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Abstract : Based on the results of single factor test,response surface methodology with 3 factors and 3 levels was applied
according to Box-Behnken experimental design principle. The experimental programs were designed to investigate the
effects of solid-liquid ratio, extraction duration and times of extraction on water extraction of Shenqi Fufang granular
(SFG). The results showed that the optimal extraction process was solid /liquid ratio (m/V) 1: 10, extracted three
times with 60 min each time. Under the optimal conditions, the composite score achieved up to 98. 90. This optimized
process was stable,reasonable and feasible. It can be used as an effective method for the extraction of other medicinal
materials from SFG.
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Conditions of single factor experiments for water extraction
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Single-factor experimental condition
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[+ 6] Time ( min)
BHE L Solid-Liquid ratio (g/mlL ) 1:4 1:6 1:8
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Fig. 1

Effects of extraction duration (A) ,times of extraction (B) ,solid/liquid ratio (C) on the comprehensive evaluation results
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Table 3 Design and results of response surface analysis
- FEAR L) 5 Indexes content (mg/g)
BRE T C ol e .
SRS AREKH Do sl land B8 R NBi e ABEIERY, OO B
No. Times duration ratio Ginsenoside  Ginsenoside  Ginsenoside Lo 1 00 (%) i
(min) (g/mL ) Re, Re Rb, Astragaloside Y

1 -1 0 1 1.1686 1.6164 1.6287 0.5412 35.99 74.26
2 0 0 0 1.5946 2.2057 2.2225 0.7385 45.17 99.59
3 -1 -1 0 1.0706 1.4808 1.4921 0.4958 20.15 62.41
4 0 1 -1 1.5327 2.1199 2.1361 0.7098 45.05 96.44
5 1 0 1 1.5756 2.1794 2.1959 0.7307 45.62 98.90
6 -1 0 -1 1.0928 1.5116 1.5231 0.5061 33.52 69.38
7 0 0 0 1.5974 2.2096 2.2264 0.7398 44.01 99.22
8 0 1 1 1.5669 2.1674 2.1839 0.7257 45.59 98.40
9 1 0 -1 1.5672 2.1677 2.1842 0.7258 45. 66 98.44
10 0 0 0 1.5907 2.2003 2.2170 0.7367 44.87 99.28
11 0 0 0 1.5939 2.2048 2.2216 0.7382 45.08 99.52
12 1 -1 0 1.5726 2.1752 2.1918 0.7283 44.18 98. 06
13 -1 1 0 1.2863 1.7792 1.7927 0.5957 36.58 80.39
14 0 0 0 1.5981 2.2105 2.2273 0.7401 42.37 98.54
15 0 -1 -1 1.4007 1.9375 1.9522 0.6487 43.78 89.28
16 0 -1 1 1.4020 1.9393 1.9540 0.6493 43.96 89.42
17 1 1 0 1.5767 2.1809 2.1975 0.7302 45.69 98.93
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Table 4  Analysis of variance
J5 28 M S5 A El B %5 FAH P1{H N
Variance source Square sum Df Mean square | F value P value Significance
57 Model 2333.613 9 259.29 614.718 < 0.0001 * %
A 1455.032 1 1455 3449.55 < 0.0001 w %
B 153.0375 1 153.04 362.817 < 0.0001 * %
C 6.9192 1 6.9192 16.4038 0.0049 ®
AB 73.18803 1 73.188 173.512 < 0.0001 ®
AC 4.8841 1 4.8841 11.5791 0.0114 *
BC 0.8281 1 0.8281 1.96324 0.2039
A2 529.23 1 529.23 1254.68 < 0.0001 ®
B? 39.71611 1 39.716 94.1578 < 0.0001 * %
c? 32.39448 1 32.394 76.7999 < 0.0001 ® %
5% 7% Residual 2.952625 7 0.4218
SR Lack of Fit 2.260225 3 0.7534 4.35245 0.0947 not significant
5222 Pure Error 0.6924 4 0.1731
B 7% Cor Total 2336.565 16

" " N2ZRWEE (P<0.01); " FEREFE(P<0.05),
Note; * *
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Fig.2 Response surface plots showing the cross interaction among three factors (A-B,A-C,B-C)



Vol. 28

FA 745 - Box-Behnken Wi HIA L5 B 7 UL /K $2 T2 573

K2 (a-c) 70l E LR 5 PP SR B (A) FiIiR
It E] (B) | £5 5 W0 5 B HORE (A) ROk LE
(C) ZEG PP PRIUR ] (B) MURHRLEL (C) 145 1o
il p AT AT R $REECUCRR (A) AR BR8] (B ) X

B H I [
Extraction duration
CRHRHE
Solid/liquid ration(g/mlL.)

A FREUKEL

Times of extraction

A BRI

Times of extraction

G VRSN 255, 4500 6T BE U 5 K L
(C) SR 55 2 B 43 16 B 0 RS 0/, 1 1
i

CoRHREL
Solid/liquid ration(g/mL)

2 0 1 2
B FEIS ]

Extraction duration

B3 REXRIEMEAMGETSIHZMNESEKE

Fig. 3 Contour plots of mutual effects of extraction conditions on the comprehensive evaluation results
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Table 5 Results of verification experiments of extraction process

FEAR )7 B Indexes content (mg/g)

FAPIR G it
S - e P
S AZ R Ry, AZ B Re AZ A Rb, P 4 Extraction Comprehensive
No. Ginsenoside Ginsenoside Ginsenoside A /t\ allosid yield (% ) Evaluation
Re, Re Rb, stragalloside
1 1.5716 2.1739 2.1904 0.7276 46.77 99.55
2 1.5006 2.0756 2.0914 0.6949 47.67 96.31
3 1.5545 2.1501 2. 1665 0.7199 47.94 99.17
4 1.5012 2.0764 2.0922 0.6852 47.77 95.83
5 1.5647 2.1643 2.1807 0.7246 47.84 99. 65
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FE T R
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