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Effects of pH, Electrolyte Concentrations, and Alginate Molecular
Weights on Surface Hydrophobicity of Soy Protein Isolates

Yeong-Seon Lim and Byung-Jin Yoo

Department of Food and Nutrition, Gangnung-Wonju National University

ABSTRACT Changes in surface hydrophobicity of soy protein isolate (SPI), which plays an important role in the
functional characteristics of protein, were measured according to various SPI concentrations, pH levels, electrolytes
concentrations, and alginate molecular weights by using 1-anilino-8-naphthalene sulfonic acid as a fluorescent probe.
SPI surface hydrophobicity decreased as SPI concentrations increased. SPI surface hydrophobicity reached a maximum
at pH 7.0. SPI surface hydrophobicity rapidly increased as the NaCl concentration of SPI solution increased up to
100 mM, and showed no large increases above 100 mM. However, SPI surface hydrophobicity radically decreased
until the CaCl, concentration reached 50 mM and revealed no large variations above 50 mM. A similar trend was
exhibited in the case of MgCl,. As both the concentration and molecular weight of sodium alginate increased, SPI
surface hydrophobicity decreased. The increasing rate of SPI surface hydrophobicity decreased as the molecular weight

of sodium alginate increased.

Key words: protein surface hydrophobicity, soy protein isolate (SPI), alginates, 1-anilino-8-naphthalene sulfonic acid,
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Table 1. The proximate composition of soybean protein isolate used in this study (%, dry basis)

Carbohydrate
Reducing sugar
1.6+0.1

Moisture Ash Crude protein Crude lipid

Total sugar
18.7+0.2

4.5+0.1 6.3+0.1 70.6+0.3 3.7+0.1

All data shows mean+standard error of triplicate determinations.

SPI2} alginate?| YHIME

B Ao 4 AFR-3F SPI9} alginate®] AR RS dhEks
Table 17} 20 YERARITE SPIe] WA R F 7H &
s Vel A 2aid R T e 70.6%% o7 ©
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AFo] FFL alginated] FEAFo] 973 kDad W 2H7}
8.4 g/100 g & 18.1 mg/100 gol¥ Ho] 161 kDa¥d
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=

Table 2. The proximate compositions of alginates used in this
study

1 . Carbohydrate
AMW"  Moisture Ash Total Reduci
(kDa) (2/100g) (2/100 g) otal sugar Reducing sugar

(g/100 g) (mg/100 g)
97315 4.7402  8.4£0.3" 89.9+0.6" 18.1+7.8°
513£23  5.1404  9.6£02°  88.5+0.5° 33.542.5°
24547 57402 15.3+03°  83.4+0.6° 66.2+2.6°
16146  5.5+0.1 19.1£0.2*  78.9+0.7° 95.6+5.6"

"The AMW indicates average molecular weight.
YAll data (mean+SE with 5 replications) within a column with
different letters are significantly different at P<0.05.

Table 3. The contents of minerals in alginates in this study
(g/100 g, dry basis)

1)
A(II:/][)\Z) Sodium Potassium Calcium Magnesium  Ash
973415 7.7£04% 0.5£0.1° 0.1£0.04° <0.05™Y  8.410.3¢
©1.7)” (6.0) 1.2) (<0.6)  (100.0)
Si3e03  88+04° 0.6+0.1° 0.1£0.02° <0.05  9.6+0.2°
©1.7) 6.3) (1.0) (<0.5)  (100.0)
24547 14.040.6° 0.9+0.2° 0.2+0.06° <0.08 15.320.3"
91.5) (5.9) 1.3) (<0.5)  (100.0)
loleg  17-580.2" 1.2%0.2" 02+0.04"  <0.12 19.1x0.2°
91.6) (6.3) (1.0) (<0.6)  (100.0)

"The AMW indicates average molecular weight.

PAll data (mean+SE with 5 replications) within a column with
dlfferent letters were significantly different at P<0.05.

The values of parenthesis were expressed the percentage of
each mineral content of ash content.

“The NS within a column with letters were not significantly
different at P<0.05.
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Fig. 1. Changes of the front-surface hydrophobicity according
to added concentrations of SPI at pH 7.0. All data (meantstand-
ard error of triplicate determinations) with different letters were
significantly different at P<0.05. The relative fluorescence in-
tensity (RFI) for the SPI conc. (%) is given in equation of y=
106.859exp(-0.098x) — 13.754, 1=0.975.
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Fig. 2. Effect of pH on the front-surface hydrophobicity in 1%
SPI dispersion. All data (meantstandard error of triplicate deter-
minations) with different letters were significantly different at
P<0.05.
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Fig. 3. Effect of NaCl concentrations on the front-surface hydro-
phobicity in 1% SPI dispersion at pH 7.0. All data (mean+stand-
ard error of triplicate determinations) with different letters were
s1gn1ﬁcant1y different at P<0.05. The RFI for the NaCl conc.
(mM) is given in equation of y=18.000Inx+65.282, r°’=0.970.
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Fig. 4. Effect of CaCl, concentrations on the front-surface hy-
drophobicity in 1% SPI dispersion at pH 7.0. All data (mean+
standard error of triplicate determinations) with different letters
were signiﬁcantly different at P<0.05. The RFI for the CaCl,
conc. (rnM) is given in equation of y=59.782exp(-0.111x)+
17.555, 1'=0.993.
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Fig. 5. Effect of MgCl, concentrations on the front-surface hy-
drophobicity in 1% SPI dispersion at pH 7.0. All data (mean+
standard error of triplicate determinations) with different letters
were signiﬁcantly different at P<0.05. The RFI for the MgCl,
conc. (mM) is given in equation of y=53.180exp(-0.084x)+
25.080, r’=0.993.
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Table 4. Changes of the front-surface hydrophobicity by the concentrations of SPI and alginates contained different AMW at pH

7.0
Conc. (%) RFI
. AMW of alginates (kDa)
SPI (x1) Alginates (x2) 973 513 243 161
1 0 79.0+7.2%) 79.0+£7.2° 79.0+7.2° 79.0+7.2°
1 0.1 64.5+4.4° 70.7+4.3° 72.2+4.0° 73.5+4.6°
1 0.5 37.245.1% 52.9+6.2% 56.8+4.7° 63.7+4.0
1 1.0 26.245.1% 43.2+5.4% 50.2+4.4% 57.7+4.5%
5 0 59.0+8.0° 59.0+8.0% 59.0+8.0° 59.0+8.0"
5 0.1 44.5+4 8° 50.7+4.7°% 52.2+4.4° 53.545.0°
5 0.5 16.6+1.1°% 34.0+£2.9° 37.9+3.1° 39.4+3.1¢
5 1.0 9.440.5" 19.2+1 .41 20.9+1 4° 21.8+1.7°
10 0 20.0+3.4° 20.0+3.4" 20.0+3.4¢ 20.0+3.4°
10 0.1 9.54+0.3" 13.2+0.4 14.8+£0.4% 17.120.6
10 0.5 6.1£0.2" 8.0+£0.3" 8.740.2% 9.540.2°"
10 1.0 3.3+0.18 4.3+0.18 4.6+0.1° 5.1+0.1"

YAll data (mean+standard error of triplicate determinations) with different letters were significantly different at P<0.05.
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Fig. 6. Mesh plots showing the effects of SPI
concentrations and alginates AMWSs on the
front-surface hydrophobicity of SPI-alginates
system at pH 7.0. The significant interaction
identified by the one-way ANOVA test at P<
0.05. (a) y=6.793x,+47.812x,+20.421, r’=0.964;
(b) y=6.793x,+31.973x,+17.256, 1’=0.980; (c)
¥=6.793x,+25.151x,+16.660, 1'=0.981; (d) y=
6.793x,+17.409x,+15.832, 1°=0.986.
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Fig. 7. Effect of alginates AMWs on the front-surface hydro-
phobicity by concentrations of SPI-alginates system at pH 7.0.
All data (meantstandard error of triplicate determinations) with
different letters were significantly different at P<0.05. The slope
of RFI for the alginates AMW (kDa) is given in equation of
y=-0.016x — 21.696, 1’=0.985.
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