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Optimization of extraction process of Xiao’er Qushi Zhiyang Granules
based on AHP-EWM combined with response surface methodology
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Abstract: To improve the extraction yield of effective components from Xiao’ er Qushi Zhiyang Granules and enhance the
stability of preparation quality, this study optimizes the water extraction process of Xiao’ er Qushi Zhiyang Granules by
combining single-factor experiments with the Box-Behnken response surface methodology. The amount of added water,
extraction time and soaking time were selected as investigation factors, while the contents of rosmarinic acid, paeoniflorin and
obacunone and the yield of dry extract were adopted as evaluation indicators. A combined weighting method of Analytic
Hierarchy Process-Entropy Weight Method (AHP-EWM) was applied to calculate the comprehensive score. Response surface
methodology was employed to analyze the interaction between factors, optimize process parameters, and carry out
methodological research and process validation. The results show that the optimal water extraction process is as follows:

adding eight times the amount of water, soaking for 30 minutes, extracting two times, with a total extraction time of three
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hours. Under this process, the comprehensive score is 95. 80 with RSD = 0. 96% , and the relative error compared with the

predicted value is less than 1.0%. In conclusion, this process is stable, feasible and has good reproducibility, which can

sufficiently extract paeoniflorin, rosmarinic acid, obacunone and other core pharmacodynamically active components in the

formula, and can provide a reference for the industrial production and quality control of Xiao’er Qushi Zhiyang Granules.

Keywords: traditional Chinese medicine preparations; Xiao” er Qushi Zhiyang Granules; response surface method; Box-

Behnken design; AHP-EWM; water extraction process; optimization of extraction process
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Tab.1 Gradient elution program

i 18]/ min (A D/ % o(BHD /%
0~3 5—>7 95—>93
3~5 7—10 93—>90
5~15 10—13 90—>87

15~17 13—>21 8779
17~32 21—>36 79—>64
32~37 36—>90

5 mL Z R, 45 AR A% 2 W, B 0. 20 mg/mL
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60 g, fiInA 10 f5E /KM 30 min, AL 2 W, 3t
3 h. BIFIRWR G G e MR R ARV AR £ R 1 mL
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Fig. 1 Specialized investigation of ultra performance liquid chromatography chart
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Tab. 2 Results of linear relationship investigation of three indicator components

HE bR Y a5 75 72 R? LR YEVL R/ (mg/mL)
HIEFRR  y = 8471 337.42 x — 8 137.25 0.999 9 0.012 5~0.200 0
ISEDRS y = 2490 121.25 x — 299 371.96 1.000 0 0.289 4~4.630 0
B A B y = 442 095.90 = + 142 663. 92 0.999 9 0.095 0~1.520 0
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W TET R, O AR 0 2k A IR L AT 2 R R A 1
SGEARLFRM L IX 3 A48 AR B & hE A X AR U R 25
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Tab.3 Experimental results of sample recovery rate for three indicator components (n=26)

IRy BME/mg MAR/mg AR /me  MFERR/ Y SEEINEE LR/ % RSD/ %
0.157 99. 88
0.158 101. 35
KR 0.075 0.082 0. 157 9939 100. 41 1.02
0.157 100. 12
0.157 99.51
0.159 102. 20
3.105 101. 61
3.082 100. 10
AT 1.530 1.550 5072 9.4 100. 84 0.82
3.101 101. 38
3.093 100. 82
3.106 101. 70
0.636 100. 94
0. 635 100. 68
EagislL] 0.323 0. 310 0639 10194 100. 56 0.79
0. 631 99. 48
0.635 100. 55
0. 632 99. 77
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Tab. 6 Calculation results of AHP method
& AL i) WE R CI CR — B 5
TEE 2.10 0.53
%A R 1.09 0.27
4.11 0.04 0.04(<C0. 1) i i
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Tab.7  Weight coefficients of the four indicators
AR W, W, W
THE 0.53 0.18 0.43
LR 0.27 0.26 0.33
SETR ¢ 0.12 0.19 0.11
HEH 0.08 0. 37 0.13

it AHP-EWM 15 8] 4 M EARI LA E R
BB FERN 0. 43, KIEFMR N 0. 33, AT 25 H
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Fig. 2 Single factor investigation results of extraction process parameters
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2.5.1 Box-Behnken i%it
T HRIELI R, R Box-Behnken % it

s = R =K 9 S B AR L I R OK - Rk 8
JoR o SRR SRR E O 2 W AR PR Sy,
SR AL 25 2K A% K CAD L 32 IR E] (B) (iR i
IR A CCO X 7K 38 T2 ROR B2

% 8 Box-Behnken &t B & K-F %

Tab. 8 Box-Behnken design factor level table
ES

A KRR BRI B /b B (C) min
—1 6 2 20

0 8 3 30

1 10 4 40
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By 22 3 e 7 T AR R 7 22 AR R R M UL 4R
WM RTZ LB TR R T RS 2R g R
% H Design-Expert V8. 0. 6. 1 #/4- %} if Box-Behnken
B AR LY 17 20 52 90 R ds 3k A7 22 e [l 5 43 A, 45 3

ZIC KA FE .S, =94. 40+2. 04A +2.05B +
0.81C—0.46AB +0.13AC — 0. 31BC —4.01A* —
4.00B" —4.,13C*, #3100 H 5 3 % W ALY 25
HIEAY ST AR 9 BTN 7 240 as R L 10,

% 9 Box-Behnken 534 %

Tab. 9 Experimental results of Box-Behnken
K A B/h C/min o GEZEFMR)/(mg/e) oA/ (mg/e)  oHMED/(mg/g) THR/% S’
1 8 4 20 0.158 3.310 0.678 18. 68 86.18
2 8 3 30 0. 146 4. 170 0.710 21.59 92. 30
3 6 2 30 0.130 3. 204 0.561 20. 32 81. 80
4 8 3 30 0.174 3.853 0. 668 21. 38 95.56
5 10 3 40 0.156 3. 384 0. 461 22. 49 89. 64
6 8 2 20 0.171 3.022 0. 638 16. 82 83.55
7 8 2 40 0.145 3. 130 0.584 21.49 87. 00
8 6 4 30 0.148 3. 200 0.614 21.78 88.91
9 10 3 20 0.165 3. 280 0. 754 18.76 88.97
10 8 4 40 0.131 3.621 0. 668 22.17 88. 39
11 10 2 20 0.131 3. 364 0.517 22.02 84. 80
12 10 4 20 0.141 3. 340 0. 734 21. 82 90. 09
13 6 3 20 0.162 3.551 0.588 17.15 83.15
14 8 3 30 0.172 3. 989 0. 651 21.68 95. 85
15 8 3 30 0.161 3. 889 0. 628 22.03 93. 87
16 6 3 40 0.120 3.399 0.514 22. 28 83.31
17 8 3 30 0.164 3.770 0. 610 22. 37 94. 43
% 10 DBox-Behnken %7 2 244 £
Tab. 10 Box Behnken experiment variance analysis results

ZERE|  CFHM ER:ED: S ¥ 5 F 1A P A T

HAY 304. 45 9 33.83 8.53 0.005 0 e

A 33.39 1 33.39 8.42 0.022 9 T

B 33.67 1 33.67 8.49 0.022 5 E

C 5.28 1 5.28 1.33 0.2863 ARF

AB 0.830 8 1 0.8308 0.2095 0.6610 TR

AC 0.064 9 1 0.0649 0.0164 0.9018 AEF

BC 0.386 4 1 0.3864 0.0974 0.7640  AEF

A* 67.65 1 67.65 17.06 0. 004 4 T2

B? 67.22 1 67.22 16. 95 0.004 5 T

c* 71.67 1 71.67 18.07 0.003 8 3

Bk 2% 27.76 7 3.97 — —

IR LT 19. 62 3 6. 54 3.22 0.144 4  AEBF

AR 2% 8. 14 4 2.03

mER 332.20 16 — — —

Mk 10 Al F LG RIARLE P {H2h 0. 005 0,
/INT0. 01, RUIZBALEA BV, KRB P H
0. 144 4, KF 0. 05, ULBH 2K U LA B 3%, R
At 1 A A 10 PRI 20K 55 30 295 2R i 7 £ 19 5 i R G
BN R RS 7SR BN L 4 e N R R Y R
HHE T LG R R . fEAB R LA0 BE Jr
T 35 2B R* =304. 45/332. 20=0. 916 4,3 B jf
TEAR T RE IS MRS 91, 64 Y0 Y i I 1 A8 £k ; 1 FHIZ AR A
FLA R AR B S O 22 25 1 B4 4006 SO AR
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