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Optimization of Ultrasonic—-assisted Extraction Process for Inonotus obliquus
Using Response Surface Methodology
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Abstract

This study was conducted to monitor the yields of useful substances extracted from Inonotus obliquus. Optimization of ultrasonic assisted extraction
process was carried out by using response surface methodology under different extraction conditions. A central composite design was applied to investigate
the effects of independent variables such as extraction time (X)), ethanol concentration (X;) and extraction temperature (X3) on dependent variables
such as soluble solid yield (Y;), total phenol contents (Y2), total flavonoid contents (Y3) and browning color(Ys). Soluble solid yield was affected
by ethanol concentration and extraction temperature. The maximum soluble solid yield was 18.02% at 20.47 min (X)), 42.85% (X;) and 69.57C
(X3) in saddle point. Total phenol contents were highly affected by ethanol concentration and extraction temperature. The maximum total phenol contents
were 71.57mg GAE/g at 21.60min (X)), 45.19% (Xy), 69.68°C (X3). The electron donating ability was affected by extraction temperature and extraction
time. Total flavonoid contents were affected by only extraction temperature. The maximum total flavonoid contents were 35.98 mg RE/g at 22.53min
(X1), 46.37% (X2), 69.56C (X3) in saddle point. The browning color was highly affected by extraction time, ethanol concentration and extraction
temperature. The maximum browning color was at 22.00 min (X)), 46.89% (Xy), 69.71°C (Xs) in saddle point. As a result, the optimum extraction
conditions were predicted; extraction time of 21.50 min, ethanol concentration of 44.87% and extraction temperature of 69.635C.
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Table 1. Box-behnken design(BBD) matrices with three levels and four variables and analytical results from Inonotus obliquus

Exp No.? Extratiqn Time Ethanol Concentration Extraction oTemperature SSYb) TPCc) TFCd) BCe)
(min) (%) (C) (%)  (mg GAEjy) (mgREjy)  (OD)

1 10(-1) 25(-1) 60( 0) 18.74 46.46 23.85 0.72
2 10(-1) 75( 1D 60( 0) 11.28 39.69 24.76 0.62
3 30( 1) 25(-1) 60( 0) 15.20 52.40 2771 0.80
4 30( ) 75( 1) 60( 0) 12.84 42.09 24.96 0.66
5 20( 0) 25(-1) 50(-1) 14.39 46.66 25.88 0.71
6 20( 0) 25(-1) 70( 1) 1721 67.25 33.07 0.95
7 20( 0) 75( 1) 50(-1) 12.42 37.55 2222 0.58
8 20( 0) 75( 1) 70( 1) 14.11 46.13 25.16 0.74
9 10(-1) 50( 0) 50(-1) 1541 53.14 28.95 0.84
10 30( 1) 50( 0) 50(-1) 16.80 63.09 30.45 0.98
11 10(-1) 50( 0) 70( 1) 17.64 67.79 36.01 1.08
12 30( 1) 50( 0) 70( 1) 19.94 74.68 39.01 1.19
13 20( 0) 50( 0) 60( 0) 15.61 57.10 29.60 0.92
14 20( 0) 50( 0) 60( 0) 15.66 61.93 28.95 0.95
15 20( 0) 50( 0) 60( 0) 15.16 55.78 31.10 091

“The number of experimental conditions by central composite design

PSoluble solid yield

9Total phenol contents
9Total flavonoid contents

Brown color
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Fig. 1. 3D surface plots and 2D contour plots reflect the
effect of process variables on soluble solid yield.
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Fig. 2. 3D surface plots and 2D contour plots reflect the
effect of process variables on Total phenol contents.
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Table 2. Polynomial equation calculated by RSM program for extraction of Inonotus obliquus

Responses

The second order polynomiala) R?

significance

¥, = 0476913 — 0.007HED A, 4+ 0.002018.5,

— 0.0206T5.A, + Q000097 A7+ 0.000061 5,54,
— 0.000031AF + 0000023 A, A, — D.0000L1A, X%,

Soluble solid yield (Y;)
+ D.00008 8 AF

0.9082 0.0375

¥, = 649,610 + 2. 980087 X, + 16.81264.%,

—24.408821.%, + 0.06252 XF
— 0.D204THX,A; — 0.131083.%¢

Total phenol contents (Y2)

0.9698 0.0027

— 0044167 A5, — 00693338 4,,%, + 030744 X7

¥, =1740.6 — 10900725, 4 30.302TRA

— 64 456833 A, + 0.3138BXT — 0.083IIF AL,
— 0.236444 X7+ 0. 0968335, X, — D.10BFE8 X,

Total flavonoid contents (Y3)
+ 06347227

0.9407 0.0137

¥, = 1653333 — 00004725, +0.042748.5,

— D.069592.%, + 0.000262 X7 — 0. DDD0EE X, %,
+ 0.000402 577 — 0. 00006 8.A,.5, — 0.00D0T 85,5,

Brown color (Yy)
+ 000071157

0.9899 0.0002

X, : Extraction time (min) X, : Ethanol concentration (%) Xs : Extraction temperature, (C)
Y = by + bX + boXo + bsXs + buXyt + buXoX) + bpXot byXaXit bXsXot bXy
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Fig. 3. 3D surface plots and 2D contour plots reflect the
effect of process variables on Total flavonoid contents.
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Fig. 4. 3D surface plots and 2D contour plots reflect the
effect of process variables on Brown color.
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Table 3. Regression analysis for regression model of
variables in extraction condition

F Ratio
Response conditions
X Xz X3
Soluble solid yield 0.25 19517 8.58"
Total phenol contents 751" 26.54™ 3640
Total flavonoid contents 2.53 620" 22.90™
Brown color 21397 46807 105227

“Significant at 10% level; “Significant at 5% level; ™Significant at 1% level
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Table 4. Predicted values of optimum conditions for the maximized responses to variables by the ridge analysis by their

response surface

Extraction conditions®

Responses .
Xi X, X3 Maximum Morphology
Soluble solid yield (%) 2047 42.85 69.57 18.02 saddle point
Total phenol contents (mg GAE/g) 21.60 45.19 69.68 71.57 saddle point
Total flavonoid contents (mg RE/g) 22.53 46.37 69.56 35.98 saddle point
Brown color (0.D) 22.00 46.89 69.71 1.11 saddle point
X, : Extraction time (min), X, : Ethanol concentration (%), X; : Extraction temperature (C)
. . . L =T =2 QT T 2
Table 5. The optimum range of extraction conditions for = o 046'89%’ —'f =52 6071 CAlA 245 111 OD=
. . . Z —
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3D Contour Plot of multiple variables against TIME (MIN) and Ethanol C
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Fig. 5. Imposed contour plots of multiple variables against time and ethanol concentration.
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