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Optimization of Extraction Process for Total Polyphenols from Propolis by Central Composite Design Coupled with

Response Surface Methodology
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Abstract: Central composite design coupled with response surface methodology (CCD-RSM) was employed to optimize
the ultrasonic-assisted extraction of total polyphenols from propolis. By using one-factor-at-a-time method, we identified
ultrasonic treatment time, solid-to-solvent ratio and ethanol concentration as main variables that influence extraction
efficiency. The total polyphenol content of propolis extracts was determined by Folin-Ciocalteus method. Response surface
analysis showed that the optimum extraction conditions were 24.0 min, 77.0% and 1:14 (g/mL) for ultrasonic treatment time,
ethanol concentration and solid-to-solvent ratio, respectively. Under these conditions, the average extraction yield of total
polyphenols from propolis was 3.34 mg/100 mg (n = 3). This extraction method was simple and efficient and could provide
a sample preparation approach for the determination of total polyphenols in propolis.
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Tablel Factors and levels for CCD-RSM design
o Lk
—a -1 0 1 a
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Fig.1  Effect of ethanol concentration on the extraction efficiency of
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Fig.2  Effect of ultrasonic treatment time on the extraction efficiency of
total polyphenols
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Table2 CCD-RSM design matrix and results
A5 A B C Y/(mg/100mg)

1 0 0 0 3.77
2 0 0 0 3.97
3 —1 1 —1 212
4 0 0 0 4.00
5 —1 1 1 2.05
6 0 0 —1.682 3.39
7 0 0 0 4.01
8 0 0 0 4.43
9 0 0 1.682 2.84
10 1.682 0 0 270
11 1 1 1 2.68
12 0 —1.682 0 1.99
13 —1 —1 1 131
14 —1.682 0 0 2.15
15 1 —1 —1 2.45
16 1 1 —1 3.04
17 —1 —1 —1 2.11
18 0 1.682 0 1.99
19 0 0 0 4.01
20 1 —1 1 1.35
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Table3  Analysis of variance for the fitted regression model
TR AMmE il ¥ % FE Pi
uys it 9 16.50 1.833 19.72 <0.0001
A 1 0.60 0.60 6.42 0.0297
B 1 0.52 0.52 5.61 <0.05
C 1 0.76 0.76 8.17 <0.05
AB 1 0.17 0.17 1.84 0.2047
AC 1 0.044 0.044 0.47 0.5095
BC 1 0.27 0.27 291 0.1191
A 1 5.66 5.66 60.92 <0.0001
B 1 8.78 8.78 94.47 <0.0001
c 1 2.11 2.11 22.73 <0.0001
k7 10 0.93 0.093
JRANI 5 0.70 0.14 2.99 0.1271
AR 5 0.23 0.047
AR S 19 17.43
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parameters on the extraction efficiency of total polyphenols
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Table4 Results of determination of total polyphenols in propolis
samples from different areas based on optimum extraction conditions
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