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Optimization of Extraction Conditions of Salidroside, Hepatoprotective
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Abstract — Salidroside is a major phenolic glycoside of Acer tegmentosum (Aceraceae) and known to be a hepatoprotective
compound. Extraction conditions are one of the most important factors to save time and cost from an economic point of view.
For this reason, this study was conducted to optimize the extraction condition for maximum yield of salidroside. For optimi-
zation, three extraction factors such as ethanol concentration (%), extraction temperature (‘C), and solvent to material ratio (mg/
mL) were tested and optimized for maximum yield of salidroside using response surface methodology (RSM). The optimal con-
dition was obtained as an ethanol concentration of 53.4%, an extraction temperature at 67.11°C and a solvent to material ratio
(mg/mL), 195.55 mg/ml. The salidroside yield under optimal conditions was found to be 1.59 mg/g dried samples, which were
well-matched with the predicted value of 1.56 mg/g dried samples. These results will provide useful information about opti-
mized extraction conditions for the development of salidroside as hepatoprotective therapeutics.
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Fig. 1. Chemical structures of salidroside.
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Table 1. Experimental design and responses of the dependent variables to extraction conditions

Coded variables

Independent variables Dependent variables

Run order X x EtOH conc. Extraction temp. Solvent ratio Salidroside
! 2 g (%, X)) (C.X,) (mg/mL, X;) (mg/g)
1 -1 1 0 0 100 200 1.01
2 0 -1 1 50 20 250 0.63
3 0 0 0 50 60 200 1.59
4 0 0 0 50 60 200 1.62
5 0 -1 -1 50 20 150 0.65
6 1 0 -1 100 60 150 0.82
7 1 0 1 100 60 250 1.03
8 0 1 -1 50 100 150 1.23
9 1 1 0 100 100 200 1.09
10 -1 0 -1 0 60 150 1.06
11 0 1 1 50 100 250 0.92
12 -1 -1 0 0 20 200 1.32
13 -1 0 1 0 60 250 0.47
14 1 -1 0 100 20 200 1.22
15 0 0 0 50 60 200 1.43
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Fig. 2. (A) HPLC chromatogram of salidroside and (B) HPLC chromatogram of 4. tegmentosum extract prepared from extraction

condition of center point.

Table II. Regression coefficients and their significances in the quadratic polynomial regression equations for salidroside contents

Factor Coefficient Standard Error 95% Confidence Interval Low  95% Confidence Interval High
Intercept 1.54 0.13 1.21 1.88
X, 0.037 0.079 -0.17 0.24
X, 0.056 0.079 -0.15 0.26
X, -0.090 0.079 -0.29 0.11
XX, 0.045 0.11 -0.24 0.33
X, X, 0.20 0.11 -0.087 0.49
X, X, -0.073 0.11 -0.36 0.21
X2 -0.20 0.12 -0.50 0.099
X,2 -0.18 0.12 -0.48 0.11
X4 -0.50 0.12 -0.80 -0.20
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Table II1. Analysis of variance for the response surface quadratic models

Sum of square Degree of freedom Mean square f-value p-value
[Model] 1.39 9 0.15 3.08 0.0039
X, 0.011 1 0.011 0.22 0.6596
X, 0.025 1 0.025 0.50 0.5127
X, 0.065 1 0.065 1.30 0.3064
XX, 0.008 1 0.008 0.16 0.7036
X, X, 0.16 1 0.16 3.22 0.1326
X, X, 0.021 1 0.021 0.43 0.5407
X2 0.15 1 0.15 2.95 0.1464
X,? 0.13 1 0.13 2.51 0.1740
X2 0.93 1 0.93 18.65 0.0076
[Residual error] 0.25 5 0.05
Lack-of-fit 0.23 3 0.076 7.01 0.1273
Pure error 0.022 2 0.011
Total 1.64 14
R? 0.9873
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Fig. 3. Response surface plot for the effects of extraction conditions for salidroside from the A. tegmentosum extract, (a) ethanol
concentration and extraction temperature, (b) ethanol concentration and solvent to material ratio, (c) extraction temperature and sol-
vent to material ratio.
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Table IV. Predicted and experimental values of response variables under optimal conditions

Extraction parameters

Salidroside (mg/g)

Ethanol concentration Extraction temperature
(%) (C)

Solvent to material ratio
(mg/mL)

Predicted Values Experimental values

53.40 67.11

195.55

1.56 1.59+0.02
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