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Exploring ultrafiltration interfacial distribution characteristics and influence
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Abstract: Objective To explore the interfacial distribution characteristics and influence rules of Panax notoginseng saponins
(PNS) in ultrafiltration based on mass transfer model. Methods In the experiment, notoginsenoside R1 (R1), ginsenoside Rg1 (Rg1),
ginsenoside Rbi (Rb1) and ginsenoside Rd (Rd) were selected as indexes for collecting the membrane flux and solute rejection rate.
Based on the correlation of separation coefficient with membrane flux and solute rejection rate, the power function equation of
interfacial concentration was fitted to analyze the effects of mixed solution, monomer solution and composition combination on the
concentration of index component in interface layer. Response surface methodology was used to investigate the effects of
composition ratio (Rgi-Rd), molecular weight cut-off (MWCO) and trans-membrane pressure (TMP) difference on the interfacial
concentration distribution of Rd, and then to explore the mechanism of ultrafiltration separation. Results The power function
equation of interfacial concentration was set up successfully with the regression coefficients (R?> > 0.95), and the interfacial
concentration was positively correlated with solute concentration and TMP. With the increase of MWCO, the ultrafiltration process

was transitioned from interface layer filtration to solution filtration, and the interfacial distribution tendency was panaxatriol
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ginsenosides > panaxadiol ginsenosides. Rg1 could inhibit the entry of Rd into interface layer, thus affecting its separation process.

Conclusion

The analytical model of ultrafiltration interfacial concentration was established to clarify the distribution

characteristics and influence rules of interfacial layer of PNS preliminary.

Key words: interfacial concentration; Panax notoginseng saponins; ultrafiltration; mass transfer model; ginsenoside Rgi; ginsenoside

Rd; ginsenoside Rbi; notoginsenoside R
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Fig.1 Correlation of In[(1—R)-J/R] and J at different MWCO of four components in PNS
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Table 1 Separation coefficient, interfacial concentration and transmittance of four components in PNS

B AR K/(X107° ms™!) Ci/(mg-mL™) FEIL AR/ %
PR Ri Rgi Rby Rd R Rgi  Rbi Rd Ri Rgi Rb; Rd
5000 1425 1479 38.46 3847 267 934 554 116 4650 5322  4.08 1.16
10 000 2193 23.15 62.50 6497 265 9.07 538 111 6542 70.87 2513  17.90
30 000 4464 4673 129.87 16129 252 872 524 1.0l 7870 81.62 6040  54.08
50 000 5495 5587 16129 27778 240 862 514 091 9247 9385 8527  84.15
100 000 7692 7791  263.16 45455 225 825 476 087 9506 9571 9531  95.06
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Fig. 2 Correlation of In[(1—R)-J/R] and J at different MWCO in monomer saponins
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Table 2 Separation coefficient, interfacial concentration and transmittance of four monomers in PNS

BB AT K/(X1075ms™") Ci/(mg-mL™") T 2%
e Ri Rgi Rbi Rd Ry Rgi Rbi Rd Ri Rgi Rbi Rd

5000 15.97 14.62 21.79 2193  2.87 11.63 9.29 1.93 77.06 72.39 61.83 70.50
10 000 2577 2427 35.21 3559 2.84 11.29  9.20 1.91 88.42 83.45 72.21 76.40
30 000 40.82 38.76 56.50 57.14  2.82 11.09  9.05 1.87  91.07 87.92 78.46 81.93
50 000 41.15 39.68 58.14 63.29  2.77 10.65 8.75 1.70 9435 92.48 87.37 83.55

100 000 68.97 66.67 108.70 111.11 2.69 1030  7.80 1.60  97.60 96.53 92.06 94.12

%= 3 PNSHEBEHKESHWKR G

Table 3 Separation coefficient and interfacial concentration of four monomers in PNS

B AR b Ri-Rg; Rbi-Rd Rgi-Rd
e i R, Rgi Rb Rd R, Rd
5000 K/(X 1076 m's™) 15.37 14.79 22.04 21.55 15.87 42.70
Ci/(mg-mL™") 2.86 11.49 9.36 1.96 8.82 1.12
100 000 K/(X 1076 m's™) 61.17 62.08 173.42 226.75 76.92 473.17
Ci/(mg-mL™") 2.52 10.46 7.59 1.41 8.27 0.82

I, FrimJE s BRI RBEE R AR 207 Rg A1 Rd A Z IR R T

JRERARAR, WIEME WSS 2.6 Rgi X Rd FEZFS BN

T, B SR A S R, B S R I ZE N Y BE— I Rgi XF Rd FHISE S+ BRI R
BN, DRI IR E AN B e, Sl W, RS Rg 5 RAAGHBI(1 2.1 11,
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Fig. 3 Effect of TMP on interfacial concentration of R1 and Rd at different MWCO
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JFREE G 5HELAARENEIANE, 8 G=1.95—
0.57 X1+0.21 X2+0.28 X3+0.37 X1.Xa—0.49 XoX3—

0.14 X1.X3, HFEZ UMK RE R?=09743, ER
 R2=0.958 8, Tl R%L R?=0.903 1,

B3 5 W7 20l 5, BT REAR P<
0.000 1, FIALEE, HpRAI P>0.05 N3,
VBB R, AT LA T Rd SHIHZE AR AE I T
M5 M. 2R ZEN Rd FiH EIRE R HEF
X >X>Xa, H, FBRER BB RERL
HAEH (P<0.05), FIN XX:>XX>XoXz.

TE 25 5% 0. DR 3N 0 i T J2 I S 20 A R AIE
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Table 4 Response surface results

In 5 Xi X2 Xs/MPa  Ci/(mgmL™") | dm'5 Xi X2 Xs/MPa  Ci/(mg'mL™")
1 1:1(0) 100 000 (+1)  0.20 (+1) 2.51 10 2:1(+1) 100000 (+1) 0.15(0) 2.03
2 1:2(1) 5000(-1) 0.15 (0) 2.46 11 1:1(0) 100 000 (+1)  0.10 (-1) 1.81
3 1:2(1) 50000 (0) 0.10 (-1) 1.82 12 1:1(0) 50 000 (0) 0.15 (0) 2.20
4 1:2(1) 100000 (+1) 0.15(0) 2.38 13 1:1(0) 50 000 (0) 0.15 (0) 2.14
5 1:1(0) 5000 (—1) 0.10 (-1) 1.52 14 2:I1(+1) 5000 (-1) 0.15 (0) 0.76
6 1:1(0) 5000 (—1) 0.20 (+1) 2.79 15 1:1(0) 50 000 (0) 0.15 (0) 2.18
7 1:1(0) 50 000 (0) 0.15 (0) 227 16 1:2(-1) 50000 (0) 0.20 (+1) 3.25
8 21 1(+1) 50000 (0) 0.20 (+1) 1.05 17  2:1(+1) 50000 (0) 0.10 (1) 1.53
9 1:1(0) 50 000 (0) 0.15 (0) 2.01

&5 WRENE 2 REVIREE S E S
Table5 Analysis result of variance of response surface quadratic regression model

TEKIE O AWE CFAM U7 FiE Pl TERE H@mE M ¥ FHE PE
TR 6 5.75 0.96 63.11 <<0.000 1 XXz 1 0.08 0.08 517 0.0463
Xi 1 2.73 2.73  179.68 <<0.000 1 B2 10 0.15 0.02
Xz 1 0.34 0.34 22.33 0.000 8 SRANIR 6 0.11 0.02 2.07 02513
X3 1 0.59 0.59 38.93  <<0.000 1 SR 7 4 0.04 0.01
XX, 1 057 057 37.84 0.0001 | M5z 16 5.90
XXz 1 1.03 1.03 67.83  <<0.000 1
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Fig. 4 Contour maps of Rd interfacial concentration
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