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Optimization of the extraction of apple polyphenols by response
surface-microwave methodol ogy
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ABSTRACT: Objective To obtain the optimum extraction condition of polyphenols contained in apple by
microwave-assisted method. Methods Polyphenols in apple were extracted by microwave-assisted method.
The effect of power, extraction time, solid-liquid ratio and ethanol concentration on the extraction rate of
polyphenols was discussed under the influence of microwave. Based on single factor experiments, the optimum
extraction was determined by response surface analysis. Results The yield of apple polyphenols was affected
by various factors in a descending order as: microwave power, ethanol concentration, microwave extraction
time and solid-liquid ratio. The optimum extraction condition was as follow: ethanol concentration 50%,
microwave power 640 W, extraction time of 70 s, solid-liquid ratio 1:14 (m:V), and the extraction rate of
polyphenols was up to 9.92 mg/g. Conclusion From the experimental results, microwave-assisted method is
fast and effective, safe and convenient to extract polyphenols contained in apple and can obtain extraction rate
better.
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Fig. 4 Effect of the ratio of material to liquid on extraction
rate of apple polyphenols

A B C

/% W /s mg/g
1 0 1 1 6.38
2 1 1 0 6.22
3 1 -1 0 6.12
4 1 0 1 7.31
5 0 1 1 6.41
6 1 0 1 6.92
7 1 1 0 6.42
8 0 1 1 6.23
9 0 1 1 6.21
10 -1 0 1 6.93
11 0 0 0 9.96
12 0 0 0 9.92
13 0 0 0 9.9
14 1 1 0 6.56
15 0 0 0 9.88
16 1 0 -1 7.32
17 0 0 0 9.92
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Table3 regression equation coefficient significant test table
F P
0.41 9 0.046 1553.59 <0.0001
A(%) 0.0025210 1 0.0025210 85.67 <0.0001
B(W) 0.0000001250 1 0.0000001250 0.004249 0.9499
C(s 0.0001711 1 0.0001711 5.82 0.0467
AB 0.0001440 1 0.0001440 4.89 0.0626
AC 0.000 1 0.000 0.000 1.0000
BC 0.0000002500 1 0.0000002500 0.008497 0.9291
A 0.081 1 0.081 2752.13 <0.0001
B’ 0.020 1 0.020 6921.84 <0.0001
c? 0.084 1 0.084 2842.16 <0.0001
0.0002059 9 0.00002942 - -
0.0001707 5 0.00005692 6.47 0.0515
0.00003520 4 0.000008800 - -
0.41 16 - - -
r’=0.9995, Ad;j>=0.9989, Pre,’=0.9932, Adeq Precision=91.938
)
50%,
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Fig. 5 Interactive effects of ethanol concentration and rate
of microwave treatment time on the extraction of polyphenols
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Fig. 6 Interactive effects of ethanol concentration ratio and
microwave power on the extraction of polyphenols
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Fig. 7 The interaction effect of the rate of microwave time
and microwave power on the extraction of apple polyphenols
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