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Abstract

Protein-surfactant interactions have been investigated by measuring ¢-potential of B—lactoglobulin~coated
emulsion droplets and B-lactoglobulin in solution in the presence of surfactant, with particular emphasis on
the effect of protein heat treatment (70°C, 30 min). When ionic surfactant {SDS or DATEM) is added to the
protein solution, the £-potential of the mixture is found to increase with increasing surfactant concentration,
indicating surfactant binding to the protein molecules. For heat—denatured protein, it has been observed that
the {-potential tends to be lower than that of the native protein. The effect of surfactant on emulsiens is
rather complicated. With SDS, small amounts of surfactant addition induce a sharp increase in zeta potential
arising from the specific interaction of surfactant with protein. With further surfactant addition, there is
a gradual reduction in the {-potential, presumably caused by the displacement of adsorbed protein (and
protein—surfactant complex) from the emulsion droplet surface by the excess of SDS molecules. At even
higher surfactant concentrations, the measured zeta potential appears to increase sliphtly, possibly due to
the formation of a surfactant micellar structure at the oil droplet surface. This behaviour contrasts with
the results of the corresponding systems containing the anionic emulsifier DATEM, in which the {-potential
of the system is found to increase continuously with R, particularly at very low surfactant concentration.
Overall, such behaviour is consistent with a combination of complexation and competitive displacement
between surfactant and protein occurring at the oil-water interface. In addition, it has also been found that
above the CMC, there is a time-~dependent increase in the negative {-potential of emulsicn droplets in
solutions of SDS, possibly due to the solublization of pil droplets into surfactant micelles in the aqueous
bulk phase.
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INTRODUCTION

Most food emulsions are in part stabilized electro-
statically according to DLVO theory arising from adsor-
bed charged molecules, such as proteins, small-molecule
surfactants, etc. As well as competing for space at the
oil-water interface, the two kinds of surface-active
species will tend to interact in the buik phase and af the
interface, possibly leading to the formation of a distinct
complex (1,2). Interactions between proteins or polymers
and low-molecular-weight surfactants have heen ex-
tensively studied over the past several decades (3-6).
The major thermodynamic driving force for interaction
is the hydrophobic effect, i.e., the association of the alkyl
chain of the surfactant molecules with the hydrophaobic
regions of dissolved polymer molecules. At the same
time, the head group of ionic surfactants may also be
involved in attractive interactions with cppositely

charged groups along the polymer chain (1),

The electrophoretic mobility of a protein—coated
particle depends on the distribution of electrical charge
in the macromolecular layer at the surface of shear (7).
The technique may be used to probe competitive ad-
sorption between proteins and between protein and
surfactant by monitoring the change in emulsion droplet
mobility. According to Dickinson et al. {8), the mobility
of a-lactalbumin emulsion droplets is reduced by the
addition of B-casein towards that for B-casein droplets.
On the other hand, no such effect was observed for §-
casein addition to B-lactoglobulin emulsion droplets.
This behavior is consistent with other experiments
carried out on the same systems, implying either the
displacement of previously adsorbed protein (le, o-
lactalbumin by B-casein) or the absence of protein
displacement {i.e., B-lactoglobulin by B-casein). It has
been established that the addition of water-soluble
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surfactant to a protein-stabilized emulsion leads to
reduced protein surface concentration to an extent which
depends on the surfactant concentration (9). Since
protein-coated emulsion droplets carry a substantial
charge, the interfacial protein displacement may result
in a change in the surface charge density of the droplets
ie., in the &-potential. Recently, several workers have
reported a change in calculated ¢ -potential (or measured
electrophoretic mobility) of the emulsion droplet as
interfacial protein is displaced by the small-molecule
surfactant, ie., in systems containing $-casein + Tween
20 (10,11).

The ¢-potential alsc appears to be affected by the
native protein-protein or protein-surfactant interfacial
interactions, According to Chen and Dickinson (12), the
addition of cationic gelatin to a B-lactoglobulin— sta-
bilized emulsion causes the {-potential of the emulsion
droplets {o increase as a consequence of interaction
between the two species. This increase in § —potential
reaches a maximum at gelatin concentration of ca. 0.3
wt %, corresponding to the point of charge neutralization.
On the other hand, the results ¢htained for SLES ZEO
addition to a gelatin—stabilized emulsion are rather more
complicated. It was found that the zeta potential decreases
of increases depending on the surfactant concentration,
suggesting the protein-surfactant interfacial interactions
or the displacement of interfacial gelatin,

In the current study, protein-surfactant interactions
will be further explored by measuring the electrophoretic
mobility (or calculated ¢-potential) of protein-coated e~
mulsion droplets and protein in solution in the presence
of varlous surfactants-well studied anionic SDS and
water-dispersible anionic DATEM (food-grade). A com-
parison will be made between the native and the
heat~denatured protein (70°C, 30 min). In addition, for
some experiments, time-dependent development of &-
potential will be determined for protein-coated emulsion
droplets in the presence of surfactant. Hopefully, the
results obtained here can perhaps be related in some way
to the interfacial and rheological properties of protein-
stabilized emulsion or emulsion gels containing the
surfactant,

MATERIALS AND METHODS

Materials

The hovine B-lactoglobulin (purity >89 wt %), sodium

dodecy! sulphate (SDS), N-ethylmaleimide(NEM), and
n-tetradecane (purity>99.9 wt %) were obtained from
Sigma Chemicals. Commercial-grade DATEM (17% es—
terified tartaric acid; major fatty acid-palmitic and
stearic) was donated by Danisco Ingredients {Brabrand,
Denmark). Buffer solutions were prepared with ana-
Iytical grade reagents and double-distilled water.

Methods

Emulsion preparation

The native protein was dissolved in bis~tris buffer {20
mM, pH 7) at room temperature and this was placed in
a 100 ml flask in a water bath at 70°C for 30 min, then
cooled Immediately to room temperature to produce the
heat-treated sample. The emulsion (1.6 wt % B-lactoglo-
bulin, 38 wt % n-tetradecane, 20 mM bis-tris, pH 7) was
prepared with both the native and heat-treated protein
using the jet homogenizer (13)

The zetasizer

Laser Doppler electrophoresis was carried out using
the Zetasizer 4 {Malvern Instrument, Malvern) fitted
with capillary cell ZET 5104. The capillary cell in the
instrument was cleaned periodically and reassembled in
the correct position. Before taking measurements, the
jaser beams were carefully aligned so that they crossed
exactly at one of the two stationary layers. This enabled
the electro-osmosiz flow to be cancelled out. For this
alignment, a AZ53 electrophoresis standard latex sus—
pension {(which comprises a carbozylated polystyrene
latex) was used to make the laser heams visible. The
standard latex suspension was prepared by diluting the
AZ55 dispersion with .020 M phosphate buffer at pH
7. The mean value of the zeta potential of these latex
particles should be co. -95+2mV ar 25°C under con-
ditions of proper aligniment.

Determination of electrophoretic mobility

Electrophoretic mobility measurements were carried
out on ermulsions or protein solutions (0.4 wt %4 B-lacto-
globulin, 20 mM his—tris, pH 7) at room temperature
using a Malvern Zetasizer 4, fitted with the ZET5H104
sample cell. The mobility of samples was measured at
a certaln count rate (ca. 1500 keps) which was achieved
by diluting the emulsion samples (no dilution for the
protein solution) extensively with buffer solution con-
taining the required amounts of surfactant (dilution
extent=1 : 6000). The diluted emulsion or the protein
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solution (ce. 10 ml) was then injected through the sample
cell in each experiment, and the quoted result, expressed
as zeta potential ¢ is the average of three independent
measurements. The measured {-potential of diluted
emulsion samples containing surfactant was found to
change with time. Unless, otherwise stated, the mea-
surement was carried out 10 min after sample prep-
aration, ie, after dilution of emulsion.

RESULTS AND DISCUSSION

B-Lactoglobulin+SDS systems

The interactions between protein and the anionic
surfactant SDS have been studied by monitoring the
change in calculated zeta potential upon addition of
surfactant. The binding of the anionic surfactant to -
lactoglobulin at pH 7 would be expected to lead to an
increase in the net charge on the protein-surfactant
complex, This is illustrated in Fig. 1 which shows a plot
of the zets potential of the protein (surfactant complex
as a function of surfactant concentration for native or
heat-denatured B-lactoglobulin (70°C, 30 min} solutions
(0.4 wt % protein, 20 mM bis~tris buffer, pH 7). Pure
B-lactoglobulin molecules (in the gbsence of added sur-
factant) have a zeta potential of {=-265mV { {=-267%
05 mV for native B-lactoglobulin, {=-26.1L05 mV for
heat-treated PB-lactoglobulin). For hoth samples, the
addition of surfactant produces an increase in the
effective net charge on protein suggesting the formation
of B-lactoglobulin/SDS complex. Qualitatively similar
results were found in systems containing f-lacto-
globulin+SLES 2EOQ (12). These observations also in
part support the results of the interfacial shear viscosity
experiments that, due to the slow breaking down of
protein (surfactant complex under shear, shear-thinning
hehaviour was cbserved with the interfacial film con-
taining f-lactoglobulin+5DS, and measurements of
rheology of protein and protein-stahilized emulsion gels
obtained with the same system that the gel strength was
found to depend on interactions between protein and
surfactant (14). What is noteworthy here is that, with
increasing surfactant concentration, the heat-denatured
protein exhibits a lower ncrease in magnitude of the
negative zeta potential compared to that of the native
protein; the difference was enlarged at higher surfactant
concentrations, possibly due to more pronounced sur-
factant binding to native B-lactoglobulin. Less sur-
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Fig. L. Influence of SDS on the zeta potential of B~
lactoglobulin solutions (0.4 wt % protein, 20 mM
bis~tris buffer, pH 7).

Zeta potential § is plotted against surfactant con-
centration for the two protein solutions: [J, native
protein; @, heat-denatured protein (70°C, 30 min).

factant binding of heat-denatured protein is consistent
with the results of Oakes (13). The explanation may lie
in the formation of protein aggregates during heat treat-
ment, which leads to a reduction in the hydrophoebicity
of protein (16,17). This means that heat-denatured
protein has less binding sites (hydrophobic sites) avail-
able for SDS interaction, and therefore a lower zeta
potential.

Likewise, with the protein-stabilized emulsicn, the net
negafive charge at the protein-coated droplet surface
might be expecled to increase in magnitude as a con-
sequence of surfactant hinding. This is illustrated in Fig.
2 by the plot of the zeta potential of the emulsion droplets
{d3» =055 um) against surfactant concentration (B-lacto-
globulin emulsion: 1.6 wt % protein, 38 wt % oil, 20 mM
his-tris buffer, pH 7). The electrophoretic mobility was
measured 10 minutles after sample preparation. Oil drop-
lets coated solely with adsorbed B-lactoglobulin have a
zeta potential of £=-584%+1.0mV. A relatively small
addition of SDS induces a sharp increase in zeta
potential, which reaches a maximum (negafive) value of
§=~-T70 mV at a surfactant concentration of ca. 0.06 wt
9% (208107 M, slightly below the CMC of SDS ie,
29%10™ M in buffer (18). Further surfactant addition
leads to a gradual reduction in {-potential. Then, at even
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Fig. 2. Zeta potential { of protein-stabilized emulsion
droplets (1.6 wt % B-lactoglobulin, 38 wt % n-—
ietradecane, 20 mM bis-tris buffer, pH 7) in
solutions of different SIS concentration.

higher surfactant concentrations, the calculated zeta
potential appears to increase slightly again.

At low surfactant concentrations (e, up to 0.06 wt
%), the observed increase in zeta potential is undoubt-
edly the result of surfactant binding. An increase in
surfactant concentration, however, leads to the displace-
ment of interfacial protein or protein-surfactant complex
from the interface, as reflected in the gradual reduction
in zeta potential. At the end of the decrease, it could be
assumed that the oil droplets are solely coated with
surfactant layer. At this point onwards, further surfac-
tant adsorption onto the oil droplet could be possible,
forming a surfactant miceliar structure at the oil droplet
surface {(19-21). This may explain the slight increase in
zeta potential observed at higher surfactant concen-
trations, It is alsc noteworthy that SDS-coated oil
droplets exhihit a substantial zeta potential value (higher
than that of pure B-lactoglobulin-coated oil droplets) at
the surfactant concentration of 0.17 wt % ( £=-63 mV),
at which value presumably all the interfacial protein had
heen displaced. According to Hunter (1981), near the
bulk CMC, densely packed and verticaily oriented ionic
surfactant lavers (called hemi~micelles} are formed on
a hydrophobic surface, eventually leading to the for-
mation of surfactant micelles with further increase in
surfactant concentration. Therefore, it could be pre-
sumed that at a surfactant concentration of (.17 wt %3
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I'ig. 3. Effect of heat denaturation on zeta potential ¢
of heat-denatured protein-stabilized emulsion
droplets (1.6 wt % B-lactoglobulin, 38 wt % n-
tetradecane, 20 mM bis-tris buffer, pH 7).
Zeta potential ¢ is plotted against surfactant con-
centration: [, native protein; &, heat-denatured
protein {70°C, 30 min).

(well beyond the CMC), surfactant micelles or hemi-
micelles are formed at the oil droplet surface, leading to
a high zeta potential.

Fig. 3 shows the zeta potential ¢ of heat-treated
protein-stabilized emulsicn droplets (dy =047 Um) as a
function of surfactant concentration, together with results
for the native protein for comparison. The emulsion (1.6
wt % B-lactoglobulin, 38 wt % n-tetradecane, 20 mM
his~tris buffer, pH 7) was prepared with heat-denatured
protein (70°C, 30 min), Oil droplets coated solely with
heat-denatured B-lactoglobulin have a zeta potential of
£=-564%1.0 mV, which is slightly lower in (negative)
magnitude than those of native [-lactoglobulin—coated
droplets. The general trend of changes in zeta potential
with added surfactant is qualitatively similar to that of
the native protein—stabilized emulsion droplets, but the
absolute values are found to be lower at all surfactant
concentrations, with the difference becoming less with
increasing surfactant concentration. For instance, at a
surfactant concentration of 0.06 wt %, where a max-
imum zeta potential is observed as a result of surfactant
binding, the emulsion droplets have a zeta potential of
&= -63mV (compared with &=-70mV for the native
protein-stabilized emulsion droplets at the same sur-
factant concentration).
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At low surfactant concentration (i.e., up to 0.06 wt %),
the lower zeta potential is consistent with the view that
less surfactant binds to heat-denatured protein, as
indicated by the data in Fig. 1, Also, the smaller droplet
size (i.e., ds2=0.47 um as compared with ds=0.55 um for
the native protein-stahilized emulsion) probably leads to
a lower protein surface concentration, thereby possibly
resulting in a lower zeta potential. Heat-denatured pro-
tein-stabilized emulsions have a higher specific surface
area compared to the native protein-stabilized emulsions
{arising from the smaller droplet size). Therefore, a
higher concentration of surfactant is required to achieve
the same level of surface coverage (ie., zeta potential)
as in the native protein-stabilized emulsion, This results
in the observed lower zeta potential of heat—treated
emulsion droplets at surfactant concentrations greater
than ca. 0.2 wt 26. Despite the initial difference, however,
the zeta potential for the two systems reaches a zimilar
level at higher surfactant concentrations (e.g.,~0.5 wt
%), due to saturation of the surfactant molecules at the
oil droplet surface.

Ageing the B-lactoglobulin emulsion also produces
less surfactant binding, as indicated by the decrease in
zeta potential with storage time (Fig. 4), Two emulsion
samples were aged for certain period of time; one of the
emulsions containg 20 mM NEM. At a certain storage
time, an aliquot of the emulsion sample was diluted with
buffer (for the determination of zeta potential) containing
0.06 wt % SDS where a maximum zeta potential is
observed {Fig. 2). It has been reported previously for
aged emulsions (22-24) that adsorbed B-lactogiobulin is
partially polvmerized via the formation of disulphide bonds.
As observed earlier (Fig. 1 and Fig. 3), polvmerized
protein molecule has less binding capacity to surfactant.
This explanation is confirmed In experiments involving
addition of thiol blocking agent NEM to the fresh emul-
sion to stop the pelymerization process, Within exper-
imental uncertainty, no changes in zeta potential for
storage time is ohserved for the NEM-~containing
emulsion sample, implying that surfactant binding
without polymerization is hardly affected by ageing.
Therefore, the observed decrease in the zeta potential
of pure protein-stabilized emuision droplets in Fig. 4 can
be reasonably attributed to the formation of polymerized
B-lactoglobulin moleciles at the oil-water interface.

Note that the emuision samples prepared for the
electrophoretic mobility measurements were extremely
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Fig. 4. Effect of storage of protein-stabilized emulsion
on surfactant binding (1.6 wt % B-lactoglobulin,
38 wt % n-tetradecane, 20 mM bis~tris buffer,
pH 7).
Two emulsion samples were aged for 30 hours with:
C, 20mM NEM,; @, control (no NEM). Zeta poten~
tial ¢ is plotted against storage time for the emul~
sion droplets (rmade from the aged emulsion) in solu-~
tion containing .06 wt % SDS.

dilute. Hence, in the mebility experiments, the actual
values of surfactant/Drotein molar ratio & in Fig. 2 are
in the hundreds or higher. This means that there were
adequate surfactant molecules available in the bulk
aqueous phase. In order to investigate the effect of these
free surfactant molecules or micelles on the zeta po-
tential, the diluted emulsion samples containing various
concentrations of added SDS were left for 30 hours at
room temperature before measurements were carried
out. Fig. 5 shows the results of storage on the measured
zeta potential of the emulsion droplets. The calculated
zeta potential is plotted against surfactant concentration,
together with results taken from Fig. 2 for comparison.
All values for the stored emulsion samples are higher
than those of the 10-minutes-old sample; a more
pronounced difference is observed at higher surfactant
concentrations. At low surfactant concentrations (i.e., up
to 0.06 wt %), there is a rapid increase in zeta potential,
followed by & gradual increase with Increasing sur-
factant concentration. With further addition of sur-
factant, i.e., above 0.3 wt %, a plateau emerges, which
is much higher than found with the 10-minutes-old
sample at the corresponding surfactant concentration.
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Fig. b. Effect of sample storage on the measured zeta
potential of protein—stabilized emulsion droplets
(1.6 wt % B-lactoglobulin, 38 wt 2% n-tetradecane,
20 M bis—tris buffer, pH 7) dispersed in surfac—
tant solution.
Zeta potential ¢ is plotted against SDS concen-
tration for the diluted emulsion samples stored for
a certain period of time: |5, 30 h; &, 10 min.

This time-dependent increase in zeta potential is
unexpected, The results could be better understood by
considering the behaviour of a simple system containing
ol droplets +anionic surfactant. Such an assumption
could be justifiable since the protein content in the
diluted emulsion samples is extremely low relative to the
amount of added surfactant, and from the fact that the
time-dependent increase was found to be more sub-
stantial after all the interfacial protein had presumably
been displaced. An explanation for these findings in-
volves the slow solubilization of emulsion droplets into
swfactant micelles, which in the aqueous phase can
solubilize hydrophobic molecules inio their hvdrophobic
interiors (25). This process is time-dependent, leading to
changes in the concentration, size distribution, and
composition of emulsion droplets (26-28), What could be
envisaged in the diluted emulsion sample during storage
15 that, bevond the CMC, the oil droplets surrounded
with a surfactant monolayer are solubilized into sur-
factant micelles in the aqueous hulk phase, Most prob-
able mechanisms for this process are: (i) the surfactant
micelles collide with the oil-water interface, incorporate
some cil, and then move back into the aqueous phase;
or (ii) thermal fluctuations at the oil-water interface

induce collective desorption of oil and surfactant mol-
ecules in the form of surfactant micelles (26). As a result
of the solubilization, the droplet concentration is de-
creased. The mean size of the droplets, however, tends
to either decrease or increase, depending on the pre-
dominance of solubilization or Ostwald ripening. The
decrease in the concentration of emulsion droplets prob-
ably In turn results in an increase in free surfactant
molecules released from solubilized oil droplets and/or
micelles saturated with oil molecules. These surfactant
molecules would then be available for further adsorption
as micelles onto the remaining oil droplet surface. This
could cause the measured zeta potential to increase sub-
stantially. In addition, the observed plateau value at high
surfactant concentrations probably indicates the sat-
uration adsorption of surfactant molecules at the oil
droplet surface. On the other hand, in the absence of
surfactant micelles, the time-dependent increase in zeta
potentizl could be due to further adsorption of surfactant
to the oil droplet surface and/or further complexation
between protein and surfactant at the oil-water inter-
face. This would explain the increase in zeta potential
observed in low surfactant concentrations, l.e, up to 0.06
wi 96,

The time~dependent increase in zeta potential appears
to be more pronounced at the beginning of the storage
period. Fig. 6 shows the time-dependent zeta potential
of emulsion droplets as a function of storage time for
systems containing various concentration of added sur-
factant, The rate-limiting step in the solubilization process
is most likely to be the transport of oil molecules across
the cil~water interface and into the micelles, rather than
the number of collisions between micelles and the dis-
persed oil phase (26.27). This means that, at the be-
ginning of storage, pure free surfactant micelles are
abundant in the aqueous bulk phase, leading to a high
rate of solubilization; but with time, micelles saturated
with solubilized cil would predominate, and this would
then result in a slow down of the solubilization process.
Hence, hased on the earlier discussion, the increased rate
of solubilization can be expected to lead to the rapid
increase in zeta potential observed at the beginning of
storage.

B-Lactoglobulin+DATEM systems

The commercial food emuisifier DATEM 1s widely
used in the bakery industry because of its binding ability
to gluten. In the previous study (29), the interfacial
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Fig. 6. Time-dependent zeta potential { of protein-

stabilized emulsien droplets (1.6 wt % B-lacto-
globulin, 38 wt % n—-tetradecane, 20 mM bis-tris
buffer, pH 7) in sclutions of different SDS
concentration: A, 0.11 wt %; @, 0.17 wt %; 0O,
0.46 wt %.
The diluted emulsion samples containing surfactant
were stored at room temperature, and small amounts
of sample were withdrawn for measurement during
storage.

interaction of DATEM with protein has been discussed.
In this work, this is further investigated by measuring
its effect on the zeta potential.

First, we consider the effect of DATEM on the zeta
potential ¢ of a native or heat—denatured H-lactoglohulin
solution (0.4 wt % protein, 20 mM bis-tris buffer, pH 7)
measured at room temnperature as shown in Fig. 7. The
DATEM solution {1 wt %) was dissolved by heating at
50°C prior to mixing with the protein solution, and the
mixture was further heated to ensure complete so-
lubilization. Nevertheless, the measured values were
found to have relatively large error range (oo, 5%)
compared to the protein+SDS system ( Eag, 2%), possibly
arising from the re~crystailization of surfactant (m.p. of
DATEM=45°C) after sample preparation. Hence, exper-
iments with DATEM were carried out at very low
surfactant concentration range to reduce such a possible
artefact. As shown in Fig. 7, the addition of DATEM
is simply to increase the magnitude (negative) of the
zeta potential of protein solution, indicuting the for-
mation of a protein/surfactant complex, but less surfactant
binding was observed with heat-denatured protein, similar
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Fig. 7. Influence of DATEM on the zeta potential of B-

lactoglobulin solutions (0.4 wt % protein, 20 mM
bis-tris buffer, pH 7).
Zeta potential { is plotted against surfactant con-
centration for the two protein solutions: O, native
protein; @, heat-denatured protein (70°C, 30 min).
Error range was calculated from three independent
sets of experiments,

to what was found with the protein+ SDS system (Fig.
1). Similarly, the addition of DATEM to the diluted
emulsion samples also produces an increase in the
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Fig. 8. Zeta potential § of protein-stabilized emulsion
droplets (1.6 wt % B-lactoglobulin, 38 wt % n-
tetradecane, 20 mM bis-tris buffer, pH 7) in
solutions of different DATEM concentrations.
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calcwlated zeta potential (Fig. 8). At very low sur-
factant concentrations (Le., up to 0.015 wt%), the zeta
potential was found to increase linearly with surfaclant
concentration. Further surfactant addition seems to cause
the rate of mmcrease to reduce slightly,

Although DATEM is used extensively in food in-
dustry, {ittle is known about the molecular interactions
involved between protein and DATEM. Due to the [ree
cafboxylic group in the molecule, the surfactant can
possibly be bound to protein by ionic interactions (30);
hydrophobic interactions hetween the fatty acid molety
of ihe surfactant and apolar part of the prolein is also
likely. It 18 noteworthy, both in Figs. 7 and &, that the
extent of increase in zeta potential is greater than that
for the protein+SDS system (Fig. I and 2) at the
corresponding surfactant concentrations. This probably
suggests a higher extent of interaction of the surfactant
with proteln. This hehaviour scems to mantfest itself in
protein  gels and protein-stabilized emulsion gels
containing DATEM, leading to a pronounced reinforcing
effect (313,

CONCLUSIONS

We have shown that the {-potential of protein-coated
emulsion droplets and protein in solution in the presence
of surfactant is greatly dependent on both surfactant
concentration and whether the protein is heat-denatured.
When ionic surfactant (SDS or DATEM) s added to the
protein solution, the {-potential of the mixture is found
{o Increase with increasing surfactant concentration. For
heat-denatured protein, it has been observed that the ¢-
potential tends to be lower than that of the native protein.
Results on emulsions are quile different. With SDS, small
amounts of surfactant addition induce a sharp increase
in zeta potential arising from the specific interaction of
surfactant with protein. With further surfactant addition,
there is a gradual reduction in the {-potential. At even
higher surfactant concentrations, the measured zeta po-
tential appears to increase slightly, This behaviour con-
trasts with the results of the corresponding systems
containing the anionic emulsifier DATEM, in which the
f-potential of the system is found to Increase con-
tinuously with .

We speculate here that, for protein-coated emulsion
droplets (in systems containing SDS at low £ or DATEM)
and protein in sclution, the increased (negative) zeta

Soon-Taek Hong

potential with increasing surfactant concentration is attrib-
utable to surfactant binding to the protein molecules.
With protein—coated emulsicn droplets, on the other hand,
the displacement of adsorbed protein (and protein-sur-
factant complex) from the ermulsion droplet surface hy
surfactant may account for the observed decrease in the
zeta potential and the formation of a surfactant micellar
structure at the oil droplet surface may be the reason
for the slight increase in the zeta potential of systems
containing SDS at high R. Taken as a whole, it is
concluded that such behaviour is generally consistent
with a combination of complexation and competitive
displacement between surfactant and protein occurring
both at the oil-water interface and the bulk agueous
phase.
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