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BRI Z
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st EZ RS 22 %, b5t 102488

W OE: BW 1PN L ZESESEHERR R ERN — 20, AREERT R ESH A, R Box-Behnken iR
RIG TS5 A R XRBE R ZE R Mk (AHP) Bk, #ie4 47 L E 5017 (Banxia Xiexin Decoction, BXD) )4
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Optimization of extraction process for classical prescription Banxia Xiexin
Decoction based on Box-Behnken design-response surface, standard relation and
analytic hierarchy process combined with entropy method

FAN Xiao-yu, YANG Kai-li, LI Hua-hua, YANG Qi-lin, YANG Tian-zi, BAI Jie, DU Shou-ying
School of Chinese Materia Medica, Beijing University of Chinese Medicine, Beijing 102488, China

Abstract: Objective To evaluate the consistency of the quality of preparations manufactured by modern technology and traditional
methods, starting from the concept that quality by design, the extraction process parameters of the classic famous prescription Banxia
Xiexin Decoction (& V527, BXD) were determined by using Box-Behnken design-response surface method combined with
standard relation and analytic hierarchy process (AHP) - entropy method. Methods The content of berberine, baicalin and
glycyrrhizic acid, extraction rate and the similarity of fingerprints were taken as the key evaluation indexes, the solid-liquid ratio, the
extraction time and the extraction times were taken as the experimental factors, the different levels of each factor were determined by
single factor test. Box-Behnken design-response surface method, standard relation and AHP entropy method were used to determine
the weight and conduct comprehensive scoring. According to the comprehensive score, a functional model was established to reflect
the relationship between each factor and comprehensive score, and the extraction process parameters were optimized and verified.
Results A process evaluation function model was established by using Box-Behnken experimental design combined with standard
relation and AHP - entropy method as follow: comprehensive score = SRi paste yield X 41.7% + SRi berberine %< 41.5% + SRi baicalin < 6.1% +
SRi glycyrrhizinic acid < 5.2% + SR fingerprint similarity %< 5.5%. The function model was stable and reliable. The optimal extraction process was
to add seven times of water to the whole decoction pieces, extract for 0.5 h and once. The average score of the validation test was
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87.37, and the RSD was 2.09%, which met the requirements of the reference material standard, and the method was applicable.
Conclusion The modern extraction parameters of BXD screened by this method were feasible, wich provided a theoretical basis for

the development and utilization of other classic prescriptions.

Key words: Banxia Xiexin Decoction; quality by design; extraction process; standard relation; analytic hierarchy process; information

entropy method; Box-Behnken design-response surface method; berberine; baicalin; glycyrrhizic acid

JH V5.0 (Banxia Xiexin Decoction, BXD)
B AR DURAP 5 (22818 ), 2018 Fik A (i
REWLTTEHF GE—HDY W, Figdl “FLH
F G, wE. TE. AS, HE (X) &=M],
BE—, KM BB, Bk, Bok—23},
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i B, BAFRZER. g HE2D, HTEIT
NSEEZE R T TR S 240, HFEO T B
I FE T FE L2522 JE . BRI IR S T8 97 B 5t
i~ B2 BRI BRI BeERAM. BEA
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B2 AT R E N GRATO) B (FEFR (R
Ty, BERZE 44 T7 (T R ) FH 75 4 R SR AT
ARG A T7 KBS B O FA0E, BHFe. dilkE
AEVBT, )7 5T B I 5 o A5 ) o ) o R A R
e300, AT AU R sl R A = 2. (B
FEBNIA TR A = R M DL S il s B T
SRS, AL A L EHFI R ES
TR HNE R —BUIAER 2 WA . PRI RR 4%
GiHE I L 2Bt BRIA & 48 b fi s BRI e L ) R
DAFEHED I I AR N S b . TRV A 2
A FAETRPR, AE T 275 52 75 [F) I 3 a2 25 F b (4 )5
FBEOR, DUEH R S, X
R FRLRAEFH B &R R . FIES
WATTHITE R, BREE R L4 J7 B H 251
PRRrth, SCESW RPN FRbR 2, o7 3 [ W
RER . AEHEIFRENALTT, AR5 TSR T
#it (quality by design, QbD) HyFE& MK, hns
XoF i S Sk SRR s ] R o B B A ) AR
T i 2 A T2t et i, N =R
PRAE )i & O, i 5] ANk SRR (standard
relation, SR) 12 X 43-#1 (analytic hierarchy process,

AHP) -G, KBV R B OARR AR, R
BE 52 M, 5 SR, SR L 100%, K
il 75 ) 75 5 B e o A, U T 2SR
1177 5 HEHED ST AR AL, RIS R AHP-J5AL
N R FH 25 0078 B A A ) 5 5 s 1 =0T 1 7
R R ARG . AR AR T R R 24k )
BRI IR RN SR bR, X AT ZWRAEL, A5
X WA 5 125 FE Al & 45 SR AT 20, AR
T HE AR il 77 5 R PR s e A P AT R AL . 1%
A F IR IR B E s K42 |, &4
HHERZAN MR, MR REY. B
253 9 FEIRAL, AN 2 A2 By e 52 s (AN R
FE, DR E N ESLATSERNE SR, &AW E
RETZ., X—BBRBEEE 72277 R PR
FE SRV R — B EER, SUARIL T A e 2 A
PERIRE R, X7 PR R 2GR AR DACE M &, Ry
2 124 77 IR T R SR T S .
1 UBESHHR
1.1 4&5

JM-B100002 BT R, iz —, Rk
LM ERR B FAMRAR; REZFH BSA224S
HETFH R, Toe—, BRIk (b
B AMRAF; LG, TR EEEIAR
A s HHE-2Y H BB IR 7K 345 . MH-2000 2 mf i =X
14 2000 mL. MH-3000 A i 2 HL 4 3000 mL.
MH-5000 A i 28 B #4 5000 mL b 5t BHE K A 2%
BIRAF; H22-X3 BUJLBHEM Y, BUMNILBH A
B AT PR A ] W27 QE-200 7y id /3 AE B oL
DZF-6051 B! |25 i ds, A R A X R AR A
)5 QE-100 2 by i AL, WiV LIz 7 TS A PR A 7 5
BY-400C-1 1[5 A g5 .01 SHB-111 B 753K X% A
TR, MIMNKIRE TRARAF; KQ5200DA £
s piETeas, Rl E R A
Thermo Fisher U3000 %! & &0l AH L34, DAD #4
MEs, CM7.2 (3 TAEY,, SR8k KRB (FRED
AR
12 %

SHESEET (IS 110715-202122, FigEH



* 6718«

¢EH 2024118 H53% H21#  Chinese Traditional and Herbal Drugs 2022 November Vol. 53 No. 21

$94.2%). ERFR/NEERR (4L 110713-202015, Ji
4 85.9%) . HIEEE: (fit'5 110731-202021,
JRE T4 96.2%) YW E T B A 5 2 R E T A
Be. 5. WEE, BB = 2R o ital, TE
Thermo Scientific it 55} 22-F8 8K G /R E A 7
TR HEEATC K SBEX N A, W E AE AL T s
gk, T E BN ESIGERA R AR .

KOHE (it5 1-20200804) 1 H 7 H 2 AR
AHE, WEEE (IS 1-20011403). #EE (LS
1-19030403). T (45 19022826). A% (b5
1-19112601). 3% (5 1-19031910). K& (Hit
5 20030908) ¥ Hi AL i % Zp VA R A Rl e fit, &
e R R R RPN e, HFENREER
L E B E Pinellia ternata Breit. [ 2
WX AR FAEEREMEY K S Scutellaria
baicalensis Georgi TR T2 hZFIZEHEY)
2 Zingiber officinale Rosc. [ TR 25 NS NN
BN Z &Y N2 Panax ginseng C. A. Mey. {1
MARZE, PHERNEHBTERBEYD =
Glycyrrhiza uralensis Fisch. [ TR FIAR 25 . #53E N
B BB @ M ) B Coptis chinensis Franch. 1)+
FERZE . KA R R R M)A Ziziphus jujuba
Mill T R S, 7 G (hEZG8L) 2020 4F
FRUER At
2 FHEE%ER
2.1 BXD HEMRAHIE

FREGH¥E 5529, #%54149, T2 4l4q,
ANZ 4149, IWHH 41. 49, 5% 13.89, K* 36.0
g T-H&Esd, hn/k 2000 mL, s )S,
K RIE BN 1200 mL, RHGE, JERH
KA EZHMARFAE 600 mL, 75 BXD /KFI.

MRYE BRI EIrh Bk, BEERE b — ROk
AR BT R, 0 R AMRIRIRAG . AT R
LI . MOE AR TS % BXD FEHED)
J o K AL BUHI#S BXD 7K BT 5 mL - 25 mL [ 75
MM, T-20 CHA 12 h, REF%FE%-80 C
PEBARTENL GRRTTA 2h) H, B HTR
E-80 ‘C, HAFE (3+1) Pa, T 72h j5HUH,
R175 BXD YR -

2.2 WHWEERMMNE

FHHITS BXD $2HGKR 200 mL, B T8 E i E
(1) 250 mL TRz &M, Kimik4ge2ME, ET
HAETHRAH,60 CREZS T 720 e THERR,

ZAX (D IHHEGE, EEREEOCHEPRHE R,

427 B =mV/(200M) ¢D)

m 9 200 mL SEGE T TR &,V RIREGIS AR MR
HORMIOH i B

2.3 EYENERNE

231 k% SHEREA TIPS R, &
WEFEN Thermo Hypersil Glod Cig (250 mm X 4.6
mm, 5 pum); JiLBIAHA H EE-0.05% = LK (1
BRI pH 2.2), BEEEVEHE: 0~8 min, 3% EE; 8~
15 min, 3%~10%F f¥; 15~28 min, 10%~23%
FIfE; 28~53 min, 23%H %E; 53~73 min, 23%~
29% ¥, 73~80 min, 29%~38% HfiF; 80~85
min, 38% /1 % ; 85~107 min, 38%~53% H ¥ ; 107~
120 min, 53%~71%9EE; 120~130 min, 71%H
BEs AR 1 mU/ming KElYE KA 345 nm; i3k
FEEN SpuL; AR 30 C.

2.3.2 M ] A%

(1) BXD W) o S A - U511 BXD
WY, FEZMA 5 mL £8Pk TS,
gt A (250 WL 40 kHz) 15 min, {#H: 7800
filt, U, A, BAJE, B4 mL T 10 mL EO
&t 10 000 r/min &0 10 min, B EIEW, 0.45 um
FLuE gL, B, RIfS BXD JEHEYF At
ENTIREAST

(2) BXD /KB ALR S v G 25 s U151
KA 5 mL F 10 mL 250 7, 10 000 r/min &40
10 min, B _EEW, 0.45 pm SALIEEER, BU4LyE
W, BIAS /KRR A I TR
2.3.3  fEGUEEE @ AR A AT 43 AL
“2.3.27 100 il 753 JH A7 o AR ot VAR B K R L i
AR, 4% “2.3.17 TR g SRR, AR
B, Bk as L cdf (R U N 2012 4ERR (P
Zy iR SR AR U VPN R 40D 3T PR, Rl
ZA R W T AR B, FEARFAE BT B DT gk B
A1 15 N AR U DR 8 255 11 D R B DK A AL B
i, ME DL IVREAE I 1) SRSt Ol . BRI 1 e X 3
ZEAFIEHEAT Mark WEDTHD, Eb i s B 16 1) 2 7k,
GRHEZER, HHRESE, Dbk, wfhE
&N 0.1 s PR AT A ke VT i, TSR aUA
AR ARABLRE o
24 HWEHMNEEFSENE
241 % [ “23.17 WR.

2.4.2 THRSEMRIGHIE ORGSR RR R 0 R
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18.65 mg T 50 mL &, N 70% LB A AR E 2
BZIE, FHRERE N 351.366 pug/mL 554
X R o RS BRI ER IR /N BERON R 10.48 mg
F 100 mL &, A 70% L EEEE I E R E 4

O B ARSI E AR AR 1, s B b
TIRZH (R BIRARSCER: T H R
Bl — SO B MBI £100%,  $8 bR Lo 1 & A0
Y0 Bl — AN B M 1R 230%. @ O AR (s Pl

B, BOROTERE N 90.023 2 ng/mL FIERER/NEER, & 1 Fok.
REW; RSB0 5 mL 22 50 mL &, i 70% 2.7 BEZEEZIZEETE. mMmkEEx BXD 28]
LRI ERRZE, MR ERE N 9.00 MR

pg/mL (1) E R /N BRI HE T I R

243 Mg [\ “2.3.2 ()7 Wik,
2.4.4 FESHIE HY“2.4.27 T il 455060 B8 AL
“2.4.37 TR RIS, 1% “2.4.07 TF g
AR, e S SNBSS &

25 HERSENE

251 Mik%fM S (PEZM) 2020 M

2.7.1 $REUSTE]  ARIKFREGE BT T 5 L
JEENE A, N 10 54k 77 B 1) 25 B 17Kk A T [l 4
HY, 3 5#EL 0.5, 1.0, 1.5, 2.0, 2.5, 3.0h, #ll5E
PR RS, M. HERSELHER,

iff 72 RIS 1] PR AK S B 7K, S5 Rk 2 fw

#*1 BXD EEMRPHEGHSDERHER

Table 1 Index component content and paste rate of
THOHELIUR B EIE AR D Thermo  gandard reference of BXD
Hypersil Glod Ci1s (250 mmX4.6 mm, 5um); izl - R Bl e —
N . Ji6-0.05% & /K ¥ L, AR EESEM: 0~8 min, BRI e e pmg L O%
19%Z.ffi§: 8~35 min, 19%~50%Z.fi# ; 35~36 min, RHASEEG #9fH 0350 9283 2338  16.06
50%~100% Z.f5; 36~40 min, 100%~19%Z. /1% ; T 0201 7579 1710 1432
R E DY 1 mL/min; Rl KA 237 nm; d#EFEE FR 0372 14075 3476 1750
A 5uls FEifR 30 C. N 0.287 10.827 2.443 15.91
252 XTHESIER I RS PRECH SRR o I
ai 10.20 mg T+ 100 mL &jfH, 1 70% £ BRI et
SERZZIE, HCHIEF IR N 102.00 pg/mL 1 H I'
BRI HE S VAR l
253 fLElFEm sl [ “2.3.2 (2)7 WH. |
254 FEGNE L “2527 WURHIEXESER 0 L \_ﬁﬁﬁ_j;%%fﬁ‘m!L__a,k:r PNE:
N “25.37 TR HISAR AR, % “25.17 iR e o JUL o R
RS PEERE, T H R O R ° 2 P i 10 1

2.6 BXD EEVIFRAINE

BLHAS IR, % “2.27 ~ “2.57 Wi N J5ik
Mi5E BXD HEAEY) T 0 H 26 R S FRbn U &
VR ZH A EE ST IR UE) 0 B R AR AR PR R 5

El1l AXIG (S) FETHASKLE (R) HI#&#Y BXD £EHMIRAY
HPLC [&

Fig. 1 HPLC of BXD standard reference prepared in this
experiment (S) and previous experiment (R)

Fz2 IREATEEEER
Table 2 Results of extraction time

R (mg-g ™)

FEHL [A)/h Fraven B P 1%
0.5 11.609+0.106 0.052+0.001 3.245+0.006 16.580+0.028
1.0 13.194+0.064 0.544+0.004 3.55840.004 20.370£0.042
15 13.471+0.008 0.769+0.003 3.458+0.002 20.010£0.035
2.0 13.305+0.004 0.896+0.008 3.346+0.005 20.130£0.035
2.5 12.241+0.004 0.930+0.002 3.2664+0.005 20.270£0.057
3.0 12.421+0.003 1.107£0.004 3.16940.009 22.530£0.092
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WA ME R &R 20 L E T REHE, wX
T &EAE 1.5 h FHAZEME, HHERIE 1.0 h ik F)
WEAE ;s NEERR S R E &S . B ERAE 0.5 h P
ik, 1.0~25h LCHEXH], 3.0 hi#E. 4640
[FIFE bR CE TR HEDD I R I & &, e 8 BT
A ) I KP4 51 9 1.5 0.5 he

2.7.2 BRI  ARRFREUAL BT TR R

H, S HILCER N 15,1 :7.1:9.1:11.1 ¢
13, 1: 15 /KRG, $REC 1.5 h, e PR HGE 3
ZAF. ANBER. HERSELHER, #HErRtt
PURAKF sk, g5k 3 . B&EERE L
PIBEIN, BAEARE T B R R EAHE, R
EHI, SHEAFEIRbR R RS S &,

A B L SR e 109 & 15,

®3 TRELRLEFZFHTEFEERSSERHBER

Table 3 Index component content and paste rate under different solid-liquid ratio

FiE B (mg-g™)

Fiie B 5 i R

1:5 8.66810.004 0.461+0.002 1.768+0.003 14.090+0.028
1:7 10.926 £0.005 0.613+0.006 2.554+0.005 16.910+0.028
1:9 11.784+0.001 0.635+0.002 7.826+7.075 19.670+0.035
1:11 13.054+0.004 0.698£+0.001 3.066+0.004 21.370£0.028
1:13 13.323£0.003 0.694+0.003 3.388+0.002 21.790+0.021
1:15 14.2114+0.002 0.79440.004 3.647+0.004 22.880+0.035

2.8 BXD {£EN T Z& %A Box-Behnken i3 1%t
(1) XeEFEEME (critical quality attributes,
CQAs) I JE8 1. 224 (critical process parameters,
CPPs) HIffisE: 4ie BXD HIImIRKSL 2 Sebrigdfk
PE, 3 MBI SR (A DB B
FIRD) . HE R LR SRS BUE Ry BXD 7] T
2 CQAs. IEFERNALL (xo) FEHUTE] (x2). 2
BLxE (xa) 2 BXD il T 2 CPPsl,
(2) Box-Behnken {581 i1: AR HLER 25056
LA, W BRI EL SR BN TR YE ], $REGR
B SE A = 7 SR &30 4 it A 1. 24 3 K.
MR I AL 77 B 1)K v 1#E4T Box-Behnken it i
BORHNE L . SR R AR B R EL 3 MR &=, &
B 3K 17 AR S B A A, R 12
PR s, 5 AL A, SIS TR e aE RN 4.
2.9 SRR E
29.1 WEWNAR SR AT VPAMAE & 2k
VI ARLAEE RS 4, 7 Jelf e FE I 48
FRECH n SEEREE mio, FEARRF LR 2 B
TN AHEFTNG Box-Behnken ¥itZERRM 17 AMEE S
MEEAED FTHATRI LG, DL E . /NBER. H R
e, HE R RIRSURRE AR AIE FE bR, LA
Xijv Sj NV ST R, Xij %7~ Box-Behnken it (156
i (=1, 2, ===, m) MEARME | (=1, 2, =+, n)
AR NEE, SFRREEDTRNE | (=1,

2, -, ) MBI EE.

2.9.2 iH5AMHXHmZ (relative deviation, RDyj) {H
RDy X0 (i=1, 2, =, m) MEARE | (j=
1, 2, ===, n) MEFE T RDyj, RDjji/N R AR
F Xi AHXTT S I ZE BN, RIZ 254 N IS i o
&5 A UL B

HEAXM AN (2) Fow, WHEEREN, 4
PUNBER . H B AN H B ORI RN, Sk
Y ot B f R RS 125 4 DL A E AV
TRbRIy, HEUEY) o B s N 2 e 9
DAFR SIS AL RE NP 4B AR, 5 B AEY) o o &
BT 2. mkrT, HLR—FERN
TR BRI, 158 TS I L 4 R iR YE P FR AR 1
AR, R FRATSA VR G A Re e s AE
RN TZSH (5.

RDij= | Xij—Sj| /S (2)
29.3 HE SRy HWT&IHE RDjFRMBMHM L E
SIRYE P TR bR A T AR AL, eV TSR G VR ),
(Rl IEE RDyj 284 5]\ SRij. SR &R EH i (i=1,
2, o m) MEEERREE j (=1, 2, =, n) ME
B B BEAEOCIRRE . B DU HEY) I AbRHE(E (D),
A Box-Behnken 1058 15 11 I B & FF it IR E OO,
A RIFR bR AT R, %A (3) 11 EATH
SRij, SRyj#HZIr 1, fEiXIEhs I L 2S00 H
FE S EEHEY) TR LB B =, S5 R Wk 6 Fiom. B
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# 4 Box-Behnken i{ I8 %It K45 R
Table 4 Box-Behnken experimental design and results
5 R P me ) T L RPN
X1 Xa/h X3l ik ANBER A HER HAALEE
1 1:5(1) 0.5 (-1) 2(0) 0482 14102  2.963 24.08 0.936 63.35
2 1:5 1.0 (0) 1(-1) 0.496 9.663  1.913 16.47 0.983 67.09
3 1:5 1.5 (+1) 2 0.607 13.893 3.101 27.47 0.926 4351
4 1:5 1.0 3(+1) 0.629 15.295 3.536 30.57 0.931 37.75
5 1:9(+1) 1.0 3 0.937 15.928 4.324 31.91 0.909 -10.21
6 1:9 15 2 1.037 16.395 4.150 30.76 0.902 —24.46
7 1:9 1.0 1 0.573 12.693 3.067 19.88 0.924 51.72
8 1:9 0.5 2 0.483 17.495 3.587 26.10 0.937 59.31
9 1:7(0) 15 1 0.536 10.874 2.646 19.42 0.296 32.96
10 1:7 0.5 3 0.751 16.150 3.870 28.42 0.922 19.28
11 1:7 15 3 1.177 16.066 3.978 33.91 0.881 —46.12
12 1:7 0.5 1 0.395 10.217 2.360 16.49 0.928 80.66
13 1:7 1.0 2 0.830 16.034 3.548 25.79 0.977 11.81
14 1:7 1.0 2 0.891 15.868 3.769 26.43 0.977 2.39
15 1:7 1.0 2 0.849 16.766 3.650 26.89 0.982 8.26
16 1.7 1.0 2 0.922 16.256 3.868 26.73 0.975 -2.71
17 1.7 1.0 2 0.943 16.853 3.649 27.86 0.977 -5.93
% 5 Box-Behnken i&it RDj1&
. Table 5 RD;j value of Box-Behnken design
' e —
RD; ANBERE T HER HEE SROURIE U
I 1 0.68 0.30 0.21 0.51 0.06
USRI —{ 4R J@{—[ BT E 2 073 011 022 004 0.02
3 111 0.28 0.27 0.73 0.07
2 HAEREE 4 119 041 045 092 0.07
Fig. 2 Flow chart of algorithm 5 226 047 077 101 0.09
— 45 BT SR FH) AHP-J BLI5 2 4 16 10 B R, 6 261 051 070 083 0.10
HEAT AR 7 1.00 0.17 0.26 0.25 0.08
SRi=1—RDj (2) 8 068 062 047 064 0.06
210 AHP-ERUEAANERITE 9 08 000 008 02 0.70
2.10.1 AHP FEALMRAL 10 1.62 0.49 0.58 0.79 0.08
(1) FEBINEE: R R N0, 3 11 310 048 063 113 0.02
LA Y SRR A R AR B 12 038 006 003 004 0.07
VEHETHERY o BI5GB R, HINE, 13 189 048 045 062 0.02
MEREIEIR, 2. FEEROURFHELE #5. 14 210 047 054 066 0.02
BOE IO ARIE, MBI, BEAME, w9F 0 15 19% 055 049 069 0.02
W, TSR, NS KHL WHER A, 16 221 050 058 068 0.03
Wt H SR, M. WA, % 17 229 056 049 075 0.02
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% 6 Box-Behnken i&it SRij{&
Table 6 SRjj value of Box-Behnken design

=7 AHP HMEF|BEEERE

Table 7 Criterion of constructing judgment matrix of AHP

SRjj

bR X

s

ANBERR SR CHRIREE R SRS AR

1 32.06 69.75 78.71 48.65 93.60
2 27.18 89.25 7831 96.48 98.30
3 —-11.50 71.68 73.07 27.34 92.60
4 —19.16 58.73  55.26 7.86 93.10
5 -126.48 52.89 23.00 —-0.57 90.90
6 —161.32 4857 30.13 6.66 90.20
7 0.35 82.77 7446 75.05 92.40
8 31.71 3841 53.17 35.95 93.70
9 13.24 9957 91.69 77.94 29.60
10 —61.67 50.84 41.59 21.37 92.20
11 -210.10 5161 37.17 -13.14 88.10
12 62.37 9437 96.60 96.35 92.80
13 —89.20 5191 54.77 37.90 97.70
14 -110.45 53.44 4572 33.88 97.70
15 —05.82 45.15 50.59 30.99 98.20
16 —121.25 49.86 41.67 31.99 97.50
17 -128.57 4434  50.63 24.89 97.70

B, TR, AL, WETHIS. RYE (R
) ERE, HRAE BXD FRAETTHK, S5 E %R
AR PR IR SEBRIAR R RIRR E Ik, RIE 25 R
I 22 NR SISy, AT HERf & B0 BT ) X
JERR, WUEFE AR IS TR
BEW, AL 2P H RO FR AR Ry, RIS S
HE R ARSI . i B R R T Z A
SETE, FREUETE AR RE /N 1 > R R
POEVERAE . ARIEA RSP E MREFE,
WRAE AHP BLIRFIWIAERE 1~9 ARfE, XHE—Z kA
n ANMEFRIIARN R EHATIT 70, WL 7. BT
BHFE . BATELNS KL RIEFIEAR K
gy, OB E R LA 2 RS AR IR,
L BIREE i vy o /NBETRN Bt 28 BOE R I U

SR RZAMER NN, FODEE R, ]
SH N RA RS, B R R
{B55 S& 25 SC B0 AT 4t e A Ty R T 2GR N 45
SRR, WOR B A A T IR, IR
B E R AR PP O R > /NBE > SRS >
B~ AR SURIEARURE o MoK B FAE S /N BE BT
N A4, MXSEEHAR N 5, A H IR L AR SUEIE A

1 FOR 2R EMLL, BATAR R E M

3 TR 2ANRIEMLL, B0 LS R

5 FoR 2 MHEFEMW, AiE L EE AR EE

7 TR 2 MHEFEMM, AiE e R E

9 TR 2 MHEFEM, A L E A

2. 4. 6.8 o LIRAHATHI T o R AE

151 HHFE e SRR EZEMEZ N ar, B4
& f 5HE R e EEMZ N ae=1/ae

RAEERR Y 6, DABESRHE. MRIEA (4) Wy HkrE
B A, HE IR 8, Fl aer RN e M T f
b A R

ail  ar . am
a1 a2 -t am

A= (aefnxn= 4)
anl  an2 ***  am

(2) THEFWAERE (WS 15 Jaxf HlrE
Me A BEAT JURSEYS OTHR), 1240 (5) 5
FIFHARLE BB (W, an x| (=1, 2, -,
n MERERESHE N (n=1, 2, -, D NMERK
RIHEREAR, REHIE AL (6) tHEIH— WS,
132 5 MEFRT WS, 4R ILEE 9.

Wj'= (ajiajz:-ajn)" (5)

28 SRR ARSI SE AR

Table 8 Decision matrix of paired comparison on indexes

PRUMERS HER N B H R SRS

HER 1 4 5 6 6
/NBERR 1/4 1 3 4 4
WEH 15  1/3 1 2 2
HER 1/6 14 12 1 1
RAEIE /6 14 12 1 1
ARALLEE
*9 HEWNE
Table 9 Weight value of indices
RAEELD w;s W;° W,
B 0.53 0.17 0.417
AN 0.23 0.39 0.415
A 0.11 0.12 0.061
B 0.07 0.16 0.052
T o BT AR 0.07 0.17 0.055
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n
w,-S:Wj'/ZW,-' (6)
j=1

(3) —FPERTSS: XPAEREHAT — SRS . o
FRE AR (T IHEERFER Ana), FARTE
AT (8) TFE—F SR (consistency index, CDD,
33 CI 4 0.04, —F(H: L4 Cconsistency ratio, CR)
(CR=CIRI, RI NHHELRER A 0.03, H/hT
0.1, RUZHPEEA —FPER,

n n

Imax=[ Y (D ainWy/Wy)]/n D
=1 j=1

Cl=(max—n)/(n—1) (8)

2.10.2 15 B IAL

(1) %57 Box-Behnken 36 R i B FE R IR
A m MR, n DNVENTER, JFEEEIRERE R=
Kidmr AHE R DNEEGR, 5 H ., HERSE
KARSLEREAARE 5 Mt NP fads, B2 5 R
HARHLE (R,

(2) ¥ B 46 B0 A e A MR 2R A5 R - RIE A (9
W IE BRI R AR E (P), Py RN
j NP AR T ANFEAR IR

m
Pij:Xij/ZXij (9)
i-1

(3) THEAMEFRIE M (Hp ME AR
RH (WO 3 A (100 HHEERRFRN H KO
0.9931. 0.9837. 0.994 1. 0.9935. 0.993 2. Hjit#k
NI | TRER T OB B ORE U LAR EA
5 S EAUBCRDO. A (1D RN WO,

S5 R WAL 9.
Hi=—k D_ PPy, k=1/Inm (10
i=1
WP=(1—H)/ Y (1—H) n
j=1
2103 AERERE (W) MHiE SRAT AHP 13

WS, WRGEAE W, RIEANX (12) HHEAEA
Tebr Wy, ZERILE 9.

Wj=W;SW;°/ i RS (12)

j=1

211 ZE5F5H

H AHP-EPUEEAF LR G E RHT /L, HE
H GG 41.7%, FEARPERC Y/ INEER B (5 L 41.5%,
ARG 6.1%, HERESE I 5.2%,
Fe S B (5 L 5.5%, Kk, SHEE ST
A, WA (13). TR R IR 4 LZ2E6VF5 T,

LEE VBB 100, USRI N T 2250 T s
FE i ot 2 5 2R HEA i B 45T,  Box-Behnken i
TG o i PRI O 3R 12 4, B %A AN 7
FEALTTEIK, $2HL 1k, $2HL 0.5 h, 154) 80.66.
L5147 = SRi wae X 41.7%+SRi s X 41.5%+SRi s X

6.1%+ SR 1r1m X 5.2% ~+ SRi sacs iz X 5.5% 13
212 REEIZMH S

B LA VR4 45 F 5\ Box-Behnken iR56 % 11 3%
BEATH G, T 2 R WA 10, RIETT 257
Pras ik, 2 MEMABRAREE, KU EE,
WIIZEMN A e, THTRRSHERS
Wi NAAE 2 [A] DS B o Horr, xa A X3 ) P<<0.001, X2
) P<<0.05, FRUIFRHUREL. SRR [a] AR L X
CEEVPAr RSS2 . MR Y AR HR B > 4
AT [B) > B L o xoxs [ P<<0.05, R BPENH L 548
VGRS e R (2 I YAV E v s i IV E iy
N Y=276—28.97 x;—16.92 x,—27.09 x3—8.15
X1X2—4.43 X1X3—15.98 X2x3+10.05 x42+23.78 x2+
8.89 xs?, R?2=0.973 2. EMEZEA Vo IS5 = 2k S
L 73 B WL 3

F 5 Box-Behnken {56 AL B AL BEAT TN, 75
i E 20K 7 f55, $2EL05h, #RECL K,
TR T2 5 SRk i 25 RAHRF o NP Iz U7 %
S A, UGS TSR RAE. 8
AT 3 GRS, WE/NEER . A HER S
B, HERIARGEREHRLE, HESGEES, 4
R 1L AW, st s 275 vF 73 Y15 9 87.37,
5 Box-Behnken {56 H [F] 55 558 26 A1 N INI4S 25 &
SHEE, SEMEYRERE, BAS (RN @

# 10 Box-Behnken ig&itFENER

Table 10 Results of Box-Behnken design analysis of variance

WERIE WEFHM ABE FME  PMHE 0 BEME
et 19 648.42 9 2826 00001 HEEE
X1 6 712.50 1  86.88 <0.0001 #LEE
X2 2289.44 1 2963 00010 #HEE
X3 5870.50 1 7598 <0.0001 #EE
X1X2 265.42 1 344  0.1062
X1X3 78.40 1 1.01  0.3473
XoX3 1021.66 1 1322 0.0083 tREz
x12 424.92 1 550 0.0515
X2 2380.71 1 3081 0.0009 Rz
X2 332.53 1 430 0.0767
AU 323.19 3 1.98 02592 REFE
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Xz/ h

Gty

Xz/ h

X1

X3/ Vf( X3/ 77\

3 FBEE xiv xiv xe WMERE TR R R H K F S 2 E
Fig. 3 Response surface and contour map of effect of various factors x1, x2 and xs on comprehensive score

F 11 WIBKELER
Table 11 Results of verification experiments

FEH(mg-g ™) Year &g
75 HE R % ZEE TR RSD/%
N T S — R ’ HibLE e ’
1 0.291 10.330 1.999 16.61 0.925 85.27
2 0.311 10.029 1.989 16.25 0.923 88.30 2.09
3 0.299 10.401 2.059 15.50 0.927 88.54
dsHRIFIAE PR T BB SR . 225 Er ) RSD BN FIH, S 1 RS b5 6 730 5 & — B0k )

2.09%, VtBHZ e PRI L2 e n S H E
YR
3 g

BXD 1R T HZE . B EIX —IRVERIRE
FHR, (EBG B SR E %, 18 A% HEL
RGP T LA 7 019, M B IF R ANE
K ERT AR BXD b« FVE KA e i
SRR R, RS IR Al B g LS
il B AR AEZI A SR SR il 4% B
BT AR

{HTE BXD [HsEbrIF R T A=, Joiki%
R VAT PR 4%, T HL RO SRR B . SR
KB, 2 ST A BT AL, TR
UE SRV — 8. RN T 4L IR

R

AHFFELL BXD TN G, FEAEAE )
(BRI, IR EE QbD H#EE:, il Box-Behnken it
BRI T R . N SEIN IR ) 5 v v —
Bk, B AHP-EAUEZEA TN RIS HIF, K
MRS EMHAHE &, A E R AH R
A A5 1 JER B R BB T X AN TRV F b 1A 52 T i A 52 F
PRI B3, BALIF R, 2R EGRE R A TE
M ARG, [FIRf 454 Box-Behnken 3G it, &7
BRACTRIAR Y, RALIRE T 2, X i T 28k T
IoUF, IeuFiliest KR, HEA TS &
281 BXD FIBURIRELC T 20K 7 5 4b 77 &,
INAREREEE 0.5 h, $2HL 1R, RN T Z &S
B R I BARIR I T2, HUk#iE BXD IR
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RILEEF=SHL

FT QbD HH & 45 & HEiE IR A AHP-5 R
WA E, @it Box-Behnken 56 515 @A ik
BRI T 2SR e 5, XA R#GR R A
BAEERME, fraaiia )y “faAakite. HA5H.
T AT JE R0, 5ERL T BXD H
A& B Tl A= = (1) ocsk—28, S BXD 1)
FERFIRSEHE TH J13CFE, RN A H A 4 5
I R A RS

Bt AR A BAR K Rk H 4134 AL
I % 25 A AT PR B) 4R A,

FBAR ALY FARGAEF SR
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