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Optimization of extraction process for classical prescription Xiaochengqi
Decoction based on Box-Behnken experimental design, standard relation and
analytic hierarchy process combined with entropy method
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Abstract: Objective The extraction process of the classical prescription Xiaochengqi Decoction (/N S, XD) was optimized
based on Box-Behnken experimental design, standard relation and analytic hierarchy process combined with entropy method.
Methods With the contents of aloe emodin and chrysophanol, magnolol, synephrine as well as the paste-forming rate and
fingerprint similarity as critical quality attributes (CQAs). The amount of water, extraction time and frequency were used as the
critical process parameters (CPPs). The single factor experiment design was used to determine the level of each factor, and the
Box-Behnken experimental design was used to optimize the extraction process. Finally, the standard relation between each samples
and standard decoction of various indexes of different extraction parameters was calculated, while AHP-entropy method was applied
to determine the weight of each index for comprehensive score. Results The results of variance analysis showed that the P value of
the quadratic regression model was significant (P < 0.01), and the lack-of-fit value was not significant, indicating that the model was

statistically significant. The relationship between various factors and the response values could be functionalized by the established
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models. Through further optimization of design space, the optimal extraction process of XD was 6-fold volume of water, extracted

once and extracted for 30 min. The average comprehensive evaluation of three parallel verification tests was 95.37, RSD value was

2.31%, and meet the quality requirements of standard decoction. Conclusion The extraction process parameters of XD based on the

quality by design (QbD), standard relation and analytic hierarchy process combined with entropy method was stable and reliable,

which would provide guidance for the process development of other classical prescriptions.

Key words: quality by design; classical prescription; Xiaochengqi Decoction; Box-Behnken design-response surface method; standard

relation; analytic hierarchy process-entropy weight method; aloe emodin; chrysophanol; magnolol; sinflin; fingerprint; critical quality

attributes; critical process parameters

22 W4 77 /NS (Xiaochengqi Decoction) H
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JaAsE RELO-120, 1 PR b AR B G i Y, ket
PERB 28« IRAT TR 2 8 S5 LR AR, MRS,
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;. F, SEEEURIREL L 2 5 S HEN R —
Bt M A T FUR ORI, RSB SR
L& R FX B & 8 s i 2R Tt
(quality by design, QbD) & —F KRG NIHEK 7%,
T B AE ] SE BB AR o KR B B b, e
SCUF E AR, SRR AN L R E A DL RO T2
P 1 0415 A B 50 SR 2k v O BK BE ( standard
relation, SR SRIFANILAIEE T2 F &4 i 5 5k i
B SRR — 350, SREBESE 100%, i
2R ERE S OBEE IR . 2 IR 3 vk Canalytic
hierarchy process, AHP) -JiH2:45 = WAL % AL 2
WRAGEAR S &, F 858 AN R E Fahs AL &R
B, P vRU a5 R BN ELSe Rl AU AR AT T
QbD B &L N AT RN T 225 iH5H
AN FITR IS H & A FANFRAR T S i 5 B AR
FIFEHERICE, SR AHP-JRRUZEHEE S5-I Fabs
ALE 2R3, #4745 VE, 456 Box-Behnken M
LA AT RSSO, DAORUEAE BT i R $2 L 2
ST A R o SRR I ORRE L E — 2 TR

RN TZME e EE, ARSI EEIT KM T
A A 2 55 SR

1 UEE5RE

1.1 Y&

WT3003 Y HL 1K1, B e de A PR Al ;
IM-B10002 B HLF-KF, RELTT LR ER R B
HIRAF]; BSA224S BUHF 43 Hr K-F. BT 125D %Y
BT i RF, FEERETRFAAEE dERD FRA
Al HH-6 ZY R AAEIR KB B, AL RHE A AR
HIRAF]; DZF-6051 B FL A3 T, AbHTR RIS ¢
BHEA R AT BY-400C-1 BZER & .OHL. G20 &Y
P B O, JE FPEEST S BR A 7] SHB-III
RPE KA Z B AR, MR TR ARA
DHG-9140 A BUHL#VEIR BT8R4, Hilg—1EF}
AUB AR AT, KQS200DA i H 4 8 7 0l i ok
a5, RILTHEAEARAR; DZTW 2 H 7R
HLAEE 500 mL, bt AAER R R R A PR A
MH-2000 ] i 28 B #2000 mL. MH-3000 A i 5
HLHE 3000 mL MH-5000 A i =X L #4& 5000 mL,
LR KA H IR A ] 5 Thermo Ultimate 3000
1= AR A, DAD Kl 48, CM7.2 a3tk TAEu,
FEER R R (RED BIRAA .

1.2 X%

BV RFEDH (S 1-21030301, =4 PG )1k
WEL . ZEAMR A (5 1-20042001, 7=k Pl
WD EPRSERE (IS 1-21030601, 77
W TE B, B E AL 8 2l IR A, 539
SR 2R 2 8 RXE A RIS B R
BEK S B EY 25 K3 Rheum officinale Baill. [T
BRRR AR 25, R ZRERZJEE Y EA Magnolia
officinalis Rehd. et Wils. T4 52 R S A3 s F
ZEEBWIEBEYERRE Citrus aurantium L. T8
A TR0 T

SRS P2 KR (LS 110795-202011, i
HH97.5%) . KiERy (L5 110796-201922, i
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B 99.4%) . JERME (b5 110729-202015, Ji
BEOE 99.0%) A (L5 110727-202110, J5
B 99.8%), HEA A AL E LR -

NG WEE, (ikd, 3EE Fisher Aw]; 4lif
K, BUNEERSIGERIA IR AR, WER, ik, R
AR AT BE K.

2 FHESH#R
2.1 MRS HREURRYSI &

FREUE S K EE 55.2 g 254D 27.6 g+ iGIBHASL
39.0 g, MA—ERFEMEE TR, MIAEGHEH,
F 12300 HJE EFRMED, REERAREER
RIS NER S -

22 INESHERESHEENE

221 NSRBI ORI 2 KB RN
B8 3.63 mg. KBRS 5.59 mg. JEAME XS RE
il 6.62 mg, MR ERNEMEHEZE 25 mL &
o R ERRECE S ARG RS 9.47 mg, FHFEEAS:
RSG5 A 25 mL S s 20 i R VA e 2
B, BOROR EIREE 0N 141.57. 222.26.
262.15. 378.04 pg/mL (1%} FE G BER . FRRS 2R H 1
mL BERE 25 mL =i+, I1HEA e R 2 ZE,
Fic, B 7R R FE 43 A 5.66+ 8.8910.49 15.12 pg/mL
(PRI FE T A

222 AEESVE B 0T RV RS Z R
W 3mL T 15mL &0 N, A 7mL HEE, #25
J&, 5000 t/min B0 10 min, H_EEBGE 0.45 um
FLUEME, EITERE 1. FES R FIR B O
Ja B _FiEW 5 mL, JE i SR (60~90 H, 2.5 g,
WAE 1.5 cm, T9E3EHD, /K 20 mL 2efii, Wede
VEMLT 25 mL 2N, IKERRES], i 0.45 pm
TALUERE, 13 IE TR 2.

2.2.3 iR

(1) AR 1: (49 Thermo Hypersil
Gold Cig (250 mmX4.6 mm, 5pum) ¥ WA
LE-0.1% R KW, BEBiBHEE: 0~10 min, 15%
ZHE; 10~30min, 15%~20%Z.f&; 30~95 min,
20%~30%Z.fiE: 95~135 min, 30%~60%Z.fiF;
135~140 min, 60%~95% Z fif; R E 1
mL/min; KA 260 nm; KR 30 C; #EREK
FH 20 pL.

(2) AR AR 2 348 Thermo Umisil Cis
(250 mm X 4.6 mm, 5pum) ¥; VSN H -
TEVET CEUBEIR A 0.6 g, T B SLREER AN

1.0 g, UKEERR 1 mL, WI7KVEMEFFFMBEZR 1000 mL),
YR : 0~20 min, 51%FFEE; AREN 1
mL/min; ¥ 275 nm; A 30 °C; #EFEE
R 30 L.
23 HERRNE
W /N RS B B 46 B A S 1.20~
1.25, FiE#% 2 OEE BT ER 250 mL Z&8 KM, 7K
BT, 60 CHEZTHE 72 h, B/ NS Z T B,
HEHER (WER=m/M, m NNESHTER
PR, M AETTAE.
2.4 FRYELRERMEN
241 MRS HIE F “2.2.27 TF R
TR B8 T
242 MM [F “2237 TURASRSIER 11
(SRS T
25 EEIZWHR
251 HHEHE
(1 hkE: IO BT RIS,
SrAIINK 6. 8. 104 124 14, 20 f%, JI0FENA 1 h,
WL E P25 R RO . JEANSY . F Ik
BEMHER, PATEE3 6, WRIERL R TE
T 3 KA B PRSP A S Ko BHER 1 AT,
6~14 fEHE/KE, HiEtrERE BrHEs, Bid 14
GEKEBT R, MukinKEN 6 581 14 £ .
(2) FRHU[H]: FRECA 5O BT R Be
hnzk 8 £, 437l EIALAEEL 30+ 60+ 90+ 120+ 150 min,
WAL E P25 R RO . JEANSY . F Ik
BMHER, TATEE3 6, MR R TE
i 72 SRS 1] KA =K. R 2 AT, 4R
HA B8] 9 30~ 120 min B}, Bk 90 min (1) 25 K %
MK By & AL T 60 min #b, HADIEbRIS 2 T
Fz1 MKENERESSEMHERNZMN
Table 1 Effects of water addition on index component

content and paste-forming rate

s/ (mgg™)

mi;i/ AR e N S S
(PN
6 0.11 0.09 0.34 14.55
8 0.16 0.12 0.36 16.18
10 0.20 0.15 0.44 17.66
12 0.20 0.19 0.48 18.41
14 0.25 0.20 0.48 18.37
20 0.25 0.25 0.51 18.64
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*2 IREATEXHERRAR S S BRI B RN
Table 2 Effects of extraction time on index component

content and paste-forming rate

R B (mg-g ™)

e —— o
)/min ’; fﬁjgf [T T L
30 0.16 0.09 0.28 14.82
60 0.16 0.12 0.36 16.18
90 0.15 0.13 0.44 17.19
120 0.19 0.16 0.49 20.17
150 0.18 0.14 0.59 20.18

#, Mk 120 min f5, FAERERMATEE . EA
My & R, SEIb RS EG N, WERILHEA
b, WOESEEET ] 9 30 min A1 120 min.

252 FEUERER IS NGRS B RDUK PR
BT ) (9EiR), JRSCie#EHlE AN “ E=mk, PLK
rt, BW—F—f, 28, 2iR-R” P 44
P EE RIS bR AR PR, R AT N RILE T2 v da kbt
J5 ERREL 3 R TR, i 800 mL 3551
K, Bk (1600 W) Sk, S0k (600 W)
FIE Y] 47 min £ 240 mL, 12 300 HJE ik
Ly, EREIEMATE 240 mL, /KA.

43 HIEL 5 mL KFICT 25 mL AR+, N
=20 CUKFEHTIAE 12h 5, BET-80 CHi¥dk2h
IR TR TR, R TREEA-80 C, HAEN (5
1) Pa, T 72h, B/ NAERSZIEMER M,
2.5.3 Box-Behnken 46

(1) XREEEJEME (critical quality attributes,
CQAs) R4 1. 2.2 % (critical process parameters,
CPPs) HIHfiE: /INKSIZ F 16 BHIARE S i Rt
A AR ZAUE, 75 b B RREAE G 24
RUBLAY NPT 25 KB Ry JE AN A S JE ARSI,
A IX 4 Ao 2 i A B AN R 2444, AT DA T 42
INERS B FERE S, WL 4 AN AR PE R
2 (MW AFEREZMRERSE, Y2 NENS
&, BRFERREE). HER (Y FRgIEEH
BUEE (Ys) EN/INERS G T2 CQAs*2,
BT AT KRR SCHR, BRI (XD ik
T (). FEEUREL (X)) fEA/INESIZIRITE
i) CPPs[23-25],

(2) Box-Behnken {38151 FRENS FEUHERE
FAIF AL 7 R R — RO, ol PR 2R S 45 TR
SEFEHUR [A] (X)) FIKAE & (X)) HIEH, K3

SIS () Wit 1. 24 3k, HEK
“FILER 3. R H] Design Expert 10.0 #F, #4173
3K 17 ANMREE S e, Hr 12 MR AL 5
AN R

(3) I 45 R 5B 73 #r: Box-Behnken i
T KNSR A S RIR 3. T EHT
ZERNEK 4. 2 mEZOHABRR T H 2 B 1
AR, H AR R (P<0.001), KMEAE
%, RPPTEBMAS I EEL, &R RSP
Z AR Z 0T DL A R R At . 2 e Rl H 7
FEN Y=-106.58—47.64 X1—66.13 X,—120.69 X3—
16.00 X1X>—22.91 X1X3—25.73 XoX3+24.93 X2+
5.14 X22+5.11 X3%, FE8 Ryg? N 0.980 8, KU JTFE
FIFLE BERUT ) Rpre® 9 0.893 5, FEBAMEAY () T
PERE T, DRk, ] A AR R SR TN A5 Fa b i SEBR
(R
2.6 EEXBKEMERERE
2.6.1 WHEVPNRT SR BEMEOCEE R VEM IR S
FEVERE A URE (R RS, AR TT R R AR 24k
B 1. BB s e B e FE R 2 E n FIFE
TEH m. RS2 Box-Behnken it 17 ANEE
f RIS HERE ST XS b, DA K I R S )
JEANEY . S AR S AN Y R DL S SR AR
& 5 MEFRAVEM AR, DL X S RTEM R, X
%7~ Box-Behnken WitHss i Gi=1, 2, =, m)
ANRERIIEE j G=1, 2, =+, n) DRI FRNELM,
S FRIEMERE SN G=1, 2, =, n) MEIRT
(7 A
2.6.2 IFHEAHX W ZE (relative deviation, RD;) fH
RD; FR i (Gi=1, 2, =, m) PEEARIE j (=
1, 2, ==, n) NMabs PR RZE, febsE R4
A Hb 23 BT A [RVRE i 55 R HERE i 2 [R] AR ALLBE . RDy
RN, ARFR X 40T S Rz, RIZAE S S
FEMERE AR B = . R AL (D T X XS
T S HIRD A, THESERNES. SHREH, KL
PR R RE R . JEFNEY . F RS &L IR
SETE R AL AP PR bRA, ISR S R N
PR A T2 5, DNHE RN TRART, S5EE
HERE S B R BRI AR EE 5 14,

RD;= | X;—S|/S; (D
2.6.3 I HEFEUERIKE (standard relation, SR;) LA
HUERE MR = AR (S, BL Box-Behnken %6
Bk PSR BEANAHE (X0, DURFEFEFR
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Table 3 Box-Behnken experimental design and response value
= —

RRHE Xmin 0 XK fiﬁ ii(mg 2 Z WEEL  ROEMHIE A
1 75 (0) 14(+1) 1(1) 022 024 075 18.65 0.976 -17.61
2 30 (-1) 10 (0) 3(+1) 036 034 064 36.51 0.969 -123.42
3 75 10 2 (0) 029 033 0.87 29.26 0.976 -92.36
4 30 14 2 030 028 0.62 22.25 0.969 —-66.21
5 75 6(-1) 1 0.13  0.08 0.34 14.24 0.986 80.78
6 120 (+1) 14 2 037 049  1.05 35.15 0.964 —-201.46
7 75 6 3 030 039 0.82 31.92 0.961 -123.58
8 120 10 3 044 055 099 39.18 0.946 -256.57
9 75 10 2 034 032 0.82 28.75 0.969 -106.30

10 75 14 3 044 071  0.86 36.12 0.979 -324.90

11 75 10 2 033 033 0.78 28.79 0.967 -106.20

12 120 6 2 026 028  0.68 29.27 0.969 —54.79

13 75 10 2 035 032 0.82 28.22 0.970 -109.97

14 30 10 1 0.17 0.13  0.51 14.19 0.965 57.67

15 75 10 2 029 039 0.86 26.73 0.964 -118.05

16 120 10 1 021 0.18 053 20.88 0.968 16.18

17 30 6 2 020 0.19 0.54 18.56 0.982 16.45

BEAERE 0.11 010 0.34 11.13 1.000

%4 Box-Behnken SII I 5 E A
Table 4 Variance analysis of Box-Behnken
e e TR FAE l l
R IR iRl %D —GEl SR | Box-Behnken 4 it B

ey Rt 91.95™" 65.02""" 71.58" [}@]

X 84.22"** 40.38" 22.98™ RS HTIE

X 162,27 77.80""" 4428 BREW EH Py |

X 540.45"" 259.10"" 147.49™**

X, 475 228

XiX3 9.74 4.67 E1 FHEREE

XX 12.28 5.89 Fig. 1 Flow chart of algorithm

Xi2 12.14 H AT ORE it 5 FEUERE S A AL R B

X2 0.52 SR;=1—RD;=1— | X;—S8;|/S; @)

X3? 0.51 2.7 AHP-ERCEAENEMITE

RAUME 4.49 8.01 12.77 2.7.1 AHP F WAL

Rag? 0.980 8 0.960 0 0.929 7 (1) AW R AR e fd R 260, /)

'P<0.001 RGTTHRE ALY, W, TIERGESE, 75

RV RIS, e AN () THRTRER, T
KL, SR WE 6. SR RN i =1, 2, -,
m) MRERIE j G=1, 2, ==, n) NMEFR FHI%EE
HERBEST . SR, LT 100%, fEiZiElr FITES

KIERE, VLGB et JBANRT R, AT
o BRI, NEZG; PSERTTROE, BUUHRS
W, LAHYESE, e, 3 ZElE, HZRTE HGETE,
THAT LR AW FSH (h 2537245 i Ar ik
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Table 5 RDj of Box-Behnken test
RDj; RDj RDj
At TR At Tas) A TaS)
Y1 Y2 Y3 Ys Ys Y Y2 Y3 Ys Ys Y1 Y2 Y3 Ya Ys

1 1.00 1.40 1.21 0.68 0.02 7 1.73 290 141 1.87 0.04 13 2.18 220 1.41 1.54 0.03
2 227 240 0.88 2.28 0.03 8 3.00 450 191 2.52 0.05 14 0.55 030 0.50 0.27 0.04
3 1.64 230 1.56 1.63 0.02 9 2.09 220 1.41 1.58 0.03 15 1.64 290 1.53 1.40 0.04
4 1.73 1.80 0.82 1.00 0.03 10 3.00 6.10 1.53 225 0.02 16 091 0.80 0.56 0.88 0.03
5 0.18 0.20 0.00 0.28 0.01 11 2.00 230 1.29 1.59 0.03 17 0.82 090 0.59 0.67 0.02
6 236 390 2.09 2.16 0.04 12 1.36 1.80 1.00 1.63 0.03

%% 6 Box-Behnken i%11THJ SR;

Table 6 SR of Box-Behnken test

SRy SR;
A Tas s
Y1 Y2 Y3 Y4 Ys 1 Y2 Y3 Ys Ys
1 0.00 —40.00 -20.59 3243 97.60 10 -200.00 —510.00 —52.94 -—124.53 97.90
2 —127.27 —140.00 11.76 ~ —128.03  96.90 11 -100.00 —130.00 —29.41 —58.67  96.70
3 -63.64 —130.00 —55.88 -62.89  97.60 12 —36.36 —80.00 0.00 —-62.98  96.90
4 =72.73 —80.00 17.65 0.09 96.90 13 -118.18 —-120.00 —41.18 =53.55  97.00
5 81.82 80.00 100.00 72.06  98.60 14 4545 70.00 50.00 72.51  96.50
6 -136.36 —290.00 -—108.82 -—115.81 96.40 15 -63.64 —190.00 —52.94 -40.16  96.40
7 =72.73  —190.00 —41.18 -86.79  96.10 16 9.09 20.00 44.12 1240  96.80
8 -200.00  —350.00 -91.18 —152.02 94.60 17 18.18 10.00 41.18 33.24  98.20
9 -109.09 —120.00 —41.18 —58.31 96.90
WARFE AR FEN GAT)) KRR, MR/ ES an an ain
RIALTTALAL, FEH 25 A RR A R | e o

fabr, MBSH|& T2, e ErAEH:, e b
KRB P25 KRB RARE R (Y. JEAMEY AN
(Y. BSERSEgtR () 1N EEGTENR, [
IH A E 2 (Yo FITRSUEIEAALE (Ys). EI:EIQX
P ] S BNy iy R R A E MR T, HS

W 5E IFR BRI R AH L ﬁ%@Amﬁiﬁﬁmh
RS B SRR AN S B R RIS E L, W)
F T 25 R R AR By > JE AN > S i Ak > F
RGBT G, FARYE AHP B K
WrHE R 1~9 ARBEVE, 2 [F]— Z RN n AN EARIIAR XS

HERRREPATIT 4 (R Do FERFEMAEm N
B E Ry, R T AN SR AN R ]

Eiﬁ,ﬁﬁﬁ4,mﬁhf¢m$%%%még
PR 5, HERET B AR SRS AR B B B
HE, b6, DA, RIEA (3) Mg
FEEE 4, BHE WK 8, M ayRmHER e X THER
VR e

anl

T 7 AHP R FIRTEE R ARAE Y

Table 7 Criterion of constructing judgment matrix of
AHP!¢
bR
1 Fon 2 MREAML,
3 Fon 2 MRFEAL,
5 KR 2AFEZALL, AT# 5 R E
7 Fon 2 MNRFARLL,  HT L R A
9
2

an2 Ann

08

X
HA M A 2
i b A

Fon 2 MNRFRARLL, T LS A i

TR LA AL 0 Wiy v ) (L

R e SRR fIEZENEZ N agr I
AHER fEER e ENEZ HON ae=ae

(2) SR, B JrTHITARRE A 34T LT

B Orig, #ARK (4) 1HERBWIMHEALE 25
Wy, ajn%%m%] (]:17 2, =y n) MEFRHEFEXT

4. 6. 8
B1%

.
P
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® 8  EhRART LAY B R Se kB R

Table 8 Decision matrix of paired comparison on indexes

RAEELD i Y2 Y3 Y4 Ys
gl 1 4 5 6 6
Y 1/4 1 3 4 4
Y3 1/5 1/3 1 2 2
Ya 1/6 1/4 12 1 1
Ys 1/6 1/4 12 1 1

B on n=1, 2, -, j) DIEFRH R LRSS

WIEHEIR AT (5) THREIH— AU BE R (FMBLE

2HL WS, B2 5 ANEIRE WS, SRR 9.
Wi'=(apasp...am)"" 4)

®9 HANERYK

Table 9 Combination weight coefficient

LRI L WP we Wi
g 0.53 0.20 0.43
Y2 0.23 0.47 0.45
Y3 0.1 0.14 0.06
Ys 0.07 0.18 0.05
Ys 0.07 0.00 0.00
N
W=,y Wy (5
j=1

(3) —FMERSS: XPAEREEAT — B, &
FeRIE A (6) THERKFHEMR Ama, FHRHE A
(7)) THE—# 488 (consistency index, CI), 5
F| CI1 4 0.04, —FH:H] (consistency ratio, CR)
(CR=CIRI, RI NHMHEHF) Jy 0.03, H/hT
0.1, RUZIEFERA —FErol,

n n

A= (D apWIW)in 6)
=1 j=1

CI:(/lmax_n)/(l’l_l) (7)

2.7.2 {5 B LIRAL

(1) 757 Box-Behnken {036 i 4555 FE: B
A om MEAR, n DB, FIGEIRERE R=
Ximns PAPTZERTFERAREN . JEAMDY . 22 3BAK
TR, HWEER LIRSS 5 ANME AT
b, BESLIRIGHARFEFE R,

(2) ¥ JF AR H A e A R 3R A P ARE A 2R (8)
P AR AERE R F AR P, Py RN(ES
J BN A | MRS

Pij:)(zj/i)(y’ (8)

i=1

(3) TFEEFRFRIE BRI E 25 (550
CHp 8/, AR3R 7 Tabe A 2 o B e, T
H Pt rfE B EHERUe, RIEAX (9 1HHE
H A FRER H, KRN 0.984 4. 0.963 0. 0.988 8.
0.9857. 1.000 0, %A (10) THESFEIREMN
WEZRZEH (WO,

m

i=1
WJ-O=(1*HJ-)/i(1*Hj) (10)
j=1

273 HAEWEMTE KH AHP 153 WS, fEtL
HEE wo, BiEAX D HESERAARE
KB (W, SERE .

I/IGZW,—SWJ-O/Zn:WjSWjO (11

j=1

28 ZE&EES

I AHP-JEBLETS B 25 G B R ¥ A1,
FEEER B R E I ARAR &7 L 43%, JEAMS &t
45%, “EIRRETE 6%, HIE R G 5%, KR
AR (2 THHEEWSY, ERIE 3. Z61FS
N100 B, B R T2 S0 R H15 IRE 5 A
iR E N8, Box-Behnken A5 5T () Fe
TERMK 6 fi5E, HREUN T 30 min, $RHC1 K.

ZEE 17 = SRiy, X 0.43 +SR;,y, X 0.45+ SRy, X 0.06 +
SR;,v,X0.05 (12)
2.9 IUERIE

SHRAL G PRI T 280 AT I, H R
3K, MEP L RTE RN E . SRR . 2 AR
i, WERIRSEIEMUE, HHREEE S,
SER LK 10, I UE RIS 45 &P BN 95.37 (B
WTIME Y 98.41), LR FT BB FL L (1) /K
RIHFEERE M bR UETE N (PP R R AR B
iy SR B E 0.11~0.20 mg/g, JEFNET &3
0.08~0.15 mg/g, ¥ M5 E 71 %7 0.23~0.40 mg/g:

* 10 WIEKIELER
Table 10 Validation of experimental results
S/ (mg g ™)

R oE TR Yal% Ys
Y Y2 Y

25 1F4> RSD/%

0.12 0.10 0.34 13.30 0.985 94.12 231
0.11 0.10 0.34 13.550.989 9791
0.12 0.10 0.34 13.40 0.986 94.07

1
2
3
FEREM 011 0.10 0.34 11.13 1.000
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HE R 9.25%~11.25%; Fa 48U E k-5 HE B AE A
FE>0.9) U7, HEZR&VFH RSD fH N 2.31%, &
B AR D R S B AR A B R I T, i i
ERPRIN T4 EE .

3 Wie

TEffge TAbT7 S wilvk. AR CBERE, ™
IR R T 2 MR MR SRR EL i
T NS HR P i B v A RS i TR IR bR
HE o W ERICE IR RZ IKONSREUA R, SR
2R SR E BN, 5 RIS fs Tk A=
PEGOATF o RIEAHF FEXT K &2 SREUA], 42
EORBOHATIRAN 52, DLEHERE S () T 4 bn it A 4e
PRI T AT RARVIANY, e Sk g T2
RN HBURIRI T 225

ARFFET QbD i, PLHUTHRHEMTE NS
MR, A IR BT R, AL T DK
RN JEANEY . F AR, HE R g
FHAEE N E R B fA &R, BE UK &, 42
HUBSE] . $REOREE R T 258, KRB
SEIG A E 5 R 2K, 3E— 25 W H Box-Behnken 15
THEAE L4 T7 /RS IAHIRIUT 2 . AHP 2 N
JE S MV TRPR A REL, 2 F MR
LR H5 0w 110 732 A4 K04 40 BBl DEAN 8 A 1Y) B AR
B, AHARERIILT 74 2 A B G R
AW T 285 £ FEHE SR EE A AHP-R A0t R B 1
R ZFATIREL, B 5 MEARE I EE IR R
BCE RE, RIAE 255 Pr o SRR TR o e 5 2
HERE S i S AL R I L2240, s Bds e
TN AT .

BT QbD B2 A B E G AT AHP-H B
AR B NER G IRN T2 S HAEmT 5, 56
ZWMATT AEFENEE. NS ST
AHEFLIEIN,  SLI T H 7 A AR AR A R
ekt —5, NHESBAL T BRI L 20
FARME T HIR S, [ A B AT Dk = ]
PR H R) A 3 7715 S vt [ ) — BOPE SR L 1 O
Worii.
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