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# E. By BHEAUL. Plackett-Burman %3t (PBD) 5 Box-Behnken ¥t (BBD), % Hbnifiik H 518 i 2 o) i 4l
WTE. % EMEEE HPLC fegiBE MR L, DL 6 Freii o H S S0 i . |, bl i,
S H R R A T R R R 0 ORI R AR, SRE 12 FORALR IR AR RS RGEI T 6 Fh
Wi 2 oy B TRl R AT, TSR SRR E N VI ARYE, 12 H] PBD ik W& Mg mi N 35, 454 BBD ik KALW w4 H
BB T 258 B8R ADS-7 BURFLWIEXH R 6 Pk RS s 1) B R B B . e TS0 LA pHAE
4.5, FFFREIREE 020 g/mL, FAEE 1.0 /g, BEAARURE 0.6 mL/min, 6.7 BV ] 83% LA 1.0 mL/min /AR VLN -
aifb )5 6 P By 86%~97%, ERILEATVFR TN 93.32%, SEITRLRETEM A 93.05%, AHXhiZE
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Multi-objective optimization of purification technology for licorice flavonoids
based on entropy-weight method

TIAN Yan-fang, WAN Hai-tong, ZHU Zi-ye, ZHENG Ping-ping, YU Li, HE Yu
Zhejiang Chinese Medical University, Hangzhou 310053, China

Abstract: Objective To multi-objectively optimize the purification process parameters of licorice flavonoids using entropy-weight
method, Plackett-Burman design (PBD), and Box-Behnken design (BBD). Methods On the basis of HPLC fingerprints of licorice,
the macroporous resin type was chosen using the recovery rates of six components (liquiritin apioside, liquiritigenin, isoliquiritin
apioside, licuraside, isoliquiritin, and neoisoiiquiritin) as detection indexes. Weights of the recovery rates of six components were
determined by entropy-weight method, in order to obtain the comprehensive index. The significantly influencing factors were firstly
evaluated by PBD, then purification conditions were optimized by BBD. Results ADS-7 type resin showed a high selectivity for six
components. The optimized purification technology was as follows: pH value was 4.5, sample concentration was 0.20 g/mL, ratio of
sample to resin was 1.0 g/g, flow rate was 0.6 mL/min, elution dosage was 6.7 BV, ethanol concentration was 83% of eluting agent, and
elution rate was 1.0 mL/min. Under the conditions, the recovery rates of six components were 86%—97%, the theoretical and actual
comprehensive indexes were 93.32% and 93.05%, respectively, with a relative error of 1.17%. Conclusion Entropy-weight method
combined with PBD and BBD-RSM used to optimize the purification process for the licorice flavonoids in this study is scientific and
feasible, providing a new reference to realize the multi-objective optimization of the purification technology for active constituents in
Chinese materia medica.
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HYE Glyeyrrhizae Radix et Rhizoma 2 5 FFH
JEMP)H 5 Glyeyrrhiza uralensis Fisch. [FTEAR X
R, AR WEHRRE. R IEZ. 25
i PRS2 T, B A R
AR —, BAWBRPUE. Stz .
b PUR PLR PHIAR . BRI B,
B 25 B PERT IR, BB S 1 1)
Hidits >k H a4 .

FAT AT SCRRAROE A — Rl CHE . 7
BERAF) e B P O FR AR IR AL R 2l A T
B ) T EE O, DL R R TR AL
SRECEZ I NIE 2 WYt S 11Dy WSk iy
HE 2 RPN, R, AN
HH A SRR, 255 U5 25
20, ARz LU H SRR 6 Fh s 2 o ]
WA AR IFR RS, N 12 FPORFUA b, e oo T
PR N R IR E R S o RRGRI T
6 T Ry B IR R A A, AR A T A H 25
“fabr. KXH Plackett-Burman %1l (PBD). Box-
Behnken B{il (BBD) AUMIHI 7 AT 450 A5, i
16t 2 SR R SR ORI E e K AL, 2 BRI
P FERE S B A T2, O H 2 T
I AR FOHLRIT 0 B Jemilt . RIS, 2 Rhfly:
B2 G s I TR0 1 2 H bR & AR ) v 24
B AR I B IR B 4 5 2%

1 {UE5HH

Agilent1260 Infinity &R0 AH (%A, SE[H
Agilent Technologies; ABSCIEX 4500 QTRAP Jiti
1%, Z[E ABSCIEX; SHA-A RUHIEA W KRG
Wy HPRTE LI R AT IR A ] s KQ-250E RUAH=
B FHVENL, Bl A OGR A IRA R RE-52A
e 28 RAX, R AEYNAS) s Mettler AL104
T oy 2 — W PR R 3 -4E 0 2 A A v
FE20 pH 7, #FF8)-FEH 2 A3 A 7 BOE kAL,
WAE 1.5 cm, HUINTEEAL TAERAT IR A

HE (S 1503190 W H#TTH B2 K54
BEVE,  HTL A B 2 K2 B 5 0 T % R Ak
il B S N ERH B R MY T Glyeyrrhiza
uralensis Fisch. AR SR 28 H HHE 0 I Gt
4520120131, FREDE=98%) H R i (it
520120910, JFUEME=98%) T H _LiFIE A=)
FHEA R AT RALMIE D101, AB-8. NKA-9,
HPD100. HPD300. HPD400. HPD500. HPD722.

ADS-7. ADS-17. X-5. D301 Ity [ b4 i 0 5 1A
W AR RIR IR A E] O 0G. FEh ke, 3
Tedia /2] ; 7KA Millipore #E2f7K; AR F4
h oy et
2 AEEER
2.1 HERBUGHIHI&

HCH 258 200 g, 50 CHgEREL 40 H
i, FEWEE 1010 N 70% L0, {E25 C R
FEHEH 3 IR, SRS 4352 1.06 1.04 0.5 h, &
IFPEIOAL, R IR AR 2 Tl 5 KBS 0.10
g/mL, BROE W, RiAEed,
2.2 IEWENLERYESL
221 M4t Zorbax SB-C g (i AE (150 mm X
4.6 mm, 5um); JBIAHA 0.1%H RKHHE- L
AR E 0.8 mL/min; ZEPERREEVEN: 0~10 min,
15%~25%Z i ; 10~17 min, 25%~30%fif; 17~
25 min, 30%~35%ZME; 25~45 min, 35%~60%
L 45~55 min, 60%~90% £ Ji s V)4 KA I -
276 nm (0~10 min)+ 360 nm (10~25 min)+ 252 nm
(25~55min); Fifd 35 ‘C; HEAER 20 L.
222 JUilEgAE HEE: WIS IR (ESD:
Ry s NS E: m/iz 200~
1000; & FJsEIE: —4500V; JEE 650 C; T4
SRS AR 172.40 kPa (25 psi); WEES
448.24 kPa(65 psi); 4l IN#4/ < 448.24 kPa(65 psi).
2.2.3  ZMHRSENE RN, RS R H R GR
1.0 mL, fn4lizK & %% 25 mL, 0.22 pm LI g,
P “2.2.17 WA ME A E, EhH R
ZUEEE (1), HPLC-ESI-MS ZREUGRIEAS ., 8
Ik 55 SC R E 16 H 5 Ak A ) AR K 43 R B
Xib s TR O K L 0 o A, G
H 10 MAaTRE A EYHE, i 1~6 5k
XA A H R B S 1
2.2.4 WHRERERE  H B H A R,
SN R S 0 el ¥ (9 o MY RENE 1
PPk sy o SIS AR, R I e IR
R, WEALESE T, FEBERE R B R, WA SE
6 B R T B R AT Ay 0 L
2.2.5 EREFEEE WAl HE M PEEOR, JELLE
FE6 W, LLH SRR N R ANE B S B, oF
ST B A 15 A T BRI TR ARG R B B 1] RSD<<1.0%,
FAXTIE AN RSD<<3.0%, Ui WA S8 Ks % 1 AT
2.2.6 FaEtEEE WURl—HER IR, 5
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Ly
0 7.97 15.94 2392 31.89 39.86 47.83

LH SR MAT R 2-H5H 3OFIRHAHE 4R ERWENTE SR EE R HEE SRR

N-HERT G2 12-H5]R  13-SRURHERTL
1-liquiritin apioside  2-liquiritigenin

11-glycyrrhizin G2 12-glycyrrhizic acid  13-uralsaponin B

3-isoliquiritin apioside  4-licuraside

S-isoliquiritin  6-neoisoiiquiritin ~ 8-formononetin

1 BRAXEBSH HPLC B (S1) FAHEREY (S14) LUK L2 D301 2 (S2).ADS-7 & (S3).AB-8 Z! (S4).ADS-17 & (S5).
HPD500 ! (S6) HPD722 & (S7). HPD100 £ (S8). HPD300 £ (S9). HPD400 ! (S10). NKA-9 & (S11). X-5 & (S12).

D101 & (S13) KFLRBs4E 1L FE#EM HPLC 88 EliE

Fig.1 HPLC of mixed reference substances (S1) and licorice extract fingerprints (S14) and D301 (S2), ADS-7 (S3), AB-8 (S4),
ADS-17 (S5), HPD500 (S6), HPD722 (S7), HPD100 (S8), HPD300 (S9), HPD400 (S10), NKA-9 (S11), X-5 (S12), and D101 (S13)

macroporous resin purified HPLC fingerprints

FE 0. 2. 4. 64 10, 12 h 3EFE, DUH AR A 4R BE i
R RN TRIAR Sy 2 R, SR vh 15 > 32 006 (1 A X
RE ] RSD<1.0%, AHXJUEHIFL RSD<3.0%,
Vi RE S AE 12 h RS Tk R .
227 EEMESR IR K 6 4y, 7
ATERAEH 2 H R B, A R (10 O B B[] i
TR 2 B, TSR b 15 A 32 B0 06 R A X
R RSD<<1.0%, AHXJUEHIFL RSD<3.0%, iF
W7 VAT A AT
2.3 WIEE! SiFiE

FRECHAL FEOVS (6 12 RIS 3.0 g, 1A
100 mL HEEHEIEHT, KA MATERE N 0.10
g/mL FH SHEBOK 30 mL, 7F 25 CIEEAKBHEIR
tr, LA 100 r/min 8% E4RAE 24 h J5ILEHIUE, 4 BV
alizK i, IR K gy, BRI A,
KN 70% 48 30 mL, $R4% 24 h Jo H A5 Hh)E,
PEMVRE 2548 50 mL, 0.22 pm THALIEME e, &k
“2.2.17 TR ARSI e, PR Lk AR, T
10 Fft 3= 22853 I D, 4 B3 B LU H B4 2 B
PR 100%, K AIFHRY (P THIAR 2 Lo vh 57

S [CR IR A X Q=5/S, (S Ky LIBEVERGR
WU TR, So A H REER BRI S I TR, O
Symle) gt

1 nJ%0, X-5 & HPD100 BB gt H Hidi
OB 6 FhBs 2 e o i [l 3 80k, AR H ks
YIS BB, W R 10%. 30%. 50%
TN B RN 1) X-5 5 HPD-100 ZU B AR E 4Tk
B, 50 H bR AR, g Rk 2.

W 2 Frzn, X-5 K& HPD-100 B4R AR B 56 45
Jei s AR $000 e, B L BEAARR 7 40
R (RS Y57 S 1z O S I 4 4 O S
ADS-7 BB AR AL P 5 1) BT 4 2. ADS-7 BUORSLB
RS H A R A A TR HRET . TR
HRTH ., RN T AR
HHEAF 6 M i, I HARORN & 41k
PEVE, 0PI LA, DUH A A T
B v B AR B H B 2584 0.8 g, HiE LA ADS-7 KL
WY I A Al A TR I R A R
24 BEZRRAE

241 FFER pH RIS FRE3.0 g TALEL U/
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F1 HEEES 10 FEZEM S BRI
Table 1 Effect of resin type on recovery rates of 10 main components
[ /%

WIEMS  HERmE . SRR SRR e WOEH REERY HERE L BHURTH

- HEE N AHER HER

BT R HET R BHOfER L HG2 HEH L
AB-8 73.97 71.78 89.09 90.98 86.50 81.65 60.43 78.67 84.15 84.36
D101 65.92 65.12 88.01 89.60 85.94 81.27 57.81 73.05 82.43 82.76
NKA-9 61.47 64.41 85.60 87.13 83.39 77.78 49.48 37.35 59.63 61.08
HPD400 71.12 70.46 88.48 89.68 86.56 76.84 51.62 68.62 79.84 80.38
X-5 94.48 93.32 94.56 94.40 93.44 96.45 91.06 89.73 94.02 95.06
D301 71.10 74.29 67.99 74.28 58.14 35.19 0 0 0 0
ADS-17 42.25 53.06 79.91 80.31 86.77 87.40 42.79 11.67 32.61 33.59
ADS-7 75.64 79.78 81.05 82.82 78.29 78.84 0 0 0 0
HPD500 74.15 78.12 89.13 89.82 88.61 91.04 74.63 51.52 70.05 68.88
HPD722 88.85 88.78 97.50 94.24 95.61 93.63 96.50 86.79 90.02 87.74
HPD300 86.14 87.20 92.21 96.52 93.49 64.08 90.85 88.89 88.88 90.60
HPD100 89.59 89.87 99.62 98.37 97.01 99.07 95.32 90.16 91.36 91.87

R2 X-5% HPD-100 Bt B4 1 B 355 Bt 37 (R AR 43 200 £ A 43 Y ZR A 220

Table 2 Effect of eluent concentration on recovery rates of main components with X-5 and HPD-100 macroporous resins

X-5 AR I /%
R WEEME . PR SN e BRHORRSR HER L SRR
Conz frmegp ST T shwg " ootEm L
W LR i RS S g BT L
10 16.74 17.10 2.87 0 0 0 0 19.36 9.73 10.85
30 55.87 52.85 31.51 27.13 26.14 23.06 14.78 27.92 19.51 20.60
50 81.22 79.93 89.54 91.66 86.68 89.90 61.43 53.42 54.45 55.10
HPD-100 #4511 %%
ZEEY%  CHEEWE . AW SHEENA e BRHORESR HER L SRURHE
T T A sy ) ootEm
W L i RS S g BT L
10 9.02 3.66 0 0 0 0 0 19.82 9.97 10.73
30 54.32 51.12 29.54 25.06 2391 21.53 10.97 27.18 18.63 19.42
50 73.91 72.73 68.81 68.52 61.54 61.57 47.68 48.23 44.62 43.60
ADS-7 BURALM i, Wikt HERR BRI WE (Py):
0.10 g/mL, FHFZ /KR EER ST LAE2510 pH p_:r_,/ir
7 Uk ij
i=1

24 3.5, 4.5, 5.5, 6.5, 7.5, ¥ ERAARRRR &
1.0 mL/min, K% I H HIZHOH 30 mL, FF
564 )5, 4 BV /KEL 1.0 mL/min BRI HEAT
IKVERRAY . e H 8 BV 1) 70%4EELL 1.0 mL/min
(ARG Ve, WCERDEMOR, 70% SREE S 4 50
mL, 0.22 um ALIERERL, KA “2.2.17 TN
WEAAFIE, T 6 PR Ei S R 3 (1 IR

1E MatlabR2009a - &5 , HRHE AL 57
BUEMS g ST, N 6 FPafidZs s aifeR
T AHNACE REC (), {E j ANVERIRFR, @ M
VRN 7 VR I R, RAGE TS j AN ERR
BCERE (W),

(1D T j AMERR T § DS IRARET

2) WES j ATERRIN e fifH:

&=k le £ InPy

Hdr, k=1/lnm
(3D W W

W=(1—¢) X (1-¢,)

Jj=1
LRty (20 WA
Z:Zl:ijVI/j, i=5, j=1, 2, =6

Oy N 6 FETHISE R IR, w0 6 TS e AL
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pH M 3.5, 4.5, 5.5, 6.5, 7.5 It z {5
73504 88.90%- 93.46%- 89.54%. 87.95%. 81.38%,
M ERER pH 1H 4 4.5 I, z K, g BRER
pH {H 4.5,

242 FFEBTERIRFEIFE S W H RO &
BRI E N 0.05. 0107 0.15. 0.20. 0.25 g/mL
VAW, HT pHAE S 4.5, TIBEE MG 1.0 g2
MG ERE, HARR “2.4.17 TR T &S84,
T 6 B oy i Bl K w, i vH AN [
L RE SRR RN MY 2 (8, 2 (H5 5N 86.43%.
85.67%- 88.46%-. 92.77%- 80.61%. 4 FFERTiHE
WRE 0.20 g/mL B, z {HFHK, e AR i
WP 0.20 g/mL.

243 FREFERFEL AEPRICHUACEERAG 3.0 g,
FENEAGAE T, A -RIELE S 0.8 1 1.
101, 1.2 14 1.4 01, 1.6 ¢ 1 B EBBIRS BRI
A5 pH %2 4.5 HJPTEA BN 0.20 g/mL (1) H HHEHEL
W, B “2.407 TUF TESHEAE, 5 6 #
BRI I CR S W, ik oSSR B AE )
Nz {H, z H5 00 96.36% 89.94%. 87.49%.
82.40%- 80.48%, #5H M BRI 1.0 11 1, &5
H br s e A, FLBEAE ERE R 35,
ik b . AN AR AL AT 8 BV Uk
WG, BERRRGIEAT SRRk N, ¥ R B, W
TEVEMEA SO, FaE EFESRMIE N, 2
H R B, ATREE A e A AR i i B, 275 %
& o IR RS e ) B AR R, Uik AR RN
1.0: 1.

244  FRARBUREIIFES B H BRI %
0.20 g/mL [W¥R, W1 pH EZE 4.5, &R a M
JIE 1.0 g Z9M I Lufl FAE, EARARR R 4> 304 0.5,
1.0~ 1.5 2.0 2.5 mL/min, HAh[F “2.4.17 TR T
S, THE 6 PR s i Bl R
VAN _ERRARRBUR BTN 2 H, 2
H 93.59%. 81.94%. 75.22%. 63.28. 57.13%, z
Q=R i AV == By TR/ 4 AP Vot = <l w1 AV
0.5 mL/mim.

2.4.5 VEMOH SRR BN HE S KRR IOR
5% 0.20 g/mL KW, 75 pHAE S 4.5, 1%
FE R 1.0 g 29I BAE, T RHAR S
0.50 mL/min, fFW5E4)E, H 4 BV KEL 1.0
mL/min (PR E AT KRR 2%, 20 51 FARFR 2 4k
H10%. 30%. 50%- 70%. 90%ZEEHEATVEML, H

fulF] “2.4.17 BN TESHERAE, V15 6 Fhiaii
FA IR e W, 3k oSS [R R EON RHY 2
8, z{E53 9N 6.28% 26.51% 77.11%. 93.45%.
88.27%, LML ECh T0%, 2 fHE K.
24.6 Vel HEMFES B H SRR % R
0.20 g/mL [P, 1T pH {2 4.5, IR wop
E 1.0 g 8Ll EAE, BRI ER 0.5
mL/min, f5WF5E4)5, H 4 BV /KEL 1.0 mL/min
(PIARFR I B AT K VERR 24 o FH 70% LBE5Y LA 2. 4
6. 8. 10 BV Vit HEUATYM, AR “2.4.17
TN TSR, THE 6 el S pi o i aific
S W, SR THEEAN RIS A H SN N 2 {E, 2 E
43520 60.03%- 76.32%- 88.41%- 89.85%- 90.43%,
MYE AN 6 BV I, z AT T2, N
T AR EEe R, WUk 6 BV BN
.

24.7 WA ERFES K H R U ] £k
0.20 g/mL [W¥, P17 pH (HA 4.5, J& A wop
JIG 1.0 g ZiMF L BFE,  EREAARFRGLER 730500 0.5
mL/min, fFWF5E4 5, H 4 BV KLL 1.0 mL/min
IR RUR BT K ERR 2%, BL 6 BV JeliI A 53
A 70% CEEATVENL, VEMAARRG &5 5124 0.5,
1.0~ 1.5, 2.0, 2.5 mL/min, AR “2.4.1” 3R T
SSHARE, T 6 P ETIRSERLSr  IER  w,
BT EA Ve AR R EXS 1) 2 fH, 2 {E5 0
H 83.69%. 85.26%- 79.84%. 78.55%. 75.94%,
AP BAABUR A 1.0 mL/min I, z 5K,

2.5 PBD iRIfFiEFEFNER

251 NFEKKTIERE %1 PBD kg™, %5
S H BT 2 a0 PR ) W R B . G 7
MR R Z: PR pH A (AD. BRI EIRSE
(B). EFfs (O, FFEAEBHE (D). WKL
BRI 8 (BD YRR (B) . PR R &=
(G) LK 4 MEAKZE (Hy I K. L), 354 12
RPN A RS ARSI P E va A N E PN E T N el
e FE S K2 AKF, PBD SR 25 &K
I 3.

252 PBDREKH4R TMHES4NTERE,
L 12 AR5, %K 3 AT, AR A 3
Wo WREIEE, T 6 FhE NI rReR
7t MatlabR2009a ~- 5 T, AL T 6 F e i 24
3 BISCR AT NA G, H RS A AT
T s R R R AR TR
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FEERUE S H A w4000k 0.052 34 0.044 7,
0.1540. 0.188 1. 0.274 1. 0.286 7, ¥ 6 FhEgHis
AT IR e AR z A0, SRz {. PBD ik
5 e A LK 3,

1z ] Design expert 8.0 FAF 0T PRI AT 2 2 1
T (P<<0.05 IR Zh MR $), 45X 5K

(R 4) 3 MENE T FERIRLA R B K (P=
0.043 7), YEZRIR*=0.9203, F£H] 92.03%Hi
IO ()7 e mT FH R [R] EAS TR R e o 25 DR 3 X
z {HEM I B Y 5 E>F>D>B>G>A>C,
Hrp E. F. D St sgm AT 2 2 =7,
HAb PR 22 JC 0 2 P

%3 PBDIRERZR n=3)
Table 3 Test and results of PBD (n =3)

WIS A Bi(gmL™) Clgg') D/(mLmin") E% FBV G/(mLmn') H J K L z/%
1 1(55) -1(0.15 -1(0.8:1) -1 (0.5) 1(90) 1(8) 1(1.5) - - — — 8208
2 -1(3.5) 1(0.25) 1(12:1) 1(1.5) -1(50) -1(4) -1 (0.5) - - = = 3229
3 -1 -1 1 -1 1 1 -1 - - = — 9852
4 -1 -1 -1 1 -1 1 1 - — — — 5885
5 1 -1 1 1 1 -1 -1 - - = = 6717
6 1 1 -1 1 1 1 -1 - - = — 6718
7 1 1 1 -1 -1 -1 1 - - = = 4947
8 1 -1 1 1 -1 1 1 - — — — 4988
9 -1 1 1 -1 1 1 1 - — — — 8867
10 -1 1 -1 1 1 -1 1 - — = — 63.64
11 -1 -1 -1 -1 -1 -1 -1 - - = = 3975
12 1 1 -1 -1 -1 1 -1 - - = = 7045
F 4 PBDRBLRAZEN
Table 4 Analysis of variance for PBD results
KZE  FITH A ¥7 FH P | HZxE P S]] B75 F{i P1i
i 0.39 7 0.55 6.60 0.0437 | E 0.23 1 0.23 27.50  0.006 3
A 1.695X 107 1 1.695X10° 0.02 0.8940 | F 0.082 1 0.082 974 0.0355
B 5.023%x107° 1 5.023%X107° 0.60 04827 | G 2.474%1073 1 2474X107° 029 0.6163
C 1.367x107* 1 1.367X10™% 0.02 09047 | #:% 0.034 4 8.407%107°
D 0.067 1 0.067 8.02 0.0473 | BF 042 11
2.6 BBD i REAERER X1X5—0.044 X>X5+0.035 X;°—0.14 X" —0.032 X357,

PP FAERARBUR B (X)) YEBOR LIRS
B OXG) MUEBBAAR (X hAAE, z NN
i, f£ MatlabR2009a - & FRIBGE T 6 Fl i
Jear CHO A e . HTr . bl e e
T SR A R S AR
T HICRAH AL, W A5 0.031 64 0.032 0+
0.174 4. 0.196 7. 0.276 2. 0.289 1. fRA z A=t
oz f. Lt BBD-ZUN VA H R E 2 R oy
alith T2, KH Design expert 8.0 ZRAFXHALE s
HATRLA T, AR, B Sl Ko
ACA-1. 0y 1 JEATtS, 317 ik, R4 E
23K, EATLRE2HE (R 5). shisifiid
R S IR A RHUA P T4 2=0.79—0.070
X;+0.15 X,+0.063 X3—0.023 X.X,—1.450%X10°°

h# 6 algn, eSS, | BBD fr
AR FERAL P<<0.000 1, FWIZAAIN
%, HACIE e ZER 4 0.980 6, K] 98.06%]1)
TR I6 B (A8 S Pk w] I SRR R SR f e, TSR
e KRR ALEE (P=0.213 6>0.05), ¥t
BH [ AR RO A L R A, e VR T S B 1
Mo FIRZEX T z K24 Xo>X,> X3, A8 HTI
XX A EAE I z 2 g .

HHR 6 K 2 v 50, Xo FXG X z 58 g 2% . Bl
BHXWK, 258 B R TPE, ULHfRIR A
4o Xy ER, BEE XN, z BRI ETHE
VI S AR B0 LA ) TR
2.7 BRESCIEZMIIERIEER

K H] Design-Expert 8.0 3145 % K 3 7K it AT
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%5 BBDIRERLER n=3)
Table 5 Test and results of BBD (n =3)

M X/(mL'min") X% Xy/BV z/% |45 Xi/(mLmin™") X»/% Xy/BV z/% |44 X,/(mL-min"") Xo/% X3/BV z/%
1 1.0 (0) 50(-1) 8(1) 5884 7  1.5(1) 90 (1) 6(0) 74.76| 13 1.0(0)  70(0) 6 (0) 79.85
2 1.0 (0) 50 (1) 4(-1) 3421 8  1.0(0) 70 (0) 6 (0) 81.77| 14 1.0(0)  90(1) 4(-1) 73.86
3 1.0 (0) 70(0) 6(0) 79.13] 9  05(-1) 90(1) 6(0) 9021 15 1.0(0)  70(0) 6(0) 75.12
4 05(-1) 50(-1)6(0) 5797 10  05(-1)  70(0) 8(1) 92.57| 16 1.0(0)  90(1) 8(1) 80.75
5 1.5(1) 70(0) 8(1) 75.10| 11 1.0 (0) 70 (0) 6 (0) 77.94| 17 1.5(1)  70(0) 4 (-1) 65.76
6 1.5(1) 50(-1) 6(0) 51.31) 12 05(-1)  70(0) 4(-1) 82.65

Fz6 MEEMREEFHEFENH
Table 6 ANOVA for quadratic regression equations of response surface

KIE PR HHE ¥105 F1H P1H K CPER AmE B Fi Pfi

A 0.340 9  0.038 39.41 <0.000 1 | X2 5.100X1073 1 5100X107° 531  0.0546

X, 0.040 1 0.040 41.22 0.000 4| X,* 0.078 1 0.078 81.46 <<0.000 1

X, 0.170 1 0170 178.42 <0.000 1 | X3 4372X1073 1 4372X107° 456  0.0702

X;  0.032 1 0032 33.59 0.000 7| %2 6.717X107° 7 9.596x107*

XX, 2.030X10° 1 2.030X107° 2.12 0.189 2 | JqB 1 4.286X 1072 3 1.429X10° 235 02136

XX, 8410X10° 1 8410X10° 8.764X10°  0.928 0 #i%% 2431X10° 4 6.077X107°*

XX, 7.868X107° 1 7.868X107 8.20 0.024 2| BB % 0.350 16
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T
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N ) 4 - 7 3
-l
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B2 X« X, %0 X, z {ERYNE R EE

Fig.2 Response surface plot of X;, X, and Xj; on z value

AT, G Ee kgl T2 00 FREARUR i 0.57
mL/min, YEBH SREAATR 2L 82.91%, PelifAA
6.65 BV, KT z {54 93.32%. AR E %A
RaE T, TR e T A AT IR, %
JEEEAE AT AT I, RN T 2B IE D F AR A
AL 0.6 mL/min, PEBFA LBEARFS> 2L 83.0%,
VEBARRY 6.70 BV. AIGFZAA g e e, %t
TE&AMAT 3 WEERE, 4RNE 7. hE 7
A, SRR S LR e alifk 21, H A 6

Fh g S R4 Ry 86%~97%, S2br z “F¥MH
9 93.05%, ST z (93.32%) ML, SZfrz 5
T z W2 A 1.17%, RN T 2 80e ]
170 RHEMAIA—IIET 5, P H & 6 Fhk
28 B 43 S 0 o F 0 A 81.59%

BT B H R W oy I A Al T 255
LA pH {H 4.5, EAREERE 0.20 g/mL, L
FEE 1.0 g/lg, EAEEARE 0.6 mL/min, 6.7 BV
() 83%Z W% LA 1.0 mL/min AR B WA .

F7 3HIGIERIGLEER

Table 7 Results of three batches of verification

A1 /%
) = e T TSR E TS S 2 W
HERMAER T TR PR R SRR R e R R R
1 92.39 97.14 94.39 92.04 93.98 93.05 93.45
2 89.73 94.77 95.27 91.86 94.34 94.36 93.89
3 91.07 94.07 94.29 86.46 92.47 93.19 91.82
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