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Optimization of nanofiltration concentration process of Sophora flavescens
extract by coupling technology of response surface methodology and regulating
Donnan effect
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Abstract: Objective Response surface analysis and regulating Donnan effect methodology were used to optimize the matrine
concentration by nanofiltration techonology. Methods On the basis of single factor experiment results, molecular weight cut-off
(MWCO) of nanofiltration membrane, concentration and pH were selected as influencing factors to evaluate the retention rate of
matrine and total alkaloids with Box-Behnken central composite experiment design, and then, the optimal concentration parameters
were calculated in the conditions of pH 6—7 to regulate Donnan effect between alkaloids and nanofiltration membrane. Results The
retention rate of matrine was of positive relevance with the ethanol concentration. The optimal concentration parameters were as
follows: cutting off molecular weight of 150, pH of 6.19, concentration of 204.3 ng/mL, ethanol concentration of 15%, the retention
rate of matrine and total alkaloids were 94.41% and 97.63%, respectively. Conclusion The combination of ethanol regulation Donnan
effect and response surface analysis can well optimize the concentration process of S. flavescens extract by nanofiltration, and the
results provide the references for nanofiltration concentration for heat-sensitive Chinese materia medicia.
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SRS 7 A ) 3 | T TR Tl A L B U
Donnan N SEILH M2, ZHTERAEE.
BT 2B, HETEh 25 b b i N H A TR B
B, JUICE 2 B M AR DRI AR U D

WS e SRMEYI S Sophora flavescens Ait.
TR, HAWEHAEE. RE. FRSDh, 78
RN 2, WS ERR. SIS A
o LSS AR TE sy, SR, 18
A PR G ok R T R TR IR, ARG =
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AR IO RETE, bR AT I AR A B DA A
A]; KH-250B AU ARG vEds, BEILRBEH G
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YRUEIE, LGSR G, AR T R
150, 475, 800, FgIi#ETEARHAR AR S
I B BN, S 20150628, LR RTPEEZ,
KB B % e A R Y 2 Sophora
Slavescens Ait. HJ T, £7& (PEZ M) 2015
SRR — BB ARG I R 2K s 7 S0 I, ik
110753-200413, JiiE/40=98%, W4 A+ E &2y
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2.1 BREIHE
211 HSRAGH  FREGEZ 248 10 kg, 73
8. 6 firalifb /KIRI 2 K, #FK 1h, 0.45 pm TFLIE
g, GIFIRM, S SHRIOH, b SR
IR N 0.509 mg/mL, & AEYIIRTEIRE A 1.501
mg/mL.
2,12 EHSHA I RS RRIDGE S0
36.40 mg, BT 10 mL ®IEH, IR EZE,
PE2), W4T 3.64 mg/mL 77 800 B A
213 WREBFEREMIEEE OPRICR B i
0.025 g% T pHAE A 7.0 (MR £ 9% 113 200 mL 1,
Jic IR I 0.2 mmol/L (KR MLk
2.2 IERIE

F BRI BT 2R, SR A RO i SR I
W SRR T SRR, BE iR A Al KRR
LR IR BEA RS0 T sk . T pH
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RGP HATIRIN T, 158 S 080 40 DR 1 B -
SR BRI BIPATING,  EUORE R 2 P, R TR
HATANE, FrandEsemis, HBOREGNIEM .
2.3 IEFENIREBETE
2.3.1  EHSHE

(1) AR, 3% R4 Agilent NH, A (150
mmX4.6 mm, 5um); WENHN LNE-TEK SEE-3%
TERFSW (80 210 & 10); Al 220 nm; AR
Ui 1 mL/min; ZEFEEE 10 pL; AR 25 Co

(2) ZMERRFESE K EWIBGH S h00t S
¥ 0.10. 0.20. 0.50 1.00. 2.00 mL 43 %] & T 10 mL
R, WEERBZIEE, BERERI, DA,
PARR (YD, IR R B R AR (XD,
PR FE Y=6.77 X+112.11, r=0.999 2, %
ZHMAE 36.4~728.0 pg/mL £ePE K R BT

(3) FERIIE . B S P 9 ugiids “2.3.1
(D7 TR G, B 10 pl, e AR,
B AR (W T AR B 5 BT R AR R P 5
ok 1) R R
2.3.2 RV

(1) ZMERRFES: HRBME = BCT S0
HofFE A 0.1 0.2, 0.4, 0.6 0.8, 1.0 mL & T
TR R =MD, SnZEEKE 10 mL, 43
S5mL, AN pH {H 7.0 IR A28 v 5 mL, F
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MUCRT B N 0.025% 15 8% 77 5 1) W5 M 2.0 mL, 5
5 10.0 mL, $&#% 1 min, #5524 50 mL 700 2HiL
HoYE, BE Lh, 2WEIE, 1F 417 nm B
MEWICRE (4D 14, LL A [ RPARR, WK
(C) AtaAbbr, F3ZVERHTTHE 4=0.001 9 C+
0.068 9, r=0.999 0, ¥Zft 36.4~364.0 pg/mL
PR R RETS

(2) BAEYoE ENE: 2P AR
KA KRR — A, BT 23 il ks 2% L 5.0
mL B, KON pH E 7.0 BEIR Eh 2% o
V5 mL. 0.025%L B By WK 2.0 mL,
5 10.0 mL, JE#E 1 min, ¥ & 1 h, HBENZ.
BRSO, R 417 nm
A 5E Ao B IAF) A AN RN 5 FETH A5 I
R R E YRR
233 AREERIE R P AR IR
K HPLC V230 52 A% b vy S Biuee T AR Bl % 0 60k
FEVER I A i i A B, 4% R S S e
BV R

R=1—A\/A4p
R H A3 TR 2, A A9 3000 5 25 e T At
Hh A TR B 5 Ap TP 2 B e TR A
P T R
24 BERER

W SR PGRGE R (441D, ERZICTH A
L MR TR IR SRR I 4 8 4 SR AT
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2.4.1  ZPBCTATAREIRE SRR AR AR B R 1
[ e R 2 BER B 40.0 mg/mL CH AR5 24
JEIREE 0.240 pg/mL, SV EKE 0.710
ug/mL), WHE 20 C, HJ) 1.0 MPa, 4438 H
AR 437 i 475, pH {H 8.0, %5 S2 25T T AR 1,
2. 4y 8. 164 32 L XV SRR AW A B 1K)
oM. 45 R S R YA ARE N R 5051 R
81.78%- 73.05%- 74.29% 74.52%- 75.02%- 75.21%,
FH 45 TR AT 0 28807 AR S B R 1K R
B SE TR R BT TR A, P AR
KF) 16 LI, WS E R B L EE. [, &
YRR A 81.01%. 78.61%. 79.46%-
79.88%- 79.46%. 79.74%, #HFBMA S TS
BRARARL, A T RBE o B R AR e P, IR P 1A
F 16 L A GiE~F AR o
2.4.2 TN S A YIBRAR B R R [

SE R 2RI 40.0 mg/mL CH 5 S Bk i
0.240 pg/mL, S AEPITREEE 0.710 pg/mL), [k
71 1.0 MPa, ZNERSHR AN 21 i 475, 29T
AR 32 L, pH{H 8.0, HE4MAL 5. 20, 40 CXY
SRS AE YR AR R F R . 85 R Sk
EIHH 79.40%. 75.02% 71.65%, WA WAL R
BN 82.06% 79.46% 79.32%. HIZ R4,
TE [ 72 A B AR 20 1 I AN DR AR E T, B R A
WRETEE, TSNS YA R BN
#, B RV AR s T S ESEI AR
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2.4.3  BRAER IR S0 S A YDA B 2 ()5
fi] 72 A2 24 RS 40.0 mg/mL CH A S5 F ik
% 0.240 pg/mL, SVAEWIHRIE KR EE 0.710 pg/mL),
WPE 20 °C, GIUENEAR A 2 iR 475, 25
AR 32 L, pH{H 8.0, H&EAMEIET] 0.5, 1.0,
1.5 MPa XJ 35 Sl A0 AR i B 2R 1) 5 . &5 2
TEBHAR B R N 74.95% 76.43%. 77.04%, M
AR B R N 79.37% 79.70% 80.47%. I
SERTT R, PR T R S BRI A
S A S /N, AR T g R T LA
s, PRIk gERCE, LS 1.5 MPa 4
YHPEERAE R T .
2.5 M mEIREIZITSLE

VAT B AR R BAEIR N E
i () Al L, ) Design-Expert 8.06 #4444 B T
Bt ma B ke . AR oAl A ot IR B, BLg
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Table 1 Factors and levels of nanofiltration concentration

B/(ug'mL ™)

il 7K A BT, oy C
-1 150 50 147.6 5.0
0 475 275 811.8 7.5
+1 800 500 1476.0 10.0
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(1) #Zh%: ¥ Box-Benhnken HD4I&H 228 AC+1.29 BC—23.11 A°—1.08 B*—2.57 C%,
TR, ZRG R I g I, O ORI 45 XPSBT AT T 22 00, AR IEE 3. [HH F

RHERERR e, EEE 20 C, 1L
1.5 MPa, “PHifARL 16 L A IEk4i 5. FIH
Design-Expert 8.06 {1 15 45 R ik AT [R5,

13 3177 2 A P 0 AR B RO 20 R R
pH 18 3 AN PRIZ I Ik 2 TUa| R A - v Sl P %
Y=7591—37.21 A+1.98 B—10.83 C—0.10 AB+

fEoh 271.20, {EPR% AR TER PN, 3 ANBEXT
TSI T 9 A>C>B. ZIGHIER
$R*=0.997 1, Tiilll R*=0.969 1, 4% R*=0.993 5,
Yt BRSP4 P<<0.000 1 13t
WA ey B, ] R AT e AR AR T, K
vt 7 FIEH

F2 MEESHRELER
Table 2 Results of response surface methodology experiment
W5 A B C ﬁ%z/% W5 A ﬁ%z/% WS A B C ﬁ%z/%
WE B WE B WS B
1 0 0 0 7701 79.93 7 +1 +1 0 15.15 18.27 13 0 0 0 7282 79.52
2 0 +1 +1 6340 70.14 8 -1 0 +1 74.62 89.62 4 +1 0 -1 21.29 36.41
3 +1 -1 0 1161 27.45 9 0 -1 -1 8371 84.06 15 -1 -1 0 8810 94.34
4 0 0 0 7642 81.44 10 +1 0 +1 7.02 15.53 16 -1 0 -1 98.00 98.85
5 -1 +1 0 92.04 98.21 11 0o 0 0 7782 79.75 17 0 +1 -1 8531 90.67
6 0 0 0 7546 82.07 12 0 -1 1 56.63 72.81

R 3 ESWHASEYERINEL #E R m YRR T E SR

Table 3 Analysis on variance to response surface quadratic model of matrine and total alkaloids

Ji % i W S

VR A %75 F {8 P1H (Pr>F) SFi5M B F {8 Pt (Pr>F)
| 9 1440942  1601.05 271.20 <0.000 1" 12352.16 137246 325430  <0.0001"
A 1 11077.42 11077.42 187638 <0.000 1" 1004370 10043.70 2381.520  <<0.0001"
B 1 31.40 3140 532 0.054 5 0.20 0.20 0.048 0.8332
C 1 938.31 93831 158.94 <0.000 17" 478.80 47880  113.530  <<0.0001"
AB 1 0.040 0.040 6.776X107 0.936 7 4323 4323 10.250 0.015 0
AC 1 20.75 2075 3.51 0.103 0 33.93 33.93 8.050 0.0252"
BC 1 6.68 6.68 1.13 03227 21.53 21.53 5.110 0.058 4
A? 1 224785 2247.85 380.76 <0.0001" 170677 170677 404700  <0.0001"
B’ 1 4.87 487 0.82 0.393 9 2.80 2.80 0.660 0.4417
c? 1 27.77 2777 4.70 0.066 7 0.39 422 0.093 0.768 7
W 7 4133 5.90 29.52 5.90
AT 3 26.46 8.82 237 02113 2433 8.11 6.250 0.054 4
aliiR = 4 14.87 3.72 5.19 1.30
BB 16 14 450.74 12 381.68

P<0.001 FEEH; P<0.05 2%
P <0.001 highly significant; "P < 0.05 significant

(2) BEWNE: FIH Design-Expert 8.06 34Xt
TR 25 AT AL, 15 2 A Ym0 4
BEARDG 2> T RIS . pH fH 3 ANMAER 2
R TR AR SR DA B % Y=80.54—35.43

A—0.16 B—7.743 C—3.29 AB—2.91 AC—2.32 BC—

20.13 A*—0.82 B*—0.31 C7,
SHZMEII AT 7 25 00T, SR IEE 3. [T F

80 325.43, {EFTHEMARETERP, 3 MRS
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MR HHE T AB. AC Z [AFEBL R EH AT HAEH,
L8 PR RAE R R 7 AR i A R 2

e RSN

SR A%

1 HBHEHMDPFRE A REKE B) FApHE (CO) MEBEXEXMA=4HHEE
Fig. 1 3D kyrtograph of effects of MWCO (A), concentration (B), and pH value (C) on retention rate
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A HE, 3 S PR IR AR T 208
BN 23 1 i 150, 293P S it IR JE 204.3
ng/mL, S AW IR A FE 603.1 pg/mL, pH H 6.19,
HR T SRR 00 85.01%, S AEmiak 7
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T SRR R LR s, G e LR R
RS E P, DR e N TRNE DA S A D
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FERCH T SIEARAR 53 2053990 R 5%+ 10%+15%120%,
B2 S R R R L REARTR ST B AR DA
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FEAR B AR 2> T R 150, 5 2 B K

204.3 pg/mL, pH {H 6.19 MZIIER4 5T, AlF
EFEL (04 5% 10%. 15%. 20%) CLWEI
SO H E 0N 84.57%. 89.31%. 95.63%.
97.20%- 97.53%. BULHIHT LBEARFR I BN v 5
Bl R A sy, H 22 e . 4
AR BN A 10%I0], AR T /K b 2
DAL B T 11.06%, BB E KT 95%.

1 T AL A A T — 2 AT, PRl
IEHE 10% SFERF AT B, [l LR B AR 21
JRE 150, SR RIREE 204.3 pg/mL, SAEYI6R
T 603.1 ug/mL, pH 1 6.19 1F A HIN 4 kS
FOATIAURIRES, S50 3 #LIG UK 7 S Ak
KON 95.45%.92.30%-95.49%, ¥IME Jy 94.41%,
RSD 4 1.94%; SAEVIHEE 2550020 97.90%.
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