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Optimization of Cellulase-assisted Extraction Process of Proanthocyanidins from
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Abstract: In this study ultrasonic-assisted extraction was developed to optimize the extraction process of proanthocyani-
dins ( PC) presented in Hippophae rhamnoides seed meal. Cellulase was introduced into the process for improving the ex—
traction efficiency. The extraction conditions were optimized using response surface methodology ( RSM) while extraction
yield of PC were recorded as response and three key factors including extraction duration ratio of solid to liquid and pH
value of extraction solvent were selected by singlefactor tests. Box-Behnken design and a quadric regression equation for
predicting the extraction yield of PC were established and the optimized extraction conditions were determined as fol-
lows: extraction duration as 55 min ratio of solid to liquid as 1:30 ( g/mL) pH value of exiraction solvent as 5.0 and
times of extraction as 3 while ultrasonic power was set at 250 W extraction temperature was set at 25 °C with cellulose
dosage of 3% . Under these optimized conditions the extraction yield of PC was 3.07% .
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Table 1  Factors and levels in Box-Behnken design
Factors
(Xy)
Levels L Solid-todiquid (X3) pH
Extraction duration ( min) atio ( g/ml) pH value
- 30 1:10 3
0 52.5 1:30 5
1 75 1:50 7
2 45 min
1A,
2.1
2.1.1 1:30 g/mL

1:30 g/mL
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Fig. 1 Effects of solid/liquid ratio ( A) extraction duration ( B) times of extraction ( C) cellulase dosage ( D) and pH value of

extraction solvent ( E) on the extraction yield of PC
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Table 2 Design and results of response surface analysis for the optimization of extraction conditions of PC

Factors
No. X, X, X, Yield( %)
1 E| 1 0 2.03
2 1 0 2.21
3 4 1 0 2.16
4 1 1 0 2.35
5 E| 0 1 1.78
6 1 0 .| 1.97
7 E| 0 1 2.11
8 1 0 1 2.19
9 0 1 1 1.99
10 0 1 1 2.13
11 0 4 1 2.35
12 0 1 1 2.48
13 0 0 0 3.08
14 0 0 0 3.05
15 0 0 0 3.10
16 0 0 0 3.07
17 0 0 0 3.09
Design Expert 8.05b 0. 16X, +2.5 x10°X,X,0. 027X, X,2.5 x 107X, X, -
0.56X70.33X;-0.51X3.
Y =3.08 +0. 080X, +0. 068X, +
3
Table 3 ANOVA of regression analysis
Sum of F PPvalue
Source Squares df Mean Square F Value (Prob > F)
X, 0.05 1 0.05 60. 44 0.0001
X, 0.04 1 0.04 43.03 0.0003
X, 0.20 1 0.20 234.26 < 0.0001
X X, 2.50x107 1 2.50 x10° 0.03 0.8685
X, X; 3.03x107 1 3.03 x107 3.57 0.1007
X, X5 2.50 x 107 1 2.50 x 107 0.03 0.8685
X3 1.31 1 1.31 1546. 18 < 0.0001
X2 0.47 1 0.47 550.32 < 0.0001
X3 1.09 1 1.09 1281.38 < 0.0001
Model 3.47 9 0.39 454.82 < 0.0001
Residual 5.93x107 7 8.47 x10™*
Lack of Fit 4.45x107 3 1.48 x10° 4.01 0. 1066
Pure Error 1.48 x 107 4 3.70 x 10*
Cor Total 3.47 16
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Fig. 2 Responsive surface plots ( Al.B1.C1) and contour plots ( A2.B2.C2) showing the mutual effects of extraction duration

(X,) and ratio of solid to liquid ( X,) extraction duration ( X,) and pH value of extraction solvent ( X;) ratio of solid to

liquid ( X,) and pH value of extraction solvent ( X;) on the yield of PC
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