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Process Optimization for Microwave-assisted and Ultrasonic-assisted Extraction of Total Flavonoids from
Navel Orange Residue (Left over from Juicing)

YIN Bo, WANG Ke-jun, ZHONG lJin-lian, LUO Xu-zhong
(College of Chemistry and Life Science, Gannan Normal University, Ganzhou 341000, China)

Abstract: Based on one-factor-at-a-time experiments, uniform experimental design followed by regression analysis using the
software SPSS 13.0 was carried out to optimize the microwave-assisted and ultrasonic-assisted extraction of total flavonoids
from navel orange residue (left over from juicing). The optimal microwave-assisted extraction conditions were microwave power
390 W, irradiation time 7 min, ethanol concentration 50%, and material/liquid ratio of 1:45 (g/mL) and the extraction rate of
total flavonoids was 19.3 mg/g under these conditions. The optimal ultrasonic-assisted extraction conditions were tempera-
ture 70 °C, ultrasonic treatment time 60 min, ethanol concentration 50%, and material/liquid ratio of 1:45 (g/mL), and the
resulting extraction rate of total flavonoids was 16.6 mg/g.
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Table 1 Factors and their levels in the uniform design for optimizing
microwave-assisted extraction

% 1 2 3 4 5 6 7 8 9 10
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ARSI IR] fmin 1 2 3 4 5 6 7 8 9 10
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BlgLb(g/mL)  1:10 1:15 1:20 1:25 1:30 1:35 1:40 1:45 1:50 1:60
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Table 2 Factors and their levels in the uniform design for optimizing
ultrasonic-assisted extraction

ESES 1 2 3 4 5
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Fig.1 UV absorption spectra of rutin standard and total flavonoids
extracted by microwave-assisted and ultrasonic-assisted extraction
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Fig.2 Effect of microwave power on the extraction rate of total
flavnoids
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Fig.3 Effect of microwave treatment time on the extraction rate of total
flavnoids
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Fig.4 Effect of ethanol concentration on the extraction rate of total
flavnoids
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Fig.5 Effect of material/liquid ratio on extraction rate of total
flavnoids
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Fig.6 Effect of temperature on the extraction rate of total flavnoids
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Fig.7 Effect of ultrasonic treatment time on the extraction rate of total
flavnoids
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Fig.8 Effect of ethanol concentration on the extraction rate of total
flavnoids
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Fig.9 Effect of material/liquid ratio on the extraction rate of total
flavnoids
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Table 3 Uniform design arrangement and results for optimizing
microwave-assisted extraction

% st st LA B R
5 EIN A /min 5% /% (g/mL)  Z/(mg/g)
1 65(1) 3(3) 60(4) 1:30(5) 4.1
2 130(2) 6(6) 80(8) 1:60(10) 11.9
3 195(3) 9(9) 45(1) 1:25(4) 16.4
4 260(4) 1(1) 65(5) 1:50(9) 10.3
5 325(5) 4(4) 85(9) 1:20(3) 15.5
6 390(6) 7(7) 50(2) 1:45(8) 19.3
7 455(7) 10(10) 70(6) 1:15(2) 17.0
8 520(8) 2(2) 90(10) 1:40(7) 12.6
9 585(9) 5(5) 55(3) 1:10(1) 14.2
10 650(10) 8(8) 75(7) 1:35(6) 16.3
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Table 4 Uniform design arrangement and results for optimizing
ultrasonic-assisted extraction

XK R N} 18] / NS BRI G BOHEEL
k5 C min 350 1% (g/mL) F J(mglg)
1 30(1) 30Q2) 50(2) 1:30(3) 6.81
2 30(1) 45(3) 70(4) 1:60(5) 9.12
3 402) 75(5) 40(1) 1:20(2) 123
4 402) 15(1) 60(3) 1:60(5) 8.94
5 50(3) 30Q2) 80(5) 1:20(2) 118
6 50(3) 60(4) 40(1) 1:10(1) 14.4
7 60(4) 75(5) 60(3) 1:45(4) 15.7
8 60(4) 15(1) 80(5) 1:10(1) 10.8
9 70(5) 60(4) 50(2) 1:45(4) 16.6
10 70(5) 45(3) 70(4) 1:30(3) 135
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