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10 INTRODUCTION

1.1 Hilk Lfrom the ruminants 18 & resognised source
of valuable protains reguired in husen mtrition. Cows
and buffaloss fers the main scurce of merket milk in
India, their respective contributions deing neariy 34
per cent and 63 per omn$, the remining 3 per cant being
soumted by goats, sheep and camels milk. Imdia ranks
as the highest producer of utfalees' milk, scsounting
for neexly § per cent of the total world production
(FeroDuy 1979). 7411 the resent yeors much esphasis was
placed on the fat content of milk in Judging its quality
based o which payment for milk is regulated, Ths current
trend in sany ceuntriss is to shift this euwphasis to the
protein content and in this context repid automatic
sethods which compare well in sccuresy with the standard
KJeldah) method, heve been standardised (Booy gk ale»1962).
It has also besn established that the protein centent of
cows' milk bears a close relation tw its solids-not-fat
and fat content. 3uch correlations are helpful in evel-
ving Judicious bhreeding pelicies for dairy hends
(Venschoubsoek, 1963).

1.2 Baffaless' allk is charecterised by a high fat
content, & high psreentags of protein and absence of
carotens, the predeminant pignent of cows' milk. The
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orude preotein content in normsl mffaless' milk varies
Lrom 3.2 $0 4.0 par oent and true protein from 2,8 %0
5.6 par cent (kay, 197A). Nilk proteins contain 19 amino
aclds fyrom amongsat 40 found in feods and satisfy to a
groat sxtent the requirement for essential anino secids
formulated by the Food and sgricultarel Urganisatieon of
the United Hations as illlustrated in Table i.

Table I Esseutial amino acids content of caselin and
whey proteins as conpared with F.iels

Grams per 10 g of protain

Anino acid —
FAU standard JCasein vhey proteins

Fethionine fe2 3ol bed
Leusine 9.0 164 155
Lysine he2 8e2 82
Fhenylalanine 2.8 DS 40
threonine 2.8 hed Sed
VYaline be2 T3 5e5
fyroaing 2.8 6.2 7

FYyp taphan 1.4 : P Y 25

AP

3 Depteof Products Conference, 14-15 June,
m;?w #‘0‘ » Vhey ‘ »

he saing asids of milk sarum and whay syplement the
exphasising the need for empleying mush allk processing
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trectamnts %0 ensure the retantion of the natural charec-
teristics of the entire protein complex present in milk,
rather than the individual companents.

1.3 buffaloes' milk proteins exbidit certain obarac-
teristics differing from cows’ milk, It has been feund
shat in cowa' milk, there is a close parallel betwesn
percantages of £at and protein (Vansohourbroek, 1963).
auch a relationship in the nilks of Indisn cows and
buffaloes was £irst exanined by schasider gf 4k (1948)
who found that the percentage of butter fat had a
distinet linear association with the percentage of erude
protein and casein. he coefficisnt of correlation bet-
ween fat and crude protein varied Lrom 0.56 to 0,57 in
oows® milk and frem (.21 to 0,46 in milk from village
buffaloes. All values were significent st 1 per cent
level of probability. such a relationship was also
examined by Ghosh and Anantakrishhen (1565) who found a
significant corvelation betwesn Zut and protein of milk
of ied Sindhi end cross-bwesd cows. In the milk of
HarTeh buffaloes, the above ocrrelation was not sigaifie
cant. For oows' milk, the regressien equation wes
Pretein = 2,900 ¢ 0,086 fat,
and for Marreh butfaless' adlk it wes
Protein = 3,66 ¢ 0,096 £at.
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Milk of Jurti buffaloes sentains higher protein than
rarreh buffaloes' milk so that the relationship between
protain end fat formilated by Vyas and Fatel (1974) was
as followss

Frotein = 0,056 + 043 fat % ¢ 0,30

1.4 Cows® milk proteins have besn the subject of
a musber of investigations froms a long time., Ihe contie
oued interest in the aibjest is evident even today as
would be evident by the mumbder of publications on diffe-
rent aspedts of allk proteins facilitated through
advances in analytical techniques such sz electron-
microscepy, ultra-centyifugation, electruphoresis, gel-
fiitration, fon-exchange chrvactography, lmmnclogioal
testa, Xeray crystallogrephy, a=ing acid sequence
analysis, affinity labelling, aspectruscapy, fiuorinated
titration, asongst others (Gelealoot, 19733 Davies ani
Hol®y, 1979)s apart from the major component casein
which is present in a collioddal form, milk contains

A elactalbusin, serum siiuain, /S-lactoglobulin, transe
ferrin and lactoferrin, a mamber of imsmnoglobulins
soluble in whey (Vhitney g§ Sles1976), over 30 enzymes
(Shahani g§ ale, 1973) besides the milk fat globule
sexhrane protejns (Groves, 1971)¢ Casein which preci-
pitatos at Di &6, forma 76 %0 80 per cent of the total
protains of covs' and Wuffaloss' milk and is useful in
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the sanufacture of several industrial products. Cassin
is present in milk as sphers shaped micelles of 120 nm
(avgs) diameter and has a flexible structure varying in
the proportion of its components with the changs in
environsent (lors, 1979)., Batfaloes' ailk contains a
higher asmount of casein and soludble whey proteins.
Buffaloes' aillk oansein has been ahown to differ markedly
from the cows' allk casein both in the size of the
nicelles and composition. The former is poorer in
3=y 8nd kecaseins (Ganguli, 1968, 1974). Inspite of
the above diflerencss, proteins from both the spescies
have been eully well adspted to the manufacture of

19 Ihs hetarogensity of casein is now well eata~
blished. Larlier it was shown by many, notadbly among
then by Osborne and Lakeman (1518), and Linderstryu-iang
and dodema (1925) that casein comld be fractionated
uasing ssveral chemiculs like ethyl alcohol, slcoholis
hydrochlaric acid, sodium chloride, urea; carbolic acid
ote. The fractions differen in their nitrogensphospho-
rous ratie, phoaphorous and sulphur contents as well as
in tyrosine and tryptophan contents, Using electro-
phoretic tschnique, Casein has now becn shown $0 contain
three independent com.onents nasely, e [+ and
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kegasein, each one of which has several sube-units diffe-
ring in electrophoretic mobility, iso-electric peoint
and moleculer weight. 7The above components, in turn,
show further sub-divisions in the form of genstic
variants ad ainor components. Y e=gasein though closely
aasociated with the csselin micelle i1s formed by the
proteolysis of Secasein, since milk haes & natural
trypsin like proteclytic enzyme (Eigel, 1977). Ihe
basic blocks ey Bey and kecaseins of the hollow
parssable micellar casein complex are stablilized by
colleidal calcium phosphate - 3‘3(?‘3&)2 and citrate
(Holt &% &les 1979)s Ascaiding to Jowney (1973), casein
aicellea are composed of at least 50 o 100 sub-micelles
conplened together by coileidal calsium phosphate to
yiald a porous aigelle structure. hearly 90 per cent
of the salociunm in skim milk is associated with casein
aicelles (Thompson end Farrell, 1973). Hydrophobie
interactions are meinly responsible for maintaining wost
(about &0 per cent) of the /3 =casein within the hydropho-
bic cure of the sicellss.

1.6 Casoin from milks of different u:ecies though
precipitated between pH 4.0 to 5.0 show wide diffarences
in thelr ot‘ugﬁnhmYmsﬁnoMn Heoently
Davies and Lew (1980) have sndisated the distrilution
of diffsrent casein components and thelr relaticnahip to
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sach other in milk received by creameries in scotland
and the data are reproduced in Table Il.

Tabie 11 Major protein fractions of milk, casein and
sorum proteins and thelr relationahips**

Scin nilk Total  Total milk
tes /1 mta R e
< %
fotal protein 32.71
Total cosein 26432 82,2""°
Total serun oy
proteins 5¢79 17.8
oC =casein 1025 313" 384" ree
p=casein 9460  2943°"" 35T eee
k- casein 3440 10,57 12.8™° see
o =casein 2,76 B4 w.2"T
Tecosein 0+88 2,77 32" rer
Pelactoglotulin 3eth 96" eee She2***
A laotalbumin 1,23  3.8° 2142
p 0u97  3407"" vee 16.8"""
albuanin 0«85 P 7.8
inm al‘}‘ pwm
dgnificent levels ++¢ P / 0,001
*e P L 001
+ P L 005

AR — -

e D, T.Davies and AJ.ile Law, J,Dairy Res., 19580,
& e
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/3 =suasein is the predominant componcnt of buman
ailk casein and is present in milk of 2 mamber of species
inoluding that from cows and Duffaloes. IThe calcium
sensitive ﬁwmmpnmumsw
buffaloes milk, is scanty in humen silk casein. The
calociun insensitive k«gasein has been idectified in mliks
from severul animal) apecles and hos been assigned a key
rale by daugh and von Hippel (1956) since k-0asain
protects the caseln micelie¢s and stabilizes milk, until
it iz hydroiysed by proteclytic enzymes llie reonein.
Ek-Qusein is a glyso-protain rich in sialic acid and forms
8 to 15 per cent of skim milhk proteinas, this large varia-
tion depending on the method used for its isolation and
estimation. Jemnvess (1973) has given a high aversge
value of 22,5 per cent for k-casein in skim milk and the
above value was obtainad by the determination of dislfide
groups colorimsetrically by reduction with sodium doro-
hydride (MaBil,) and reaction with 5,5'=dithiobis (2)-
nitrobenzoata,

1.7 Cowa'

1.7e1  The interest in the study of ths phyaical snd
chanical propertiss of casein in milk is further high-
lighted by a couparative study of the components laoclated
from the silk of different speciss as illustreted by oows'



- -

and buffaloea' milk caseins. MHost of the casein in
mffaloes' milk is present as miceller casein and haxdly
1 per cent oocurs as soluble-oasein ve that the ratio of
micellar to soluble-casein exceeds 91, ss compared to the
value of only 21 in the case of cows' milk casein. Hsarly
82 per cent of the casein micellea in tuffuloes' milk
settle at a speed of 10 000 Prepelte, a5 Comared to 33
per cent in case of cows' milk casein., with the increase
in the centrifugal spesd %o 20 OUD PeDelle, & Jurther 16
per ocent of micellar casein settled in buffaloes' milk
as compared to S5k per cent in cows' milk. &t 30 000
FasPels the average mnber of clcelles settling was
hapdly 2 per cent for muifisloes' milk as against 13 per
cent in the cass of cows' milk. caller micelles which
are known to contaln scaller amounts of calciuam and
phosphate but aere kegasein, show highsr solubiiity than
larger micellea, the difference being greater in buifaloes’
Bllk (5004 g% ales W76). ©The inarganic constituents in
cows' and buffaloes' milk cusein differ as shown by the
values (Table I1I) given hy Genguli (1973).

The sialic acid in the micellar caseins of
cows' and buffeloes' milk known to Ancrease with the
desresse in the size of the micelles. However, there is
no difference between cows' and duffaloes' milk in regard
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Table III Composition of Hicellar and acid casein of
cows' and buffaloes' milk*

vasein Gomponenta (BVE.'%) mgd‘)
cow pdlk
’ in Casein 2.3
fitrogen 12.7 15.2
valcium 0.028 0,01
Fhosphorus 0.12 1.5
waseins caz P 13001250609
«lalic acid 1.2
aftfelo
allk
casain C(asein 2+9
Kitrogen 120 1h.8
caloius 0,035 Qe2
Phosphorus 0.015 15
vaselns casp 1300121001

alaeddic acid 063

*Sangull, Hele (1973) Neth.KMilk & Jairy Je ap 258

to the ;attern of relecse of sislopeptide from the mice-
1lar caseins of different particle sizes by rennst,
uffaleo casein gave a higher opecity value with phos-
phate, malate and citrate buffers (pi renge 5.0 and 7.8)
than oows' ailk casein presusmably dus to larger anosunt
of celcium bound to buffale casein micelles,

1:72  The constituents of duffalees' milk casein
were examined in detall by Negasewa gt al (1973 using
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palyscrylenide gel slectrophoresis and diethylaminoethyl
(DEAE) celiulose column chrosatography. The of ~casein
was found to have a oclightly slower mobility than the
eorresponding bovine fraction and revealed four accom~
penying bands. Buffalo and bovine /3 ~caseins exhibited
the suue moblility and were homogensous, while uffalo
mlik k-casein revecled two bands., The amino acld compO=
aition of buffalo whole casein was cimilar to bovine
whole cosein, but some difierences were noticed amongst
OC.-. [3 = end kecaseins,

1073 While examining colourstion in iffalo buttere
fat prepared from sour nilk, Joniel and Dastur (1975)
observed another interesting yroperty of tuffeloes' milk
is thot it vas found to have a green pigment as norwal
constituent. ufialoes’ butteriat being devold of
Sarotens i1s vhite in appearance and in view of this the
extract of annatto (Bixa arelsns) 1s always added to
table butter made from buffaloes' milk, However, when
the butter fat is isclated from sour buffaloes' allk,

it acquires an eppealing greenish-ysllow tint that has
smch significance in the marketing of bmuffaloes’ btutter
fat (ghee). Chondravedans end Dustur (1976) identified
the green pigment as biliverdin (8.V) which 15 conjugated
to protein(s) ond precipituted at pH 4.6, From the
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congulum, the pigment could be extracted with acetone
or diethyl ether. The fat insoluble biliverdin when
dissociated from the bindiing protein, is reduced to
bilirubin (HLR, which being fat-sciuble is taken wp
by the butterfat and imparts a greenish-yellow colour
to it, 7The nature of the biliverdin binding protein
has not been estabiished it on the basis of s prelie
alnary anaelysis 1t is presused to be a2 new phospho-
protein containing iron and hav'ng o0of 13490
(Chandravadana, 1976).

1.8 the above briefly outlined introiuction illuse
trates interesating simlilarities and diiferences bLetween
cov and uffaloes' allk cuseins, Uther proteins from
buffaloes' milk have not Leen exanined in grester
datail, B0th cowa' and buffaloes' blood serum contain
biiirubin which is present as a normal constitusnt, of
which the precursor is biliverdiin. Ihe fact that only
tuffaloes' mllk contains biliverdin and is conjugated
$0 a protein, indicates the possibllity of ths presence
of an hitherto unidentified protein that merits a
detalled investigation. ch a study wald slso help
in owr understanding of phenomenon of milk aecretion.
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Conjugation of proteins with different consti-
tusnts in the media in which they ocour is of common
cccurTence, -Auch assoclations belp to inorease solubl-
1ity and mobility of compounds enabling them to pass
through & sepurating mesbrane, Thas, transport of essen-
tial materials is faglilitated from one tiszue to the
other and at the sase time toxic materials are removed
with exse from the aysten, In the umen system, aliaasln
and globulins along with other protains fulfil this
roie. ihe welleitnown exazples are the retinel binding
protein (.reekrishne and vams, 1579), thyroxine binding
presliumin (irench gt sle, 1971) ceruleplasnin which
binds capper (Honsan g ahss 1967) corrtico steraid
binding transcortin (Van dmelen and LVemarr, 1374),
bemqpexin which binds heme (seery g% abre 1972) and
others, This type of conjusation i3 egially common in
other animal systems Anclwxiing the rumlnants. silirubin
in the blood of the cow and the buffalo is conjugated to
both mibumin and globulin (Kspeor, 1978; Holonagh, 1979).
in special systems like milk of the ruminants, a musnber of



- W e

sonstitusnta are conjugated to proteins in the natural
state. In addition, under the stress of processing
treataents and sdded substances, new assoclations are
sstablisbhed,

Proteins combine with noo-protein subatances to
fora more or less stable complexes which when they occur
in nature have been deaignated as conjugated proteins.
Ihe combination of proteins with non-proteins is brought
about by intermolecular forces which operats between pairs
of (a) lonie groups; (b) uncharged polar growpss and
(c) nom-pelar groups or by combinations of such groups.
e sone forces are responsibie for the formation of
intromalecuiar croas-links in glomllar protein mclecules.
Glycgproteins, lipoproteins, metalloproteins, Chromipro-
teins, nmucleoproteins and phosphoproteins form the most
important groupa of csonjugated proteina. lMoat of these
complexes are formed by the combination of one molecule
of s proathetic group with one molecule of the protein.
The phosphoproteins, hewever, contain numerous phosphoris
acid reaiduss baand to ester bonds of the hydrexyl grows
of ssrine and threanine, They can bs cansidered as
phospboric agid esters of alsple proteins. Une such
exaple is well-known asong the milk proteins, the
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principle milk protein casein foras phosphoester links
with serine.

2.101 [ugheo preteing

he mwclieo proteins are composed of slople
basic proteins (protanine or histone) in a salt combino-
tion with nucleic acids as the prosthetic groups. They
are most abaxiant in tisawves of both plant and animais,
such as yeast, aspargustips, thymus and other glandular
organs and sperm are having a large proportion of
miclear material.

The Buco proteins are cosposed of simple pro-
tains conmbined with mucopolycescharides suth as
hyaluromic a2id and the chandroition sulfates. They gene~
rally contain rather large asounts of li~acetylated hexo-
sanine and in addition, more or leass such substences as
uronic ocid, sialic asid and monosaccharides. Fucopro-
teins are important constituents of the ground substentes
of connettive tissuss. They are present as tendomacold,
cascomanoid and chendreproteins in tendons, bones and
cartilage respectively, Jeveral gonadotrophic harsones,
mch a8 interstitial osll-stimglating hormone, foilicle-
stimilating hormons, pregnant mares' serun gonadotropin
and humen chorionic gonadotropin are mcoproteins.
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Casein in milk is a glycoprotein, the main carbohydrate
present being sialic acid,

2o%¢3 Ldig preteins

idpo proteins are formed by cenbination of proe
tein with a lipid, ‘These cosplexes are widely distributed
in snimal and plant materials. They oocur in milk, blood,
oell muclel, egg yolk, cell membrones and ehloropiasts of
plants. They are aloo found in bacterial antigens and
virises. The 1ipo protains are distinguished froa proteo-
lip4ds in that the proteoli;ids are soluble in crgsnic
solvents and insoluble in weter., Ihay coatain lesser
11,44 cowponont, than proteclipids. Kilk fat glodbule
aspbrane proteins are slao lipo proteins,

2,1.4 imtalle nrotsing

A large growp of enxyse proteins contain meta-
ilic elements, such as Fe, <o, iHn, In, G, iig etc. which
are parts of their sassential structures. 7The heme pro-
teins, which contain iron and classed as chremoproteins
are also metalle protains. Kilk contains lastoperoxidase,
xanthine oxidase, lactoferrin, lactellin and these are
all Zerroproteins., dimilarly, silk also contains sopper
binding caruloplassin,
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. 2145 Shroaguretaing

2¢1:5:1 The chromaproteins are cosposed of simple pro-
tedns united with a coloured prosthetic growp. rany
protaeins of important biologicul functions belong to this
group. Hemoglobin, the respiratory protein in which the
prosthatic group is the iron containing phorphyrin
sotplex, heme chromoproteins similar to the hemozlobin
in funstion and in chemical constitution are {ound in
certain moliusks (helicorudin}, marine worms (chlerocruorin)
and anewonss (actinoe hematin), cytechroues, cellular oxle
datlon reduction proteins in which the prosthetic groayp
ie a carotencid pigment, C(atalase, ths enzysme that
deccsposes hydrogen peraxide into water and axygen, is
a cipomoprotein in which the prosthetic group is hens.
The protedn precipitate obtained Ifrom the blood serum of
patients suliering from jeuandice has an intense yellow
coloaur caused by bilisrubin, Ihis bhile pigment is firwmly
bound to serum albumin, Little is koown asbout the
melanins, brown anxi black pigments of the hair, the skin
and certain patholegical tumoras. <Iyrosinase, dihydroxy
phenylalanine axideoae and other similar snzymes catalyse
the oxidation of syrosine tryptophan, dihydroxy phenyl-
alaning and thelr derivatives to red, bwowm or dark
quinodd substoncas (Masen, 1948 and iizer, 1953). lowever,
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it is 2ot yet clear whether this oxidation takes place
chain or wheother the mslasing are true conjugated pro-
teins in which culouriess proteins are bound to the
polymerized quinoid oxidation ,roducts of sromatic amino
acids likely by means of .4 groups (urton and Stoves,
1990 .

deteed jikd

#Mlirubin in blood is bound to a protein.
Bemnheld (1932) was the first to study the electropho-
retic behaviour of uman serun bilirubin, lis showed that
bilisubin cigrated with the aloumin frection in both
direct and indirect reacting sera. voolidge (1942)
demonstrated that prectically the entire biitrubin of
iotaric sera wos precipitated by esmonius sulphate. Ine
precipitate contains btilirubin associated with albumin
froction and o a small extent with (Cewglolins and
othar proteins (McDomagh, 1978).

216

Plasma eontaina a large rumbexr of protains in
varying asounts, Albumin, ey Aey and Yeglobuiins
end fibterinogen form the major components, while the ainax
components include hormones, carrier bhinding proteins for
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variety of subtstance (for example, vitamin binding protein:)
hlood clotting fsctors, enxymes eto, . lbumins (=, and
/B-Wnnd fibrinogen are syanthesised in the liver,
while the YT-glotulins are synthesized mostly in the
lysphoid syctes.

2.1.641 sllaiping

Ihey are rich in essential amino aclds wxl serve
25 a oarrier for free fatty acids, adrenal and thyroid
bhormonss and other substunces, to the tiasues requiring
then and for the removal of toxic cationa, bilirubin and
othear phenolic end products to the sites of excretion.

2,1.6¢2 glauling

Globulins are closely invalved in giving ilmsune
propexrties to young ones through colostrum, cow colostrum
contains nearly 17 per cent globulins which accounts for
about 78 per cent of proteins in colostrun. The carbo-
hydrate rich ocrosomuceid and “jeglobulin are likely
carriors for hexossaing complexes t© the tiasues., IThe
Oiqmum contain cosgulation fuotors like prothrosbin
and 3tuart factor, copper carrying protein ceruloplasain
and hepto-glotulins, which fors complaxes with any bhosno-
giobin that a2pills in to plasac and these also fors part
of the Oreglobulinas, 3 «globulins contain transferrin
concerned with iron trans.ort, coagulation factors V, Vil,
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Vili, IX and XI and fibrinclytic proengymes plasainogen.
Poth Ofwmy and /3-g§amuazn& are iipoproteins, Yeglicbulins
contain the antidodies which constitute the defence mecha-
ndsa agalsst infestion,

vuceln has the well known proserty of comoining
gualitatively and guantitetively with & musber of substub-
ces like atlds, alkallies, dyes, formaidehyde, halogens
etc. The above reactions with casein are utilized in
anclytical work and in pregaring industrisl products.
Ihe spporent acddity of fresh mllk is due to the oliing
of added olkeli with casein. Van der Have gt al (1979)
pention that 1 g casein binds 0.26 meg Nalii or 0,22 meg
“a (ﬁi}a at pli 6.7 to 8.3 vaseln along with serus pro-
teins react with the orange G dye (Fiklsen and Jmkri,
1975) and amido black (U'Cornell, 1970}, =0 that these
reagtions provide ropid sensitive methods. Une of the
well-known products of reaction of casein with lodine ic
the formation of thwruu:nn. Hajumder and Gangull (1s68;
and (hekrabarthi and Genguli (1977) found that radiec
active anino acids added to skim milk or caseln uicelles
resulted in the incorporstion of these acids to varying
degrees in the miselles. The reaction was heat sensitive
and freezing of casein micelles resuited 16 fold increase
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in the rete of luacorporation. un the other hand, under
the iafiuence of low temperatures, it has been found
that 3wy and kecasein snd to some sxtent Ofy-casein
aiffuses out of the casein micelles (Downey and sarphy,
1W70). usaagh (1971) demounstrated that %‘:‘-, and
kecacein com-lexes could be reformed as revealed by the
sedilmentation values.

The individual casein components aiso show
Memarkabie properties of associstion and dessociation
desending on the environmental conditions vs elaboruted
below.

2.201.1 P=ioseing
M

The ..asociution of Of=casein bas been examined
by & munber of physico-ghemical uethodszs, auch as sedimen~
tation apalysis, intrinsic vioscosity and optical rotary
digpersion measurepents anxd others. wxXamining the
naturs of the forces involved in aggreotion processes,
wonagh and his coworkers (1971) and, io ond waugh (1505),
have sxanined the general aspects of sasociation reac-
tiocns and conclude that hydrephobic pressure of water is
the foxce involved in these resctions. sayens and
schuddt (1265) reported e molecuiar weight of
113,000 &, 3,000 for the assoclated unit of O ~casein at
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pH Sob after ultregcentrifugation analysis and suggested
that the stabie polymeric unit is a teteremer, the mole-
cular welght of monomer being 30,000, ihey siso suggested
that the tendenoy of Oj~casein to associzte wus enhanced
by increcsing the concentration of proteins. ihe desaocis-
tion of %&ﬁMWpﬁ&M?ZM&WW
tation coefficient of C.casein at pil 6 L5 around -.a;) 6
a3 revesied by sedimcntation analysis, whiie at ph Wed
the sedimcntation coefficient is .3, 35, besed on this
rangiticn in cedimentation coufiicient, it has been
auggested thot the dissociation of O‘;-aas&m iz governad
by acid base equilibrius of the hydroxy srows of tyrocine
and the epsilonesaning group of lysine (Jchaidt gt @les 1967).
ihe dissocistion of Ofecasein in the pH range between 7
and 12 was exanined using ultra centrifugation amnd viscoalty
charges by Jwalsgood and Timasheff (1308) and by chaidt
(1970) et verious ionic strengths 4in the presence and
absance of organic aclvents, Ihese studles showed that
dissociation is favoured by an increase in pH and a
decrease in lonie strength, Polymerisation of O 4-casein
b under difierent axperimental conditions of lonic styength
and tempoarature showed that at neutral pi, polymerization
of Og,-eamuwmmmmzm strength
than on texperature, The average molecular weight of
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O“‘m B in 0401 ¥ RCly pH 7.0, at 20°C was found
to be 29,400 which corresponds to the msonomer, whoreas
the value in 0,1 B Kl corresponds to that of o trisme
{(Ho and Cheny 1967)s K=y M/%mammﬂehm
aaino aoids with s polar aide chaln, resuiting in inter
and intramolecular hydrophabic intersctions. The asso-
ciation process As also socorpanied by an inorease in
both of enthalpy ami entoropy (Faysna ond schmidt, 1965).
Hemethy and uoherags (1962) demonstreted that theruo-
dynamic features are reired for hydrophobic bonding.
Another evidence in favour of bhydrophobic dbonding as an
icportant source of lntras moleculsar stabilisation energy
is the fact that the caselin assoclation decreased in the
celd or at high presoure (Bloomfisld and sead, 19735).
Recently, imigieish and varker (1979) have formulated &
model for the coagulation ef C.ecuseinate by caleium
wherein the casein mdlesules is oconsidered to aggregete
a8 paly-functional units., The functionalities on the
protein moiedtulss are produced as a concequence of the
biading of calcius ioms and the multiple equilibria which
are established during this binding produce a distribution
in whioh not all casein molecules have the same functiona-
dity. This has been establiabed by experinental evidence.
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2.2.1.2 [S-gasein

/3 =casein is the moct interesting of all the
caseins from a thermodynamic point of view. Sullivan
2k gk (1995) were the first to consider seriocuzly the
physical behaviour of /3 =gagein. Ihey showed that this
protaein fores sggregates st room temperature. Ihe
tendency of /> «gasein $0 associste with raising tempe-
rature was also obaesved by van tilppel and saugh V1955).
ihe moleculiar weight given by sadimentation 15 in agree-
pant with that obtalned with viscosity measured at low
temperntures,. ixtenasive investigations on thes tespara~
ture depsndent association behaviour of 2 =gcasein by
Payens and van Merlwijik (1563) showed that the ultre-
patterns at 8,5°C and a oconcentration depens
dent change in sedisentation ocosfficient of /3 ~casein
sonomers and polymers could be determinsd. he rate of
aszotiation appesrs to be low since at 8.5°C the dagree
of polymerization was about 22, while at 1J.5° it is
sppresiasbly highsr. Thospson (1971; sbaerved o similar
beshavicur of the thres genetic variuants of Secasein A,
B end Cy liowever, / ~tassin showed tendency to associate
more than A and B. Easch varisnt, hovever, had en 33, of
about 150 as #°Ce The resoval of Ceterninal valine and
Permltinate isoleucine residuss resulted in the virtusl
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inability of S egasein to assooiate at 8.5°., thereby
showing that thess hydrophobic aszino acids are scsential
in the polyserization reaction (Thompseon gk ales 1967).
interesting observationz on the aggregation behaviour
of [ ~casein have becn recorded by liogland (1500).
Under norsal conditions in phosphate tuffer (ph 000,
Is0:20), 3 =vasein sediments with a major cosponents of
530 93+ iowever, auccinylated 5 =casein did not form
the fast-sedinenting peak generally associated with
this protein, acetylated 3 scasein aulso had a lower
sedimentation value than untreated 7 «casein, Hogland
(1966) interpreted these findings to mean that an
increase in net negative charge of the modified protein
affected aggregution bshaviour of / -gasein. ‘e further
observed thot succinylated and scetylated S ~casein is
not as senaitive to calcium as the untreated /> -casein.
The tecperature and comgentration dependent polymerisa-
tion of /> ~gasein has been studied by Arise gk ak (1973)
by msans 0f viscometry, gel filltration clirosatogrophy,
slectronaioroscopy, enelytical ultre cestrifugation and
witraviolet (W) difference spectrometry. It has been
shown that the degrees of polymerization are 12, 22 and
& and free snergies of essociation of «=21, «2J and -25
KJ/mole vonomer are found & tempcrotures of 10°, 15°
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and 20°C, respectively, in 0.2 # sodius-phoschate bulfer
of pid 6,7« VYonomeric /S-gasein is not completely a
rexdom coll but becouss more eounpont with increasing tem-
perature due to hydrophobic loteractions.

22413 kegagedn

Cows' milk kecasein has been studied intensively
since its discovery by waugh end van Hippel (19%6). It is
the most lmportent single factor responsible for micellar
stabilization. iwalegood gt al (1964) showed that the
polymers have molecular weight of 650 000 and they are
formed through intarastion of aubd units, having a mexisus
molecular welght of 56 000 and an average molecuiar welght
of 100 000. These sabunits are formed by covalent Seie
linkages between k-gadein peptide chains, Talbot and
vaugh (1970} found that the sud units are not necessary
for polymer formation, sinoe SHekegasein (i.e., kecasein
with reduced s-i~bonds) also forms polym:s, although with
a lower sadimentation cosfficient) for example for none
treated kecasein S5, @ 19,6 £ k8, St-k-casein sJ, = 1140
4 %2 The standard deviations illustrate the poor
reproducibility weually observed in experisents with
k-~gagsein., In order $o sxplain the noo~covalent associs~
tion of H-keoasein and its intereotion with other caselns,
attention has been focusassd on the hydrophobis nature of
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which consiats of the first 105 anino ecid residues of
E-gazelin (li1l]l and wake 1969). kecasein is found to
polymerize in solution (33, 13.5) and this polymeriza~
tion {5 insenaltive to Ca lon concentration and tempera-
ture (Vreeman 1979).

20202

2424247 In 1939, Jdrensen and frensen descrided a red
protein fraotion rom bovine milk which was later shown
0 oconal.t of two iron binding componentsy a protein
homalogous to ssrum transferrin and o component absent
in plasna designated as lactoferrin by Hans and Isliker
11961a). lLoctoferrin which gsccurs in several body secre-
tions besides mllk was examined in detaill by Groves
(1960, 1905). The red protein fraction precipitated
along with casein from which it was separated by adjusting
the pH %0 5,0 and then treating with azmoniun sulphate
(&0 w0 65 per cent). The averags nitrogen content of the
red protein fragtion was 15.02 per cent, P 0.25,

Fe 0,11 while carbdohydrates was 7. per cent. The carbdo-
hydrates were identified as hexose, hexosanine and sialic
acid. Ihe Fed.assigned wes 87,900, The protein gave
absorption Ddnds at 280 mm and broad maxims arcund 470 nm.
It was possible to resove iron froo the protein and sestore
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the original complex wxier optimel conditions. The red
protein fraction exhibited mild phoaphatase activity.

A minor colourless orystalizabie protein was ulsdo asso-
clated but its resovul did not affect the characteristies
of the red ;rotein frection, Lactoferrin constitutes
the major part of the red protein frections isclated
from humon milke The metalchelating prayerties of trans-
ferrins and lactoferrins are very almilar., ioth bind
two atoms of irom with two molecules of bicarbonate
being invoived in the reaction (Hesson and ieremans,
1968), From studies on optical and mognetic s:ectra
(vindie gt als, 1963), as well as by titrution experimenta
(Masson and Heremans, 1971) it has been demonstreted that
the petal binding sites are similar in both the proteins.
However, the affinity of isotoferrin for iron is maine
talned at pd 4, vhereas trensferrin relesses all the
iron under such conditions (Hlane and Isliker, 1361b).
Furtharaore, except for the H.¥W., two proteins differ
widely in physico-ghemical propertises such as sclubility
anino acid and sarbohydrate composition (Mentreuil gt ales
1965), tryptic meps (3pik and Hontrewil, 1966), antigenic
detersinations (Hlams and Isliker, 1961b) and ionisc
charge (Hassen aod Heremans, 1971)., Lastoferrin has been
ddmntified in ailks from & veriety of sssmals such as
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sinea pigs, cows, Wffaloes, goats, mare adl mige
(Masson and Heremens, 1971; Bhatlia, 1978). un the basis
of elestrophoretic mobility, stability at acid pli of the
iron cosplex and immanological properties, usilks Lxom
rats, rabbitas and dog are devoid of lactoferrin. ihe
concentration of lactoferrin is not related to the irun
content of milk end it has been abown that lactoferrin
does not play & major role in the excretion of iron in
ailk. Another interesting property of loactoferrin io
that like serum transferrin it serves as a bacterioatatic
angent in milk by depriving the ocultural medius from its
ionised iron (Orean and Reiter, 1968).

2e2ede2

Iron wos the first among the trace eiemants o
be recognised as essential to life functions. it is
always present in milk, the range verying froa 100 to
00 ug/le The feeding of swplemental iron to cows does
not increase the iron content of milk {(Johnson, 1974).
Conaideration of addition of iron directly to milk for
supplemsnting iron deficiency, leads t0 the question of
the status of such added iron. Earliy workers like illan
(4550) and King g% gl (1959) thought that both natursl
and added iron are nonionic and are bound to the fat
giotule menbrans, ubsequently meny workers (Vaughen
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and Knsuff, 19613 Basch gt glsy 1976 and Demott and rark,
1974) found that the added iron is assosiated with Hroe-
teins, primarily with casein, iuring the course of o
study on the infiuence of processing of milk on the
binding of iren to variocus milk proteins, Park (1973)
has shown that most of the added iron cen be recoversd
in the skim ailk portion, rastesurization reduced the
amount of iron bound to whey proteins, while homogeniza-~
tion increased the binding capucity of all mllk proteins,
The extent of binding ca;acity in homogenized milk is in
the decreasing order as follows: remnin coagulated
mmt@ommpmmmmw
teose~psptone end whey proteins. Basch gk gl (1974)
studied the distribution of iron and polyphosphate
phosphorous added to cowa'! milk by both analytical and
radiochenical techniques, ihole allk is separated 1iso-
electrically or centrifugally into three mejor fractions
nanely, creasn, cassin and whey after the addition of
ferripolyphiosphate and other irom or ;olyphosphate com~
poundss Casein phosphoprotein has a greater affinity
for the iron shan polyphosphate, since 85«35 per cent
of the iron and 50«55 per eent of polyphos hate is
bound %o asid precipitated casein, then casein is
sbtained by centrifugation 60=70 per eent of the iron
and S0-55 per gent polypbosphate is bound to the micelles.
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Demott and Dinner (1976) studied the distritution of
added iron to okis wmilk. It was shown that about 85 per
ocent of the added iron was bound €0 casein and ocut of
this 72, 21 and A per cent vere associated with ,O;-,Pn-.
and k-oaseins, respectively., ihere was & 1oss of only
1¢7 por cent of added iron during dialysis of casein.
iben *PFe was added to raw cows' milk, 85 per cent of the
activity was found with skim milk fraction (uincer, 1976).
Unnikrishnen and wao (1977a) bave also shown that more
than 80 per cent of the added iron 15 assocloted with
sitla wilk ani the udded iron was mostliy bound to the
casein in both cows' and bufialoes' milk.

Hanson and Cannon (1378) have put forward a

hypothesis that the phoayhoseryl residus present in

o;., and > -caseins repidiy catalyse the oxidation of
iron from the Fe*' to Fe’' state with the formation of
stable ferri/phospho protein complex iavolving consump-
tion of the theoretical amount of axygen. uring their
studies on the ability to iron binding by wheet glutein,
soyisolate, zein, albumin and casein, lelson and Follor
(4979) indicated that the source of iron influenced foctors
like pi, tesperature and time of reaction. similarly
- Hogensaer gt al (1979) have studied the dehaviour of iron
mpplesented in cows® milk, The stucies showed that the
differvent forms of iron as well as their source infliuenced



The presence of copper in umilk has received mch
attention becouse of its catalytic effect on the develop-
ment of oxidimed flavours in milk ond milk products, The
normal concantration of Ou varies fron 20 to 200 pg/le
Thompson g 4k (1948) found that when 1 per cent solution
of casein was ellowed to react with an excess of J-asgorbic
acid in the presence of a small quantity of finely ground
coppor oxide at 30°C and pH 645 to 740, Cu was boud @0
the protein and the complex that was formed undoarwent a
series of colour changes beginning with light yeliow to
brick-red within 48 he The complex eshibited an Ls0~
electric poiut almost identical with that of casein.
Acid hydrolysate of casein did not yield the complex.
Heozer and dder (1956) found that the added Cu was
primarily associated with the skim nilk proteins whereas
the naturel Ou in allk was associcted with fat globule
sesobrang. In experisents using rodio active Qu, King
ok 2 (1959) found that 9798 per cent of the odded i
%0 nilk was uniformly sssociated with aitim milk proteins,.
The affinity of proteins for Cu at pH 6.8 decreased in the
following order: Fat globule membrane, sodium caseinate,
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X wlactaliumin, S ~lactoglobulin (Koops, 1963). Hinato
and Uglso (1964) allowed dasein to react with copper
sulphate at pH 9.5 for 12 h and then after presipitating
it three tines at pi 4,8, found that it contained 0.74
per cent Gu. Casein containing O.54 par cent Uu was 8180
preyared by electrolysis. (mly s small proportion of
milk. Both cows' and Wuffaloes' milk caseins exhiibited
simllar characteristics (Umntkrishnan, 1976). Casedn at
its isoelectric point wos found %o bind more Cu when it
was added in the cupric state. Iin centrifuged casein, K
was approximately 10 per cent more than in isoelectric

7he cloase association of culcius in milk with
the casein micelles has been described in pare 1,5 Using
whole casein, Zittle g al (1958) found a maximus binding
of calcium with protein. In studies using different ienic
solutions, Jiekson and Perkins (1969, reported the rela-
tive order of iom binding for ey e, and k-casein es
follouss & > da > ary and the relative oider of bLinding
cgpacities was X ey > 3 =y > k-gasein. vough R ab
(1979) aloo exanined in deteil the bimiing of cations to
o aml S «cacein and a unit weight retio mixture at
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pH Ge6. Cosein 43 known 0 bind ociciue ions and it has
been suggested that the binding of coloium ions to the
cacein inside the golgivesicle lends to micelle formation.
AR YAtre expsriments by Holt and west (1577) could not
substantiate this as larger anounts of calcium wers
roguired than that found in allk.

Agcording to Hose (1968) 0‘;-, Py and Y e,
k-casein fractions are solubllized in the serum when milk
is cooled $0 3%=4°C with /3 =¢osein sccounting for about 55
per cent. Jerus casein content decreased by addition of
Cay, Wt increased by adiition of phosphate, thereby
suggesting that at fixed levels of caloium caseinate, the
caleciun phosphate content of the micelles and the degree
of polymerization of temperature~sensitive /S-gasein are
major factors controlling the praperties of cdsein pre-
sent in micellar form, sabarwal andi Ganguld (1973) bhave
shown that pasteurization, bolling and sterilization of
mlk resulted in an inoreass in Ca contant in the uffalo
ailk casein micelles by 175 475 and 7.25 per cent,
respectively, while in the cow milk ccoein micelles, the
incresss in the Ca content was 3.5k, 5,02 and 14,53 per
cent, respectively. An inorease in the aize of caseln
micelles wns observod due to the influence of Ca ions
mmtmmmpmumammnm
a&swmzhmmmmmmm
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inereased the micells size than in case of row milk
(Langley, 1978).
20245

Heating skim adlk is said to cause intersction
betwsen />-loctoglotulin ond k~casein (Jawyer, 1969).
The anall casein micelles in askis milk, which also haes
highest kecasein coutent also contains the highest
concentration of the hsate-induced complexs ihen the con~
centration of casein wes reduced, there was an lnorease
in the amount of OrelactCalbumin aend 3 =lactoglotulin
recovered after heating, thereby showing that casein
fagilitates the interaction of (Xe«loctaibumin with
Pelsctoglobulin (ilfagm and -heelock, 1978). & progre=-
ssive decrease in the amount of sarbohydrates attached
to k-gasein during the aging of heatestorilized milk was
noticed by vheelock and Hindle (1971). IThe authors
surmise that the above may bs a factor in the develogment
of gelatinous condition in heatesterilized allk during
storage. In recent studies, Ludwig (1979) noted inter-
astion of lactose with milk proteins as a result of ultre~
high~teaperature (UHT) processing at 14J.5° 3 2°C. Ths
reaction involved imdori rearrengenent of sohiff's base
to give enol and kete forms., liearly twoethirds of the
isctoss got incorporated into frastions rich in k-gasein.



3 -

it was olso found that the available lysine was reduced
during the freeze~drying of /-lactoglotulin mixture.
During the hendling of row bulk milk, A -lactoglobulin
reacted with lactose by the lalllard reaction 80 nitrogen
and avallable lysine are reduced,

20246

Hartman and ixryden (1574) hove reviewed liters-
ture on the association of most of the vitaains with
carrier proteins in milk,

2026504

it 1s koown that on centriiugetion of milk o
diffierent speeds, the smeller fat giobules showed pro-
gressive richness in carotencids and vitamin A,
FoGiliivery (1557) exenined this aspect in detail and
showed that the differences in cancentrutions of the
above two ware due to the presence in milk of protein
bound forms of these o constituents but not dus to
the aize of fat globules.

2:2:602

(Vit. i)

in milk, thiamine occurs both in free as well as
phosphorylated form and is complexed with protein.
Uajong (1942) found that in cows' milk, the level of free
thisnine was 50 t0 TO per ceant, thianine momophosphate was
18 to 45 por cent and protein bound thismlne was 5 to 17



- =

per cent, Tha values varied however, with the stage of
lectation of the anianls.

2024643

FRe] (?&hﬂa)

A soell quantity of ridoflavin in ailk coecurs
in bound form, mostly attached to the proteins as 2 part
of enzymes systems namely, xanthine oxidase anxi dimphrase
{Leviton and Fallemsch, 1960)., Ihe aite of bimiing bet-
ween the vitanin and casein are the tyrosine residues of
protain.

26246, 4 sid (Folecin)

The folic acid in milk i3 strongly and apecificalliy
bound to a ainor whey protein, forming o complex of risary
molecular weight of about 38,000, but exhibiting concentrae-
tion~dependant reversible aggregation (Ford gk fhes 19639).
Ihe biniing protein is present in exoess ani the cows'
mmmwmweemmzsepco:mtmc
acid per .itre. The binding is influenced by pH levels
entively to the protein,

2:24645

A (Vit.d,,)

his vitanin is bound to the protein in silk of
various spsties., The cows' milk has a high preoportion
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whigh cocurs in whey proteins (Gizis gt gales 1965).
2+2.7

Recently, leniel ond ODestur (1975) reported that
buffaloes’ milk contained o green pigment as a normnl
constituent. 7This finding came %0 light &3 a result of
the differences in mppearance between the Lutter fat from
frech buffaloes' milk oreeas and that obtained from sour
milk, both samples fros the same bateh, while the former
has a white oppearance when solidified, the latter exhi-
bited a greenisheyeilow tint (Lalitha and Dastur, 1555;.
ihe plgment responsible for such colouration has bdbeen
identified us one of the tile pigments biliveniin which
on reduction is coaoverted to bilirubin (Chandravadasna and
Dastur, 1976). BHiliverdin obtained from buffaloes' milk
after direct extraction uaing acetone in the presence of
saturated ammonium sulohate aysten was found to be asso-
clated with the protoin molety. The green pigment oxtract
in 80 per cent aguecus acetones after fliltering throug
Whatoan No.h2 filter paper exhibited a singie absogption
maxism at 660 nm, unlike the plgment isolated from casein
coaguwlum which showed the absorption maxima at both 380
and 660 mm. Biliverdin either directly extracted from
sllk ucing soetone in the presence of saturated smmonium
salphots systes, or extracted from scid precipitated
coagulmm (pH £.6), with S0 per cont acetone was always
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associated with protein that was green in colour and Lrou
which biliverdin could be easily sxtracted by trectment
with a suitable soclvent like methanol, petroleus ether,
etc, Folyasryloamida geal electrophoresis (:.0c) of the
protein revealed its heterogensity. The protein fraction
obtained from the elutent of the Sephadex G-200 (from peek
1) contained two bands, while the other fraction (fron
peak II) was heterogenous and contained several bands.

The above review amply illustrates the interesting
property of associztion of milk proteins with a mamber of
components present in milk itself. his property is
further influenced by ehilling or heat treataents of mllke.
dhile estsblishing the presence of biliverdin in buffaloes’
nilk, it was found to be associuted with the urotein. un
the other hond, cows' amilk and goata' milk do not exhibit
this behaviour. It is therefore likely that the buffaloes'
nilk contains a special mechanisa for the conversion of
tlood bilirubin to biliverdin in the mexmary gland, thereby
focilitating the exorwetion of the pigment aleng with a
associated protein in milk, it was decided to exauine the
above aspect in detall und establlish the identity of the
Biliverdin assocliated protedn. Uith the above object in

visw, e following aspects have been studied:
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203+1 The nature of the biliverdin associated protein in
milic

de5¢2 Relationship between the protein content and bili-
verdin concentration in milk

24343 bwnluate the precursor of biliverdin found in milk;
and

2344 Jtudy the bebaviour of biliverdin when sdded to
cows' and Muffaloes' milk,

fesults of these studies have been described in the follow-

ing chapters.



RELATIONSHIP SETWEEN BILIVERDIN A53OCLeTeo PRUTEIN
AND BLLIVERDIN CONTEST IN INFFALOES® MILK
L e R R A
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While isolating biliverdin (ILV) from buffalees'
milik 4t has been noticed that a proteinesous matorial is
alweys associated with the 80 per cent acetons extract
of the pigment. Further, the conoentration of biliverdin
in pilk varied from day to day, both in bulk samples and
in sanples collected from individual animals. It was,
therefore, nececssary to assess 1f the concentration of
biliverdin in milk is related to the amount of binding
protein extracted simultensously. For the estimation of
protein it was considered to have a ropid method for its
deteruination, The method described by Lowry gt 4l
{1551) vas exanined for its suitabllity and adapted
using Folin-Ciocaltsu~phenal reagent in the studies
described below, In addition, the effect of green and
mmmmmpmumozwm&nm
din assoolated protein (BLVAP) was 2lsd examined.

tuffaloes was used for the present study. Sasples were
callscted soon aftar silking from the Institute's herd,
sensrally during sorning milking. Sasples of silk wede
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stored in a refrigerator ond used within 3«4 h after
milking, Miik was skimmed by using a mschanical croam
separator,

All the reagents used were of analytical grade
and glass distsilled water wos used.

The biliverdin associated protein (HLVAP) was
isolated by taking 100 mli skimmed milk, and €60 ml of
ascetone were added wish constant stirring, followed by
&sot(m‘.)awv The gresn acetone layer that sepa-
rated fros the agueous ammonium sulphate layer was
filtered through Whatmen 42 filter paper. Ihe extrect
was kept at about «5°C for 2-4 h 30 as to solidify the
1i,ids soluble in acetone, Later, it was filtered and
left in a shallow wide diameter glass dish at roem
tezperature under a fan in order to remove the sclvent
at lov temperatures. The green protein fraction that
precipitated was collected by centrifugation of the
residual solution at 2300 repefie, and washed several
tines with water 50 as %0 free it from (MH,),30..



3e202+1 The green ILVAP isolated as above was dissolved
in 4.5 al of 1N NaGl and diluted to 100 ml with distilled
vater. ine ml of aliiot waa taken for the estimation of
protain by the method described by iewry gk al (1951)
using Folin-Cliocolteu-phenol reagent. The optical
density was measured at 750 nm in a spectrophotoneter
witi. 1 cm path length cells. The protein values was
read on a standard curve (Fig 1) and the values were
axpresaed as ag protein per 100 mi of akim milk,

5+2.2.2 Galdiraticn surve

Dovine serus ailbumin (BiA-ilgme, was taken as
the standard protein for constructing a calibration
cwve. Ten mg of powdared 8.A were dissolved in 100 sl
of water and stored in a refrigerctor with toluene.
dultatie aliguots of this stock sclution were taken for
preparation of the standard graph. Ihe optical density
of the groded dilutions of the ;rotein salution after
the development of the colour with Folin~Ciocalteu-
phenol recgent were read against similarly treated
reagent blank at 790 ne in a spectrophotometes (Flget).
3020243 fasYary.2f added oroteln

The percentage recovery was estimated by adding
known amounts of purifisd protein (SLVAF purified on
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Sephadex G-200, fraction 1) and Bua, to the pregared
sample solution (pare 3.2.2.1) ond estimating the total
protein in the sample.

To check whether L.V was interfering wvith the
estisation of W.V.P, protein was estimated separately in
cows', buffaloes' and in the mixture of the two typea
(50150) of milks, since cows'! milk does not contain any
Ve It wos found that the recovery was satisfactory,
thereby indicating that BV does mot interfere in the
estimation.

in order to find out whether the ilV.r estima-
tion fallows the ieer's law over a wide range of concen~
trations, various dilutions of H.VAF were propared froa
the stock solution and protein was estinmatad. The values
thus obtuined were plotted on a graph to exanmine the
relationship between optical density vs yrotein congens
tration (Fige2).
Seded
3.203.1 Jlogkakion of hidiverdin

The BV ia duffaloes' milk was estimated follo-

wing the sethod developed by Chandravedana and Daniel
(1977). Twenty five ml of ckim milk was token in a
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beaker and 15 al of ecetons was added with constant
stirving and this wsa contimed for 2«3 min., Asaoniun
salphate at &0 per cent w/v of milk (15 g) wus added

Daxt %o saturate the system. uhen the two phases seps-
rated with precipitated protein in the lower agueous layer,
the upoer green asetons layer was separated, filtered
through vhatmen 42 filter poper and the optical density
wos immediately msasured et 660 mm against the blank
(pare 3.2.32)¢

Dedelel

Whey was obtained by eeidifying skism milk wormed
$o 0°C by addition of 0.6 per cent w/v of citric acid
and the acetone extract was prepared as described above
(3e2e3e%)0

3:2e3e3 Jtaniard gurva

Standard solution of i Vedihpdrochioride
(aigma 80 per cent purity) was prepered by disselving
5.0 mg of erystelline moterial in 100 al of asetons
diluent. 7he scetons diluent was prepared by edding 60
volumes of acetone to 100 voluues of freah akim nilk at
anhient tesperature. Ihe acetone layer wos separated
by saturating the system with solid camonium sulphote
and £41lS%ering the ssetone layer through ¥hatman &2
filter papar. Suitable aliguots of the above stoek
sclution were them diluted with acetons diluent to attain
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@ concentrations varying from 10, 20, 30, & and 30 Mg
of AV per 100 ml. The optical density values of the
graded dilutions were read against the acetone diluent
as dlank to cospensate for the cbsorbance due to the

diiiveriin present in the diluent itaelf (Fig.3).

Bededeh

Trials showed that BLV present in 100 al of
echieve a 1.7 fold concentration of AV (Table 1). From
the standard graph (Fig.3A) it was necessary to mltiply
the values by 0,56 to0 obtain the true coucentration
(Fige3h)s Ihe contentration of hiliveriin is expressed
as pg/100 ml of skim milk.

5.2.4

To study the influence of feeds on the concens
tration of BLVAF and total milk protein, aix Jurtl
mutZaloes' of similar ege and lactational stage were
sslected and fed individually ss per the following
aschedale.

3e2ebe  Dutalla of fead civen

(a) Control peried (3 weeks) kormol retion con-
sisting of gresn fodder, rogi atrsw and concentrate



Optical density at 660 nm

0.09

0.08

0.07

0.06

0.05

0.04

| l | 1 l

0 1 2 3 4 5

Biliverdin concentration [ug/ml]

FIG. 3 STANDARD CURVE, CONCENTRATION VS.
OPTICAL DENSITY.



14450
170
13.90
.00
13.90
13.80
1390
14,00
13.75
13.80

P02 vowuovruna

L

Average 14,01 g 025

AR

* Jauples cover all the stages of lagtation.
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mixture was continued, although the animals were fed

individually, (b) Dry fodder feeding (4 weeks) Ration
oonaisting of regi strav and concentraote mixture only.
(¢) Intense green fodder feeding (A weeks): Ration of
green fodder and concentrate mixtire only., Under the

different schadules of fesding the seme total digestie
ble mutrients (TOH) and digestible crude ;rotein (ior)
were ensured. The dbasie for the feeding was ococording
to Sen eodd Ray (1971), nanelys

ary matter fr si g TN
Raintenance ration
per 100 kg body | _
weighs 3.0 kg 007 kg Qe80 kg
roduction ration

B ag "N - Ou7 X 0451 kg

ihe body weights of aix buffaloes varied from
357 to 290 kg, the oiik yleld at the begimning of the
experiment was 5.0 to 7.0 kg/day and the fat content of
silk was 6 to 9%, On the above basls detall rations
were yrepared consisting of grean fodder mai:ze (Zeumays
DCP 14025 TON 1844) concentrate mixture (DUP 160043
TN 70.00%) and ragl strew (Zluaing soralana DoF 0.0
ToN 90.00%)e Bliverdin associated protein ani total
milk protein were estimated at intervals of 2 days from
the posled milk sazples drewn from the experinental ani-
mals,



Before findiing out the correlation between the
WLV and EVAP and exacining the effect of feed on HA.V.r
and total allk proteln concentration, a sethod for the
estisation of AVAP was gtendardiged and used in the
following stidies. Ihe method was first tested for ita
reproducibiliity and feaslibility over wids rangs of o=
tein conventrations and interference from BV AL any.

3e3ete?  gproduiRALLK

BLV:F was estimated 4in replicats sasples and
reprociucibiliity of values was determined., In trials
with 2 series of five sstications ot the aame saple,
the resuits were found to be reproducible, This is illuse
trated by the following results in one series; 9.80, 9450,
9050, 9+50 and 3450, averoge 9452 £ 0«15 mg protein/v0
2 of skis milke.

The range of ebsorption curve of the colouwr
developed dus to Folin-Ciosaltsu~phencl reagent at 730 nm
varies with the nature of srotein. 1his point was there-
fore examined, Results of four trials indicate that the
B.Va¥ obeys the Besr's lav over a wide rangs of conden-
trations upto 335 mg/ml (Fig.2).



3e3e%e2 [mcovery

he percentage recovery was determined by adding
known amounts of A.VAP and Bis to the prepared protein
ssople amxl the total protein was estiseted, The recove-
ries are given in Taebles 2 and 3. with the V. the
average recovery wes 9%.79 3 1.78 (7able 2) and with
Bii 4t was 98400 per cent (Table Jj.

Be3e1e3

In order to find out if the precence of AV
with protein influenced the development of colour with
FolineCiogal teu<phenal resgent, protein wua estizated
in mixed milks of cows and buffaloes (50:150) as well as
in milk sapples of individual animalas., Cows' milk does
not contain BV but hes sisilsr protein extractsd by 80
per cent acetons in the prescencs of saturated (m,‘)ass&&
systems Froa the results presented in Tabie & it may be
seen that the LV does mot interfers with the develop-
mant of colour and estimation of protedn.

The aethod standariised for the estimation of
BLYAP s thus dspendable and has been adopted for further
studies. |
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concen- Purified

tration ALVaP Total Added Percentage

in added to protein | protein of

sample  samples  found recoverad recovery
M6 g P D

95 324 425 3% 101.85

190 b3 430 240 98476
285 162 L 10 98.76

AVETage OGO« 99T 2
very percentage 1.78




tration Total Added z}mﬁagc
in BuaA protein protein

samle  edded fous | Pooovered recovery

_)l »g e M8
99 &0 &80 385 36425
190 300 480 290 96,66
285 0 715 190 95.00
410 800 &0 380 95400
20 300 07 280 9966
330 200 522 192 35460
AVEPage recovery 95 0%
psroentage 2 0.586
*M(MWmM% s Therefore the

recovery after correstion for purity of 3ua
comes to about 98,00%.



A { | S0 Total Total pro- W‘-
o ‘ :
in ’ m “ tein epec~ teln found recovery
Mffalo protein fros ted in in mixed M on
sarple  saple seaple saple m
7+21 T75 748 Te25 97.47
8.15 6.20 6e21 6,18 Fe47
8.15 6.20 G.21 6.20 99,71
6415 6,28 6.21 6.7 - 9830
AVETage recovery 98,78
percantage 1 1,02
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Tables 5 and 6 give the HY and HL.VAY content
of povied nllk savples drawn fLrom Agrrah and Jurti
uffaloes. The average content of LV and iiV.r in two

tresdz were:

| -
BV (ug/100 ml) 43.9422he38  50.64221.36
BLVAP (mg/100 »d) 10e241519 Se91z Te41

The data ahow wide variation in the ievels of
pigoant. The variation was leas in the gase of HVar
and the coefficlent of correlation between the binding
protain with the pigaemt was nesative, the vulues for
Furrsh buffaloes milk baing O.4h and for surti uffeloes’
midk 0,26, the values not being significant at 5 wd 4
par cent levels.

3ix Surti uffeloes selected in mid-stage of
lactation (about 15«30 weeks) were first maintained on
the normal retion for a fortnight but animals were fed
Andividually. Filk semples wers collected on altarnate
days during the second wesk after which animals were



BV (ug/100 md) BLVaF (Mg/100 ml)
16.80 9452
&b 80 12.52
2000 7,00
28400 16.50
89,00 875
$1.20 40,86
28,00 Hhe35
72.80 D¢58
67.20 1372
22:20 10.40
28,00 9%
22.40 1120
ke o 80 7.80
56400 1050
78,00 258

AVE. . 10,230 2

- amt 3018




56400
51.00
96,00
6’0‘»
84400
b 80

55400
33460
0«00

AVEe 5#-6&:31 36

S5ed

5480
$430
220
780
500
830
550

Se9VL, Teb1
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changed over to intense dry feeding (about 10 kg ragi
strew pe animal per day) ut supplenmanted with concenw
trate mixture, MNilk saxples were collascted during the
last wesk of the feeding interval. The seas pructice
was repeated whan the animals were changed over %
oosplete green fodder oonalsting green uaize (fed
about 35 kg/day/anisel) spplemented with consentrate
mixture. ZIhe results of total protein comtent and H.Var
are astown in Teble 7. It may be seen from the Table 7
that neitier 4dry nor green fodder had any effect on
protein of milk and BLVAF contents in milke.



272 b 45
3463 320
3490 5013

AVEe3e80 480

387 3425 3,75 5.96
375  3e59 3,75 3.75
3,62 2.8 5,87 4,53
380 4e30 575 4ol

— .



. 8 | The conjugation of different classes of conatie
tuents like 1lipids, carbohydrstes, pigments, petals eto.,
with proteins is well resognised as a part of the normal
petabolis prosess in plants and animals, In a almllar
Danner’s recently bile pigments like biliverdin axxi bili-
rubin are found associnted with protsin in tuffaloes'
nilk, 7The conjugated protain is soludble in & per cent
mmsmmmtmmmummm(waw“
system. It was, therefore of intersst to stuly the
correlation vetwesn the amounts of pigment and the
encunt of odnding protein and also the eflect of feeds
ani the relationzhipy between the H.Va' and total milk
proteins with & view to exonins a mumber of samples
rapidly, Hende, the method for the estimation of WVar
was standardised (Aso and Dastur, 1980). ihe method is
sisple and accurste and involves the extrection of miik
with acetone after setureting the system with ammonius
sulphate to obtain the ALVAP into acetons layer. The
solvent is evaporated at room tesperature and the resi-
dual protein 1is dissclved in 140 H Hald and estimeted
acoording to Lowry gt gk (1951) uaing Folin=Cliogalteu-
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Selse2 In trials involving five estimetions on the
sane saiple protein solution, the results are reprodo-
cible as dilustroted by following results: 5,60, 950,
Fe0y 950 and 9450, averege 9.52 1 0.157 ng protein/
100 md of skim wilk, The percentage recovery of added
protein (E.ViP) to the scmple under study, andt Bua,
gave average recoveries of 99.79 and 98,00 per cent,
rezyectively (Toble 2 and 3).

3¢h0e3  The wethod of Lowry g% 4l (1951) bhas been
widely used ior the satimation of yroteins owing %o its
high sensitivity end simplicity. Ihe colowr formation
has beent attributed t0 the reduction of Folin's reagent
by the capper complemes formed by the suecific peptides
and proteins, tyresime and tryptophan residues (Layne,
19575 va gk akes 1978)s The reaction is influenced by a
oumber of substances. The noneinterference of tiliverdin
with the estimation was verified (Table &) by compuring
the resuits obtained from the individual cows' and
duffuloss' akim milk and their mixture. The colour
forwed by the HLVAP was found to be direetly proportional
t0 the extent of protsia present in sauple (Fig.2), the
rangs being O to 335 vg/ml.

30heb In a sialler study with AV coutent, Duniel
(1977) has also observed wide variations in the content
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of 4.V, with sn sverage values of 62.53 g 21.47 pg/¥O0 ml
the range being 23-155 Mg/100 ml. The content of B.V in
220 sazples not only varied in the pooled saples but
also in sasples frob individual animals, Thars was a
parked difference in the day to day concentration of WV
in individuals. 7The average [LV content of 15 samples of
porning milks of Murrah MLLaloes was 43.94 ¢ 20.28, the
ronge of values being 11.20 to 89,00 pg/100 ml (Tahle 5).
slmilorly, the aversge BLV contant of ten samples of Jurtd
affuloes was SheOh 1 21,30 the range of values belng
30000=3+400 RE/100 ml. (Teble &)s Line wide stendard
deviation siiows that theire was considerablie day to day
variation in the values. The variations in BLVAP was
comparatively less for the Hurrah and ardl anix:ls, the
average valucs being 1024 1 315 and 591 ¢ 1441 2g/W00
sk, respectively. ihe values of the two treeds differed
significantly.

3.5 it was Durther ocbserved that there wus no rele~
tionship botween the HLV concentrution in allk and the
amount of biniing protein present. Ihe higheat protein
value of 16,50 ng/100 nl was obtained in the milk Lfrom
Marreh btuffaloes, when the LV concentration was coly
28,00 pg/100 sl. 3dimilsrly, with lowest value for pro-
tein was 5,56 ag/100 s, the BV value was 78,00 ng/100 ml.
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A ainllar trend was observed in mllk saiples from artd
butfaloos. The highest ELV valus was 96,00 ug/100 ml
corresponding with 5,60 mg/100 ml proteint with the
highest protein cantent of 8.30 Bg/100 mi, the &V
conpentration was only 33.60 pg/100 ml,

3.446  The results on the study of the effect of
green and dry feeds on the content of total nrotein and
BV:P are shown in Toble 7, sazples of bulk milk froa
six buffaloes were aualysed during the last stage of
the particulur feeding regims, 7The average L.V.s conm
tent and the total mili protein content did not show
any significant difference during differont feeding
regioes. liowever, green and dry feed rations alightly
decreased the A.V.r coutent tut the total allk protein
content was not affested. 1Ihus, neither the &H5.Var nor
the total protein gontent of milk appears to be related
to the diet of the animala.

28,7 In the results of the studies described above,
the H.ViF content in uffaloea’ milk shows day to day
variations, sisilar to the gquantity of H.V present in
mllk and the two bear no relation to each other. No
relationship was also observed between the total protein
content and the guantity of the MV in tuffaloes' milk.
Fesding refimes comprising intenaive green and dry fodder
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fewding sppesrs to have no infiusnce. Ihis is in merked
contrast to the corotene present in cows' milk which is
highly dependant and closely correlated to the green
feod injected by the aninmcls. The results sees %o
indigate that H.V in luffaloes' milk does not appealr
$0 be bound to specific protein and the consentration
of A.V in milk iz pot determined by the quantity of any
special protein that is precipitated at pH 4.6 along
with cesein. 7This podnt has Leen further lovestigated
in the following chepters which deal with the coiposi-
tional churacteristics of the associated protain,



CHAPTER IV




STUDY OF BHE ELEMEHTARY COMPOIITION OF Bli.dVER
ASSOCTATED PRUTEIN FROM BUFF LG

in order to asosrtain the siementary composi-
tion of the HLV:iP, the latter was isolated from fresh
butfsloss' skim milk treated with acetons and ammonium
sulpbate and exsnined for presence of ¥y Foy Gu and
in. The iron binding capacity of the Vi was elao

Fresh skim milk was used in sll cases. llasa~
ware used ware scaked in 111 nltric acid overnight,
washed with water, allowed $o soak in water and finally
rinoad with glass distilled water., The glassware were
dried in o hot air oven, Glasc distilled water was
used for all purposes and the chemicals used were of

B.YAr was floolated at room tesperature using
1000 =l fresh skism milk ascording to the prooedure out-
3ined in para 3.2.1 by adding acetons with stirring,
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followed by ammonium sulphate. IThe retovered protein
was dried in a vecuum desaiocator over sul buric agide

8424142

in order to isclate the B.V.: under mild condie
tions of treatment, the isclation was carried ocut at 4°C,
The fresh skim milk was chilled in s refrigerator for
4 h and the protein was isolated at 4°C using ice cold
water bath and chilled acetons. Ihe rest of the proce-
dure vas same as descyibed seariler.

Before analysing for the elessntary composition,
the S.Var samples were dialysed for 48 h at &4°C against
glass distilled water in order to free then from amso-
ndun aulphate and other contaminonts, 1f anye

he2e2

litrogen in HL.VAsP was estimated using micro
ijeldahl method. (n digection with sulphuric acid, pro-
tain degrades into ammonia with the formation of ammonium
sulphate. Ihe hydrolysate on treatment with alkall
sslution libsrates ssmonis quantitatively. Ibe lidberse-
ted ammonlia is estinated by titration uaing standard
smiphurie stid, Nitrogen content Gan then be calculated
fros liberated amsonia.
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40202, [massnia

(a) AMlpburis asid Sp.gr.1.86

{b) Potussius sulphate

(e) Copper sulphate

(d) HeGH solutions 50 per cent

(o) standard HeGl oolutioniO.10 H

(2} stendard H,5U solutions 0.0 N

(g) indicator Fethylene blue « uethylune red

4:2:2:2 EXosedare

Twenty ag of B.ViP was transfarred @0 2 30 Wl
£Jeldahl flask, 7o this, 2 wl of sonc. sulpyhuric asid,
1.9 %0 2,0 g potassium sulphate and 70«80 mg of copper
sulphate wers added. Ihe aixture was digested. After
ooaling a smsll quantity of water was added to the
digest ond then trenaferred quantitatively to a distiliae
tion assenbly. About 15 ml of 50 per cent haOH salution
was added %o the distillation flask and ammonia was
distilled. The liberoted ammonia was collected in 20 ml
Qi B’zéﬂ& containing 2 dreps of indicator. About 30«40
pl of diatillate was collected and the umsed acid was

estimated by titrating with O.1 N HaOH,

To test the preusance of Ui, Zn and to estinate
Fe and ¥ content of the Hi.VaP, 20 sg of the protein was
weighed inte s silics oerucibie and ignated in a muifle
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furnace at 350°¢ for 90 min. The crucibie was coaled
in a dessicator and the dry ash was dissolved in & ml
of hot 6 HCl and mede up to 25 ml with water. Ihe
agidic ash solution was used as such for all tests and
estimations, sxtcept for Cu where it was neutrallized
bufore testing. |

Se244

iron was estimated using 1, 10 phenonthroline
resgent (Jandell, 19%9). It haa been reported that as
mich as 50 ng of phosphorous in 25 ml of asalution at pi
3¢5 does not interfere with the detersination of 0.2 ng
iron if the mixture was allowed to stend at least for
half an hour after adding Owphanontiyoline and hydro-
quinone reagents. ihe soms procedure was followed.

2401 Jepenta
(a) Hydroguinone: 9 per cent solution in water
(b) Sodius citrate: 29 g dissolved in 100ml water
(e) 1, 10 phenontihwrovline: 0,25 per cent in water
{4) Standard Lrons 4 solution of ferrous sulphate

(Fe30,eTH0) in water (30 Mg/ml) was used as standard
stock solution, From this various groded dilutions were
prepared for conastrusting the standard curve.
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&.2,4:2 Eregsdurs

Iwo =) aliquot of the sampie (4s2.3) were pipettad
into o test tube. 7The reageat blank consisted of 2 md
solution of HCl water mixtare. One nl of hydrogquinone,
followed by 2 mWl of phenonthroline solution and 2 ml of
sodiun citrate (to bring the pH to 3.95) were added to
sach tudbe and mixed well, The tubes were allowed to
stand for 1 h at room tepperature and absorbance was
aeasred at 508 mm in a spectrophotometer against the
blank in 1 om path length cuvettss. Lotimaticnc were
carried out in diplicate and average values have been

fhe phosphoreus content of the BLVAF was estima-
ted aogording to the method of Fiske and Jubba Row (1929).
The protein sample was treated with am acid molybdate
solutien, which forms phophomolybolic acid with the phoe-
phate present in the sample. Phospho molybdic acid is
further reduced by the addition of 1,2,4 saino nspthole
sulphonic ocid reagent to produce a blue colour whose
intensity is proportionsl to the amount of phosphate
present in the sasple.
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h.2.5.1 Hsagenta
(a} adphuric aaids 10 N
(b) Ammonius molybdates 2.5 g in 100 ml of water
(¢) sodium biszlphates 15 g in 100 ml of water
(d) Jodium sulphates 20 g 4in %00 nl of water
(e) Fiske and aubba iHow reagents 19) ml of 15
per cent sodium bisalphate solution is placed in a
stoppered measuring cylinder., To this, O.5g of 1, 2,
& anino neptholeulphonic acid was added, followsd by
5 sl of 20 per cent sodium sulphote solution and the
mixture was shaken welle Iwenty per cent sodium sulphite
was added at the rate of 1 ml at a tioe,

4252 Exugedics

Iwo ml of aliguot of the sample (44243) was.
transferred to a test tube and contents aixed well with
0e2 ull of 10 N sulphuric acid, 0.4 ml of 2,5 per cent
amgoniums polybdate and 0.2 ml of Fiske and aubba iow
reagent which were added subssguently, ihe final
volums vwas nude Wpto &2 ml with distilled water, The
absordbancy of the hiue colour vas measured in a &spectro-
photomster sgainst reagent blunk at 720 am, 10 ain
after the addition of Fiaske and Jubba Row reagent. ZThe
estinetions were carrisd out in duplicate and the ave~
rage values have besn reported.
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The pbosphorous standard consists of & solution
of potassiun dihydrogen phosphats in distilled water
(30 pg/ml). oigferent greded dilutions such as 3¢ 6y 9
12 and 15 pg/nl were withdrawn from the stock salution
for the purpose of constructing the standald ourve.

4e2.6 anadiaia.of coRRex

The presence of copper in H.Vir was tested by
colorimetric aethod using diphenylthiocarbazone
(dithizone; as sugzested by rulder gt gl (1504).

4e2:001 [igagansa

(a) Sulphwric scids 10 per sent

(b) Dithisone solutions 20 mg of dithizons in
%00 al of carbom
tetrachloride

{¢) varbon tetrachloride

{(d¢) Dilute ammonia: 11200 with water
(@) aulpburic acids 1 per cent

The neutralised sample obtained by ashing
(4e2s3) wna acidified with 1 Bl of 10 per cent sulphuric
acid. The liguid was extrected four tines by gentle
shaking, esch time with 5 al of dithizene solution and
then with 5 ml of carbontetrashlaride., Ihe combined
extracts were shaken four times with 5 sl of dithizone
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sclution and then with 5 ml of carbontetrachloride. The
podled extrects were chaken four times with dilute
ammonic in order to remove excess dithizone. The violet
colowr solution in carbon tetrachloride was then washed
with 5 ml of 1 per cent sulphuric acid and made wpto
é5 mle The colour intensity was ceasured in a Hilger
coloripeter ualng 52 filter against reagent blank,

For preparing the standard saspls, copper
sulphate sclution (1 pg/ml) was used.

427 sDaMYSAS Sor AiDS

Zinc was analysed using dithizone reagent
(Sandsll, 1953). In reacts resdily with dithigone in
woskly alkaline wedium to form the primary dithigonate
giving a solution of leright red colowr. since many
othar metals reast with dithizone under the same condi-
tions as Zn, it was neosssary to use a complex foreing
agent t0 prevent such interference. At pH 440-5.5
sodiun thiomilphate prevents the yeastion of copper,
ssroury, silver, gold, blemuth, lead and cadmium while
persitting with Zn %o proceed,
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4e2.7.1 [gaganta
(a) Dithizone solutiona: 0401, 0,001 and 0,005
percents in carbontetrs

(b) Sodium thiomulphates 25 g in 100 ml water

{c) Hydrochloric acid: 6 N

(4) Hydrochlaric acids 0.02N

(o) Acmonia sclution Bpegre 0.91

(£) sodium citrate: 10 g in %00 ml water, made
faintly ammonical was extracted with amell portions of
G001 per cent dithizons to remove contaminant heevy
metals, The solution was filtered through a anmall
filter paper previously washed with dilute K1l to
renove droplets of carbon tetrachloride.

(8) Acetate tuffer: mixed cqual volumes of
2,0 ¥ sodium acetate and 2N acetic scid. The contomina-
ting heavy metals were removed by shaking with 0,005
per cent dithigene solution. Droplets of carbon tetroe
chloride wers removed by filtering through whatman
m&wmm,

he2e7.2 Erossdiiza

To an sliguet of 10 ml of ash solution (4e243),
5 ml of sodfun citrets was added and made asmonical. An
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excess of Oed~0e) 5l of asmonia was added and extrected
with 0401 per cent dithisons in o separating funnel.
fhe extroction with more dithizone sclution was repeated
until the last portion remoined green after shaking for
atleact one end helf mimate. The comdined carbon tetro-
chloride extract was washad with a amail guantity of
water and then shaken twice with 10 ml of 0,02 i te
ensure the removal of all the Zn and made Wpto 23 =l
with water,

Ten nl of aqueous a0ldic sclution obtained as
above vere transferred to a small separating funnel. 0
this, 5.0 ml of acetate Waffer (pH 4e75), followed by
90 sl sodium thiosulphate, were added ond shaken vigo=
rously for 2 sin with 500 sl of 0.001 per cent dithizone.
The stem of the funnel was dried with filter poper and
a alear carbon tetrechloride sxtrsct was ovtained. The
absortence was read in a spectrophotometer at 520 nm
having 1 om path length taking a similarly prepared
resgent blank, For preparing stendard sasple salution,
ainc ecetate solution (5 pg/ml) wes used and the colour
developed axeotly s msutioned in the case of test sample.

Ae2s8:1 In order %o constituts the complex of Arone
protein vith added iron, the procedure followed for
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resanstitution of iren-lactoferrin com:lex by uroves
(1960) was enployed. HLVAP was dissclved in vernol
mffer of Os1 donic strength (phH 8.4). Ferrous ammo-
nlun sulpbote was dissolved in G,001 B acetic acid.
Ap aligquot was added to the protein solution squiva-
lent t0 Oe2 per cent iron, based on the protein content.
The final conosutration of the protein was 1 par cent.
BVsP without the addision of iron was pun together as
control. after standing overnight at 2°C, the absarpe
tion mpeotra wos determined in the viaibles region
(360=-750 mm) uasing 1 oB path length cells, The seme
procedure was followed for 80 per cent aceteoe sdlubls
cows' nilk protein and the presence of iron was tested
in the control protain.
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Sgven samples of HLVAF ware exanined by the
KJeldahl method. The results are ahowm {n Iable 8.
The sverage nitrogen content found was 15.59% 2 0.2
per cent.,

bede2

Fhosphorous content of the HW.Vi was deter~
mined in the protein fsgleted at roon tamperatule as
well as iy the protein iselated at #°C, The average
phosphorous content in the H5.V.P of the former was
354,60 1 21493 §g/100 mg the range delng 331.00-380,00
Mg, while in the latter case, the average phosphorous
content of the BLVAP was 272.20 g 15457 pg/100 ag of
the orotein, the runge being 250.00367.00 ug. e
values of different trials ore shown in Table 9,

&e343

In order to remcove the contaminant and adhering
ainerals, 1f eny from BLViP, after dialysing the same
against the water, it wez subjected to further dialysis
sgainst 0.5 K EDPA solutiony pH &5, at 4°C for 24 b,
fallowed by glass distilled water for another 24 h.



Fercentage of nitrogen

LAVerege

15,86
15.86
1.3
15.40
15,86
1540
15040

1555 & 029




540400
575,00
380 .00
33100
338,00

256.00
287.00
287.00
275400

Average 354.60221493

27220215457
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#¢343+1 Ihe average values olLtainsd for the iron content
of BLV.r isolated ot rvom tesperature was 103,10:58.05 pg/
00 ng of the proteln, whereas for the protein isoluted at
4°C from chilled milky the average value of iron was 56,20
233446 pg/100 mg of the protein, the ranges being 50.00 =
187,00 and 62¢5=135.00 pg respectively. Ihe results obtaie
ned from individual sosples are presented in Table ¥.
These data in both Cases indicste wide variations among
the samples which gives riss to a doubt whether the iron
present with ELVAP is forming & true coiplex or it is an
association due to the chelating property of the protein.
To find out whether there was no contamination from Luia
used, the iron content in H.Vi- was sstimated without sub-
Jecting it to dialysis against the LDIa, The results are
shown in Table 11s In these trials, the values are varied
but are significantly lower than thoze shosm in Table 10

be3s3ed In order to exanine whether Liron formed s cosplex
with the protein, HLV.F waz subjected to addition of iron
under optimel ph Beh and at a low tawparature (2°C). The
obessrved speotrs in visibie region, namaly 360-750 nm,
did not indicate any adacrption maxima. dightly higher
values were observed in the cese of HE.VAP solution with
added iron as compared 0 BLY.P solution without added
iron. The optical density at various vave lengths are
shown in Table 12, A sintler trend was obassrved with &
per cent acetone soluble (Ni,).30, treated cows miik proe
tein us it can be secn fiom the same toble in the last
oolumn.,



BVA¥ Lsolated at

5000 125,00

50650 135,00

72.00 94400

187,00 62,50

156400 6he 50
Average 103.10254.05 900 0233.46
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sample Number iron content
1 She25
2 9379
3 5125

Average 90T8270.64




Optical density
Wave length -
(am) AVar %Wmm cows
vtaein
360 0320 Oe 2358
380 0.208 0230
&0 0s153 Ce136
&0 Cet27 Oet12
&2 0.116 0109
L) 0,98 04903
450 0+103 0099
460 0+101 0097
453 04098 0e0u2
470 0,097 0,088
430 04006 0,082
&0 0+081 0«07
500 0.080 0,079
SO 0067 0,054
3680 0055 0046
8 0045 0,038
660 04045 0,038
0 0.030 0+00

wmammo.amwm;m

and
(pH

protein consentration was 1.,0%

8e4) An both the coses.

in vernol buffer
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In order to establish the identity of ilV.#,
it wes devided %o study its nitrogen and phoaphorous
zinc, since these are associated with sowe of the pro-
toins in milk.

febret The nitrogen content of biliverdin associated
protein isolated from tuffaloes' nllk shows an average
nitrogen content 15.95 per cent (Table u)., Hokenzie
(1571) bas quoted the vulues ior casein H as 15,9 and
15+& per cent for asid caseins prepared &% J0°C and 0°C,
respentively. The value far (81{6) 2%, precipitated
casein is 15,3 per cent (2°¢) and for salcium chioride
precipitated casein 18 15.2 per ocent (37°¢). Eariier,
Gorden g% ak (1949, 1953) found that the average N per
gent An cous' milk was 15.63 while in Ofwy pwy and

T =oasein fractions, the values were 15.53, 15.33 and
15,40 per osnt, rempestively. In a recent review,
voodward (19576) has quoted the values for N gontent of
cowa' milk casein which is sald t0 wary from 13.2 to
15.7 par cens. Jrom & study om Italian buffaloes' milk,
Albonico gk gl (1958, found that the K content of casein
was 15:1 $0 15.3 per cent. 1In contrast, Hagosaws gf G4
(1973) from sn analyais of iurrab buffalees' milk caseln,
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found the values for N content of whole casein as 1.4
per cent and for Oiws =y 6nd kecaseins as 13.2, 136
and .3 per cent resyectively. The valuss obtained
for AV P were also close to those obtained for cows
and Wffaloes' milk caseins, IZLV.P Lisclated at room
tesperature and at 4°C gave similer results.

babe2

Ihe phoaphorous content in Vi was 354,80
21493 and 272.20 3 1557 pg/ 100 mg protein (Table 9)
for the proteins isolated at room tempsrature and 4°C,
respectively. There was a marked difference in the
phog;horous content of the protein isolated at the two
tesperatures. As alpeady shown by Reimerdes and Herlita
(1973), these differences could be due to structural
shanges in protein molecule at low tesperatures. Jinle
iar changes sesm to cocusr resilting in the sclubaliza-
tion of come phosphoprotein components in milk serum
during chillinge It has been established that ohilliing
of milk activetes the proteinase system which in turn
mm/smmmnm Twecaseins and pro~
teose-paptone 5 and 8 F, PPY and &F are soluble in
ik serun, During the extraction of AVir from chilled
ailk, only Y ecaseins go along with other casein frac-
tions while PPS and BF are not present (Rao gt ale,1981)
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and this aapeet 45 elaborated further in Chepter ¥, para
5433 and 548¢5+ It has been shown that there is a
tine dependent trunsier of > -gasein and the milk serins
proteinase systez from mdceslles to milk serum with the
ehange in tesperature from 38 to 4°C, It has also been
established that Twcasein can be formed by protecliytic
degrodation of ecasein. Iwo constitutonts of the
proteose«peptons fractions of bovine milk have Leen
isclated ond eharacterized, Component 5 (FF5) repre-
sents residues 1=105 and 1-107 of the Pegasein amino
acid seguence, while component 8 Fast (PPEF) carresponis
%o residuss 1«20 of /> -casein. Thus, protecae-peptons
represent N terainel portions of the S ~casein molecule
produced by proteclytic cleavages at low temperatures,
while "Q’qrzn,mﬂ}cmmtmcmmlpwﬁm
of [> «wcasein (indrews, 1979). The bebaviour of the
B.VAP gppears very such like that noticed in the case
of bovine ailk casein,

L

The iron content of BLVAF isclated at room
sesperature and at 4°C dialysed against EUTA and isoe
lated at 4°C without EOTA dialysis were 103.0: 6405
96420 2 33.46 and 50.78 £ 30,6k pg/100 mg of the pro=
tein, fespectively (Table 10, 11). These data indicate
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wide variastions in the samples and also a high standard
deviation from the msan values. Gimiler variations bave
been noted in the work reported eeriler for the iron
content of milk, irefulla and Anc hnan 1953)
found that the iron content in cows' milk produced in
Bangalore ferm, varied from 70 to 155 pMg/100 al and
in uffeloes' milk, the variations vere frec 75 to 133
B¢ per cent, In a subsequent study Gosh gt al (1365)
found that the aversge value of ircn to be a 127 pmg/
100 =l in oows' milk and 131 pg/100 £l in tuffaloes!
ailk. In a recent study, Unnikrisknan and Rao (197TTh)
found the iron content in the milk of both the speciss
renged from 50-55 wg/900 ml. The above authors also
found thot nearly 7.5 pg satural iron wss assoclated
per g of casein, ITwo kinds of iron binding proteins
have besn detected in ailk. Ume of these is identical
% the circulating trensferrvin of blood, while the other,
& very different protein, dosignated as lactoferrin is
spesific to milk (Derechin and Johnaon, 1362; Groves,
1965 Messon and Hevemsns, 1971)., The iron complexsd
lastoferrin is salmon yed in colowr with a broed

red protein is sisilar in sony resyects to those of the
wmwmnwmm
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trensferrin (Koechlin, 1952) obtained from blood plasma
and conalbumin (warnsr, 1951). These proteins show
maxizun aboorbanse at 450 to 470 ma, HLV.P even though
asaociated with iron did not ahow any absorption naxisas
in the region 360700 nmy either in notive form or when
iron was added at the optimal pH 8,4 at 2°C, then iron
was added to the mstal frve lagtoferrin, it reconstituted
the iron complex and showed an absorytion aximum near
470 nm. In the case of WVir, the formation of any such
complex with lron was not noticed. However, it was
obasrved thut B.V.r solution with added iron, indicated
higher absorytion than contraol protedn blank, IThis may
be due to a slight change in the colour of yrotein
solution fros green to yellowiah-green (Table 12). The
behaviour of 80 per cent acetons soluble (M) 30,
treated cowa' milk protein also exhibited alailar
beshoviour as shown in ths last column of the scme table.
ihe protein wvithout added iron gave e¢ poaitive resstion
for presence of iron.

b.4:4  The association of iron with BLVAP eppears to
be more stable in presence of LOTA., Noswally, BuJiA
rapidly chalates iron anxi othar metals. A siallar
obeervaticn has been made by Groves (1560) while studying
with lactofertin. The results of the present study
Adicats that the pressnce of iron 4An BLVAP may not be
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due to ony complex formation, but only dus to association.
it is very likely that the presentce of iron may be due 0
poot milking contanination during separation, etc., in
the dairy plant. Jseveral studies have shown that casein
has a high tendency %0 bind with added or contominant
iran, Conaiderution of addition of iron t0 milk as a
detarrant against develspment of iron deficlency in
anenxia leads to the question of hinding of added iron
to varicus milk components, Vaughan and Knauff (1951),
Basoh gk 8k (1974) end Demott and Park (1974) found that
the added iron is largely assocliated with protein,
primarily casein., BHasch gt gl (1974) studied the dis-
tribution of iron and polyphosphate phozphorous added
%o cows' milk by both analytical and radio chemigal
teshniques, thols silk was separated iscelectrically
or osutrifugally into 3 major fractions, namely, Cresh,
sasein and whey, after the addition of ferri-polyphosphuate
and other iron or polyphosphate ocompounds. Casein, &
phosphoprotein had 8 greater affinity for the iron and
the polyphosphate; 80w95 per cent of iron and 30-55

per cent of the polyphosphate was Nound to asid proci-
pitated easein. In swudies with PFe added to skim milk
Demott and Dinser (1976) has shown that about 85 per
osnt of the added iron was bound to gasain and out of
this amount, 72, 2%, & per cents were associated with
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loas of 1.77 per cent only of added irom due to dialysis
of casein, Unnikrishnan and Rao (1977a) alse found that
more than 90 per cent of the added iron was casociated
with skiz milk, mostly bound to casein in cows' as weii
as in Wuffaloes' milk. It is likely that G.VAL olao
behaves in a similar sanner while assoclating with
availcble contaaminant iron.

L S VAP was tested for the copper and sine,

since these trace elemsnts are essential in nutrition
and also ascoeiated with the ;rotein in bovine milk,
However, in both cases these metals oould not be detccted.

b.446 The edbove study has not brought out any special
characteristics of BLVAP exoept that its nitrogen con~
tent is in the same rangs as shat fourx in cows' and
uffaloes' milk caseins, 3Similarly, like casein BVAF
asaociated with iron without forming a complex, which
clearly indicates that though HLV.P is associated with
irom it is different from lactoferwin,
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A R AT N AT i b iR £id ¥4 iy & E3
UL SETRRtANE PRUL AR F Uit THEAR Jd aRe DAL LN
dhitl BLLAVEADIN

As alyresdy mentioned earlier, H.V was isolated
from buffaloes' allk casein frection which is soluble
in 80 per cent atetone. It appears that &.V may be
associated with either some of the casein frootions or
with proteins that eoprecipitates with the caseins of
buffaloes' miik st pH 4,6 7o elucidats this agpect
and t0 examine the nature of LLVAP, the present study
on the micellar caseins along with casein fractions
were undartaken.

Freah akis silk was used for all DUXPOSESs.

cynogum &1 was procured from i (ingland) and
Hely N'H' tetrn methyl ethylene diamine (TiMeu; 2-
marcepto ethanol, ammonium persulphate und diiiverdin
dihydrochloride were obtained from udgmi (Usa).
Be2  Bimiuis Uik
Deel

The aicellar casein fractions of varying sizes
were prepared from five basches of skimmed milk according



w90 e

to the prooedurs of Majumier and Uenguld (1567) by
eantrifuging at diffsrent speeds namaly, 12,000, 23,000
and 37,000 repele for 30 min. HMilk was first centri-
fuged at 12,000 repeie (11,789xg) using rotar Nos50 in
a Seckmsn iwdel L ultracentrifuge by which the larger
aicelles of cacein settled at the bottom and were
subsesently collected, Then the supernatant was
sentrifuged at 23,000 ripede (80.,956mg) when it wos
posaible to obtain medium sized casein particles
settiing betuween 1200023000 Pepetie Ihe last froction
cozprizing smaller casein micellss was obtained by
centrifuging the above mypernatant at 37,000 FeDells
(105:651xg)s The fractions thas obtainal were soaked
in 10 ml scetone for & to & h for complete extraction
of &V, The extract was filtered through Whatmen Ro
42 filter paper and examined for speciral characteris~
tica betwesn 360=800 nm.

Se2e2

Seedet fo enoure adeguate amount of pignent, milk was
enriched wish BV, The pigment was disselved ia sodium
phosphate buffer (pH 7.8) and added at the rute of

S ag/%« Casein was then precipitased by alowly adding
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with oconstant stirring ten per cent acetir acid to
sdjust the pH t0 4.6, was washed free from whey and
dried in a vacuun deasicator.

Sedeled From the oasein prepared as above, otsa.am
k-casein frections were aubseguentiy prepared according
to the method suggested by singhal and dengudld (1572),
for the simltansous prapuaretion of these fractions
base: on the methods of Hipp gk ak (1952, end iittle
and Quster (1563), 4About 50 g of dry acid casein pre-
pared as above was dissclved in 1 litre of 6.6 N urea.
This solution was esidified with 200 Ml of 7h Hy30..
after acidification, 2 liters of distilled wuter were
added, The pH of the aixture was mointained at 1.3 t0
hs.'mfmmmmmmtwahm
£iltered through a fluted whatman Ho 1 filter paper.
The precipitate was used for preparation of ota-cawn.
The aupernatant which contains k-~ocasoin was precipitated
by the addition of ammoniun sulphate to e extent of
1 M (132 g) to each litre of filtrate. Ihe precipitated
k~gasein obtained waus washed repsatedly to fiwe it from
asid and asmonius sulphate. Ihe precipitate which
sontains ﬁ'mmmw:ﬂﬁawimam
aixture of G¢6 M ureas?h aasa‘auam:.a water, sill
fres fyom kegasein. Finally, it was wasbed with distilled
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wator to make free from sulphate ions, The washed pre-
siyitate containing Of‘-m P =caseins was then
digpersed in 5,0 ¥ uresa solution at the rate of 150 al
for overy 30 g of the precipitate. e pl was adjusted
to 4,06, The preciyitate wos collescsed Ly centrifugation
and the suwernatent was digcarded. 7The precipitate was
washod tiree tizmes with wrea solution and finally with
distilled voter. Ihe = and kecasein froctions tims
obtalned were soakked in 25 wi of sscetons and kept in
the refrigerator for 10 h for cotplete extraction of
any pigment, if any. Hach extract was examined for
spectral charucteristics and tested for the pressnce of
Wle pigments, |

damps caseln was prepared acconidng to the wethod
of ielmerdes and Herlits (1573;. The AV enriched milk
was allowed to stay at the refrigerator tespaeratures fos
4 he After losubation of H.V enriched milk at the
refrigerator texpeiatine, casein was precisitated by
sdjusting the pi t0 4.5, The czsein thuas obtained woas
sosiieu in tepropencl and diethyl ether mixture (111 v/v)
for 3O min, filtered and the t-proponal~diethyl ether
extract (PDEE) was esxanmined for its spectral properties.
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I was aloo tested for pressnce of bile pigments,
T=0asein was obtalned by evapersting the solivent and
after recovering the soluble frection.

Frotecso-pe;:tone components were isolated acoor-
ding to the method givem by indrews (1979) froa BV
sariched and chilled milk. The chilled und L.V enriched
sikia milk was brought at room temperature w«nd the caseln
was precipitated by two methods. In one of the zethods,
acetic acid was added and in the other remet was added.
The casedn was freed from whey. The whey was then
heated to 95°C for 30 min and the precipitated proteins
wore removed by filtration. Ihe filtrate obtained as
above was used for preparation of protecse-peptons. 7o
the filirate, trichloro acetic acid was added to a final
concentration of 12» (w/v)., The precipitate was collec-
ted by centrifugation and waashed free fram acid. 1The
fractions thus obtained were soaked in acetone and the
agetone extracts ware examined for spectrel properties
and tested for presence of hlle pigments.

Seded

rataln LMo akin mill

Alliverdin asssocliated protein was isolated
ageording to the procedure deseribed eurlier in pars
Seleteds A peparate protein Lruction was alazo isolated
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by sosking the citric acid precipituted casein in 80 per
sent acetone and the reaiduc was collected after evoporoe
ting agetons,

Starch gel electrophoresis of A.Vie and casein
was carried out following the procedure cutlined by
Ganguli and tajunder (1967) ualng the petri dish tech-

nique.
Soebet

sevanty mg of EViP and canein were dissolved
in 1,0 =l of urea vernol Wuffer (pii Seb)« The solution
wos spplied on t0 a strip of vhatman filter paper () mmyj
of 1,0 x 15,0 cu alze afier leaving 1x3.0 om space an
The somplie stripa thus prejpared were preserved in a

Sedebe2

ihe following composition was used for the
preparation of starch gels

Staroh 4417 gy water 17,04 ml, Iris-citrate
butfer 4,57 ML (ph 8a6), wres Yo7 g and 2 mercapto
ethanol 0,12 al, This guantity was used for a patri
dish of 13,8 om dlianeter,



Beebe3

1.5 =8 X 1.0 6B Uits of the protein soaked
il paper atrips were cut and gantly inserted in the
gels with the halp of a master marker. The gel plate
vas kept for 30 nin aftsr insertion of the samples
before the elevtropharetic rune

S5e2e0elt

The electrophoretic run was carried out using
baric acid bulfer (pH 8+0) and enriched with 0.2 per
cent 2-mercapto ethanol. The proteins were allowed to
sigrate in the slectrophoretic field ior =4 h from
cathods to anode. The voltage was kept constaat at
300 v, whoreas the flow of current varied Lrom 5«7 mi.
atter completion of the run, the filter paper uridges
were gently seperaved from the gel and the latter was
stainad with O, 1% amide biack 4in methanoliscetic acids
water (58155) in the plate itself, for 10 min. ihe
excess of the dye was removed Ly giving &=5 successive
washings of with ssthenoliacetic acidiwater amlxture
(5:135), Ihe pattern of resclution was traced with the

halp of a trangparent piper.

reais (FAGE) with 8 per oent oynogum gels was perforsed
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scoording to Tembe and Akroyd (1967). For preparing

8 per cent acrylamide gel, 2,0 g of cynogum 41 were
transferred to a2 25 ml meaauring cylinder and Irise
citrste buffer (pi 8,6) having 28 per cent urea was
added and the volume was made to 24 nl. Iwenty five
pl of TEMED wos then added, mixed and solution was f{ile
tared., when everything is ready, polymerization was
initiated by adding O.1 ml of freshly prepored WOk
ammoniun persulphate to synogus, 7This solution was
quickly tranaferred to the bottom closed gel tubes
leaving 1,0 om space at the top and air was excluded
by layering a few drops of distilled water on to the
surface of the solution with a oyringe. he upper and
lower buffer tonks were filled with boric acid uffer
{pii 840) and & pre-yun for ¥ nin was given with a
current of 2 mA per tube. The protein saxple dissalved
in vernol buffer (pil 8,6), having 6.6 ¥ urea was applied
on to each gel tube with a micropipetts., Then, &
constant current of &4 s per tube was spplled until the
rouophenol dye migrated o 0.5 om above the bottom of
the gal tabe. Uels were removed by injecting water
through the aides of the tube and stained with O.,1%
emido block in 10 per cent soetic acid for WO h and
destained repsatedly with 10 per cent acetic scid until
the bends are clesar. ™he pattern of resclution was photo-
erapbed.



The polyscrylomide gels of casein and BLVAP
acgording to the procedure of Cutting and koth (1973).
After the termination of electrophoresis the gels were
fixed in 10 per cent sulfosalioylic agid (s64) for W A
to facilitats free phousphate and low molecuiar weight
phospho-goopounds present in the initial sazple o
diffuse out of the gels. The method depends on hAydro-
iysis of the phospho=protein phosphoester linkages
using dilute base in the presence of calcius lons. ihe
gelds condtaining nenly formed insoluble cuieium phosphute
were then treated with ammonius nolybdete in dilute
nitric acid., Ihs resultant insscluble nitrophospho-
solytdate complex was finally stained with basic dye
(methyl green diosolved in dilute acetic acid). ~iter
destalning with 10% &y green bands are obaerved on
the gel at the locus of the phosphoprotein.

Sedey

For the preparation of MFGi¥, the srocedurs
adopted wos essentially that of Hereld ami Hrunner
{(1957). The required volume of freshly collected milk
was warmed to @ temperature of 38°C and agparated
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through a nechanical creain ssparator. The fat percentage
of the creaxn sample was adjusted to approximately 30 per
cent and re-saparated sfter mixing with four volumes of
distilled water. washing of the crean was repeated
another four times in order to exclude plassa constie
tuants. ihe washed cream thus ottailued was adjusted to
35 per cent fat, cooled to about 10°C fin a refrigerstor
and subsequently churned in a laborstory gless churne

il

Batter niik was passed through several layers
of cheese cloth and centrifuged at low sjeed to remove
the unchurned fat globules. Anmoniun sulphate wes
gradualliy odded to the butter wilk to o final conoentra~
tion of 242 M and stored at 5°v for 1 he The coscentro-
ted smatorial was collected by centrifugation and washed
free froa amsonive sulphate.

5e2e9e2

S8LNR

The tatter obtained by clarning the cress wos
maintained in a water bath at 40°C, The WFGIL' meterisls
which settled at the bottom was collected by careful
pipetting. The rest of the prosedure was as that described
in the preceding para. The NFGI¥ frections thus obtained
were pooled and scaked in acetone, The asoetons extract was
exasined for spestral preparties in the regions of 360800
an and tested for pressnpe of bile pigmenta.



e green pilgment, H.V, of uffsloes' silk
sould be reacily extracted with ascetone frow micellar
casein fraoctions as shown in Fig.4. ihe spectral study
of the acetone extrects of aicellar casein fractions
of wrying sizes reveaied an uniform absorption naxisun
at 370=-380 and 650 nm, corresponding to that of free
bBiliverdin isolated from caseln (Chandravadans and
Ddastur, 1976) thersby indicating that 4.V is associated
with all the thres fractions. The concentration of the
plgsent and yield of micelles decreased with the sizs
of micellas, Iraction I ylelded 1.345 g, fraction 1I
yielded 0,850 g and fraction ili yielded 04370 g

Snle2

and proteose-peptons and POEE of casein cousalaing
Tegaseins showed positive Gmelin reaotion (Lemberg and
Legge, 1945) and sine fluorescence test (Gray gk alss
1961 and Siedel, 1537), alailar to free SV extrocted
from caseins The spectral properties of acetons extraots
of ke0csein and PUEL of casein ( Vecssein) have similar
absorption vaximm ot 370380 nm and 660 am regions
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FIG-4 ABSORPTION SPECTRA OF THE PIGMENT

EXTRACT FROM MICELLAR CASEIN
FRACTIONS.
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charapteristioc of free AV (Fig. 5 and 6), except for
s sinor drift towards the short wave length (frem 370-
380 %o 360) as in the cuse of kesasein. This zay be
due %o the presensce of traces of mineral acld and ammo-
aius sulphate used during the isclation. Iizmedlste
sxtraction of the pigment without dialysis was necessary
to aveid prolonged exposure of plgment 0 scid ant
asponius suiphate. The spectrun of o;-eaaan in
soetone (Fig.%) chows absence of absorption in the
regions of 370-380 ond 660 nm which are characteristic
of free AV, Instead, there was a pesk at 430 nm for
casein (Chandravedana end Ueatur, 1370, thereby indica-
ting the conversion of the pligment MLV to LR due to
exposure t0 ures and acld during its isolation.

The abocrption apectrum of the acetone extract
(Figs7) from protecse-peptone ebtoined from either
remet whey or acid whey, exhibited an absorption maxie
wmun at 660 na only. Ths resson for guinching of the
poeak st 370-380 may be due to the effect of heat on
allk ELV and agrees with the sarlier results of Chane
draveduna (1576)e It may be seen from the Fig.7 that
the protecse-peptons ottalned from remnet whay is
having more pigment as compared to that obtained from
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asid whey. This may be dus to coprecipitation of
mecrapep tide relsased by reanet action on k-caseln
along with protecse-peptons, Jsimilarly, the yield of
protecse-prptons Lrom remnet whey was 0,118 g/100 =)
of skin milk and that from ecid whey it was only
0.033 g/100 ml of skim milk, The optical demsity at
630 mm for proteose-peptone obtalned from rennet whey
was D.31, whereas that obtained Lrom aclid whey was
only 0,068, Thus, the differences exhibited by remnet
whey clearly contirss the observation in regard t
the associotion of IV with kecasein.

Se3e3

The resolution pattern deplotad in Fig.B
shows that both HLVAPF and caselin have similar Pesolu~
tions and mobilities on starch gel theredy indicating
similarity in nature.

PAQE patterns of HLVAF and casein show aimilar
pattarna of resolution on 8 per cent cynogua gels in
alkoline ph range at 8,6 (Fig.9a). They also have
asinilar phosphoprotain staining patterns (Fig«10).

The protain fraction obtained by soaking the oitric
acid precipitated casein in 80 per cent acetons
sxhidbited oniy ons band corresponding with the first



Fig.8 3tareh gel electropboresis patterns of
&; biliverdin sasociated protein
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bani of BLVAF and casein, indicating thereby that by
direct extraction of casein with 80 per oent acetons,
only ane frection in cascin is soluble (Fig.95). The
AVaP and Tecasein prepared from chiiled milk again
show asizdlar mobilities in the bands 2, 3y & and 5 of
VAP with 1, 2, 3 and & (trsce) bands of Y'wcasein,
thas estabiiching the presence of T eoasein in HViP
modety (Figelt)e

Sedeb

The stetons extracts of FUNP did not answer
the tests Lo bile pigsents and there vas no adsorption
saxina in 360-800 na reglon wunlike free biliverdin
extracted from caassin, indigating that 4.V was not
assocdated with FON,



O 4 e

Flg-N u{:"‘m of (4) blliverdin associated
| T -casein isolated from
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Selted The pigment HELV in buffaloes' milk cccura as a
conjugate, That the pigment is protein bound is shown
by the fact that it precipitated along with cassein and
can be extrscted from the cosgulum by auedus acetong.
Further, &V io buffaloes’ milk can be readily extracted
with acetons from micsllar casein fractiocns, thereby
clearly indicating that the LV is assocliated with all
the three fractions isolated, Absorpytion at J70«-380
and 660 nm is similar to that showm by free AV isale~
ted from casein. It is sean from the Fig.4 that the
cousentration of the pizment and yleld of wmicellea
desreased with size of micelles, The values agree with
the results of sobarwarl and Cangull (1971) on the
yieid of nmicellar caseins from buffaloes’ allke In
mffaloes' milk micellar caselns I, 11 and Ill, respece
tivaly, scoount for 81.7, 10,6 and 1.7 per ceat of the
total micellssr casein. In the present study also the
yield patterns are asimilar,

Selaed the asetone extracts of Ogs-.b-cmsas,
protecas=peptons and PUEE of casein containing T caseins,
show & positive Omelin and zino fluorescent test which

clessly shows that the bile piguent iz assoclated with
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all casein frections. The presence of LV with ke,
and T ~caseins (C-teruinal, portiocn of /> -casein) ia
definitely estabiioched, while in the case of Of‘-casom.
the reduced form, mesobilirubia is fouxd. JIpectral
proparties of scetone extracts of kegasein and FIEE of
csasein (containing 7 ~gaseins} have shown sisilar
aboorption moxima with that of free &.V. In the case
of Ogc-caaeia. there is absorjtion maximum only ot
430 e instesd of at 570-380 and 560 mm as shown by
.V, 7The absor.tion pesk at 430 na for acetons extract
of Ogacasein corresponds with absorption maxims of
B0s0-bilirubln (A mux 433 in CHClys Haclonagh, 1979).
ihis shows that peso-dDilirubin is preseat along with
aormal .7 formed due to acldity develaped by microbial
activity or by added aeidas,

Seltn3 Ihe data from the spectral studies of pigment
froa proteose-peptone are interesting. rigment conocen-
tration and the yield of yroteosse~peptone f{rom rennet
vhey are higher as cowpared to ecid whey fraction,
thua indiicating the eoprecipitation of mscro peptide

of keganein relessed dus to rennet action and precipi-
tated along with proteces-peptons by 12 per cent (w/v)
CA ooncentration, from the sbove resuits, it can be
concluded that the parent compound, ke-Gozein iz associa-
ted with LV,
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From the appearance of pigment LV with
Twooseins which La in the Ceterainal portion of
f =cazein as well as from Protedse-peptons i.@., lie
ternined portion of fSecaseins, it can be established
that the iV is assocliated with A «casein. These reauits
cleariy show that AV in buffaloes’® milk is asacciated
with all the casein fractions namely, ey =y k= and
T «oagein: and that no gecial protein is involved,

Sebish The absorption goedtium of the acetons extract
from protecse-peptone exhibited o maximum at 650 nm only.
Ths reason for guenching of the peak at 370-350 mm mmy
be due to the effect of heat on wmilk .V and agrees with
the results of earlier study by Chandravedena (1976)

on the effect of hest treatment on milk AV of uffoloes'
milk, when milk is subjected to pasteurization and
boilin; teiperature for vary ahort period, mo changes
were noticed in the gpectrai projerties of H.V, iowever,
vhen ailk 15 subjected to steoming for 1 h and aubo-
claving, the peak at 370-380 am i3 completely quenched
anl the intenaity of absorption at 600 ne 15 diminiabed
considerably. Filk subjected to0 higher temperatures and
dowar tesperadures (65°C) for long periods, resuited in
the conversion of E.V to the colourless leuwso compound,
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aldehyde reagent (Fara dimethyl amino benzaldehyde in
concentrated HCl).

S5¢f8s5  starch gel electro boretic patterns and Pili,
phosphoprotelin staining patterns of H.V.w and casein
show & ciose similarity in their resclution whiach cleariy
Wriagoe out thedr identity., The V. and 7Teoaselns
prepared from chilied allk sguln exhibit siwilar mobli-
Litics in the Dunds 2 3 & and § of VA with 1, 2,

3 ung & of T =cuseins, thereby establizhing the presence
of Tegascias dn LV.7 aoletye

Selte6  The prezeace of AV with (le, k~casein, H
terminal end of B =casein (protecse-paytove 5 and 6F)

and with ¢ terciosl end of P =casaein (1, 2 ami 3 Tecaseins)
thus establishes that AV is assoviated with all the
frections of casein and with micelles of different sizes.
The similarity of electrophoretic sobilities and potteras
of resolution of .V sl casein on asterch gel, PAGE

aml phosphoprotein staining patterns on Pl gels have
established that the HLV.¢ extrostad from chilied milk

at 4°C with acetons and smaoniux sulphate is casein and

ita individual compensnts.
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studies on the association of BLV with casein
fractions using techaigues such as the alestro.horesis,
pedtral analysis, binding properties of uxkied A&V with
casein fractions have established that BLVAP as casein
(conaisting all the componcnts) which s soluble in &
por cent agetons in the presence of saturated (m‘)zw“
systes at &4°C. In the presemt Chapter, & further
attexpt has been made to analyse some of the properties
of LV.F,; sch as behaviour on m 2l tration, ion
exghange chrosmatogrephy and saino acid pattern, proted-
iytic beshaviour, molecular weights of different compo-

Fresh skin milk wvas used for all purposes.

lanide, NoB' methylens bisscrylamide, Aunonius perswipucte,
. asine scids, sodium dodesyl sulphate, Srypsin,
coomassie brilliant biwe R and stexdiesd proteins (Hemo-
giebin ervsslinked) were obSained from sigma (UdA).
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Osletel AV.ir was prepared according to the proceiure
outlined in para 4e2¢%¢1 and 442,142,

Dede2

Acid casein was preparesd from chilled btuffaloes'
uilk at pH 4,6 using 10 per cent asetic acid and the
precipitats was thoroughly washad.

Japhadex O=200 of 40-120 p zesh (Pharsacla) wes
allowed t0 awell in 0,05 K Tris<iHCl daffer at pH 9.0
eontaining 0.02 per cent sodiuc axids ae preservative
%0 avald adcrobial growth,. 7The gel was degassed under
vacuus and poured as a thick alwrry to form & unifors
£e) bod. Ihe latter wos e@ilibrated with 3 columms
volumes of duffer before use, 7The hosogeneity and void
voiume were chetked using Slue dextrans The fliow rate
wvas 1820 sl/he Seventy five allligrazs of the protein
in 445 ml Duffer were applied with the help of a bent
pipette. The sample applied constituted 3 per cent of
the bed volume. Protein fractions were eluted in 300 wm
of the wuffer. Iiha absorbence of the J ml frastions was
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asasured at 280 ma in o spestropt er with 1 om path
was measured at 750 nz against the resgent blank,

The same procedure was followed for the both
types of sazples namely, H.Vi@ ilselated at room tempera-
ture and LLVAF Lisolated at #°C from chilied milk,

Gedeb

001 11 imidagele-iil uffer (pid 8.0), containing 3e3 H

ursa and 0,01 K 2emaroapto ethanol, The column (1.5 x
30 en) was eguilibrated with the sese tufier. U(ne
bundred and LAfty ag of the HLVAF were dissolved in 560
ml of tuffer and applied to the coiwm. Liution with
dinear gradiant wes perfarsed by plecing 200 m) of
001 B inidessle - }iCl duffer in the nixing chamber and
200 ml of same buffer contalning O.4 K sodium chioride
in reserveir, 7he flow rote was 60 ml/h. The effluent
was collected in Y sl fractions and the protein in easch
frection wvas estinated by the method of Lowry gt ak
{195%) .

6:2.5

The rate of protedlysis of BLVAP and casein with
trypsin wos detersined by the nethod of Kunitz (1947).
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at 280 na and the colour development due to Folin's
reagent &t 790 mm were used for the measurement of the
sotivity of trypsin using 1 em path length celis.

Ihe procedure followed for try;tic hydrolysis
of BLViP and casein was aocording to anson (1938) as
described by Herriot (1955)e The complete system con-
taloed 5 2l of & 1 per cent solution of L.Var abd casein
AD 0405 B Tris-HQd buffer ;i 79 and 0.5 i of trypain
solution containing 5 mg of the enzyme. The mixture
was incubated at I9-40°C for different time intervels
such as 45, 90, 135, 180 end 225 min. Ihe reaction was
stopped cfter sach time interval by adding 5 sl of 12
per sent ICA and the precisitated protein was resoved
by fiitration through thatman 42 papers A blank was
™D by stopping the reaction of & similer mixture at
610 minute period. ileadings were corrested for biank
values,

6e246

Ge2e5¢1 Acid hydrolysis of H.VAP and caseln was done

by refluxing & ag of the waterial with 2 ml of &K HC

in degassed and sealed tubes for a peried of 48 h at
1%, After hydrolysis, the casein and HLVaP hydrolysates
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vers rendered free of the excess of HCl by repeated evae
poration of the hydrolysate under vacuum over NeUk
pelleta. Finelly, the acidefree dried moterisl was
dissaived in % ml of 10 per cent ifsoprogancls & few
dreops of toluens were added in the tubes to prevent

Ge 20602

The separation and identification of individual
anino acids in BLVAP and in caseln hydrolysate was
carried out by single dimensional discending paper chroe
matography using nebutanols scetic acidswoter (BiAsv
41115) as solvent system for 15 h in o saturated saviron-
ment of the same solvent. Aninoe acids vere detected by
spraying Oe1 per cent ninhydrin in scetone and heating
the chrosatogrephic paper at 80°C for 15 min.

Iwenty dl-individual amino acids were categorised
into four groups and used as staadard reforence amino
aclde alang with samples.

Ge2e7

‘The UVeabsorption spectrs of HA.VAP and casein
were recorded in Gillford spectrophotometer, kodel Noe
1084 Kk 260, wish 1 em path length cuvellets in the
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regions of 250=320, nm by taking 04015 per cent protein
solution in 0405 H Hadil,

dJoecific extinction coafficient A1k Tom and
molar extinction cosfficient of AV.¥ and cassin wore
saloulated taking their absarption at 281 am.

Eleotrophoreais in polyscrylamide in the pre-
sance of anlonic aodlum dodecyl sulfete (50.7 proved
0 be useiul toel for the separation of urotein sutunits
and for deternination of wolocuiar welghts, {he siole-
oular welght can be detersined by comaring the electrow
phoretic mobility of a given procein with known protein
Barisers. 4 lineor relationship is obtained if the
sisctrophoretic sobllities (Rf) are plotted against the
known polypeptide ghain molecuiar weighis. The procedure
for JD-ps0E poleculsr weight determination was acoor-
4ing to the modified method of weber and Osborn (1969)
end Davia and Stark (1970) descrided in uigme Tech~
Bdletin WNmBTe

G+2.8.1 Daagenta

(o) jogpis Isitfars prepared by combining O.441 g of

Noll 0, 02H.0p 20511 § OF Ba HiGue12 B0, 140 g 0F 505,
1 5l of 2-meruptosthancl, 0,015 g brosophenol blue and
36,00 g of urea, diseclved and made up t0 100 sl with
distilled vater, The pH of buffer i1s 7,0 at 25°C,
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(5) Gad KLkl Frepared by coabining 8,84 g of NabhiPU,.
2 B0y 51.55 g Of Ha iP(,e12 H,0 and 2.0 g of iy
dissolved and made w:to 1 liter with distilled water,
The pH L8 7.0 at 25°C,.

(e ag 10 prepare 10 per cent gel 22.20 g
of oorylauide and 0.6 g R,ii' methylene bis-acrylianide
vere dicaclved in 100 ml distillied water. The inscluble

material w.s rezoved by filtration,

(d) KyRyii' ~ tetranethyl ethylenedismine (Tidd.)

Prepared freshly
before use by dissolving 100 sz of the ammonium per
sulphate in 15 al of distilled water.

(£) o, Fixative solution was pregured by
combining 40 wi of wethanol, 10 ml scetic acid end O ml
of distilled water,

(8) 2l

Prepared by taking 4450 ol of X

per cent methanol (v/v), 50 ml acetic acid and V.29 g
woomasale brillient blue i (CBB),

wuammmﬁoaczmmmmszuw
distilled waters

aration of gasoles BLVAP end casein samples were
prepayed by Saking 1 ag of each sample and dissolving the
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same in 1 sl of sample buffer.
‘u} Freuars

The marker protein susple was prepared by taking
Hemoglobin-ocrosslined vial ami contents of each vial wus
reconstituted with 1 nl of the sample buflfer. Ihe final

tration of prosein mix was J sg/ml,. Hemoglobin

orosalinked on Lis PAGE stained with 3D gives & banis
with molecuiar welghts of 16,000, 32,000, 48,000 andi
64,000 daltons, respectively.

‘m; Wy A gy ke YL

To prepasre 12 gelss 15 ml of gel butfer (b),
13¢5 ml of acrylumide gel (), wore mixed and deverated
for 1 oin with a water aspirator. To this 1.5 al of
freshly prepared ammonius persulphate (ej, followsd by
0080 ml of TLHED, were adied, Ihis mixture was care~
fully added to the bottom closed gel tubes upto the
height of 3.0 ¢ leaving 1 ¢n gpace at the top and
allowed t0 polyserimse. Before the gel hardened a few
drops of wvater were layered on top of the gel in order
to got a smooth aurface.

(iv)

Five undired sl of gel buffer (resgent b) was
diluted to 1000 ml with distilled water before both the
compartaents wvers filled with gel tuffer. water was
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decanted from the top of the gels and fixed in the electroe
pboretic apperatus, Ten Ml of the sample was spplied on
each gel siong with sus-marier protedn semple and &
constant ourrent 6 ma/gel wes applied until the marker
dye reached 1 om above from the anedic end of the gel.

(v)

The gels were carefully removed by injecting
water through sides, the bromophenal tlue dys front
wes mariked with a pliece of fine wire and fixed for WO b
in the fixative solution, Gels were stained with
coamusaie brdlliant blue solution for overnight and
destained with reagent (f) with several changes, until
the bamis are clearly seen.

(vi) saiculation of AL

The relative mobliity of each protein bund was
calculuted as followss

The AL walues of known sarker proteins are
plotted against its molecular weight on o semi log graph,
while the molecular welghts for DLVal and casedn compo=
nents are caloulated from calibrated curve (Fig.18).
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The gel filltration pattern of HVar isoluated
at roon tempersture and at 4°C are shown in Fig 12 and
13, respectively. It is seen from Fige12 that Vv
isolsted at room tedperature resolved in to three
discrete penks, one of the protein fraction was eluted
imoedlately after the void volume. iigel3 indicates
that £V laolated at 4°C resolved into oniy one peak
and 4t wos eluted immediately after the void velume
inilcating that the former has undergone disaggregoation
due to isolation at room temperature and latter is
present as single entity,.

Ge3ed

Ths elution profile of H.V. on Uksk cellulose
colnan chromatogrophy (Fig.tH) using isddazole tmffer
having 3.3 ¥ urea in the presence of iall gradiant
pattern of this elution profile with lisll gradisnt
closely agrees with published literature on buffalo
oasein (Nagssaws gf flss 1973) indicating aimilorities.
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The Rf welues of known sming acids in n-lutencli
aoetic acidswater (8i1.3:) solvent syatem as carried out
by single dimensional descending paper chromotography
are shown in Table 13 along with amino acid spots of
hydrolysed sarples of dlVar and caseins and their patterns
are Llustrated in Fige15. ihe RS values of aanine scids
in hydrolysed test samples of HV«P and casedn &in Biasw
solvent cystem were compored with the RL values of Enowa
anino ooids apotted An the sene M. It may bDe seen
froe Table 13 and ¥ige15 that &.V.F and casein comprised
of 18 anino acids with same Rf vilues, indicating that
both are identicol in their asino acid cosposition which
in tam gives an ides of similarity in thelr primsary

Fig.156 shows the comparstive hydrolysis of
BLVAP and casein using proteclytic senzyme trypsine. It
may be seen Lfrom the Fig.16 that BLVAF &s having &
slower proteclytic rete as compared to casein regardless
of period of incudetion, substrate snd conventration of
the snayse. Thers is o sarked changs i the content of
tyroaine relessed from the HLVAP and casein dus %o
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Fig.15 anino acid separetion patterns of bhildverdin
associated protein and casein on aingle
dimensionnl desomndiing papsr chromatography
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FIG-16  PROTEOLYTIC RATE OF BILIVERDIN ASSOCIATED
PROTEIN AND CASEIN [1A,1B ENZ:PROTEIN
2:40 ;2A,2B ENZ:PROTEIN 5:50 mg] IN
THE PRESENCE OF TRYPSIN AT 39°C.
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RE values in Diasv systen Amino aoids

Amino aclds  seandard 1o v and

anino . 8 A vasein casein

aoids
Alanine 023 0426 0.26 Alanine
arginine Osth Ce1d 0«15 srginine
Aspartic aoid 0,17 0.18 0,18 Agpartic acid
Cystine 0.07 0.08 0,08  Cystine
Glutasdc acid 0018 41 ) Oe1® Glutamic acid
Glycine Oe1h 013 Ce13 Glycine
Hiatidine 01l Ce1d Ce13 Histidine
Isclecine 059 0s58 v Y- ) Isoleucine
Lensineg 0.62 Du5h 0«64 L.axcing
Lysine Oetd 0«11 0. 11 Lysine
rethionine [+ Q47 Oel7 Fethionine
Phenylalanine 0¢56 » . Phenylalanine
¥roline Cel2 O30 032 Froline
sarine 0e17 0.18 0,18 Jaring
fhroontne Cea3 Oudd 0023 Threonine
Tryptopban 050 - - -
Tyronine Oeh0 040 0440 Tyrosine
Valine 047 1+ 7 4 Ou7 Valine

L s

“Combined with isoleucine,
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proteciytic astion of trypsin under scimilar conditions
(Table 14). from the Fig.16 4t 1o seen that in both the
cases, the relssse of tyrosine due to trypsin action
attained a stationary phase after 180 min and remained
stationary even after further incubation. The slower
proteoiytic rate and leaser relsase of tyrosine may be
due %0 proesence of high concentration of .V An WVuy
as sisllar pigments are known for thelr inhibitory setion
on enzymec.
6e3¢5 Lakal abCKRBAYALY

Ihe UV spectre of AiVi- and ossein are shown
in Fige17, ihe absorption in the region 250-300 na
arises prisarily from tyrosyl and tryptophenyl aide
chaln groupse At may be secn fros Fige.17 shat the
absorption of the HiVar As lesa in this reglion than casein.
This say be due to the presence of lesser maber of
tyroaine grougs as also due to the differences in pro-
portional distribution of components in &.Viy as
compared to casein., ihe molar extinction coefiicient
st 289 nm for ALVAF and for cascin based on the appro-
xizmate aggresate malecular weight 70 000 are 1014 and
wﬁ.mmmwmumm
mmﬁg‘m 1450 and A ﬁia 1510 recpectivelye.
A olose similerity of these volues indicate identical
nature of their primery structure as well as thelr
somponents.
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FIG.17Z  ULTRAVIOLET ABSORPTION SPECTRA OF
BILIVERDIN ASSOCIATED PROTEIN AND CASEIN.
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Bugfaloes' milk

at 37° RViP oasein
b ¢ 750 18,75
100 2.9 62
160 13.12 25443
280 13.12 23,43




The moleculiar welghts obtained on sDuwt Gi
for WVAF end casein electrophoretic components are
shown in Table 15, 7The molecular weights of BLVAF and
casein ronge froa 15,000 to0 60,000, 48 it can be seen
from Inbie 15 there are minor differences in their
moleculor weights but they are within the lisits of
deviation allowabie due to technical difficulties,
the close similarity in molecular weights betwsen ZV.w
with gasein components as well as thelir agreement with
the values of published literature for Cimy ey and
k~capeins indicases that EVAF and cosein have identical
poiypeptide units., ihe molecular weights ranging from
41,000 to 00,000 of the trace cosponents is likely due
to aggregates of these cosponents. The separation
patterns of electrophoretic components of ELVAi and
casein are shown in Fig.19.
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OF STANDARD PROTEINS VS. MOLECULAR
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Geltnt it may be seen from the Fig.15 and 14 that
ALViP Ssolated at room temperatuare and at 4°C eluted on
sephadex resolived in %0 3 peakis and 1 peak, respectivelye.
The greater number of ;rotedn fractions in the case of
HBYV.F isoluted at prooa tezperature seems €0 be dus
isolatisn of the protein at higher tacperaturs using
acetons, whish has disintagrated the protein resulting
in resolution into more frestions. Un the other hand,
the protein isolated at #°C from chiiled milk using
chilled acetone resclved inte single pealk, thereby
indicating that the protein isolated at &4°. 45 not
disaggregated and present as cingle entitys. Iurther,
this bohasviour is in cloce ogreement with that of casein,
omoen (1973) obtained 2 single peck, when micellar
casein was sluted on Sephodex. Morr gf al (1964) amd
Hill and ilisnsen (196h) observed thot when cows' skim
milk was eluted on sephadex the cosein was eluted in

the first fraction having higher filtration rate. In
presont stady also the AV:P slutea as a aingle peak
with high elution rate imnediately after wvoid volume.

Oulte2 Fig« 4 deplots the slution prafile of LV.F on
DEsEegceliulose coluan. Three major proteln fractions
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axre resclved due to different concentrations of lall
gradiant, This typicael pattern is very similar to
taffale casein eluted on (L k-gelluloce column oboarved
by Nogasewo gt al.(1973)

Seled  ihe present studies chow that V. and casein
hydrolysute are hoving asinilor masber of anino aclds
{Zabls 13). 7The ubsence of tryptophon in both cases
may be due to osid hydrolysie before analysis, since
its precence has been reported sariier in tuffoloes'
siik cacein by Ganguld (1974). These dota clearly
indicabe thut WV, and caseln are identical in their
anino acid potterns which, in turn, indicotes simllarity
in the primory styucture of both the proteins,

BGoliah  The VAP 48 hoving slower proteolytic actie

vity as compared o Gasein is showm Ly the data in

Toble ™ and illustrated in Fig.16. in both cases, the
stationary phase 18 attained after 10 min and the veluss
resained staticmary even as further incubation. Ihe
amount of tyrosine relessed from HL.V.F is such less then in
sase Of casein and may be due €0 its asaociation with

high concentration of 5.V, which is inhibiting the

enzyme activity. #&H 4s known to lnhibdt several

snzymes, for exaiple, alcobol dehydrogenase (Fiitoen

and Horth, 1966), glutamate dehydrogoenase (Yamagochi,41970),
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trypain, chymotrypain (strusda, 1908) and cholesterol
esterase (latsi gt al., 1902+19863). »s ghown by the
above studies inhibition of alochal and glutamate
debydrogenase i due to chelatin with ZIn'® by iR,
whereas iohibition of maelate dehydrogenass is rsleted
to the effect of ik on the enmyme protein. inhibition
of bepatic chalestercl esterase is due to a possible
relationshi; between cholesterol esterification and
since iV and HLA are structurally very aimilor (emcept
that in Hii the central mothene ring is reduced), the
inhibition of trypsin can be related to the effect of
BV on the enzyms protein which would be lover the
agtivity of trypsin, resulting in lesser release of
tyrosine from H.ViPe

6.44%  The double bond systems in proteins are insue
lated from one another, the peptide groups being sepes
rated from one snother by the Xwcarbon stom and the

side chain chromophoric groups being insulated by the
region 250-300 nm arises from the tyrosyl and trypto-
pheny) side chain groupss It ia seen from the Fig.17

Shat the adsorption of the BLVAP is slightly lower in
this region than in case of casein, Ihis may be due S0
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lesoer tyroaine or tryptophan growps per mole in the
BV P than 4in casein and the change in pyoportional
distribution of components (individual components of
protein) leading to lower absorption. 7The absorption
peak in the 2600 mm region for most of the mllk proteins
occur in the renge of 278 to 281 np and in the present
case both HM.V.P and caseln have shown maxican absorption
at 281 np. 4t the characteristic values for the speciiic
based on the approximate molecular weight of 7000 dalsons
both W.ViF and oasein show close similarity to one
another, The continued absorption, after 310 am is due
to the association with BV, whioch 15 liparting gresn
colour to both HLVAP and casein resulting in continued
absorption even after 310 mm, whiie in the case of
colaurdess proteins the absorption is negligibie atter
3% e

Gelte®  PAGE Am the presence of 5DS has been applied
satiafactorily to the snalysis of milk proteins.
Acoording to imllin and Wolfe (1974), Doretta gt gl
(1974) and El-HeGoumy (19680) molecular weights were
34,000 Zor Ciey 28,000+30800 for Pey and 260832000
for kecasein. The data from the present stuly on the
relative mobilities (Rf) of the standard protains plotted
on x axis on a sewi legorithealc greph puper against
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their known aglecular weights on Y axis show o linear
(Fig.18), ibe moleculor weights derived on standard
graph (constructed with known solecular weighta of
standard proteine; for dlVar and casein were f{rom the
averege of three trials. The values closely agree with
those pulilished in litercture for casein (ilalle 15).

the trace bands in the bigh molecular weight range of
41,000-00 000 daltona, are very ilikely due to aggregates
formation among the components, in a sisilar study, the
slectrophivretic pattern of calciun caseilnate on e
Pade by iullin ond wolfe (1974) gave multiple banis
ronging froa 500080000 daltons, the three sajor bands
corTesonding $0 Ows Sey ond kecaselns. kecacein
was however, mesied by [3ecasein, dus to the appearance
in the Pecasein moleculor weight range under thedr
exparioental condiitione. The bands whiich have moleculuar
veights GI000-80000 indicate that they are possibly
aggregates.

6e84.7 The study described in this Chapter has brought
out the fact that the amino eaid composition, patterns
after tryptic hydrolysis, the U.V.gpectra, beshaviour on
gel fiitrastion, ion exchange colummn, electrophoresis ani
malecular weight of electrophoretic comonents of the
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BVaP ond mffaloes milk casein are allke, thus esta-
blishing that the &V in tuffalo milk i3 conjugated to
the casein molety only and to no othesr specific protein.






For aharusterization of proteing, imsuno che-
mical methods are commonly used in view of their aensi-
tivity and specificity, Having known BLVAF as casein
based an electrophoretic behaviour, biniing with ALV
and other properties, it vas of interest to examine its
dmmncliogzical behaviowr. An attempt was therefore sade
0 ralse antisers againat the HLVAP in raebbits and study
its zpecificity in cowparisen with casein using fmmuno-
double diffusion analysis,

T4

Albino robbits aged about six months of some
age growp wers selected from the Institute's small animal
house and maintained seperately during the experimengal
period.

Freund's sdjuvent (complete) and nobdble agar
were procured from Oifoo (U3A),

Ihe antisere against HLVAP was obtained Lfrom
sebdbits after a seriss of £fiftean suboutansous or intre-
parotonsal injestions of 179 mg of yrosein (total) in
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sompleste Freamd's adjuvant, given on alternate days over
a perdod of 30 days. IThe animals were bied from the mar-
ginal wer vein 15 days after the last injestion. iiocod
was allowed t0 aleot at 25°C for & hy, kept overnight in
refrigerctor and the serus wes collected by centrifugan
tion at 2000 Pepelte Sor 10 min. Antisera was stored in
deap freese in the presence of 0,0001 per cent merthiclate
wviiich asts as & pressrvative.

Teded

following modified Ouchterlony plate method (Aodbins gt ales
1976). FPlates (90x12 sm) were prepared by pouring 5 md of
412 per oent noble agar in borste saline sclutions 4 total
of threec wells wers nads as ashown in Fig.204i. Ihe antisarum
was pleced in the central well and outer two weils contale
ned BLVAF and buffaloes' milk ousein solutions in different
concentrutions. 1In control plate, the euter two wells
contained borate saline solution. The experimsatal and
sontrol petri plates were incubated at 37°C for 2848 h
in a humidified box. Precipitation line in the form of
seni arch shape fSorwed Detween the antisarum well and
antigen vella, was considered as a positive test.

Borate-saline solution and borate saline buffer
were preparved as follows:
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Five parts of borate ssling buffer and 95 parts
of sauline (9g HeCl/1) were nmixed.

iecate sakios buger
Boric aoid 6,184 g, borax (&ZB.B? 108?)

9536 g ami liaCl 4,384 g weres dissolved in distilled
voter and zade $0 1 liter with distilled water,
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T3 Bhikdi

The imsuno-doubtle diffusion patterns of HLVAP
and essein after incubation for 48 h at J7°v in humidified
conditions are ashown in Fig.20B. In both cases, only
one shatp preciyitin line in the form of semi arch wos
edbtained. In ¢ontral, no oweh arch was formed. This
results indicate that HViP and buffaloes' milk casein
are Laanologicslly sistlar. Uuata prescoted in Toble 16
show poaitive reactions between the diiferent concentroe
tioos of &Vir and casein with antibody (sntisera ralsed
against BLV.P),.
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Comseutration of  purraioes' milk Svap
casein
Ewm nl)
5 +oe *er
15 e rer
. ¥} +oe e

*seru used wus without diiution.



Results from immuno-double diffusion test provide
a sensitive technigue to study the immmological reiation-
ships of closely related proteins and to ascertain their
purity. The gel diffusion test invaives the recipitation
reaction in a senl s0)id medium rather than in o fiudd
nedium, ihe object of immmno-double diffusion test is to
bring together through diffuaion of optimal concautrations
of entigen und antibody to form visible bands of precijple
tation. in the present investijation the test has bemn
uaed to Lind cut the immunologicul relationshiy batween
BLVAP and cusein An order to estabiish the identity of
the XK.V, KRV.F and casein showed preciyitation ilines
against each well without any heterogeneity when they were
placed in two different vells agalnst the central well
which contained the antiseru (reised against HL.V.¥).
This helpc to prove that they are immmologically iden~
ticul (Figs203)s The results of this inveastigstican
establish a close structurel and functiomal relotionship
between the LV..P lsolated from chilled milk by acetons
in the presence of saoturuated ammonium culphate at &°C
and caoein.



CHAPTER VIXX

BEHAVIOUR OF cuns’ avw JUFFALOESY MILE TO ALLED
BILIVERDIN
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Bl 4 VIR UALH

8,0

¥hen cows' skim wilk is treated with acetons
and apponius sulphate as described for the tuffaloes’
milk, a green pigment is sleo liberated, In a preliaie
nary study, Daniel (1977) reported that this green
pigment differs in its apectral characteristics from
BLY and it doss not give resotions for bile pigments.
T™he pigment ooccurs in trece asounts and it 43 also
assogiated with a protein molety. Ine protein sample
was therefore examined to find out difierencss, if any
from the samples of protein isolated from buffaloes'
nilk,

81 BalERLALS
Frosh cows' and buffaloes' milk from the
Institute hoerd were used for experimental work after

i"
-y

Fis
S 4
20 N

820141 In obder to find out whether added ALV is bound
% casein in cows' allk or to casein iscluted from milk,
the following experisents wvere designed.
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Twe nuxired 2l of cowa' and buffaloes' skiam
sdlk were enriched with pigment H.V by adding 400 ug
of BV dissolved in ons ml sodiun phosphats buffer
(pit 7.8) the casein was precipitated from this ailk
by adding 0.6 g of eitric acid dissolved in about 20
s} of distilled water. Biliverdin was extrasted using
25 ml agetons from the casein thus obtained, U.ds was
ssasured at 600 nm and this quantity recovered wss
salouiated. 4 contrel was run with milk without addi-
tion of &V,
8edetel In aother set of experiment, casein wus
dsolated from akim milk of both the species directly
by adding oitric acid solution. CLaseln was disaclved
An 200 ml of 0,02 N NaGH solution and the pH of the
solution was adjusted to thas of normsl milk (6.8).
To this salution, 400 pg of BLV dissolved in one ml of
for 30 min for binding to take place. Cosein was onoe
ageain precipitated from this solution by adding 10 per
oant adetic acid to pH 464 HLV was extracted from
the casein coagulum Uusing 25 =l acetone. Recovery was
calowlated as desoribed in earilier pare.



To £find out whether the H.V added to cows' milk
binds with the easein and whether cows' wmilk brings
sbout any changes in the pigment, BV was dissolved in
sodium phosphate tuffer sand added to cows' nilk. Casein
was extrected by adding 0.6 per cent (w/v) citrie acid
to milk, 4Uasein thus obtained was sosked in acetone
and exanined for spectral charasteristics and tested
for the presencs of bile pigments,

Two hundred ml of H.V enriched akiomed milk
wore allowed te stand for & h at refrigerator tewpera-
ture. Casein was isolated from this milk by adjusting
the pii to 4.6 by adding 10 per cent acetic acid. Casein
thus obtained was scaked in t-propanolidiethyl ether
mixture (2:11). This extreot contains Yetaseins only
and was examined for spectral properties and teated for
the presence of bile pigmenta,

To £ind ous guantitatively whether the added
BV eculd be recovered from cows' nilk, 200 pg of AV
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dissolved in sodiuc phogphate buffer wus added o 100 =l
skin milk and the AV wor estimatsd Lollowing tihe proce-
dure of chendrsvedane and Danfel (1977, mantiongd in
S3e2e3e + control wos slso run with Wuffaloes' wilk.

The scetone extresct fros respsctive sammples of wilis
without sdded IV serwed os blonks,

The pigpent uasogiated protein from cows' nilk
wag iscloted following the nrocedure similar to that
used for Mmffaloes' ailk as described in para 4.,2+%.2.

A seporate protein fraciion was also collectad by soaking

the ¢itric acid precluitated curd in 80 per cant acetone
and the rsaidue froo the aogtone cxtruet wos colleoted

after romoving the aoetone and walaesr.

‘useln was prepared froam ohilled milik by adjus-
ting the pi of milk t0 4.6 by adding %0 per cent acetic
acids 3ne coagulum was Ireed Liva wiey after repeated
vasnings with diatiiled water (pi 40 and drled 0 a
vatuuR dessigcator.

he eleotrophoretic patiern was obtained on 8
peroent cynogun geis in accordance with the procedure
sutiined in pare 5.2.7
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A8 shown in Toble 17, IV added to cows' milk
casein in the milk systesm and also when added to isolaoted
casedn, was bound with ease in both cases, Ihis behaviour
was identical with buffaloes' milk caselin used for confir-
mation singe HLV is a normal constituent of buffoloes'
allk casein. From these stiiies it can be concluded that
the AV has a tendendy ¢0 bind with casein, irrespecstive
of the state in which it is present and thoere is no
difference in the bebaviour of caseins isalated from
cons! and bugfolees' milke.

BeJed

Fige.21 shows the absorption spectre of acetone
extrest obtained from eitric eeid precipitated casein
and propancledisthyl ether extract of acid caosein. in
both the cases, an absorption maxima at 375 and 650 nm
region were present similer to free iV isclated from
affaless’ milk casein, thersby indigating that cows'
ailk system has not wought about sny changes in added
BLY. The results also confirms the association of WLV
with casein and ite fractions (as evidenced by its aasow
clation with Tegasein), Both ths acetons sxtract and
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ABSORPTION SPECTRA OF ACETONE EXTRACT
AND PROPANOL : DIETHYLETHER EXTRACT OF
PIGMENT FROM COWS'MILK CASEIN.
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t-preponal diethyl ether extract snowered the tests for
presence of bile pigments (Table 18), which shows that
oows' milk system did not infiuence in any way the added
BV, Cows' milk behaves in a manner similar $o buffaloes’
milk towards added HLV.

8ele3

in four triois, the average content of &LV
recovered £1om covws' milk was 94,12 3 1,05 and that Lfrem
control tuffaloes' milk, 97.4% & 117 (Table 19). e
data show good recovery for added H.V from milk 4in both
types of milks, Though the study with cows® milk has
given a siightly lower recovery than the buffaloes' milk,
the difference was not significant.

The PAGL patterns of ammonium aulphate saturated
80 percent svetons solubie protein of cows' milk and easein
isolated from chilied milk are shown in Fige22. It say be
noted that protein and casein reselved into four bands and
resolution pattern is identicel sxoept for the third compo-
nent of the eows' adlk pigment protein sxhibited faster
movessnt than casein, wheress the elestrcphoretic pattern
of proteln fruction isclated from caseln using 80 per oent
aostone alone has Only one major bend corresponding to the
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added estimated m added estimated mmry
260 230 95456 240 235.2 98,00
240 226 935.33 260 235.2 98400
240 226 9333 240 20,0  95.66
240 226 Ohe 16 240 2352 984,00
average DLISSBt  54,1241,09

3TeH121,17
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second band of the two other sauples. IThese results ashow
that the protein isolated from chilled cows® milk (4H°.)
by direct asetons axtraotion in the pressnce of saturated
(i) .50, system bas protein components similar to
Casein except £orr the sowe what faster movesment of third
band cospared o csseln.
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Bebiet Ihe results show that cows' ailk oasein has
high susceptibllity to bind BV and 1ts bshaviour is
identical %0 uffaloes' milk casein. H.V 4is shown
to bind casein in mffulows' milk. In comparison,
cows' milk caseln also showa bhigh tondensy to bind with
BV whether in natural state repressnted by milk Stself
or separately as casein when isolated by acid preciple
tation at pH &6 (Table 17).

Belre2 Buffaioss’ milk hes ALV as a normal consti-
taent siziler green pigment was isclated from oows'
milk which ashows absorption maxitmum at GGO nm but it
differs from M.V of buffalosa' milk by not baving
absorption at 370380 nm in addition to 660 nmy nor
doss this plguent answers tha teats for presecacs of
bile pigments (Gmelin and Zino flourescensce tests).
ihe rosilts show that even though cows' milk does not
sontain LV, it behaves similar mannar to ffaloes’
ailk. uhen ALV wus added €0 cows® nilk, it 4did not
undergo any ochanges due to its exposure to cows' milk
constituents as it is fllustrated in Fig.22. Daniel
(1977) has also shown conversion of added 8.V in
oows' mllk to SLR, when milk was alloved 0 sour at
I7°C, thas duplicating the pattern with uffaloes' milk,



- S -

both with natural end added H.V. The two types of
milk behaved sicilarly even though cows' milk wao
devold of H.V. The absorption spectra of Y-propancle
disthyl ether extraot of casein comprising of 7Yecasein
ahow that ilV is associated with casein and its compoe
nents.

8ee3 BV 45 estinated in buffaloes’ milk by extrece
ting with acetons in presence of (NH,),30, satureted
asystem, This method is highly reproducible ((lhandrave-
dana and Doniely 1977). 1The observed data in Table 19
also indicates that iV added to ocows® milk can be
sstimated using the same method and the cows' milk
systen does not interfere during estimation of added
BV, eventhough iLV 18 not pressnt originally in oows®
milk,

8.444 Electrophoretic anslysis of the cows' milk
protalin scluble in 80 per cent acetons saturated with
amsonius sulphate when cospared with casein, shows that
two are having similar characteristics (Fig.22) except
for the faster movemsnt of third component. Electrupho-
resis of 12 samples of cows' milk casein have showm
ddentical results having four bands on 8 per cent oynogum
gels at p 84,6, asoording to the method of Tombs and
Akroyd (1967). This Limited nusber of bands ia in
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contrast to seven bands resclved with tuffaloes' cassin
(Figs9 AMB) under identical conditions (para 5¢2¢7)«
wolfe (1976, observed nine bends varying in molecuisr
weight from 9000 to 60000, Jimilarly, Ureenberg and
Groves (1575) also ouserved eight bands on sl at pH
946, using buffer with & it urea, lo special ressen
could be assigned for the behaviour of cows' casein in
the present study.

8,45 Cows' wilk and oows' milk casein behaved in e
sanner similar to that noted in the cose of the
batfsloes' nilke In both the cases, the added H.V
oould be recoversd guangitatively, Further, the pro-
tein{c) solubuiized in 80 per cent avetons saturated
wzmcma)zw‘mmmmmammw
to casein and casein fractions.
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RIGAN OF DILIVECWIN IN SUFFALOES® MILK
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in the anical aystem, the hene of hemoglobin is

convertad to biliverdin and the subsequent reduction of
iV in preticulo endothelial calls gives rise to bilirue
bin (Repoor, 1978). The overall reaction involved is
an oxidative cleavage of the ferri protoporphyrin ring
at the methane bridge, resulting in the foraation of s
dinear tetrapyrrols biliverdin IX ¢ which is further
reduce: to BLR by soluble NaiDH and HaoiwH dependent HLV
reductase as descrided by singleton und Laster (1969),
and Tenhunen gt gl (1970). Having established the pre-
sence of .V as 3 normal constituent of Buffsloes' allk
asasgoiuted with casein molety soluble in 80 per cent
acetone ssturated with (NH,),30, 1t was of intarsst to
ascertain its origin. Ihe only cosponsnt of blood from
which ILV oomid be darived readily is ., since HV is
not present in the normal blood serum. In tho present
chapter an attespt has been uade 0 establiach the erigin
of the BLV by tnfusing CY.BLi and examining the mtik
and blood sanples.

Fet

SR BT O Phy ,“'t‘-"yﬁ:‘it B L
A Farrah uffalo 4in £irst lactation, aged about
53 yeers, wos selectsd from the Institute's hard. Juring

Fetat
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the perdod of experimant, the animal wod givan suiffie
clant time 0 cccliimotise to the experimsntal conditionse

Jetetel Onfars injecting ¢’ «ii.i, the anipal was given
5 g S without Aabel and exasined for changse if ey,
Fa141s2 The cwperizontal anlomd was Walned o nmilk

three times & day, Le0., during morning, noon and ove-
ning with tue belp of amytooin (5 IU) Anjection.

;2

Deted U i was obtatned fron Amsrashan 2achier,
Qabh, Srevnechwelg, Fii with atous at 3 2, 3o & 5 G

To 8 with 1545 Mot/ai cpecific activity.

Helel

':l~,-‘:-'s-.-' v”,‘ bgh ey R Ty ¢ o *“ Bt - ¥ L1 1 %8

Ge2elet Ton poL Of ¢V Twii having 15¢9 NoA A soecific
activity #co dissalved in 2 @l of 1 8 Nadd and code URtO
10 sl with storile distilled wavers c™.pLi sciution
was infused into the Jupilar vein &t conatont rate over
g perriod of 0 adn ani the anlasl) wes allowed 9% rests
Jedeted X004 Scuplas wers Glotted at 6 h intervals
starting with 2 b after the Anjection of ¢Yei..i

Eiood was tapped fron the antmal My tleeding the Jugalar
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vain with the help of a sterile asedle, collected into a
wide mouth glass tubs and protested from light, It was

allowed to congulate ot room temperaturs and left over-

night in 3 refrigerator so as to obtain clear sera. The

latter vos asparated from the clot ia a eentrifuge tube

andi aubjected teo centri.ugation for 10 min at 1500 Fspeite
to remove G, i1f any.

~16

Ge2ed

(e ml of the serum sample was taken in the
sounting vial and 10 sl of tolusne~triton scintillation
fiukd (2:11) were added. 1Ihe tolusne-triton acintillation
fluid consisted the following:

(a) Toluene~triton mixture 21 ratio

(b) 205 = diphenyl axazole (FF0) 112 g for 200 md

(c) 1% his 2 (S-phenyloxozolyl) benmens (Popoy) 20 g
Lor 200 ml of a.

The radio activity of the serumegcintiilation
faid sixtbure vas seasaed in o liquid scintillation
spectrometer and the valuss are expressed as Cpa.

Yele3

Total CY.BLA 1n oirculstion was osloulssed by
mmmmmc”aammmz
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serun sosples and converting thea to total blood velume
of the body on the basis of body weight by taking T.71
per cent of body weight as the blood volume (Hansad gi Sls»
1953}«

Fe2eh

Filk sanples were collected froa the animal two
hours after the infusion of CY*-ii and contimied for
period of 0 h. In the baginning, allk saspies were
sollected at 2, 6, and 16 h intervals, while for the
remaining period, the exparipental sasmples were withdrawn
during sorning and evening milkings, Skim milk wes
obtained by subjeoting whole milk to centrifugation and
allowing the fat layer to hordem and kesping it in the
refrigerator for 1 Ay The solidified fat loyer was
carefully separated out and milk was filtered through a
lagyer of mislin cloth to remove the fat particles, 1L any.

Ge2ed

Mliverdin from skis milk wos extracted by taking
25 nlof milk sssple and processing as sentioned in pers
3:2.3+1« The scetons layer was exsnined for radio sctivity.

Teleb

Citric acid cassin was prepared by taking skim
ailk and adding citric acid at the ruts of 0.5 per cent
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w/v to skim milk, The casein thus obtained was freed from
whey, by washing it with distilled water and sosking it in
acetons. Ihe aostons axtrest was sxexined for radio actie
vity.

Sede?

Flcellar casein and fractions were plrepared agccors
by Saking freshly prepared skim milk.
JeleTel Praviliabish of whoie mi *.

Gikin milk was centrifupged at 37,000 repetis
(1035, 651xg) for « peried of 30 min. The awernatont was
casein was then vewoved Lrom the tubes with the bhelp of a
of the adetone extrast ead ultracsutrifugal vhey were
sxanined for redio activisy.

FeaTel

Ihe sicellar sassin fractioms of varying alses
ware prepared by centrifuging sdlk st different speeds as
mentioned in pare Seds1. The varicus casein fractions
tius obtalned vere sosked L{n 10 wl of acetone. he
agetons extroots were BSEsUrec ior racio activity.
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The presence of ¢ .5.8 was hoticed in &ll the
serun sarples collected et 2, 8 and 14 b after injection
of cY.min, The totar ¢Wapit tn circulstien wes calou-
iated on the basis of body weight by taking 7.71 per cent
of the body welght os the bLlood volume. The observed
dote indicate that the totel emunt of C ekt found in
Blood for a period of ¥ h was only 9.37 par cent of the
amount injected (Isbie 20).

The Weod sugples collectod after 2 h containad
S5«7Th par cent of the total activity (opm), the 8 h sanmpie
2:58 per cent and ¥4 h saspie 1,05 per cent after the
injection of Mega,

Msagurement of rodio activity of skim milk and
atetone extragt clearly show the appearsnoe of .
MWMWMW&B‘M&“MII o, The
sotivity contimied for WO h. The data ere sumnariszed in
Table 29, Skim milk sscples covering a period of Y0 b
mwmm&aiwemg“mmaﬂu
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‘?“
?auod after the Ferc of BLi
injection af 10 oircaiating bloed
2k 576
8h 2.%8
% h 1.0%

Total 937
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Period after Total Sounte
adainiotrotion m“i: to  Total oounts
of C"eilit {de tone extraet of 1000 ml of
(ia b) ) pigment**® askim milic®+
2 2% 15120 2%000*
8 900 12320 18000+
% 200 10080 12000*
2 1200 5040 12000
32 200 14200 20000
b 1500 10640 15000
7 00 5600 14000
™ 900 6160 11000
94 2500 6160 16000
117 1500 7460 15000
125 1700 6160 10000
o 4800 8400 42000

* ¥ilk collected after injection of oxytocin {5/1U)

"m;;mtasne:mc“-pwtmnﬁan
mt»:_mmmunmmmmuu
&OSMMmmcunmwmetw
140 h.
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injectad into the animal., he amount of labelled pigment
iu acetone extract was 1,11 per cent which constitutes
50461 per cent of the total pigment appearing in milk,

The acetons extract obtained from citric acid
precisitated casein and as well as micsllar casein IroC-
tions contuined the raiio active pigment. uiadlarly,
radio activity was olso present in ultrasentrifugal whey
and in acid whey. The data on the relative distribution
of Mugignent in milk, in the ccetone extract of skim
milit, in citric aeid precisitated casein and in citric

acid whey are recorded i foble Zde
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Nature of the sasple

e kim nilk

2¢ 0OtONE extract of the
plgment from skism milk

3, <itric acid precipitated
casein

(o) ..cetone extract
(b) chey

12,320

8,400
59 500
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9V .b ﬂi “ﬁi “ﬂ;gi’

PN | he major components of milk are synthesized
within the namnary glanhd from sizple metabolities extracted
from biood, while others are transferred direotly froe the
biood into milk. oince bilirubin happens to ve a normal
constituent of bloody it is natural to expect blliverdin,
the immedlizate pregursor of biliruiin % Le derived irom
the direct u;take of bleod bilirubin by the mamcary glaml
and its subsequent oxidation to d.ve ihe resuits obtained
in the yrasent study indicate biliruoin of blood as the
direct precursor ior biliverdin in aifaloes' milke

Jelbel ihe obsarved data indicute that the total anount
of «Muii accounted for « period of % b in circulating
blood appoars to DS Llow as cdipared to the smount of
¢W¥.n( injected into the anizel. Ine gradual decresce
in the smount 0f .’ ~ER in the circulatine bhlood (Table &)
indicates tihct apart from the LR of blood taken wp by
the semmary gland, e rest of the i 4in the tlood aystem
follows 2 different pothway. saorlier work by Lrown gt al
(1964 and Sernstein gi gl (1956) showed that liver was
able to transfer d.i from biood plasea %0 parenchymel
0eild, within 5 min after the intravencus injectiocn of
#P-Hie About 60 per cent of the injected material was
recovered in the liver, out of which 85 per cent was
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associated with the nco~particulate supernatant fraction.
Afeer the injestion of wnconjugated HPHA into normel
rats snd subsscquent subcellular fractioning, berpstein
and associotes (1966) were unsble to recover uncenjugated
K24 Zrom the cell fres fracticn, although ccojugated
H5%iemmnmuymmatwmumozm
material. i{he fallure to recover conjugoted [PH.K or
the corvesponiing szo-derivstives, either from the s er-
matunt or fioe the sicrosomal fractions of rat liver after
indecticn of unconyugatec 53:&.:&. siggests that conjuzated
i Bay be more stiongly bound o cytoplasmic proteins
thun in unconjugated Jdiiy 50 that dua is ot extrected
GLILNG TOCUVETyY pIUCEhes 4t ls likely that the conjue
gated .. ropddly leaves the oolis or that it way be
furwer deglvesd dwring cell froctionation. in the preosent
soudy tne ropld eppearuiace of o'i-pigaent suggests the
source of &ilk 4V is AR of the tlood.

Gelee3  The ucetono gxtract obtalusd from citric acide
precipitatad casein and micellar caseins contained the
railo active pigment, Simdlarly, radio activity was aiso
present in the ultracentrifugsl whey and in acid whey.
The high counts obtained in milk as coupared in acetone
axtract of akinm milk (Table 21) as well as the cecurrensce
of rallo activity in whey sug;ests that the AV s
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associated with the whay constitutents (Toble 22). This
is in full agreecment with the eariier stikly conducted
with ALV (reported in Chapter V An para 5:2:4 and Sede)e
Jelteé  The bilirubln of blood as the sourcs of biliver-
4in in buffaioes' milk hus been established by infusing
c“na.aammmnsmmma&mm
and whey.
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#ik proteins which have been the subject of
study over many decades covering physisol, chemical and
mutritional aspecta continnes to provide an inexhasustibie
source of maSerial for furthar stadies that are facllitoe
tod Ly the developments in analytical techniies. Stuiies
described hare have revesled yet anothex property of
conjugation of bhiliverdin in Muffolosa' milk and hitherto
wunidentified green pigmeats in cows' milik, to .roteins
isolated at pi 4e6.

W0t a5 the coacentration of biliverdin in Wuffaloes'
allk vories from day to day, it was of loterest %0 study
the ocarvwiation bDetwedas the sontent of biliverdin and
bladldig protain to £ind out whether this fluctuation wos
soveined by the smount of conjugating protein thsat is
soluble in (Hig) 30, satursted 80 per cent acetone. To
enable a lorge sumber of samples to he examined, a netuod
for the estinmation of biliverdin associsted protein was
standardisede Ihe isoluted protein is discelved in
Havil, the solution is suitably diluted and protein is
satimoted using FolineCiocal teu~phencl resgent. 7The
method is foumnd 0 give reproducible resuits, the recovery
of added proteins was of the arder of 9809 per cent and
mabled repld estisation of the samplas. o relationship
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was found between the biliverdin concentration of milk
and the amount of binding proteln. 4s in the case of
biliverdin, the quantity of binding proteins also varded
considerably, uffaloes were mointaismed on intense dry
and green fesding regines to exanine the olfect of feed
on the comgentrations of total milk protein and biliver-
din sasociated protein. iesults indicate that these feeds
did not huve any influence on the ccacentration of talle
mﬁna&m&a&dg&%&mw&l%ww;wmm
{Chapter 111).

Vel To exaning the naturs of hiliverdin assoclated
protein, its composition wos analysed. Tha anltrogen con-
tent of biliverdin associated protein froa duffaloes'
milk gave averags values of 15,55 per cante The phospho-
rous content of the biliverdin assoclated protein saaple
isolated &t room tespereture and biliverdin assoeliated
protein sample isolated fros chilled milk ot 4°C were
354,60 2 21499 and 272,20 3 15.57 pg/ 100 mg of protain,
respectively. ihere wes a uarked difference in phosphoe
rous content of the proteins Lsolated at two Semperatires
amnts during chilling of the allk, thereby indicating that
bilivexdin ia bound 90 a large mmmber of cosponants. ihe
iron content of the bilivemiin asssocliated protein isalated
at room toaperature and at 4°C dialysed againet SJTA
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and the sanple isolated at H°C without EUBA dialysis
ware, 103 3 Gh0%y 9620 £ 33,46 and 99,78 2 30,64 pg/
100 mg of the preotein, respectively., These data indicate
wide fluctuations within the samples. Hiliverdin associa-
ted srotein An its sssocliation with iron did not show cay
absorytion maxioum in the region 360-700 nm either in
native form or when iron wvas added at the optimal pH 8.4
at 2°v« The associction of fron with biliverdin assoe
ciated protein is stzble and remained stabie in the
presence of LDTA alsos Thess results indicate that tie
presence of ircn in protein may not be dus to any
complex formution, but the asscclation coourved due o
post-milking contamination fiom the cream separetor and
other squipnents used in the dairy, Ihough bMiliverdin
associated protein is also associated with iron as shown
mm»mm.mumm(wm.

0.3 The associntion of biilverdin with mioceliar
casein and easein frsctions has been established uzing
spectral and electropboretic analysis, Blliverdin can de
resdily extracted with acetons from miosllar casein and
assosisted with all the sasein frections nemely ey Bey
Tey and kegaseins and protecse-peptone. Ihe biliverdin
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associated protein is found o resecble casein in
slectrophoretic behaviowr on Fadi, starch gel and phos-
phoprotein staining patterns on PAGE gels. It can
therefore be concluded thet biliverdin associated protein
(NH,),50, at 4°C is o caseln and its components, Bili-
verdin is aboent in the fat globuie memdyons srotein
(Chapter V).

0Ved ihe properties of biliverdin associated protein
isolated at 4°C 43 similer to casein in its anino scid
cotpoaition, patters of tryptic hydrolysis, U.Y.spestra,
behaviour on gel fiitration and ion exphange columns
and in molecuiar welghts of its eleotrophoretic oom o=
nents 0B Sloebilli,. iThese resuits establiah that the
biliverdin in tuffaloss' milk i» conjugated to the
cesein molety only and to no other specific protain,
(Chapter Vi)

105 The immunoliogioal bahaviour of bhiliverdin assoe
sers of the olliverdin asscciated protsin. The results
estaoliah & closs structwral and functional relatiomahip
betuwen Gasein end biliverdin assoclated protein 180~
lated from ciatlled miik (Chapter VII).

1046 Cows' milk caselin exhibited high susesptibility
$0 bind with added blliverdin and its dehaviour was
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identical %0 buffaloes' milk casein, ihe biliverdin
added to cowa' allk did not undergo any change. 0w
added biliverdin could be quantitatively recoversd fros
cows' milk and estimated using the same wethod uued in
the case of buffaloea' milk. The protein soluble in
amonius sulphate saturated 80 per cant acetone from
oowa' milk 45 found 0 be similar in nature to casein
end its cosponents as Judged dy electrophoresls
(Chapter VIXI).

107 7o establish the precursor of hiliverdin in
milk, the etudies conducted using of CY-bilirubin have
established that astus dilirubin i3 the direct sourve
of e ifaloes' smilk biliverdin. ihe posaible comver-
sion of bilirubin to biliveidin bofore excretion into
wilk ot bave therelore taken place in the mamzary
gland (Chapter IX).

The pressent sty has brought out another inte-
resting property of casein namely, that it binds with
biliverdin in duffaloes’ allk using bilirublin drown from
the blood serwm, which helped to throw more light on the
msohanisn of milk seoretion and also help in our
understanding of phenomsaon of ailk sesrstion.
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