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Optimization of Extraction Conditions of Garlic Flavonoids Using Response
Surface Methodology and Their Antioxidant Property Investigation
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Abstract: The effect of ethanol concentration, material-to-solvent ratio, ultrasonic time and ultrasonic temperature on the
extraction yield of total garlic flavonoids was investigated by single factor test in this study. The ultrasonic-assisted ex-
traction conditions were further optimized by the response surface analysis and were determined to be ethanol concentra-
tion of 80% , material-to-solvent ratio of 1: 16, ultrasonic time of 18 min and ultrasonic temperature of 53 °C. Under the
optimal extraction conditions, the yield of total garlic flavonoids reached 3.99% . In addition, the pyrogallol autoxidation

test indicated that the inhibition rate of superoxide anion radical (0, ) of the garlic extract was 60.43% . The result

proved that garlic total flavonoids had relative strong antioxidant activity.
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Table 1 Levels and factors of response surface analysis

IKE K2 Factors

Levels A B c o
-1 75 1:14 15 45
0 30 1:16 20 50
1 85 1:18 25 55
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Fig. 1 UV spectrum of garlic extract
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Fig.2 Effects of ethanol concentration (A) ,liquid-solid ratio ( B) ,ultrasonic time (C) and ultrasonic temperature (D) on yield of

garlic total flavonoids
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Table 2 Result of response surface design
SR A Lk L C gt D L Kt
No. Ethanol concentration( % ) ratio Ultrasonic time( min) Ultrasonic temperature( °C ) Yield(% )
1 80 16 15 45 2.36
2 75 16 20 45 2.19
3 75 16 15 50 2.21
4 85 18 20 50 2.43
5 85 16 20 55 2.47
6 75 14 20 50 2.31
7 80 18 20 55 2.45
8 80 16 20 50 3.78
9 80 14 20 55 2.35
10 80 16 20 50 3.77
11 80 16 25 55 2.49
12 80 18 25 50 2.41
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13 80 16
14 80 16
15 85 14
16 75 16
17 80 18
18 80 14
19 80 18
20 85 16
21 80 16
22 80 16
23 80 16
24 85 16
25 75 18
26 80 14
27 75 16
28 80 14
29 85 16
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20 50 3.79
25 45 2.35
20 50 2.34
20 55 2.39
20 45 2.34
15 50 2.15
15 50 2.34
25 50 2.44
20 50 3.78
20 50 3.78
15 55 2.29
20 45 2.31
20 50 2.35
20 45 2.16
25 50 2.31
25 50 2.31
15 50 2.36
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Table 3 Variance analysis of regression model
He 5 T P 5 F i P {f Y
Source Sum of squares df Mean square F value P value Significance
5 Model 8.77 14 0.63 303.85 <0.0001 %
A-Z 54 E A-Ethanol concentration 0.029 1 0.029 14.07 0.0021 *
B-Fl Lt B- Solid-to-liquid ratio 0.041 1 0.041 19.81 0. 0005 #
C-# A I} ] C-Ultrasonic time 0.030 1 0.030 14.55 0.0019 *
D-i# 7 i % D-Ultrasonic temperature 0.044 1 0.044 21.54 0.0004 #
AB 6.250E-004 1 6.250E-004 0.30 0.5906
AC 1. 000E-004 1 1. 000E-004 0.049 0.8289
AD 4.000E-004 1 4.000E-004 0.19 0.6663
BC 2.025E-003 1 2.025E-003 0.98 0.3384
BD 1.600E-003 1 1.600E-003 0.78 0.3932
CD 0.011 1 0.011 5.35 0.0365 #
A? 3.31 1 3.31 1604.96 <0.0001 * %
B? 3.51 1 3.51 1701.90 <0.0001 S
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c? 3.41 1 3.41 1655.93 <0.0001 * %
D? 3.26 1 3.26 1582.57 <0.0001 *
Fol 4388 Residual 0.029 14 2.061E-003
AT Lack of Fit 0.029 10 2.866E-003 57.32 0.0007 *
P52 Pure Error 2. 000E-004 4 5. 000E-005
¥ 1IEAH Cor Total 8.80 28

WE:*P<0.05, % = P <0.0001,
Note: * P <0.05,* * P <0.0001.
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Table 4  Conformation results of the optimized extraction conditions
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Yield of garlic total flavonoid 4.02 3.96 399 0 9 >
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Fig. 4 Antioxidant activity of garlic total flavonoid
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