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CHANGES IN THE ELECTROKINETIC POTENTIAL OF MILK FAT GLOBULES DURING AGEING

D. RAMBHAU, G. M. PANPALIA*, B. R. REDDY, V. L. THAKUR ano A. K. DORLE
Department of Pharmacentical Sciences, University Campus, Nagpur 440010

ABSTRACT
Eiect of incubation time on the electrokinetic potential (EKP) of fat globules of boiicd
and unboiled buffalo milk was studied by employing microelectroshoretic technique. Applicatior
of concept of EXKP to evaluate physical stability of milk, revealed (he superior stability of boiled
milk over the undoiled milk. Possible mechanisms of decay in electrokinetic potential during ageing

arc proposed.

INTRODUCTION

n ILK is a dilute oil-in-water emulsion. The stali:ty

of fat globules of milk is due to the protective
film of proteins and phospholiPids adsorted on the
surfase of fat globules, The proteins and phospholipids
confer a certain charge on the surface. The signifi-
cance of such surface charge, which is reflected 1n the

magnitude of EKP, in securing physical statility of

milk was recoghized at a fairly early dateb 2,

A numer of investigators’~® have studied electro-
kinetic behasiour of milk fat globules suspended in
diferent bufer solutions. Moyer® reported the differ-
eases in the elestrophoretic mobility of washed and
unwashed milk fat globules. Riddick’ investigated
the efect of desorption of charge conferring mole-
cules on the EKP of milk fat zlobules. However, no
resorts regarding the changes in the electrokinétic
potential of milk fat globules during ag€ing are avail-
a»le. Hance, in the present investigation, the changes
in the EXP of milk fat glooules, occurring during ageing
were studied with a view to examine the role of
EKP in the physical stability of milk,

EXPERIMENTAL

Milk was Obtained from five healthy buffaloes of
Murrah breed belonging to the age group of 5 to 8
years. The fresh milk was divided into two equal
poriions. The first portion was kept raw and the
second was heated at 100° C for 3 minutes and was
allowed 10 ¢0ol {0 1oom femperature (30°C). Both,
rav milk (RM) and boiled milk (BM) were then
stored in an incubator maintained at 37 £ 1°C.
The sambsles from BM and RM were subjected to
pH and EKP measurements at Intervals,

(i) EKP Measurement

A cylindrical microelectrophoresis cell of 1 mm
diamster, fitted with platinum electrodes, was emPloyed
for the measurement of electrophoretic mobility (EM)
of milk fat globules, EKP was then calculated by
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* For correspondence.

substituting the value of EM in Smoluchowki’s.
Eil‘:litlﬂllﬁ~ >tails of EM measurements and calcu-
lations of EKP are reported in our Previous paper®

RESULTS

Figures 1 and 2 show the changes in the EXP and
PH of boiled and unoiled milk with the time of
incubation. From Fig. 1, it can be seen that
the initial EKP values of RM and BM are almost
similar being — 24-77 and — 23-68 mVs resPectively.
Both of them had an initial PH of 6-6 (Fig. 2).

BM showed & steady decrease in the EKP with
time, whereas in the case of RM a slow EKP decay
up to four hours of incubation was followed by a
rayid rate of decay in the later period (Fig. 1).

RM and BM showed the lag periods of four and
ten hours resyectively, during which the pH of both
the systems remained practically unchanged (Fig. 2).
Alter the lag period the pH changes in both RM and
BM appear to follow an exponential decay pattern,
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FiG. 1. Effect of timre of incutation on EKP «f
milk fat glcbules.

O0—O0 RM (Raw milk); @—@& BM(Boiled milk) 3
Bars indicate standard deviation.
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Fic. 2. pH changes in milk during ageing.
0—0 RM: @—® BM; Bars indicate standard
deviation,

The changes in the state of fat globules of RM
were studied by taking the photomicrograrhs at various
{ntervals. During the first two hours in RM, the nulk
fat slobules were in the state of good dispersion. From
the fourth hour, commencement of aggregation of fat
zlobules could be seen which progressively intensified
with time. At the end of seven hours, the formation
of curd was oYserved. Thereafter, the fat globules
lost their discreteness and almost tecame Polyhydral
in shape.

Similar to RM, abYsolute dispersion of fat globules
were also seen in the BM but for the first six hours.
Agaregation commenced at the end of 8 hours which
hrogressed slowly up to 10 hours. At the end of 12
pours, the formation of conventional curd was observed

RM and BM at the point of curdling exhitited the
EKP of — 16-42 and — 16:96 mV¥s and pH of 3558

and 5-70, respectively.

DISCUSSION

Although the information is available about fat
membrane proteins aad phospholipids, the problem
of their comyosition and orientation still awaits full
eluzidation'®, Furthermore, few quantitative data
are available for the concentrations of individu.al
proteins in cow’s milk and virtually none for those in
the milk of other svecies'!s Therefore, at the present
state of knowledge, it is difficult to expolain the exact
origin of charges, whichare reshonsible for the electro-
neg itive slectrokinetic potential, on the milk fat globules
of buffalo milk. The freshly drawn milk showed an
EKP of about — 24 mV which is close to the value
reported earlier'”,
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There appears a fair correlation between pH and
EKP of RM during ageing (Fig. 3). The rapid rate
of EKP decay in this system may be attributed to the
PH dependent release of free calcium from calcium
caseinate-calcium phosphate complex!® as depicted
in the schematic diagram (Fig. 4). The calcium ion
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Fig. 3. Relation between EKP and pH of milk.
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FiG. 4. Schematic resresentation of the mecha-
nism of EKP decay.
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diz to its ~referential adsorption'* on the double
laser asts as 3 counter-ion, thereby reducing the EKP
due to desreased double layer thickness!™?,

For the first 10 hours of study, the decrease in the
EXP of hoited milk seems to be a pH-independent
phenomenon (Fig. 3) Where the EKP has dropped down
to — 191 mV from the initial value of — 23-7 with
prastically no change in the pH of the system. The
EKP decay in this period may be attrituted to the
release by heating, of physically bound calcium®®, from
cal:ium caseinate calcium phosphates complex, in the
form of di- and tei-calcium phosathate. EKP decay
in this neriod srogresses slowly and persists for a longer
tim: due to slow availahility of calcium fiom the
spirinily soluble calcium phoschates. As the soluble
calzium from the bulk enters into the double laver,
the eluilidrium between iasolutle and soluble forms
of :al:ium =hosohates i1s shifted in the direction of
soluble form, thus making the calcium available for
adsorition at interface. The mechanism of such
relaass is schematically remresented in Fig. 4. Beyond
ten hours, decav in the EKP of BM can be atirituted
to the mechanism governing the changes in the EKP
of RM.

Ridiick!® pointed out that the natural colloidal
systems like milk, blood, ¢ic., exhibit ahsolute disper-
sion at rzlatively low electronegative EKP values.
In hoth the systems, a few millivolts drop in EKP
had induzed the phenom2non of asgregation c¢f fat
sloSules. This supports the view®® that naturalcolloids

achieve significant agglomeration with little decrease
in EKP,

The fundamsntal concept of colloid sctence suggests
that the asgregation of the colloid particles only occurs
when the EKP of the system is lowered®, Milk is a
colloid and curd is an aggregated colloid and there-
fore, the curdling of milk also seems to be governed

by the basic laws of EKP ela>orated for the colloidal
systerms.
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