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Exploring separation mechanism and refined mode of Gynostemma pentaphyllum
total saponin by ultrasonic assisted membrane combination technique
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Abstract: Objective To explore separation mechanism and refined mode of Gynostemma pentaphyllum total saponin by ultrasonic
assisted membrane combination technique. Methods In the experiment, total protein, polysaccharide, G. pentaphyllum total saponin,
gypenoside A and rutin were selected as indexes to evaluate comprehensively, microfiltration-nanofiltration pretreatment was used to
remove macromolecules and concentrate solution. The differences of separation behavior between saponin and flavonoid were
analyzed with Box-Behnken central composite experiment design, which contributed to clarify separation mechanism, set separation
goals and establish the refined mode of G. pentaphyllum total saponin. Results Experiments indicated that the polysaccharide and
protein can be effectively removed by microfiltration-nanofiltration, while helping to form micelles of saponins in the concentrated
solution. Rutin was dissolved from gypenosides micelles by regulating micelle state with ultrasonic power and ionizing with pH value.
And then, the ultrasonic-assisted ultrafiltration model was constructed to refine G. pentaphyllum total saponin, the total transfer rate of
saponins was 79.7%, while other components under investigation were less than 6%. Conclusion The separation behaviors of
membrane were related to molecular state. Taking G. pentaphyllum total saponin as an example, the refined mode was established by
regulating solution environment and the associative state of saponins, and the results provided references for membrane concentrate for
traditional Chinese medicine of saponins at room temperature.
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Table 1 Specification parameters of membrane modules

eS| A4z A R Ly

TR 0.1 pum #3-v0.1 R I L M
YRR BT HE (Mw) 600~800 03m? #%:30-NFG RS A
I i # B Mw 1000. 5000. 10000 3 HEEEN

2 FHEEHR

21 FEHE

211 LRIETRBOR RIS R 50 kg, I
15 fEAifb K ERE 2 ¥k, FREUETE Y 1.5 h, JEHCR A
B0 (15000 r/min) EERANEY, SIS
IKIEH -

2.1.2 LIIERE AN ESER RBERIT SRR
H 52 R E ML B A KRS 499 mg BT 10
mL E=iH, HEREZRZIE, SRERE 0.499
mg/mL &I 2 A KR ST

213 FTXIESIER RESECT R R E R E
R T 2.10 mg BT 10 mL &, R

BEZIE, BRI N 0.210 mg/mL 17 T g
TN
2.1.4 HIEIFEXTR SV R R R R E T
B D-T/K % ¥ 5.00 mg BT 10 mL &3, 4
KRR ZI B, 3Ry 0.500 mg/mL (175
26 %o HE R AT
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AL 0.1 pm FUEIE B T B0 B 4, %8
HIFE I /1245 T 0.1 MPa, SR FH 4l /K IGERE 5,
A A oty B DBV I . R & = SR IE (pH
4.01. 6.86. 9.18 ZEIFIRD I pH T 5 Y ity L2 €
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R EARRR, dREEGNEn B, HEEHRIEI X, fF
IRGR AR R 22 JFARRR 173 I5F, 15 1bah)E, WetEgh
TERAEW -
23 BERBHSE
I E -G E TAHE, ST B IR R
BRSO . E PR IERE T R4 R G, ¥ 2.0
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BRRFEREE RS, @R AEE Mw
1000. 5000. 10 000. 30 000. 50 000; ##75L)% 0.
100. 200. 300. 400. 500. 600 W. ¥ pH 1i 4.0.
5.0. 6.0, 7.0, 8.0, HHEEENESHONEIEHIL
12 F Mw 5000, A I3 100 W, pH 1E 5.0.
N T b g B SR, B A R
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Table 2 Factors and levels of nanofiltration separation

K A (B Mw) B/W C
-1 1000 200 6.0
0 5000 300 7.0
+1 10 000 400 8.0

I3 B SHON B A B R

242 ZFE  FRYEHRHER-EER S, R % a2 U A hE
X B8 B 04 2.0 2.5, 3.04 3.5, 4.0, 4.5, 5.0mL
BT 100 mL Ef, gifkFRBEEZIE, #5.
i 25 2R 91) o R PR 6 BV 2 mL T 10 mL
HEZIERE, SN 6 mL BB EEER, #
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B (A {H, DLEZEBEEIKE (C) NikR, A
(BN ALRR AT L1 (BT U 20 AT, 40 1) 880 267 0 o R vk
5 A EFRUERTZEy A=0.014 4 C—0.000 2, R2=
0.999 7, 45K % FE(E 10.00~25.00 mg/mL 5
A EZEMRRRLF. AR EREM M
FEEISCRIRF G EER, A AE 24 h Wiz E T
RAF.
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HEFALE 0.06~0.21 mg/mL 5 A &M% R BRI
GRS B RN RISCRI A BR,
B IR TRAE 24 h WRaEME R AT

244 ZIRIERBT A SHE IR AR XA, K
P I R A O R 1. 24 5410, 20,
50 uL, mERCHAR GG, DT AU AL R
(Y1), XF RS BERE RO REAAAR (X0), ZHilbRitE A2,
AT, 1FEIEHTHEN Y1=601 728 Xi—
35 681, R?=0.998 6, ZiRKRPKWIELFH A TE
0.25~12.50 pg LMERRRAF. ZTEMRHE. #H
FAE SRR R R/ G EOK, A IAAE 24 h
MR E M R AT

245 T ZECERH EIESAFRE, R IR
TN IE VAR 0.10. 0.20. 0.50. 1.00. 2.00 mL 43
BT 5 mL &, HEEAZRZIE, SR
RS, LT AR A AR (Y2), S IR
JRE IR AR ALRR (Xo), BEATLRMERIA, 1548k m
AT FE N Y2=15.72 X,+24.89, R?2=0.999 3, 45

TIPS THE 4.2~84.0 pg/mL £eME% R R AT . 1% 772
FE% R B RN RIS ER, Al
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JERARL, Cofll Vo 2 HAMGIE. 4908, FEUEJRWE - H5I 5
PR BRI BRI
RIS R AR R AL E.
2.5 fIE-AIERTALIERT R 5 RS20
EIIE SN B, TabrtE Rl e fe 3
W 3, 3B A IAHCE AT LA s k2 BRI W 1 B
HHRIEAS 2N, RS R R
IS RUE L TR Sy B I A HE e LA o
JREE, KT 5 R M ARAAAEIR G R, T2 b
R TR, HENLR/N T, . SIS
G R AL, BRI IRE, B
AR Lo 7 T ik 17.6%.
2.6 ERERITHEFRMER SRS
2.6.1 BIEBILAIEE WK 4 PR, EEILER
i F Mw 5000~10 000, M WEHK4EH + 5 Fidats
PERR 73355 0 2 I R 4T o i - i T A B
G, WIRHE A2 YR TR TR A,
TE RN FLAE R B8 b 2 B H 3 I R 08 b T
P, MW BH LR 5P T AEBRILE I #k
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Table 3 Effect of microfiltration-nanofiltration pretreatment
on transfer rate of indexes

i ab 2R 1%

Tk REA 2R aliERRE SRERTA ST
W€ 264 372 97.6 98.3 94.5
g€ 915 227 96.4 99.6 82.4

x4 BERILEXNESET R
Table 4 Effect of ultrafitration pore size on transmittance
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Table 5 Effect of ultrasonic power on transmittance
behavior of indexes
g FEIL A%
W HEH 2R gaREREE fRESEA AT
0 4.5 4.6 15.7 21.6 62.6
100 4.2 3.8 16.2 214 72.2
200 4.9 2.6 195 22.8 83.7
300 5.5 3.7 32.8 36.9 89.5
400 5.9 34 45.2 48.7 92.6
500 6.5 3.3 47.1 50.5 94.3
600 6.9 4.2 46.9 52.6 95.1

FLART 43 0N 51 S IO, A1 SRy 58 5 W A 4 ¥+ 2
5B RS R R T B AT

26.2 HFBEYZHEE XGRS HEE A IR
W R e, Hor 2 i A R i R
A B R A DR B R EAECE, M E T
200 W B i g B i Il % 2 T s, 1A F)
400 W JEiaTHaE . A, =T AR S AT N
IR A AR, KRR ) W R SRR AR AE
RS KA, 5 RARST A 28 L 4,
WG B A B A5 7 8 M 0 2 o A PR B R DS B 43
TR RIS, H e, 5l
B o

263 pHEHEE I SURERIRIE , 7T R
FBHAAEAERE, H— DO 528
RO 53 B 22 5 o 43 MT 3 6 R, pH (R X
T EMZPER S EAT = A B R, T T R
PUF I ZR B T R, 2 T B SR R AR
WL E T, AR RIS, LK S5
ERIF RN . AT Mw oA 610.52, pKa N 6.17,
MW pH 8.0 B, AT R EUE AL AR,
e EAT DU LA 9 B Mw 5000 [ JEEL, (H

&6 pHENETIEDTRNMN

of indexes Table 6 Effect of pH on transmittance of indexes
JEfLAR B EI% FERL A%

(Mw) REA 2R @RELET ZRESTA AT PHE REH ZW aRELEE SRESEA ST
1000 34 2.5 9.6 104 325 4 4.8 4.3 15.2 20.4 56.3
5000 4.5 4.6 15.7 21.6 62.6 5 4.5 4.6 15.7 21.6 62.6

10000 164 6.9 84.5 87.6 79.3 6 5.7 5.9 16.5 20.7 64.5
30000 218 123 95.2 94.6 88.7 7 4.6 6.2 16.2 22.9 69.7
50000 27.7 165 97.6 98.3 98.1 8 4.1 7.4 16.6 23.6 714
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T AN 71.4%, (BT 30% K7 T AR
IFW, T DL R A
27 MMEHESBSHRUCREZMS

BT R AR R LA 2 B s, (EAR
Mw 1000~10 000 HEyEMH Z 4. EHPELEAT N

xR, AR S B A S8 RE A B4
BT AL, RS RIS B A AT R AR AT
ZHAk . K Design-Expert 8.06 % Box-
Benhnken H.0o4H E& ¥ E EEE, ISR TH S5 R LR
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Table 7 Response surface design and results of ultrasound-assisted ultrafiltration

E L 2% E i 2%
R A B/W R A B C
KREBHA AT SREREA AT
1 5000 (0) 400 (+1) 8.0 (+1) 30.2 996 | 10 5000 (0) 300 (0) 7.0(0) 36.4 95.2
2 1000 (-1) 400 (+1) 7.0 (0) 22.6 875| 11 5000 (0) 200 (-1) 6.0 (-1) 23.4 82.0
3 10000 (+1) 400 (+1) 7.0 (0) 94.3 96.2| 12 5000 (0) 300 (0) 7.0(0) 32.4 99.7
4 1000 (-1) 300(0) 6.0 (-1) 15.8 732 13 5000 (0) 300 (0) 7.0(0) 355 97.1
5 5000 (0) 400 (+1) 6.0 (-1) 48.3 203 14 1000 (-1) 300 (0) 8.0 (+1) 14.6 86.7
6 10000 (+1) 300(0) 6.0 (-1) 90.0 946 15 10000 (+1) 300 (0) 8.0 (+1) 89.3 94.4
7 1000 (-1) 200 (-1) 7.0 (0) 126 765 | 16 5000 (0) 300 (0) 7.0(0) 33.7 93.8
8 5000 (0) 300 (0) 7.0 (0) 347 935| 17 10000 (+1) 200 (-1) 7.0(0) 87.8 93.2
9 5000 (0) 200 (-1) 8.0 (+1) 32.6 921
8 Mapzph = R EAIRBIRYH =54
Table 8 Analysis of variance of regression model
SRR ‘ ‘ L E BT A _ ‘ ‘ T _
SEJi o7 F{H PH  RBFEMH FLM B FME P  RBEME
it 9  12909.24 143436  499.777 <<0.0001 #KW.3% 88445 9827 22233  0.0002 #HREFH
A 1 10937.20 10937.20 3810.871 <0.0001 #i@# 37128 37128 83.970 <<0.0001
B 1 184.89 184.89 64.422 <0.0001 #¢&3 103.80 103.80 23484 00019 HEH
1 14.32 14.32 4989  0.0631 120.55 120.55 27.274  0.0012 #&3
AB 1 3.65 3.65 1.272  0.296 6 1630 1630 3.688  0.096 3
AC 1 0.20 0.20 0.068  0.8012 4897 4897 11079 00126 &%
BC 1 186.32 186.32 64919 <0.0001 #EF 016 0.6 0036 0.8545
A2 1 964.51 964.51  336.066 <0.0001 #H¢Ez 17132 171.32 38760 0.0004 ML
B2 1 1.02 1.02 0.355  0.569 6 1468 1468 3.321 01112
c? 1 8.34 8.34 2.906  0.1320 3771 3771 8532  0.0223 B
W7 7 20.09 2.87 3095  4.42
AT 3 10.40 3.47 1434  0.3581 442 147 0222 08767
afiiR 2z 4 9.69 2.42 2653  6.63
PER P 16 12929.34 915.40

X 8 R B A ST B R AT
Jrzo, HAp B R E R P LR B AR
SR EH A 0 EATONRI S, WO pH B
=GRS BH ARSI, W BAT AR
GRTE S AN

L R AE R S E AR N EATTREA

L BT A EId % =38.46+36.97 A+4.82 B—
1.34 C—0.95 AB+0.22 AC—6.83 BC+15.37 A2+
0.49 B2—1.41 C2. [[IH77f##5 8 P<< 0.000 1, #&A4!
EEE R, K P=0.358 1, TiERTRIEERT 2 7k
A AT . 2 e OC R A R2=0.998 4, il
R2=0.986 0, % R2=0.996 4, i BiZ#A Al ] T
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LSBT A [ I8 2 B AT T 5 4 #r
FEFLAE A TR pH (35 7 T e 8
RERW, FTESRSEAEREA TN
T % =96.70+6.81 A+3.61 B+3.89 C—2.01
AB—3.49 AC—0.20 BC—6.48 A2—1.87 B2—2.99
C2, 2 YRIAIABEA P=0.000 2, MR R, &
WIAEZE (P=0.8767), UiMHFTAIER) 2 XAl
RN 20 KR R?=0.966 2, Tl R?=
0.976 7, % R2=0.9227, UiWiZBAI AT T T

(R IE 7 B AT N T 5 434 o
ZREIE B A B R% ‘

KRR A BT 2%

2.8 RIRIEBEH SRR 22 ELH]

IMERER R GG R A A (&
D, MEFLZEIHEEE Mw 3000 I, Bl B 75 T 22 (Y4
. SRR EE ABERIEmEHYIE, ML
FRIgm, B EIFARINE . LIS S R AR A
FEM GBI B, FEARRE A DR AR T gl M=
PARIRARIE, IR R T R TEaaS
Eepisgn, AEAT2 w20 3 RO 1 ZRIRES

XL T AR (K 2), BEFLAE. AT
. pH EE B R RIS, A TR

KRR A BT 2%

B/W

Bl KREEH AZREEEXMESMNLE

Fig. 1 Correlation between gypenoside A and factors

71 E A%

0.5

71 A%

T &S R (%

0.5

El2 ATEREREXMFMLE

Fig. 2 Correlation between rutin and factors

400 W, pH fH 8.0 I, AT 7EFLEAAE Mw 1000 ##
JEIE TR AT T 90%. TMAE pH {H B PR R
i, A Mw 5000 i JEME H 1IE I AN 71.4%.
RIS, EAEIIE. pHEXN K FEA 2RSS
AP BRI, ZEG T R IR DA pH
EFEERT, T ABR e I 1k, 2k
T EEPER, MR EET .
29 ZERBEEABHIRR

DIRA g SALERERYSE (=1 AN AN 3 NG s R

AR AR N T sy, O I R
A FE A 90.0%. T AL R 95% K HARE, KH
Design-Expert 8.06 F - Lik S HONIEALIZERE Mw
10 000. Th# 400 W. pH 1E 7.8; [FINf, DAL EE
B A A 15.0%. TR 90% M H bRE
RSB EEH Mw 1000, Th 300 W. pH
14 7.9,

K SR IE TR IGRGEATIAIE, PR 1: 0.1 pum
TIEIEAE &4 B Mw 800 YN IE IS AT kb2 ; DIE 2: R
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F L3 2 2D e R Ak 7 1) 7 e A AT 0 S, T
BARPAYERU R, R 9. MBS
SRS, 45 A R YR R ZE R 3T RS
Horb HAR O SR B IR AR N 79.7%, H

bl IR R T 6%

I T B I AE A I R A ) 5 AR
e, GER IR 9. K HIE AR, € A% Mw 10 000
FEIEIA TR S AN 2 Bl R R o AR A

®9 HBRBEATHRIEBEREN (X+s5,n=3)

Table 9 Component transfer rate by refined mode (X £ s, n=3)

o Fers 1%

Fd ML L Gl s g S A R
BT 27.3+16 355+23 98.2+0.8 974+1.1 95.7+0.9
YRIEIR AT 91.5+0.4 22.7+1.2 96.4+0.4 99.6+0.1 82.3+16
B Mw 10 000 #B € 5.24+0.8 48405 93.1+0.8 92.5+0.7 936+2.1
' Mw 1000 ;57 % 87.3+£17 326+1.0 90.4+13 87.2+15 7.940.3
Ry 2 1.1 0.1 79.7 78.2 5.8

XF, FESP 102.18 g FR4E 22919, FRAEN
77.58% . LW B AR E b o5 e 17.40%
A 61.81%, KRR .
3 g

W2 B R 150 B 2 R AR IR B E 4T
SR, ERAF, BT Y T A —
(R PR . M5B8 2 FH T A R TRALEE . R
g, MEULH T ERMERT S RGNV ASLE
RGP 5, RIS AN 135 4%
FROTAETERES s TR 0 B AT N E R, It
AHEA, WEMBERBS EEA, SRR
K 77.58%, KBS BHSERT 3MHUL, fE8
[ R L 61.81%, (HIE A 5 21 T AH
ARy, 3T R0 B SRR AN N B R R, 1 7
H—BHEEREREE, H— P ALK SR
afifg,

S W A B A IR H AT B K, TR K
A TR S R BT AN B . AH R TE B R
2B O S IE TR B 2= 5| RS Y, R R
NREEHR, JE R R 7] 224 0.05~0.10 MPa,
B AR B T VR ZE AL R o RIS, e B 52 i)
KA 0.1%ZE E /K BOR B, Ul UK E 2
95% LA I, $ENZHE. T EEMER Y BUER 2
NEEG YR .

2R 2 B RIS, 1R 2R
I AR LI, @i o T (R AR A S TR U A, DARE
K FRMEE, EEvElfE . @ ERIUE
AR AT RIS, A EERRS S 5]
o, ARSI RPN WA B R AR R

UK 2, B o R kA s B U 2003
T E e ER A, TR R, DA%
B TE BTSN T 2R ERE D 8T
Ny KB AR A, (23t T 46 &3 m 5
T BTEIER, Mg T R L
o RN, SR R ORGSR, DL SR
FHAMSE > 2 S AN, R T RS
J 3 AR il AL R L 70 B AR B R o

B R TR ERARALEH R

SE R
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