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Optimization of reflux extraction of jujuboside from semen ziziphi spinosae
by central composite design-response surface methodology

ZHU Hong-Yan, LIN Hai-Cheng, YANG He, WANG Guo-Li, ZHAO Yan, GAO Yu-Gang,
ZHANG Lian-Xue"

(College of Chinese Medicinal Materials, Jilin Agricultural University, Changchun 130118, China)

ABSTRACT: Objective The extraction of jujuboside from semen ziziphi spinosae was optimized. Methods
The content of jujuboside was detected by ultraviolet and visible spectrophotometry, and central composite de-
sign (CCD)-response surface methodology was used to study the effects of ethanol concentration, ethanol do-
sage and extraction time as well as their interactions on the content of jujuboside. A predictive model was de-
veloped by SAS software, and the optimum extraction conditions were determined by response surface analysis.
Results The optimum reflux extraction conditions were 14 times of 75% ethanol extracted 2 h for 2 times.
The average content of jujuboside was 34.26 mg/g. Conclusion CCD-response surface methodology for op-
timizing the reflux extraction press of jujuboside was reliable, and the detected content of jujuboside closed to

the predictive value. The predicted extraction process was stabled, and it could be used to direct the industria-
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lized extraction of jujuboside.
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Fig. 1 Effect of different extraction method on the content of jujuboside (n=3)
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Fig. 2 Effect of ethanol concentration on the content of jujuboside (n=3)
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Fig. 3 Effect of solvent-to-solid ratio on the content of jujuboside (n=3)
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Effect of extraction time on the content of jujuboside (n=3)
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Fig. 5 Effect of extraction times on the content of jujuboside (n=3)
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Table 2 CCD matrix and results of jujuboside from semen ziziphi spinosae
. (mg/g)
X1(%) Xz(mL/g) Xs(h) . ) ; (mglg)
S1 0(65.0) 0(12.5) 0(1.5) 27.47 29.86 29.31 28.88 30.38
S2 0 0 0 29.25 29.21 27.34 28.60 30.38
S3 0 0 0 27.13 30.23 27.60 28.32 30.38
sS4 1(73.9) 1(14.0) 1(1.8) 35.98 37.04 35.43 36.15 37.19
S5 1 1 -1(1.2) 33.93 33.97 33.17 33.69 34.14
S6 1 -1(11.0) 1 27.86 27.88 27.54 27.76 27.87
S7 1 -1 -1 27.45 26.34 26.73 26.84 27.17
S8 -1(56.1) 1 1 24.03 21.78 24.87 23.56 28.32
S9 -1 1 -1 25.14 21.67 20.87 22.56 25.92
S10 -1 -1 1 21.56 21.34 20.67 21.19 24.06
S11 -1 -1 -1 19.88 20.12 19.76 19.92 22.28
S12 -1.682(50.0) 0 0 17.55 19.32 18.21 18.36 20.93
S13 1.682(80.0) 0 0 30.63 30.93 31.20 30.92 30.84
S14 0 -1.682(10.0) 0 22.07 20.36 2213 21.52 21.83
S15 0 1.682(15.0) 0 31.24 29.87 29.13 30.08 37.35
S16 0 0 -1.682(1.0) 27.16 25.34 27.78 26.76 35.21

S17 0 0 1.682(2.0) 29.56 30.43 35.89 31.96 41.00
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Table 3 Significance test of each coefficient in the developed regression model
t P
1 —77.442594 39.675928 -1.95 0.0919
X 1 1.596818 0.562161 2.66 0.0323 *
Xz 1 6.178237 3.578923 1.72 0.1282
X3 1 —-13.329585 14.944914 —-0.89 0.4021
Xi2 1 —-0.017618 0.003384 -5.21 0.0012 Hx
XoXq 1 0.095572 0.023939 3.99 0.0052 *x
Xo? 1 —0.438665 0.121462 -3.69 0.0077 Hx
XsXq 1 0.051850 0.119694 0.43 0.6779
XX 1 0.352778 0.711782 0.50 0.6353
X4 1 3.023373 3.036551 1.00 0.3526
1 P<0.05, * ; P<0.01, **
F4 ENAEBRFENF
Table 4 Analysis of variance for the developed regression model
F P
9 400.575961 0.9859 54.23 <0.0001 w*
3 352.175954 0.8667 143.03 <0.0001 *x
3 34.962769 0.0860 14.20 0.0023 *x
3 13.437238 0.0331 5.46 0.0300 *
7 5.745228 0.820747
5 5.588428 1.117686 14.26 0.0668
2 0.156800 0.078400
£5 BAREEASH
Table 5 Ridge analysis for the developed regression model
X1 X X3
0.0 28.600499 0.521567 65.000000 12.500000 1.500000
0.1 29.435154 0.518235 66.234611 12.630223 1.511316
0.2 30.235925 0.508784 67.413369 12.769914 1.524786
0.3 31.005808 0.494951 68.539117 12.916185 1.540676
0.4 31.747585 0.479948 69.613710 13.066496 1.559261
0.5 32.463956 0.468813 70.637793 13.218561 1.580811
0.6 33.157631 0.468458 71.610853 13.370287 1.605568
0.7 33.831397 0.486704 72.531497 13.519743 1.633712
0.8 34.488141 0.530054 73.397920 13.665181 1.665327
0.9 35.130837 0.601604 74.208489 13.805098 1.700376
1.0 35.762494 0.700998 74.962327 13.938309 1.738695
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Fig. 6 Response surface and contour lines of the content of Jujuboside
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