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Study on the extraction technology and antioxidant activity of total saponins
from stem-leaf of Panax notoginseng
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ABSTRACT: Objective To establish and optimize the process conditions for extracting total saponins from
stem-leaf of Panax notoginseng with the heating reflux extraction technology, and extract the total saponins from
Panax notoginseng stems and leaves efficiently. Methods With the extraction rate and purity of ginsenoside Rb; as
the index, 4 factors including ethanol concentration, liquid-solid ratio, extraction time and extraction temperature
were investigated through partial factor experiment design and central composite experiment design to select the best
extraction process parameters. The antioxidant activity of total saponins from stem-leaf of Panax notoginseng
obtained by 4 kinds of different extraction methods was evaluated further. Results The optimum extraction
conditions were as follows: Ethanol concentration was 50%, liquid-solid ratio was 10 (mL/g), extraction time was 1 h
and extraction temperature was 60 °C. The extraction rate of Rb; was 90.6%+1.77%, and the purity was
8.41%+0.39%. The antioxidant activity of total saponins from stem-leaf of Panax notoginseng obtained by this
method was higher than that of other extraction methods. Conclusion On the basis of ensuring high purity and
content of ginsenoside Rbjs, the process is economic, rapid and efficient, which lays a theoretical foundation for

further development of Panax notoginseng stem-leaf.
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=L (Panax notoginseng) )& T ILINEASJE, FELU
MR ARZETROLALY, TER A A AR s, R A
R 2 b 2 —, HAA R e E 9 L EY, =42
A A R A B A S TR R AT (A S AT Re, Rby Rb,,
Rb; il RAF =LA =L 21 PP Hh AZ 21T Rb;
SRR, BABURM . POk PORERE . Mt ol
RO B B A S 2 R A 2016
ik, A A = 2R R, B E
HX =L ZEM IR A AR, AU 2% T IE, 3%
MTZM, 'dh, HRBPCUER Y R 5, #Ea T R
IR TR, BRI =G 2En R 2, SRR 3L
BT, WA =AM R TR B

AWFFELL DBS 53/024—2017 (Tl =2t ) g A
Z LAY Rby WY& 8O AN AR e, 8 A 8 23 B R
(fractional factorial design, FFD) 7l .(» 4] 4 ¥ i1 (central
composite design, CCD)SEI X} T 25 #E14Ak, FIF 1,1-—28
FE-2- = WY 3L 2K P (1,1-diphenyl-2-picrylhydrazyl, DPPH) I
2,2- B A - W -3- & Fk IR OJF mE Mk omk -6- fif R [2,2-
azino-bis(3-ethylbenzothiazoline-6-sulfonic acid), ABTS]H fH
SR B SRt — AR BT 25 =R BT
UM TEYE, 2P =L B R AR AR T, DL
B IR 2 = A 2R A OR3P T AR AR AR A

1 MR5RE

1.1 #RS5NEE

ZARZEN, W[ SIS AE 2 R A A R Bk
et

TOKZEE, WHlR 80, B AN, SUkpr . Sdb
BT, KRBT XL AR A IR A R, B, &
B iEaE, fE Merck AF]); 1,1- 2K IE-2- =4 FLZE
(DPPH), 2,2-BRA-M-3- 2, FEIR I BEMEIMR -6 R (ABTS) . i
i B2 1 (K, S,00) (43 AT 481, AU 5t 48R i A= BB A BR A A );
PUIR IR (vitamin C, VC, Kt KBk AL TIH & Ht) .

UltiMate 3000 = %0 & #H €4 3% {¥ (high performance

liquid chromatography, HPLC, 3¢ [E Agilent 2\ & );
Spectrophotometer 1510 i #1 {% ( 3€ Thermo Fisher
Scientific 2y F]); HPLC VP-ODS 4j5%4:(250 mmx4.6 mm,
5 um). AUY220 537 KF-(H 4 SHIMADZU A +l).
1.2 ZtZEMH=ZEREFNIZMHK
1.2.1 =k Zr ¥ 23RBS BT £ i
=R RS DU, S BIRRE 10 g BoRAR N,
ek 1 Rl 4 IR#E 3 AKF-MER AT RTS8y 48,
PE AR = 2R BT, KRB AT R, IR R
TR, R =LEWIRBWRE . UAS 2T Rbs
HIFRIBCREMLERE ST, A (). (2).
NS B RbIREE (%) =
%m%*k@%ﬁmuag@%)“m% (1)
=LA S B R & ()
NS B R A (%)=
T EP\)\?%%Rb;E’i H(g) <100% 2
RE ()

#F 1 FFD &I ROEZEMAF
Table 1 Factors and levels of FFD design scheme

- K
-1 0 1
LR E (X0)/% 60 75 90
TR (Xo)(mL/g) 6:1 8:1 10:1
PRI [H] (X5)/h 1 2 3
PRI BE (XG)/°C 60 75 90

122 Pkt R RIE LT AR

Y 1.2.1 AR TR s R, JFEREH R
Je BAA P S P A SRR AR, SR FFD 5256 HORH X H )
i [ R ER IBOR B2 1 Sy o0 A SRR T SR B S 8k, T
I THT A BT R B R B =L 2R S B AT W iR A
123 FERBRGERBR=ZLZEHE L5

P AR S 5 A 3 FE HRIE R = -EAR TR B R
TRy B = ZE Py A R AR AT ER IR, Sy kA
2 iR,

Fz2 ATMTRHREASE

Table 2 Four kinds of different extraction methods

B FEWO 2 R (mL/g) TR e B2 SRR /% FEBREL LU %
1 [ (1.2.2) 10:1 50% .1 60 °C 2 1 h/R
2 E 8:1 60%Z 1 100 °C 2 2 h/k
3 s 5:1 75%Z 1 Ei 50 kHz 4 30 min/%
4 (e 4:1 80% F i 600 W 5 2 min/ik
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WG = M8 B bR DBS 53/024—2017
Bk A (L2 AS BT Rb; BE L) X 1.2.1
AR =L 2R AR i NS AT Rbs & AT
HPLC % £k : {4 i #: Shimadzu HPLC VP-ODS
(250 mmx4.6 mm, 5 pm); FEifE: 30 °C; FiH: 1 mL/min; i
H: A RO, B K, BEEEVEBARF: 0~10 min, 75% B;
10~65 min, 75%~63% B; JEFEAFH: 20 uL.

1.3 mEWTEEITEN

WL E DPPH. ABTS HHAHERA, XL L 3 Fil
Tk 1.2.2 B AERBCE 2 =L 22 B2 i h Ak
TWHPEDEA TR, TR S 1.2.2 RBCT 2R =L
BRI TE N
1.3.1 DPPH A ey 3 F R x

DPPH [ iy 33 bR 560 5 5250 2 B4 A5 U ik
HEATIE M, ¥ 4 B = 250t B ECY K BT B (VE)
0.01 mol/L WFREEZE i (phosphate buffer saline, PBS) il
5. 10, 50, 100, 200, 500, 1000, 2000 pg/mL 75N
FEdl . DPPH # oK FIJE/K SBEEL I 0.1 mmol/L 1) DPPH
TAEW . B 50 pL DPPH I AE# 5 50 uL REIIAR SRS, &
JEBEEHTE 30 min, F 517 nm K& F AR OGRE . B
PREE 3 /NFAT, 15 DPPH A R iERRR AR EG).

DPPH 1 i (%) = (1 - *“A;OAZ) x100% (3)
A Ay IR S BOGEE (FE b +DPPH); 4, i X BRI
JE (BE S+ 07K 2 ;Ao R72s FIXT R (JGK 2 FE+DPPH).
1.3.2 ABTS g A& FkEnx

ABTS" H 1 L35 BR300 2 5256 2 B8 RE Sy ikt
ek, 4 4 Fh =L HEIY) K PR X BR(VC) R IR +h 2%
MIRECHE 5. 10, 50, 100, 200, 500, 1000, 2000 pg/mL
B MAE & o 1 PBS FCiil 7 mmol/L ABTS ¥ ¥ il
4.9 mmol/L K,S,04 W, ¥ F VL 1:1 (V:)iRE)E, ik
WEGTCE 12~16 h, FikE 20 £, 15 ABTS H 1% TIEH.
B 20 pL BRINRE 5T 80 uL ABTS H 3 T/EIRS), =R
BEEHCE 6 min, T 734 nm P NI ERE . BEFES
W 3T, AR (@) ABTS A iR %E:

ABTS A HEITER % (%) = (1-2522) x100%  (4)
i A, FRAE S G BE (B S+ ABTS); A, F27s RE i % HR I
G (B Fh+PBS); Ao 2R %5 FIXTHR(PBS+ABTS)

1.4 HIESH

BBl N E7od i s s w1y o W= & el TR
brEmEMEES, P LR RENEE. R
GraphPad Prism 8.0.2 # 4% FrifHu s AL Em 21704, %X
P& UL EAARMEIR 220K, FEIT B2 64 7 (half maximal

inhibitory concentration, IC50){EO

2 RGN
21 FEHRBSHMASEE Rb; RIERMAER
SN

MR RMRI T IR . Wk . BEERAT Rl B
TRy AR AR T R AT DR BT S 5,
BT R R =P Iy 5, JrEMEERE 3 Pos, B
2 4 R E 5 A S B Rby FERIUR(Y,, %) FASE
# Rby & FE (Y, %) B OB Oy B A
Y,=57.31-11.13X,+9.29X,+2.54X5+1.79X,;  ¥,=9.74-0.76X,
~0.97X,+0.67X3+0.20X,; I H: ¥, F/n AS BH Rb; BIHREL
R, %; Lo R%m NSRRI Rb 41, %; X, FR IR E, %;
X, R EL, mL/g; Xa FoRBEEUR], hy X, FoRI—BGR
£, °C,

XS ER AT ¢ K Be AT, Wk 4 PR, OEEHREE
(X)) TR (G) « $REUA ] OG) AR BUR EE ()% A S 21
Rb; 4EEE B E N, PASEHF Rby FRBCE KPR
TRVRET, CEEHE )RR L OG) W EZ I A S BT Rb;
AIFR I (P<0.05).

2.2 HulAE TSI FANE K E 43 4T

W 2.1 SR rh R R BT ] (1 h) AR AR SR B
(60 °C)BEil CCD 2286, CCD S8 i R XA Mrah R 5
Mk 6, LIARR| 2 A mE RS =L BT, %)
B[R 5N ¥,=88.54—12.15 X1,+4.50 X»,—12.84 X,—2.07
X-1.73 X1 Xo; P Y, Fon AS B Rby IRBUE, %; X,
FOR CTFHRE, Yo, X, FoR L, mL/g.

HR A CCD SZa0 25 5, fidoma i 18 43 Ar, JLE5 SR aniE 1 pr
N, HEBERIRB TSN MK E 47.52% . WR L
10.7 (mL/g). $&HLEFA] 1 h FERBGREE 60 °C, Z4R&I 1.2
T, B AS B Rbs &=, RIBCEN 88.54%,
SR A PR, BRI A B O L
50%, WAk 10 (mL/g)e MRHRTRAE )5 ) B 5206 25 kAT
SIS ESGE, fE=-L2EM 10 g, ZEEWE 50%. Wk
10 (mL/g). $ELEAFE] 1 h FELEBUEREE 60 °CRIZIE T, $EHL
A 90.6%+1.77%, ZBEEE R 2.13 g+0.16 g, 4iE R
8.41%+0.39%, I UF 5250 Y 52 FrofE 5 $2 3R 1) T {6 =2 [8]
ZRAEE(P>0.05), Kl TSR a1
23 MEMNFEMEN
23.1 =A%t ¥ 23 DPPH A A FHRF 4

DPPH H HEEEIRRAE S W& 2 frs, IR 2 #2H
T ZPARIGH 4 FEICY) 10~2000 pg/mL Bk DPPH A th
TS RBUEE, 7€ 2000 pg/mL B, DPPH H H &1
BRARIITE 85%LA I ; 4 FiER B % DPPH H 3% 1921 BUE B



6006

B 2 4 R I 2 4l

12

F(ICso) /TN 4217, 475, 521.4., 495 pg/mL. 455 BIR,
L 50% . BE RT3 T 3R BB % DPPH [ Fh 3 17 bk 2% i
o 1SS DPPH A AL BR S I 45 R HE B 2 1 B i ik

®3 BAWMERITEEERN=3)

Table 3 Results of fractional factorial design (n=3)

JBER RIS AE, BB RS L, SR
FFR W) S5 i Py e B AT P e RS ) U T T IR 3 22,
DRI B Y LA AT R el e £ D,

o 1% )
i LR E (X)/% OB (X2)(mL/g) FEHUR TR (X )/h FEHURBE (XL)/°C FRICE/% 4l /%
1 -1 -1 1 1 54.00+1.16 13.13+£0.39
2 0 0 0 0 67.67+£5.18 8.53£0.55
3 1 -1 1 -1 36.67+3.53 14.57£0.91
4 1 1 1 1 58.00+3.79 7.23+£0.29
5 -1 -1 -1 1 59.00+3.61 11.40+0.17
6 -1 1 1 -1 73.00+1.16 9.07+0.90
7 -1 1 -1 -1 70.00+3.22 10.77+0.20
8 0 0 0 0 67.67+£5.18 8.41+0.45
9 1 1 -1 1 47.67+1.33 10.37+0.47
10 0 0 0 0 64.67+2.60 8.86+0.42
11 0 0 0 0 64.67+2.60 8.48+0.57
12 1 -1 -1 -1 24.67+3.28 6.10+0.89
£4 BOWERITLRGITDRER
Table 4 Statistics analysis results of fractional factorial design
2 ES 4 £(6) PH
e afifig REER R ajifg REER R afifig RE#ER
Y28 H IR 57.31 9.74 2.27 21.82 12.33 32.76 0.000001  0.000017  0.000000
X -11.13 -0.76 -0.45 -3.46 -0.79 -5.32 0.01 0.46 0.0018
X> 9.29 -0.97 -0.21 2.89 -1.00 —2.45 0.03 0.36 0.05
X; 2.54 0.67 0.16 0.79 0.69 1.94 0.46 0.52 0.10
X 1.79 0.20 0.17 0.56 0.21 2.04 0.60 0.84 0.087
®5 FLEARITREMIIELER(n=3)
Table 5 Central composite design and results (n=3)
o % SRR
T ZRERIE ()% HOREE X (mL/g) PR % WA g
4 80 (+1) 10 (+1) 62.4+3.37 1.59+0.08
9C 60 (0) 8(0) 75.67+£6.31 2.65+0.14
2 40 (-1) 10 (+1) 84.47+6.91 2.3240.11
11C 60 (0) 8 (0) 86.7+2.62 2.68+0.12
6 88.28427 8(0) 41.63+1.30 1.53+0.02
12C 60 (0) 8(0) 94.37+1.80 2.7240.11
7 60 (0) 5.17157 71.73+£3.83 3.31£0.06
10C 60 (0) 8(0) 97.43+£0.35 2.73+0.12
3 80 (+1) 6 (-1) 66.53£1.45 2.294+0.05
8 60 (0) 10.82843 98.17+1.04 2.254+0.03
5 31.71573 8 (0) 87.93+£3.14 3.04+0.04
1 40 (-1) 6(-1) 81.7+3.44 3.54+0.14
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Table 6 Statistics analysis of central composite design

RE £ (6) P1ia

SEA
FEICE BEHEA PRIUR BHEA FEICE BHE
] 88.5417 2.694883 18.13753 60.7895 0.000002 0.000000
(X (L) ~12.8389 —0.513446 ~3.71941 ~16.3794 0.009859 0.000003
X(Q) ~12.1521 ~0.228323 —3.14877 —6.5148 0.019846 0.000624
Q)X (L) 45020 ~0.424912 1.30421 ~13.5551 0.239957 0.000010
X(Q) -2.0688 0.019019 -0.53604 0.5427 0.611210 0.606914
XX, ~1.7250 0.128183 -0.35336 2.8915 0.735901 0.027640

Il -s0
B <64
[]<44
[ <24
M <4

Bl 1 CRER BERTRORE LX) NS Rby SRR 00 (1 0 i T8 ]
Fig.l Response surfaces diagram of the effect of ethanol
concentration and solid-liquid ratio on ginsenoside Rb; yield

<
100 = 50%Z, BEE
s L 60%Z. BRIl
o : = 75% 2. R
H sl 80% FF LA ife
Iél m VC

E -

10 50

100 500 1000 2000
VS5 /(ng/mL)

Fl 2 =-LZEMEEH DPPH [ IR AE T (n=3)
Fig.2 DPPH free radical scavenging capacity of total saponins from
stem-leaf of Panax notoginseng (n=3)

232 =kZE-HELF ABTS A wAFHRER

MR 2 BT 2 TaRA5 0 4 FMREUI ABTS H 3
ROTERRACRINE 3 BR, L5 VM2 2 5CRMIE, 143 M
T2 4%+ ABTS H HH AT BRAE SIAERXT4L5S, 7E 2000 pg/mL
B, T2 1~4 REYN ABTS [ H &5 R ZE 459 K

92.07%+0.04% . 93.28%=0.15%. 81.87%=+0.08%7F1 85.81%
£0.12%; 4 FPREAIST ABTS B H1EE 1Cso 2310 167.6.
176.7. 243.8. 209.9 pug/mL, 455K, 50% 2 M [m] 35 Bk
PN ABTS A LR ERRRR . a3 PR
oS ABTS H H L FRF AT LAY Z5120 21,

. = 50% 7. [E 3
& 100 60%Z. BE [l i
g . 75% 7 B
i 80% F B
Erﬁ 50 - Ve
2

10 50

100 500 1000 2000
e /(ng/mL)

Bl 3 =-EZEM R R ABTS H HHEEEBRAE 11 (n=3)
Fig.3 ABTS free radical scavenging capacity of total saponins from
stem-leaf of Panax notoginseng (n=3)

FN SR O w9117 Y o e e YU R W= S
BEiT FFD 1 CCD 3288, Jfxfiz L2474k . 1 FFD
SIS, KPR RROR L X NS BT Rb; MURECE
HABERMW, @il CCD 32588, FF45A i b 18 4347 £5 51
AR SRS N L 50% . WORHEL 10 (mL/g) . 1R
HURHE] 1 h AHEBGRE 60 °C. XA REEOT Pk =1
2R B AT B EARTE TR K I, 4 IR TR =
EEM BB RPLAAEN A S, 1IC,, 4R e
IR, L FHACHIE S S A 12 AR AR 1 4 B BT S A O B
SR, ABESE HA 2 R IO B AR | R U ]
FERYORSE, S = 2R ST Y AR DL K — 2P
KA T S%

SE Mk
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