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Effect of solution environment on ultrafiltration separation of Panax notoginseng
total saponins based on molecular state
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Abstract: Objective To clarify the effect of solution environment on ultrafiltration separation of Panax notoginseng total saponins
(PNS) based on the molecular state. Methods In the experiment, the transmittance and surface tension were selected as indexes for
analyzing the effect of ethanol, inorganic salts, surfactants, and pH on the molecular state of PNS. And then, ethanol, NaCl, and pH
were selected as influencing factors to analyze the separation rule of notoginsenoside Ri (R1) and ginsenoside Rbi (Rb1). Results The
intermolecular interaction force of saponins was weakened by increasing the ethanol concentration; The pH value promoted saponin
ionization, increased critical micelle concentration, and increased PNS ultrafiltration transmittance; The salting out effect of inorganic
salt reduced the critical micelle concentration and PNS transmittance; The surfactant type was related to the ultrafiltration separation
behavior of PNS. Rb1 was more sensitive to the factors than R by response surface methodology. Conclusion The effect of solution
environmental factors on the ultrafiltration separation of PNS was clarified by the combination of single factor analysis and response
surface methodology. And the saponins can be separated purposefully by dynamically adjusting the molecular state.
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PEHARKEE T 0 N E s v, HA
AR TSI, R R A
FH TR B 2 BT AU AR R T R 2 A 140,
DAL B2 8 A7 AE RS AN B 1, 78 S B R I8 20 25 BT
FRAE 23 -0 3 BRI PR 0 B 40, 3 LUk 21 T4
ST EHM, BREGEIEHALE R, B A=
(HES R o

BT RES BT AR, SGE21H
RS TR (0 3R TH VS PEARRAE , LU VRER TH 5K 7
T ZONTRbR, R SR 2 2 A e S T 4 AT A 45
G, BRE BRI PANIER L
T REEHEAILLEL pH EX =-LRE BT (Panax
notoginseng total saponins, PNS) #EJES; BT NI
SomgUs101 IR TROA I PNS 3B i A5 M R
R RB 5 B HE R BOR S
1 XEEHR

Agilent 1100 /&= 0GB AH 540, VWD K2,
FH 2 AT Millipore BEEN%, 35 FE 2 H A
#]; POWEREACH JK99B 4 H 37k 114¢, i
RETFHARKREERAF; PB-10 & pH if, {&[H
Sartorius A ; KH-250B BB A ARy, BILKR
IR A AR A

PNS #RE, 5 20100701, i ¥>
95.0%, =B KBTI RNGYIAIRAF; XS
=HRFF R (R, 65 110745-201619, &3
95.0%). AZ21F Rg (Rgr, #t5 110703-201529,
JRE T EL 96.3%) NS4 Rby (Rby, #t5 110704-
201625, JRED$ 95.0%), AZ2H Rd (Rd, it
5 111818-201603, =541 92.1%), ¥ HHHE
2R E M BE . Millipore WRMERRZL/E, 4
FEXF TR 10 000, & [EZFIHAF .

DU T R4 4% (TBAB). + — %% 5t B2 4l
(SDS) #5953 Hr4k, ¥ H Adamas i FIGRAH .
F1LZEs 80 (Tween 80, T80) A4#T4li, I H Sigma
NF ORI, KgAK, AR5
Hrédi
2 FESHR
2.1 BERECH
2.1.1 RGNS R IR R E R
P HE AL E S mL &), H Ry 2.30 mg.Rg; 3.14
mg. Rb; 2.80 mg. Rd 1.68 mg, FHEEFREAEZIE,
HI15 5 4 F2 958 0.460. 0.628. 0.560. 0.336
mg/mL 7RG % HE A VA TR

2.1.2 PNS AW FRHUPNS $EUE &, MR 55250
77 ZEBC I AH RO A R 1K) PNS V7 o

2.2 HESmE

221 EIEFADT RSN Agela Venusil XBP
Cis (250 mmX4.6 mm, 5 pm); JRshHN M-
K, BEEEWEME: 0~20 min, 20%Z./i%; 20~45 min,
20%~46%ZJi; 45~55 min, 46%~55%Zfi; 55~
60 min, 55%Z.ME; AFUAE 1.0 mL/min, B
4 203 nm.

222 HMERRFEER 30l HOR A X R G TR
1. 2. 5. 10. 20 uL, Agilent 1100 7= B0BAH (it AX
K, DUETHIAUCAMALER (V) X IR S RE R
AR (XD, MR, R Y=101.3 X+
10.5, »=0.998 9; Rg Y=1664 X—253, =
0.999 1; Rb; Y=149.1 X+29.4, »=0.998 4; Rd
Y=114.5X—10.0, *=0.9989; M R, 7£ 0.460~
9.200 pg. Rg; £ 0.628~12.560 pug. Rb; 7F 0.560~
11.200 pg. Rd 7F 0.336~6.720 pg WETHFL 5 HERE &
Z MR R R

2.3 BHBAEFIXNEITARFZE KR

Y BAE L ZH A B TP A i e B, SR
IR IR BN AL . TR )R eI B 43 S )
EFRSBON 0. 5.0%- 10.0%. 20.0%. 40.0% 2. 1%
KWW, HE R PNS (BT 2.0 mg/mL), &
THIERG T HATIE V4, 0 S A )
W - A B a2k 1)~ B, EDORE ST, 30 TR VT
HATHEEDE, fPHIETER)E, BUFERIER . &I “2.2”
TR €l 2 R 2 1k 2 R B R B IRE, AR I
T=C\/C it RiEL R, L T AFELR, ¢ NBIE
W AR 53 BRI, Co i P A 2H 23 i
HIRE .

SRR 1 R, B SRR B T
PNS b E Rl sy idid 5 2 T E, Hot Rby 1 Rd
ThE @B & T Ry A Rgy, ARYEEIE 7 B (1) 4 i 2R
W, 4 PRt Rby A1 Rd IR 275 & 8 v T
Ryl Rgy, 1HZ 4 FsiordEXS 707l s AR L, Hop
Ri N 933, Rgi A 801, Rb; A1 109, Rd A 917,
HEW 4 Fob S 3 TEAS [F) AR AR S0 BRI R AR AE AR
BUE T HA BTN,

A CRKIEONT H, RS AL, 3
FERE TR, T rusem e B, Wk
FHEE, BHESRSEREEER, %%, K
sk ADEMEEE, s, Il R Tk A,
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Table 1 Effect of ethanol concentration on transmittance
and surface tension of PNS

FEIL /%
Ri Rgi Rbi Rd

15K F7/(mN-m™)
AW PNS TR

L%

0.0 67.21 69.39 2243 1587 37.17 71.88
50 69.65 71.06 25.64 1832  36.22 55.21
10.0 77.45 79.67 29.87 23.09 35.14 47.02
20.0 82.12 82.70 34.44 27.87  34.08 38.20
40.0 8594 86.51 83.06 80.09  31.56 29.64

24 FTHEXBERITARKEKDEW

I8 “2.37 TR Tkt E S iE i 2 SR T 7k
77 PNS #8750 5 ToH L & I S A LEAE
Kk (R 2), PNS 1 4 FhE 2o )E T3+ 4
RIENENEA], TOHLERT AR IR FEMR 3= BRI AE
CEIRMTIEFE” U811 PNS 2 445 4 () 8 1 ]
DUBE S S H:0 45 &, BRI —E MIEMH & 1=
TSR . PR, AH R BE ) NaCl. MgCla %
PNS iz i 252 AL, R 7R R AR A 2 2R ey
SEATRELEN, T HIR, Ei R

Na;SO04 H IR 5 B A B & FPER 1) PNS
SIH—ER “RET7 RN, RmRIRE B
R HsO 85, (7545 G i o 1) 2 1 BH 25 1 H
Top 25 PR B, IR R BB 40 T2 () F P HE R AR 55
FIT @ Tan G ko BREBIRITERG, MR H%E
R ER &

F2 TALEXT PNS BFE K REK AN

Table 2 Effect of inorganic salt on transmittance and surface tension of PNS

— B A% K7k 71/( mN-m™)
Ri Rgi Rby Rd THEBR PNS ¥l
NaCl (0.10 mol-'L™") 65.68 68.14 15.24 11.77 74.52 37.61
NaCl (0.50 mol-L™") 62.27 63.85 9.07 6.94 75.51 38.71
MgCl (0.10 mol-L™") 62.32 67.07 13.41 10.62 78.02 37.90
MgCl (0.50 mol-L™") 59.42 60.95 8.88 6.76 79.31 39.16
NaS04 (0.10 mol-L™1) 54.75 56.09 8.27 6.22 75.02 38.26
NaS04 (0.50 mol-L™!) 47.08 48.41 227 1.59 77.04 38.85

PAR B TCHLERAKIE N 25 1, KT PNS ¥
W INTEHLER JE R T 5K 784, R 2 HaT LA
i, BAANFEITCHLER TRV RER T 7K )1 R A /Mg
FEARAK, (HIERITTK )32 PNS FT £%, Tl
ERFEARRE R T 5K 777 AR B R 5
2.5 FRENEMFINEZITHRFREKSIENE

P8 “2.37 TR it S i &R SR T K
770 RITEPEFNT PNS [ 73 BS AT NI SE I A71E 2 7
P, b 3 h3dE, SDS 5l Rb, 1 Rd i#id %
NB&, TBAB 5lif2 PNS i&id % FF5; T80 X Ri.
Rgi 5 Rbi. Rd AATZER, BIHEELEA. &
TR

RIEZ 3 b SDS Xt PNS H 23 i S ma i,
AT LUE KSR R 5 B R A O,
H Rby Ml Rd J& T AS ZEEA =G 21, I FRoR
WHEALT R M Rgy (NS =M =2 H), 5]

Rb; Fl Rd Z 1 R TR R TR T “RES TR,
TEIRAR 5 B AF L5 I HsO 45 &, BH T2 A1)
RPEHE RS, FIT4EaRoR. REAIER, M
KIHE LR TERES . TTAS =BT R,
A1 Ry %F SDS F AU

BT LT IR MR PNS 20 B AT IR, 3
BB S 2 A ) BT -EAR 7 AR EAE U,
TBAB 7> F4fi N\ PNS 73F[a], 358 5 H 2 (5]
HEF 71, #HH PNS LU T4 &R . o1
B AL N, 51 PNS 8 iE T T E . i
T80 XF PNS 5 K2 AR AT N, B 5
B EAE R 25 R o MHECT PNS /KB, SDS. T80
SRR R T 5K T PR (3R 3), BT %2 3 Ak
TEPERIHA IR T 5K I 52N, (B2 4oy R
TE PR Z 18] AR FLAE FHAT 9 LA RO R TH K 771
S A DL T
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Table 3 Effect of surfactant on transmittance and surface tension of PNS

. N iR % FIM5K F1/(mN-m™)
HRIAEE o e
Ri Rgi Rbi Rd R PNS i
KR 67.21 69.39 22.43 15.87 37.17 71.88
SDS (0.05 mol-L™1) 69.47 68.78 5.64 4.02 41.37 3423
TBAB (0.05 mol'L™") 73.27 75.65 26.10 18.54 36.99 32.00
T80 (0.05 mol'L™") 76.60 77.62 16.57 10.87 38.13 40.24
2.6 pH EXNEIITARSNE 2.7 Mo RRESEIIR T BRAER
Pl “2.37 TR 7, tHE R E S F R TRIE T25 55 K 3R SRR r #, olEh . Rl
iK1, VAW pH {ETHE, PNS 4 Fhfabetd i sriEid TEIEF. pH AEXT PNS &I AT MR, Z6 2
R Im (R4, ST EaihrREREs  SERWIR R S I, 456 bR
SRS, AR AR ER M B AR RS AP R, B ORI EL Sk

B, I PR AR T, PR T 4R A SRR
AT AEIEI, loriEL R T . [N, %
PR pHAE X S H IR T 5K 77 AR ™ A B R 52,
PR 1k DS 18 7K 4 i 22 24 VR 5 RO 3 IS P FRDIR S
fAE—E MR PR

4 pH {EX PNS ETRNFN
Table 4 Effect of pH on transmittance of PNS

FZ. pHAE 3 MHRERMENZEE, -1, 0. 1 RE
wm/KF (£ 5), #3E4T Box-Behnken #it 3 A% 3 /K
PERIG T 5, 4G PNS WU SAT AL 2
A, EFE R (NS =8, Rby (NS A
HNRRENERSY S 3 BT R 0T S o0 I 70 B
s R -

FIH Design-Expert 8.06 AT fmi B i 5 11
ST Z B0, T IR B DR 20 R L o B AT

oH A A% IR S A EARR], AR E DA A et
R Rgi Rb Rd H, LR (A, SAMRE (B). pH
3.0 62.53 61.34 5.52 3.27 i (C) ERNTE, U-1. 0. 1 RERZBEKFE, @
4.0 63.48 65.68 7.69 4.74 1 17 ARG LH R BATE, DA Ry Rby il 2 g
5.0 65.75 66.06 16.46 12.28 1, BARSZEG it 55858 WE 5.
6.0 67.21 69.39 22.43 15.87 2.8 [EEAAEIESEZ S
7.0 70.42 72.36 33.61 27.55 2.8.1 R; #HR#E Box-Benhnken 1004 A i1 i 3,
8.0 72.77 75.21 41.27 32.32 F) H Design-Expert 8.06 kST R 5 LR HITEZ T
90 7552 7885 4842 4133 FEr, A3 Ry 35 5 T S ) 228 B [
x5 MNEXERITRER
Table 5 Experimental design and results for response surface analysis
WIS A% B/(molL™") C RiETHE/%RbBETF/%[RIES A% B/(molL™") C  RiFEITH/% Rbi FELH/ %
1 0(-1) 0.25(0) 4.0 (-1 56.52 8.63 10 20(0) 0.25(0) 6.0 (0) 74.52 26.06
2 0(1) 0.10(-1) 6.0(0) 66.47 20.82 11 0(-1) 0.25(0) 8.0 (+1) 70.94 38.64
3 20(0) 0.50(+1) 8.0(+1) 89.07 51.64 12 20(0) 0.10(-1) 4.0(-1) 79.42 34.85
4 2000 0.10(-1) 8.0(+1) 95.19 76.13 13 40 (+1) 0.25 (0) 8.0 (+1) 98.09 90.87
5 0(-1) 0.50(+1) 6.0(0) 55.78 14.39 14 20(0) 0.25(0) 6.0 (0) 76.97 30.62
6 20(0) 0.50(+1) 4.0(-1) 75.11 27.64 15 40 (+1)0.50 (+1) 6.0 (0) 93.67 54.38
7 20(0) 0.25(0) 6.0 (0) 79.42 32.57 16 20(0) 0.25(0) 6.0 (0) 70.56 32.71
8 40(+1)0.10(-=1) 6.0(0) 90.31 85.24 17 20(0) 0.25(0) 6.0 (0) 75.36 31.83
9  40(+1)0.25(0) 4.0 (-1 85.75 70.76
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TR RIEEZE Y=7537+14.76 A—2.47 B+6.81  0.000 1, RN EZE, KIHAEE (P=0.259 4>

C+3.51 AB—0.52 AC—0.95 BC—2.59 A>+4-3.78 B>+
5.05 C?, HHEE 6 TIAN, 1%[EH 7 PR P<<0.000 1,
PR 2%, RTIREE (P=0.880 5>>0.05),
ﬁ%&i&¢ﬁ%ﬁ%3Al%ﬁmﬁﬁiﬁm
HEF AN A>C>B, Bl 2081, AR5
(A) 5EMWANKRE (B) fEESFEALHAE.

282 Rby Ry EHRGHERFEZEERFIET
FE: RbiELZH ¥=30.764+27.35 A—8.62 B+14.42
C—6.11 AB—2.48 AC—4.32 BC+8.80 A2+4.414
B2+12.66 C?, H3 6 v, HMEIHGFFEEA P<

005), VLRI AT . PR B8 3 ANRIEX Ry &
R MHET N A>C>B, %R R Amk
aE (A HEMWRE (B) X HAEHEERE .
SULENKEE (B) 5 pH E (C) X HAFHEE.
2.9 MgRIE ST
29.1 R, WEMERHNENEmLEE (KD, H
o OB B S AR E R BAE B2, [
AR, BEE CREARR A BOE I, WS R
S IER 21358, 5IRIG SRR (CMC) T+
w W AT KA T AR S A LI, 23

F 6 MmRphE — X EVAIRB T ES
Table 6 Analysis of variance of regression model

o Ri Rbs

AR AR FI5 %175 F18 PiH FI5 ¥107 F18 PfH
Y 9 241297 268.11 37.71  <0.000 1* 9 664.98 1073.89 99.77  <0.000 1™
A 1 1743.75 1743.75 24526  <<0.000 1™ 5982.54 5982.54 555.83  <<0.000 1**
B 1 48.81 48.81 6.86 0.034 4" 594.95 594.95 55.28 0.000 1™
C 1 371.15 371.15 52.20 0.000 2** 1 664.64 1 664.64 154.66  <<0.000 1™
AB 1 49.35 49.35 6.94 0.033 7" 149.21 149.21 13.86 0.007 4™
AC 1 1.08 1.08 0.15 0.708 1 24.50 24.50 2.28 0.175 1
BC 1 3.63 3.63 0.51 0.498 1 74.65 74.65 6.94 0.033 7"
A? 1 28.26 28.26 3.97 0.086 4 326.42 326.42 30.33 0.000 9™
B? 1 60.23 60.23 8.47 0.022 6" 72.33 72.33 6.72 0.035 8"
c? 1 107.36 107.36 15.10 0.006 0™ 675.08 675.08 62.72  <<0.000 1™
W 7 49.77 7.11 75.34 10.76
S I 3 6.95 2.32 0.22 0.880 5 45.01 15.00 1.98 0.259 4
afiiR 7= 4 42.82 10.71 30.33 7.58
MEE 16 2462.74 9 740.32

P<0.05, &F: "P<0.01, HEF

P < 0.05 significant *"P < 0.01 highly significant
R, L H/%

B/(mol-L™")

8
Al%

R, %% /%

Ry %1 %/%

32

Al% B/(mol-L™")

El1 RBESBEEREREXMFSLE

Fig. 1 Contour maps of Ri ultrafiltration factors
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Ry B RB ST m . RS pH
ERAHME, SRR Bt s i Ry &, pH
BT B T RR s R CMC FHaE, AT R &
e pH S5 EMMNZ A HAT N, e E# pH
B, BEESABNRESE N, & “EIER” Al “x
BTRRL” MEGEEIERT, 2IH RGBT R T,
292 Rby S HERFEXN Rb & AT N0
(B 20, HrZmmfr. @Ak A8 AR

Rb, iZ3id /%

0.40

B/(mol-L™)

0.20

Al%

3 it

BH RS 7 E 2 RAMIER-CIEB AR, £
TR B A IR FE S = IR . &5
ROy B OARET, RILFTE 52 K 3 H o6 PNS 4 2547
NS FEE N O REARFR 5> > pH B > S ALK
B, Ho NS R AR Rby X582 K K (1 UK E
BT AS AR R, X5 B R EE R
AR L CMC BRI, Rk, wrelsiat i
TR, Sh& R 2 A ER B RS 53,
3 T R EC R B P 5 A AR i - MBS K FH B AR B T 4 8
R,

2 B R TER R 2RI AR AR
TG VERI RRAE, TSR R dE . AR T
BT RER TS AR, ANVA IR N, PR
B T IRER 71, 5 CMCs TEHLEh
Hm, “ ERATRLAN.” W5, PR CMCs pH {E =i
TR PR TR A MR RS, B CMC, Rt
TR, TELGE T2 R FERSE
S BARSE . R, R R
R PRV R T 7K J7, TR 25253875,
B V. pH SN R AT AR & AT N,
BRI K AR B, Bk, PIRETRIN

mERE, SAIRESEW pH EXEEH R
Z o KTHEERFEFEX R 5, Rby & 20 %52
IR 2% (P AU 2 B S 38, Lt pH 6.0+ SALANIR
030 mol/L Hf, ZEEAKRFR 5> 8.0% 14 hn =
32.0%, RbEdZEEINEE 30%. Rbi NAS _EE
R, HAEKER P HIEKESST Ri, Rby CMC
/NF Ry, FTUARILH Rby 15 2025 52 R 3 AR 0 AH
xR

Rb, it #/%

0.20
Al% B/(mol-L™")

El2 RbBESBEZRFEXMEFEL
Fig. 2 Contour maps of Rb1 ultrafiltration factors
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