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Optimization of ultrasound—microwave assisted extraction of
proanthocyanidin from brown rice by response surface methodology

CHENG Hai-tao' SHEN Xian-shuang’

( 1.Department of Applicative Chemistry Hengshui University Hengshui 053000 China;
2.Department of Art Hengshui University Hengshui 053000 China)

Abstract: In order to improve the yield of brown rice ultrasonic wave and microwave were used to strengthen extraction of
proanthocyanidin from brown rice.On the basis of single factor tests the method of the central composite experimental design
( BOX-Behnken) was used to optimal of ultrasound - assisted extraction of proanthocyanidins form brown rice by four factors
and three levels.The results indicated that the extractive conditions were optimized as follows: ethanol volume fraction 50% ;
ratioof liquor to solvent 22 ( mL/g) ; ultrasonic power 400W; ultrasonication time 33 min; microwave power 350 W; subsequent
microwave treatment 3.3 min; and.The extraction yield was7.09% +0.01%.
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_ W) x100

o V: (mL); C:
( mg/mL) ; n: ; W
_ (g -
N N 1.2.4 N N
o 30% 40% ~50% ~60% ~70%
1 10.15.20.25.30 mL/g
1.1 300.350.400.450.500 W 20+
. 30.35.40.45 min 250.300.350.
_ ' 400.450 W 1.2.3.4.5 min.
’ 125
’ . ’ Y (X)) (X,)
99.9% ' . (X.) (X)) Box
JYD-650 —Benhnken SAS
; WDO00G °
T B 4 3
_ 1 .
HH-S4 ; 1
FWS80 Table 1  The factor and level of the response surface
; TP—A100
; AR1140 o X, X, X, X,
1.2 (mL/g) (' min) (W) ( min)
1.2.1 -1 10 20 300 1
100 mL 0 20 30 350 3
1.0.9.0.8.0.7.0.6+ 1 30 40 400 5
0.5 ngz/mL o — 13
Ty =0.4514x-0.0356 R’ =0.9996. ' >0% 22 mL/g
122 400 W 33 min
€0 40°C D : 50% 22 mL/g
10% -20 C o
( 350 W 3.3 min
) . B ’ B
1.4
13 ’ SAS 9.2
1.2.3.1 ; EXCEL
- 19 . 2003 o
0.5 mL 10 mL 2
25 ml 1% - 2.5 mL 21 -
30% — 30 C
20 min 0.5 mL 2.1.1 1
500 nm
o 50% 6.94% 50%
1.2.3.2
1.0 mLL 1.2.3.1
14 o
Y(%) = VCn/( 1000 x 50% .
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400 W

2.14 4
30 min
6.95%
20~40 mino.
1
Fig.1 Effects of ethanol volume fraction on the extraction
2.1.2 2
20
6.96%
4
10~30 ( mL/g) Fig4 Effects of ultrasound time on the yield
2.1.5 5
350 W
6.93%
300~400 W,
2
Fig.2 Effects of liquid-solid on the yield
2.1.3 3
400 W 6.95%
° 5
- Fig.5 Effects of microwave power on the yield
2.1.6 6
3 min
6.96% o
1~5 min,
2.2 -
3 2.2.1
222

Fig.3 Effects of ultrasound power on the yield
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3

Table 3 The regression analysis results

F Pr>F
X, 1 0.140833  0.140833 2759184 <0.0001
X, 1 0.170408  0.170408  333.8612 <0.0001
X, 1 0.045633  0.045633  89.40408 <0.0001
X, 1 0072075 0.072075  141.2082 <0.0001
X2 1 0795675  0.795675  1558.873 <0.0001
6 X, X, 1 0.046225 0.046225  90.56327 <0.0001
Fig.6 Effects of microwave time on the yield XX, ! 0.0004 0.0004 0783673 0.3934
X, X, 1 0027225 0.027225 53.33878 <0.0001
X2 1 0.9075 0.9075 1777.959  <0.0001
50% 400 W
X,X; 1 0105625  0.105625  206.0388 <0.0001
X,X, 1 0018225 0018225 3570612 <0.0001
50% 400 W ,
X2 1 0957675 0957675 1876261 <0.0001
Y (X)) X;X, 1 0005625 0.005625  11.02041 0.0101
(X.) (X.) (X X2 1 0360533 0360533 706351 <0.0001
Box—Benhnken
14 2233942 0.159567 3126216 <0.0001
( 2) 3 10 0.006058  0.000606 18.175  0.0853
' 12 0.006125  0.00051
Y = 7.063333 + 0.108333X, + 0.119167X, + ,
26 2240067 R®=99.73%
0.061667X, + 0.0775X, —0.38625X,> —0.1075X,X, —
0.01X,X, —0.0825X,X, —0.4125X,> —0.1625X,X, — 27 mL/g.X, 18 ~36 min
0.0675X,X, —0.42375X,? +0.0375X,X, -0.26X,’ o
R =99.73%
Xl
— XZ
(X)) (X,) (X,) (X.) 8 X X,
X, >X, >X, >X, ° X, 9~
XX, 27 mL/g.X, 0.9~4.5 min
223 °
XZ
. X, 9~ X, X,
2
Table 2 The response surface experiment scheme and experimental results
X, X, X, X, Y X, X, X5 X, Y
1 -1 -1 0 0 5.94 15 0 1 -1 0 6.44
2 -1 1 0 0 6.38 16 0 1 1 0 6.22
3 1 -1 0 0 6.36 17 -1 0 -1 0 6.07
4 1 1 0 0 6.37 18 -1 0 1 0 6.21
5 0 0 -1 -1 6.26 19 1 0 -1 0 6.32
6 0 0 -1 1 6.35 20 1 0 1 0 6.42
7 0 0 1 -1 6.33 21 0 -1 0 -1 6.12
8 0 0 1 1 6.57 22 0 -1 0 1 6.38
9 -1 0 0 -1 6.14 23 0 1 0 -1 6.54
10 -1 0 0 1 6.48 24 0 1 0 1 6.53
11 1 0 0 -1 6.52 25 0 0 0 0 7.06
12 1 0 0 6.53 26 0 0 0 0 7.07
13 0 -1 -1 5.91 27 0 0 0 0 7.06
14 0 -1 1 6.34
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7 X, X,
Fig.7 Response surface graphs showing the

interactive effects of X, and X, on the extraction

8 X, X,
Fig.8 Response surface graphs showing the

interactive effects of X, and X, on the extraction

9 X, X,
. X,
36 min. X, 270~360W

°

9 X, X
Fig9 Response surface graphs showing the

interactive effects of X, and X; on the extraction

10 X, X,

18~36 min.X, 0.9~4.5 min
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100 X, X,
Fig.10 Response surface graphs showing the

interactive effects of X, and X, on the extraction

11 X, X,
Fig.11 Response surface graphs showing the

interactive effects of X, and X,on the extraction

X,
22 ml./g X, 33 min X, 350 W X, 3.3 min
7.09% o
: 50% 22 mL/g
400 W 33 min 350 W
3.3 mino 3

7.09% +0.01%

12 o

12 N N
Fig.12  The yield of ultrasonic wave.microwave

and ultrasonic microwave processing together
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