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ELECT.ROPHORETIC MOBILITY AND 
CHROMATROGRAPHIC PATTERNS OF 
CASEINS OF STORED BUFFALO MILK 
CONCENTRATES 
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INTRODUCTION 

lna&1lIClion of casein with whey prolcins and also 
self aggregation of whey proceIDs ~ place in the 
manufacture of milk conce~. Dwing srorage of 
the milk conccllUllte hom aggregation and liagmen­
lation of proteins,have been .eporte4 by eanier worl:­
ers (Wilson et aI., 1963; MOlT, 1969; HarwalIw and 
Vreeman, 1978; Snoemen el aI., 1979). A pro~­
si ve decrease in non proa&in nitrogeil was observed. 
The change could be because of reactivation of pr0-

teolytic enzyme_ During SUlra8e of UHT sterilized 
milli; concentrate, majoc changes in beIa-casein frac­
tion alongwith a concomitant in alpha-fraction was 
oaserved (Wbitney el at., 1977). Changes in casein 
during the storage or UHT sterilized milk. was stud­
ied by Corradini (1975) using slalCb gel electro­
ptroresis and Indicated a decrease in relative COIleen­
ualion of alpha-S" alpha-S2' bela and kappa-<:asein 
fractiOll and c:ormsponding increase in gamma.casein 
and para kappao<:asein fraction. Halwalbar and V fee­

man (I978) iOJdied the changes in casein obtained 
from SUlI"ed UHf sterilized concenltaLCd milk. con­
taining phosphaa& and observed that the increase in 
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gamma casein was 1e5S as compan:d to UHf steril­
ized milk concentrate wit1loul any stabiliv:t _ Theyalso 
noticed an increase in proteose pep\Olle and a dec:rease 
in alpha,s.-alsein. To study the changes in proteins 
in detail, gel tl,ltration technique was also used by 
5Cienli$lS m recent past (Majumdar el ai., 1970; MolT 
et al., 1%4) and they resolved skim milk into three 
fractions using sephadex G-1OO. Heat ttcIltD\CIlt u 
88"C/lOmir.u\eS reduced the numba" of pcak.s 10 two. 
Paulina and Markh (1979) passed six mon!hs old 
condensed milk Ihrough gel and obtained 2S fractions 
that strongly absorbed UV light These contained 
comp~x product of melanoidin which was nOi 0b­
served in fresh condensed milk. Cbeeseman and 
knight (1974) studied !he nauue or casein aggregates 
in heated and stcRd milk by gel fIlUStiOD on sepha· 
rose tiIi. They observed thaI the increase in tile length 
of slOrage period of UHT mi lk. caused moo: assem­
blage. 

MET£RIALS AND METHDOS 

Concentrated milk: Concentrated milksof25, 30 and 
35% tola! solids (1".S.), llaving mixed stabilizl'Z (diso­
dium hydrogen phosphate: trisodium citrale: Kappa­
carrageenan:2:1:0.015) Concentratiol1 of 0.05,0.10 
and 0.15% res~tively were manufactured by !he 
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mc&bod of Pr.ad (1985). 

Storage 01 samples: Samples were stored in two 
Jabmalr:.y incubatln at temperalUl'es of 30' ± 1"C and 
3T ± rc separaIely. UptO third month the samples 
were drawn at an inIetvaI of one month and \hen at 
the last after silt months. 

RecoDStltution or samples: Samples were reconsti­
tared to ]5'" T.S. so tbat the n:constilUled product 
bad 6'" fauDd 9.0'Ii SN.F. 

FradioDBCion 01 casein: On lib'e of standardised 
bufIi!Io milk: (6.0% fat and 9.0% S.N.F.) and =on­
Slin"'" producIs were Iaken in separalC beakers 012 
IiIres capacily. Two hUDdled sixty four grams of 
ammonitDD sulphate was gradually added. to each 
beal=oven period of 40 minutes with oonstantstir­
ring at 2O'C. The pRCipicated casein and fat w<:re a1. 
lowed In SI3IId for one hour ill 4"-5'C. Qear whey was 
tbeo obtained by fUlrnlion through whaunan no. I 
fiInr: paper. The mixrure of casein and fat which 
remained on. fiIrer paper was redispersed in one Iilre 
of disIi1Icd water and 244 gm of ammonium sulphate 
was added gradually in the same ~ stated above. 
Afttr aIIowiDg to SI8IId fOl' ODe hour at 4"SC, the 
«JIIltn'. wete filteIIld separately throogb whallIlan 
00.1 filrerpaper. Thec:ascin samples obtainedoa fil­
ter papen wete dispersed in double !he, quantity of 
aa:fOJIt in separaae beakers and the aceU>IIe-lipid­
casein miluurc was mixed in IIIl eleclricaJ.lJIixer for 2 

Dlinuccs. The acewne-lipid and casein mixture was 
then faltered throvgh whaUnan I fllter pap«. The 
casein thus. obtained on filter papers were dispersed 
in diethyl ether 10 Iel110ve fat completely and finally 
filtered again through Whalman no. I filter paper. 
The; samples of casein thus obIained were dispersed 
in linle quantily of water and freeze dried. 

Analytical methods: Polyacrylamide gel electro­
phoresis (pAGE): Polyacrylamide gel electro­
pOOresis was carried out in an E-C vertical ceD ac­
cording 10 !he method of dejang (1975). Cluoma­
tOI'graphy of casein on sephadex G-1 00: The method 
suggested by Yogucbi and Tarassuk (1967), incorpo­
rating \he modif1Catioos adopted by Gupta {I 975) was 
used.. 

RESULT AND DISCUSSIONS 

EIcctrophoretic pallem of casein samples. frae­
liolUll.ed from. raw milk (A). 25% (B). 30% (C) and 
35% (0) T.s. fresh concenlrates on polyacrylamide 
gel electrophoresis (pAGE) have been shown in plate 
L The elution prome on sephadc~ G-IOO can be no­
ticed in F"'8- 1. a, lb, Lc and l.d for raw milt.. 25%, . 
30% and 3S% TS_ Concenlt3Ie while the elution 
volume in ml and relative percent proportions of dif­
f~1 fractions have been shown in Table_ I The re­
sults obtained at manufactuce serves as connot com­
paring the changes which has laken place during stor­
age_ 

TABLE 1 

I 

U 

I., 
tv 

"' 

Elulioll voJ_ (A) and rebti\'e propOt"lion of area IIneler various fractions 
(8) 01 casein ffOllll'aW buffalo milk and concelll1-ates obtained 

. throup chromatography on sephadell G-l00 (2.6ll60 em) column. 

Raw milk 2S%T.S. 3O%T.S. ~%T.S_ 

corx:enlt3te concenlrale concenlrate 
(A) (B) (A) (11) (A) • (B) (A) (B) 

IS 17.3 25 3S,5 45 47-4 40 62.S 

70 18.2 10 4'2.1 lIS 52.6 100 315 

45 4.S 50 9.5 

"- 15 1.5 

50 1.3 

in 
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CIIanps .t y,' ± 1" C In 2S'l> T.s. COIltmtrate : 

Elec.boplnetic mobility of casein samples from 25'l1> 
T.S. concenlnUeS stored for one mooth, three months 
and six months have been shoWII in Pla!e 2, 3. 4 (8). 
No difference in mobility was observed up to third 
month but at the end of si~th mont/!, reduced mobil­
ity was noticed. The elution profile from chromatog­
raphyon sephadex 0-100 has revealed a better pic­
ture of chaDges.lt has been shown. in Fig 2.a. 2,.h., 2.c 
and 2.d for first, second, third and sixth month of 
sromge period respeclively. Table 2 shows Ute elu­
tion volumes in ml and relative proportionaf COll­

centrntions of different eluted. fractioos on the com­
pletion of fust, second, thin! and six month of stor· 
age period. At the tenninaLiou of the fJtSt month of 
storage, the peak size of fraction I reduced and frac­
tion If also fragmented Into differemsmall fractiOl\ 
(Fig l.b and fig 2.a). The smaIl fractions could be the 
dissociation product of casein as well as interacted 
product of casein and whey proteins. At the ¢lid of 
second month. ooly IWofractions appeared which may 

be because of coalescence of minor fiaclions cSuring 
storage. It.is evident from Table 2 that Ibe coocentra­
tion of bodt the fractions increased. On the comple­
tion of third molllh a slight inclease in relative con­
~tration I)f fraction I had talcen pJace but fraction II 
bad fragmented into two smaller fractions with dif­
Jerent relative COlICentration. At the letIllination of 
sixth month, the peak size of fraction I was reduced 
considerably whereas concentration of fraction II 
illCreased. Again flactions III of Fig 2.c seemed to 
have fragmented into two fractions that is fraction III 
and IV (Fig ~.d.). Paulina and MaJ:kh (1980) also 
obseIved aggregation of casein micelles in condensed 
milk which fmalJy resulted into Dumbaof small frac­
tions on loog storage. The smaller peaks coming at 
the extremity could be due to fragmentation of amino 
sugar complex during storage. OIecscIiI3n and Knight 
(1974) also reponed fragmentation of proteiD dwing 
flfStfew months which finally aggregated on further 
storage of concentrated milk.. 

tABLE 2 
Elution volume (A) and relative proportion or area UDder various fraction s(B) or casein from 25 

percent total solids sterilized burralo milk concmtrate stvred at 3D' ± I'C obtained througll chroma­
tography oil scpham,x G-lOO (Z.6,,60 em) column. 

Fractions Storage period 
ISlmonth 2 nd mooth Jrdmonth 6 month 

A B A B A B A B 

I 28 17.6 30 4().6 30 43.0 40 21.2 

II 15 32.2 45 59A 40 48.6 65 67.9 

III 10 18.2 25 8.3 2S 8.0 

rv 40 13.4 15 2.9 

V 40 10.7 

VI 10 4.0 

VII 35 3.9 

Cbanges during stongr at 31' ± IT in 15% T.S. obiained "from 25% T .S. concentrate Slored at 31'C 
concentrate: The elecuopltoretic mobility of casein have shown in Fig 3.a, J .b. 3.c and 3.d for a slDrage 
samples of25% T.S. conccn!rare for the period of flISt, period-of 1m!, seoond.lhird and sixth months respec· 
third and sixth month have been shown in pla1e2, 3 lively. The relative concen!ration of protein fractions 
.~ (c). The eJectrophoreti(; behaviour remained more , and their respective elution volumes in mt have been 
or less similar 10 what had been observed for storage shown in table.3. From the Fig 3.a. it can be observed 
temperature of 30·C. The elution profile of casein that there arc two major fractions (fraction I and II) 
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of casein ob~ at the end of one month storage. 
On the tem1ination of second month the relati'ill con­
centration of both the fractiollll (fractioo I -and ll) 
increased (Table 3) while the fractioo ill of fig 3.b 
appeared 10 be amagamation of peaks m. IV and V 

of fig 3.3. At the completion of thinl month the rela­
tiv~ concentration of fraction I reduced 10 11.0% while 
second fraction increased 10 54.37% and another four 
small fractions appeared having relative proportions 
of 8.48. 7.95, 9.28 and 8.76 (Table 3). 

TABLEJ 
Elution volume (A) and relative proportion or area UDder various fractions (8) or casein from 25 

percent lOW solids sterilized buffalo milk concentrate. during storage at 37 ± rc obtained tbrougb 
chromatograpby on sephadex G.-100 (2.6%60 em) column. 

Fractions Storage period 
ISlmonth 2ndmonlh 3m month 6th month 

(A) (B) CA) 

I 25 43.2 45 

II 15 20.0 35 

III 15 23.3 75 

IV 60 12.1 

V 1!'i 0.8 

VI 

This showed that the ~gmentation of protein had 
laken place during slOrnge. The smaller fractions at 
this stage could have resulted because of amino sugar 
complex with the formation of carbonyl compounds 
(Paulina and Marth; 1980)~ At the extremity of St(ll'­

age a111hese fractions were o~ed 10 have assem­
blaged 10 fonn two peaks with relative pacent con­
cenlration of 74.26 and 25.74 with elution volumes 
of 70.0 and 50.0 m1 respectively (Table 3). The COli-' 

lescence of tile protein at the end of sUm month un­
der the present study appears 10 be similar 10 reports 
of Wilson (1911) and C~man and knight (1914) 
who also observed the aggregation of proteins during 
long storage of concenlrll!ed milk. 

(B) CA) (B) (A) (8) 

44.5 35 11.1 70 74.3 

26.7 30 54.4 50 25.7 

28.8 20 8.4 

15 7.9 

5 9.4 

35 8.8 

age (Fig 4.a). At the end of second month also two 
peaks were observed with a little change in percent 
composition of peak: I (fable 4). After storage of three 
months two peaks were noticed with a marked in­
';!\laSe and, a marked decrease in relative percent con­
centration of peak I aild II respecti"ely (Table 4). At 
the completion of sixth mOnlh fragmentation of frac­
tion II (Fig 4.c) lOok place. resulting inlO higher rela­
tive concentration of fITst fraction and formation of 
new frlIction III (Fig 4.d. Table 4). The elution pr0-

file and the relative concentraIicm. of fractions indi­
cated that aggregation of fraction I had taken place 
with fraction II and also fragmentation of fraction II 
(Fig 4.c) lOOk place. 

Changes during storage at 30" ± reIN 30% T.s~ Chllllges. during storage at 37±l"C in 30% T.S. 
concentrate: Like 25% T.S. concent:rllte slOted at CO!Icentrate: The pattern of electrophoretic lI'obility 
30"C, not much changes were observed in electro- was observed 10 bCsimilar to !bat of storage tempera· 
pborelic mobility of casein obtained from 30% T.S. t~ of 30"C (plate 2. 3.4-E) , Blit the elution profile 
COOCetitrates up 10 third mooth. At the termination of onseJlhadex gave a di fferenL picture as seen in fig. 5 
storage. only one fraction was detected inmis case. for different stoI1lgc period. At tbe end of first month 
The mobility remained almost similar (plate 2,3. 4- of storage. one large and three smaller fractions were 
D). Gel ftltratiOI1 proftle offraclionaied casein showed obr.ained (Fig 5.a) which coalesced to form one large 
two peaks on the completion of first month of star- fraction and onesmall fraction on we termination of 
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Casein palttrns of stored milk conctntrales 

TABLE 4 
Elytion volume (Al 11100 relative proportioos of area ullder various fractioos (8) of casein I'rom JO 

perceot total solids sterilized butralo milk ronci!Dtrate during storage at 30- ± rc obtained through 
cbromBlograpbYDD sepbadex G·lOO (2.6 X 60 em) column. 

Fractions Storage period 

Istmonth 2nd month 3rdmonth 6m[][1th 
(A) (B) (A) ' (8) (A) (B) (A) (B) 

I 25 61.7 110 69.4 25 49,2 60 75.0 

n 100 38.3 40 30.6 50 50.8 35 18.8 

ill 15 6.2 ---second month of storage. On the completion of third. in Table 5. The results thus suggested that at higher 
month also two fractions were obtained with a slight iota! solids concentration more coalescene of proteins 
increase in relative pacent concentration of fraction IOOIc place initially in stored samples both at 30' and 
I. Butat\be tetmination of six month of StOrage, drns- 37' Storage in rontrilSl 10 fragmentation of proteins 
tic fragmentation of both the fractions were noted at lower concentration (25% T.S. concenuate). Wilsoo 
which resulted into nine smaller fractions. The rela- (1971) and Schmidt (1975) also reported the fanna­
live percent ooncenlralions and elution volwnes ob- lion of large protein particles during storage of slerile 
taincd throughout \be storage period have been listed milk concelltrates of higher total solids. 

TABLES 
Elution volume (Al and relative proportion of area under varlPllS fractions (II) or cawiD from 30 

perunt IOtal solids steriliud buffalo milk concentrate duriDg storage at 37 ± t'e obtained through 
chromatography on sepbadex G-100 (2.6 x 60 em) coJIlJDIl. 

Fraction 

I 

n 
III 

IV 
V 

VI 

VII 

VIn 
IX 

(A) 

40 

50 

2S 

2S 

islmonth 

(B) 

65.5 

22.0 

9.4 

3.0 

Storage wiod 
2nd month. 3rd month 

(A) (B) (A) (B) 

75 86.7 50 ft7 

75 13.3 50 12.9 

.. 
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6th month 
(A) (B) 

- --
to S.O 
IS 23.5 

20 17.3 

10 16.5 
21) 14.3 

25 8.6 

10 8.0 
15 4.1 
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Casein partems of stored milk cohcen/rates • 

Changes during storage at 30' ± I'C in 35% T.S. 
concentrate: The electrophoretic pattern of casein 
samples obtained from 35% T.S. concentrate stored 
for one month, three months and six months are being 
shown in plate (2.3,4,·F). The pattern of mobility 
remained similar to 30% T.S. concentrate stored at 
this temperature for the similar period indicating not 
much of change occuring due to different total solids 
concentration. Table 6 show~ the elution .volumes in 
ml and percent concentrations of different frections 

obtained after chromatogrephy from the stoted 
samplcs. On the completion of first month seven peaks 
were obtained (Fig 6.a) which reduced toO four at the 
end of second month. On 1he termination of third 
month the numbcrof peaks further reduced to two 
and the number of peaks remained same at the end of 

. sixth month also. Theresu4s showed !hat the frag­
mentation of casein fraction had Ulken place up to the 
end offll'5tmonth whiCh coalesed during furlhQ'stor­
age period. 

TABLE 6 
Elution volume (A) and relative proportions of area uuder various fractions (8) of casein rrom 35 

percenttOlal solids sterilized buffalo milk concentrate during storage at 30' ± I'e obtained through 
chromatography on sephadex G·loo. (2,6x60 cm) columl!. 

Fre,tions Storag<;; period 
1st month 2nd month 3rd month 6 month 

I 

II 

III 

IV 

V 

VI 

VII 

(A) 

20 

45 

15 

15 

:5 

to 

20 

(B) (A) 

7.5 65 

40.3 45 

11.7 40 

25.0 30 

9.1 

3.2 

3.0 

Changes during storage at 31' ± 1"C in 35% T .S. 
concentrate: The electrophoretic pattern remainoo.the 
same as what had been observed for storage at 30'C 
(plate 2,3, 4-G), indicating nOI much of changeoc" 
curing due to different storage temperature and total 
solids concentration. The elution profile of chroma­
tography has beeJi shown in Fig, 7. The elution vol­
umes in ml and relative percent concentrations have 
been shown in Table 7 for the entire storage period. 
From the chromatographic proftle, il is seen that on 
the completion of first month only two fractions wer<;; 
obtained as compared to seven fractions noticed for 
the sample slored at 30°C. From the Fig 1. d it can be 
seen thai aggregation had Iaken place in fresh prod· 
uct of35% T.S. The two fractions appearing after one 
month storage fragmented into three frections at the 

(B) (A) (B) (A) CB) 

38.9 35 68.7 25 27.0 

32.0 65 31.3 85 73.0 

27.0 

2.2 

end of seci1lid month. On the termination of third 
month once again two peaks were obtained. And fi­
nally at the extremity of storage four peaks wm; ob­
tained. As indicated from Table 1 and 7 that fragmen­
tation Qf first fraction lOok place at the end of fIrst 
month which inteiacted with second fraction increas· 
ing the relative concentration from 37.54 to 51.29%. 
At the tcnnination of second month, the second frac· 
tion fragmented and interacted with first fraction, 
showing a relative concentration of 68-73 %: Finally 
at the exttemityof storege both the fractions frag­
mented resUlting· into fOIlf fractions. 

The beat treatment given to milk duriIlg p=s.s­
iog may affect the micellar Slate of casein. The 
changes in body and texture and viscosity of concen-
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TABL.E 7 
Elution mlume (A) and relative proportions of "rea under "arious fractions (8) of casein from 3S 

percent lotal solids sle~Hized buITalo milk concentrate during storage at 3T ± IT obtained through 
chromatography on sepl1adex G-IOO (2.6 x 60 em) column. 

Fractions Slorage I2criod 

1st month 2nd month 3rd month 6th mouth 

(A) (B) (A) 

I 30 48.7 35 

U 95 51.3 60 

m 10 

IV 

IJlIted sterilized milk are important to be considered 
during storage. Their aggregation and diSaggregation 
may lead 10 thicl::ening or thinning. gelatiou; sedimen­
tation etC. Very Ii ttle information is available 10 shaWl] 
!he influence of severe beat ITcatment on the sl<Ite of 
.. hole casein in concentrated products. The present 
ltudy which is primilinary is nature WIlS 10 cSl<Iblish 
.be necessity for go in depth of this problem. The 
Jrcsen! investigation has amplyrcvealcd lhat.lhcre 
He changes occuring in the Sl<Itcs of casein fraction­
lied from different sterilized concentrated buffalo 
nilk which were stored at 30·C and 37·C for differ.­
:nl periods.z 
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