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Study on ultrasonic/microwave synergistic extraction of protein
from soybean dreg
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(1.Yulin University of Chemistry and Chemical Engineering, Yulin 719000, China;
2.Qigihar University Institute of Chemistry and Chemical Engineering, Qigihar 161006, China)

Abstract:In order to increase extraction yield of soybean dreg protein,the synergistic extraction experiment of
soybean dreg by ultrasonic/microwave was executed. The effects of ultrasonic power, ultrasonic time,microwave
power,microwave time,solvent—to —material ratio and pH on protein extraction yield were discussed. On the
basis of single—factor experiments,the process conditions were optimized using orthogonal test. The results
showed that the synergistic extraction by ultrasonic/microwave was a feasible method for the extraction of
soybean dreg protein. The best process conditions were as follows: ultrasonic time 30min, microwave time
5min, solvent-to—material ratio 10.30:1,pH9.5,microwave 440W and ultrasonic 400W. In this process conditions,
the extraction yield of dreg protein could reach about 94.14%. And the actual value of the extraction yield was
93.43% and was in good agreement with the predicted value. The obtained protein molecular weight was
between 13.427x10°~338.96x10°u. The protein exhibited homogeneous texture,good sensory quality.
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Fig.1 Extraction process of soybean dreg protein
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Table 2  The table of factors and levels

ATy BRI COBNT D E L
P (min) (min) (%)
-1 8.5 25 4 9:1
0 9 30 5 10:1
9.5 35 6 11:1

1.2.6  HPabH  NHISAS 9.2.OriginfliDesign—Expert
RAFREAT E s Ab B

2 HER5iTiE

21 HBEERERXW

2.1.1 AR sEm K28 o L 10:1, pHY,
Tk T 3. 360W , 8 75 I [8) 20min, 740 19 [E] 4min i)
S U Dy ZE X0 v B PR B R I B2 . 7E 200~
400W W, HT 5T $2 WA Bt A5 U Ty 23 3G o 3%
24588 A U Th R L 400W i, B A TR BUCR G TR
B o 3X R T PR S I A B D R, B AR
JH 7= A2 00 5 275 P A 11 B = A PR A 255 280 453508 4
W SR BTy T R AR, SO0 i TR AR PRI .
FHSAS 928K A: 43 AT , B 75 Ty 38 %] W 28 171 $2 B %
IR 5 AN {2 2 (p>0.05) .

90
85
80
75
70
65
60
55
50
45
40

A

/-/-

P (%)

200 250 300 350 400 450 500
R RSO
(SPAN - VERUIE SO E S e

Fig.2 Effect of ultrasonic power on protein extraction yield
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Fig.3 Effect of ultrasonic process time on protein extraction
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Fig.4 Effect of microwave power on protein extraction yield
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Fig.5 Effect of microwave process time on
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Fig.6 Effect of solvent—to—material ratio on protein extraction
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Table 3 Experiment design and results for response surface

analysis of foaming properties

S A B C D Y IR %
1 0 1 0 1 91.50
2 1 0 1 0 93.63
3 0 0 0 0 87.60
4 0 0 0 0 84.27
5 -1 -1 0 0 54.22
6 1 0 0 1 90.59
7 0 0 -1 -1 48.26
8 0 0 1 1 89.47
9 -1 0 0 -1 53.24
10 -1 0 -1 0 47.29
11 1 0 -1 0 71.12
12 0 1 1 0 91.70
13 0 0 1 -1 65.85
14 0 -1 0 1 71.96
15 -1 0 0 1 76.05
16 0 -1 1 0 79.23
17 0 0 -1 1 73.68
18 0 -1 0 -1 56.06
19 1 -1 0 0 85.07
20 0 1 0 -1 59.51
21 -1 0 1 0 77.69
22 0 0 0 0 83.34
23 0 0 0 0 84.91
24 0 -1 -1 0 58.96
25 -1 1 0 0 82.68
26 0 1 -1 0 69.51
27 1 0 0 -1 69.17
28 0 0 0 0 84.35
29 1 1 0 0 90.39
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Table 4 Variance analysis for the established regression model

TIEENRR CFIR A Uy FfH pfH
B 5563.73 14 397.41  43.53  <0.0001
A 986.45 1 986.45  108.05 <0.0001
B 530.54 1 530.54  58.11  <0.0001
C 1381.38 1 1381.38 15131 <0.0001
D 1660.51 1 1660.51 181.89  <0.0001
AB 133.86 1 133.86 1466  0.0018
AC 15.56 1 15.56 170 0.2127
AD 0.48 1 0.48 0.053  0.8214
BC 0.92 1 0.92 0.10  0.7554
BD 64.72 1 6472 7.09  0.0186
o)) 0.81 1 0.81 0.089  0.7702
A2 95.60 1 95.60  10.47  0.0060
B2 97.79 1 97.79 1071  0.0056
C? 311.77 1 311.77 3415  <0.0001
D2 593.33 1 59333 64.99  <0.0001
B 127.81 14 9.13
RPI 11739 10 11.74 4.50 0.08
7 10.42 4 2.61
MARS 5691.54 28

R=0.9775 R?,=0.9551 CV=4.04%

H:p<0.05, 77 W3 p<0.01, ZZ R W3 .

100
S
=
bl
1.00 1.00
0.50 0.50
0.00 0.00
L e
100
;\S 90
=
bl
1.00 1.00
0.50 " e 0.50
DAL 050 050 g g

~1.00 -1.00
P8 RIZR A LA IS 2R T4 M 5 i 6y o 12
Fig.8 Response surface plots showing the effects of

interactions of the factors on protein extraction yield
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Fig.9 Soybean dreg protein light intensity analysis
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