ice the treatment of euglo-
bulin solution with the fat globules from the milk of
either cows or buffaloes removes tuls class of anti-
bodies towards the fat globules fro: the milk of either
of the two species, rendering the euglobulin solution
incapable of attachinz the bacteria to fat zlobules.

But it appears from the results in table 29, that the
treatment in the saturation test with the fat globules,
which has besn rejeated Lhree times, doces not remove

the entire antibody, wherein, in all the cases after
treatment, the property of bacterisl attachment %o the
fat zlobules is not completely lost., The reason must

be that the treatment repsated thrice, for the adsorp-
tion of antibodice from the euglobulin solution by the
fat globules, is either insufficient to remove all the
antibodies, or that this group of antibodies oz:inot be
completely removed by adsorption. The first explanation
secna to be more approprlate, because in the experiments
for the aggregation of the suglobulin, it has been
possible to separate these antibodies completely from
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the supernatant of the suglobulin solution atllow
temperature, 7To test this possibility, the adsorp-
tion treatments were further carried out and it was
found that atleast two more treatmente were necessary
to reduce thia group of antidbodies to negligible
levels. The results obtained with the fat globules
of cow milk are in agreement with the results of

»9tadhouders and Hup (1970).

In the agglutination reaction it is found that
the euglobuliln - bacteria complex is specific, the
euglobulin - fat globule complex and the antibody
attaching bacteria to fat globules are non specific.

7. Agglutinin activity on different bacterial straing:

A large number of organisms are agglutinated by the
antibodies in milk and blood merum (Table 30), 1ndioat;s
that these are natural antibodies, They have not formed
due to any specific stimulus, but mlght have arisen as
a result of invasion of the oral cavity and the intestinal
tract by a large number of mieroorganisms through feed
and other means (Evane st al, 1966}, Purther, it appears
that it ie not neceseary for all these organisms to be
preasent in the alimentary tract of the animal to stimulate
antibody production, The presencs of few atr&ins of

orzanisms are sufficient to induce »roduction of anti~
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bodies, which could be shared by other strains of
organisns as well, since immunological relationship
betwean different strains of same groups within a
species hae been demonstrated 1ln thig study as well

ag by Portmann and Auclair (1959).

If the blood serum ie positive for agglutination
towards any organisn, milk and the fat globule washings
also are positive, since the immunoglobulins of bleood
which carry these natural antibodies, are the source

of the immune globulins of milk,

The differencss in the agglutination titres of
blood serum, whey proteins and fat globule washings,
ia due to differences in the concentration of the immune-
globulins in them, In the few exceptional case observed
in the oow and dbuffalo samples towards Pasteurells
boviseptioum, Clostridium welochii and Peeudomonam, where
the milk or fat globule washings or both giving negative
results when blood serum was positive, might be due to
the very low titre in blood, resulting in such a low
antibody content in milk towards those particular orga-
nisms, There is no relationship between the agslutinin
activity in blood serum and 4in milik, becanse of the mighly
selective preference shown by the mammary gland towards
adasorption of serum immunoglobulina (Pierce and Peinstein,

1965) and due to the fact that aggiutinating asntibodies
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bodies, which could be shared by other etrains of
organisms as well, since immunological relationship
between different strains of same groups within a
species has been demonstrated in this etudy azs well
as by Portmann and Aueclair (1959).

If the blood serum is positive for agglutination
{owards any organism, milk and the fat globule washings
also are positive, sincs the lmnunoglobulins of blood
which ¢arry these natural antibodies, are the source

0f the immune globulins of milk,

The differencss in the agglutination titres of
blood serum, whey proteins and fat globule washinge,
is due to differences in ihe concentration of the immune-
globulins in them. In the few exceptional case observed
in the cow and buffalo samples towards Pagteurslls
boviseptioum, QOlestridium welohil and Pseudomonas, where

the milk or fat globule washings or dboth giving negative
results when blood serun was positive, might be due to

the very low titre in blood, resulting in such a low
antibody content in milk towards those particular orga-
nisms. There 1alno relationehip between the agslutinin
activity in blood ssrum and in milk, because of the highly
selective preference shown by the mammary gland towarda
adsorption of serum immunoglobulinag (Plierce and Feinstein,

1965) and due to the fasct that agglutinating antibodies
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do not filter into milx from bhlood at a constant rate
(Bmmons et al, 1966).

Variations in tijres between one bacteria, and
the other could arise probably as a2 result of the extent
of invasion of the alimentary tract of the animalas,
by these organisms, and also in the differences in the
determinants of these organisms as well as the number
of binding sites in the antibodies for these organisms.

The reason for a high titre for most of the orga~
nigme in cow milk than in bduffalo milk, could be explained
on the basis of the higher suglobulin content. DIut,
the behaviour of the few stirains whioh have given a
higher titre in buffalo samples than in cow samples,
could be either poesibly due to differences in bacte-
rial straing and their capacity to react with antibodies
or, probably the number of binding sites in the anti-
bodies, for these organisme, in buffalo milk are more
than in the case of cow milk. As per Davig et al (1965)
agglutination titres obtained with different baoteria,

ars not necessarily at all comparable,

It is seen that majority of the organiema (non -
pathogenic and pathogenic), tested are sensilive o
agglutinins with varying titres. The agglutination
titres for all the gensitive organiasms except four,

s higher in cow ¥han in dbuffalo samples,
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8, gﬁﬁlut;gig activity in the milk from mastitic
udderss

a) Nonpathogenic orgzanisms and Leucocytess The
agglutination titre in mastitic milk towards the non-

pathogenic organisms increased {Table 31), due to the
increased permeability of the cdapillaries of the infec-
ted udder leading to an increaped amount of immune
globulins in milk, from the blood, (Lecce and Legates,
1959}, This is 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 arsa of the first peak which
is positive for the ocausative organisms alone seems to
represent the specific antibodies produced by the udder
tissues in response to tihe infection. The lower speci-
fic antibody activity in buffalo samples is an indication
of ite poor responss to the infection or inefficient anti-
hody production in the tissues against invading pathogens.

The results clearly show that whenever there is
greater increase in the leucocytic count the agsluti-
nation titres decrease (Table 32), until it reaches a
negligible level. In mastitic milk showing negative
agzlutination titre the removal of leucccytes restored
moat of the agglutinin activity (Table 33). This indi-

cates that the leucocytes have a neutralising effect on
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the inhibitory factors in the milk (Jones and Little
1934).

b) Caugative organiema: The resulis show that the

causative organisme are agglutinated by the milk and
blood of other healthy animals {Table 34) indiocating
that they are sensitive to the natural agglutinins in
them, although the titre is found to be low. The agglu-
tination tiltre of the infected milk towards cauaativé
organisms is high, whioh indicates that it is a speci~
fic induced antibody. The increasse in the agglutinin
activity, in blood serum due to infection is very little
and negligible while the agglutinin activity in the milk
from infected animals is very high, when compared %o

the titre of the milk from healthy animals towards the
caugative organisms., This confirma the view of Kerr

et al (1959) and Porterfield at 3l (1959) that udder

ie a site of antibody production. Prom the results

it is seen that the immune response of the buffaloes
towards infection 1ias very poor resulting in smaller

antibody activity in the milk,

¢) Agglutinin inhibitorss The milk of infected

snimals should normally zgive a higher titre towards
the causative organiems isgolated. In some cases nega-
tive results were obtained (Table 35), towards causative

organisms., The causative organisms isolated from the
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magtitic milk showing inhibition of agglutination ,

are gensitive to agzlutininsg in nilk, since they are
agglutinated by the blood and milk of healthy animalm
(Table 36), Such mastitic milk showing inhibition of
agglutination towards causative organisms, carry agglu-
tinin activity is shown by the agglutination of three
other agglutinin sensitive organisms (Tadble 37). Hence,
the inhibition of agglutination towards causative organisms
may be due to the presence of some inhibitory factor
suppreasing the agglutinin activity. This factor is
nondirlysable, heat stable and also apecific to the
particular organism (Table 38). It appears 10 be present
in certain concentration in milk and blood and its effaset
of inhibltion of agglutination can be removed by appropriate
dilutions, These inkibpitors seem to poszmpess the pro-
perties of antibodies, or they may be a modified antibody
e.g. modified by a proteinase excreted into the milk

in the abnormal udders interfering with the agglutins,
4Although the nature of this factor is not known at
present, it is worthwhile to further study in this

regard to combat such factors to arrest the course

of infection for ultimate increase of milk production,

Prom the forsgoing it is seen that mastitic milk
contains a higher agzlutinin activity; leucocytes exert

a neutralizing effact on the agslutinin activity; there



are certaln substances which inhibi$ the ag:lutinin
‘activity; and the i:umune responae of the buffaloes
towards infection is poor when compared to oows,

9. Transfer of imauie globulin from golostrum to
the new born call:

The results indicate (Table 39), the occurrence
of agzglutinin activity'in the précoloatral calf serum,
tazen immediately after birth due to {i) stimulation
by substances related to the organisms used for the
assay or (ii) the passaze of small amounts of maternal
antibody to the foetal side or (1ii) the exertion of
antibaocterial activity by the osomplement in the sbsence

of specific antibody (Zvans et al 1906},

The rapidity with which the agglutination titre
in the calf serum Increases, is an indication of higher
permeabllity of the intestinal mucous menbrane to absorbd
the colostral antivbodies. The absorption of colostral
antivodlies disappears within 24 %o 48 hours of birth
(Comline 2t al, 1951). The level of maternal anitibodies
is reached in about 24 hours after birth in the calves
of white cattle and the max:mum titre at 48 hours after
birth which is in accordance with Klaus et gl (1969).
The maximum antibody titre in the blocd serum of buffalo
calves appears at about 72 hours after birth and does

not reach that of the maternal level even upto the age
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of six montha, Hence, it is evident that the buffalo
calves seem to have a limited capacity for absorption
of colostral antibodies. Due to the above reasons tihe
bufifalo calves appesr Lo be more prone to several infec-

tions diseases in the early calfhood.

The results also show that even after the maternal
level is reached in the blood serum of calves the titrs
continues to increase further in the case of white
cattle., This i because, the level of IgG in the maternal
cologtrum is significantly higher than the level in
maternal serum (Klause et al, 1969) and the further
increagse in the titre in the serum of calves even after
the intestinal permeability is lost, is due to the
tranaport of unchanged immune globulins of colostrum
after absorption from the amall intestine of young
calves through the lymphatice to the syatemic circula-
tion (Comline et al, 1951), The gut of the new born
calf has a high absorption capacity to utilize large

volumes of colostrum (Kruse, 1970).

The antibody absorption from the colostrum in
the case of buffalo calves 1s lower than that of the
calves of white cattle. The maternal antibody level
is reached in about 24 hours ln the calves of white
cattle whereas in the buffalo calves even upto the

age of 6 months it is not reached.
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10, Aﬁglut;nin resistant and sensitive strains on
e _fcecrmentation o 1lks

The clotting time for the sensitive strains of

Streptococcus lactig 57, and Streptococcus lactis Oig

are much proiongad ap thay are gensitive to lacto-
peroxidase and the agglutinine in milk (Table 40),

A comparison of the two atralins 0y5, one sensitive

to both agglutinina and lactoperoxidase and the other
only to lactoperoxidase zives an idea as t0 the extent

of inhibition of acid production by the agglutinins,

In the presence of the pronounced affect of both the
inhibitory substancee a loose flaky curd ie formed, due.
to very low levels of acid production, Thesme observations
indicate the importance of the sirains of organiems
chosen for ithe preparation of fermented milk produqta.
All the cultures tested for curd formation are observed
to take a elig:tly longer incubation time in buifalo

milk than in cow milk. Probably this 1s due to the nigher
lactenin (both the inhibitory substance together) content
of buffalo milk than that of cow milk as reported by
Natarajan and Dudani (1961)., The results (Table 41)
indicate that the inclusion of a resistant strain in a
mixed culture helps the susceptible strain to overconme
the inhibition due to a:glutination torsome extent and
produces beneflcial effects, The obhservatioqs are in

accordance with tinose of Randolph and Gould (1965)
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A level of atleast 30% of the resistant strain is
required in the mixed culture to produce a good

quality curd,

The mensitlivity of the starter organism influence
the quality of the fcrmented milk product,
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CONCLUSION

The imiune globulina of milk, present a wide range
of antibodies capable of agglutinating nultivarious
species of organisme that might invade the udder ir-
respective of their pathogenicity. These agglutinating
antibodies are pres:nt in the euglobulin fraction of

the immune globulins of milk,

The fat globule agzlutinine are identiocal with
the whey protein agglutinine and it means that the
euglobulin adsorbed on the surface of the fat globules
are responsible for the agglutinin aotivity of the fat
globule washings, Hence, the fat globules, for exerting
inhibitory action have to depend on the euglobulin anti-
bodies of the whey or milk. The role of fut globulea
in the inhibition of acid production by carrying majority
of susceptible cells into the cream layer, is due to an
altogether different type of antibodies in the suglobulin
of 111k or whey which favours the attachment of bacteria
to fat ~lcobiles and hence, the fat globules by thempelves
may not play a major role in the inhibitory action of
milk,

The agzlutinating antibodiia in milk are shown to
exist as three distinct classes of antibodies exhibiting
different blological activities: (i) the agglutination
of bacterial strains, (ii) the agglutination of fat



globules and (1ii) the attachment of bacteria to fat

globules,

The foregoing facts apply to the milk of the two
speciea, cow and buffalo, The preaent study regarding
these three classes of antibodies in the milk of both
cow and buffalo ylelded interesting results, These
obgervations have helped to throw aome light on the

differential vehaviour of the cow and buffalo milk
towards the milk ring test.

It was found that the antibodies for bacterial
agzlutination and the antibodies for the attachment
of bacteria to fat globules were higher in cow milk
than in buffalo 2ilk, while antibodies for the fat
globule agglutination was about the pame in the milk
of both the species. The higher antibody titre for
the attachment of bacteria to the fat .;lobules appecars
to be responsible for giving a positive milk ring test

134

at a shorter incubation time in cow milk, than in buffale

milk. Incidentally, these antibodies provide 2 clearer

method for differentiation of the milk of these two
species, A study of these antibodies in the amilk of
other species of animals might provide further infor~

mation in this regard.

It has been shown that the agglutination titres



181

vary between breeds and species ~ Kondescript animals

had high titres, pure bred have low titres while the
crosges had either intermediate or higher titres than
either of the pure bred animale, Hence, it seems probable
that the agglutination titres may give an indication as

to the extent of blood of a known or exotlc breed in an
individual animal, provided the titrea in all the breeds
of animala are known. Hence, further studies can be

taken up to determine the level of agglutinins in the
blood and milk of various other breeds,

The observation of this study, that the euglobulin
antibodies from the skim milk or whey of cow or buffalo
can be adsorbed on the membranes of the fat globules of
either of the apecies seems to indicate that probably
the membranes of milk fat globuleas of cow and buffalo
belong to the same immmnological group. Further study
is needed to determine the immunological relationahip
between the milk fat globule membranes of different

apecies of animals,

These agglutinating antibodies in milk may play
a significant role in the control of udder infections,
Although these naturally ocourring antibodies are pre-
sent in much lower titres, they can control the infec-
tion to a certain extent, until the udder respond to
the infection by an inoreased synthesis of antibodies.
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Henge, 1t follows that the greater the antibody activity
towards the pathogens, the greater will be the resels-
tance to the infection,

In India, where all probable measures are being
taken to0 augment milk production by introducing high
proportion of exotic blood it is necessary to take
cognisance ¢of the faet that there would be deleterious
offects on the capacity of such animals $o disease
fesistance, since the present study reveal that the
exotic bred have the lowest agglutinin corcint, Thus
it appears, s more rational basie is required in intro-
dueing exotic blood in the efforts for augmenting milk
production, The present gtudles present a complementary
factors towards that., The crosses between 3indhi and
Jersey prove to be better than elther of the two pure
bred stook, oconcerning the antibvody activity of the milk,

Therefore, it appears reasonable to favour such orcsses.

The cobservation of the preasent study, that there
is an initial inoreas: in the agzlutination titre in
mastitis milk may be useful in detecting subolinioal
cases of mestitie and the increame in the gpecific anti-
body may be useful to identify the causative organism
by employing several antigens. Purther work is to be

taken up in this aspect,

The present atudy affords explanation for the
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observation that the maternal antibody level is reached
in the calves of white cattle within 24 hours after
sucklinz colostrum, whereas even after six months of

age the maternal antibody level is not rsached in ike
buffalo calves, This impliee that the rate of absorp-
tion of colostral antibodies is very slow and ineffioient
in buffalo oalves, while 1% is at a very rapid and higher
rate in the calves of wihite cattle. The slow absorption
of colostral antibodies, coupled with a considerably low
antibody titres in blood serum observed in buffalo calves
could have serious repurcugsions ¢n tiheir resistance %o
disease resulting in early calf mortality. Early ocalf
mortality in cowe 1s rather nag1!gibia when c¢ompared to
the mortality in buffalo calves, and it appears that the
above reason may be one of the possible explanstion for
such a calamity in buffalo calves. In India, where
buffaloes do play & major role in milk production, the
problem of calf mortality is a great handicap and this

problem remain unsolved due to the natural causes..

The present study serves to emphasige a more jJudi-
cious selection of atarter ocultures in dairy industry.
The higher antibody activity of cow milk towards a large
number of lactic streptococei presents a problem to
select the suitable type of ocultures for the preparation
of fermented milk products, cheese etec, Therefore starter

cultures must be screened, for their susceptibility to
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bs agglutinated by the antibodies present in nilk,
However, buffalo milk appears to be less exacting

in this respect, Anyway, in both cases care must

be taken in selecting cultures. Resistant cultures
will be more useful when single cultures are used,

but when nmixed cultures are used, where use of a
sensitive culture 1s sasential to bring about desirable
changes in milk, a resistdnt culture also must he used

to overcome the effect of agglutinins.



SUMMARY



185

SUMMARY

1. A total number of 1132 samples of colostrum,
milk and blood from cows and buffaloes were analysed
for the ag:lutinin activity. Of the 1132 samples, 680
were from cows, whlch comprised of 683 samples of colds-
trun, 371 samples of mid lactation milk, 53 sanmples of
blood and 53 samples of milk, both collected through-
cut the stage of 1actation.from a day grior'to partu~
ritlon upto the end of lactation, 53 samples of calf
bloocd from birth upto the age of six months and 82 san~
ples of milk from infected udders. A total of 452
samples were from buffaloes which oconsisted of 53 samplés
of colostrum, 288 samples of mld lactation nilk, 28
samples of blood and 28 samples of milk both collec~
ted throughout the stage of lactation from a day prior
t0 parturition upto the ond of lact:tion, 28 sanples of
calf bloocd from birth upto the age of six months and
47 samples of milk from infected udders.

2. The technique of gel filtration on Sephadex
G - 200 can be used for isolating the pure fractisn
of the protein carrying agglutinin activity.

3+ Tha agglutinin activity was carried by the
euglobulin fraction of colostrum and milk of cow and

buffalo,
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4, The fat globule washings of cow and buffalo
nilk aleo exhlbited agglutinin activity.

5. The euglobulin and fat giobule washings of
cow and buffalo milk agglutinated the fat globules
of both cow and buffalo milk.

64+ The fat globule membrane materials from the
fat globules of the milk of cow and bdbuffalo, did not
carry and agglutinin activity. '

7. Buglobulin antibodies adsorbed on the surface
of ths fat globules were responsible for the agzlutininp
activity of the fat globule washinge of the milk of

cow and buffalo.

8, Mhe concentration of the immune globuline and
the fraction of immune globulin carrying agglutinin
activity was lower in buffalo than in the cow ganmples.

9. Amino acld composition of the agglutinin active
fractions of the suglobulin, fat globule washings and
the cryoglobulins was qualitatively the same with minor
quantitative variations, The euglobulin and fat globule
washings of buffalo samples showed one additional amino

acid - tyrosine,

10, The whey protein agglutinine and the fat glo-
bule agglutinine appeared %o ve identical, in both cow

and buffalo samples,
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11, The agglutinins of cow milk samples showed
maximum activity at pH rang- of 8.1 to 6.5 and buffalo
milk samples at pH range of 6.3 to 6.6.

12. The agglutinins of cow and buffalc milk, were.
inactivated at the temperature, time combinations of
70°¢ for 12 minutes, 72°C for 10 minutes ana 74°C for

4 minutes.

13, The euglobulin solution of cow and buffalo
gamples ag regated to form cryoglobulins at 2% for
21 and 25 hours respectively.

14, The euglobulin solution of cow and buffale
samples were able to attach the bacterial cells to

the fat globules.

15. The euglobulin antibodies in cow and buffalo
milk comprised of: a) the antibodies for the bacterial
agglutination, b) the antibodies for the attachmeat of
bacteria to the fat globules and ¢) the antibodies for
the £at globule agzlutination.

16, The oryoglobulin, a fraction of the euglo-
bulin wae responsible for the fat globule agglutina-
tion and for attaohing the bacteria to the fat gzlobules

in cow and bdbuffalo samples,

17, The agglutinin activity for bacterial aggluti-
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nin activity for bacterial agglutination was higher

in cow sanple= than in buffalo.

18, The agzlutination titre of euglobulin and
fat globule washings towards fat globule aggluti-

nation was the pame in cow and buffalo samples,

19, The antibody titre of milk and euglobulin
golution towards the attaohment of baoteria to the
fat globules was higher in cow samples than in buffalo,

20, The whey protein agglutinin activity was
influenced by the species, breed and stage of lacta~

Lion.

21, Only species variation influenced the fat
globule agrlutinin activity.

22, The euglobullin bacteria co:plex showed a high
degree of apsecificity, while the euglobulin fat globule
complex and the antibody attaching bacteria to the fat

globules were non specific.

23. Majority of the organisms tested (pathogenic,
nonpathogenie, desirable and undesirable), were sensi-
tive to the agglutinina of milk and blood serum of cow
and buffalo,

24, The aggzlutinin aotivity in the magtitis milk

of cow ind buffalo increased in the early stages of
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the diseamse, but decreasod with the progress of the

dissase,

25, The increase in the leucocyte concentration
in the infected milk, decreased the agglutination titre
in nilk.

26+ The infected milk showed a much highsr titre
towardis the causative organisms for mastitias, while
the titre of normal milk towards these organisms was
very low, This increase in the titre shown by the
infected milk of cows, was much higher than that of
buffaloes.

27. The agglutination titre in the blood serum
of the infected cows and buffaloes did not show eigni-~
ficant inocrease as that obtained in the infscted milk

of these animals.

28, The milk and blood serum of 6,1 perceni of
the infected cows and 2.1 percent of the infected
buffaloes did not agglutinate the causative organisms,
but showed agglutinin activity towards other nonpatho-

genic srganisgnms.

29, The factor responsible for the inhibition of
agzlutination was nondislysable, heat stable and speci-

fiec to the particular organiem,
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30, The agglutinin activity in the blood serum
-0f new born calves axhibited a rapid increase following
the ingestion of colostrum. This rate of increase in
the blood serum of the oalves of white cattle was very
rapid reaching the dam's level at 24 hours after birth,
while in buffalo calves the rate of inocrease was very
slow, and the dam's level was never reached even upto

the age of gix months,

31. Agglutinin resistant strains olotted the milk
at a much shorter time, besides producing curd of good
conslatency, wheraaa, senaitive strains took a long
incubation time, but produced loose flaky card with

whey separation,

32, Addition of resimtant strains to a level of
30 or 40 percent, to a culture of desirable sensitive

strain produced curd of good quality,
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