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s~Modification of Surface Charges of Soy Protein

by Phospholipids

W. 8. CHEN and W. G. SOUCIE*, Kraft Inc. R&D,
801 Waukegan Rd., Glenview, IL. 60025

ABSTRACT

Lecithin is used to prevent soy protein isolates from clumping in food
processing. A PenKem Inc. System 3000 Electrokinetic Analyzer
was used to investigate how the phospholipid modified the surface
charge of soy protein. Electrophoretic mobility-pH curves showed
that a commercial soy lecithin lowered the isoelectric point (pI) and
increased the electrical mobility of soy protein more than did a pure
phosphatidylcholine. The modification of the surface charge of the
protein was a function of the phospholipid added. Lecithinated soy
isolate was more negatively charged and thus more dispersible in
water than the nonlecithinated soy control.

INTRODUCTION

Protein phospholipid interactions related to food problems
have been studied and reviewed extensively (1-7). However,
few studies have been made on how phospholipids change col-
loidal properties of proteins. Because proteins form colloids in
water and the surface charge plays an important role in
dispersion (8), it was of interest to investigate how
phospholipids modify the surface charges of soy protein and
how these modifications affect colloidal properties.

In dilute agueous suspensions the electrophoretic mobility
is proportional to the zeta potential which, in turn, is propor-
tional to the surface charge (8-11). Therefore, we have
measured electrophoretic mobility in order to characterize
the surface charge of the particles of soy isolate, phospholipid
and phospholipid/soy protein complex.

MATERIALS AND METHODS

L-alpha-phosphatidylcholine was from Sigma Chemical Co.
(St. Louis, Missouri), and Centrolene A (a food grade, hydrox-
ylated soybean lecithin) was from Central Soya Co. (Ft. Wayne,
Indiana). Soy protein isolate obtained from Kraft, Inc. (Glen-
view, Illinois) had the following compasition: nitrogen, 13.3%;
fat, 2.7%; moisture, 6%; and ash, 2.8%. Lecithinated soy

*To whom eorrespondence should be addressed.
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isolate was prepared by spraying 0.2% (w/w) liquified lecithin
onto the soy protein while mixing the powder in a ribbon
blender.

L-alpha-phosphatidylcholine and Centrolene A were added
into distilled water in small portions with stirring to form 1
mg/ml dispersions. These phospholipid dispersions were then
mixed with various concentrations of soy protein solution to
obtain dispersions with different phospholipid/protein ratios.
The dispersions of phospholipids, soy protein and phospho-
lipid/soy protein were adjusted to various pH values with
either 0.1 M HC1 or NaOH. In order to obtain the mean
mobility values for the electrophoretic mobility vs. pH plots
(Figs. 1, 5, and 6)all protein/phospholipid mixtures were stirred
for 30 min or until a single peak was obtained. To capture the
presence of multiple peaks (Fig. 2), mobility measurements
were taken approximately 1 min after mixing.

Because electrophoretic mobility was unaffected by the
concentration of the colloid dispersion used in this study
(0.4-1.0 mg/ml), the overall concentration of protein and
phospholipids was not adjusted to the same final value.

Electrophoretic mobilities of phospholipids, soy protein and
phospholipid-soy protein dispersions were measured at
various pH values with a PenKem System 3000 automated
electrokinetic analyzer at 25 C. The procedure described in
the instruction manual was followed. One mobility unit is
equal to 1.0 x 10~"meters/sec/volt/meter.

Particle size analysis of 1% (w/v) dispersions of protein in
distilled water, pH 6.3 and 25 C, were measured in an Elec-
trozone/Celloscope manufactured by Particle Data, Inc.,
Elmhurst, Illinois.

RESULTS AND DISCUSSION

The electrophoretic mobility-pH curves of food grade lecithin
and soy isolate in Figure 1 show that lecithin has a higher
negatively charged surface than soy protein. As a result, two
groups of peaks appear immediately after the phospholipid
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FIG. 1. Electrophoretic mobility-pH curves of (a) 0.4 mg/ml soy isolate {x); (b) 0.5 mg/ml
soy isolate and 0.2 mg/m] lecithin (+); (c) 0.5 mg/ml soy isolate and 0.5 mg/ml lecithin
(A); (d) 0.167 mg/ml soy isolate and 0.67 mg/ml lecithin (W), and (e) 0.4 mg/ml lecithin
(®). All dispersions were in distilled H,0. L, lecithin (food grade); S, soy isolate.

1004 i i 1L 1 1 1 I i 1 }
r—snv PROTEIN 1SOLATE
804
. [ ad
] !
&
=% |
Z 609 TN —, -
i :
& i
g !
[
S 404 ‘
> -
7
&
Z 2] :
?
0 — |
H ] E] H 3 H H 7 ¥ %-
-0 -8 6 -4 -7 0 + + +6 8 40

ELECTROPHORETIC MOBILITY
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FIG. 3. Electrophoretic mobility histogram of 1 mg/ml lecithin/
soy isolate (1:1) complex at pH 5.1 and 25 C.

and protein are mixed and stirred (this requires sampling
within one min as described in Materials and Methods). The
electrophoretic mobility distribution of the phospholipid/pro-
tein (2:5) mixture at pH 6.5 is shown in Figure 2. The peaks
between -4 and -6 mobility units and the peak centered at -2.4
mobility units correspond to lecithin and the soy protein,
respectively, because the mean electrophoretic mobility of
lecithin and that of the soy protein alone at pH 6.5 are -5.1
and -2.4 units, respectively, as shown in Figure 1. In contrast,
when a lecithin/soy protein (1:1) mixture was adjusted to pH
5.1 and stirred for 30 min at 25 C, only a single peak centered
at -3.8 units was obtained as shown in Figure 3. This single
peak corresponds to neither the phospholipid nor the soy pro-
tein, but to a phospholipid/protein complex. This type of
analysis has been used to identify whether or not the phos-
pholipid and the protein form a complex when they are mixed
and adjusted to various pH values.

Figure 1 also shows that the isoelectric point of soy isolate
decreases as a function of lecithin added. The lecithination ef-
fect on the isoelectric point of the soy protein is also shown in
Figure 4. The charged surface of the soy protein is modified
to become more negative when it is complexed with lecithin.
As a result, the plot of isoelectric point versus lecithin/soy
protein ratio, as shown in Figure 4, can be used to monitor
the degree of lecithination of the protein.

Above the isoelectric point of the protein (Fig. 1), the elec-
trophoretic mobility of soy protein increases as a lecithin con-
centration increases. Figure 5 shows this lecithination effect
on the mobility of the soy protein. The data in Figure 5 further
demonstrate that lecithin makes the surface of soy protein
colloid progressively more negatively charged as the lecithin
concentration increases.

Below the isoelectric point the net surface charge of soy
protein can be converted from positive to negative by the ad-
dition of lecithin (Fig. 1). For example, in the 4:1 lecithin/soy
isolate mixture, the soy protein remains negatively charged
and does not become neutral until pH 1.7, which is 3.2 pH
units lower than the isoelectric point of the protein in the
absence of lecithin.

Phosphatidylcholine has a higher isoelectric point and
gives a lower electrophoretic mobility than the food grade
lecithin (Figs. 1 and 6).

JAOCS, Vol. 62, no. 12 {(December 1985)
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This indicates that phosphatidylcholine has a less negatively
charged particle surface than food grade lecithin particles.
The reason for this is that the food grade lecithin is composed
of phosphatidylinositol and phosphatidylethanolamine in ad-
dition to phosphatidylcholine. Consequently, the soy protein
becomes more negatively charged in the presence of the food
grade lecithin than in the presence of pure phosphatidylcholine.
The negativity difference is especially apparent when the
phospholipid/protein ratio in both complexes is 4:1, as shown
in Figures 1 and 6. The electrophoretic mobility-pH curves in
these figures show that the isoelectric point of the food grade
lecithin/soy isolate (4.1) complex is 2 pH units lower than that
of the phosphatidylcholine/soy isolate (4:1) complex. It should
be noted that the three electrophoretic mobility-pH curves of
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FIG. 4. Effect of lecithination on the isoelectric point of soy isolate.
The lecithin/soy ratios were taken from the curves in Figure 1
where the mobility was zere. A protein is at its isoelectric point
(pI) when electrokinetic mobility = 0 because this is the point
where the number of cationic and anionic charges are equal to
each other, resulting in a net charge of zero.

(-]

phosphatidylcholine/soy isolate mixtures at ratios of 2:5, 1:1
and 4:1 can nearly be superimposed (Fig. 6). Two parts of
phosphatidylcholine seem to be adequate to saturate five
parts of soy isolate; therefore, any further addition of lecithin
has no effect on the surface charge of the particles.
Lecithination of soy isolate with 0.2% lecithin increased
electrophoretic mobility by 12% compared to the soy isolate
control, as shown in Table 1. This increase of negative elec-
trophoretic mobility due to lecithination agrees closely with
that by mixing the two dispersions of lecithin and soy isolate,
as shown in Figure 5. Although the negativity of the charged
surface of the lecithinated soy isolate colloid is only 12%
greater than that of the soy isolate control, this small increase
of negativity was adequate to reduce the particle size of the
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FIG. 5. Effect of lecithination on the electrophoretic mobility of

soy isolate at pH 6.3 and 25 C. The data peints correspond to the

electrophoretic mobilities of soy isolate in the absence and in the

E‘resence of various concentrations of lecithin, as shown in
igure 1.
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FIG. 6. Electrophoretic mobility — pH curves of (a) 0.4 mg/ml soy isolate {(x); (b) 0.5
mg/ml soy isolate and 0.2 mg/ml phosphatidylcholine (+); (c) 0.5 mg/ml soy isolate and
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phosphatidylcholineo(l), and (e) 0.4 mg/ml phosphatidylcholine (®). All dispersions
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TABLE 1
Electrophoretic Mobility of Protein Colloids

Protein Electrophoretic
dispersion@ mobility units
Soy isolate 2.20 £ 0.05
Lecithinated soy 2.46 + 0.05

2Conditions: 1 mg/ml, pH 6.3, 60 micromhos/cm and 25 C.
bThe number of measurements for each sample was 10.

TABLE 11
Particle Sizes of Protein Colloids

Protein Mean diameter of particles

dispersion? (microns)
Soy isolate 15.4
Lecithinated soy 8.1 FIG. 7. A 1 mg/ml dispersion of soy isolate and lecithinated soy

isolate, which were ad%lusted to pH 6.3, allowed to stand at 5 C for

aConditions: 1 mg/ml, pH 6.3, 60 micromhos/cm and 25 C. 18 hr, and then brought to 22 C for photographing.
protein colloid by 47% (Table II). The lecithination stabilized 3. 15{;3‘;;(;,9}’?8’) G.E. Graham and M.A.F. Davis, Cereal Chem.
the protein colloids so that the lecithinated soy protein remained 4. Ohtsuru, M., Y. Yamashita, R. Kamamoto and M. Kito, Agric.
dispersed while the nonlecithinated soy isolate agglomerated Biol. Chem. 43:765 (1979).
and precipitated (Fig. 7). 5. Ohtsuru, M., and M. Kito, Ibid. 47:1907 (1983).

Electrokinetic analysis measures the charge of the molecu- 6. Cornell, D.G., J. Colloid Interface Sco. 88:536 (1982).
lar components composing the colloid surface, The surface is 7. Brown, EM,, J. Dairy Sci. 67:713 (1984).
formed from complexation between the protein and 8. Riddick, T.M., in “Control of Colloid Stability Through Zeta
phospholipid molecules. Lecithination increased the negativity g"?”i‘&é eg‘tfggby T.M. Riddick, Creative Press, New York,
O.f the surface of the protein an.d caused greater charge repul- 9. ZetaMeter O'pera.ting Manual zm-75, Zeta-Meter, Inc., 1720
sion between particles than did the untreated control. As a First Avenue, New York, N.Y. 10028, 1968, p. 43.
result, when the lecithinated protein was suspended in water 10. The PenKem 3000 Electrokinetic Analyzer Reference Manual,
the smaller and more highly charged particles dispersed Il’ggéiem, Inc.,, 341 Adams Street, Bedford Hill, N.Y. 10507,
readily. .
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