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Optimization of extraction process of Modified Yangyin Qingfei Decoction by
Box-Behnken response surface methodology based on analytic hierarchy process
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Abstract: Objective To optimize the extraction process of Modified Yangyin Qingfei Decoction (MYQD). Methods The effects of
ethanol concentration, extraction time and extraction times on the optimization of extraction process of MYQD were investigated by
multiple indicators comprehensive scoring and Box-Behnken response surface methodology. The content of verbascoside, chlorogenic
acid, paeonol, and glycyrrhizic acid was simultaneously determined by HPLC, and the method of analytic hierarchy process was used
to calculate the weight coefficient. Results The optimum extraction process was as follow: using 69% ethanol for once extraction for
68 min. Conclusion The optimum extraction process is simple and feasible, and the extraction efficiency of components is high,
which can provide reference for the extraction process of MYQD.
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MIE

211 k%M Ak Agilent poroshell SB-
Cig#E (100 mmX 4.6 mm, 2.7 um). HEEHELF:
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& 1.0 mL/min; & 30 C; MK 334 nm; 4>
PrisfIa] 25 min; HEFEE 10 pL; PSSR EHEEE
TERETF I N AMET 50000 FFRE . SRR H
FRR: MENAA 2 B5-0.1% BB /K T, 16 T e i A
FF: 0~10 min, 30%~32%Z.JE; 10~12 min, 32%~
45% i 12~20 min, 45%~46% Z.Ji5; 20~25 min,
46%~70% .} ; AR B 1.0 mL/min; A3 35 °C;
Rl K 254 nm; 20 AT A] 25 ming #EFEER 10 pL;
PR IEAR E A R By T H BN AMIE T 5 000, 5 B
oI 5 R AT UG () 23 B FE KT 3.0 (i LI 1

1 A
334 nm

t/min
I-BEIEHET 2-8 R 3-FHEm  4-HER

1-verbascoside 2-chlorogenic acid 3-paeonol 4-glycyrrhizic acid
1 XER& A) Fftik& 1S (B) 7£ 334 nm #1254 nm
AbH) HPLC [l
Fig. 1 HPLC of reference substances (A) and test sample 1
(B) at 334 nm and 254 nm

2.1.2 WRESERR & R RECESIERE .
Felgrs ZRIEIR . H S E MG, 0 S A
PR BEIEHEE 10 pg/mL (K5 SIEW, LS H
FHEEW 20 pg/mL. ZRJRFR 40 pug/mL. HHER 280
ug/mL YR A5 IR VA
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&, A4 30 min, A, FERRERE, N
RO R, R, R, HUSE, EpARft
EANTIREAST

2.1.4 LMK RFE

SRR R

BRI “2.127 TR
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PEYE B S AH G R BT N P e Y=13.618 X+
0.076 5, r=0.999 6, Z&MEEMH 0.1~0.4 pg; HHER
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5.6 ng: 4tJEEE Y=15.838 X—3.1355, r=0.999 5,
AAMEVERE 0.2~0.8 ng: BT Y=81.933 X+
6.5145, r=0.999 2, Z&MVERl 0.05~0.20 pg-
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HRYE 2 7 H 2R A e A A O AT A S & 1l o) 245
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My >R =25 > HE R, M RO LB
Wril e aE R, T & T a AR ] AR XS PE 4, FEAR AR
Iy EEE AR e AR R LR 1. ARFE SR 1 VP40 458, AHP
FEAT AR BB . FHE S R SRR
HE # 5 RPN E R0 718 0.460 0. 0.252 7.
0.116 5. 0.116 5. 0.0543, —EHELLFIFF (CR) =
0.044 7<<0.10, RIFEFRHLIG LLEAIBIHE FE B A R
—EE, BE R

T 1 HEARART BB R SeF B R A

Table 1 Priority judgment matrix for paired comparison of

indicators

BCESEbr  BEAHEE FHEm HRER SER HEx
ERAEHE 1 3 4 4 5
PR 1/3 1 3 3 4
B 1/4 1/3 1 1 3
2k IR 1/4 1/3 1 1 3
HE R 1/5 1/4 13 13 1

2.3 Box-Behnken lg N EEHUIREVTE

2.3.1 MRS R AR RIELEA TR RS
MBS T2MEm, BEsairs (V) =881k
BEE X 0.460 0/ EACHEE I KA+ X 0.252 7/
FF Rz B e KAl 4 H B ER X 0.116 5/ H HE/E B KB +
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232 RIERDT R Z W& R R AT
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Table 2 Design and results of response surface methodology

F% Xi/% Xoh Xk BEEHEE/(mgg!) FFEM/(mgg") HHER/(mgg!) SER/(mgg!) HEXR% Y

1 301 20 1(-1) 10.18 20.63 5.30 2067.13 6.58  0.4186
2 50(0) 1(=1) 3(+D) 10.19 0.50 98.28 971.52 1452 03643
330 3(+1) 2(0) 3.47 1.70 304.93 601.26 1621 0.268 1
4 50 2 2 3.29 13.23 175.15 830.31 1592 02570
5 50 1 1 17.16 34.45 122.03 2 604.52 6.77  0.699 6
6 50 2 2 3.75 14.20 225.65 884.33 18.65  0.298 6
7 50 2 2 3.99 19.21 209.85 904.35 18.93 03144
8 50 2 2 3.07 7.51 136.74 630.01 1528 02115
9 70(+1) 2 1 18.67 87.68 61.70 2221.58 6.26  0.8489
10 50 2 2 3.02 12.46 104.15 552.09 13.95  0.190 1
1170 1 2 477 4.66 46.52 2219.57 9.02  0.4689
1250 3 1 10.83 23.81 58.72 1223.17 7.85 04293
13 50 3 3 6.01 3.61 225.16 479.02 25.67 03201
14 70 3 2 3.49 7.08 74.79 603.66 1635 0.196 6
15 70 2 3 3.69 31.69 97.59 773.62 21.78  0.3003
16 30 1 2 7.81 9.21 170.00 1586.92 733 03704
17 30 2 3 2.06 223 68.31 500.58 2097  0.150 1
R3 HESW
Table 3 Analysis of variance
kW PR BAHE B FHE PH FIR FiA BHHE ¥ FfE PfH
it 0.460 9 0.051 527 00197 | X2 0.002 1 0.002 025 06329
Xi 0.046 1 0.046 477  0.0652 | X2? 0.010 1 0.010 099 03519
X 0.059 1 0.059  6.14  0.0423" | X3’ 0.096 1 0.096 9.97  0.0160
X 0.200 1 0.200 20.59  0.002 7" | #=E 0.068 7 0.010
XX 0.007 1 0.007 075 04158 | KA 0.056 3 0019 648  0.0513
X1X3 0.020 1 0.020 203 0.1972 | 4Rz 0.012 4 0.003
XX 0.013 1 0.013 132 02879 | RIEEF 0.530 16

*P<<0.05 *P<0.01

B2 ZEFERSH (X). =BEETE (X0). BBV (X6) XEERN=4m 2 E

Fig. 2 3D response surface of ethanol concentration (X1), extraction time (X2), and extraction times (X3) for their mutual

interaction
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334 nm AT . HE 30 RS I T 235 —
SEFSI,  HURIFEIE AP FR R o

ARSIt AHP VN2 48R T IAL, %1k
T ERERBRB I8, FEE A, RAFUEM
SEA TR e A E ), AUERE T BRI
W& THEAR AL, MHERE T & Oa bR a2
0 2 B B AH LG 3R S, MG 1 SR PPN 45 R 1)
BRI A B . L T BSAEREE PR
HERE . AR HER S DR FAE R0 70 8
0.460 0. 0.2527. 0.116 5. 0.116 5. 0.054 3. EAk:
PRSCIS BRI, R LEA VR E AT 45 Rt R}
Ak, BES 1 DLER R AR T S 0 R R A,

5o giG 2 H . 280 SE R R0,
We ST 45 SRR B, SR BGRB8 o A
HRFERF, SEBUN R, T OEARF 800
5 R, X ] Re SRR S BEARAR  BUX TR AE G,
H LR &R 3R 2 028 BAR A . AHE TR
Box-Behnken ¥ 110 3 7%, @it HPLC K V)
EIATRIN, 8 ORERRR R, SREUR TR $REX
DB RIS Mz ek b B ST P, 4%
JRIR . HEER o8 LW E RN, Wil E R
EHE RN B LRGP T T2 1543 e
T2 RN CIEARFI > H 68.83% FEHLAS[A] 1.136 h.
PEHLRE 1.061 Ik, SEiESEbrAreRTTR, KR
RLZWEN 69% 1, $2HL 68 min, HEHL 1 K.
LIGUE LI R I T 2R AT, AFEPIEMZ M

RIS PR L FH B A DA ALt 1 R 1 SE B A 4

SE Rk
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