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Abstract: The optimal ionic liquid-based microwave-assisted extraction process of the total flavonoids from Apocynum venetum L. leaves
was investigated, and the antioxidant activity of the extract was evaluated. Firstly, the type of ionic liquid was determined in single factor
experiments, and the significant factors affecting the extracted amount of total flavonoids in the process were screened out. The extraction
conditions were optimized by the central composite post-design with three factors and five levels and the response surface mathematical model.
The optimum process conditions were as follows: ionic liquid concentration 0.73 mol/L, liquid-solid ratio 19:1 mL/g, microwave time 10 min,
microwave power 483 W, temperature 70 ‘C. Under these conditions, the average extraction rate of total flavonoids was 14.10+0.202 mg/g
(which was essentially consistent with the predicted value), and the extraction yield was significantly improved compared with that for the
conventional extraction process. The three factors affecting the most the extraction yield were ionic liquid concentration, liquid-solid ratio, and
microwave power. The results of the antioxidant activity experiments showed that the scavenging rate of -OH radical and DPPH free radical
increased with the increase of the concentration of total flavonoids from Apocynum venetum L. leaves, and exhibited a good dose-effect
relationship. The corresponding ICs, values were 27.88 and 13.61 pg/mL (which were 1.71 and 2.26 times of those for Vc, respectively),
indicating that the total flavonoids from Apocynum venetum L. leaves had strong antioxidant capacity.
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Table 1 Factors and their levels of central composite design test
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Fig.3 Response surface and corresponding contour plots
showing the effects of two operating parameters on the
extraction rate of total flavonoids
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Table 2 Program and experimental results of central composite design test

K5 A BT R/ (mol/L) B A b/(mL/g) C Bk oh &IW Y % #EIRIEF/ (ng/g)
1 1.14 20 500 9.07
2 1.0 15 400 9.38
3 0.8 20 500 13.77
4 0.8 20 332 11.39
5 1.0 15 600 9.22
6 0.8 116 500 11.81
7 0.6 25 600 9.59
8 0.8 20 500 14.13
9 1.0 25 600 8.76
10 0.8 20 500 13.53
1 0.6 15 600 10.72
12 0.8 28.4 500 9.41
13 0.6 15 400 11.82
14 0.8 20 500 14.10
15 0.6 25 400 10.65
16 0.8 20 500 13.65
17 0.46 20 500 11.77
18 0.8 20 500 13.86
19 1.0 25 400 9.10
20 0.8 20 668 10.27
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Table 3 Variance analysis of the regression model
% 2R B EF T A B A ¥ F A& i
AR 70.82 9 7.87 51.54 <0.0001**
A BT RARRIE/ (mol/L) 8.64 1 8.64 56.57 <0.0001%*
B & b/(mL/g) 3.67 1 3.67 24.01 0.0006%*
C B HIW 1.51 1 1.51 9.90 0.0104*
AB 0.30 1 0.30 1.99 0.1885
AC 0.34 1 0.34 226 0.1640
BC 2.45x107 1 2.45x107 0.016 0.9017
A? 25.07 1 25.07 164.16 <0.0001**
B? 22.58 1 22.58 147.86 <0.0001**
2 19.86 1 19.86 130.05 <0.0001**
R 1.53 10 0.15
Kieth 1.24 5 0.25 428 0.0683
YR £ 0.29 5 0.06
¥BE 72.35 19

E: *p<00l, FTFEFMEE; *p<005, AFEFTF,

< 4 WREE B FRIMEECE S R GRS AR LA
Table 4 Comparison of ionic liquid-based microwave-assisted extraction with traditional extraction methods

BB *® RIREA BA/(mL/E)  FHE/W  RE/SC HIA/min EEERIRE/(mg/g)
TR ik 60% B3 40:1 70 240 7.22+0.286
Bk LBk 60% LB 40:1 500 70 10 10.39+0.247
Bk LBk 60% LB 20:1 500 70 10 9.47+0.175

Ok B FiAR%E 0.8 mol/L [Cgmim]Br 20:1 500 70 10 13.84+0.241
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Fig.4 Hydroxyl radicals scavenging effects of total flavonoids of
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