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Optimization of Extraction Process of Fennel Essential Oil by
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Characteristics and Shelf Life

HAN Bing’, ZHANG Tianqi, ZHENG Ye, HAN Xue, JIANG Xiaohan, HAN Chunran,
ZHANG Gensheng, YU Shiyou

(College of Food Engineering, Harbin University of Commerce, Harbin 150028, China)

Abstract: In this study, the extraction process of fennel essential oil was optimized by response surface methodology.
Fennel essential oil was used as oil phase, Tween 80+40 as surfactant and glycerol as cosurfactant to prepare fennel
essential oil microemulsion system. The structure, particle size, total reducing power and storage property of fennel
essential oil microemulsion were investigated by rheology, particle size analyzer and reduction reaction. The results showed
that the yield of essential oil of fennel was as high as 15.99%+0.10% when the ratio of material to liquid was 1:8.40 g/mL,
the extraction time was 4.09 h, the particle size was 80 mesh, and the extraction temperature 80 °C. The diameter of fennel
essential oil microemulsion was 30.92+0.13 nm, and when the moisture content was higher than 60%, it was a stable O/W
microemulsion. The emulsification of fennel essential oil significantly improved the total reducing power of fennel essential
oil. According to the principle of chemical reaction kinetics, the Arrhenius equation was established as
k=2518.85-¢ > RT The model predicted that the fennel essential oil microemulsion could store 1899.18, 932.03, 492.94
and 271.51 h at 20, 35, 50 and 65 °C, the maximum relative error was 8.73%, and the error was small, which could
accurately predict the shelf life of the microemulsion.
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Table 1 Response surface factor level table
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Fig.1 Effect of solvent extraction on the yield of fennel
essential oil
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Fig.2 Effect of material to liquid ratio on yield of fennel
essential oil
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Fig.3 Effect of extraction time on yield of fennel essential oil
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Fig.4 Effect of particle size on yield of fennel essential oil
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Fig.5 Effect of extraction temperature on yield of fennel
essential oil

%2 Box-Behnken {55511
Table 2 Experimental scheme of Box-Behnken design

o i WA

VT TR BRMRE CBRRIE (%)
1 -1 -1 0 13.51
2 1 -1 0 14.76
3 -1 1 0 14.06
4 1 1 0 15.10
5 -1 0 -1 13.24
6 1 0 -1 14.96
7 -1 0 1 13.94
8 1 0 1 13.89
9 0 -1 -1 13.85
10 0 1 -1 13.56
11 0 -1 1 13.42
12 0 1 1 14.39
13 0 0 0 15.95
14 0 0 0 16.01
15 0 0 0 15.77
16 0 0 0 16.11
17 0 0 0 16.08

i# i Design Expert X5 2 Bdgit174047, 1531
S F I FRE AR SR (YY) 19 R B 7 S50 78 %
ARG B AR, 4RI 3 s,

3 [RIERR KTy 2200

Table 3  Analysis of regression equation

FERDR IR SsS df MS FfH Pl wEM
FY 17.21 9 1.91 66.45  0.0001  **
A 1.96 1 1.96 6826  0.0001  **
B 0.31 1 0.31 1070 0.0137 *
C 1411x10*% 1 1.411x10* 4.905x107 0.9461
AB 0.011 1 0.011 0.40 0.5475
AC 0.78 1 0.478 2725 00012 **
BC 0.40 1 0.40 1393 00073  **
A? 2.13 1 2.13 7420  0.0001  **
B’ 3.54 1 3.54 122.89  0.0001  **
c? 6.72 1 6.72 23355 0.0001  **
B2z 0.20 7 0.029
JAI 0.13 3 0.043 245 02036 A&
R 0.071 4 0.018
Jayil 17.41 16

SRR, P<0.01; 520 3%, P<0.05,

FHE 3 AN, BRI FAECR 66.45, P {EA 0.0001<
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Fig.6 The interaction diagram of solid-liquid ratio
and particle size
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Fig.7 The interaction diagram of extraction time
and particle size
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Fig.8 The viscosity of microemulsion with different water
content under different shear rate
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Fig.9 Microemulsion viscosities with different water content at
65 s”' shear rate
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Table 4 The reaction kinetics equation of fennel essential oil microemulsion at different storage temperatures

HREE(C) TGN S5 T R A 7 7 k/d™ R — GBS T R A 7 k/d™! R
20 ¢=0.00003t+0.0274 0.00003 0.969 Inc=0.0011t-3.5862 0.0011 0.975
35 ¢=0.0001t+0.025 0.0001 0.980 Inc=0.0025t-3.6177 0.0025 0.990
50 ¢=0.0004t+0.0236 0.0004 0.945 Inc=0.005t-3.957 0.005 0.971
65 ¢=0.0009t+0.0027 0.0009 0.974 Inc=0.0075t-3.2294 0.0075 0.977

# 5 AR FRIELRE T 1 AR i L WY B SR T (A0 S i

Table 5  Shelf life predicted and measured value of fennel essential oil microemulsion at different storage temperatures

HRECC) TR A T L S A U fE () TR AP T L B AR S £ Ch) AT A A T B LATD B 22 (%)
20 1899.18 1746.72 8.73
35 932.03 861.39 7.16
50 492.94 472.37 4.35
65 27151 263.27 3.13

TE: A2 (%) =S AU A - S A ISNE ) /5B S < 100,
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