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CHROMATROGRAPHIC
CASEINS OF STORED BUFFALO MILK

PATTERNS OF

CONCENTRATES

Studies were conducted o elucidare the siatus of protein fractions oblained from freshly prepared and stored
(36°C and 37°C) sterifized buffalo milk concentrates by tlectrophorelic mobility on polyacrylamide gel and and
by elution profite from chromatography through sephadex G-100 column. The resulls indicated the distinct
© changes in aggregaiion and disaggregation of proieins through the appearance and disappearaence of different

pecks in altion profile on sehadex columa.

Ar high total 20lids more coalescence of proteing took place initially in stored sample at 30°C and 37°C siorage
in contras! t¢ fragmentation of protein af lower lotaf solids (25% T.5.). Aggregation of proteins wos faster a1
siorage rermperatire of 37C compared ar 30°C. However, palyacrylamid gel electrophoresia gawe rira fo only
two bandy upto third menth of storage both a1 30°C and 37 c but al the and of sixth month, one band was noticed
with reduced mobility for 30% and 35% T.5. concentrale. Thuy these resulis alio confirm the aggregation of

proitias during starage.

INTRODUCTION

Interaction of casein with whey proteins and also
self aggregation of whey proteins takes place in the
manufacture of milk concentrates. During storage of
the milk concentraie both aggregation and fragmen-
tation of proteins have been reported by earlier work-
ers (Wilson et al., 1963; Morr, 1969; Harwalkar and
Vreeman, 1978; Sncemen et al., 1979). A progres-
sive decrease in non protein nitrogen was observed
The change could be because of reactivation of pro-
teolytic enzyme. During storage of UHT sterilized
milk concenirate, major changes in beta-casein frac-
ton alongwith a concomitant in alpha-fraction was
cbserved (Whitney er al., 1977). Changes in casein
during the storage of UHT sterilized milk was stud-
ied by Corradini (1975) using starch gel electro-
phoresis and indicated a decrease in relative concen-
tration of alpha-S,, alpha-5,, beta and kappa-casein
fraction and comesponding increase in gamma-casein
and para kappa-casein fraction. Harwalhar and Vree-
man {1978) studied the changes in casein obtained
- from stored UHT sterilized concentrated milk con-
taining phosphate and cbserved that the increase in
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gamma casein was less as compared to UHT steril-
ized milk concentrate without any stabilizer. They also
noticed an increase in proteose peplone and a decrease
in alpha -5,-casein. To study the changes in proteins
in detail, gel filtration technique was also used by
scientists in recent past (Majumdar et al., 1970; Morr
et al., 1964) and they resolved skim milk into three
fractions using sephadex G-100. Heal meatment ai
BR'C/10 mir ates reduced the number of peaks 10 two.
Paulina and Markh (1979) passed six months old
condensed milk through gel and obtained 25 fractions
that strongly absorbed UV light These contained
complex product of melanoidin which was not ob-
served in fresh condensed milk. Cheeseman and
knight (1974) studied the nature of casein aggregates
in heated and stored milk by gel filtration on sepha-
rose 6B. They observed that the increase in the length
of storage period of UHT milk caused more assem-
blage.

METERIALS AND METHDOS

Concentrated milk: Concentrated milks of 25, 30 and
35% total solids (T.S.), having mixed stabilizer (diso-
dium hydrogen phosphate: trisodium citrate: Kappa-
carrageenan:2:1:0.015) Concentration of 0.05, 0.10
and .15% respectively werc manufactured by the
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method of Prasad (1985).

Storage of samples: Samples were stored in two
laboratory incubators at temperatures of 30° + 1°C and
37 & 1'C separately. Upto third month the samples
were drawn at an interval of one month and then at
the last after six months.

Reconstitution of samples: Samples were reconsti-
toted to 15% T.S. so that the reconstituted product
had 6% fat and 9.0% SN.F.

Fractionation of casein: On litre of standardised
buffalo milk (6.0% fat and 9.0% S.N.F.) and recon-
stituted products were taken in separate beakers of 2
litres capacity. Two hundred sixty four grams of
ammonium sulphate was gradually added. to each
beaker over a period of 40 minutes with constant stir-
ring at 20°C. The precipitated casein and fat were al-
lowed to stand for one hour at 4°-5°C, Clear whey was
then obtained by filtration through whatmman no. |
filtre paper. The mixwre of casein and fat which
remained on filter paper was redispersed m one litre
of distilled water and 244 gm of ammonium sulphate
was added gradually in the same manner stated above.
After allowing to stand for one hour at 4°-5°C, the
contents were filtered separately through whatman
no.1 filter paper, The casein samples obtained on fil-
ter papers were dispersed in double the quantity of
acetone in separate beakers and the acetone-lipid-
casein mixture was mixed in an elecirical mixer for 2

minutes. The acetone-lipid and casein mixture was
then filtered through whatman | flter paper. The
casein thus obiained on filter papers were dispersed
in diethyl ether w0 remove fat completely and finally
filtered again through Whatman no. 1 filter paper.
The samples of casein thus obtained were dispersed
in lictle quantity of water and freeze dried.

Analytical methods: Polyacrylamide gel electro-
phoresis (PAGE): Polyacrylamide gel electro-
phoresis was carried out in an E-C vertical cell ac-
cording w the method of dejong (1975). Chroma-
worgraphy of casein on sephadex G-10(0: The method
snggested by Yoguchi and Tarassuk (1967), incorpo-
rating the modifications adopted by Gupta (1975) was
used.

RESULT AND DISCUSSIONS

‘Electrophotetic pattern of casein samples, frac-
tionated from raw milk (A). 25% (B), 30% (C) and
15% (D) T.5. fresh concentrates on polyacrylamide
gel electrophoresis (PAGE) have been shown in plate
L. The elution profile on sephadex G-100 can be no-
ticed in Fig. 1. a, 1.b, 1.c and 1.d for raw milk, 25%,
30% and 35% T.S. Conceatrate while the elution
volume in ml and relative percent proportions of dif-
ferent fractions have been shown in Tabie. 1 The re-
sults obtained at manufacture serves as contot com-
paring the changes which has taken place during stor-
age.

TABLE 1
Elution velume (A) and relative proportion of area under various fractions
(B) of casein from raw buffalo milk and concentrates obtained
. through ckromatography on sephadex G-100 (2.6x60 cm) column,

Frac Raw miik 25% T.5. 30% T.S. 35% T.S.
tions concenirate: concentrate concentrale
(A) (B) (A) (B) (A) - (B) (A) (B)
i 15 17.3 25 35.5 45 474 40 62.5
0 70 782 10 421 115 526 100 375
il 45 4.5 50 " 95 - o~ - -
v - - i5 1.5 - - - -
v - - 50 1.3 = - - —
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Casein paiterns of stored milk concenirates
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Changes at 30" £ 1' C in 25% T.S. concenirate !
Electrophoretic mobility of casein samples from 25%
T.S. concentrates stored for one month, three months
and six months have been shown in Plate 2, 3, 4 (B).
No difference in mobility was observed up to third
month but at the end of sixth month, reduced mohil-
ity was noticed. The elution profile from chromatog-
raphy on sephadex G-100 has revealed a better pic-
ture of changes. It has been shown in Fig 2.2,2.b., 2.¢
and 2.d for first, second, third and sixth month of
storage pericd respectively. Table 2 shows the elu-
tion volumes in mi and relative proportion of con-
cenrations of different eluted fractions on the com-
pletion of first, second, third and six month of stor-
age period. At the termination of the first month of
storage, the peak size of fraction I reduced and frac-
tion Il also fragmented 1nio different small fraction
(Fig 1.band fig 2.a). The small fractions could be the
dissociation product of casein as well as interacted
product of casein and whey proteins. At the end of
second month, only two fractions appeared which may

-

be because of coalescence of minor fractions during
storage. It is evident from Table 2 that the concentra-
tion of both the fractions increased. On the comple-
tion of third month a slight increase in relative con-
centration of fractzon [ had taken place but fraction II
had fragmented into two smaller fractions with dif-
ferent relative concentration. At the tevmination of
sixth month, the peak size of fraction I was reduced
considerably whereas concentration of fraction II
increased. Again fractions I of Fig 2.c seemed to
have fragmenied into two fractions that is fraction ITI
and IV (Fig 5.d.). Paulina and Markh (1980) also
observed aggregation of casein micelles in condensed
milk which fimally resulted into numbezr of small frac-
tions on long storage. The smaller peaks coming at
the extremity could be due to fragmentation of amino
sugar complex during storage. Cheeseman and Knight
(1974) also reperied fragmentation of protein during
first few months which finally aggregated on further
storage of concentrated milk.

TABLE 2
Elution volume (A) and relative proportion of area under various fraction s(B) of casein from 25
percent total solids sterilized buffalo milk concentrate stored at 30° + 1°C obtained through chroma-
tography on sephadex G-100 (2.6x60 cm) column.

Fractions Storége period
Ist month 2nd month 3rd month 6 month

A B A B A B A B
I 28 7.6 30 40.6 0 43.0 40 212
I 15 322 45 594 40 48.6 65 679
I 10 18.2 = ~ 25 8.3 25 8.0
v 40 134 % " - = 15 29
v 40 10.7 - LS - - - -
VI 10 4.0 - - - - - -
viI 35 39 - - - - - -

Changes during storage 2t 37 £ 1°C in 25% T.S.
concentrate: The clecirophoretic mobility of casein
samples of 25% T.S. concentraie for the period of first,
third and sixth month have been shown in plate 2, 3
4 (c). The electrophoretic behaviour remained more
or less similar to what had been observed for storage
temperature of 30°C. The elution profile of casein

obtained from 25% T.S. conceatrate stored at 37°C
have shown in Fig 3.3, 3.b, 3.c and 3.d for a stwrage
period of first, second, third and sixth months respec-
tively. The relative concentration of protein fractions
. and their respective elution volumes in ml have been
shown in table 3, From the Fig 3.a, it can be observed
that there arc (wo major fractions (fraction I and IT)
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of casein obtined at the end of one month storage.
On the termination of second month the relative con-
centration of both the fractions (fraction [ -and II)
increased {Table 3) while the fraction ITI of fig 3.b
appeared 10 be amagamation of peaks III, IV and ¥

-

of fig 3.a. At the completion of third month the rela-
tive concentration of fraction I reduced to 11.0% while
second fraction increased to 54.37% and another four
small fractions appeared having relative proportions
of 848, 7.95, 9.28 and 8.76 (Tabie 3).

TABLE ¥

Elation volume (A} and relative proportion of area under various fractions (B) of casein from 25
percent total solids sterilized bufTaio milk concentrate during storage at 37 + 1°C oblained through
chromatography on sephadex G-100 (2.6x60 cm) columa.

Fractions Storage period
Isi month 2nd month Ard month 6th month
(A) (B} (A) B) (A) (B) (A {B}
I 25 432 45 445 a5 11.1 10 74.3
i 15 200 35 267 0 544 50 257
11t 15 233 75 28.8 20 &84 - -
Iv 60 12.7 - - 15 79 - -
v 15 0.8 - - 5 94 - -
VI - - = = 35 B8 - -

This showed that the fragmentation of protein had
taken place during siorage. The smaller fractions at
this stage could have resultec because of amine sugar
complex with the formation of carbonyl compounds
(Paulina and Markh; 1980). At the extremily of stor-
age all these fractions were observed 10 have assem-
blaged to form two peaks with relative percent con-
centration of 74.26 and 25.74 with elution volumes
of 70.0 and 50.0 mi respectively (Table 3). The coa-
lescence of the protein at the end of sixth month un-
der the present study appears 1o be similar to reports
of Wilson (1971) and Cheeseman and knight (1974)
who also observed the aggregation of protems during
long storage of concentraied milk.

Changes during storage at 36"+ I'C'IN 30% T.S.
concentrate; Like 25% T.S. concentrate stored at
30°C, not much changes were observed in electro-
phoretic mobility of casein obtained from 30% T.5.
concenirates up (o third month. At the termination of
storage, only one fraction was detected in.this case.
The mobility remained almost similar (Plate 2,3, 4-
D). Gel filtration profile of fraclionated casen showed
two peaks on the completion of first menth of stor-

age (Fig 4.a). At the énd of second month also two
peaks were abserved with a little change in percent
composition of peak I (Table 4). After storage of three
months two peaks were noticed with a marked in-
crease and o marked decrease in relative percent con-
ceniration of peak I and Il respectively (Table 4). At
the completion of sixth month fragmentation of frac-
tion II (Fig 4.c) took place, resulting into higher rela-
tive concentration of first fraction and formation of
new [raction I (Fig 4.d, Table 4). The elution pro-
file and the relative concentration of fractong indi-
cated that aggregation of fraction I had taken place
wilh fracuon II and also fragmentation of fraction I
(Fig 4.¢) took place.

Changes during storage at 37+1°C in 30% TS.
concentrate: The pattern of electrophoretic mobility
was observed to be similar to that of storage tempera-
ture of 30°C (Plate 2, 3.4-E). Rut the elution profile
on sephadex gave a different picture as seen in fig. 5
for different storage period. At the end of first month
of storage, one large and three smaller fractions were:
obtained (Fig 5.2) which coalesced 10 form one large
fraction and oae small fraction on the termination of
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Casein patterns of stored milk concentrates

TABLE 4
Elution volume (A) and relative proportions of ares under various fractions (B) of casein from 30
percent total solids sterilized buffalo milk concentrate during storage at 30"+ 1°C obtained ihrough
chromatography on sephadex G-100 (2.6 x 60 cm) column.

Fractons Storage period
Ist month 2nd month 3rd month 6 month
(A) (B) (A) (B) (A) (B) (A) B)
i 25 61.7 110 694 25 492 60 715.0
I 100 383 40 306 50 50.8 35 18.8
I - - - - - - 15 6.2
; —

secand month of storage. On the completion of third,

month also iwo fractions were obtained with a slight
increase in relative percent concentraton of fraction
I. But a1 the termination of six month of storage, dras-
tic fragmentation of both the fractions were noted
which resuited into nine smaller fractions. The rela-
tive percent concentrations and elution volumes ob-
tained throughout the storage period have been listed

e

in Table 5. The results thus suggested that at higher
total selids concentration more coalescene of proteins
1ock place initially in stored samples both at 30" and
37" sworage in contrast to fragmentation of proteins
at lower concentration (25% T.S. concentrate}. Wilson
(1971) and Schmidt (1975) also réported the forma-
tion of farge protein particles during storage of sterile
milk concentrates of higher total solids.

TABLE §
Elution volume (A) and relative proportion of area under various fractions (B) of casein from 30
percent total solids sterilized buffaio milk concentrate during storage at 37 1+ 1°C obtained through
chromatography on sephadex G-100 (2.6 x 60 cm) column.

Fraction Storage period
Ist month Znd month, 3rd month 6th month

(A) B ® (B) (A (B) A @
i 40 65.5 75 86.7 50 87 10 50
i} 50 220 75 13.3 50 12.9 15 23.5
I 25 94 - = = = 20 17.3
v 25 - 3.0 - - » - 10 16.5
v - - - . - o 20 143
VI - - = - - = 25 8.6
VI - ” - T - - 10 8.0
Vil - e - - . 15 4.1
X = = - - 2 - 25 26
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Changes during storage at 30" = 1°C in 35% T.S.
concentrate: The electrophoretic paliern of casein
samples obuained from 35% T.5. concenurate 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.8. concentrate stored at
this iemperagure for the similar period indicating not:
much of change occuring due to different total solids
concentration. Table 6 shows the elution volumes in
ml and percent concentrations of different fractions

obtained after chromatography from the stored
samples. On the completion of first month seven peaks
were obtained (Fig 6.a) which reduced to four at the
end of second month. On the termination of third
moenth the number of peaks further reduced to two
and the number of peaks remained same at the end of

" sixth month also. The results showed that the frag-

mentation of casein fraction had taken place up to the
cnd of first menth which coalesed during further stor-
age period. .

TABLE 6
Elution volume (A) and relative proportions of area upder various fractions (B) of casein from 35
percent total solids sterilized buffale milk concentrate during storage at 30"+ 1°C obtained through
chromatography on sephadex G-100 (2.6x60 cm) column.

Fractions Storage period .
st month __2nd month 3rd month & month

(A) (B) (A) (B) (A) {B) (A) (B)
1 20 T3 65 389 35 68.7 25 27.0
Il 45 40.3 45 32.0 63 313 85 730
I 15 1.7 a0 27.0 - - - =
v 15 250 30 22 - - - -
A 5 g1 - = = . - 2
VI 10 3.2 - = - & _ _
VII 20 3.0 - - - - - -

Changes during storage at 37 £ 1°C in 35% T.5.
concentrate: The electrophorctic pattern remained the
same as whal had been observed for storage at 30°C
(Plate 23, 4.}, indicating not much of change oc-
curing due to different siorage temperature and total
solids comceniration, The elution profile of chroma-
tography has been shown in Fig. 7. The elution vol-
umes in m} and relative percent concentrations have
been shown in Table 7 for the entire storage period.
From the chromatographic profile, it is seen thet on
the completion of first month only two {ractions were
obtained as compared to scven fractions noticed for
the sample siored at 30°C. From the Fig 1. ditcan be
seen that aggregauon had Laken place in fresh prod-
uct of 35% T.S. The two fractions appearing after one
month storage fragmented into three fractions at the

end of second month. On the termination of third

month orce again two peaks wert: obtained. And fi-

nally at the extremity of storage four peaks were ob-
tained. As indicated from Table 1 and 7 that fragmen-
tagion. of first fraction tock place at the end of first
month which interacted with second fraction increas-

ing the relative concentration from 37.54 to 51.29%.

At the termination of second month, the second frac-
ion fragmented and interacted with {irst fraction,
showing a relative concentration of 68.73%. Finally

at the extremily of storage both the fractions frag-

mented resuiting into four fractions.

The heat treatment given 1o milk during process-
ing may affect the miceilar state of casein. The
changes in body and texture and viscosity of concen-
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TABLE 7
Elution volume (A) and relative proportions of area under various fractions (B) of casein from 35
percent 1otal solids sterilized buffale milk concentrate during storage at 37" + 1'C obtained through
chrematography on sephadex G-100 (2.6 x 60 cm) column.

Fractions ) Storage period )
Ist month _ 2nd month 3rd month 6th month
(A) (B) (A) (B) (A) (B) (A) (B)
| 30 48.7 35 63.6 25 68.7 20 8.0
n 95 5.3 60 34.8 60 313 60 10.2
Il - - 10 1.6 - - 25 61.1
v - - - - — - 60 207

trated sterilized milk are important to be considered
during storage. Their aggregation and disaggregation
may lead to thickening or thinning, gelation; sedimen-
wtion etc. Very little information is available 1o shown
the influence of severe hear reatment on the state of
whole casein in concentrated products. The present
study which is primilinary is nature was to ¢stablish
Jhe necessity for go 1n depth of thas problem. The
Jrcsent investigation has amply revealed that there
are changes occuring in the stales of casein fraction-
iled from different sterilized concentraied buffalo
nilk which were stored a1 30°C and 37°C for differ-
mi periods.z
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