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Optimization of purification process of saponins in steamed Panax notoginseng by
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Abstract: Objective To optimize the purification technology of saponins in steamed Panax notoginseng with macroporous resin.
Methods The main factors affecting the purification process were screened by failure mode and effects analysis (FMEA). The
purification method with macroporous resin was optimized by central combination design-response surface method (CCD-RSM) based
on the recovery and purity of saponins. In this experiment, the concentration of sample solution, loading volume, washing volume,
ethanol concentration, and ethanol elution volume were used to investigate the purification of saponins in steamed P. notoginseng.
Results The optimized purification process with macroporous resin was as follows: maximum recovery (82.81%) and purity
(77.24%) of saponins were obtained with the concentration of saponin solution of 11.22 mg/mL, loading volume of 4.97 BV, washing
volume of 2 BV, ethanol concentration of 70%, and ethanol elution volume of 3.31 BV. Conclusion The optimized purification
process based on FMEA and CCD-RSM is convenient and stable, with high recovery and purity of saponins, which has a certain
practical value.

Key words: steamed Panax notoginseng; saponins; macroporous resin; failure mode and effects analysis; central combination
design-response surface method (CCD-RSM); purification process; recovery rate

s HHEA: 2018-01-24

EEWE: EREARERERITE: =1 “A4T330 BUH BT SR A B 720 7T (81660661)

TEHREINT: HEW (1992—), WILHEFA, BT 1R A 25258000 B kAl &R RN 7E . Tel: 13064220717 E-mail: 951079823@qg.com
HEEES R W, WA, EENF RGN E-mail: yhsiung@163.com



« 3010 + *38

Chinese Traditional and Herbal Drugs 25 49#% % 138§ 2018 £ 7 A

=t NTnEHE Y = Panax notoginseng
(Burk.) F. H. Chen [ TR M fR25M. Mgk “&
RGN Z 0, “AAT7 iR =B EA TSR
R ILMATIRL, T “#h” RIRREER
HEAMIL SRRk DD, EE AR, 2
HRM e =B FEZIE MRSy, AR AR
FhSRANE B 2 2 HAE . AEEARERNE
R B, LR T = LR R K T
Fe X BAE AR = X Y, W =Rk
B AL T 2R FE H BE AR WARTE . ASUREZH AT
WwtsiREL, E=bakiE, HEAN=tEH
R, AZEiF Rgi Rby. Re i@ o HIA
[FIFEFE R FEAS, T HoAd Bl 2 A2 2 Rhy RKs.
Rhy. 20(R)-Rgs. 20(S)-Rgs 7 23 bl %5 75 il L FE 1)
Fhw B FRETT LTI, FX e ey 5=
BN, FUA S G v DM R, X
A AE R R B R AE T BL PN
Fr, RAFRRE. & E AR B A BRSO 24
=L TR, KRR K
P TR A B S .

HAT, &R RS A R 3 2 KA
MR B4R s i 7 30290, sl e A FLBL PR AR M i
TPkt AR, R RRAO O, R
TR Z R 5512, GEMEEE, Gl
FERIER . ERERIERARSE, ik i 4 b i R ke Ok i
MAE R AR T &AL RS A=
HREAr . REAEAX 4T (failure mode and effects
analysis, FMEA) & — P Ik i i 78 2 s = %
FLR R B o3BT 7732, Al DO &-Ffm] 5 1) s 64T 4
W5Vt JFAR A XU PR RN B0t = il et AR AR
FEE R, KIS BA T2 A, BEORRT
LY A, Rtk R B - R T
( central composite  design-response  surface
methodology, CCD-RSM) USTEAT szt v/l . 4
FEw s TR RS, AR 253, 24T
BRI . Zhao ZA1 Yolmeh 4181
CCD-RSM V£ 73 AIARAL 1 % 2t Hh 3 HX 22 4 LA KA i
WP F PR IUORAR BRI L Z, HMARER=
LR RS A T2 A B A 7T E R A
FEZ5L) 2015 HEph =-tfabrtE i = B2 H Ry,
ANZBAF Roi. Rby, TEMER NS 2 H Re. Rd,
AR =BT AZ 21 Rhyy Rks. Rhg.
20(R)-Rgs~ 20(S)-Rgs 10 ANEsrE Fa b4k 2

—LREERRS AT Z, R FMEA ffikizmal
T EEREZE, DLBERRS FIECR AR &
SEONVEN FERR, 183d CCD-RSM %2 1 KLUt
PR T2 R By EARR R B EREARR, K
VelAR. AR E. ZEESIAARRRIX 5 SR
IE, Rk =BT R gt T2, DUHAN
HEB BRI T N FH 245 B o
1 UEEHH
11 {YE5

Agilent 1260 B4 = RGRAH (51X, £ E Agilent
AT Cg il (250 mmX 4.6 mm, 5pum), HJH
B (Rl B ARATR: AL-104 BT R,
MERER-FER 2 AE8 (B HBRA ) DFY-500 %Y
P T ReR AL, RS T AR R ML A R 2
Fl; KQ 5200E ZYEH P veds, Bl A
ABRAF]; N-1100 Bl 28 KA, iRz IEA
FRAF
12 ##

—LHMEE =L, SR T RKEES
Bl A% % 2 N TUNMABHEY) =-£ Panax notoginseng
(Burk.) F. H. Chen [ FEAR RARZE, RIE (HEZ
$) 2015 fERR—HBAH G N EATAR S, A AT A B
Ko xS =tH2H R, (IS wkql6080802), A
Z B H Rgp (LS wkql7030805). Rby (it 5
wkq16060402). Re (#ft*5 wkq16081605). Rd (4t
5 wkq16020803). Rh; (iit5 wkq16081802). Rk
(#t5 wkq16021803). Rh, (#flt'5 wkq17030702).
20(R)-Rgs (#it'5 wkqwkq17052403). 20(S)-Rgs (it
5 wkq16081502), Il H VU 1145 4k 5o w5 AE M RHE A BR
AT BN ARE H=98%: LfE A MG
Hopth 70 A 23 Hr 4l
2 FHESH
21 FMEA (A= tEBEHEBRSTECITZHE
M & &=

FMEA xtalifbid fErhsgm s (& 1) 1=
FERE S RIOME L R PR PR AT 5 6 VI, =3
AR 1T B RS I S B0 s 4k T 22 ma PR 31 L&
100, g LA, XU e RO KBy 36,
D] (TR X 5 ) (R 28 AN S 36 2% PR 2 6 5 R I 2 At |
IR BOR T BT i KRS AR e 2 — 1 5 Mg
Wi (R R AE A SESS (AT 78 B bR, A4S BRI Rk
FE (36). LREAFR (24). JKEEAKFR (18). Z.FEfk
B (24, LTEBEMAFRT (24).,



¢ %% Chinese Traditional and Herbal Drugs %5 49% %5 138 201847 H « 3011 °
B2 PSS N S PS y it 4
TR
R R E A
RN M mlER 5
IR AR B e
P e AR AR AL 8
ST REN A 2
o LRI
1 13 10
IKBERR 2% LY d
Bl BR=EtEFEMIHECTZHEMER L
Fig. 1 Influence factors of purification technology of T L L L T T T 1
saponins in steamed P. notoginseng
B
£ 1 FMEA XS 2S00 E ZR 74
Table 1 Analysis of factors affecting purification process by
FMEA 5
; W AR 1 X
. T L R 2 .
TR MR WE fREM Ao 71_;4@[‘_
$iz e 1 2 1 2 J
7N B L ]/( A? | ‘I 0 k
iﬂ%‘[ﬁg 1 1 1 1 T N T T T T T T T T T T T T T T T T 1
) 0 10 20 30 40 50 60 70 80 90
ik HfREt 3 1 2 6 t/min
R A
/AR 2 8 2 12 L= LR, 2-AZHIRg 3IAZEIRe 4 AZHEIFRY
Bis LR ERE 4 3 3 36 5-A\ZH1f Rh, 6-AZHEYF Rd 7-AZ81F Rks 8-AZATF
REARLE 3 2 2 12 Rhy 9-AZ 21 20(S)-Rgs  10- A= 21 20(R)-Rgs
T REARR 4 2 3 24 l—nf)togins_enoside R1 2—_ginsen0_sides Ra1 3—g_insenos_ide5 Re
4-ginsenosides Rh;  5-ginsenosides Rb;  6-ginsenosides Rd
IKBERRA: KB E 1 1 2 2 7-ginsenosides Rks 8-ginsenosides Rhs 9-ginsenosides 20(S)-Rgs
TKBEARFR 3 2 3 18 10-ginsenosides 20(R)-Rgs
RS CRWBRNE 43 2 E2 BAXRES (A) S (B) AR HPLC B
DR B B 3 2 2 12 Fig.2 HPLC of mixed reference substance (A) and sample
BRI AR R 4 2 3 24 (B) solution

22 iFHNERNFESHE

A SR FH 2 o B A HOR B R R AR
PR o

SR [ = P B P e B R AR R R

S T R B = R R R R TR R T B T
23 RELEEFLXMINEENE

W FE T7 52 SCRARED Y, JRA 0 I HPLC
g E LK 2-A, FE& HPLC (i E LA 2-B.
231 fmi% Mk Agilent 1260 HPLC £4: (Agilent
Technologies) Cyg L HEAE(250 mm X 4.6 mm, 5 um);
MBI NK-CIE, LR FEBENL: 0~20 min, 80%
7K; 20~45 min, 80%~54%7K; 45~55 min, 54%~
45%7K; 55~60 min, 45%7K; 60~65min, 45%~
100%7K; 65~70 min, 100%~80%7K; 70~90 min,

80%7K; AR E N 1.0 mL/min; KKy 203
nm; AR 10 pl.
232 XWESEBIESE SR ERR =L
1 R, M AZ2F Rg.. Rby. Re. Rd. Rh;. Rks.
Rh;~ 20(R)-Rgs~ 20(S)-Rgs ¥ Hi it 10 mg, . 10 mL
B, INHEARIERERZIE, W E =
LEE R, MINSEH Rg;. Rb. Re. Rd. Rh;.
Rks+ Rhss 20(R)-Rgs- 20(S)-Rgs Xt HE N 1 mg/mL
(IR Xof Lt VS
233 fEmiEmnm g AR IO EAEE
WA CREBE ML, & TR, “2.5” T,
2.4 DPH-100 KFLIK it B4 A0 H &

HEHfFR i DPH-100 KFLIR AR i 12 g, 15234
AR (1.5ecmX40cm) 1, B 24h )5, 3



<3012+ *38

Chinese Traditional and Herbal Drugs 25 49#% % 138§ 2018 £ 7 A

BV K] 95% Z %L 2~3 BV/h KA E LS, B
J&, F 5 BV #4li/k L 2~3 BV/h BIAFRR BB
GRS, & .
25 FHENHIER EHRRERENER
251 A=HIRERERSS BT R
MREZEBE RO A, 1 40 B, BUEEAE =L RE
FrEKE, 120 CZEH] 2 ho K 2Lk A
BT 45 CHEAMRNT R TIREEE &,
AERRRR & 2 =B R T, I & 10 5 & 1) 60%
W, R 05h 5, fE85 TR [FIRIEE 3
W BRRIEHL 1.5 h, A IR, BUEIRGE IR E -
252 FHWRIHE BHANA=LREHR
D92 5 I K G Sl s o A O AR B 0 N
2.12. 4.24. 10.60. 16.96. 22.32. 28.26 g/L, &2,
3L 3 BV [ _EAEH, LA 1.5 BV/h PR E
DPH-100 KL B M lEAE, SAJ5H 4 BV 4K,
DL 2 BV/h BRI E e, SRR KA A i
VRN OR, KT Z, P 60% ZEELL 3.5 BV/h
RFRR YL, WCERBEM, 43 W e 2 o & 45
OB FCE . i3k 2 o, 4 BRI
SN 4.24, 10.60. 16.96 g/L I}, R E
A R e vy, DRI AUL I ¢ 4,24, 10.60. 16.96
o/L R EIRER FAEGEAT T —25 1) CCD-RSM i
et

R2 HERRBREBREZEER

Table 2 Single factor study on concentration of sample

solution

AR RN L ) BAEICRI% B %
1.06 6.15 20.37
2.12 6.42 21.68
4.24 8.35 22.31
10.60 32.50 41.23
16.96 7.36 25.69
22.32 6.28 21.26
28.26 5.16 20.14

2.6 CCD-RSM ¥R EEM AL RS

2.6.1 HRIGEEST R WEMERL T FMEA X #4
=-LREFRH AL T E M R R, EiE
5 g2 R FZAE AT H bR, A4S AR SR
FRARRR. KRR ZEEARE S 2R
Ho DL ot 2 2 B R TP 48 bR o
K& 57KV SR I e fgE ] R 3. T E s
R 4. 5,

DU B BRI S M R N A AR B, R
Design-Expert version 8.6.0 ZXFXf &% K & T X
EMCISE( SR C I L=R T8 = e G LN S Il 0]
FREBUREIRE (X)) BRI (X)) KEER
(X3) ZEAFRDE (X ZIEELEBAAEL (Xs) (1)
IR YR R VAR B 5 R Sy i O R R A A =
41.93+6.01 X;+6.62 X,—2.41 X3+6.65 X,—1.97
X5—3.96 X,X5—14.90 X;°+10.00 X5°—8.90 Xs*; &
T [A % =36.05—5.84 X3+11.11 X;—3.19 XX, —
26.23 X;°+15.61 X4,

MFE 4 AT, [BJFRER P<<0.000 1, % FikF
WA RIWBUKPFAEE (P>0.05), F£in
DR AT Bl E A% R*=0.895 4,
(] A R PO 1 5 U 9 535 Ro” =0.823 3, KIRi% T
FEREMRRE 82.33% AR M Rt B Rf=
13.76, K5 %55 L HUE 1k F] 14.649 FoniZ iy FEml LLR T
Hh S S B, BT DR DA BCE R AT A0 AT
MEE ATTH, ERRREREE .. ERARL. 2Rk
PR B 2 T i 43 B0 36 A R 3 2 (P<<0.01),
IKBEARTIR B AR B R B B B R
B (P<<0.05), [FIIS _EREARFURT 2,8 e it A AR i
THAEHA BERESBIRA R EEEm (P<
0.01). &5 B PR 20 B 1 ol i 40 B 52 i A &
Bt R, MERWER. DRETRES
OV AR bR (1 7 TR AL LI 3.

M5 AH, BRI P<0.000 1, ZRiLF|
MR 2K RIUIUKEA R (P>0.05), R
JIRERA T R [Pl E A% R*=0.851 8,
(] U R PO 1 5 U 8 35 Ro” =0.749 5, KIRi% T
LREARRE 74.95% L IGEHR MR R B F RE=
23.33, ¥ FEHUEIA S 12.809 Foni% 7 FEAT AR B
iSRS o BT LA TT DA B R AT 4T
M 5 TR, AR BRAARRAN 2 AR AR 2 Bont 2 AR [N
REBEWEZELWH (P<0.01), H_EFARFHIA
AR R R A B L B RICR TR B
M (P<<0.05). 45NN BHEISCR IR
WA B — R R, iR 2 kKR, DLET
(1K DA HE b 11 1 J97 T A7 AL P 4
2.6.2 CCD-RSM flifb#h =L Ao alifb 24+
HH P 3. 4 A%, 2543 i DL o B o BOR 2 A [
FONVEN AR, 13 BIPLAE IAliAb 25 AR A
DR, 75 B 2 R R SO B FIOR 5 A5 L8,
FEAFHRA A BT R RS, BRI AR



¢ %% Chinese Traditional and Herbal Drugs %5 49% %5 138 201847 H « 3013 »

# 3 CCD-RSM It KRR
Table 3 Experimental design and results of CCD-RSM

WEXJQLY) XJBV  XofBV  Xd%  Xo/BV '%ﬁ@’%ﬁﬁ%éﬁ%’xl/(g~L*l)x2/Bvx3/Bv X% x5/Bv'%%@'%ﬁ[ﬁ§

/% 73 %0% 1% 73 %
1 1696 (1) 1.0(-1) 2.0(-1) 50.0(-1) 5.0(1) 4118 3356 |26 424 50 20 500 2.0 2628 32.64
2 1696 50(1) 60(1) 700(1) 20(-1) 5220 6380 |27 1060 30 40 600 3.5 4394 49.02
3 424(-1) 1.0 2.0 70.0 2.0 4846 2402 |28 1696 1.0 20 500 2.0 23.18 26.69
4 424 50 2.0 70.0 2.0 4115 5352 |29 1696 30 40 600 35 736 2569
51696 1.0 6.0 50.0 5.0 2543 3437 |30 1060 3.0 40 600 35 4261 44.68
6 424  30(00) 40(0) 600(0) 35(0) 835 2231 |31 424 10 20 500 20 2491 2061
7 1696 1.0 6.0 70.0 2.0 5479 4402 |32 424 10 60 500 50 1331 1517
8 10.60 (0) 5.0 4.0 60.0 35 4292 4896 |33 1060 3.0 40 600 3.5 3284 42.06
9 1060 3.0 6.0 60.0 35 4916 4719 |34 424 50 60 500 50 253 10.36
10 1696 1.0 6.0 50.0 2.0 2534 2946 |35 1060 3.0 40 600 35 3312 47.24
11 1060 3.0 4.0 60.0 5.0 2729 3040 |36 1060 1.0 40 60.0 35 4489 37.35
12 1060 3.0 4.0 60.0 2.0 2080 2961 |37 1696 50 6.0 500 2.0 2662 4520
13 1696 5.0 2.0 50.0 5.0 3640 47.80 |38 424 50 60 500 20 4681 41.99
14 1696 5.0 2.0 70.0 2.0 4556 5690 |39 1060 3.0 40 500 3.5 2353 3214
15 424 1.0 6.0 70.0 2.0 3996 3072 |40 1696 50 20 700 50 4679 60.99
16 1696 1.0 6.0 70.0 5.0 5363 4498 |41 1060 3.0 20 600 35 5023 5061
17 424 1.0 2.0 70.0 5.0 5226 3644 |42 1060 30 40 700 35 6587 5325
18 1696 1.0 2.0 70.0 5.0 69.41 4467 |43 1696 1.0 20 700 20 61.85 36.58
19 1696 5.0 6.0 50.0 5.0 493 2486 |44 1060 30 40 600 35 3284 4234
20 1696 5.0 6.0 70.0 5.0 757 3970 |45 1696 50 20 50.0 2.0 3935 4864
21 424 10 2.0 50.0 5.0 2548 2232 |46 424 50 60 700 50 1034 36.29
22 424 50 6.0 70.0 2.0 5253 5023 |47 1060 30 40 600 35 4533 50.36
23 1060 3.0 4.0 60.0 35 3183 3928 |48 424 10 6.0 700 50 5177 2064
24 1060 3.0 4.0 60.0 35 4170 4460 |49 424 10 60 500 20 899 1062
25 424 50 2.0 50.0 5.0 3713 3495 |50 424 50 20 700 50 5492 4061

R4 UBERESBAMERNSZEZDTER
Table 4 Variance analysis with purity of saponins as respond value

TERIE P BHEE ¥ OFE P | HZERIE P H Syl FE P1H
PR 0.680 20 0.034 1241 <0.0001 | Xs 0.020 1 0.020 7.16 0.0121
Xy 0.120 1 0120 4495 <0.0001 | ## 0.079 29 2.736x10°
X, 0.150 1 0150 5453 <0.0001 | &#IW  0.069 22 315X10° 224 0.1378
X3 0.020 1 0020 722 00118 | #i%%  9.859%x10° 7 1.408x10°
X4 0.150 1 0150 5490 <0.0001 | ME2  0.760 49
Xs 0.013 1 0013 485 0.0358 | R? 0.895 4
XoXs 0.050 1 0050 1836  0.0002 | RZy 0.8233
X,2 0.055 1 0.055 2008 0.0001|Z&FZ#¥ 13.76
X3 0.025 1 0025 9.04 0.0054| ¥ 14.649
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Table 5 Results of variance analysis with response to saponin recovery

TIERIE CFITR B HE o7 F {8 PIH | AZRIE PR AHE ey F PfE
it 1.170 20 0.058 833 <0.0001 | &I  0.180 22 8167X10° 239 0.1195
Xs 0.120 1 0120 1653  0.0003 | %% 0.024 7 3.415%10°
X4 0.420 1 0420 59.76 <<0.0001 | &®Z%E 1370 49
X1X, 0.032 1 0.032 463  0.0400 | R? 0.8518
Xq2 0.170 1 0170 2423 <0.0001 | R%g 0.7495
X4 0.060 1 0.060 859 00065 | HRARH 23.33
W 0200 29  7.020%10° R 12.809

§

ﬁ
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Fig. 3 Response surface and contour plots showing significant interaction effects of concentration of sample solution with

elution volume on saponin purity
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Fig. 4 Response surface and contour plots showing significant interaction effects of concentration of sample solution with

loading volume on saponin purity
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