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Abstract: Flavonoids in astragali radix exert biological health functions actions such as antioxidant and immune-enhancing
effects. They are often added to food and feed as immunopotentiators. The effects of ethanol concentration, the solid/liquid
ratio, and extraction time on the extraction content of total flavonoids (TFA) from Astragalus membranaceus were evaluated
using single factor experiments. Furthermore, the optimum beneficiation and depuration technology of TFA was investigated
with HPD722 macroporous resin-polyamide combination method. The results showed that the extraction content of TFA and
relative standard deviation (RSD) were 2.78 mg~g7l and 1.41%, respectively, under the conditions of 70% ethanol
concentration, solid/liquid ratio of 1 : 17, and an extraction time of 70 min. When TFA were enriched and purified using
HPD722 macroporous resin-polyamide, the extraction content of TFA was 311 mg: gf1 and its purity was increased 112
times. As the main component of TFA, the content of calycosin was increased 327 times from 0.13 mg- gﬁ1 to 42.56 mg: gf1

and formononetin was increased 132 times from 0.06 mg-gfl to 7.89 mg- gﬁl.
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1.2 A%
1.2.1 3R B B2 HY

PR MR B S 1 AL AR 450 pm BRSO, AE A
FREL2 g, BT 100 mL B REHH, =% Hl,
% — BRI A F SR T %, 80 °C /Kift
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B T R B
1.2.2 35 PR B R SR A = e
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5mL, V821G 0.3 mL 5% NaNO, W, ##HE
6 min. A 0.3 mL 10% AINOs); &, B2 )G &
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Table 1 Factors and levels of Box-Behnken

KT [Xl % Factor
Levels A CBEARI L B EHR H C I 5]
A ethanol concentration/% B solid to liquid ratio (g : mL) C extraction time/min
-1 60 1:15 40
0 70 1:17 60
1 80 1:19 80
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way ANOVA), Design-Expert 8.0.6.1 B 4433547 Wi 5 TH]
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Figure 1 Effects of ethanol concentration, solid/liquid ratio,
and extraction time on the extraction content of TFA
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# 2 Behnken RS RRLER
Table 2 Experimental design and results with Box-Behnken

FFs A LEERR B B BHELE C FRHEU [H] e B B B
Sequence number A ethanol concentration B solid to liquid ratio C extraction time Extraction content of TFA/(mg- gfl)
1 1 0 1 2.26
2 -1 0 -1 1.84
3 -1 0 1 1.86
4 0 0 0 2.72
5 0 0 0 2.71
6 0 0 0 2.82
7 -1 1 0 1.78
8 0 0 0 2.57
9 0 0 0 2.80
10 0 1 -1 2.34
11 1 1 0 1.97
12 0 -1 -1 2.44
13 0 1 1 2.58
14 -1 -1 0 1.57
15 1 0 -1 2.01
16 1 -1 0 1.87
17 0 -1 1 2.18

®3 EEERBESH

Table 3 Analysis of variance of the regression model

J7 7RI ST A H o7
Sources of variance Sum of squares Degree of freedom Mean square F P
7 Model 2.553 8 9 0.283 8 39.531 6 <0.0001"
A 0.140'5 1 0.140 5 19.567 1 0.003 17"
B 0.046 5 1 0.046 5 6.475 0 0.0384°
c 0.007 8 1 0.007 8 1.088 4 0.3315
AB 0.003 0 1 0.003 0 0.4214 0.5369
AC 0.013 2 1 0.013 2 1.8425 0.216 8
BC 0.062 5 1 0.062 5 8.707 3 0.0214°
A 1.8313 1 1.8313 255.135 7 <0.0001"
B 0.300 2 1 0.300 2 41.818 1 0.0003"
c 0.021 8 1 0.0219 3.040 9 0.124 7
§% 7 Residual 0.050 2 7 0.007 2
RABLIA Lack of fit 0.0113 3 0.003 8 0.3880 0.768 7
4% % Pure Error 0.038 9 4 0.009 7
B 2 The total deviation 2.604 0 16

R*=09807, Ry =0.9559

g B RN 72 SRIA M R 3 KT (P < 0.0 )RR ZE /K T(P < 0.05) .
** and * indicate significant differences among different treatments at 0.01 and 0.05 level.
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Figure 2 Response surface of three interacting factors
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5 R R TR AR 35 75N 1.09%.0 56 W 1% Y AT A5 i it
T B R S S PR AR, A R R, AT
B SR BRI T2,
24 BEEERNEZHSINEE

283 HPD722 K LW B A% A 1 58 % i 6 FH e 4
J5 . BEE MAEEESREE T OA 31063 mgg |, A&
112 1%, B Sr 5 N 94.11% F1 80.19%; F 3= 5
H oy B A TS AR IE R B & o 42.56 Fl
7.89 mg-g ', A E A 327 A 132 i

3 pHe S

BT S R I AR R . DR T T N
H, BN TEMACH g, 4 Pes g
26 FH B THVE BIE AT T RO S IR I 2, fEdR
BURE 75 °C, $REUNE] 2.5h, ZEEAARF4> % 88.3%,
Wi B 25 mLog ' &R, BRECE N 098 mgg .
BT, i s B B IR 2 A IE 2SR IR 1 BF AT
B, 7E LWEARF 9 B0 85%, Rt (g mL) 1 : 20,
IR 80 °C IV H 2.5 h £ T, o B B ¥R I 2 X
BAi4239mgg o (A ERTEMRBEKT A
WFoC 2.78 mg-g ', T WLiZ T2 BH —E M) M
FE

IEAZ WA S BT R AE RIR =W o B 4liAr T
AT N B2 R R . IR
e 70 R D IS BRI R DL AR 2 R 2 OKF
HEFHRERERRKFAS, EARSHHEER
e N A 2 TE) BH A A bR B Rk 5, AN AR A i HE
W% PR % 2 10 A2 AR Y. 50 B oLt
BRI AP Bk e B A B, H 2 S
BB TR R, R ZEBEIAM TR
B 5 ) A% B E AR AR AR B E 5 FE AN 2
ME—y, T H AR RIS S A I AR TAE
R BB CINE B T N G NS el 1 a2 e

T4 RRERETEASHDE

Table 4 Content of the main components in TFA of Astragalus membranaceus

o) S TR R R LEFE S = TGRS &
Material Extraction content of TFA/ Extraction content of calycosin/ Extraction content of formononetin/
(mgg ) (mgg ) (mgg )
JiZi#1 Raw material 2.78 +0.04 0.13 +0.09 0.06 + 0.21
% Preparation 310.63 +£6.52 42.56 £9.46 7.89 £3.52
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