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Optimization of extraction process for classical prescription Xiebai San based on
Box-Behnken response surface combined with fuzzy analytic hierarchy process-
entropy method and benchmark correlation degree

WANG Rui, QIU Zhi-dong, LIU Ying, DONG Jin-xiang, JIA Ai-ling, DIAO Yuan-yuan, LI Jun-ge
Changchun University of Chinese Medicine, Changchun 130117, China

Abstract: Objective To evaluate the consistency of the quality of ancient and modern process samples and optimize the extraction
process of Xiebai San (75 [ #{). Methods The amount of water added, extraction time and extraction times were selected as the key
influencing factors, and the single factor combined with Box-Behnken response surface design, mulberroside A, fingerprint similarity,
paste yield and kukoamine B were used as evaluation indexes. The weight coefficient of each index was determined by fuzzy analytic
hierarchy process (FAHP)-entropy weight method combined with benchmark correlation degree, and the comprehensive score was
calculated to optimize the modern extraction process closest to the benchmark sample of Xiebai San. Results Establishment of
process evaluation function mode: Comprehensive score = SRy, mulberroside A X 0.22 + SRi; fingerprint similarity X 0.21 4 SRi; extract rate X 0.34 +
SRi; kukoamine B X 0.23. The model predicted that the best extraction process was to add 10 times amount of water, decocted twice, 90
min each time. The average comprehensive score of validation test was 98.44, RSD was 0.37%, which met the quality requirements of
the reference sample standard. Conclusion The extraction method was stable and feasible, which can provide a theoretical basis for
the the development of other classic prescription.
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Jili, BEvRIMLERAS, FEREMEIRK, EZ). H R
KAy, HH IRV, RAEZ, R
mbE, ZHEAHAS LR R EHEH, Bf
ERG ISR, IR U R R
FAIRAEDL,

IRE R 25 B EHRRAAN (LR
4477 H S8 PRI o 245 827 )50 245 22 T FUROR TR 2 5
- GRATOY OIRER, 22844 7 BT R i 2 TR E X
FATHIRBEAE BHHATIEIC, 152 HHI50 R
EILUERE i TR IR R — B0 FEAERE A A BT Y H
B, DR fRoUEIE SR i R AT
FAE, FEIATTEAED S Tk avE, KIE
R AE = 2 — PR T IR I L 2 E BRI 5 R R
R RE s KPR ) — 3, RIS 5 R AR 5 oS
iR JE S BRI KRR I T . AL
FE VR R ZH 1) BT IR e A Al L0781, A YR T
(quality by design, QbD) Mz “sy A7 KB
SR, Rk RS AR RS, NIRRT E R
)P R ORIE SR . SR SR R S A
Box-Behnken ¥ 11-Mi . [f7% (Box-Behnken design-
response surface method, BBD-RSM) X BACHEH T
AT BT, JRIE X T AR G 0 U AR
JZ IR 43 Wi (fuzzy analytic hierarchy process, FAHP)
FRBOER AR FRHEAT 2047, £ WAL AH S 51,
N B 24 £ 2 L R Ak T v R A B A A 24 5 45 T
Fa st il 71 BT B R e () B VE AT A5, BAEIESKR
WIS RS HPE, B 50 5] N B HE DG E
(standard relation, SR) 73 #7010, J ik IR BEAE g
I 1, UEBHSRERAEFEBCR, AR5 IR 2Bk AH L
NG BEANAT CRAUE RSO 1 205 BT i 10 o7 = — Bk
St TR TR AR -

1 N5
11 %8R

TR 1260 mRURAR A, SREZER A
A); IM-A5002 B e 7R, o T A A B
MW FT-30H B 3Ry, I IERRHH
MW DTL-22R BB, SHERFEDF A
MRAT; RE-52AA BUJiEe 78 ks, iR A
%) s FDU-1200 A VR T, Bl selk A R
7] KQ-500B M P i Peas, B i s s
MS105 #4757 22— 7R EL204 BT 2—
BT R, MR- R 2 AR A PR A R ; DZF-6210
HAETEAE, B ERR AR AR BD-

308NUD {5 (7)) kA, s XBERKRNE
FRAF] .
1.2 RFIS5HY

TR S R 2% (iS5 P23F12F139847, i
B4 98%) M H EIEH AR AR AR X
B EEIE A (IS 112086-202101, i 243 %1
93.2%). HEH (HitT 111610-201908, Jii & 5%
95.0%)+ HEmA: (LS 110731-201619, JFi &40 %
93.0%) ¥4 E v E B S 2 sk E B AT s H R
R =R ORI eGSR KRR EA
Al WL, DKEEERI AT, WEAEREA T
KALEEIK

WA W WHE, K, #5457
LR 1, DA EZGM A0 A AR E 2 2 A IR AT,
HEAAG TR 245K 2 v 2] 55 58 200 =5 T N 2804 46
E, R RZEFIRBEYZ Morus alba LT
WKz, Mg B i RS IR AP T B MR Lycium
barbarum L. TR, HE NG RIH BRI H
¥ Glycyrrhiza uralensis Fisch. I TR ZE. DA
2GR (R EZG ) 2020 SRR TR RS
B BRI
2 FEEHER
2.1 EEEEEHRNTIE

VAR IRE 2 Fds, BPRAK
8.86 g, HFE Y 8.86g, IHEL 0.89 g, Fnti BN
GEPO G, A gk 6.00g, 7K 900 mL, ik
IHAEFIE G, KA E 540mL, A 100 H A
BEATUERE, 7E 70 C FBURIRSEfE T-40 CTA TR
48 h, MHEFEREE-80 CHIETAGE TN, T
74 h JEHUH, BIfS.
22 HERMNE

IS A BERBOK 100 mL, & Ti&@E E
MZERILF, KBRGEERE, T 60 CHZ TR
P EEXINEEFE, METERE. ©4 540
mL BB P TERE ), ERIRAFRE D,
SMPRBUBAAARR (1), A7 H B ZE=mV/100M.
2.3 IBEERIEN
231 G AR Agilent Zorbax SB-Aq
(250 mmX4.6 mm, 5 pm); LLZHE-0.1%BE K%
WA, BEEEYEL: 0~9min, 5%~10%ZM;
9~26 min, 10%~12%ZME; 26~46 min, 12%~
25%Z.J ; 46~86 min, 25%~58%Z. /i ; 86~90 min,
58%~70%Z.fiE: 90~100min, 70%~5%Z.fE;: &
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Table 1 Batch numbers and origins of each medicinal material and decoction piece in prescriptions

L RS 2t GE A= FE
FHK HWW-20200821-01~05 1-HWW-20200821-01~05 IR 4 i 2 U
FHK ABL-20201115-01~05 1-ABL-20201115-01~05 LR ZEN A B
FAK ABQ-20201026-01~05 1-ABQ-20201026-01~05 GRUE Z N TR X
R NZN-20180926-01~05 1-NZN-20180926-01~05 TEP TR T
R NSY-20181015-01~05 1-NSY-20181015-01~05 TEALTERX
R NYD-20181015-01~05 1-NYD-20181015-01~05 T EAR T PR X R
B NBW-20180718-01~05 1-NBW-20180718-01~05 5 I R TS R AR A I ] 24
B NCN-20180728-04~05 1-NCN-20180728-04~05 P 5 R T A L IX 2 s I &
B NCS-20180728-01~03 1-NCS-20180728-01~03 W SR ARIE T R LI X BB S T4
B GLY-20181220-01~05 1-GLY-20181220-01~05 A =Mk 2L 2
HEK HBA-20210818-01~05 1-HBA-20210818-01~05 A48 DR T 22 [ T K T A
HEK TNM-20210705-01~05 1-TNM-20210705-01~05 DR 7] X B AR
FEK JIP-20210623-01~05 1-J1P-20210623-01~05 ARG AT T

®2 MAMEEABBEERRIONEXER

Table 2 Corresponding relationship between 15 batches of medicinal materials and Xiebai San reference samples

FLAERE i

FARAMALS

HoF B A

HEHRHLS

REOKRZ RIS

S1 HWW-20200821-04
S2 ABL-20201115-02
S3 HWW-20200821-05
S4 ABL-20201115-05
S5 ABQ-20201026-02
S6 HWW-20200821-03
S7 ABL-20201115-03
S8 HWW-20200821-02
S9 ABL-20201115-01
S10 ABQ-20201026-03
S11 HWW-20200821-01
S12 ABQ-20201026-04
S13 ABQ-20201026-01
S14 ABQ-20201026-05
S15 ABL-20201115-04

NYD-20181015-03
NSY-20181015-05
NSY-20181015-02
NSY-20181015-04
NYD-20181015-04
NZN-20180926-03
NYD-20181015-02
NZN-20180926-05
NSY-20181015-03
NZN-20180926-02
NZN-20180926-04
NYD-20181015-05
NYD-20181015-01
NZN-20180926-01
NSY-20181015-01

NBW-20180718-02
GLY-20181220-03
NBW-20180718-03
NBW-20180718-01
GLY-20181220-01
GLY-20181220-05
GLY-20181220-02
GLY-20181220-04
NCS-20180728-01
NBW-20180718-05
NBW-20180718-04
NCS-20180728-03
NCS-20180728-02
NCN-20180728-04
NCN-20180728-05

TNM-20210705-02
TNM-20210705-04
HBA-20210818-05
JIP-20210623-02
JIP-20210623-05
TNM-20210705-03
JIP-20210623-04
HBA-20210818-01
HBA-20210818-04
HBA-20210818-02
HBA-20210818-03
JJP-20210623-03
TNM-20210705-05
JJP-20210623-01
TNM-20210705-01

FUAE 1 mL/min; FEIE 30 C; MK 278 nm;
HEREE 10 Lo

232 HERMEHINHIE BUE TR 05g, %
FroE, BHEEHVIY, %A 50%H i 25 mL,
FREFTE, AL (D)% 250 W, Hil% 50 kHz)
30 min, JEZA, FMCERE, H 50%F AN LR
W, #B5, s, ISR, RIS VAT
233 FREMEE W5 S1 AR, $442.3.27
T 77 )% (A, A 2 IR R A 10

ul, ZHIFEHIE)E 0. 24 4. 8. 120 24, 48hiEA
ERELGHATINE . DLREF A NS (D), IHH&
LA U FF AEGT R BE N (R RIAE XU THIAR . S5 5 23 A
AT WA X (% BE I 8] 4 RSD A 0.32%~0.64%, #H
AR RSD A 1.02%~1.93%, 45 REWHZT
REE RIT

234 NREEHEEH ORERI ST &AW 10
ul, JENWAHEE, FELHFE 6 I, WKizilE,
TSR THIAN, 25 S4B S S A LA VA AE X £ B B )
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ff) RSD A 0.06%~0.12%, FXFIEHEARK RSD K
0.18%~1.97%, %5 RKHIANEE B R U

235 EEMRE RERI S H&IL 6 1, &
Wt “2.3.27 TR J7iER AR I, ARIEHAL
WE, 25 ARG o % 3G W AR RO B B 8] £
RSD /T 1%, AHXTETIAE) RSD 5/ T 5%,
RWZIEEE M RAT.

2.3.6 HHBIEE VPN KILA RN RA “ A
TROUETEA U VAN R S8 (2012 KO BtF, HHT
FEALEE VP, 15 V5 H BOEHERE S (S1~S15), 3%
PR T 23 MEHEE (E D, K5 AESE R
FO B AR B R s (B 2D Ly
M, K23 NMLEEETIEEE, SRWE 1. 2 B
e Horp, WE 1L 20 3. 64 7. 9 (AT AL 10,

3

2
1516 17 18 1%0 2122 ¢

R
:W-An M A SIS

14

S14

prasss—e— S12
b T S11
trekbeosdt A g0
S i $9
S8
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B 1 15 #5REEENRIELEE (S1~S15) REMNRIELZEE R)
Fig. 1 Fingerprints (S1—S15) of 15 batches of Xiebai San benchmark samples and their control fingerprints (R)
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Fig.2 Comparison of medicinal drinking slices and negative and benchmark samples
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12, 13, 15, BIHBETREAR; ¥4, 5 HEFEL
Z). 8 HE TR Rz & 11, 14 CHEED. 164 17,
19, 20, 22. 23 (HERE HEFTHE. L5
W (R A RS, &AW X OR B B[]
(1) RSD 23/1 T 1% X IE A ) RSD 7T 5%,
AN RIHE IR RIS (A BOEHERE S AL B Ay FE AR —
2, @ALFR S RS A RER T

24 REFHANMMERIEZWSENE

241 FRFEIFA

(1) ik 2t ity Agilent Zorbax SB-Aq
(250 mmX4.6 mm, 5 pm); LLFEE-0.1%BR K
WOARENA, BREESENL: 0~25 min, 15%~70%
fi; 25~35min, 70%FH%; 35~45min, 70%~15%
FIiE; 45~60min, 15%FEE; ARG E 1 mL/min;
g% 325 nm; KRR 30 °C; HEFEE 10 L.

(2) SF FE IR % RS BRI SR R HF A X
FE 10.81 mg, N 70% FH B 0.116 0 mg/mL [
SR A WA

(3) BRI A BUE T 02, K&
wRE, BHEEmY, FEEMA 70%HE 50 mL,
FRER R, @A ()% 250 W, Hi% 50 kHz)
20min, JHGA, FH 70%F EEANE IR B E, 15,
Jeit, HEusLyEw, BNSAHER S IE T
242 MWHE LR

(1) Bl Ak A Agilent Zorbax SB-Aq
(250 mmX4.6 mm, 5 um); LLHEE-0.2% = LR
KIEW (pH 1.65) JifiahAH, BHEEHEHL: 0~10 min,
12% H % ; 10~20 min, 12%~16% F % ; 20~40 min,
16%HEF: 40~60 min, 16%~22%HEE; il K
280 nm; AFRE 1 mL/min; A:IE 30 C; #tFEE
10 pL.

(2) XRS5 FEBRBUOE [ &
X 10.12 mg, 1 0.5%0 FR Y 50% FF B 7 v e 1l
% 0.103 3 mg/mL FIHuE J7 £ F0 B8 SA T

(3) HEHAM AT % BUETHZ 02g, #F
HRRE, BHEIEET, FEIMAE 0.5%BERR 1) 50%
YA 25 mL, FREfE, HAEGHE (I)E 250
W. #ii# 50 kHz) 30 min, 504, FERRERE, H
0.5%PBE R 1) 50% FH BRI VR 2 Dk R R i &, R4,
yeit, EUsEyEwE, BRASHER S AT .

243 LEMEHE % 9241742427 TN JTiEH
BRIGH A FIHLE B 2 B S T RO RS A
W, A% “2.4.17 “2.4.27 TR OGN E, 45

ROBERY, BIELTI. & EIE R 3 L
3. 4,

| R A
A
B | FEH A
. J .
0 5 10 15 20 25 30
t/min

B3 REHE A MR Q) MEAHMEEER B) B
HPLC

Fig.3 HPLC of mulberroside A reference substance (A) and
Xiebai San benchmark sample (B)

A ML
| %
B
0 10 20 30 40 50 60
t/min

4 WMBEZEMBRE (A) MEEMEELESR B) &
HPLC

Fig. 4 HPLC of kukoamine B reference substance (A) and
Xiebai San benchmark sample (B)

244 MERRFL  BURFE T EWREE S LH A X
MR . 1% “2.4.17 TUR i &R T, HL
AN R R EE U 7 BT R VAT % “2.4.27
TR R S AR ERE S b, LASKT Rt o Ak P R Al
br (X0, VEIRRYPASR (V), Setilbnikthizk, &
e A LML N 13.659~273.724 pg/mL, [6]J477
Y=26 804 X—27.036, R*=0.999 9. HiF 2%k
PEJEFE N 20.214~151.621 pg/mL, [AIHTHEN Y=
3702.3 X—8.766 9, R>°=0.999 9. 45H LI K+
A, MR R R

245 FaEtEilee @ 241792427 R J7E
il 2 BV, RS AR ST AR IR 10 L,
SYHIEE 04 24 4. 8. 12, 24, 48h VENTRAH G REAY,
WIE, PASE A AL i 2 2 RGN TERER,
S5 R AR RSD 573 5114 0.40%H1 0.76% . R
MR S TA TR 48 h AR EME R IT

2.4.6 FEELLALG kR ST ARSI R
10 UL, JENBAHEREAL, LSRR 6 K, RIEE,
TORUET R, RFLI A A T RGN
RSD {E 5514 0.15%F1 0.19%.

2.4.7 EEMRE BB ST AL 6 6, o
FEAH B U A, MR, SRS
KA A REHN RSD N 1.47%, i &2 &R
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B0 RSD N 1.62%.
248 IFEEERREE B9 M E EC AL
0.1g, FERRE, 7 5% 50%- 100%- 150%7KF I
NN R SR, il €2.4.17 “2.4.27 TR 7k
ARSI BOIRIE, THEIAE R . DA S L
A P IIEERNCR 99.61%, RSD N 1.01%;
B B2 SRR IMEE RIS 98.56%, RSD AN
1.42%.
25 HEHRPIERRSESEREEENNE

HUHI SIS HERE S, 32 “2.27 ~ “247 TR T
HEESREH AL R ORSTEUAHESR, K
e RN 3,

#3 HEHRTESEIAERBLER

Table 3 Contents of index components and paste rates in

benchmark samples

FEE B/ (mg-g™) HE
FE b ZET A M B L% R /%
B 41.70 14.86 13.92
Tk 4353 15.82 14.11
T 40.86 11.30 12.76

2.6 EEEEIRRER T ZHmAEI&

F U5 A B 7 AR =D, BRI R A
41.3 g HUE I 413 g WHE 413 g, BInpEK
28 g, BT AFHMWEH, =0 30 min J5HIZE, 100 H
VEARILUE, 70 CUREWRYE, AT EREIEYE A BN
RLZHET R H T 555 .

2.7 BREAZEEEM/KE. REEE. REUREXTE
SR B 5200

270 hUKE BREUET RO, BRI 2 IR, BREIK 90
min, Z>AFELNN 6. 8. 10, 12, 14 f54b 77 Bk
(1 fEE/KL8 115mL), MESREE AL HE Kk
ROBULHESR, SRANE4, FEHEABEN
KERMZ, G22I EFE NEER, Mgk
LERETRBMEEI TGS, Hitg ko RE8E

Fz4 MKEZEBRHER
Table 4 Results of water addition

Tk &/ 5 B (mgg ™) HE
% FEH A Ny N /%

6 35.42 14.72 12.08

8 39.22 10.89 13.11

10 38.91 11.32 14.26
12 37.37 8.56 15.58
14 37.70 4.63 15.01

10 fFE/KFE R Bm, Mot 8. 10, 12 5 & /KAl
AT I S 7 il T RS o

272 PRENETIE] EUARTTUR A 10 fEEK, $RE
2, HIFE%E 300 604 90, 120 min I, FpZH
A B R CESEURHER, GRNERS, FE
A T 7 O R BEE TR I R 2, & &R
5, AT EGE A, WuEH 304 60, 90 min i
A7 Ji e B T ke

=5 IEEATEEEER

Table 5 Results of extraction time

SEEI [/ JRE T/ (mgg ™) HE
min REHE A BN A N F/%
30 4272 14.63 13.86

60 38.99 13.42 14.26

90 39.42 11.24 13.47

120 38.13 10.58 13.84

2.7.3 SRR HUETTROR N 10 fEEDK, $RE
90 min, 7 E R AGEMIRACY 1. 24 3. 4 KNI,
SFLH A WERORTEULHER, 4RIE
6, FRECH A NE R ZRAESRM 1. 2. 3 K&
BAHEAZ, B4 K. #OE 1. 20 3
A7 Jim S N g T 16 o

*6 REURBERLGR

Table 6 Results of extraction times

L JRESH/(mg-g™) =
K FH A WE R 1%
1 38.96 12.56 9.74
2 38.98 11.28 14.26
3 39.14 9.75 16.75
4 32.73 5.13 20.13

2.8 BBD-RSM iXIG I HIRER T Z

2.8.1 KEFEREMKETZSHNFE 46
5 VRO PR B DA R SEBRo R AR = 125, i d% 2 4
Bin&s (REHE A EHEOR) RaEE
FEACLRE DL K B 28 A4 Dy i) 37 1 20 1) O B ot & e
(critical quality attribute, CQA ), S FEHE BT [H] (X))
FEEREL (X)) IkE (X3) FERNTE AR L2
HI 58 T. 2.2 % (critical process parameters, CPP).
2.8.2 BBD-RSM Il i 5 i 2k ie 4G

ff 5 25 R ZE Y L, R Design-Expert V13.0 A4,
#E47 Box-Behnken %11, BBD-RSM SE5 ¥ it
W T,
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% 7 BBD-RSM LI it KAz ENLS
Table 7 Results of BBD-RSM experimental design and sample extraction

- Xi/ Xl RPEH A TROUEE MEER MERL | X/ Xl RECH A fROUERE HEFR ME KL
RS | X rET | X
min % (mggl) AALLE %  E/(mggh) min 5 (mggl) ARMLE %  F/(mgg!)
1 30 1 10 45.89 0.946 9.47 11.84 10 60 1 12 40.80 0.967 10.01 12.73
2 60 3 8 37.80 0.974 16.43 10.43 11 30 2 12 4280 0.959 14.03 10.22
3 90 2 12 41.80 0.964 13.89 8.42 12 60 1 8 38.80 0.968 9.65 11.71
4 60 3 12 40.70 0.979 17.01 10.75 13 9 1 10 41.40 0.998 10.97 12.87
5 9 3 10 3590 0.972 13.45 9.46 14 60 2 10 41.50 0.991 14.94 9.08
6 60 2 10 39.50 0.996 14.02 9.87 15 60 2 10 42.10 0.981 14.31 9.94
7 60 2 10 38.80 0.992 14.46 9.98 16 60 2 10 41.33 0.978 13.99 10.32
8 30 3 10 42.10 0.977 15.22 10.75 17 30 2 8 41.24 0.985 17.35 10.00
9 9 2 8 40.80 0.982 13.24 9.84
2.8.3 TP EIRHIA S IAL F=9 THNERRRVEM B AN B AE RS
(1) FAHP * Xﬂﬂﬁﬁl FAHP %—ﬂjﬁ—ﬁ _t];}()l‘lh*l Table 9 Fuzzy complementary judgment matrix of
T, SERAVREMLL, FAHP fR#Efog gy evaluation index
FEE, T R AREERRIORI fil%
W AR U2, FAHP BB R . FPCH A TRGEEMLUE WER FRLEK
DR 1 MEFIBOERE. R SHE, B, . REEA 0.50 0.60 0.70 090
BRI 031, 25 A R F bRt S B Sk AT HE TRACERRAIRUE 040 0.50 0.60 090
R EEBRRARAES, Ml ok, W HEE 0.30 040 050 080
B A B IR, Wl BNy EEOE 0.10 0.10 020 050

h BEVE Ry, O SR A R S R A R
B b B AR AR NS R ARy, (B TR AL
TORB, M AR S REEEBREE R, 5%
B AR fRoEE RS AR 2, HEE
RTFWER. Ft, SRR E RN 95 5
H A>TROUIEMOUE > ERSME R LR, 5
SO IR IR IR, HRYE FAHP B8
FERE, XS JZIRA n A TEFR AR X B ZERE AT VP
A

7r, AREIEOH —BOAIWIRERE, 4R K 8~10.
8 FAHP HZEMFIERRERE ROFRE

Table 8 Standard of constructing fuzzy judgment matrix by
FAHP

PR 5E XL i B
0.5 FEHET 2 Matai i, —FFEZE
0.6 FHEE 2 Mabrl L, BT LS Rt e 2
0.7 R EE 2 MEbrAE L, AT LGS ] R
0.8 SREIE T 2 AMBRSAHLLEL, A e Ry E
0.9 WIHE 2 2 MBS LR, A L 5 o 2
0.1~0.4 FHREE 2 MEFRHEE, wy=1—uy

uy FRFZ i MR TR j B ELE A R

u; represents the comparison result of factor 7 relative to factor j

F 10 THAIEFRAAR — B B B RS

Table 10 Fuzzy consistent judgment matrix of evaluation

index
i R
ZEA A REEEAEE HEEX tEE R
REH A 0.50 0.54 0.59 0.73
TROEERLE 046 0.50 0.55 0.69
HE% 0.41 0.45 0.50 0.64
BN AN 0.28 0.31 0.36 0.50

R 2. T EMACE KRB (wp) T3
PRI . BORI AN AE R B A AR B A 1M =
NI A, BRI A SRR FHISY, 23 S0k A 30O
FASBIVE R AL IRSUEIEAALEE . BB R
g B 2 F ) wp RN 0.28+ 0274 0.25. 0.20.
HHEAR B FR (D =0.04<<0.1, —FHEALR
SIRU

(2) JEREZ AL JEBE R AR H i $2 it
A5 BB R E T B E KN T . RBE R
FERE RN, 15 BN, FRFR 12 R,
BCEEROT, AT E PRI .
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TR 1 B SRR HOE R R L 4 U R ®12 BEXRKELESTD

HRE. AR AL fRgUEEALER R E R, 1
R GER AN BRIV RR, S5 SR T AN 1)
FE 7 D5 G U R O T B AR R

W2 IMHEARWE R (H). HiN, B
HEETH, EIREEE R .

A3 HEEMAE RS (W), tHHEAFIT
MHaPR ST AL FREUENIEME . BB R A
ORI wa RN 0.204 0.19. 0.34, 0.28.

(3) AEWBGE: HEBE LR FAHP £ U4
I AIRGE A E TR G, B HIRIE A A —
DAt FAPM R bR 2 A AR, R A (D 15
HAEWE (wp), SFRNE 1L

Wi =wPw;/ Zn: wPwa QD)

j=1

F 11 ERIZFNETNESINE

Table 11  Combination weight of extraction process
evaluation index
P RS WP Wy Wy
FEH A 0.28 0.20 0.22
O EE AU 0.27 0.19 0.21
HER 0.25 0.34 0.34
WE K ER 0.20 0.28 0.23

2.8.4 ERECHCREM F BTk

WIR 1 B PPN S . SR 0] TP B
a5 R AERE A I — B, NI E PPN FE AR R bR
() FIFEAREL (m) P, DUREH A B8 LS
FEALEE . HER, g K ax 4 Mats vt
BRy Ziy T BNETHVE P EAE, S 27 FEAERE i 1)
M EAE

IR 2. TFEMXMRZ . RD;; RonE i MEAR
TEE j AN RPN R ZE, TEE W (2) B
BN, BIFEM AR T2V B S R
FEALPE th 2 s .

RD;i;=|Z:,;,—S;|/S; 2

IR 3 TFEEMECEEE (SRy). HHT @
SEAENH w2249 ) () B AR ) 6 T 2B YA FR bR 1Y
BT AR, HTE T ELRA S, R
SR> B DA% it i) 2% B A S OARTEEAE (s,
M THHARIE IR oA DUASE (o), A AMERZ FhFAr
fetr, AKX 3 1, g5RIE 12,

SR;;=1—RDj, (3)

2.8.5 ZEEVEALES B IRAESEES SR A FAHP-

Table 12 Benchmark correlation comprehensive score

SRy bty

R REE  RAEE WA
A o DRE e WA

1 0.90 0.946 0.68 0.80 81.11
2 091 0.974 0.82 0.70 84.41
3 1.00 0.964 1.00 0.57 89.15
4 0.98 0.979 0.78 0.72 85.12
5 0.86 0.972 0.97 0.64 86.85
6 0.95 0.996 0.99 0.66 90.79
7 0.93 0.992 0.96 0.67 89.43
8 0.99 0.977 091 0.72 89.77
9 0.98 0.982 0.95 0.66 89.72
10 0.98 0.967 0.72 0.86 85.99
11 0.97 0.959 0.99 0.69 91.11
12 0.93 0.968 0.69 0.79 82.49
13 0.99 0.998 0.79 0.87 89.51
14 1.00 0.991 0.93 0.61 88.27
15 0.99 0.981 0.97 0.67 90.82
16 0.99 0.978 0.99 0.69 92.14
17 0.99 0.985 0.75 0.67 83.54

TR B B R br o FIRUCE /5L, IR SR
BV =SRy;j zmr 4 X022+ SRy gamimmur X 0.21+
SRy, e X 0.34+ SRy wamex X023, SRINE 12,
PAZRG VP i1 100 AR EL, KX R
BV IR BE ZR G VP o i NI L TR R, AR 7 2
TR, 2 RE AR, AN RE,
VEIZAE T B it 223 . Hd o X6 1) P<
0.05, 3 FHHRZ I 18] RN /K A% 506t 5 A5 V743 IR 52 1)
B SRR RN AN KA E > SR [A] >
PRERE: XX ) P<<0.01, X F1 X5 P<0.5, %
RS I R AR BOR B BAE IR, Ik A4
ARBR S HAR S35 . J7 25000 W3 13, Wi
5B WL 5.

e SR VR Ay B RTINS AR SR B T2
10 7K &, R 2 K, R 90 min, 73 FIHIFEM K
BT B S B AT S RO AL, T B — B
I R AR T 2T 3 GRS, e 5
FAF A FRSUEREMRUE. HER, HiE Kk aR,
ZERNK 14, 3 HLISUESKIRER &P #7E 98 DL L,
H RSD 15K 0.37%, RIFAFEI T ZEEMHBNFEE,
HA T
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%% 13 Box-Behnken it FZEDHER
Table 13 Results of Box-Behnken design of variance analysis

WENKIE WZETFHM AME FE PHE REM | RERE WETHM BAHE FE PHE  BEK
P 163.660 9 9.790 0.0033 MREFE | XoXs 1.950 1 1.050 0.3402
Xi 11.760 1 6.330 0.0401 B3 Xi? 0.167 1 0.090 0.7735
X2 6.210 1 3.340 0.1102 xX2? 56.980 1 30.660 0.0009 R
X3 15.710 1 8.450 0.0227 &3 X3? 18.720 1 10.080 0.0156 3
XX 32.040 1 17240 0.0043 B3 | R 4.230 3 0.643 0.6264 R
XXz 16.560 1 8.910 0.0204 &3

“0‘.’.0’0
TS

LB

&5

USRS
PSstentets
N

FEE Xiv Xov X3 WEETESFMBINE N E M FS%E

Fig. 5 Response surface and contour map of effect of various factors X1, X2, and X3 on comprehensive score
*14 TZHWIEHER

Table 14 Process verification results

P R P Al(mgg™) TREUEITE AR LU HE /% W B Lz (mgg ™) LGV RSD/%
1 41.61 0.998 14.03 14.35 98.85
2 42.22 0.994 13.91 13.93 98.14 0.37
3 41.74 0.992 14.15 14.26 98.32
3 Wig B SEA AR i i e i B v B, P SR

15 AR T /N L AR IE T 77, BAY
B IR AN IR, A B e Fr i s 75 Th 2 A
FAT R, HE, SRS FERFRIRT FRIE R D
FESRE T 205 A SCHRAOE , 7 B O 1
ATE R A PR B A T e, AR B R AR 3L
mi, HIEAERER, WHEAER SRR LR
oK. N THEMMES T LTE, ENIRIERRE
77 AHTFURRDK BT REATIR L ZH T, DO
AN B 2 R RK I VE T 55 B A ANMICEY B2 L3RRy
FEbR, RIKE . SEHURE ., SERURBOEAT R R
B TR L, TR RARE IR
di, AWFFUE R TR, FRREE B R HE R
FIFASR TR EAT LU, VRT3 IR AR R ik
IS,

RKTHFFRM T Z M8, JEHER, ML
R MR, Oy TS S R TSR, AR

A HVE R R FREUEITEALRE . B R ONF 524R
PR AT R TR, 122G I R M AR IR KRR T R
WILAE it P A TR AIE o 0 T S A o v H B R A0 9
CEA R H RN 2 H &5 5 A R R R R L
M ZERGER, [N R e o B H RS R
4, WO S H R A E NS S A I R R
Hl E e bR, LG e it — DB M 2.

KW FAEAAG 5 HEUERE S — B, R T
—FloEr BV 20 AT 7 VO 2 IR o i, FAHP
&Pl AT AT 2 RS M AR 45 A BRAUT i, Bk
AR T B HTIE, B TV AT SRR, 3
SEAFREMBBHTIE, BEIANTESIHARTE
FRIB S —— R e IR P AT S B VP T B, 3%
MREZEA VR 21 100 fbRdE, Dtk B ARSI T 2
SN 10 f5KE, BIZ 2 K, BX 90 min. £ 3
HLIGAE, %R T RS AR AL, T AT
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