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Microwave Assisted Aqueous Two-phase Extraction of Total Saponins
from Astragalus Stem and the Antioxidant Activity of the Extracts

ZHONG Fangli1 , WANG Wenjiaol’ 2 , WANG Xijaolin ! , CAO Ye!
(1. School of Chemistry and Pharmaceutical Engineering, Jilin Institute of Chemical Technology, Jilin 132022, China;
2. School of Chemistry, Jilin University , Changchun 130012, China)

Abstract: Microwave assisted aqueous two-phase extraction was applied to extract the total saponins in Astragalus stems
and the antioxidant ability of the extracts in vitro was also investigated. Both single factor and orthogonal tests were em-
ployed to optimize the extraction technology. The antioxidant ability of the extraction solution was evaluated according to its
scavenging activity and reducing power for superoxide anion free radical. The optimal feed liquid ratio, the microwave
power, the ratio between ethanol and water, extraction time and mass concentration of ammonium sulfate were 1 : 30 (g :
mL) ,500 W,0.77 (mL : mL) , 10 min and 0.24 g/mL, respectively. The concentration of the total saponins in Astragalus
stems was enriched 2.39 times with aqueous two-phase extraction. The antioxidant activity was gradually enhanced with the
increase of mass concentration of extract solution, but it was inferior to that of VC solution. This new technology is stable
and the extraction solution has certain antioxidant activity.
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1.1 ERSEF

BHCEE, AR AR b BRI A BR A | 5 B RS
FRAE T R, R S 2 AR e o B s — R R
FEHBE , R RS B A2 00 A BRA = 5 A R,
R CE NG AL TSP s KW EZRE K ; A
Bk | PKESER | o0 AR | BB B | BREALE  JCK OB
B3y 1] 7 i)
1.2 UFEHEE

TU-1810 FUEAHb—m] ULGEar HR T, Jb R
A A PR TAT A ] 5 MAS— I B Gk S 6 2
B, g AR A B F] 5 FA2004N 74
WA R, FEREEREAEA TR A F] ; KQ118 Al
PR e, B LT S (AR A PR F] s DHG-9076A
AU G X TR, IR 2 S i A A PR A ).
1.3 ZKUXRERERFRPREFSENNE

FEEEFRENZE 70 “CUolF T4 22 o et 1 1) v S Y
TR S 2.5 mg, BT 10 mL 83, K2
BRI ER R, KB 0.02.03.04.0.5,
0.6 mL & S HITT X B I i, o3 ) & T LR
ZET, I 5% Fr B - oK IS R % (B B
i )0.2 mL Al SR 0.8 mL, 65 C /K i H i #4
15 min JFHUE , BHIE SR, F£IMKESIR 2 5 mL, $%
57,30 min PN LA JI0 R HE 0T B i R iR A
RS IR 4R B O RE, 7E 560 nm AR E WK
S rE ) g E SRR OGRS R, $e FR Ty AT i
e O , TR SR AT S
1.4 HEEXE
1.4.1 BERARAR ST I F 6 % vk

WE UK A BAKFLN S50 mL, A B RR &
13.5 g, 43 & B K AR R L Sl 0.47 L 0.57 . 0.67 .

REBEBREER B35 Hsl

0.77.0.87, JEBifa e i RUKAIAR 2 , I ARAS A9 55 1
ZEH 2 g, TIETh#R 500 W HEH 5 min, 317, B
Forwlm B2, L2 CEA AR R 2
PR E 2, FAAJGK Zmfrdh , i85 LIk 2
WEERZE 50 mL, WL FAIE RS E R, # 1.3
DN RE BT A, A R R AT AR RCR.

N m
HERHAERR = —

x100% 0
m1+m2

Kt em N EZCEEMAAP SRS, gsm N T2
AR R R, g
142 FRBR A2 RS R

XK AR BARFR R 50 mL , $E BB K AR T L H
0.77, 7 BIIN AR ER £ 7.5.10.5.13.5.16.5.19.5 ¢,
B T2 B o s v BE 43 B0 0.15.0.21, 027, 0.33
0.39 g/mL, JE B E IRUKFIR R , SR )5H 1.4.1 T
POTE BB AR,
1.4.3 ok 3EBCRT 1) 2F IR A G #vm

MK AR AR R 50 mL, 26 FF K AR B HE
0.77, FilRER W EE N 0.21 g/mL, JEMAaE i RUK
FHAR R, SO AR BT E] 29592 1.5.10.15.20,
25 min, SRJGH 1.4.1 Jrikit B BB AR TUR.
1.44 #hgik (g : mL) s FRE

BEAKARTRLEE N 077, BHE L3 0iE R 1 - 10,
1:15.1:20.1:25.1:30.1 : 40, FREREL itk ir
7 0.21 g/mL, W IIFE S 500 W, T B 10 min,
SRIGHE 1.4.1 Tt R g 1 2 eg.
145 BRI EREG 0

BT R 0.77, BHE LA 1 ¢ 30, BRI
HWREE 0.21 g/mL, TR E RBUKAIR R |, 358 Tl
BIhZ5510 300,400, 500, 600, 700, 800 W, fi
ZH10 min, #% 1.4.1 %A BRITFAERCR.
1.5 IE3ZIE

TE PR RSB0 LA T R RG] [A] B EL | B
BRER R IR 4 ANMRRHE T Lo IER
Wit , E— A 245 X #0125 B AT AR BOR Y
.
1.6 TEWIEMELE

h T 5 E IR TE A RO Rl B SUK A T2
AIFENE , FRPAL AT 2451, RV R HE N
0.77 W ZEBURHE]) 10 min CRHEHE 1 2 30, BRER B
WU 0.24 g/mL, fE %K 500 W, B 505 3
W, TR BB AERCR. [FERE T2 B SR
B, e TFRE R SRS
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FREUBLIE AL BE S A0 351G 250 2 g, ABEKIRRLEL
0.77 fIN A ZBEKE W 60 mL , % 5E ik Bh R N
500 W, Wi i Bh R B 10 min, 1538, B8 H TR
B, e TRER BRI R
1.8 HIMAEML IS
1.8.1 FRAEAM BT A dANE

W B HE 25 T R IO 43 1) T ) B VR
0.2.04.0.6.08.1.0. 1.2 mg/mL Bt FHIEW , £
. W 4.0 mL Tris-HCl 2% #p#% (50 mmoL/L , pH
8.2) I E T 10mL REH, F 25 CKIFH I
20 min, 3 BN 2.0 mL AN [f) o 2 e i ) 25 0
FEHHRBOR A 30 mmoL/L AP7E =AW 2.0 mL, &
AT 25 CKEH R 5 min, LA 10 mmoL/L HCI
W 1.0 mL 21k, A Tris-HCl ZZ i a5 1,
FUK 320 nm AW 4, HAh AR, H
[FATRZE AR E 4, SEB0 P 4R 2R =i,
F 320 nm PSR 4,5 HAh &AL, H
AT KA 4, SCBe P B R B 1T 32
O, 1 320 nm P A AL LR 4.

¥ VC R s e B 0.1.0.2,0.3.0.4.0.5,
0.6 mg/mL FXF IR, [A] b #efE. He B (2) 11 e
ZER ARG . VC RO A BT B T A AT
I-;/%%E[IS]'

; A, -4 +A4
L R

2 %100% )

3

1.82 &Jg Al

A3 1.8.1 5N [F) BT e v B A B P 2R B AT
BB 1.0mL, BT 10 mL BZERXE T, In AR
AT (0.2 moL/L, pH 6.6) 2.5 mL 1 1% & LA
W 2.5 mL, IREGWSEHIZIARET 50 CHEIRK
TEHE 20 min, GEEEAET, TIA 10% B =R LR
7 1.0 mL, 5000 r/min #.{> 10 min, #H 2.5 mL
WHWT 7 —E P, InA 2.5mL ZE /KA 0.5 mL
0.1% —FALBRIAW, RS, ##E 10 min, DL 80% (1)
BRI A M, A6 700 nm % K AL I E WO BE
AN A AR AR A I S R
A IR R R S BT, 7E 700 nm PR AL
MEWIERE Ao, A 5 Ao MIZE(EBR RN A
()34 S BE T R

¥ VC L BB s R 0.02,0.04.,0.06., 0.08
0.10.0.12 mg/mL AX BRI, ) F 8. #e MR (3)
THA R BB TR IOR . VC IR MR 5 ).

RS =4 -4, (3)

2 HERE5HMH

21 HEKHREMRAEMZ

DL S F 0 BE VA TR R G B S A AR, T
W (mg/mL) MREALFR, e hlbR iR, B HFE N
y =3.366x-0.005 5, R* = 0.999 1. 45 B EHI B ER I
£ 0.05 ~ 0.175 mg/mL 33 Bl P 4t R AFZRMEC &R.
22 HEHEXW
2.2.1  EERARAR T IR 6 % vl

s KRB B X ZE OR 1 sg i 25 R an | 1 iy
7. CUEEKARFRIGTE 0.47 ~ 0.87 JEHEIPY, B ARHL
RRIER AT P AR HE 3SR 5, (HAE TR Y
LR LRI s MEKIATIE A 0.77 I, ZEBCRILE|
e H 84.58% , URZLIG INEEAKARFR L , 2 BRI I
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Fig.1 Influence of ratio between ethanol and water on
extraction efficiency
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223 Bk R A 3 3R IR 64 %ok

Fl Bt A HUHSF ) 6 2E R R S M 25 SR A& 3 s
B A B[] (Y S | 8 R A (Y AR U SR i K5 I
TRREARG , 42K BN E]SA S 10 min I 28 BCRA 3 5
H 86.76% . iX W] BESE R NAHU |, ZEHOR T4,
AT B RCRARR 5 T 40 SR AR IR ) 2o e, e iR
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225 #okFarEREG Y0
T AR AL BCR A 25 R 5 fos. JF
U I B PG R B R T I AR OR B S S R g 3G i
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Fig. 5 Influence of microwave power on extraction effi-
ciency

2.3 IEXLI

I R BRSO A I T, KRR LA 0.47 ~
0.87 JLRIN, BRITAEBCRIE 81.59% ~ 84.58%
PAEAL, X 2B EE M /0N, T DR IE A8 5256 e B
T T (A) | BRI R (B) L BHE L (C) %
HUHE] (D) HET Lo (3%) IEASS2HG , 45 L3 1.

Fx1 EXTRHER
Tab.1 Experimental results of orthogonal test

S¥S A/W o B/(gmL™) C D/min  ZHUR/%
1 400 0.18 1:25 7 82.92
2 400 0.21 1:30 10 88.09
3 400 0.24 1:35 13 85.93
4 500 0.18 1:30 13 84.37
5 500 0.21 1:35 7 89.52
6 500 0.24 1:25 10 87.17
7 600 0.18 1:35 10 86.86
8 600 0.21 1:25 13 87.13
9 600 0.24 1:30 7 83.34
ki 85.65 85.74 84.78  85.26
ks 87.09 85.33 88.25  87.37
ks 85.78 87.64 85.48  85.88

BARM 87.09 87.64 8825  87.37

WZER 144 2.31 3.47 2.11

AKFE A, B; C, D,
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iR, BEZLRBTNRERER TZ4AMFR
A>BsCoD , BNEE K AR FR B S 0.77 | Tk ik 26 B} [a]
10min B L 1 2 30, SRR BT i Wk 2y 0.24
g/mL, k) %H 500 W.
2.4 IZHWIFELW

3 YT 2B S 00 B 2R R AT A 2 IR 4 )
1 90.34% . 89.73% .90.56% , -3k 90.21% , AHXF
FrifEfi 2z (RSD)  0.48% , T8 HH I M 2 1 & &
SRR 12.80% . 12.73% . 12.86% , “E-34k 12.80% .
SIS R 2 BAR 2 RS SRR L A AR BT
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T2 TR B 3 Wk, ML TRE. &85
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AL FRE PR BRI EIRS T 745% , X5
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TS SRR 2.39.
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Fig. 6 Scavenging activities of Astragalus stem extraction
and VC solution for superoxide anion free radical
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Fig.7 The reducing power of Astragalus stem extraction
and VC solution

(1) 38 3 B PR 28 10 22 S 0 B 25 B B 41 1 ik
BT BSUKARZE I T 23 74k, 25 SRR B EE2E
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[ 1:30(g : mL), Sl 2 B[] 10 min, B FR % T
IR 0.24 g/mL, Sl TR 500 W.

(2) FESCH 4 B MUK A I AR SR IO T 20 F A5 31 1)
D BATIRBUAW, FIR TR E M S BT i
12.80% 5 I #E AN JI0A 4o A 6 R 484 118 Bl e S B A% A
AT RN A B AT A, TR TR AR
THEEEEN 5.35% , T4 HHERA A, TR IS S
Trai = T 7.45% , KRBT I E BAEECH 2.39.

(3) B R 2R B R PRI 19 34 SR Al 4 A PR
T )T B 2R I A I A S P B i R . 5 SR U
B R B BT R BOR A —E P A LRE T, (BT
AAbRE RS T VC.
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