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Ultrasound-assisted Extraction of Total Flavonoids from Water Chestnut Hull

LI Wei-li, MA Yin-hai, ZHANG Ya-ping, YANG Qiu-ping, HUANG Chun-lin
(Department of Chemical Science and Technology, Kunming University, Kunming 650031, China)
Abstract: Ultrasonic technique was employed to extract total flavonoids from water chestnut hull with ethanol. Effects of four
crucial factors including ethanol concentration, liquid/material ratio (V/m), extraction duration and repeated extraction times on
extraction yield of total flavonoids were investigated by one-factor-at-a-time method. Subsequently, all these factors were
optimized using orthogonal array design. The optimal parameters for extracting total flavonoids were as follows: ethanol
concentration 50% and liquid/material ratio 10:1 for an extraction duration of 0.5 h repeated twice, and the yield of total
flavonoids was up to 0.81% under these optimized conditions. The ultrasonic-assisted extraction for total flavonoids in water
chestnut hull is a time- and cost-saving and highly efficient method.
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Table 1 Factors and levels in orthogonal array design
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Fig.1 Effects of ethanol concentration on extraction efficiency
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Fig.2 Effects of liquid/material ratio on extraction efficiency
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Fig.3 Effects of duration on extraction efficiency
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Fig.4 Effects of repeated times on extraction efficiency
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Table 2 Orthogonal array design arrangement and the experi-
mental data
oA A B C D TR (%)
1 1 1 1 1 0.30
2 1 2 2 2 0.16
3 1 3 3 3 0.40
4 2 1 2 3 0.74
5 2 2 3 1 0.77
6 2 3 1 2 0.28
7 3 1 3 2 0.43
8 3 2 1 3 0.40
9 3 3 2 1 0.68
K1 0.86 1.47 0.98 1.75
Ko 1.79 1.33 1.58 0.87
Ks 151 1.36 1.60 1.54
R 0.93 0.14 0.62 0.88
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Table 3 Analysis of variance for the yield of total flavonoids with

various extraction conditions

KR TR A ¥5 F1{E p1E
A 0.1518 2 0.0759 41.8957  0.02331
B 0.0036 2 0.0018 1.0000 0.50000
C 0.0828 2 0.0414 22.8466  0.04193
D 0.1408 2 0.0704 38.8773  0.02508

Rz 0.0036 2 0.0018

“it 0.3790 8
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Table 4 Recovery of total flavonoids in spiked water chestnut hull

FES e (mg) A (mg) M (mg)  [FIR©) EIRMCERE%) RSD(%)
0.5037 1.0000 1.5080 100.4
0.4104 1.0000 1.4216 101.1
0.4446 1.0000 1.4542 100.9 100.2 1.11
0.4150 1.0000 1.4006 98.56
0.5196 1.0000 1.5098 99.02
0.4787 1.0000 1.4898 101.1
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