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¥ ZE: BH ) Box-Behnken 5210 1 HE AL AL BRI FL BB FAEAL T2 5 RAMCSEL. BE H5%
6 F LWL BB s . ZhAS W B RN fge e PERE, FHEA R 200 70 %t EREVREE . BRI A pH. BEBIK
e PR AR BRI PR B A T 2%, DA SRR M AC B SRl Ak S O BEORAE AR, FEAN 6 BRI 2 rp ik ) g
BB 5 M A 0 3 N IR R HEA T = I K =K F Box-Behnken ¥ iii i 525, 4R NKA-9 BURFLIAE A
4l f DA ST S B 1 B FE R R, AR Al T2 450 B B SR BOR MR 8 4 mg/mL, pH Ky 4.0, % 5 BV if
17 bR, T 3 VB 1Y 80%FEEAE 2 mL/min il FHEATVEML, SEAHIAC B ER & mnl DIN 4.54%3% &
43.19%. G5 UL T 200 R ALH AT B T (Y Al AL ROCR BT, TR B R P R A, ST AR A
KR BAMAL, BN Alfb s e N A

Study on purification of total flavonoids from Lycium ruthenicum Murr. by
Box-Behnken design response-surface methodology

AIKESHAN Wu-La-Mu, MA Jian-Bao, ZHAO Yi-Fan, XIAO Cen-Yu, NUERMANGULI,
XIAYIDAMU Ba-He-Ti-Ya-Er, GULIBAHAER Ka-Wu-Li"

(School of Pharmacy, Xinjiang Medical University, Urumgqi 830011, China)

ABSTRACT: Objective Application of Box-Behnken design response surface methodology to optimize the
purification conditions and related parameters of total flavonoids from Lycium ruthenicum Murr. Methods Static,
dynamic adsorption and desorption properties of six macroporous adsorption resins were studied. The sample
concentration, volume, pH, eluent concentration, eluent volume and eluting flow rate were investigated by single
factor test. Taking the purified content of total flavonoids of Lycium ruthenicum Murr. as the index, the 3 factors that
had the most significant effect on the desorption test were selected from 6 single factors to carry out the three-factor
and three-level Box-Behnken design response surface experiment. Results NKA-9 macroporous resin was the best
resin for the purification of total flavonoids from Lycium ruthenicum Murr.. The optimum purification conditions
were as follows: the concentration of total flavonoids was 4 mg/mL, pH was 4.0, the sample was added at 5 BV, and

eluted with 80% ethanol of 3 VB at the flow rate of 2 mL/min, the content of total flavonoids of Lycium ruthenicum
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Murr. could be increased from 4.54% to 43.19%. Conclusion This process has good purification effect on total

flavonoids of Lycium ruthenicum Murr.. It’s simple and stable, and also suitable for industrial production.

KEY WORDS: Lycium ruthenicum Murr.; total flavonoids; purification process; response-surface methodology
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HRMIAC (Lycium  ruthenicum Murr.) i Bl BHE Y1 F) 4T
B 2R SO AR, LA B . SRR . K
PEAEAE R RS 2R IR LY, P 3 T i R
K. BIH R . FRIMAG | E2 AR S A A B
EYRAYOIEE . PUEk. PUA . PURFEMPLO MR
FOEER, TEIACEEZY . B DRI S USR] U
T A R (R & iR

KL S R e — 2SR ELT . TR BRI L T st i
AOLEI T RE WM, ARk 8T R W) Firh
AR AT s i T2 9™, Box-Behnken #5111
N TR SR —FliE ok 2 R R . PR A RO E 2
HF RGN —Fh G227 ik M BRI A 4 A 0 8 Al
Bkl

HRl, S8 S AT S 2R A B2 B2 A IR R ) R
TP SR TE 1 O AR IFSY, (B F I alifb W 0 il 2%
WEFRE D o ABIFFE I 3 i DA BB AR A AT S BT A Fe A Ak 1
ZSHCR M LAk, LU g SR ST S TR AR I B
HIFF & S o f i —E A 3 S5

2 MRS

2.1 MRS

PSR T R A T A K M, 2 g R K
2y 2 Bt AR 2 2 E U R IO K - BT 3 P05 5 Ry RS A
A2 (Lycium ruthenicum Murr.) i 5R5E

T IR A S 100080-201707, H [ 25 5 A 4 )
WRREE ), JOK G AAAAREN . R . SRR . R
ROorbra, EAERASRTARAF), D101, AB-8.
HPD100, HPD300, NKA-2, NKA-9 FISfL I FE# A5 it
5 1126C011, bRt R FRHABRA H).
22 UEREE

KQ-500DE T By 7 J5 6 e v (B 11 i A SO B
2N HE]); HWS-24 TS B $E TR K VA F (- TE R A B
/vwl); EYELAN-1100 #UEF2% &A% . SHB-ITAME IR K
Z B ORI TS A A, T6 Hrithag & ohnT
WA YEA T (5 e s B A A B WD), HY-5 78 [l e
EY A IETTEIFALERT); IM-B5003 T, - K- (A ki
L ER GRS AR E); ER; PHSI-3F BISIHE pH it
(I ERREALART ).

23 XWHE
23.1 EZRMAEEFGHESSENE

(1) SRS AT B HE I 1 ) 45 L7

BRI, TREEE, Mt 60 A,
RICHREER A TG AL ], 455 R K T SR BOL R HUR
AR S, TS (CBHATRI N 80%)FHE L
1:15 (g/mL)., $2HUE H 60 min., $2HGREE K 70 °C, ¥Hi%
BB v 4 I BR B FH - o e, AR 45 -

(2) Frifi 2R 22 1 )

KE B FRE 105 °CH =TT A T X HE 5 25.00 mg,
BT 100 mL AEEAN, FIRRRSECH 70%0 B R
W EZE, e, BRI R E RS T
0.25 mg/mL). 5% W IBO BRI 0.0(55 FAIXTAR) . 2.0,
4.0, 6.0, 8.0, 10.0 mL, %I & T 25 mL &N+, &
5% NaNO, ¥ 0.7 mL, #4515 #'E 6 min, THIA 10%
AI(NO3); 7 0.7 mL, $&57)5#+E 6 min, FHIA 4%NaOH
W5 mL, IR AR 70% BB E 21, A5t
HE 10 mins

HOU IR SRR WE 1 mL T 25 mL 28RN, $ebrikhi <
BINIVET i, TEEAMMLET LT 2K, L3
HAE 510 nm A0 H R, I, #E 510 nm e
Pk o DAPSTTO0T B R VAR 32 TR0 M R AR AR () . WO IR Ry
PABBR(Y), bR 2k .

(3) B A A )

B 4 5 0 B B AR BBOK 0.5 mL B T 25 mL p4H
B, A 5% NaNO, & 0.7 mL, FEAJCE Smin, fill
10% AI(NOs); % 0.7 mL, FEAJHCE 5 min, 1 4% NaOH
W5 mL, 2N 70% B R 2 Z1 IS E 15 min
Je AR 5938500 R 25 X R, 76 510 nm AZbI 2 I ' 1 (F
FF 3 ORSEME), 15 R BEMNT ASRHERTZE, R AR
()R H R AT p B B I 1) 5 i

CX><D><10_3

HodtE (%)= x100% (1)

K xRN, mg/mL; D IR FRA54L, mL; w3k
ANFREU T, g
232 KILE B ARG a4 gL 219

A 6 Fh R FLIR B A FH 95% £ B IR 24 h, T
ZERIK I B VR B IO TR, KRG 5% HCL S R 4 h,
FHZERKBEE P, B 5% NaOH /AR 4 h, FZEH
KEZE Ak, RIS, FUEEBREE mht e, ikt h
S TEaHEs, 5 HZERKTER 2~3 IR, ERHBESE.
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233 KIUR ARG 64 7 ik

(1) S IR o0 - Wl 2 B

WERARBUCT ) £ AL PRAT () 6 Fh K AL G 45 2.0 g, B
T 50 mL BE O BZE =AM, AR LS SR SRR
20 mL, ZEHHAE T EHERG % L, EZET L 90 t/min
BORGEWB 24 b, FEAMRMHEE 1 mL b2 R0 E B
By e, 4 BT Q) FI3) 3BT H 6 FhAS [FIAR i iy i
(IR RO

0, - (Co =C)xN A(Q2)
M
£=50"C1 100% ~i(3)

0

K O AR, mg/g; E AR, %; Co. C, 25 ke
T ST (R B L RS T A S B TR B, mg/mL;
v REEBRL, mL; MO BR T, g

H5 T 43 W B S SR AR AT P A R AL B il g R T R
JIA 20 mL 95% . BEAE = IR T L 90 r/min FFE MR 24 h,
FEAAEWSEE 1 mL )28 e B e R, R A
RIS 6 FhAS [FIB i A e i 5 g I

C, xV .
Q) :72M 2 NG
D=2 1009, AR(S)
O xM

K Oy WAL, mg/g; D NIRWR, %; Cy MR P
B E, mg/mL; V, WA, mL; M R i, g.

(2) Bl WL B - 2 512 36

B 6 SZHUME—RE, A700 SRR BT, FeR ke
LN 6 PR [ S ) K AL RS B o, i Ef
Ko BEHRRUE G 2 BV #H17 AR, #Er T/INS5ERE
VR TTT A AL B W R DA S B e R, IR TE e R K
510 nm ABMMBRE, FHHeA(3) . S)HH I R A 3.

(3) RSBl 1% 5

£ 50 mL HIEE 1 = b i AR R AE 2.0 g
AU T), S A B AT B B R 20 mL, B [iEdR
Girs b, IR TFLL 90 t/min BYFEHEIEATI, 2 BIFET
[ff 0. 30, 60. 120, 240, 360. 480 #1 600 min /52 5 mL
VB, HRE 230 WE LR R S, R AR
TIEE A 1 L BRI (A R Bt S AR i ok B SR A AT
TR () B W B (mg/g) AR R, L BR B R] (min) A
T 418 225 ] R FL IR B B  AA RE BfF 20  2 i 2612
23.4 RIVEAMAAE 6 E B £ H K

2o R O - S S 56 0 59 2 R o o O 5 g
) NKA-9 BIRFLA R he b, 385 s g 45 R4 1
FEWLEE 2 mL/min, DA EFEARRR . BREMREE . EFE pH. VEME
TR VRS . VRIS o 2 R R T

(1) ERAR S

H4 16 2 110 TR R AR G 0E A T v ke R, 4 o R O

2mL/min. FREMREEN 2.0 mg/mL. F#E pH K 5, 43HILL 4.
5. 6. 7. 8. 9BV [ FFERABUE T RN, Ic8ET H
T 510 nm ZEMISEHE, $2235502) BT ME R S I R 3,
ol BENURAL FARABUE T4 T I i

(2) AR

BRI AR e, LL 2.3.4(0) R FTHiE R
EAREAFR, 45 EFERGHE 2 mL/min,  FRE pH K 5, 43500 1,
2. 3. 4. 5. 6 mg/mL WM EIIIEAT FARIRAT . AR
T 510 nm ARMIBOGRE, $2AKQ2) . KG) M ST
K, iR . UL AR TA T I Rk

(3) LHE pH EHMELE

4 P 2 1 I R ARS A 2R AT T e R, 4 o R O e
2 mL/min, A 2.3.4(1)H Frefie iy FRERERRN 2.3.4(2)
e LREREE, ALl pH R 3. 4. 5. 6. 7. 8 MY LA
VTSI TR o AR VT 510 nm AR SR, H22y
K(Q2). Q)M SR, Zhlhsk, MEBuR b
B pH EHEF T4 T R R ik

(4) VEBEB AT %%

W A0 0 110 W A ARY i 0 A7 T 0k 2 R, ) L R O R
2 mL/min, UL 2.3.4(0)F e i AT 2.3.42) T Ty
FE B EAREMEER 2.3.4(3) R IF RE A _EAE pH BEATIR I, Uk
SETR RO A DL Ry 95 % LB Bk . vk
WA 4 mL/min, 43HILL 2. 3. 4. 5. 6. 7BV UL
BTV, W EVEI T 510 nm ABI RS, #/5K
). GRS AR, 2dlthdk, FEBs it
WARBHAT AT IR

(5) VR B (%557

A5 I 114 VR R AR B AR AT 0 T e A, A A R O
2mL/min, Dl 2.3.4(1)F e i FREARTR . 2.3.42) 1 Iy
SEM EFEMREERD 2.3.4(3) Fh BITHf s A _EAE pH BRFTIRAR, i
AR BT IR R, D) 2.3.4(1) B E e AR
VEMLRECY 4 mL/min, Z330LL 70%. 75%. 80%. 85%.
90% . 95% ¥k & 1) LB R PR IBEA TR, WSCAE VR T
510 nm AEMMWOERE, $A(4). (5)THIRARI R 5 i %,
ol M2k, PR MU UL VR IR B A T A T B i .

(6) VLRI % 5%

PR A IR IR T, i ARG 2 mL/min,
21 2.3.4(0) P AifE ) ERHARR 2.3.4Q) R e AY_ERER EEAN
2.3.4Q) P THfRE R AR pH ES TR, ISCHETR VRO 3,
PL 2.3.4(4) R UEBHATUR 2.3.4(5) P BTt FIpEIi Rk
B AL, 2, 3. 4. 5. 6 mL/min FIFTEBHTUED, Wi
BT 510 nm ANMIEOERE, $A3K(4) . (S)THSEARIR = SRR,
22 HRER, BEBURLTRIAE .
2.3.5 R &R T

(1) R BT

i g PR R R, o X SRR M AT L B R Al L T
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MW 3 NH &, WA Design-Expert 8.0.6 #1411
3 3KEEE 17 AT A, FRERER 5 WORYIM
TG, I o 7 T BG5S, i e SRS AT A Ak i B i
P, KB E R S5KFERE L.

xk1 BERSKE

Table 1 Factors and levels

%
K A(EFEHE, BB CEME
mg/mL) WRE, %) A, BV)
-1 3 75 2
0 4 80 3
1 5 85 4

(2) A LAY S

AR BT A 2 AR, AR Al 52 B 1A o e R R 4l
WLZAAF, A N EE 3 WA T IAE, 155
RSD,

3 HER55H

30 ERMRELRIMNHIES2ENE

Ak 2.3 SRIRCETR, LU T X BRI A0 e i i
EARAR(X) . WAEER A IARFR(Y), LilbriEihizk, 155
LRMEIIH R Y=11.634X-0.0034, °=0.9991, Ltk KRR
I o FIAAZ()R B AT A S R & . A5 B
FAC S AR AR E 3 iR 4.54%, RSD=1.16%.

3.2 KFLOR B AE BY % 1%
321 HERW-ERFEE

W 2 A1, AB-8. NKA-2, NKA-9 I kLI
Jig 3 iR A Xeh S AR b T B ) R A A T
HPD-100. HPD-300., D-101 B AL FAH B, (EIR fH 55
R 2B BALS )5 3 MAE. D-101 BT AR &

SRR A, (AL L S I E R AE . AB-8 BRURFLIK
REEARS i O B s e, (AR 12 6 Rl BLERIRAY . ik
AR, AT EECT AW S ke fR AR . A
) NKA-9 BUCFLIR FHRAE o 3 AR IR, 3¢ Filfty
JEERE .
322 HEBRMW-BRERE

M 1 AT, 6 AL AR BEAR B 1 3l 285 0 B 552
Borh, NKA-9 AL B A i W0 B 258 15 i W %6 LE At 5
Pkt #e e, HIL 2R SR Y, 25 A8k, &
G I8, NKA-9 TR AL IR BB S BRARR S
HISZI R, NKA-9 BUFLIE A% i o BB SR A A A 2 i .
A R B IR RE D A R R B R, HLG T, R
ST S B I 43 Al Ak G B AR B o B %3 NKA-9 R K AL
W B4R B A T B R 3
323 BHABRWHHFHE

M 2 T LA Hi Sk, NKA-9 51 LI FFH% i %of B8 SR Ay
e T B B A ) O o e o B (D R Y 22 . I R[]
iSF) 60 min DLJF W TER, 7E 480 min SRR K
W R o RS, JRCFLAR M el 25 T ) R A 35 S RS
TE Je 8210 5 R R 06 Hh g W B s ) 72 24 60 min,  DAGAFI 4%
e . B
3.3 KFLIGMBIAERI R E RE R

DAL R i) NKA-9 B FLIR B A R i 55 % 42,
FHL 6 ML IR R S S A R Sl Ak T2 .
33.1 BB E

H 3 FTLAE H, W3R B 2 AR R R 38 o 222 e i
bR TR TENR FARRERES, RS X 2
) W B T 0 DA 5 4 i, 3 Ve NI IE, i 1
LSRG, 24 DA R R R, AR A BE X 5 1 78 4=
W, AR BT 3 B LR o 2 B AEIABUS S VB B,
WL MR A=, R 81%, T LARE ) AR AR ¥ HI7E 5 VB
Sttt

F2 6 MARFLIRMIM AR IREEE, IRMIR. BIRE. WHMERBRE
Table 2 Physical properties, adsorption capacity, desorption capacity, adsorption rate and desorption rate of 6 macroporous
adsorption resins

RifE2L S et FHFLR/A O WRHE O/(mglg)  fRTIE Oy/(mg/g) W B4 E/% fif 2 3 DI%
D101 emik 90-100 14.74 13.56 41.63 73.20
AB-8 S 130-140 27.38 7.38 51.60 26.95

HPD100 E[2 35 85-90 17.54 10.88 43.84 62.03

HPD300 E| /4 50-55 16.50 9.48 43.02 57.45

NKA-9 e 155-165 29.14 15.80 52.99 54.22
NKA-2 W 145-155 28.44 10.88 52.44 38.30
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Fig.l Adsorption rate and desorption rate of resins in dynamic state
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Fig.2 Static adsorption dynamic curves of NKA-9 macroporous
resin
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Fig.3 Effect of sample volume on adsorption rate

332 EHREREF

HH P 4 FTLAE A B AR A 75 B R o R A o
M5 LLBEAR A . AT g2 DR A K e e B b R ATl o R 2 5 i)
FKFLBE N il B IR B B o MO, 5 R TR 5o 4 W o 1) 4% R
B, BB AR NP EBRE TR, Y BRI
4 mg/mL B}, KFLWBERMT S Em, h 82%, WA B
2N 4 mg/mL AidE FRERIE

\O

0~
0}
0F
60
50 b
40 f
30

N 0

W B /%

0 2 4 6 8
_REHE /(mg/mL)

Pl 4 b B T U R 3 A S e

Fig.4 Effect of sample concentration on adsorption rate

333 A pHAE#)LEF

hE 5 aTRIEH, B4 pH XIRIERAE R IFA K,
W% FAE pH MG, WRMPR AR S RSB E b T
SPGB TR R B R AL, Sk
A B T AN b I SR A B R A 25 B RE T o
RS pH 2T B TR AR B 1Y pH Bl 4 B, B B R B 3
i, N 78%. FrLL LR pH WK 4.

90 r
80 |
o\\°
g 70 F
= 60
X
50
40 ) . ) )
2 4 8 10

#dhpH

5 bFE pH BRI 1 52
Fig.5 Effect of sample pH on adsorption rate

3.3.4  HRPLIRARARE) 691545
M 6 AT LAE H, e ARSI ) fit U 2R A
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WA R B, BB . TEERAAT U 3 BV I, fRR
i, A 70%, BRI B S L S e A T T
Vet AR R 3 BV I, BRI e, o Bl e
Jit, B O PR S A, R R B I R
B H 3 BV HOUE M W o i L
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Fig.6  Effect of eluent volume on desorption rate

33,5 PEBURIRE 6 dF

HilE 7 ATLUE Y, BEE VR BOR B BT, 3
B ETE, AR SRR AT S TR A R R R . SRR A
AT ST B S A B M I — LE Z I A5 A A K I
WAEEAR, BH BBk o PEBERk B i AR Ve
A SE 4, HLUEIOAR B i, 2ok —Se e i — = v it
k. MUEBIR Y 80% L BRI ek, K 63%, DRk
il RE VR IBE IR T A 80%6 kR A3 L
65
60
S5k

50 f

TR /%

45t

40

60 7I0 8I0 9‘0 1 E)O
VR /%
B 7 Pl vk B X A R R 5

Fig.7 Effect of eluent concentration on desorption rate

3.3.6 hBLAE MRS

M 8 AT LA H, Bl Ve B i 3 n, i T R FAIK,
O A VR AR R W 09 4540 F, SRRt K, vk
JI VB A 7053l MR ARE RS I ) 8 AR 2 22 L AT A,
Ut YRR AN, LI e K 5 B A i W AR
0%, MR TR . YR HAE 2 mL/min BRI R B
1, N 67%0 MY EME 2 mL/min B, f#RAREETT
W DRI 8 e B B 2 mL/min A5 & T, HS5 RARE
WO T — 3, TSI AR, WD T R AR
wE,

70 ¢

65

60

FR /%

S5 ¢

50 L L L ,
0 2 4 6 g
PR L8/ (mL/min)

8 YR IR XA WA 5 1)

Fig.8 Effect of flow rate on desorption rate

3.4 MRz EIRIEEE R
3.4.1 R IR AR

HE Box-Behnken HF.UH-G RIS HHL, TERH
FIRIG SN I, PR T R i S AR B (4) . DRI
e B2 (B)FIE IR FR(C)3 AEER N A=, DIBRAR A
Lifb IS W A R (Y A N R, R 3K 3 ME TR
KEERIF 3,

#3 MEERESRERRESER

Table 3 Design and results of response surface experiment

ppm A DFRRIE BUEBURRIE CUEBLRIRRL Y i o3 o ik
/(mg/mL) /% /BV 1%
1 -1 0 1 25.85
2 1 -1 0 23.07
3 0 -1 1 25.62
4 0 1 -1 26.31
5 1 0 1 16.3
6 0 0 0 3691
7 -1 0 -1 23.14
8 0 0 0 42.28
9 1 0 -1 26.93
10 0 0 0 35.52
11 -1 1 0 25.5
12 0 1 1 28.37
13 0 0 0 37.51
14 0 0 0 38.86
15 1 1 0 28.48
16 -1 -1 0 26.75
17 0 -1 -1 20.79

342 AR E T EHH
I FA#4: Design-Expert 8.0.6 XHRE0 45 R k1717 225
Br, G5 ER 4. BRI G THF AT LUR I, B R
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P<0.05, ZIiRITE BRI B K5 P<0.01, M
I A B2 (P=0.3124 > 0.05), Tt B 5 il e 2 A 18
o 38R R A Tl B R 2 N A — o W38 BLAE
A*, B, CP (P <0.05), BT 4. B. C. 4B, AC,
BC X AT S HER A6 A 1SN B (P > 0.05), 5
] P TR A AT B R i £ 0 S IR A s R W VR B (B)
> FREWRBE(A) > AR ATR ().

ST N E Y AR AT LR 200 kO R

Y=38.22-0.814+1.55B-0.13C+1.664B-3.344C-0.69BC
—7.244%-5.02B°-7.92C* (=0.9260).,

Wil Design-Expert 8.0.6 FAXf 5 FFE4T HL 44,
BRI T2 BRRRIE N 4.0 mg/mL PR IR R
3BV, BEMBR 80% L BEhT, BE Sk AT S B 5 s Bl iR
KA, H 42.28%,

R4 FEDHER
Table 4 ANOVA of regression analysis

K oM AmE )5 FE Pr>F P

Model 739.63 9 82.18 9.73 0.0033 W

4 5.22 1 522 0.62 04577
B 19.31 1 1931 229 0.1743

C 0.13 1 0.13  0.016 0.9038

AB 11.09 1 11.09  1.31  0.2896

AC 44.49 1 44.49 527 0.0554

BC 1.92 1 192 023 0.6482

A? 220.81 1 220.81 26.14 0.0014

B? 106.29 1 10629 12.58 0.0094

c 264.06 1 264.06 31.26 0.0008

Bk 59.13 7 8.45
AU 32.73 3 1091 1.65 03124 AW
a2 26.4 4 6.6

¥l 798.76 16

EIEES ¢ 0.9260
i 10.12

3.4.3  vR R AT

F 9-(A)5 9-(B)Fen I FE MR B AR M TR v J3E 1 A8 A
FHXT S m i RZ ), 24 R B RGBT
AAEAEA G, Y R 4 me/mL I, S B REVER
AL B . B 9-(C) Y 9-(D)FRIR ARk B FIvE I Ak
TR RS B AR IR & SR, 38 038 BLAE FAIT B s R
SR W R B P=0.0554, HAE FAEWE N
4 mg/mL ., VEBOEAF S 3 BV B & 23a 3 T fE, HE
FTHEY FRE BB B, BRIV IAR A o sl IR AR T
BRI R Atk . B 9-(B)S 9-(F)F R PRl vk
AR AR B S BAE X S s i, (H_F ML EA
B & P=0.6482,
3.4.4 BHETILER M

e LFERFL 5 BV, AR5 Uk R 2 R
2 mL/min, pH 7 4 ZE 5 R FERE T, @010 B9 e 4l
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Fig.9 Response surface diagram of the interaction of various factors
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