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2.6h 61.2 1:19.2(g/mL) pH4 0.117mgl/g

Process Optimization for Acidic Water Extraction of Limonin from Citrus Peels by Response Surface Methodol ogy

WU Jian ZENG Fan-kun* CHEN Fei-ping
(College of Food Science, Southwest University, Chongging 400715, China)

Abstract The pH of pure water was adjusted with sulfuric acid to provide asolvent for the extraction of limonin from citrus
peels. Limonin quantification was performed by HPL C. Based on one-factor-at-a-time experiments, a three-variable quadratic
rotary unitization design combined with response surface methodology was used to optimize three conditions for acidic water
extraction of limonin from citrus peels, and amathematical model describing limonin yield versusthe three extraction conditions
was built. The optimal extraction conditions of limonin from citrus peelswere 2.6 h extraction at 61.2 , pH 4 and a solid-to-
liquid ratio 1:19.2 (g/mL). Under the optimized conditions, alimonin yield of 0.117 mg/g was achieved.
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Fig.1 HPLC chromatograms of limonin standard and sample
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Table 1 Factors and levels in the quadratic rotary unitization design

\% 1 0 1 \%
(g/mL) pd 1:8 1:12.4 1:19 1:25.5 1:30
/ Xe 40 46 50 64 70
/h Xz 1 1.58 25 34 4
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Fig.2 Effect of different acids on limonin yield
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Fig.3 Effect of water pH on limonin yield
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Fig.4 Effect of extraction time on limonin yield
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Fig.5 Effect of extraction temperature on limonin yield
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Fig.6 Effect of solid-to-liquid ratio on limonin yield
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Table 2 Quadratic rotary unitization design and corresponding

experimental results

3

Table 3 Primary variance analysis for the established regression model

F P
3 0.002825 0.000942 19.26178 0.0001
3 0.011658 0.003886 79.49273 0.0001
3 0.00005 0.000017 0.339141 0.797417
13 0.000635 0.00004
9 0.014532 0.001615 33.03121 0.0001

22 0.015168

GLM Procedure

4 GLM

Table 4 Variance analysis for the established regression model after

GLM Procedure regression

F P
6 0.014482 0.002414 56.361 0.0001
16 0.000685 0.000043
22 0.015168

Xi Xz Xz /(ma/g)
1 1 1 1 0.052
2 1 1 1 0.063
3 1 1 1 0.081
4 1 1 1 0.095
5 1 1 1 0.059
6 1 1 1 0.076
7 1 1 1 0.087
8 1 1 1 0.092
9 1.682 0 0 0.047
10 1.682 0 0 0.058
11 0 1.682 0 0.064
12 0 1.682 0 0.107
13 0 0 1.682 0.051
14 0 0 1.682 0.067
15 0 0 0 0.117
16 0 0 0 0.118
17 0 0 0 0.119
18 0 0 0 0.111
19 0 0 0 0.117
20 0 0 0 0.116
21 0 0 0 0.114
22 0 0 0 0.112
23 0 0 0 0.115
26.2
3 P 0.0001

95.81%
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Fig.7 Response surface and contour plots showing effects of pH,
extraction time and temperature on limonin yield
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