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Sulfitolysis of Whey Proteins: Effects on Emulsion Properties

Joseph L. Klemaszewski' and John E. Kinsella®
Institute of Food Science, Cornell University, Ithaca, New York 14853

Whey protein isolate was modified by oxidative sulfitolysis to cleave 50%, 75%, and 100% of the total
disulfide bonds. The volume fraction of oil emulsified and the emulsion activity index improved as the
degree of sulfitolysis was increased from 0% to 100%. The volume of surface droplet diameter (d,)
of these emulsions was observed to decrease with increasing sulfitolysis, and the coalescencerate decreased

with the extent of sulfitolysis.

INTRODUCTION

The use of whey protein isolates and whey protein
concentrates as functional ingredients in food systems,
e.g., as stabilizers in low-fat emulsions, has increased in
the past 5 years (Morr, 1989). A recent survey of
commercially available whey protein concentrates and
isolates showed considerable variability in the composi-
tional and functional properties (Morr and Foegeding,
1990). Differences in functionality are attributable to the
variability in whey source and processing parameters (Kin-
sella, 1984; Kinsella and Whitehead, 1989).

Previous studies have correlated the emulsifying prop-
erties of whey protein concentrates and isolates with net
hydrophobicity (Elizalde et al., 1988), solubility (McWat-
ters and Holmes, 1979), and composition (Kim et al., 1987).
Several studies have examined the effects of heat treatment
onthe emulsifying properties of whey protein concentrates
(Morr, 1987; Chen, 1989). The solubility and emulsifying
properties of casein and whey protein concentrate were
improved by limited trypsin hydrolysis. The emulsion
activity index of hydrolyzed whey protein improved more
than that of casein. This was attributed, in part, to the
increased flexibility of the enzymatically modified whey
protein concentrates (Chobert et al., 1988).

The emulsifying properties of bovine serum albumin
(BSA), acomponent of whey protein isolate, were improved
by the controlled oxidative sulfitolysis of disulfide bonds
(Kella et al., 1989; Klemaszewski et al., 1990). It was
speculated that the improved flexibility of the BSA
molecule allowed for more rapid alignment of the hydro-
phobic and hydrophilic groups with the oil and aqueous
phases, respectively. The enhanced flexibility of BSA may
have facilitated the formation of a stronger interfacial film,
and/ortheincreased net negative charge retarded therate
of coalescence (Klemaszewski et al., 1990).

The objectives of this study were to compare emulsion
formation and coalescence properties of a commercially
available whey protein isolate, following progressive ox-
idative sulfitolysis.

MATERIALS AND METHODS

Materials. Commercially available whey protein isolate
(WPI) was obtained from LeSueur Co. (LeSueur, MN) and was
dialyzed with distilled waterto remove salts and impurities (Phill-
ipsetal., 1989). The WPI contained 95% protein, of which 8-lac-
toglobulin contributed 75% of the nitrogen. EDTA and DTNB
were obtainned from Sigma Chemical Co. (St. Louis, MO).
Sodium sulfite, cupric sulfate, ammonium sulfate, and urea were
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purchased from Mallinkrodt (Paris, KY). Monobasic and diba-
sic potassium phosphate were obtained from Fisher Scientific
(Pittsburgh, PA). Oxygen, oxidizer grade, was obtained from
the Cornell General Chemical Store (Ithaca, NY).

The emulsions were made by using commercial pure peanut
oil that did not contain added emulsifiers. The specific gravity
of this oil was 0.91. All other chemicals used were of reagent
grade, and distilled deionized water was used throughout this
study.

Methods. Oxidative Sulfitolysis of Whey Protein Isolate.
Increasing numbers of the disulfide bonds were cleaved with
sodium sulfite and oxygen, in the presence of urea and catalytic
cupric sulfate, according to the procedures of Kella and Kinsella
(1985) and Kellaet al. (1989). Reaction kinetics were determined,
and the times required to cleave 50%, 76%, and 100% of the
disulfide bonds in whey protein isolate were used. The disulfide
bonds in whey protein isolate (10 mg/mL) were cleaved to the
desired levels in phosphate buffer (pH 6.8), as described by Kella
et al. (1989). The desired degree of sulfitolysis was obtained by
stopping the reaction by addition of EDTA, to chelate catalytic
copper. The numbers of intact disulfide bonds and free sulf-
hydryl groups were determined by using the methods of Kella
and Kinsella (1985) and Ellman (1959).

Emulsion Preparation. Solutions of whey protein isolate, at
0.25% and 1.0% (w/w) protein, were made up in phosphate buffer
(pH 6.8) with ionic strengths of 0.1 and 0.2. Phosphate buffer,
0.146 M, ionic strength 0.2, was prepared, and one-third of this
buffer was equally diluted with distilled deionized water to give
a buffer with an ionic strength of 0.1. The emulsions were
prepared according to the methodology of Klemaszewski et al.
(1989). The emulsion was transferred to a test tube placed on
a Thermolyn Specimixer to accelerate coalescence. The tem-
perature of the emulsions was held constant at 25 °C.

Determination of Emulsion Characteristics. The test tube
containing the emulsion was removed from the shaker and held
for 1 min. In some samples, separation into a small upper layer
of coalesced oil and the lower emulsion was observed. The initial
volume fraction of oil in the emulsion phase of all samples was
determined from the specific gravity according to the methodology
of Pearce and Kinsella (1978). The surface area of the emulsions
and the emulsion activity index (EAI) were determined by using
the methods of Walstra (1968) and Pearce and Kinsella (1978)
as described by Klemaszewski et al. (1991). The d., of the
emulsions was calculated by the method of Walstra (1968), and
some of these data were confirmed by using the methodology of
Klemaszewski et al. (1989).

RESULTS AND DISCUSSION

The emulsions formed in this study were composed of
heterogeneous dispersions of spherical oil droplets, as
determined by light microscopy. The volume fractions of
oiland the droplet size distributions of the emulsions varied
with the extent of whey protein sulfitolysis and protein
concentration. The emulsions varied in stability and were
observed to coalesce with time. Emulsion stability was
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Figure 1. Effectof progressive sulfitolysis on (A) volume fraction
of oil (¢) and (B) initial droplet diameter (d,,) of emulsions
stabilized by 1.0% (w/w) whey protein isolate. (Solid bars) u =
0.1; (hatched bars) . = 0.2 in phosphate buffer, pH 6.8.

affected by the number of disulfide bonds cleaved, protein
concentration, and ionic strength.

The volume fraction of oil emulsified by whey protein
isolate increased with increasing degrees of sulfitolysis at
both protein concentrations and ionic strengths studied
(Figure 1A). Most of the oil present was emulsified by
1% WPIwith75% and 100% of the disulfide bond cleaved.
The maximum volume fraction of oil theoretically ob-
tainable (i.e., ¢ = 0.42) was nearly emulsified by 1% WPI
in which 75% of the disulfide bonds were cleaved, with
volume fractions of 0.40 and 0.38 formed at » = 0.1 and
0.2, respectively. The volume fractions of oil emulsified
by 1% WPI with all of the disulfide bonds cleaved were
0.42 and 0.41 at u = 0.1 and 0.2, respectively, while native
WPI formed emulsions with volume fractions of 0.28 and
0.17 at ionic strengths of 0.1 and 0.2, respectively. At
both protein concentrations and at all levels of sulfitol-
ysis, increasing the ionic strength from 0.1 to 0.2 lowered
the volume fraction of oil emulsified by WPI. However,
this effect was less pronounced in emulsions formed with
WI)’I with over 50% of the disulfide bonds cleaved (Figure
1A).

The average droplet size (d.s) of the emulsion varied
with protein concentration, ionicstrength, and the number
of disulfide bonds cleaved. The d.s of emulsions formed
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with 1% protein decreased with increasing sulfitolysis of
WPI (Figure 1B). Theaverage droplet diameter decreased
from approximately 4 um, for emulsions stabilized by 1%
unmodified whey protein isolate, to 2 um in emulsions
formed with 1% whey protein isolate with 75% or 100%
of the disulfide bonds cleaved (Figure 1B). Thisindicated
a marked improvement of the emulsifying properties of
the modified proteins, because they effectively coated a
much larger surface area of oil.

Molecular flexibility enhances the emulsion formation
properties of proteins (Graham and Phillips, 1979; Kle-
maszewski et al., 1990), and sulfitolysis has been shown
to improve the flexibility and foaming properties of whey
proteins (Kella et al., 1989). Thus, the increased protein
flexibility ostensibly enhanced unfolding at the interface
and allowed more favorable alignment of hydrophilic and
hydrophobic regions of the protein in the preferred phase
(Phillips, 1981; Klemaszewski et al., 1990).

The droplet dy; of emulsions formed at ionic strength
0.2 was approximately 0.5 um larger than those formed at
w = 0.1, at 1% protein, for all proteins studied with the
exception of unmodified whey protein isolate (Figure 1B).
The phosphate ion may change the adsorption kinetics of
the protein binding to the interface (Halling, 1981), alter
the electrostatic interactions between proteins and/or
proteins and the interface, or increase protein—protein
interactions prior to interfacial binding. If the protein
has less affinity for other proteins at 0.1 ionic strength
than at 0.2 ionic strength (i.e., less protein—protein
association), then the protein, at u = 0.1, may be more
available to unfold and coat the interface (Klemaszewski
et al., 1991). Phosphate, at 0.2 M concentration, has
been shown to increase protein—protein interactions
of B-lactoglobulin by stabilizing the dimer form prefer-
entially to the monomeric form (Kella and Kinsella, 1988).
Klemaszewski et al. (1991) showed similar effects between
phosphate concentration and emulsion surface area. It
was speculated that the increased ionic strength altered
the electrostatic interactions of the system components,
and this was responsible for most of the effects of
phosphate.

The sulfitolysis of disulfide bonds improved the emul-
sifying activity index (EAI, emulsion surface area per gram
of protein) of whey proteinisolate at protein concentrations
of 0.25% and 1.0% (Figure 2). The magnitude of the
improvement in emulsifying properties is dependent upon
the protein to oil ratio (Phillips, 1981). The enhancement
in the EA of modified whey protein isolate was more
pronounced at 1.0% protein than at 0.25% protein. The
low protein conncentration (0.25% ) may be insufficient
tostabilize the large newly formed interfacial area. Hence,
at 0.25% concentration, the greater flexibility of the dis-
ulfide-cleaved WPI did not have a significant effect in
increasing the interfacial area because there was insuf-
ficient protein to cover and stabilize the oil droplets as
they were formed (Phillips, 1981).

The cleavage of disulfide bonds improved the stability
of whey protein stabilized emulsions (Figure 3). Stability
ranged from complete emulsion breakdown in approxi-
mately 48 h for emulsions stabilized by native or whey
protein isolate with 50% of the disulfide bonds cleaved to
37% of the emulsion surface area remaining after 48 h in
emulsions made with WPI with 100% of the disulfide bond
cleaved (Figure 3). In emulsions stabilized by 0.25%
protein, the emulsion was stable for 33 h when stabilized
by whey protein with 75% and 100% of the disulfide bond
cleaved, whereas emulsions made with 0.25% (w/w) native
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Figure 2. Effect of progressive sulfitolysis on emulsion activity
index of emulsions formed with (0) 1.0% (w/w) whey protein
isolate (WPI), » = 0.1; (@) 1.0% (w/w) WPI, u =0.2; (a) 0.25%
(w/w) WPI, 1 =0.1; (a) 0.25% (w/w) WPI, u = 0.2 in phosphate
buffer, pH 6.8.
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Figure 3. Effect of progressive sulfitolysis on the change in
emulsion activity index, with increasing storage time, in emulsions
stabilized by 1% whey protein isolate with (A) 0%, (®) 50%, (Q)
75%, (a) 100% of disulfide bonds cleaved, in phosphate buffer,
pH 6.8, u = 0.1.

and 50% disulfide bond cleaved whey protein isolate were
stable for only 16 h.

At pH 6.8, the net charge on whey proteins is negative,
and following sulfitolysis the magnitude of the net charge
is increased (Kella et al., 1989). The charged groups of
interfacial proteins present a barrier to the close approach
and coalescence of neighboring droplets (Parker, 1987).
The higher number of negatively charged groups may be
partly responsible for the stability of emulsions made with
modified proteins. The folding of whey proteins after sulfi-
tolysis is markedly different from that of native whey
proteins (Kellaet al., 1989). The unfolding and alignment
of modified whey proteins at the interface may provide a
stronger film and impart more steric repulsion, thereby
retarding collisions between emulsion droplets (Das and
Kinsella, 1990).

In conclusion, the cleavage of 75% or more of the di-
sulfide bonds in whey protein isolate resulted in marked
improvement of the emulsion formation and coalescence
properties of whey protein isolate.
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