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Abstract: In this study, response surface analysis was applied to optimize the extraction process of chlorogenic acid
fromEriobotrya japonica. On the basis of single-factor experiments,the Box-Behnken center-composite experimental de-
sign principle was used to design the experiments and the response surface analysis with 4 factors and 3 levels was a-
dopted. A second order quadratic equation for extraction of chlorogenic acid was created. After analyzed the significance
of various factors and their interactions, the optimal extraction conditions for the extraction ofchlorogenic acid from E. ja-
ponica leaves were determined as follows:70% aqueous ethanol as the extraction solvent,1: 15 as sample-to-solvent rati-

0,50 °C as extraction temperature , ultrasonicationfor 30 minand 5 minmicrowavewith 400w as microwave power. The ex-

traction yield of chlorogenic acidwas determined to be 5.84% under the optimized extraction conditions.
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Fig. 1  Effect of ethanol concentration on the extraction yield

of chlorogenic acid
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Fig. 2 Effect of ultrasonic temperature on extraction yield of

chlorogenic acid
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Fig.3  Effect of sample-to-solvent ratio on the extraction

yield of chlorogenic acid
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Fig. 4 Effect of microwave power on the extraction yield of

chlorogenic acid
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Table 1  Factors and levels of Box-Behnkencenter-composite experimental design
- e T T
R solvent ratio(g/mlL) power( W) time ( min)
-1 60 300 3
0 70 400 5
+1 80 500 7
2.2.2  Box-Behnken %3t 7 & & iX I 45 R
&2 Box-Behnken iZit 7 RRIXIWHER
Table 2 Box-Behnken design matrix and extraction vieldofchlorogenic acid
Sl H o SR i 2
’ values( % ) value (% )
1 -1 -1 0 5.67 5.65
2 +1 -1 0 5.82 5.77
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3 -1 +1 0 0 5.79 5.84
4 +1 +1 0 0 5.83 5.84
5 0 0 -1 -1 5.85 5.81
6 0 0 +1 -1 5.81 5.82
7 0 0 -1 +1 5.84 5.87
8 0 0 +1 +1 5.48 5.40
9 1 0 0 -1 5.77 5.66
10 +1 0 0 -1 5.53 5.46
11 1 0 0 +1 5.43 5.54
12 +1 0 0 +1 5.84 5.84
13 0 1 1 0 5.54 5.51
14 0 +1 1 0 5.77 5.69
15 0 1 +1 0 5.75 5.85
16 0 +1 +1 0 5.69 5.52
17 1 0 1 0 5.48 5.49
18 +1 0 -1 0 5.43 5.52
19 1 0 +1 0 5.67 5.66
20 +1 0 +1 0 5.47 5.54
21 0 1 0 1 5.44 5.48
22 0 +1 0 1 5.85 5.84
23 0 -1 0 +1 5.62 5.64
24 0 +1 0 +1 5.86 5.84
25 0 0 0 0 5.46 5.55
26 0 0 0 0 5.33 5.38
27 0 0 0 0 5.74 5.61
28 0 0 0 0 5.64 5.66
29 0 0 0 0 5.41 5.53
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FIFH Design Expert7. 0 #FXF 2 2 I8 0.12 X, X;-0. 013 X, X, + 0. 02X,X,-0. 11X}-
T2 mlAA , B M SR REBCR (Y) X2 0. 11X3-0. 15X2-0. 09 X2, #1528 R® =0. 9450,
BERR P H (X)) GBI EE (X)) ORI (X) i 2.2.4 2 ZRppn
PEETA] (X, ) B IR 30 AR 7 FE oy PR 8 25 P ARG 06 235 2R UL 3 3, [l U R AR

Y =5.84 +0.061X, +0.04 X, +0. 12X, + R LS I LS 4

F3 MEARBFEIWER

Table 3 Analysis of variance for fitted quadratic polynomial model

T5 24 I F B ¥ F{H Pl wE
Source Sum ofquares df Mean square F-value P-value Significant
7 Model 0.67 14 0.148 4.72 0.0032 B
5% % Residual 0.14 14 0.010
S Lack of Fit 0.13 9 0.015 9.33 0.052
4l 7% Pure Error 0.008 5 0.002

S Total 0.81 28
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Table 4 Testing results of significancefor regression coefficient

Factor Estimate df Error [ B# High TBR Low P-value
R 5.84 1 0.044 5.93 5.74
X, 0.061 1 0.029 0.12 -0.001 0.0543
X, 0.040 1 0.032 0.11 0.027 0.2223
X, 0.12 1 0.033 0.19 0.049 0.0028
X, 0.034 1 0.032 0.10 0.033 0.2895
X, X, 0.10 1 0.050 0.21 20.003 0.0551
X, X, 0.12 1 0.050 0.21 0.010 0.0345
X, X, 0.12 1 0.050 0.023 0.012 0.0314
X, X, 0.12 1 0.063 0.25 0.016 0.0802
X, X, 20.012 1 0.050 0.095 0.12 0. 8069
X, X, 0.020 1 0.056 0.14 0.10 0.7272
X3 0.11 1 0.039 -0.030 0.20 0.0116
X2 0.11 1 0.042 -0.025 0.20 0.0161
X2 0.15 1 0.041 -0.059 0.24 0.0030
X2 -0.092 1 0.040 0.18 0.006
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