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INTRODUSTION

Milk ie considered as nature's most perfect food.
It plays antyamﬂmmu a8 a source of nutrients,
Cows' milk, 4o a food of animal origin, contributes greatly
to human nutritions Proteins in the millk are unique frem
both nutritional and immunological point of viow,

The relationship between whoy protein and casein is
found to be avound 1+4 in cows® milk (lambraocus, 1962).
But, the gase is rovecse with human milk, It 1o postulated
that casein in cows® milk is incufficient to enrich milk
with all essontial amino acids presenty but it is whey proe
tein with the abundance of amino acids that can supplement
and enhance the nuteitive value,

m*mxuwywmmlmm
Special intercst has boon devoted noweg-days to the utilizee
tion of whoy proteins in human diet, wWith the advences in
cod food, the value of miik proteins has been overvhelmingly
approciated. The presence of milk protein as low as 10% of
total protein intake 1n ocur diet fs regarded as a significant
contribution (Hambraous, 1982), It can supploment nutritio-
nally inferior proteins available in cerecals and wvegotahles®
Henoe, it has drawn wide attention all over the world in
rocent times,




The practice of snimal hwsbandry and dairying has much
to contribute in this context, It can provide a wider scope
for the qualitative and quantitative improvement of nutrition,
There is aleo ample scope for providing employmont Oppos-
tunitics in a predominantly agrarian country like India.

Meanwhile, seversl cncouraging measures have heen
adopted with the application of latest innovations in the
emuzmwmw. The crogo=broeding policy
been rightly sccopted as a worthwhile and suitable approach
for the creation of a now generstion of high yielding cattle,
The liberalized bank loan facilities and othor developmental
programnes have encouraged the farmers to take up dairying
in an orgenized mannere Thus, the practice of animal huse
bandey and dairying has emerged as o profitable proposition
on par with any other indusery, | 3

In spite of all the developmental efforts, the outcome
will be rather a dissppointing one when the animal is struck
with infertility probleme, The animsl oven with apparently
normal health may take prolonged time to attain breedable
‘stages it may not conceive in time or abort before tho terms
Bven aftor calvings thore ave chances of cow going dry bofore
34%0 hommonal, hereditary, managemental, enatomical and phye
piological defocts may 1O attribuved to such eventuslitios,




The varied end complex situations may stand on the way to
ouf success. The animal with & good genetic potentiality
for higher yield, under such circunstonces, HOCOMES USGs
Less. The ownor is ultimately bownd to incur a grest 1oses
consequently, the enthusisstically adopted development
mmmhﬂtmm&mam“mr!mm‘m‘
QMMMSQ

:ammmmnmmuummm
nwmmwwwm.mnwam
sion is considered to b2 on alternative moasurts By this,
nmmmﬂﬂﬁﬁmmlmmwm
m,mmuumsmmmmmuyw
.mumeammemu.wmw

vaWWMMMM
changes, oynthesis of milk constituents by the mammary
tiosue, and the role of eireulatory hormones can ba studied
by bringing the animal into lactation. Investigations on
careded out by she eppiication of such techolque,

on the other hands it 1o advosated that selection goals
- gontents mmmLm&m.wmmmmw
Jhey peotelns 15 apprectably highs In milk intended for
gmmammmg'mum‘



Thase cconamicals iokogl
tonces have prompted ¢ofay £or omko
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tonary ingrodiento. It ean roplaco
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infertile cattle stand inadoguate. The synthesis of various
components of milk in the namary tissus is yot to be undorw
stood fully., lNoreover, studies on the compogition of milk
in induced lactation are still limited, Reports on protein
mttnthumarqmym;ﬂummtumm
rent components, particularly the whey proteins, ave still
wantoeds .

In the present studys thorefore, an atcompt has boen
made to detormine the levels of differont components of
p:mmmmmmpmmmmumwxgm
nilk of cows induced to lactate. Those lavels have boen
canpared with those of milk from normal lactation,
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The ploncering work of Douin and Ancel (1909) en the
influence of hormenes on mammary groweh revealed the vital
role of corpus luteun in the propscstion of the maomery
gland of rabbit for lactation, The authors concluded that
mmwslmmmqnmmmneymem
lobulowalveolar growth and developmont,

Tollowing one and a half decade, an oheervation was
made by Muxloy (1924) on tho active phaso of mammary growth
and proliferation depending upon matute of sex oycle, Mo
developed a velative growth analysis in which the growth
"'mumm,mauumumeummua
wholes '

Application of aforesald Huxley's technique in the work
of rolloy gt ale (1939) in rhesus monkey evolved valuable
informations about mammary growth provess, They reporved
that 4n the nonepregnent female monkesy, thare was a period
of accolergtod mammary growth uhen the total mammary ares
incronsed 2.7 times fastor then the body surface.
| A new dimension on the role of hormonos in mesmery
gland developmunt was opened by Mimmer and Tumer (1943),



alveoll, papillonatous outorowths into aiveolar Jumen
immature ducts and aslveoli without lumen.

Later, Sykes and Wrenn {1951) treated calves with the
daily injection of diethylstilbosstrol and progestorone
at 6 mg and 250 mg respectively for 5 montha, This treate
ment resulted in the growth of the wider tissue without
marked histological abnormality,

_ The use of estrogen and progesterone togethor by
Cowie gt ales (1952) and Donson gt ale. (19358) in an attempt

to study the mammary gland development in goats showed no
abnormality as before., Henceforth, it was accepted that for
the normal mammary gland developmont, estrogen and mm
rone together played undaubtediy & leading role.

Cowie gt ale (1965) afver conducting anothor experiment
on goats confirmod the above £indings. Pindings relating to
mmwmmmwumum
munwumammmwaumm-m
terone emerted no mammogenic effect in the ahsence of the
pituitary ghand,

Cowie (1970) have claborstely reviewed the outstanding
aehievements of several decados on the influence of hormonos
on manmary growth and milk secretion, fe also explained the



hormonal mechanisms invelved in the change over from the
functionally quiescent to functicnelly active mry. gland,

Mﬂnalmyg&mﬁmmmmw
physectomised heifers were done by Sud et al. (1968, 1971).
Injoctions of 400 mug of estradiol-17 beta and 100 mg of
progestorone, three times weekly for 20 weeks were given,
mmmmm'mwmum. Sud (1972)
used this method for the development of mamnsry gland followed
by the use of d-Fluroproednesolone to initiate lactation,

In anothor study conducted by Sud (1973a), admintstrae
umclsomnmpzuomummmmm
20 days ovoked optimal growth of mammary tissue in the
castrated guinea~pige The results indicated that for the
mmtnmmummmmmmmmm
gland during induced lactation was studied by FPleming @t al.
{1977)s They took 23 cows, injected oestradiol-17 beta end
progesterone for 21 days and doxamethasone on day 3134,

On day,35, nilking was inttisteds The mammary biopsy revesled
that epithelial area inereased linearly with the course of
injections.

difforontistion of mouse mammary epithelium was investigated



by Preoeman and Topper {(1977). Their conclusion was that
duotal cell proliferation in the mouse mammary gland in vive
required estrogen and progesterone; alveolar formation
required estrogen~progesterone, and either mawm,

or placental lactogen. mmxnuumwﬂo?m-
of either ducts or alveol! in vive. |

The report of MoPadden gt ale. (1285) was rolated to
hormene induced synthesis and secretion of milk proteins by
Wmucmmnmmmnm.
mmmmummumnbnumm
synthosis and secretary responses of propubbral mommary ‘
tissue to lactogenic stimali. Injections with osetradiol-17
 beta plus progestorone (0el end 0,25 mg/kg/dsy respectively)
were given to Angus and Holstein heifers for seven days.
on the 15th day, they were slaughtoved. mmmmm
vas explented and cultured for 96 hours in bassl mediun or
stimulotory medium, Prolactin was added to tho mediwn,
Mmmmsumamumammmmmn
mammary tissue after hormone Lroatomonte The toloteins wore
more productive than the Angus,

mum (1988) Mmmm
nine NHolstein cows in three different periods - within one

woek of parturation, st 60 and again at 180 days postepsrtums

The aim was to study the lactogenic hormone receptors. It
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bovine mammary tissue incressed with onset of lactation,
followving a pattorn similor to that observed in aonruninants.

Giving special importance on the composition of milk
in induced lactation, a study was conducted by Perin (1958).
mmmmmmemmmmmqm
gesterons and synthetic cetrogen, It was found thit mammary
socretions were initially colostral in nature. As milk flow
bocame established, the scoretion gradually turned into a
milk of normal composition. |

Turner @t 8ke {1956) took a group of infertile helfers
mmwowmmmamyawmam.
AS a conséquence, hyperemis of skin of the udder was found.
mmmumemmwmm.
copbination of both the hormones resulted in copious secre~ .
sion of milk in the Jerssy and the Holstein wheress the
76 was sleo observed that the maxioum yield was earlier than
in case they would have calved normallye

75 & Foport on hormonal control of mumary growth and
1actation in the gost, Nellor and Reinkets (1958) stated
that sexually mature gosts wexe distinctly more responsive
to the treatment. The conbination of stilboostrol and
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progestorone brought into rapid onset of lactationg but

. they could not £ind out a clearcut indication for an optimum
ratio between the two hormones for the mammary growth and
lactation,

The hormonal set up during pregnancy was studied by
Erb et als (1968) grom urinary eseretion in bovine. m
¢indings helped later to establish similar condition arei-
!MLylthomummmmmmx

secrotion.

There was s successful result on the use of m;..
stilboostrol alones Naito gt al. {1968) found it in 30
Mminhaﬂardﬁﬂcbw#oqiMS-mmmmmh-
cutancously for a period of 30 days The author concluded
Mmﬁmmm“ﬂmmmww.
duation of the hoifers.

whare sterile cattle ware used for induction of lactation,

of (1) estrogen OF (41) progestarong
mmmnmmmummmmwm

cular soutes mhm-mmmmmmu
mmm»wmsmummu
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14 wocks. The response was better from these animals having
received higher dose for shorter period, Average total milk
was 95,5 litres over a poriod of 376 days in cows under
group I and 98.4 licres in 446 days in group IX. The Ccompo-
sition was normal after a week,

In another work, Zeb gt gie (1973) injected 1%7-bota
estradiol and progestorone subcutaneously to £ive heifers
and three cows. They divided dally doses into two and
injected on an interval of 12 hourse From 10th to 21st day
of commencenent of injection the animals stavted giving milk
and gradually reoched the poak 60 days after the last injec-
tion. |

Sud (1973b) observed genodal hormone oliciting adequate
development of mammary glands in heifers but he expressed
doubts over the Seorotory activiey in fulle He claimed that
melengestrol acetate (MOA) had a simflar effoct on hoth
develogment and secrotion of the mammary glands

piper and Williums (1974) reported that milking in
nonpregnant, nonlactating cows was injeiaved within eight
co ten Qays after the last injection consisting of
cestradiol 17~-beta plus progesterone at the rate of O.1 my
and 0425 Mg por %g body weight respectively for seven dayse
one animal with broken hip was made useful which yielded
15000 pounds of milk till the completion of the study.
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Smith and Schanbacher (1973, 1974) administered sub-
cutanecusly oestradiasl-l7-bets and progesterone at the rate
of Osl mg and 0,25 mg/kg body woight/day respectively, for
seven days into nine cows and one helfer. ﬁd.l,ydm-m
divided into two and given at 12 hour interval. The ani-
mals received injection for 7 days, Seven cut of ten ani-
mals started lactation from 1121 days after firet injections
Peak yield was attained within 3050 days after lactation
bogone Animal that veceived trestment from £1fth to seventh
day poot estrus responded botter.

Studies on milk production and reproductive performance
of the cows hormonally induced to lactation were undertaken
by Collier gt gl. (1978a,b)s They took 11 cows and 5 hei-
fors and administered oestralol=-17«beta with progestorcns
for seven days followed by dexamethasone on days 10 and 20,
among the animals, only two failed to lactate. The poak
milk yield was not reachod until an average of 8.0 weeks
W‘WW“MG

mmmummwmwmtm
mmammmwmmmum#mnm
of progosterone at 0,125 mg/hy body weight and cestradiole
17-beta at 0,05 MKy body wedght disselving in sbeoluto
othanol., As & socondary treatment, dexanothasone o their
combination followed the primary treatment with no signifi-
cant offect in lactations Sequentisl changes in milk



4

composition were reported to be indicative of mammary gland
regression followed by lactogenesiss Only 0.,007% &4f injocted
oestradiol-17 beta was recovered end hence inference was
drawn that milk was a minor excretory pathway for that
hormone (Mollett gt al. 1978),

Brd gt ale (1976) induced lactation in 3 cows and
S heifers with 0,05 my ocestradicol-17 beta and 0,135 mg pro=
gesterone por ky body wedght twice dally for 7 days, ond
blood, urine and milk semples wore studied by redioimmino
assay for hormones, Total free estrogen in milk decrcased
significantly by @ meximum of 18 days after the last injece
tion, &zummwmmmdm
tration than what was reported for untreated cows during
of lactation, Milk yield reached 2.5 ky/day from 9 to 13
days after firet injection. '

 The investigation of Chakrivarat g4 ale (1978) con-
corned with regards to the physiological and hormonal XoS-
mmwmmwmmwmmma
tion of useful information, They used ocestradiol-17 beta
(0.1 mg/ky body welght) and progesterone (0,25 my/kg body
weight) dadly by suboutaneous route for 7 dayse Dexamethasone
was injected (0,028 my/ly body weight) on days 18 to 20
Milking inieciated on the 2lst daye ALl the animals showed



pro-oostrous activity within two days aftar the firet
steroid injection, After 16-20 days, these activities
reappeared again in many of thems sSeven induced cows ave-
raged 73% of their previous yield of natural lactations.
concentration of prolactin incregsed in the woek following
steroid injections (8th to 1Sth day)s Thore was a higher
concentration of prolactin in the cows producing more then
give hg/day tut this wes seen in other cows slso during the
thizd week, | | |

ml.h:mﬂ!‘m) anmmmmm«ummn
induction of lactation. mmmmaﬁm
noifers, and estrogen combined uthmm was injeow
ud. mmmw.mnwlmulwmumﬂmw
groups two to four, Milk yield vas found similer in all the
!wwmum_ahmummmm
w&vcwwmﬂ.mm'mmam
mmwwwmammwmmum
m‘

In another experiment conducted by Hormess 9 gle
_um:.mmumm.mmmwaemum
neifors end six cows. To another sot of animals coneisting
milking on the 1ith day and the other group on the 20th daye
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all the heifers and caly theed cows
group camo to the lectations In oho secund gEOUDs

tion vas faduced in Sive holfors and tvo oows enlge The
yield waz highor in the group iajected with both €ho Auugte
“he transicion to normol composition of milk was slower for
odngle than double trastamnte | -

Skesoeskousks o ale §1979) faduced 33 eows Lnto
lastoticn by subcutonsous dnjoction of scotradloi-iV Rota
{9 0.2 mo/%y bedy wodght) and progoctorons (O 0.25 mg/ig
body woid ) dodly ac 12 howr Snhouvals Sor coven doyde
Troatmont Was storted dour co £ive doya after estrus kovps
iy 4n viow tho lov Lleod projecterone esncen
tiotion of lectation bogen 10 duys ofter esvplotion
'sngm@m 18 all che andmolos BALK wiold was 7% of aguie
voiont gvorese vield in provious nowmal dambations, pravedn

x sespectively Of COrvoge

recskonoks ot 2de ‘3@?93‘3 Xt rovsaled that thosd ware

forances on the yield in inducnd lsctctiong Whe

spring xooulued in tho locues yields It vas also cuncludeld
shat thoze differances Senony crated @ critical rola of

s Eaetotliodns

prolactin in the Svestnmt to ind
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In another investigetion, six heifers having reproduc-
tive abnormalities (fallure to conceive to numercus naturel
matings or hrooding mummifiod foetus) were selected by
rield et al. (1979). other six nulliparcus heifers (nosmal)
vere taken in another group, All the animals were inducad
into lactation by treatment with estrogen plus progesterone
sriethylacetate. Thoy found that the lemgth of the treat-
ment period had no effect on milk yield, The seczetion in
the induced lactation had the appesrence of colosterum £or
giret six to seven days. It resembled normsl milk in both
sppesrance and compooition except for a high fat contents
4n the normal induced heifers it was 5% and in the heifers
with reproductive abnormalities with S5.0% against 4.1% in
neifers lectating after calvings |

The report of Alifakiotis gt ale (1980) indicated the
Mu@ymwummmwmmq.
mwmﬂummmﬂm-ﬂmuﬁﬂwm-

Wrzmmusmma Milking was
tndedoted on the 16th day, Thore was colostral seerction
. gor two days after which it resembled nomal milk, The
guthors further observed greater lactogenic response and
yi01d of milk by injocting corticoldes n thelr industien
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schomas with estrogen and progesterone but insulin and proe-
staglandin diminished their responoes.

Chakravarty g% aie (1981) took 5 cows and 10 heifers
. with established history of infertility. The animals were
treated with estradicl-17 bets and progesterone at the rate
of 0,1 mg and 0,23 mg per kg body weight respoectively daily
by subcutanecus route for 7 days., Pive heifers and threoe
cows out of the 15 animals inttiasted lactation, Only two
hedfers required additional treatment with intramwseular
injection of dexanethesone on day 10, 19 and 20 of treate
ment and responded walle

Luktuie and Purbey (1982) veported on a preliminary
study on induction of lactation in the crossbred cows Thoy
ook one 1leyear old storile crossbred cow and cestrogenic
hormone was given intramuscularly at the rate of 10 mg overy
alternate day for 15 days. This was accompanied by spplie
dsily. rive more infections were given after a gap of one
wook, Within a weok of initiation of treatment, udder
enlargement and enset of lactation wore obaesved, Milk
yleld wes 6 litwes/day by completion of 15 injections and
rose o 8,5 litres/day after tho end of the course of second
injection, At 8 months, the yield was 2.5 to 3 litres/day.
At three week, chomical analysis of milk revealed normal
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values for the constituents exgept for highar fat per qent
at initial stago.

The yleld and composition of lacteal secretion of
helfers during hormonsl induction of lactation was studied
by Skarda gt gle (1983), They sdministered 56 my of outree
ddol dipropionate plus 100 mg progesterone daily for seven
days. Millking started on the 18th day after the first
injoction, There was no significent Aifference in milk
composition between induced and noneinduced secrotions,

Berchtold gt ale (1983) studied on the utility of
inducing lactation in dry cowe with mamified foetus. After
ahortion, the cows were induced to lactate, The authors
injocted ocontradiol bemzoate (0,05 my/kg body weight) and
progesterone (0,125 mg/ky body weight) twice dally for a
weok, This was followed by two injections of 100 L.u
Wmmxmmmmum MeLK~-
ing commenced on the 2ist doy of treatments Dally yield in
18 out of the 20 cows was 10+24 %y within 2 months, There
wos no influence of hormonally induced abercion on milk

yield.

Sherma ond Rao (1984) troated sterile cattle with
for seven days. Udder was massaged twice daily. Prom the
20th day of estrogen plus Progosterone treatment, chloropros
masine hydvochloride was injected for a pariod of three days.



After this, milking was commenced., The authors noted that
the milk was f£it for human conswiption after 3«5 days of
milking. This technique of artificial induction of lactoe
tion was found successful in T0-00% cows,

Ihe proteina in milk

Sarry (1961) stated that in tho cow, Colostron cone
tained about 11% globulin plus albuning ut globulin cane
down 0 about 0,2% and albunin to 0.4% on an average in
normal milite

Carroll (1961) observed that in duying off secrotion,
mastitis secretion and colostrol whey, the rehtﬁvc con-
contrations of individusl proveins wore similar. Dut, there
was a rise in all constituents when milk production dropped.

According to the report of Dellamonica @t al. {1968)
dlstributions of nen-casein nitrogen in milks were 119,15,
14,6, 102,76 and 107,47 m3/100 ¢ milk during sunmer, fall,
winter and spring ceapectively.

Mory and Lin (1970) in an investigation on aleshol pre-
cipitatod vhey protein concentratd observed that botae
. the order of decreasing electrephoretie mobdiitys

Khan and Saracwat (1972) have studdod the composition
of milk during lactstion, They found that during colostral
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period, mmokmlmhmdmmms.a?
and 3.24 respectively, During the f£ivet 25 days, a tone
dency for the decline of major constituents was noted,

After that theore was a general increase, though not regular,
with the advancement of lactation, '

Gone (1973) ohbserved a whey protein/casein ratio in
8 feeding trial with silage. The author observed the ratio
as 18182 in normel and 17:83 in experimental animale.

Totsl nitrogen content in cows' milk was studied by
Mariani (1974), Prom 45 farms, two samples of herd milk
each were collected for analysis, The values for attrogen
in mg/100 ml milk wores Priesien herds, 549,03 Tealian
orown, 584,6; Regolo, 574,05 and Modena, 586.4.

another attempt was made by Mardeni (1975) to investi-
gate the protein distribution in milk of Priesian, Drown
Swiss, Regglo and Modena cows, Four samplos, two during
from 45 farms. There were 369 Pricsian, 273 Drown Swiss,
156 Reggio and 110 Modens cows, There were significant
differences botween breeds on average contents and per cent
diseribution of nitrogen fractions in respect of casedn,
analysis, Again, in respoct of per cent distribution of
aasein frections, thore were no significant differencos bet-
woen broeds.



Nishikawa gt al. (1976) recorded the distribution of
nitrogen in tho milk of both human and bovine, In cows®
un.mmmmmmmumumm
The values for wvhey protein nitrogen and noneprotein nitroe
gon wore 16.,9% and 5,1% respectively in cowa® miik on
10-15 days post partum. The authors have stressed on
accurate maagsucement of true protein content in milk and
other foods with high levels of noneprotein nitrogen so that
true assesament of nutritive value could be made.

‘Thibler ot al. (1976) reported that milk protein cone
tent was 2,96% (measured at monthly intervals)., They con-
cluded that contribution of milk protein to varistions in
progestorone was mich higher than that of milk fat content
and milk protein was the most important cheracter in predicte
ing progesterone eoncentration in milk,

Disc electrophoresis patterms of whoy proteins in
cows® milk, human milk and Vitalkt humanized milk were
analysed taking six samples of each type by Xalashnikova
(1977). Polyscrylomide gol was used for this analysis. The
gols wore subjected to densitometer axamination, Cows® milk
contained 0,76% whey proteins with 11 peaks, Two peaks correse
ponded to irmunoglobulins, three to protecse peptones, one
to serum albunin, one to alpha lactalbumin, one to an inters
mediate fraction, two to beta lactoglobulina A @d B, and
one to glucopeptides, Muman milk had whey protein content



Of 0,45% and thore were seven peaks visible, Out of them
not a single one was corresponding to boeta lactoglobulin
and no intermediste fraction, There were only two protecse
peptone peaks, In thoe humanized milk, on the other hand,
whey protein comtent was 0,94% with nine peaks. Two of the
proteose peptone peaks observed in cows' milk were absent,
mymanized milk which had been heated for 10 minutes as 105°C
contained only 0,37% whoy proteins with marked changes in
Belactoglobulin and fmmunoglobulin; and there was absence
of intermediste f£raction also, |

In the observation of Sunenic-nijeliac (1977) on Black
pied cows, the nesn value for total protein was 3,36:0,00
per cent. ' |

The blood derived whay proteins were shown to ba
increased with decrease in potassium and lactose content in
the milk from the mammary gland affected by lotent mastitis
(Grigozyan gt gl 1998).
| sing and 8ing (1980) observed that whey proteins were
0uTs 047y 048 and 141 g por 100 ml of milk in the Jamunapari,
mawmmmmwaumumr« Breod
aifferonces in respect of total whey protein and colloidal
proteins were statistically significant, There was a trend

Mmum (1901) observed different levels of
protain in 8 study on the composition of milk in & group of



crosebred cows, The average porcentage values wore 12,44 3
0e75, 3485 & 0,07, 3443 & 0,06 and 4,02 & 0.05 during laot
day, early, mid and late lactations respectively., During
the corresponding periods, the values for casein ware
5459 & 048, 3405 & 0,06, 2,71 & 0,05 and 3,20 & 0,05,
Thore was aleo a comparative study betwoen the milks of
normal and induced lactatfions 7The suthors reported that
the average percentage values of protein were 3,93 & 0.02
and 3,76 % Oe1l in normal end induced milk respectively.
Corzesponding values for casein were 2,99 & 0,03 and
2499 2 0409 in the two conditions respectively.

while narrating the distribution of proteins in bowvine
milk, Swalsgood (1982) mentioned that casein content was
3035 g/iitre and the whey protein was Se7 q/utu._

In a report of Yamauchi gt al. (1983) it was stated
that electrophoretic and immunologieal properties of whey
proteins £rom two ¥ndian buffalo bhweeds were similar,

'..‘..-"L Ewlin B

Rolleri gt gl (1956) made a comparative study on this
graction of whey protein in the Holstein, Ayrshire, nrown
‘ghe other four breeds, Correlation cowefficient between
petawloctoglobulin ond alpha-lactasibunin was found to be




as

0.327. The percentage values for beta-lactoglobulin were
Ou31, 0431, 0435, 0,30 and 0,39 for the Ayrahire, Brown Swiss,

Guernsoy, Holstein and Jersey cows respectively.

Aschaffonburg and Drewry (1957) isolated bota-lactoglo-
bulin as a distinct f£rection in the whey by adjusting pH
and erystallising later, They hove suggested some £orm of
quantitative relotionship between botawlactoglobulin and
casein synthesis. It was concluded that for consumption of
£iuld milk, cov homosygous for betae=lactoglobulin would be
sultable for higher whey protein content.

According to the report of Drunner gt gl. (1960) betaw
lactoglobulin in cows' milk was 0430 @/100 ml of milks It
was 7-12% of skim milk protein,

Beta-lactoglobulin was reported to @xhibit ©C and D
vardants also, This was in addition to A and B variants
roported eariier. It was observed by Vake and Daldwin (1961)

Paper electrophoresis was done with whey protein of
ghe cows® milk as well as that of the buffalo, Samples of
milk from 130 mebu cattle of different hreeds and from 15
botawlactogloulin B and buffale betaslactoglobulin showed
pome molecular weights (dhattacharys @t als 1963).
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Jokhe gt ale (1964) reported on the immunological
relationohips of boteelactoglobulin with alpha-lactalbumin
in various species, They observed that antiserum to cow
beta~lactoglobulin had rescted more strongly with sheep and
goat botewlactoglobulin than cow betawlactoglobulin itself,
The results indicated that it would not be possible to use
to distinguish betweon those milks and adulteration of camel,
horse, pig or some other species milk with that of goat,
buffalo, sheop or cow could be readily detected.

Dellamonica @t ake (1963) recorded heta-lactoglobulin
in terms of mg nitrogen/100 ml milk, Their observations
revesled highest concentration of this component (39,91 mg/
100 ml) during winter, 7The values were 30,49, 38,50 ond
33,04 mg/100 mi in sunmer, fall and spring respectively.

Studies relating to the postpartum changes in milk
protein fractions by Porter and Conrad (1967) revealed that
in ten days a fairly stable relationship had establishoed
betveen relative concontration Of the four protein frace
tions of milk serum with beta-lactoglobulin being the majoe
rity. 7This fraction was recorded to be the highest (2%) on
same settlod down at 0,33%. The decrease in gramme percent
of bota-lactoglobulin in 60 hours was approsimately £ivew
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Kraeling and Gerrits (1969) studied the polymorphism
of sow's whay, The bota-lactoglobulin was found with two
variants A and B, They were £ast moving witch greater ologtro=-
phoretic mobility, The sow polymorphic protein (A, B and AB)
migrated faster than cow's beta~lactoglobuli when subjected
to electrophoresis under similar condition in the same gel.

Marr and Lin (1970) dencnstrated the prop.ctles of an
alcohol-precipitated whey protein concentrate, They have
sloo displayed the electrophosetie pattern of hetu-imu-
globulin boing fractionated further into two, bote-lacto;lo-
bulin A and B,

Sing and Ganguli (197Sh) reported their £indings on
changes in whey protein fractions in mastitis, milk, colow
strum and deying off cecretions in Tharparkar cows., There
was aignificant lower proportion of buta-lactoglobulin in
all the abnormsl milk samples compared with that in normal
ones,

The investigation of Cersbulis and Parrell (1975)
revealed that betaelsctoglobulin nitrogen in whoy was 2646,
33,6, 26,9, 22,0, 24,4 and 19,9% in the Holstein, Jersey,
Ouernsey, Ayrshive, Nrown Swiss and Shorthorn broeds, regs-
poctively. In temms of protein percentage, the correspond-
ing valuss were given ass 0,184 & 0,081, 0,251 & 0,074, 0,222
2 0s047, 0.163 3 0,081, 0,222 & GM and 0.768 & 0,034 res=
mm,’n



In a quantitative ostimation by imvmnochenical method,
Hodate and Jokte (1976) studied the beta-lactoglobulin
nitrogen concentration in bovine milk. The mean valuos
wars 332 % 18.4 and 292.6 & 16,7 mg /100 mi at 6 and 13 days
post-partun respectlvely.

In another investigation, Imbert-rondeven (1977) fouad
that betaslactoglobulin was higher in the acid whey then in
the sweet whey., The conclusion was that it was poosible to
store whoy at low tomperature for up to 5 days without any
type of denaturation. '

 Fifagen and Wheelock (1977) reported that denaturation
of betawlactoglobulin in whoy was magh greater than in millk
At a temperature more than 74°C there was a greater degree
of denaturation of beto-loctoglobulin in heated milk than
in heated whoy.

The interesting feature in respect of beta~loctoglobulin
was that while in cows' milk whoy proteins it played a domi-
nant role, in buman milk whey protein, it was reported to he
ghoent, Of late, the report of Liberatard gk ale (1979)
nowever, showed that beta-lactoglobulin oocurred in minor
quantity in human miik, |
observed by Ishikawa gt ale (1992) in » study conducted



Weiss gt gl. (1982) detected one "x* variant electro
Mymmuzuumm-mmeaa éowe,
daughter of one bullse The variant cocurred between bota-
lsctogiobulin A and B, It was estabiished by anino seid
MMMWMW&NQMMWLMG;

Hanbracus (1982)gave the value tar-huu-hmmm
as 3.,C mg/ml of cows® milk.

The above value-£alls within the range olven by
Swaisgood (1982). According to the author, it was 24 g/litre
of bovine milk. & |

On the third day of cslving, beta-lactoglobulin was
roported to attain nommal level (sing et al. 1902). In the
buffalo milk, on the contrary, it was S5% of the total whey
protein. .

By icoelectric preeipitation of casein, whey was
obtatned from 36 individusl and composite skim milk samples
of buffaloas and Friestan cows dueing the dth, Sth and 6th months
of Lactations The whey proteins were soparsted by paper
eloctrophoresis at pit 8.6. Four distinet bands vere identie
£ied, and betaslactoglobulin was 57,2 snd 52,3% of total
(Aboul-Khier gt al. 1983),

Alohe=lactalbuntn

This is known to play an important xole as B subunit of



the ensyme lactose synthotase complex, the other subunit A
being galactosyl transiflorase,

Electrophoretic study of Slatter and Winkle (1952)
in skim milk revealed that the mobili:ies of the provein

in unfractionated skim milk were appareatly lower than the
mobilities of the corresponding isolated proteinss this

wan trua for lectalbumin slso., Best electrophoretic resoce
lution wes obuexved at pii 8.6, .

Rolieri gt al. (1956) investigated the protein constie
tuents of milk and speeific proteins present in the serum
proteins fsolated from various hreeds. The authors found
that alphalactalbumin fractions were 21,7, 21.3, 19.7, 23.3
and 22.2% of serum protein for the Ayrshire, Brown Swiss,
Guernsey, Holatein and Jersey cows respectivelys In the
skim milk of these breeds montioned, the average amounts
of alpha-loctalbumin were Dell, Osll, Osil, 0413 and 0.15 o/
100 mi as against total serum proteins in respective hreeds
boing 051, 0¢53, 0,58, 0.56 end 0.66 g/100 ml skim milk,
The alphe~leactalbunin, though not statistically significant,
had & higher average content as in the case with immune
globulins. Within the hroed, the authors observed, the
correlation coefficient of alpha-lactalbumin and beta-
lactoglobulin was found to be 0,845, md between alpha-
lactalbunin and serum albumin 0,310,
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The report of Blumberg and Tambs (1958) draw much
attention since they could show for the firet time the polye

morphiem of alpha-lactalbumin, They showed two variants of
alpha-lactalbunin 4in the Zebu cattle.

There are algo reports on seasonal variations of
different whey protein fractions (Ghosh and Anantakrishnan,
1963)s Albunin was reported to be 0,23% in the monthe of
April-iay and 0,30% in September which wore the lowest and
highest average values respectively in cows® milks The same
component was found lowest (0,20%) during April and highoot
(0:38%) during September in the buffalo milk, There was 2
tendency in general, to lower the values in dry and hot
months from Pebruary to June., Agein, in August to November,
ic attained a higher value, as the suthora observed, Sog-
sonsl effact on aibunin only in cowa® milk was found to be
highly significents 7This was not ohserved in buffalo miiks

in the buffalo by Bhattacharya @k ale (1963), it was found
to have close similarity in their properties in the same
mannoxr as in case of cow hoteelactoglobulin and the single
buffalo betaelsctoglobaline The slphae-lactalbunin A migrated
apyroxinately the came Aistance as buffelo alpha-lactalbumin
did. That there was a conbination of alphe~lactalbuain A and
beta-lactoglobulin B 4in sebu milk wan revealed in the study,



a2

veotigeted by Dollomonice of oke (1965) by Rjoldobi

oun mothodse Analyois of thodr dote indicoted thot toted
dn froction 644 not vary with sceseny and Congantra-

tion of all NON=CAse

was Mghest during ouw

% of alphaslootoibumnis

I — on the £isst days 4G
uas 0s36%, ool on the second oy the poroentege :

50 0a30e T2 waa D.33% on@l 0.30% oo the Fub and 230% Aoy

FRopeetivolys

xyLGl an ont of the major Qemponant
achallnin par 160 @}:& of oldn ndlite

, pstad 0 0841 of protein
in miik (Jennusa ond Pations BD6BYs The suLhore sopanated

pit 0e0e Tho filbrute thus obtoined we
saturation with magnosiun gl



33

ammoniun sulphate. After filtering off, the albuain was
isolated from the filtrate., Bstimating 81 samples, the
authors have concluded that albumin + globulin nitrogen
together had 13,4% of total nitrogen in milk. Out of that,
albumin nitrogen was 8%,

Thompson (1970) has made a dotailed review on the
phenotyping of milk proteins. e has sumarised a variety
of mothods for phenotyping whey proteins. He obsexved that
polyscrylanide-gal electrophorosis would be far miperior to
paper electrophorosis. Alphaelactalbunin was stated to
hnwemmim..&anaso!mammmm‘
Bog indigus catitle, Occurrence of B variant was found in
the milk of Bos taurus,

mgummmumhﬂmtmm,
golgl apparatus ad milk secretion, Keenan gt al. (1970)
Moummmtmmﬂqﬁmmuww
Mommawamosmum
hmmmmmmammmauﬂm
insulin and hydrocortisone,

mmomnﬂwn)mcmmmamm
nwwwmmmmummmf
lower proportion in the milk samples during the stage of
colostrum, drying off and mastitis,

tuantitative estimations of major whey protein



fractions were done by Hodate and Jokte (1978) using imrmunoe
chemical methods At $ and 13 days postpartum, mean ¢on-
centrations of alphaelectalbunin in bovine milk were

13146 £ 3.9 and 121.3 & 2.7 ag/100 ml respoctively.

Albunin end globulin values together was 0.64 & 0.04 per
cent in Slack Pied cows in an investigation on whey proteins
mmmuzmmmnuummmmmm

Sumenido-84 jeliac (1977).

By the use of polyacrylamide gel eloctrophoresis,
Hillier et al. (1979) measured residusl native whey protedns
romaining after heat treatmont of shim milk and cheese whay.
The denaturation of alphawlactalbumin appoared to be Sirst
order followed by betawlactoglobulin A and B,

In the gase of buffalo milk, it was observed that
alpha-isctalbunin got otabllised on 6th or 7¢h day followe
ing parturition, This process of stabilization was rapid
than in case of betaelactoglobulin. Changes in alphaelactas
ibunin component of buffalo milk at different periods of
post celving were also studled, These were 2,38 & 0.21,
26488 £ 1.14 and 30,49 3 1.56% of total whey protein on the
lst, Sth and 10th day respectively (Sing et al., 1982).

Alphaelaoctalbunin was found to be docrossed by the
effect of subclinical mastitis in a study conducted by
Tahikawa ot ale (1982), Conversely, enhanced alpha=lactaliwsain
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mimmmwmmmmmmam
protein was oboerved as mastitis score decroased,

Cows* milk was reoported to contain 0.9 mg of this
protein por ml (Hambrasus, 19682).

Swaisgood (1982) stated that this component was
1=1,9 g/litre of bovine milk,

While undertaking a qualitative and quantitative study
on the whey proteins, Aboul-whier (1993) identified four
distinet bands in poper electrophoresis, The slpha=lactale
bunin was 24,1 and 23.8% of total whey protein in cows® milk
and buffalo: milk respectively,

Another report stated that alphaelactalbumin was found
to bo most heateresistant whoy protedn (dewit ani Kliarenbeek,
1984), The authors also described it as most important
proteln in the whoy.

Emunoglobalin

Bovine immunoglobuline are of tremendous impertance
'mmmunmwmm,mm
gots the paseive fmmunity from the dam through the colostrum.

- Rowland (1939) undertoolk an investigation en the proe
eipitation of proteins in milk, Ho observed the following
levels of globulin at Aifferent valums of piH,
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pH of tha colution clobuliin alarogen
/400 o) midlk

$470 458
5.63 307
Ge26 323
603 3.8
718 338

enes and was

More than o four ducudos ogo, Hothavalla (1530-40)
norted on the globulin sitrogon presemt 4o millk cempd
from Vugsoh SESalo. I wao 5,908,247 of total nitrogen
in tho miike. On the cthor hond, the came in the G4,
Anahd and m&ﬁm hraeads of cow verd 44Dy 20 ond $45%

e Lractions of @&@w&ﬂ. cuglohuiin and poeudogloln
y aptinatad ao 142 ond 0,01 of totol protedn
gpectively by toticeldn (1994)s The author

Qe BeGa Jody 3,7 and 3,7 of totel nltrogon in tho %mmm.
gwn Swloo, Cuerneey, Folsteds and Jersey Lreodo Toopace
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Balin wan 0e06a Qa7 0608, 00D cnd 0.08%
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According to the report of nen.ama.tcn 8% ake (1963),
globulin nitrogens wore 10437, 7409, 2490 and 7.54 Moo g

milk in owmer, fall, winter and spring. |

~ Perter and Conrad (1967) reported that there was a
mYmdeWﬂmpruh
m- maawmmmm:mumzmemoﬁmt-
. pmo thoe lmmmun wos s.mm 2.,06% of milk
mmmwﬂmtaw On the second day the
level came down to 0.52% and 0,31% en the 3»d day, this
was sgain reduced €0 0,16 and 0414% and on the Sth day it
was 0,08% in a single samplings For the study on those
changes in milk serum protein, polyscrylamido-gel dise
electrophoresis was carried outs The investigation was,
however, confined to & period of 21 days postwpartum,

A @otatlod roview on bovine immmoglobulin was given
by Butler (1969). 196 as prineipsl immunoglobulin was
found to have the highest concentration in bovine serwn,
IgM, the other immunoglobulin was found to be asssciatod
with parasitic infestation of Anaplamma, primary fmmune
M,mzmmmmumumwm
of the geyum, The Ig6 immunoglobuling were divided into twe
oub undes, 7g, and Ig0ge The former subunit was selectively
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stroam to lacteal £luld mdght be operative in the nonlactse
ting gland ‘ir.ul.!-

¥hile undesrtaking a astudy on biood plasma protein in
the milk of cows with mastitis, 90 samples were subjected
to starch gel eloctrophoresis. Comparison was. made with
another 100 samples from nommel cows, The suthers could,
nowever, demonstrate inercese in "some globulin® in the

samples from mastitis milk (Garss gt gle 1974).

senft gt al. (1974) studied on the varistion of imnunoe
globulin during lactation in 63 Dlack Pled cows, Highest
concentration of I¢G (110 mg/mi milk whoy) was found in
colostrun particularly the fizst mdiking one, Lowast level
(1.1 mg/ml whey) was by about the 20¢h day of lactation,
There was a Mttle increase towards the ond of lactation,
Again, the concentration inoreased with the age of the couws,

16 was reported that rapld decrease in normal Sfmeuno=
globulin levels within ¢he £iret tuwo days after perturition
paralleled the transition from colostrua eollectod 0=5 hours

pm;mwmmm Only a small decline in ioounoe

globulin level was usually found to continue after one weok
the firet 23 weeks. I¢0; in cattle conprised 60% of total
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Ig¢ but often more than 95% of the colostral XgG (Dutler,
1974)

Sing and Canguld (1975a3) have investigated whey protein
£ractions and relative proportion of different components
in it. Imune globulin was found O HO 15.32 & 1,009, 44,30 3
4,86 and D411 & 2,42 per cent of total whoy protein in the
milk samples during normal, clinical mastitis and colostrum
period respectively. These vul;m ware higher than in nore
mal canes.

Considering the predomingnce of IgG; in the milk of
all breeds during lactastion, Phatia and Gangull (1977) took
up the work to ianvestigste eleboratelys. 7The authors once
again confirmed the existing evidence that bulk of IgC, was
seloctively transported from serum to lactesl secretion in
the mammary glands mwmnx@ahw'm&u
higher concentration but it was not predominant in milk in
comparison €0 IgGye On the other hand, IgoH had been a
mindmum dn quantity with 0s03 to 0,06 mp/iml in milk and IgG,
and IgG, topether were in mich higher concentration, They
gurther noted that there was no eignificant difference of
those immnoglobulins hbetweon difforent hwoeds either pure
or crossbred, In the Feport, IgG, was desaribed as & predo
prod cows sonsisting of Brown Swiss x Sshiwals It comprised
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approximately 1/10th ohe level of IgG, on the first day was
found decreasing in a rapild mannor as it was found in the
milk semples of 7th and Bth day post-partum, IgM also
followed the similar pattern, This investigation also
revealed the selectivity of mammary gland to transport
196, from serum to colostrume The authors concluded that
mw.mmum_mxm:mlmm.

There was a2 progroassive decrcase in the protein,
aespecially immmnoglobulin, in a study on the changes in
the composition of lactesl secretion from lst to Sth day
postepartun milking in 6 Itslian Fricsian cows (Cauvin 9t ale
1982) o L

In the buffalo milk, immnoglebulin was found te be
82,29 + 1438, 13,60 & 1437 and 8,01 & 1,36 per cent of whey
mmmxu;mmmmwmtm

at ales 1982)
ﬁoﬁm. the values for difforent components of immunoe
globulin have been given by Hambracus (19823)s Ighs Ig0

and IgM were noted as 0403, 0.6 and 0,03 mg/ml respectively.
According to Swalsgood (1982), immmoglobulin in

~ bovine milk was 0.6~1 g/liere,

In an investigation on previous udder disease and

conposition of whoy proteins of cowa' colostrum, Balblers
gt ale (1982) observed cortain alterstions in the picture
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of different components. Acute clinical mastitis, and
MWWWmMmmwm
significant lowering in immmoglobulin content along with
total protein, Bdut aseptic inflammation of guarters,
secretion disturbances and mild cldnical involvement otiw
mulated defence mechanioms and caused eignificant increase
mmummmmmmmm
vuhm;mmmi |

The subclinicel mastitis in eows wes the caune for -
increased concentration of immunoglobulin along with serum
albunin in the investigetion of Zehikawa gt ale (1982).
Streptogoscus gureus infection cauved a significant increass
in these two CoUpONentS.

By adopting a technique of paper electrophoresis,
Aboul «¥hier gt gl. (1903) observed thot immmnoglobulin was
13.5 and 17.7% of total whey protain from cows® and buffalo
adlk respectivelys _ '

peet and Klarenbeek (1984) have studied certain charas
ctoristics of whoy protein in the context of physiclogical
and biochemical importance, After coagulation of casein, -

 Wmile adepting & procedure to estimste protedns in milk
or any other food by way of nitrogen estimation in it, the



relevance of nonw-protein nitrogen (Nru) is to be conaidered,
MAgain, the NP gets much attention in the diagnosis of
disturbod secretion., Decause, it was found that the blood
of cow had the same residual nitrogenous subastance (Rowland,
1938). The author observed different values for nonprotein
nitrogen and total protein by employing different chemicals
like tannic acid, phosphotungstie acid, uracyl acotate and
trlehlmmmm. The attenpt was to separate out the
non-protein nitrogen from the protedin. After a thorough
investigation, the author recommended the use of 12% tri-
chloroacetic acid at a room temparature for complete procie
pitation of protein. This was claimed to be a Fapld method
mmm&dhm&ym

Nitrogen dlatribution in the milk of native as well as
exotic cattle were elaborately investigated by Rethavalla
{1930-40), He found that percentage values for NPN were
a;aa-u.za of m nitrogen in Murrah buffalog S¢2, 7ol
and 5,47 of total nitrogen in the Gir, Sindhi end Nritish
breeds respectively, The value in the goat milk was
04 5=046% of total nitrogen, |

The range of noneprotein nitrogen given by Hariand
ot al. (1955) was botween SMRWQL milk with a moan
value of 31 m/100 ml. Tt was 5,5% of total nitvogen in

indlke
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Non-protein nitrogen has been found o have different
values for different hroeds, In an iavestigation, distri-
butions of the same WOre 5.7, 44y 5.5, 5.3, 5.2 and 6,0%
of total nitrogen in the Holstein, Jersey, Cuernsey,
Ayrshire, Red Poll and Brown Swiss broeds respectively
(Reinart and Nesbitt, 1956),

Ghosh and Anantakristnan (1963) found different levels
of noneprotein nitrogen and influence of season, breeds and
species on them, They observed a lowest monthly average
mua!mmum. Exprossed as eguivalent to
protein, the lowest values were in the month of September,
G.14% for the cow and 0.1%% for the duffalos the highest
velues were 0,22% for the cow in June and 0.25% for the
puffalo in the month of May. The seasonal effect in respect
of noneprotein nitrogen was highly significant in cows® milk
bat At was not so in bufifalo milke

tn summer, fall, winter and spring, nemeprotein nitrogen
were found to be 32,06, 29,61, 22,17 and 26,60 mg/100 g miik
(Dellamonica gt Skes 1968).
| mmmumMﬂ'Mmmh
nitrogen of cows® millk. iigh protein ration to lolstein
cowe vas the reason for inaressed cencentratien of serua



considered to be due to either insdequate protedn in the
ration or lactational drain (Menon @t al., 1969).

Khan and Saraswat (1972) noted that there was a
decrease in none-protein nitrogon content of buffalo milk
as the lactation advanced beyond S7th day of lactations
This tendency was not observed in the course of advancing
lactation in cows, The authors took Gir cows and Murcah

ffaloes for this study,
Mammmmum!.nm'
milk have been recorded by Mariani (1974). Two samples of
herd milk from cach of 45 farme were analysed and average
values for ures nitrogen and noneprotein nitrogen
(in mg/100 ml) were found to bes: for 15 Friesian hords,
1642 and 29,5 for 10 Italien Brown, 17.9 and 31.5 for 10
Reguio, 15,9 and 29,5 and for 10 Modena, 15,7 and 29,6 rese
pactively, Another notable festure in the study was that
hoxrds fed with Jucerne had & tendency for higher urea and
Rowland (1938) Mmemwm
ratod out proteose peptone along with non-protein nitrogan.
Thore was protecse-peptone in the nonecasein nitrogen
was considored usually to consist entively of albuain. The
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author determined albumin plus protecse-peptone as the
difference hetween the soluble protein and the globulin,
Then the separation of albumin from proteose peptons was
possible by precipitating the true slbunin snd the globulin
as wells 1In tho caseinefreo filtrate, p»¥ was adjusted to
475 and denaturation and coagulation accomplishod by
boilings The other method was by heasting the milk at 95°C
for 10-20 minutos and coprocipitating in the denatured form
along with casein at pi 4.7 thereby leaving the protoose
peptone in solution, From this sclution, protecse-peptone
could be precipitated later by adding trichlorcacetic acid
to give final concentration of 8N,

According to Dellamonica ot ale (1965), protecse-pep=
seasons, In sumner, fall, winter and spring, the valuea
wore 15,61, 14,03, 12,85 and 11,84 mg/100 g milk respectively.

gated by Joshi gt ale (1970) using turbddometric method,
sialic acid estimation, sephadex gel filtration and starch
gel electrophoresiss The colostrum and milk samples were
cows and the Murrsh buffalo, In Yespct Of ProtesAGwPAPLONe
level, there wvas a sionificant difference hotween colostrun



was an indication of a gradual chonge Of Proteoscwpeptone
level with the progross of lactation and starch gol alectro-
phoresis was useful to detoct this, Finally, the authors
conciwded that appesrance of protecssepeptone from blood
was most probeble in the case of colostrume Sut in the
case of milk 4¢ was likoly to originate from mammasy Sunc-
Ganguld (1978) reported that eoncentration of protecse-
peptene varied between spocies, Cows' milk showed higher
values (220 mg/100 ml), buffalo milk eame next (172 mg/100 md)
and goat milk iesst (56 mg/100 ml), Colostrum samples hod
a grester concentration being 306 mg/100 ml for cow snd
236 mg/100 ml for buffalo. During first throe months of
lactation, there was a decrease in protesse-paptone followed
by little elevation during 4th month till 7th months During
gth and oth month of lactation, protecsewpsptone showed &
sharp incregse followed by & sharp drop corresponding to the
onset of dry period, Extreme climates decreased its cone
mmmummaMtﬁomm In the duffalo,
it was found mascimum (226 mg/100 ml) during the fourth
month of lactation porfod, Different time of milking in a
mmmuzmvu!.m. \
" sing and Gengull (1975b) ohsexved that ratio of
memummmmuuw
in cases of colostrun and drying off secretions. They
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conducted this experiment on the Tharparkar cows by paper
electrophoresis and gel filtration,

In bovine milk, normally, proteocse peptone content
has boen found to be 0,6-1.8 ¢/litre as per report of

Swaisgood (1982).

In snother report by dowit and Klarenbeok (1984), the
protecse peptone has been deseribed as s polypoptide coming
- from degradation product of casein. One fragtion of protecse
poptone, PP-3 has beon ldGentified as one of the components
of milk fat globule membrane. The author has cited the
nanes of four different conponents -« PRAL, PPGs, PPS and PP3,
Guantitatively, they found that proteose-peptone content was
0s2 @/litre of milke

corzoll (1961) induced mastitis in cows;y and by appli=
cation of lon-emchange cellulose, he ohserved a merked rise
in this component of whoy at 8 hour. Another observation
mode from this experiment wos that there was a selective
rosorption of the gserum albumin when milk production dropped,
On an absolute basis, the component was found Lo be 0.,24%
in cows® milk,
~ 2n an sorylamide gol electrophoresis of milk whey,




mobility of betawlactoglobulin was highest, the next was
alphaelactallunin and then bovine serun albumin while
ispunoglobulin was nearer to the origin, The same pattern
of electrophoretic mobility was alwo oboerved by Morr and
tdn (1970) while they undertook an investigation on propae
ration and properties of alcohol precipitated whey protein
concentrato. | |

carza et ake (1974) demenstrated the incroase in the
geram aibumin in 90 semples of mestitis milk compared with
100 samplas of normal milk by the use of starch gel eloctro-
phoresis technique, '

8ing and Ganguld (1975b) noted that bovine serum
albunin vas evident on paper electrophorogrem of whoy pro-
tofn from clinical mastitis milk, colostrum and drying off
seorobions, but not Srom subclinicel mestitis milk.

pifferent tectniques ke frvanodiffusion, polyacryle-
consistently shewm the oiso of bovine sesum allxwdn mase
tcitds (Alison and Johng 1079) .
vhey proteins were 3.21 £ 0,09, 5427 £ 0e56 and 6,70 & 0,62
on doy one, five and ten respectively in an investigation
conducted by Sing g% ake (1902), |
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Hambraous (1902) has stated that the serum albumin
was 0.3 mg por mi of cown® millk,

Aboul-ihier gt al. (1903) identified the fraction of
bovine serum albumin in an inwatigation on whey by paper
eloctrophoresis, They ascertained it to contribute 5.2
and 6.2% to total vhey proteins of cows® milk and buffalo
milk respectively.

According to the report of dewit and Rlareniwek (1934)
bovine serun albunin represented the highest single poly-
peptide chain of all the whay proteins., This was procipl-
tated at 40=-45°C. In the blood cireulatory system, 1t has
been known as transport protein., Acidification to pil 4.0
brought about denaturation of fte molocules,

In the bovine whay protein frection, Sorensen and
sorensen (1939) noted the red and green proteins for the

£irot timo.
croves (1964) isolated Lactollin from bovine milk,

ohis protein was found to be associated with lactoferrin

and that too in bovine milk only.

| fenson gk ake (1967) reported another copperebindd

protein, ceruloplasmin, It was dotected both in colostr

mature milk and blood sexum of cattlo.




Mekensie (1967) gave the following description:

a2 - R N O T e 69 TRGA e I G 2a wra A
Characteristie of the provein Name |

Rod coloured, ircnecontaining protein _ |
specific to mdlk : Lactoferrin
ned coloured, iron-contatining i ,
protein of serum
serun transferzin whea isolated Serun transferzin
from milk tguh)
7o indicate species from which reod Bovi Lot ebuiln

protein is isolated, a prefix is used

The suthor 5190 reported thet lactollin was not
1ively to be synthesiszed in the udder ond most likely to be
rolated to inmune protein,

Jonness (1974) weported the values for lLsctoferrin
and lactollin as> 0,018 and 0,002 g per Litre of milk rese
poctivoly.

Veriations in the lectoferzin level during the lactas
tion peried of plack Pied cows were observed by Senft 8% @le
(1978)s They took 63 cows and found that this protesin hed
nighost conoentration (nﬂwﬂm}hwm
culariy 4n the 1gt milkings LOWest level (98 ug/ml whoy)
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was choerved on around 20th day of lactation. IgG showed

little increase towards the end of lactation, Lactoferrin,
contrary o I90, rose to 900 mg/ml. There was a tendency

for increase with advaneing age of the cows, However, no

correlation was found hetween lactoforrin and IgG,

By electrodmmune diffusion of whey proteins from 00
quarters of 20 normally lactating Holstein-Fricsian and
Jersey cows, moan lactoforrin concentrstion was found ¢o be
0435 my/nl. In mastitds milk, the incrosse of lectoferrin
was marked and it was significantly related to coll count
(Hazwon g% ales 1975). | |

Seversl vealusble informations ave '.amu__m on Locto=
errin in the report of Welty ot al. (1976). They invecti
gated the concentration of lactoferrin during invelution
of bovine mammary gland, In this work, electroimmnc Aiffu~
sion sssay wes used to quantitate the changes in its cone
contration in mammary secretions, After 2«4 days of cosoa-
tion of regular milking, lectoferrin concentration began to
increase, It went on increasing in a linear fashion, the
roko being 1.5 mg/ml/day. After 2-4 weeks of involution,
it was 20 my/ml which was a maxioun concontration, The
lovel was 100-fold more than that in normal milk, Marked
decrease of this concentration wes noticed prior to partu-
rition and onset of lactation.



A study was undortaken by Caunt gt gle (1980) on the
variation of lactoferrin concentration in different situae
tions of rolstelin cows, Thore were 830 cows and the ohoorw
vation was made for a period of one year. Concentration of
lactoferrin in colostrum was 10-15 timos more than that of
normal milk (1-5 mg/ml). In dry socretions, its incroase
was 100 times that of normal milk (2030 mg)s There was a
1inoar increase ostarting from 2«4 days of cessation of
regular mii%ings On tho other hand, mastitds incressed
the lactoferrin concentration, It incregsed with the ine
mmmm_awm,mmumosxm
tion, and the growing ege of the cow, For the higher herde
tability (044 £ 0.33) for lactoferrin that can fight ;
infection, it was muggested to consider this protein as a
seloction eritorion from genetie podnt of view,

mmo.ou@mwmi.um*mum
agoinst 1,7 mg/ml of human milk, The Lysosyme is another
whay protein (an enmyme) Jnown for its distinct physiological
role, It destroys the bacterial coll walls It was found to
be 0,0001 M/l tn cow ndlk (Hembracus, 1982).
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MATEAIALS AID METHODS

Crosshrad cows £rom the University Livestock Farm,
Mannuthy were used for the experiments. The experimental
group consistod of 3 heifers botween 34" years of age
which were listod for cuiling due to infertility. The
contzrol animals of £irst lactation wore 3 cows of Appro=
simately same age ¢roup selected randomly.

All the animals wore maintained under similar farm
conditions,

The heifers wore obsarved both in the moming and the
evening daily for the symptoms of OSSLLUS,

The experimental animals were induced to lactate by
injection of storold hormones in the following doses re-
conmended by Smith and Schanbacher (1973):

Estrogen (Vetoostrol, M&B) at the rate of 0.1 my/ig
pody weight and progesterone (Lutocyelin, Hindustan
Ciba-Calgy) &t the rate of 0,25 my/ky body weight daily.

mmamdmaﬂmmmmumlmm
together and given as a single intramuscular injection in
the gluteal muscle slternately on the right end left sides
at 10 N, every day for 7 days consecutively,



Massaging of the udder was done dally once for S«10
ninutes to cach animal during the course of treatment,

In the experimental group, hand milking was done
twice daily otarting from the 21st day of the f£iret injeg-
tion and dollection of samples was started from the 1éth
dsy of first milking. The control group was in the 3xad
month of lactation at the time of sample collection. After-
noon milk on ovory 7th day in the case of both the groups
were collected for analysis and 6 samples were thus colleg-
tod from each animals AlL the chemical analysis were con-
wmm:umm.

a) Albumin £) other vhoy protein
(Totel whey protedin minus
p) Globulin albunin and globulin)
@) Total whoy nitrogen ¢) Total protein
d) NMonmprotein h) Casein
" nitrogen ,
@) Total whey protein 1) Cxude protein
o) Akbusid

pne method described by 18I (1981) was followed for
W,,.m. About 5 ml of milk sample was weighed,
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It was mixed with 50 ml of water at 40°Cs Then, 0.5 ul of
ascetic acid (10% V/V) was added and mimed well, After
10 minutes, 0.5 ml sodium acetate solution (1M) was added
and mixed again. It was allowed to cool dawn to about
20°C, then filtered using Whatmen f£ilter papor Mo,40, The
£ilerate was oxactly neutralized with sodium hydroxide
(1% %/V)e Agaln 03 ml of dilute acetie acid (119 by volume)
was mixed with the filtrate and heated in a steam bath £411
the albumin was completely precipitated, Lastly, filtrae
ticn was done using Whatman f£ilter paper No.40 and the
precipitate was collected, |

The precipitate iru transferved to a 300 mi Kjeidahi
digostion £iask, 25 ml of concentrated sulphuric acid and
02 ¢ copper sulphate were added to it, After thorough
mixdng, it was put for digestion. In the begimning it was
put in & low heat tiil the frothing subsided. Afterwards,
1t was cooled, added about 2 g of anhydrous sodium sulphate,
washed the nock of the flask pouring some dAistilled water
and groenish blue in ecolours After cooling, the material
wes transferred to s 250 ml volumetric flask and the volume
made up with distilled water, From this, 10 ml was trans-
gorvod into the licro-kjeldahl distillation apparatus (Oser,
,,,,g)mwwmumumumm%
MQMW“QM~M“WM¢

P ———




This was subjected to steam distillation, Resulted amonia
was collected in a conical flask by allowing to pass into
standard sulphuric acid (0.1 1) where 2 drops of methyl rod
was added as indicator, This was titrated against Ol1 M
standard sodium hydroxide solution and titre value recorded,
This distillation was repeated thrice for eash sample.

The average value was taken for calculation,

Calculation~
voight of milk talen -Wg
volune of digest e« Vml .
Amount of digest taken for -V, ml
distillation 1
volune of standard acid
(01 ) token * Vg ™
ritre value av,ml

volume of 0.1 ¥ acid noutra= - VooV,
lised by ammonia - ijghd

Vz:‘fi % 1.4 x V x 100

.ﬂﬂm -
YR wuvlem
% Protein = (% Nitrogan) x 6.38
b) globulin

Ten ml of milk was woighod, Casein was progipitetod
out adjusting the pit to 4.6 by using Hydroehloric acid
(1 M+ It was £1lvered through ¥hatman filter paper No.40.
The £1ltrate was neutralised by sodium hydroxide solution




(Oel M) and then it was fully saturated with magnesium
sulphate (Jenness and Patton, 1969). The precipitate was
collected by filtering through Whatmen £ilter paper No.40,
This was subjected to similer treatments for the determie
nation of nitrogen and the caleulation for protein value

as under (a) above,

e) Zotal whey nitrogen

Ten ml of milk was weighed, casein was precipitated
mmsstMuM€b) montioned earlier,
muxummmuwmmmm
total whey nitrogen and cofresponding value for protedns

mu‘ wvas estimatod as por procedure described by I8X(99)),
Ten mi of milk was weighed and 40 ml of trichloroscetic

culated as under (a) mentioned eariier for getting tho
nitrogen value and aleo its eguivalent value for prosein,
‘@) Iotal whey protedin

protein nitrogen as under (4) above from that of total whoy
“mummmmmuumm




cmgm value for protein was obtained by calculating
as under (a) mentioned earlier,

This was comprising of protecse peptone, iron hinding
proteins, ceruloplasmin, lysosmyme, etc. The value as a
whole was caleulated by subtracting the value for albwunin +
globulin from that of the total whey protedin,

@) Zotal protedn
The preeipitate of {(d) mentioned earlier was subjected

for digestion, distillation, titration and caleulastion as
described under (a) earlier to get the value for total .
protein.
h) Gageln
The value for total whay protein wae subtracted from
ghet of the total protein to got the value for casedn.
1) geude protein
mummmmmnmamw
nitrogen together gave the nitrogen value for crude protein
under (a) above,



Flgel.
of milk proteinss

Flow-shoot dlagram for the chemical fractionation

whole milk

| Acetic onia (10%)

[sodium acotate (1 W) X gt e Man]

precipitate] | Piltrate precipitate| |rilerate |
m!muuu Iﬂmul‘uuul
ulatl Full ssturstion with 1g30, |

g e || [y [ ]

Isoeloctric ptoeipttaum

Trichloro acetic scid (wcjl

ﬁ 4.6) /\
jltrate | Precipitate | [Filtrate
"'“"m‘“m:u whey m‘ Lma e ml (o)

Total whey protein N

other whey protein N (Total

o

Casein ¥
crude protein N
protein % = W a 630
| P = Noneprotein nitrogen

@ (Total protein N) + (NPN)
N = Nitrogen

(Total whey 1)-(upm)

vhoy protein )=
(Albumin ¥ + Globulin N)

s (Total protein N)=(Total whey proteinN)
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1. Milk samples were collected from each animal of
both the groups soparately., The fat was separated out by
contrifugation. Acid whey was prepared by precipitation
of the casein Ly sdjusting skim milk to pi 4.7 with 1M HCL
(Hartman and Swanson, 1965), memtammdim
the whoy by £iltering theough Whatmen £ilter paper Nosd0.
The whey was diluted for electrophoreais by adding 3 parts

of whey o 7 parts of borate bhuffer,

2, The whoy samples vore mixed with 9 volumos of
sodiun Dodooyl Sulphate (8D3) loading buffer and held in a
water bath at 100°C for 10 minutes for densturisation and

procoeded for electrophoresis.
cox. (Garvey gt ales 1977)

2% sodium dodecyl sulphate (SDS) .o
21 Maresptoothanol e
0«1 M Borate buffer s
O« 1% Pyronin ¥ e
Glyecerine ne

lg
1 ml
49,0 m}
50 mg
10 ml



A dise ¢el electrophoresis apparatus as described by
PDariing and Dickson (1979) with a capacity to hold 12 sam-
ple tubos vertically were used, The glass tubes for _
accommodating gels used were 7,0 cm long with 0.5 om dis-
moter (internal)l. The gel tubea were prepared as followss

Tubes were immersed in chromic acid for overnight and

cleaned with detergents They were then washed with tap
water, £inally zinsed with distiiled water and allowed to

dry in hot air oven .

A modified Neurath's (Neurath and Mili, 1978) 10%
scrylanide gel system in Darate buffer (porax 38,1 g/i plus
poric acid to adjust the pH) of pil 8,3 was prepared as

undor.

a) The following wore mixed $n a 50 eo beaker.

De2 M Borate buffer (pH 0.3) ae
ng 1 ¢ 608 pexr litre

TEMED (Tetramethyl ethyl Alanine) ..
Ammonium persulphate .o
Riboflavin (0.8 my/md) oe

.aﬂnﬂ ml

© 0.04 m)
- 2040 mg
‘1 ml

After the air hubbles (due to addivion of ammonium
Mmmm:mummmw

mised by swirling,
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Stock acrylamide solution:

Acrylamide e 4.4 g =
W,tN-tothylenebisacrylantde 1.2 ¢ | 3741
Water upto .e 100 m}

A quantity of 6.8 ml from this stock actylamide solution
was added o the Borate buffor prepared earlier.

b) mmmmwmpmmmmmym
tubes were filled up to 2 cm below the top by using a clean
pasteure pipetite, |

a)am:wuxmtyzamrnammwm
mm_umm&;ﬂumm&yﬂnmumm.

d) The tubes were then exposed to diffuse matural
light by placing them near a ldghted window, In about
15-20 minutes, cross linking (polymerimetion) was found o
be over. Such tube could be easily recognised by a shatply
demarkated £lat minuses below the isobutyle alecohol layer
and slightly more opelescence of the gel as compared to the
aleohol layers,

@) The alcohol on the top was then discarded by inverte
ing and shaking the tubes, The top samples was rinsed with

£) Running buffer (0.1 M Borste buffer pi 8,3) was
added to top and bottom compartment taking care not to trap
sny aiv bubble at the ends of the tubos,



g) The apparatus was connected to electrophoresis
power supply and zun for 15 minutes to allow excess ammonium

parsulphate to migrate outs

h) The tubes were loaded with 0.1 ml of samples
treated as cutlined under 2, Clycerine was mixed with the
prepared sample before putting Anto the tubes to increase
the density of the sample so that it may settle over the gel
while charging.

1) The sample tius loaded were subjected to electro
phoreais for 3 hours st a constant power supply of 5 mp/tube
abi&vw&wamfmmmmmma

§) At the end of electrophoresis, the gels were
Slue stain for several hours., ‘

Coomassie Slue se 1.28 ¢
Methanol | se 227 mi
Glaclisl acetic acid P~ 4§56 ml
water - oe S00 mi
k) Pestaining of the beckground in the gels were dne

by putting them fn a 10% ascetic acid solution,
1) The stained gels were proserved in 5% acetic acid
solution, j
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RESULTS

In response ¢o the hormonal troatment, there were
gradual development of the mammary glands in all the three
heifers. The enlargement was approciable from external
appearance towards the end of the course of treatmont.
After the termination of the trestment till the indtia«
tion of milking, tie udders were engorged and turgid. Colo=
strun=-1ike mammarsy aocrotion was obtained on the 18th day
normal milk within 5 days of reguiar milking. The yleld,
in a day, varied from 200 ml (in the heifer 10,032) to a
maxinun of 4,500 nl {(in the heifer No.670) till the ond of
the experiment,

IT, Chenical anslysis
a) Alaundn

the milk of cows in normal lactation was 0,383 & 0.0007,
The same in the gows induced to lactete was found to be
04603 £ 0,066 (Table 2), On statistical analysis, the
was not significant. However, diffexences between indivie-
duals within the group was found to be highly significant



(P< 0401, Table 3, Fig.2)e Out of total nitrogen in milk,
albumin nitrogen accounted for 12,09 por cent in normal

and 15,04 per gont in induced milk (Takle 20)3 out of

total protein, albumin accounted for 12.9 and 15,9 per cent
in nozmal and fnduced lactation respectively (Table 22)Fiy2).

b) globullin

The average pezrcantage of globulin in milk in the
control group was estimated to be 0,178 & 0.010, but the
value was 0,284 & 0,051 in the experimental group (Table 4).
The difference in globulin content beotweon the two groups
as well as botween individugls was not sdgni€icant on sta-
tistical analysis (Table 5),

out of total nitrogen in milk, glebulin nitrogen, on
an average, sccounted £or 5,64 per cent in normal and
7.09 per cont in the induced milk (Table 20); corresponding
values for globulin were 6.02 per cent and 7,50 per cent
tively (Table 22).
stal whoy pitzogen (equivalent to protein)
The total whey nitrogen expressed as equivalent to
mmmuzgoaommmummm-um
milk of the control group, In the experimental group, the
value was 1,263 & 0,078 por cent (Table 6). Detween groups,
the difference was significant (P< 0,08) whereas individual
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differences were highly significant (P < 0.01) on statistical
analysis (Table 7,. ig«.2)s Total whey nitrogen as the
fraction of total nitrogen in milk was 26,53 per cent 4n
normal and 31,52 per cent lnmmxmmmm
(Table 20).

a
btk

mnpumnnmm/wogmkmmmmm
mmlm m-vmmu.uwmgmmm
experimental group (Teble 8)s As equivalent to protein,
£ho MV was 04202 £ 0,009 per cont and 0,2175 & 0,007 per
cont in the said groups respectively (Table 8). In respect
of this component, neither group difference nor individusl
difference was significant on statistical snalysis (Table 9).
The average MO value was 6438 per cent in normal and
5,43 por cent in induced milk out of total nitrogen in milk

{Table 20),

the nonwprotein nitrogen from the total whey nitrogen before
converting into protein value, Average percentage values
groups wore 0,640 & 0,014 and 1,048 & 0,079 per cent res~
poctively (Table 10). On statistical analysis, it was




significant (P ( 0,08) whereas the difference wes highly
significant (P (0,01) botween the individuals in a group
(Toble 11, Plg.2), Out of the total nitrogen in milk, the
total whey protein nitrogen, on an average, ascounted for
20,368 and 26,093 per cent in the noxmel and the induced
lactation respectively (Table 20); corsespondingly, total
mw-maz.mma?.mmmwmmm
in miik in normal and iaduced lactatiens (Teble 22).
LMWWM. Wm» lysomyme, 2tey)
These proteins altogether wese found ko be very lees
in quantity in both the groupss Percuntage values, on an
010 & 0.0178 and 0,158 & 0,0184 respectively (Table 12).
significant (Table 13). |
mmwmmmhuwa.u
per cent each eut of totsl nitregen in normal and induced
milk zespoctively (Table 20}, Out of total protein in
MWW-MMWM%I@“‘;M
‘per cont in nosmal and induced milk respectively (Table 22).

mmmmgmmmuw
protoln was 2.97 & 0,048, The same in the mperimental




group was found o bo 3,79 £ G155 (Table 14). Betwoon the
two groups, the values were having significant difference
(P 0.05) statisticelly; differences between individuals
within a group were highly significant (P, 0,01, Table 15,
P4ge2). | | |

The total pretein nitrogen aceountod £or 93,624 and
94,567 per cent of the total nitrogen content of milk
{Table 20).

h) Cagsedn

mmmmm«mmmm
and the experimental group were 2,330 % 0,053 and 2,773 &
0.126 respectively (Table 16).  The difference botween the
two groups was not significsnt on statistical analysiss only
individual differences vere found ¢o be significant (P 0,08,
Table 17, Figs 2),

Casedin nitrogen contributed 73,47 and 68,21 per cent
to the totsl nitrogen gontent of milk (Tadble 20). The whey
proteinicasein ratio was found ¢o bo 22478 in the nommal
milk aad 237173 4n the inducod milk. “hese retic would be
113,64 and 132,68 respoctivelys

1) gmyde protedn

Average values of crude protein for the control and
the experimental groups ware 3.17 & 0,052 and 4,007 & 0.199
por cent respectively (Table 18), Statieticsl snalysis




showed that both group difference and individual difforences
were highly significant (Table 19),

!n o e L s AL - ity R g - ey €
- ol s St b Kool Wl | o & Sl N lam vl Lot For b o iditn A Sapimy Lutid.

practions of different whay proteins vere observed in
the form of bands in the polyacrylamide gel electrophoresis
(PAGE) which has been displeyed in the Plake Nal to VI.

separation of the whey samples £rom the control group
has been shown in plate IV to Vi, with varying preminence
in the electrophorogrames & bands were cboerved in each
case (Plate IV-V), ach plate represents individual andmale
tn the plate VI, however, variations in respect of the
gis have boen shown, Mode of separstion was different
epending upon the gquentity as well as time. Gel 1 and 2
(rlate VI) were the results of comparatively lesser time
with lesser quantity of sample, ¥or the gel 2 in the some
mm..mmnmummmmmwwu
senple was comparatively highew, For the gel 4, longer time
was sllowed with a quantity swmo 88 in the cese of gel 1
and 3.

In cose of induced lactation, there were 6 bends for
sach sample with varying prominence, This has been dlaplayed
in plete Ho,I to IIX. The electrophoretic mobility for a
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particular sample was name but the mode of £ractionation
was difforent from individual to individual.
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Table Z, OQuantity of albumin in milk from normal and induced
lactation

o e O R T 0 LD T T A R 20 T i S v 9 A A5 O TR T A G A A firaiaany 2 oy S AN R

tlormal Induoad

AT S TR L TR R

Replicas Albumin %
tions

-

s e

i g — gt

280 i D374 681 i Oe404
2 0+383 2 04386
3 0«8437 3 0.070
4 0,872 4 D465
8 0:369 S 00453
6 0,369 6 0.60
Hoan D.3041 tMoan 04496
040 1 0.3083 670 i 0,522
2 0e 357 a Ged53
3 04369 3 De516
4 0.372 4 0.445
3 0.442 - 0.445
L 0.4006 6 04306
Mean 043083 Mean 00461
267 1 D404 032 | 0295
2 0479 2 0.003
3 D326 3 1.116
4 0,372 4 1.123
b § ﬂnm 3 1;’1’
& De 380 ) 0.461
Mean 03774 Hean 0+850

" oversil mean a.mmw' Overall meon o.m.m
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Table 4., Ouantity of globulin in milk from normal and induced
- ;

Rt e L : oy s . ok == i el

Hormal Induced

animal Repli- cxomun-sm n:g: &ims
10, cations 190 ca

S S SR T SR L S W A A AT R TR , . AR s - AU ATy

280 1 0188 6831 i 0. 3942
| 04185 2 D+334
3 0102 3 055
4 D.149 4 0s224
5 De22 ] 0.376
6 Oa 184 6 0+11
Mean 01847 Mean 0.3314
040 1 0e 217 670 i D208
2 Q.22 2 0.223
3 0,277 3 Oeldd
4 D112 4 02206
5 06193 S Oelld
6 04223 6 4112
Hean 02072 tioan Ue186
267 1 D.104 032 g | 0.998
2 Dald2 2 0228
3 0145 3 0«41
4 De168 4 0.217
s Del21 S Oe116
6 0.121 & 0115
Mean De1441 Moan 0s335
0 i i 0 - ST ST P O O BB R P 98 e L e e

oversil meah 0,178630,01  Oversll mean 0,204130,081
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Table 5. Analysis of varisnce of globulin in milk

i e AL b R e A
Source oF 88 nss P
e S o ———
Netween treatments b 3 01002 D.1002  4.0102
e . g & 0.0997  0.0249  1,0329

Brror 30 047242 040241




Horrmal Induced
ha.ﬂll ; wet g Protedin % l?:::ll w Protein %
280 8 0,038 (735 § 1 1.172
2 0,818 2 1,110
3 0.823 3 1.544
4 04900 4 1,032
5 0,779 S 1,108
6 C.036 e ~1.108
foan 0.833 Moean 1.179
040 b3 0818 870 i 1.116
2 0787 2 1.163
3 . 0,023 3 1.152
4 3,939 4 1,149
5 0,022 8 0,867
S 00“ L o'm
toan 0.034 Maoan 1,038
267 i 0:861 032 1 1773
2 0e848 2 1.563
3 02045 3 1730
4 D018 4 1772
] 0930 S 1,676
6 8
Moan Hean




Souree oF 88 MSS 4
AT S S S8 5 Dt OB A A St i 220 50 s A D A DA 0 S KN
setween Syestmeats 1 156088 3,008 A.57e¢
Wm 4  0.9215  0,2308  7,1038**
grror 30 Q.9729 0.0324
w""‘m L0 P £ SR (T 0 A i S

Total 35  3,5000 |
MM—- e - = _m..—.m“

* significant P <0408
»e Highly significent P< 0.01



Table 8, Quantity of non«protein nitrogen as equivalent to
peotein in milk from normal and induesd lactation

oy ach b e s T )

Hormal Induced
R I D W R A TR A SRR ey
Anle Replice~ mg nitroe Equives Anie Replices ng nitro-Bquivae
# tions wg-n/ lent to :::. tions m/q ient to
? ik (% milk (0
200 1 30.1 0,192 681 3 3.4 0.219
2 23,7 0.151 2 35,2 Qe224
3 39,0 04254 3 38.1 0.224
) 35,0 04223 4 34,6 0.22
] 34.6 D.22 9 20.8 0.133
< 20,8 0e104 (3} 30.1 0233
tean 32,0 042041 Meoan 3247 00209
040 1 0.2 D192 67 1 36.8 0.235
2 36.1 0.23 2 290 0.180
3 35,0 0,223 3 39,1 0,48
4 23.1 0147 4 40.92 De261
5 23.3 D149 8 34,5 022
6 28,8 04184 6 35.4 D226
Hean 20,416 0.1076 fioan 36,05 0,23
267 i k13 0,233 032 1 34.6 022
2 32.1 0« 208 2 24,3 0.185
3 4646 0+297 3 35.9 04229
4 2343 D0 149 4 34,9 0.223
S 34.6 0e22 8 35.2 0224
@ 30,3 0,193 o 3646 0.233
Mean 33,68 02146 Mean 33,50 0.2

ey i e 0 e A 5 5 i S A 0 TS P 0 5 T 0 Al 2 42 SN S 8 D S 8 S TR T RS SRR S0 80 S
Overall mwan 31,68 0,20230,0003 Overall mosn 34.11 g.u'n;




Table 9, Ansl uo!mlm'osmg:mcmugm”
.mﬁm_mmmm | |

D S AR Rty 3 00y 05450 S S U Y TN A U0 LA D AT T T S

Source . P 88 1s8 ™
Netween treatments | 1 | 0.00219  ©0,00219 2,4
m m A 0400368 00,0000 o;nvu
Error 30 - 0,03920 0.00131 l
it m i ca e amcans w1 9 A A S A 5 A R R

Total 35 0.0004 | '



81

Table 10, Ouan waammprmznmmm

induced lactation

Normal Induced
w protein % w w protein %
200 1 0.646 681 i 04953
2 0660 2 0,885
3 D657 3 1.32
4 0677 4 0818
| D.558 S 04975
6 0,680 4] 0+878
Hoan 0.63 . Mean 0497
040  § 0.625 . 670 R Cl.002
2 0.557 2 0,974
3 Ueb R | 0903 |
4 0.792 4 0.884
5 0.673 5 0.647
6 0.636 6 0.557
Mean 0,647 ean 0,008
267 1 0,638 032 1 1,553
2 0«64 2 1.408
3 055 . 1,551
4 0,669 4 1,55
S 04710 5 1,451
6 04627 ] 0634
Hoan Oe64 Hean 1.358

ovaerall m ﬂtﬁ@gﬂ“l m& HENn itﬂ'@m |




Teble 11, Anslysis of variance of total whey protein

souree oy 553 uss r

467 TR (SRR T AN ¢ L e AR

W troate 1 144006 144926 6421

e g i m a D.0588 00,2397  7,1251%e

Ervor 30 1,0003 . 0.0336

* signigicant P<0,08
** mighly significmt P <0,01



Table 12, Cuantity of other whey proteins in milk £rom normal
and induced lactation

o ot - el D

- s canm

toxrmal Induced
A ke et g -
P Svp—— o ey o oo op e rn s T asomn
200 i 0,004 601 i 0.15%
' 2 (2 P% § 2 0e165
3 0065 3 0099
4 De16 & Oe121
5 0.032 8 04146
6 0.104 6 0.166
tiean 0,001 Mean 0e142
040 b 0,025 670 1 0064
2 04046 2 0298
3 0035 3 D242
4 0308 4 G214
5 Qa4 8 G.088
6 0e13 ) 0,058
lMean 06007 Maean Oe 1061
267 1 0,08 032 1 0.26
2 0,033 2 0«29
: G.G‘ﬂ ’ Qim
4 Oe132 A4 0200
S 0e24 8 0s124
6 0.12 6 0,068
Hean 0«109 Moan Q.172
Overall moan 0,120,017 Overall mean 0,15080.0184



Table 13, Analysis of variance of othor whoy proteins

Source oy 8e Mss r
i sk zia aris b i R R LR A R

Botween troatmenits 1  0,00107 0.00107 0,058

within trestment & 00772 0.,0193  0.664

Brror 30 0.8719 0.,029086

b i 0 N D . U D 58 N S S S S A A ki s S
Total s 09502




Table 14. Cuantity of total protein in milk from normal
and induced lactation

ATRITD A T e L Tk £ RS s TP

il e R LR TR LR AI PR SR

Normal Induced
Animal oo~ Protein % Animal Replices Protein %
toe 1. tions
200 | 3.15 325 § 1 4501
2 2,663 2 4,06
3 2.517 3 4.371
4 2.939 4 4,237
S 3-571 s 3,618
6 2.074 ) 30329
Mean 2,036 Hean 4.019
040 i 3.,08 870 b 3 3.218
2 3,35 2 3,224
3 3.034 3 3.118
& 2.769 4 3,206
-4 3.014 5 3.2
& 2049 & 3.189
Vigan 3,013 HMoan 3.193
267  § 294 032 1 3,908
2 3.218 2 4.803
3 3.2 3 3,229
4 2,065 4 4,662
5 3.119 - 4,759
& 2,984 & 3,108
Mg '00“ Ngan ‘l‘“



Table 15, Analysis of varianee of total protein in

A ARG 5 A G R T TR ST IMITIATUTIN I W IR G 0 SO o . .
Source or an - "

PO bbb ad

Between treatments 16,0642 6.0642  7.1000°

Detwoen animals | | -
within treatment 4  3.0122 0.853  5.4650%*
Exres 30 446821  0,1561

Total 38 14,1885

¥ Significant P <0.08
** Highly significant P < 0,01



Table 16, Quantity of casein from normal and induced
lactation

e . g - =

Normal

-

Animal Replica= Casedn %
Ho. tions

D DA TR Ay SR Y L A A LB T NG SR £ s A T

:mn'
mnauc.-ems

] S et

200 1 2,503 601 i 3,540
2 1996 2 3,47
3 1,980 3 3,05
4 24263 4 3.426
S 2313 8 2,042
6 2.218 & 24451
Moan 2206 Mean 3,048
040 1 24458 &7 i 2,145
2 2,703 -2 24250
3 2,416 3 2216
4 1,980 4 24322
2 2341 5 2,552
B 2,213 [ 2.632
Hean 2,366 Hean 2.353
267 b 8 24302 032 1 2,352
2 2,577 2 34475
3 2,652 3 1,777
4 2.196 4 3,319
| 2.401 s 3.307
& 263597 6 2,555
toan 24414 Hean 2,790
Overall mean 243330.083 Overall mean 2.77340.126
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Table 17. Analysis of variance of casein

Souree g 8 ~ Nes P

i e W T i AR S e S . TR AT - SR SIS S

Detween tceatmonts 1 1.4660 1.,4679 3,5992

within treatmeat  ° :..m.a" 0.4070  2,9507*
BErros 30 4.1339 0,137
Total as 7.2332

¢ significant P<0.08




Table 18, Quantity of crude protein in milk from normal and
induced lactation

rormal Induced
bR i - R
Andmal protedin Andmal Protedn %
oW o,
280 1 3,42 601 1 4,72
2 2.814 2 4,282
3 2,771 3 4,955
4 3.163 4 4,458
5 3,092 5 3.750
6 3.057 5} 3,560
Moan 3040 Mean $§.227
040 1 3,272 670 1 3,453
a 3.580 . 3,413
3 3,238 3 3,368
4 2,916 4 3.467
s 3.163 s 3,420
6 3,033 6 3.415
Moan 3,200 taan 3.423
267 1 2,163 032 1 4,126
2 3,423 2 5,038
3 3,497 3 3.558
4 3.014 a4 5,09
5 3,340 5 4,983
6 3,178 6 3,423
Hloan 3,269 Moan 4437

Overall mean 3,17030.052 Overall mean 4.00740.159



“Table 19, Analysis of veriance of crude protein in

miik
source R 88 M85 P

Betwoon W 1 643037 6.3037 7.648%*
m : 4 3.2068 0,024 3¢a’“

Brror 30 4.7308  0.1577
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Table 20, Distridution of nitrogen in milk (as percen-
tage of total nitrogen)

AR B S VRSN L N E LN OO0 -0 £ O Y T T NPT A D

% of total altrogen
Camponent S o g : ,
Albumin nitrogen 12,020 15.044
Globulin nitrogen 5640 7.094
Total whey nitrogen 26.526 31,824
Noneprotein nitrogen 6376 Se432
Total whey protein nitrogen 20,368 26,093
Other whey protein nitrogen 3,150 3.954
Potal protein nitrogen 93.624 94,567
Casein nitrogen ' 68,210

i e

734470
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Pabde 2. mm.wﬁ: Of nitrocen m m rr‘=~f"««~-‘*-
(az popcentase of totol whop pretots anitregen

900 - 8766
20468 ' 271D
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Plate No, I-IIX

Blectrophorogroms of
e yrobatns o Plate II
induced lactotion
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| Plate IV

Plate No, IV-VI
Electrophorograms of
whey proteins from
normal lactation
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DISCUSSION

Barlier, investigations on udder development and
induction of lactation in the bovine were conducted by
the seientiste using (1) estrogen alene, (ii) estrogen plus
progasterone togethor and (1ii) estrogon=progesterone com-
bined with other similar drugs. Duration wae prolonged in
many occasions. After Smith and Schanbacher (1973, 1974),
it was convineing that the dose and the duration recomman=
ded by them for induction of lactation with estrogen-
progesterone were usefuls This was followed in the present
study. Injections were given daily once instead of divi-
ding the daily dose into two, '

In the prasent study, the mode of development of the
udder foliowing treatment was similer o those in most of
the previous works (Tuwmmer gt ale. 19563 Exb gt ales 19733
Smith and Schanbacher, 1993, 19743 Pleming g gle. 19773
Joseph, 1977, ete.) one of the cows (Mo,670) which gave
highest yiold (4.5 litre/dsy) showed the developnant oarw
iier than the other twoj response was prompt in this
heifer comparstively. In general, the development was
apprecisble only after a week's troatment Was over, It was
mwmmmknxw-amsmxymm
218t day after the commencement of injection, This was &
sdmilor phenomenon as that of Smith and Schanbacher (1973)



and Joseph (1977)s In the observation of Brb et ale (1973)
also, the milk yield was obtained from 10-2| day of the
fitet injection, there was lacteal secretion in the study
of piper and Williume (1974). They have also used the came
hormones and trested for 7 days, In the study of Smith
and Sehanbacher (1973), lactation started from 11-21 days
after the first injection.

There were variations in respect of milk yield in the
present study, The highest yiold in a dsy from one animal
(H0.670) was 4,500 mi whereas the lowest was 200 mk in a
day from another (Mo.,032). Response was variable alse in
the reported values in this aspect. The suthors in the
respective reports, however, explained the possible ressons

The variabiiity in mammary coll development and millk
some other additional lactcgunic factors agcording to
wowe g% ke (1975). They undertook & study on the histology
of induced bovine lactogenesis, They speculsted that a
proseded the formation of alveoli at 150 days of pregnancys



ene of Lthe oTents leeding to cuplous millk @sgnﬁms@ by the
moey glonds The momasy developmont foliowed & llaneo~
pity with the course ¢f trestmont during tho study of
Plening o ale (1977) alees 045 48 che ehworvation of
veFadden ,@, (1905), tie cxotic Snheritonce 4R the ande
mato with diferonce Of dntonnd '
ciald relo in whe @W&@n of difforont traite conecogned
with ¢he 3actation, |

progesterens lovel vas low and tho estwopon lovel high
wmm gt ales 3973} Dack of guntrol of Saternol progess
‘ uloted m Smith ond Schonhacher

jgher concentration of prolastin accoplated with tho
high plolders (Choksiverse gt ale. 1976p Readnger end Usumane
). Geasonnl offoct (Reninge sumans 10791, pordod
' wencod €0 result 4n o

vaydanionts



Albanin

The classical "lactelbumin® or the albumin fraction
of milk protein which includes botaelsctoglobulin, alphae
lactalbumin and serun albunin together {(Rollerd ot al..
1956) was found to be 0,383 & 0,0007 por cent on an avew
rage in the noxmal cows taken for this study. The value
in the milk of induced animals was 0,603 & 0,066 por cent
(Table 2). On statisticsl analysis, there was no signifi-
cant difference botwoen the $wo values (fable 3, Fig.2)s -

Albumin nitrogen, on an average, contributed as 12,09
wm&mmummm{m..mum
18,944 per cent in the induced lactation milk (Table 20).
Altumin wae also 12,9 per coent and 15,907 per cent out of
poctively (Table 22), Albumin nitsogen contributed almost
60% of the total whey proteds nitzogen in both the typos
of Lactavion,

In normal milk, albumin was Teported to be 0,402
{sehnelder gk al.s 1948} It wos 0,4% On an average as
reported by Darsy, 1961), molleri gt al. (1956) and Mariand
(1975) ohsexved s significant difference hetween seasons and
{M@Wﬂ;!ﬂ)nammuﬂm
a range of 0.23% to 0,30%,



The present £inding in respect of normal lactation was
in agreement with most of the values reportod so far, Howe
ever, Chosh and Anantakrishnan (1963) reported a lower
value, The value obtained in the present investigation was
close to the reported value of Hambracus {1982), The milk
of induced Jactation had a higher content (0+60340.,0661
mmﬂmmmmgwmmmm
difference from the normal lactation on statiotical analy-
sis. There might be enhanced synthesis and secretion under
the influence of induction of lactaotion which brought about
the higher albumin content, Thore was an indicetion of a
marked varistion of secrotion of slbumin between indivi-
W;WMMMM&QMMN
statistical analysis, However, the higher content of albu-
min in induced milk is an added advantage so far as the
mutritive value is concesned. An elaborate study with a
yery large nuutor of animals in this regard is necessary

Average of globulin content in the present study was
mwuo..xm;o.ozmmumnmum
covBe mvmummmmmumm
(0.2041 & 0,051 per gent), Statistical analysis 414 not
mdwﬂhﬂﬂﬂmmm“mw
botwoen individuals (Pige 2



values in both the sets of animals in the prosent study
was higher thon the ones reported Ly Rolleri gt al. (1956)
and Brunner ot ale (1960) in the normal cow. In the pree
sent study, globulin nitrogen was found to contribute
5,64 per cont and 7.09 per cent of the total nitrogen in
the normal and the induced lactotion respectively; thesce
were higher than the repofted value (3.4-4,0 per cent) of
Retnart and Neshitt (1956), There was 28 mg globulin nitroe
gen por 100 g milk ia the present observation as agalnst
20 mg per 100 ¢ in the oboervation of Jenness and Patton
(1969) who found that globulin was 0,13 per cont in milk as
against 0.,1786 & 0,01 per cent in the prosent study. The
valucs obtained in this study was found to be higher than
che £indings (0,068 per cent) of Hambraous (1982). Aboul-
yhier (1983) reported that glotulin cogprised of 13.5 per
cent of whay protein of cows' milks As compared to the
mmmm&ﬁnﬁmtﬂwm} i was exactly
double the reported velue (Table 21), But the values in
zange (Os6-1 g/litre milk) given by Swalsgood (1982). Agaln,
ghe present £inding was lower then what Barry (1961) has
goported, It Wes also within the renge observed (0,15-0.24
per cent) by Chosh and Anantalkeishnan (1963) in the normel
cows except thet the value in the induced lactation exceeded

sidghtly (by 0.044 per cont) e



The globulin in induced lactation maintained a highex
level than in the normal lactation. BDut the secrotory
process might have limited the value within a range around
normale The eaviier roports wore limited to mostly the |
maltiparous cows, The pattem of synthesis and secretion
during the early lactation might have some simtlarities
with that in the induced lactatien for which the tendency
prevailed for higher level of globuldn, It is yet to be
establisched whether the globulin level during the firet
Jactation could be higher than in the subsequent lactations.
tiowever, higher value of globulin is desireble, Detailed
-wmmmmmxpuwmmm..

mmtﬁm&mnummmmm
nitrogen was elimfnated out from the totad nitrogen in milk.
flere, the noneprotein nitrogen and total whey protein ale-
trogen are accounted togethors mmwnmxm
in the present study, the equivalent protein value was calou-
iated as in the case of other protoins.

In tomms of protein, average values were 0,841 & 0,01
por cent in the normal ad 1,263 & 0,078 por cent in the
ik of induced lsctstien (Table 6). On statistical analysis,
thore was a aignificent difference botween groups and a
highly significant difference between individuals (Table 7,
Pige)e



Total whoy nitrogen out of total nitzogen in milk wore
found to ba 26,526 per cont and 31,524 per cent on avorage
in normal and induced. lactation respoctively (Table 20).
mmm.mwm'uem_mwuzn.amm
197,97 mg per 100 ¢ milk in the normal and the induced
lactation respectively. The values were higher than the
' reported veluss of Dollanonicn gt ale (1965). There was a
nighly significent difference botween individuals which
indicated thet there was a wide variation in the seorotary
process of the individual animels, The indications lead to
bellove that this nonecasein nitrogen as a wvhole has got
accalorsted rate of pynthesis in the udder of hosmonally

In the present study, the NP content was 31.68 mg/
100 ¢ miik of nosmal cows, In the induced milk, the value
was 34,11 my/100 gs Bupressed in terms of protein for
comparison, the values on average ware 0,202 4 0.0093 per
cont and 042175 2 0,0072 por omt in normal ond induced
milk respectively (Table @),
~ on statistical anslysis, these was wo significent
Adigforence eithor botwoea groups of botwoen individuals in
mﬂ“fﬁml&m&lh It was 6,376 por coent in
pormal milk and 5,432 per cent in induced milk out of total
nievogen in milk (Teble 20).



101

mmvnmnumemmmoe'ma-
m&aﬂnmaﬂv&mmmﬂgﬂwm&mgw
(1958). The values are also in agreemant with those
oboerved by Dellamonice gt fi» (1965)« Dut Mariani (1974)
zeported a lower velue of 16,2 mg/100 ml milk. NPN a8 pore
centage of totsl nitrogen in the present study was found to
be highor than the one reported by Reinart and Neshitt (1956)
ohe MNP contents ware 6.376 and 5,432 per cent of total
nitrogan 4n nosmal and induced milk sespectively (Table 20)
These values nearly eorresponded to those (4.4-6.,0 per cent
of totsl nitrogen) observed by Reinart and Nesbitt (1956)
who investigated the distribution of NPV in 6 dAlfforent

Tn torms of protein (Teble 8), WPN was found elightly
jower than the maximunm values (0.14 per cont) obtained by
Ghosh and Anantakrishnan (1963), :

Moot of the Feported values correspond to the present
value with close appromimations This is on indlcation of
undisturbod secretory process in the udder in respect of
ghose compounds in the present obeesvations The provess of
syathesis and socretion in ehis sspoct might have a similoer
character in the induced lsctation as that in the normale
Lactational drain of aitrogen from plasma a0 doscribed by
Menon, 8% Ale (1969) 42 supposed to be ugval’



This 19 the combination of all tho whey proteins vis.,
albumin, globulin ond rest other whoy pioteins, While
estimating it, the noneprotein nitrogon wvas eliminated
from total whoy nitrogen. This can, tiemrefore, be con-
sidered as true wvhoy protein aloo,

On an average, it was found €0 be 0,64 3 0,014 per cent
in the milk from normal loctation, Nut, in induced lactae
tion it weo 1,048 3 0,079 por cont (Table 10), Thore was &
sicnificant difforence botwoen tho two sots of animel with
racpect to total whey protein, Dotweon individuals, the
aifferences wore highly significant (Table 11, Pig.2)s It
mMummmmmmuuaMmﬂ-m
protein was 22,22 per cont in the nosmal and 27,59 por cent
in the induced lactation (Tablie 22).

A8 por the repert of Swaisgood (1082), whey protein
in bovino milk was S«7 g/ls The valuo in the present study
gaile within this range as far as nommel milk iz concemed.
1t 4o beyond that range in the induced milks Albunin 4
globulin alono was 0,64 4 0,04 per cent in tho obsorvation
of sunonicebijolisc (1977) which was 0,561 per gent in the
present observation, 80, tho prosont velue would Lo COFFOs=
ponding to the oboervation of tho preceding reports Tho
prosent valuo was found to be highor than the reported voluwe
of Gone (1973) in tho case of normal milk,



In this study, the porcentage value of total whey
protein out of total protein in normal cows® milk (32,22%)
was secn as nearly the sawe value (20%) given by Mcteekin
(1954), whey protoin was 17 and 16 parts of total protein
in normel milk in two different situstions (Gone, 1973)3
both the values wore lower than the present £inding.

Mammmmuummmmm
mmaﬁmummmmmmmm

mammmmammmm
induced lactation, It 45 also noticed that animale diffor
grestly from one anothar in respect of thedr individusl
capecity for synthesls and secretion of whey protein. At
the same time hormonal induction of locteticn is found to
bedng about en sccelerstion for the production of whoy

mmmwmm:mmmxmm
Mwwmﬂmw |
ma.mgn.osﬂmmmmmm
hmsgmmmmwmwmm
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plus globulin (Table 12), There was no significant diffe-
rence beotwoen the two sets of animals in respect of this
fraction (Table 13, Pig.2). As porcentage of total protein,
the other whey proteins mentionod here were 3.3 and 4,18 in
the milk of normel and induced lactation (Table 22) rese
pactively. As pegcentage of total whey protein nitrogen
the other whay protein aitrogen was almost close to each
other (Table 21)s As poreentage of total nitrogen in milk
the value of other vhay protein nitrogen were 3,095 and
3,954 in the nommal and induced milk respectively (Table 20).

In normal lactation, the maximm value of protecse
peptone alone in the report of bellamonica gt ale (1968)
esxcoeded the value of other whoy proteins ohserved hores
the lowest value of the authors® observation (11,04 mgy/ -
100 g milk) howaver, was lower than the chserved value
(15,67 mg/100 ¢ milk), Proteose peptond alone was 0°06-
1.8 g/iitre of normal cows® milk 4in the report of Swalsgood
{1002). Other whey proteins as a whole in the present study
contriduted only 3.3% and 4.18% to total protein in the
nosmal and the induced lactation respectively. In the pree
pent study, the pereentage of other whey proteins was found
to be lesser in quantity as compared to the values reported,
rhesefore, it ean be concluded that for the synthesio and
socrvetion of those proteins, thore might be restriction
inhorently in the animals, or other physiologicel differences
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Lotal protedn

On an average, the total protein was 2497 % 0.048 per
cont in normal milk and 3,789 & 0,155 per cent in induced
lactation milk (Table 14), These values were significantly
aifferent from csch other on statistical analyais (Table 15,
Pige2)e Total protein content of milk in individual animals
vore also significently different frem esch others

The average total provein content in normal Cowe was
{n sgreement with the £inding of Thibder gg al. (1976).
mmmmMWmmww
sunenicenijeliac (1977) and Chakvavarty gt ale (1981).

Tne total protein nitrogen as pereentage of total
altrogen of the milk was 93,623 and 94.570 por gent in
nogmal and induced lactation respectivelys Those values
yere lower than the values reported by Marfani (1974).

.pamﬂwmmwww:wmoh
gation were determining factors, Of course, the posaibi-
Lity of higher protein in the milk of subsequent. lactations
sonnot be ruled outs Becauss, Joseph (1977) reported a
higher value in such cases, The present study was confirmed
to the firet lactation only, By this timo, udder develop-
ront might have not taken place to b meximun extent, Aloo
m-mmmmmmwmﬁmq
mummwmwwmmm
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The casein content on an average was 2.33 & 0.053 and
2477 4 0,126 per cent in normal ond induced lactation rese
pectively (Table 18), On statistical analysis, difference
anong individuslo was significent (P< 0,08)s Nitrogen
distrition in normal milk was 73.47% and the same in the
induced milk was 68.22%.

The casein nitrogen was lower than the reported value
(78% of total nitzogen) of Nishikewa gt ale (1976).

There was a lower value of casein in normal lactetion
in trds study compared to these (3,0540,06% in eerly and
2,71 % 0,05% in mid lactation)cbserved by Chakraverty 9t ale
(1981}, The velue was alsc lower than that reported by
swaisgood (1982). The reported average value (2,09 3 0.51%)
of Gorobwilis snd Parcell (1975) was also a higher one than
the present observation; but it was close to the value in
indicated a lower value of gasein in both the sets of
animal. The non=significant difference between groups
indlested that with regard to synthesis and secretion of
onis tends to ba parallel to each other uniike the case

The whey protein/casein ratio (22:78) cbheerved in the
present study in normal lactation appeered to be slightly
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difforent to these observed by Cone, 1973 (18:82) ond
Hambraous, 1982 (25375}, Still the value lied in between.
In the case of induced lactation the ratio (273 73) indle
cated higher proportion of whey protein than any of the two,

The ratio in the normal and the induced lactation in
the present study could otherwise be expressed as 113,64 and
132,65 pespectively.

This was & calculated value from the total nitrogen
in milk, There was 496,86 mg total nitrogen per 100 g milk
in normal lectation on an average. The value in the induced
foctation was 628.0 mg/100 ¢ milk, Corresponding value for
protein was 3.17 & 0,052 and 4,007 % 0,159 per cent rooe
poctively (Table 18)s There was a highly significant aiffe-
pence botween the crude protein of the two sets of animal
(Tabie 19, Fige2).

The present £inding in normal loctation wos lower than
ghe average value (3.7240,63 per cent) given by Cerelulis
gt ke (1978),

In & veport for nitrogen in mg/100 ml milk, it was
549.,0 in minimun and 5864 in maximum (Marioni, 1974)s The
ported values, but in induced lactation it excoeded all
thase valuose



mmm_otmlhetaumm-uw
ment with that veported by Schneider gf ale (1948). The
value in induced lactation was highar,

It was eleariy indicated that there was a tendeney
for higher velue of nitrogen in the milk £rom induced lacta=
tion. In the present study, the protein in the ration
could not be a determining factor aince the ration was
common for both the groups. High significant differences,
therefore, indicsted that individual differences for
assimilation of nitrogenous compound in the ration might
be existing. |

In the present study, there was an indigation that
 (table 15) in milk hetween the normal and the induced
tactation was mostly brought about by the whey proteins.
The role i€ anys of casein was little becsuse there was no
significant difference in respect of casein between the
normal and induced lactation (Table 17) whereas it did in
gespoct of whoy protein between the two groups (Table 11).
Agadn, the casein nitregen (in percentage of total nitrogen)
was not higher in the induced lactation (Teble 20) but at
ehe gamo time the total protein was significantly different,
on the other hand, the whey proteins in induced milk was
nigher in percontage out of total protein as against those
in normsl milk (Tebles 3, 4, 6, 10),
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Purther investigations pertaining to induction of
lactation will bo needsd to evaluate the ressons for the
‘observed differences in milk proteins, interrelationship
of the different components and physiological implica=
sions,

The resclution of whey proteins into a mindmum of ¢
aifferent fractions was soen in the present study (Plate
ﬂa.;mﬂ)uﬁngpolymgmm gel and borate buffer
syastem (pi 843)s This gel oystem was adopted for getting
extromely high resolution for the separation of compenents
as claimed by Carvey gt gle (1977). But the Tris-acetate
muffer thoy sugpested did not work weil., Honce, Dorate
buffer vas adopted with satisfoctory results, Identificaw
mummmdmmmum.w
Helachouris (1968), Thompson (1970) and Awgyle gt gke (1976),
otos was not done gs the individusl components in pure form
were not availoble, The use of standards elong with the
elution technique could help to ascortain the differencas
of whey proteins quantitatively. |
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SUMMARY

n.mm@mmwmmunmﬁ
different components of milk proteins in general and whey
proteins in particular betwoen first lactation of pooSte
perturient cows and hormonsily induced lactation in infere
tile heifers, all being crocasbred animalss

It wes intended to study the difforence if any, bote
ween the two types of Jactation in recpect of the milk
proteins and possible secretery process involved theredn.

Tn zesponse to the 7 days® trestment with oostrogen
and progesterone svcompanied by massaye on the uider, thore
was gradusl development of the same in esxperimental haifers.
Tt was more conspicucus between the period of tesmination
of the treatment and the commencament of first milking 104,
on the 21st day afver the first injection, Defore milking,
every day, engorgement of the udder was sppreciable, The
mammary socretion, in appearance, was colostral at the
peginning for about 4 days end ressmblod nozmal milk there-
after, The daily yield varied frem 200 mi to 4,500 ml.

Ouantitative estimation of different components of
milk proteins from normal as well as induced lactation was
done by chomical ansiysis in which Kjelidshl nitrogen estie
. mation mothod was adopted, On an average, sibusin, globulin
and other whey proteins (wney proteins exsluding albwain
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plus globulin) in normal animals accounted for 0,393 2 00097,
01786 & 0,01 and 0.1 & 0.0178 por cent, respoctively.

Their corresponding values in induced lactation were 0.603%
04066, 02841 & 0,051 and 0,158 & 0,0184 por cont, res-
poctively. Total whey nitrogen (or the non-casein nitrogen)
and noneprotein nitrogen (MP) in the normal milk were

found to be 131.0 and 31,68 mg per 100 g milk respectively:
and thelr eorresponding values for protein wore 0.84 & 0.0103
and 04202 & 0.0093 por uént. rospectively. On the contrary,
mwxmnyummmmummmnm
wore 197.971 and 34,11 mg per 100 ¢ midlk in induced ilacta-
tion; and the corresponding protein velues were 12633078
and 042175 & 0.0072 per ceat respectively, Total whoy pro=
toin, total protein, casein and crude protein contents on

an average were found to bo 0,64 % 0,0142, 2,97 & 040484,
2433 £ 0,053 and 3,17 % 0,052 per cent respoctively in the
nosmal milke. mmvdmuhmmm
were 1,085 & 0,079, 3,79 £ 0,155, 2,773 & 0,126 and 4,007 &
04159 per cent respectively, Whey proteiniCasein ratio was
found to be 22178 in normal and 27373 in induced milk.

statistical onalysis of the data revealed that there
wes no signifisant difference between the milk of nomal and
Mthmmeﬂum:
a8 woll as conein and nonepsotein nitrogen. There was no
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msmuo!glomm,mmpmdumﬂmmm

nitrogon, cmmmgm.um.mmnum
(wmmazmm).mmmm
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digferance m.muvmu. pifferencos between the
two sets of animals in respoct of total whoy nitrogen

(equivalent t0 protein), total whoy protein end total

pﬂtﬂumsim!.ume- |

m:lmltma&!!mmmmmmdﬂlk
in the two sets of animals suggests that the process of
secretion is similar in both sets of animalss ALl the pro=
MWHMMMwW'Q
mmumwmmmmmm
Byt the values never excoeded the nommal rengee It wes also
mmmmmmmmmmmm.
ing about such a difference.

In additicn to chemical analysis, an sttempt was gleo
nude for the fractionation of whey proteins in milk from
both tho nosmal snd the induced lasctstion maimels, In
mmwlm-dwmw{pﬂadl it
mn-m-umnmommmm«m
andnols o mmuuu-mmmmmu
Was MOre true hotweon groupse
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Thus, & genoral trend for an increase in the proteln
content wes seen in the milk of indused lactation that was
mostly brought about by whey proteins. This mey be cone
gidored s a roflection of the sccretory pattem invelved
with cows of the normel and the induced lactation, MNore
amount of detatled work in future may be necessary to
elucidate thia further,
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ADSTRACT

A gomparative study on the milk proteins in general
and the whey proteins in particular was eonducted botwoen
cows of first lactation and infertile heifers brought into
lactation by hormonal troatment, It was intended to study
the differences, if any, botween the two sets of cows in
respect of the milk proteins and the possible secretory
process involved thorein, '

An exhaustive review of literasture has been preosented
on the levels of various components of whey proteins and
other related aspocts. '

The mothods of snalysis of various components of milk
have been detailed.

The cows used in the study were crossbred ones, rans

domly selected from the Univorsity Livestock Parm, Mennuthy

and meinteined under similar form conditions.

The experimental group of animals, the helfers, were
given estragen (Os1 mg/kg body weight) and progastozone
(0.25 my/ky body weight) togethor in & single injection
daily for 7 doys consecutively.

Oredual development of the udder during the course of
trostment was noticed, Detween the temination of the
treatment and first milking, tho devolopment Was more conw
apdouous, |



‘Regular milking, twice in a day, was started from the
2lst day after the first injection. Sccretion was initially
colostral, and gradually within a period of 5 days, it
one animal in a day was 200 ml whoreas the maximum reached
was 4,500 mi,. ,

Prom the 16th day of first millking, chemical analyois
was started with in the case of experimental groups Animals
in the control group began with the 322 month of their
lectation when the sample collestion was started for analysis.
Milk samples from both the groups wore collected every 6th
day end thus 6 samples from each aninal were used for ana=
Lysis.

Both chemical analysis and electrophoresis were used
to study the milk compononte, Bstimation of mitrogen was
done by the Kjeidahl method, : '

Average contents (in porcentage) of albumin, globulin,
total whey protein and other whoy proteins wers 0,383,
041786, 0464 and 0,10 respectively in the milk of nowrmal
lagtations the values in sho induced lectation being
0.603, 0,204, 1,045 and 0,158 vespectively. Out of the
total nitrogen in milk, the total whey nitrogen and the none
protein nitrogon were 20,526 and 64,376 por cent respoctively.
in normal lactation. But in induced lactation, the values
wore 31,524 and 5,432 per cent respectively.



Average total protein, casein and erude protein gon-
tents in normal milk were 2,97, 2,33 and 3.17 por cont rooe
poctively. Dut in induced millk, the values were 3,79,
24773 and 4,007 per cent respectively.

The ratio of whey proteinscasein was 22178 in normal
lsctation wheress in induced lactation it was 27173. The
contributicn of whey protein to the higher total protein
content of induced milk is more than that of casedn,

Differonces between the whey conpononta between the
two groups were noticed, On statistical analysis, albunin,
globulin, noneprotein nitrogen and the othor whoy proteins
together (whoy proteins excluding albumin plus globulin)
did not have significent difference beotweon the two groups.
50 also was the casein, Thore was, however, oilgnificant
mcmmm'mmwmmumm
adtrogen, total whoy protein and total protein. Individual
differences were highly significant in respect of albumin,
globulin, total whey protein, total protein and crude pro-
toin, “he last one had highly significent difforence bote
ween the groups alsos Globulin, non-protein nitrogen and
other whoy proteins, on the other haond, did not indicate
any significant difference neither botwoen groups or bete
woen individuals.
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