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A Study on the Extraction of Flavonoids in Soybean Pods
with Surfactant and Microwave

WANG Chun-+ong ZHENG Guo-dong YAN Xian—zai

( College of Food Science and Engineering JAU Nanchang 330045 China)

Abstract: Surfactant and microwave extraction was applied to the extraction of flavonoids from soybean
pods. Response surface methodology ( RSM) was applied to optimizing the extraction conditions. Based on the
signal factor test microwave power the ratio of liquid to solid and dodecyl dimethyl betaine ( BS — 12) mass
ratio were chosen as casual factors and a three — factor and three — level Box — Behnken central composite
design was performed to attain the highest weighed value of yields of soybean pods flavonoids. RSM method
was used to investigate the three factors impacting the response value of yields of soybean pod flavonoids. The
optimal microwave extraction assisted with surfactant conditions was determined as follows: extraction time 4
min 20 s ratio of liquid to solid 26 ( mL: g) dodecyl dimethyl betaine 0.44% and microwave power 400 W.
Under these conditions the extraction ratio of soybean pod flavonoids was 9.36%  which was consistent with
the predicted values. These results demonstrate the validity of microwave extraction assisted with surfactant
process for flavornoids in soybean pods.
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Tab.1 Rutin —surfactant (0.1%) solution of the standard curve regression equation and parameters
K R
Solutions Standard curve regression equations
- SDS y = 0.034 4x -0.000 4 0.034 4 0.998 3
— Tween 80 y = 0.093 9x +0. 005 7 0.093 9 0.999 4
- BS-12 y = 0.818 4x +0. 001 6 0.818 4 0.997 3
- DTAC y = 0.223 1x +0. 003 3 0.223 1 0.999 2
1.2.3
o V, A,
vV A i :
= (A, xV)/(A xV) x100% (1)
1
1.2.4 5 (
N N N ) 1.2.1
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Tab.2 Effects of surfactant on the extraction yield of soybean pods flavonoids
Surfactant Tween 80 SDS DTAC BS-12 H,0
Y/ % 4.05 4.62 3.83 4.51 3.02
2.1.2 1 ¢g/l. BS-12
(400 W) . 1 .
o 3 ~5 min 0
2.1.3 1 ¢g/l. BS-12
4 min. 2
400 W 0 ;
o 400 W o
8 r g
7 r 7 L
3 L
5 i I
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S /i s
Extraction time Power/W
1 2
Fig.1 Effects of extraction time on the extraction yield Fig.2 Effects of microwave on the extraction yield
of soybean pods flavonoids of soybean pods flavonoidss
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Fig.3 Effects of the ratio of water to solid on the Fig.4 BS -12 content on the extraction
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Tab.3 Box —Behnken experimental design factors outcome levels and results
Experiment No. X, /min X, /(mL: g) X5 1% Y/ %
1 0(4) 0( 20) 0(0.4) 9.05
2 1(5) 1(30) 0(0.4) 8.67
3 0(4) -1(10) 1(0.6) 7.71
4 0(4) 0( 20) 0(0.4) 9.07
5 -1(3) -1(10) 0(0.4) 5.89
6 1(5) 0( 20) -1(0.2) 7.88
7 0(4) 1(30) -1(0.2) 8.43
8 1(95) 0( 20) 1(0.6) 7.87
9 1(5) -1(10) 0(0.4) 7.19
10 0(4) 0( 20) 0(0.4) 9.10
11 -1(3) 1(30) 0(0.4) 6.96
12 0(4) 1( 30) 1(0.6) 9.17
13 0(4) 0( 20) 0(0.4) 9.11
14 -1(3) 0( 20) -1(0.2) 6.49
15 0(4) 0(20) 0(0.4) 9.06
16 0(4) -1( 10) -1(0.2) 6.35
17 -1(3) 0( 20) 1(0.6) 6.97
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Y =9.08 +0. 66X, +0. 76X, +0. 32X, +0. 10 X, X, -0. 12 X, X, -0. 16 X,X, - 1.26 X,> —0. 64 X,* -

0.52 X,’ (2)
( 3). “P>F” 0.05
o (P<0.0001); P <0.000 1
o R’ = 0.940 7 94.07%
3 : XX, X, ;
XX X7 ; o
4

Tab.4  Regression analysis

Sources SS DF Ms g p>F
X, 3.51 1 3.51 47.08 0. 000 2
X, 4.64 1 4.64 62. 16 0.000 1
X, 0.83 1 0.83 11.07 0.012 6
X’ 6.65 1 6.65 89. 13 <0.000 1

X, X, 0. 042 1 0. 042 0.56 0.477 3
X, X, 0. 06 1 0.06 0. 80 0.399'5
X’ 1.75 1 1.75 23.41 0.001 9
XX, 0. 096 1 0. 096 1.29 0.293 7
X,? 1.13 1 1.13 15.21 0.005 9
Model 19.60 9 2.18 29.20 <0.000 1
Linear 8.97 3 2.99 3.49 0.047 1
Quadratic 10.43 3 3.48 46.61 <0.000 1
Interactions 0.20 3 0. 066 0.06 0.979 5
Lack of fit 0.52 3 0.17 258.42 <0.000 1
Pure error 0.002 68 4 0.000 6 7
Residual 0.52 7 0.075
Total 20.12 16
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Fig.5 Responsive surfaces and contour showing the effects of microwave extraction time

ratio of water to solid and BS — 12 content on the extraction yield of soybean pods flavonoids
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4.3 min. 25.9 (mL: g) (BS -12)
4.4 g/L, 9.43% P =0.86.
RSM
4 min 20 s, 4.4 o/,
26( mL: g) 400 W 9.36% o
4 min 20 s. 26 (mL:g) \BS - 12
4.4 ¢/L 400 W, 9.36% -
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