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Optimization of the extraction technics of total flavones from Semen
ziziphi spinosae and its mathematical model

LI You',JIN Ai-xian*, LIANG Zong-suo' ,DONG Juan-e'
(1 College of Life Sciences s Northwest A & F University ,Yangling »Shaanxi 712100, China;

2 Academy of Forest Inventory and Planning ,State Forestry Administration , Beijing 100714 ,China)

Abstract: [Objective] The extraction technics of total flavones in Semen ziziphi spinosae was opti-
mized. [Method]) Ultrasonic extraction process of the total flavones in Semen ziziphi spinosae was opti-
mized with central composite design-response surface methodology. Linear or nonlinear mathematic models
were used to evaluate the relationship between the independent variable (concentration of ethanol, liquid-
solid ratio,and extraction time) and the dependent variable (extraction quantity). Optimum process condi-
tions were predicted with response surface methodology,and then validated. [Result) Second-order quad-
ratic model was more suitable than linear model for evaluation of the relationship between independent var-
iable and dependent variable,and it's regression coefficient was as high as 0. 887 9. The optimum process
conditions were obtained as follows:84% ethanol,liquid-solid ratio at 40 mlL/g and extracting for 35 min.
The deviation between observed and predicted values of extraction quantity was 2. 30 % ,the extraction rate
up to 95. 05%. [Conclusion) Central composite design-response surface methodology can be used to opti-
mize the extraction process of the total flavones in Semen ziziphi spinosae and optimized process is relia-
ble.
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Table 1 Factors and levels of independent variables in coded
of extracting total flavones in Semen ziziphi spinosae
SES K Level
Factor ~ —1,732 -1 0 1 1.732
X1/ % 60.0 66.3 75 83.7 90.0
X,/(mL « g ') 30.0 34,2 40 45.8 50. 0
X3 /min 20.0 24. 2 30 35. 8 40.0
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Table 2 Design of experiments and the extraction quantity of total flavones in Semen ziziphi spinosae

Fe K % Factor PECE/ (mgeg D) =2 K % Factor B/ (mg e g D)
No. X, X, X, Extraction quantity No. X, X, X, Extraction quantity

1 —1 —1 —1 5.3755 11 0 —1.732 0 5.114 4

2 1 —1 —1 6.020 6 12 0 1.732 0 6.2857

3 —1 1 —1 6.055 8 13 0 0 —1.732 5.3619

4 1 1 —1 6.281 6 14 0 0 1.732 6.480 4

5 —1 —1 1 5.547 2 15 0 0 0 6.466 9

6 1 —1 1 6.115 3 16 0 0 0 6.434 5

7 —1 1 1 6.322 2 17 0 0 0 6.407 4

8 1 1 1 6.521 4 18 0 0 0 6.2857

9 —1.732 0 0 6.439 9 19 0 0 0 6.407 4

10 1.732 0 0 6.366 8 20 0 0 0 6.358 7
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Table 3 Results of central composite design and residual analysis for total flavones in Semen ziziphi spinosae
o S Y HOMAE yi 5 2% e PrifEsR 2 o 8 SLME Y FUAE yi 5 2% e PRUfERR 22 €
N: Actual Predicted Residual Standard Nf Actual Predicted Residual Standard
. value value error residual error : value value error residual error
1 5.3755 5.431 3 —0.055 8 —0.128 0 11 5.114 4 5.181 6 —0.067 2 —0.154 2
2 6.020 6 5.728 5 0.292 1 0.670 1 12 6.285 7 6.304 7 —0.019 0 —0.043 6
3 6.055 8 6.019 7 0.036 1 0.082 8 13 5.3619 5.580 8 —0.2189 —0.502 2
4 6.281 6 6.122 8 0.158 8 0. 364 3 14 6.480 4 6.347 6 0.132 8 0.304 7
5 5.547 2 5.642 0 —0.094 8 —0.217 5 15 6.466 9 6.409 7 0.057 2 0.131 2
6 6.115 3 6.087 3 0.028 0 0.064 2 16 6.434 5 6.409 7 0.024 8 0.056 9
7 6.322 2 6.550 3 —0.2281 —0.523 3 17 6.407 4 6.409 7 —0.002 3 —0.005 3
8 6.521 4 6.401 6 0.119 8 0.274 8 18 6.285 7 6.409 7 —0.124 0 —0.284 5
9 6.439 9 6.210 0 0.229 9 0.527 4 19 6.407 4 6.409 7 —0.002 3 —0.005 3
10 6.366 8 6.682 8 —0.316 0 —0.724 9 20 6.358 7 6.409 7 —0.0510 —0.117
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