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Ultrafiltration Recovery of Skim Protein from Enzyme-assisted Aqueous
Extraction Process of Soybean and Its Functional Properties

JIANG Lianzhou ZHANG Qiaozhi LI Yang WANG Zhongjiang QI Baokun SUI Xiaonan
(College of Food Science, Northeast Agricultural University, Harbin 150030, China)

Abstract; Enzyme-assisted aqueous exiraction processing ( EAEP) has long been considered as a
promising alternative to traditional solvent oil extraction, which has gained increasing attention recently.
After EAEP of soybeans, three distinct layers are formed: cream, skim and residual fraction. The skim
fraction contains substantial amount of protein as well as oil, sugar and other impurities. In order to
recover value from this liquid fraction, ultrafiltration was employed for protein concentration and
isolation. To investigate the interrelationship between operating parameters and membrane flux, Box-
Behnken response surface methodology was introduced. The results indicated that the three factors’
effects on membrane flux followed the decreasing order as; solution mass fraction, transmembrane
pressure and solution pH value. The improved regression model was fitted with determination coefficient
of 0.997 5 and optimal factors were as follows: operative pressure of 0. 20 MPa, solution mass fraction of
5.60% , and solution pH value of 8. 50. The permeate flux under above conditions was 7. 02 L/(m’+h)
and protein purity was increased to 88. 63% . The infrared spectrum and HPLC analysis showed evidently
characteristic peaks of functional groups in soybean protein and remarkable low levels of undigestible
oligosaccharides. Besides, the protein extracted from EAEP showed improved solubilities especially at
acidic pH value, but it slightly decreased emulsifying activity index and emulsifying stability index.
Further improvement can be achieved if industrial fractionation unit was employed and process
optimization was conducted. A complete cost-effectiveness analysis would also need to be done to estimate
the economic viability of this application.

Key words: soybean protein; ultrafiltration; functional properties; enzyme-assisted aqueous extraction

process; process optimization
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25 AU & MR BT, B RAE ) FDS ALY
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Fig. 1 Schematic diagram of ultrafiltration device
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Tab.1 Levels and variables of response surface method

. H#
i his —— SR —— e
PAEIET) 2, /MPa PSR 050 %,/ % VW pH fH x5
-1 0.18 4.0 7.5
0 0.20 5.5 8.5
1 0.22 7.0 9.5

DRk T E " VTR, MR E AR, B
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Tab.2 Chemical composition of skim from EAEP of soybeans %
S 3 ESH i =] IR ke ) Yix
JE 11.48 +0.09 70.46 +£0. 21 7.58 £0.07 4.06 £0.05 0.75 +0.03 5.07 £0. 09
JE g 5 78.62 +0.13 8.50 +£0.05 4.56 +0.08 0.81 +0.05 5.77 £0.07
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Fig.2 Influence of membrane molecular weight

cuts-off on ultrafiltration performance

B L 2 R e i P B 0 Y R AT S
Rz TR, B> MWCO 5 1 kDa B B8 il
FU,HE R AT RE & 1 kDa B, 48 K 2 B % B AR
WOREIF RS T e R, L Tk RIS
HETT T B BE S 2, 5 4 B 28 i AL, foff 5o 2
TR Wi, MWCO 1 AR i 2 R

R 91.38% T+ 97.32% , i B AIX MWCO i3 i
FROGE 7K fiff YRR 1A AT 1 TR R, HL XY MW CO 2y
3 kDa B, 5530 5 B 2 P 00 A R R A AR, B )
TR B SR LA, 5 S BB B 3 kDa fE
JK A Y 1 T AT R ) 8 B T
2.3 BREWKKBEEANEERRIESHT
2.3.1 #fEEN

TEV R 0T 5 43 8 5.5% , pH {H K 8.5 & 1F
R AE R ok B i K B )RR R R S e A
K3 iR

8’_._@@% 7100

S| o mEEREE
6 198w
= vl
Es tﬁé
| &
o AT 196 ¥
2 .
® 3t &

2t {94

1 1 1 1 1 1 1 L
0.08 0.10 0.12 0.14 0.16 0.18 020 022 024
FE F1/MPa

B3 AR )X IR ROCR 1952 W
Fig.3 Influence of operational pressure on ultrafiltration

performance
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Fig.4 Influence of solution concentration on ultrafiltration

performance
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Fig.5 Influence of solution pH value on ultrafiltration

performance
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MEH 7 s W ot i A BRI W pH (B 3 NIRRT
Box-Behnken {35 #% 1 3 17 0 B 101 43 A7 o i 9 3t
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Tab.3 Experimental design and results of Box-Behnken

75 X X, X R/(L'(mz‘h>_l)
1 -1 -1 0 5.50
2 1 -1 0 5.75
3 -1 1 0 5.74
4 1 1 0 5.81
5 -1 0 -1 5.56
6 1 0 -1 5.68
7 -1 0 1 5.72
8 1 0 1 5.79
9 0 -1 -1 5.63
10 0 1 -1 5.98
11 0 -1 1 5.80
12 0 1 1 5.86
13 0 0 0 7.03
14 0 0 0 7.03
15 0 0 0 7.01
16 0 0 6.98
17 0 0 6.95
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A R R — kI X, X R B ERE R
TR R J5T i SO IR e Y Rk O R L P O
X0X5 X5 0 3, U 4% 2 300k 3 65 ) oy T 85 1
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Tab.4 ANOVA of response surface results

FoHmM AHE ¥ F P,
iy 5.830 9 0. 650 313.10 <0.000 1
X, 0.033 1 0.033 15.72 0.005 4
X, 0. 063 1 0. 063 30. 47 0.0009
X, 0.013 1 0.013 6.19 0.0417
X, X, 0.008 1 0. 008 3.92 0. 088 3
X, X, 0. 006 1 0. 006 0.30 0.599 6
X, X, 0.021 1 0.021 10.17 0.0153
X2 2.150 1 2. 150 1040.95  <0.000 1
X; 1. 440 1 1. 440 696. 83 <0.000 1
X2 1. 500 1 1. 500 726.93 <0.000 1
TR 0.014 7 0. 002
S 0.010 3 0. 003 2.69 0.1817
4% 0.005 4 0. 001
pe¥il] 5.84 16 R*=0.9975 R, =0.9943
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Fig.6 Response surfaces exhibiting effects of ultrafitration parameters on membrane flux
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Fig.8 Functional properties of skim protein
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