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Optimization of Ultrasonic-assisted Extraction of
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Abstract: In order to optimize the process of ultrasonic — assisted extraction of gingerol

the single factor

test of ethyl acetate volume fraction extraction temperature liquid-solid ratio extraction time were first con—

ducted. Then the effects of liquid-solid ratio extraction temperature and ethyl acetate volume fraction on ex—

traction yield were studied by Box-Behnken test design and response surface method. The optimal gingerol ex—

traction process is: liquid to solid ratio 19.3 mL/g extraction temperature 41.5 °C

fraction 91.5% . The gingerol extraction yield is 22.982 mg/g. Therefore the process of ultrasonic — assisted

extraction of gingerol optimized by response surface method is very reliable.
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Tab.1 Codes and levels of experimental factors
Factor
X
Level code x/(mL g™ %,/ °C %5 1%
liquid - solid ratio Extraction temperature Ethyl acetate volume fraction
-1 12 30 85
0 16 40 90
1 20 50 95
X, = (%, —x,) /Ax (X, X %o
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Fig.3 Effect of liquid - solid ratio on
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extraction yield of gingerols
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Fig.4 Effect of extraction time on
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2.1.4 100% 40 C 20 mL/g
10 ~35 min o 4 15 min
15 min.
2.2
2.2.1 Box — Behnken 2,
Y Design Expert 8.0.4 ( Stat — Ease Inc. Minnesota USA)

Y=22.03+1.36 X, —0.34 X, +1.86X, +0.32 X, X, -0. 38X, X, + 0.68X,X, —0.79X,” - 0. 41 X,’
-2.80X,’ (2)
2

Tab.2 Experiment design and results of response surface methodology

/(mg+g™)
X, X, X3

No. Yield of gingerols
1 16 40 90 22.007 4
2 16 40 90 21.827 3
3 20 40 95 21.431 6
4 16 30 85 18.049 3
5 16 50 85 15.228 1
6 20 50 90 22.076 7
7 12 40 85 14.689 6
8 12 30 90 20.212 3
9 16 50 95 20.948 1
10 12 50 90 19.667 1
11 20 40 85 19.106 5
12 16 40 90 22.047 7
13 16 30 95 21.045 1
14 16 40 90 22.145 1
15 16 40 90 22.121 4
16 20 30 90 21.348 6
17 12 40 95 18.534 2
3, (P <0.001)

R*=95.64% R =90.04% .

2
~ ° X X3 X3

2.2.2 5 o
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Tab.3 Analysis of variances for the created regression model

F P >F

Variance source Sum of squares af Mean square F Value Prob > F

Model 84.51 9 9.39 17.07 0.000 6

X, 14.74 1 14.74 26.79 0.001 3

X, 0.94 1 0.94 1.7 0.233 6

X, 27.7 1 27.7 50.34 0.000 2

X, X, 0.41 1 0.41 0.74 0.419 1

X, X, 0.58 1 0.58 1.05 0.339 8

X, X, 1.86 1 1.86 3.37 0.108 9

X]2 2.63 1 2.63 4.78 0.064 9

X22 0.72 1 0.72 1.31 0.290 3

X32 32.99 1 32.99 59.96 0.000 1

2.2.3 22.834 mg/g
22.834 mg/g : 19.29 mL/g 41.45 C
91.47% » 19.3 mL/g 41.5 C 91.5%
5 22.982 mg/g
15 .
£ 3 IR
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(a) liquid - solid ratio and extraction temperature; ( b) liquid — solid ratio and ethyl acetate volume fraction; ( ¢) extrac—
tion temperature and ethyl acetate volume fraction.
5

Fig.5 Response surface plots for extraction yield of gingerols in function of the factors

o Y N 3
41.5 C 19.3 mL/g 91.5% 22.982 mg/g.
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