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Abstract: As compared with steam distillation, the volatile oil from Zanthoxylum bungeanum Maxim. was extracted by supercritical CO,
extraction (SCE) and identified by GC-MS. Taking the yield of volatile oil as the evaluation index, the extraction process was optimized by
response surface method. The experimental results showed that the essential oil yield was as high as 12.70% when the sample was extracted by
the supercritical CO, extraction method for 180 min at 42 ‘C and 30 MPa, which was 2.27 times as that obtained by steam distillation (SD).
The chemical composition in the essential oils obtained by SCE and SD were similar but with very different contents analyzed by GC-MS. The
main constituents were xanthoxylin (32.99%/10.56%), linalool (4.68%/4.84%), eucalyptol (3.92%/5.84%), o.-terpineol (4.55%/7.04%),
terpinen-4-ol (2.95%/10.42%), terpiny| acetate (5.19%/7.24%), piperitone (5.40%/4.41%) and anethole(2.91%/3.73%). The relative contents of
the components in the essential oils were determined with area normalization method. Among them, the relative content of xanthoxylin in the
volatile oil obtained by SCE was the highest (32.99%). It showed that the extraction yield of the essential oil extracted by SCE was much higher,
compared with traditional steam distillation. Moreover, the content of xanthoxylin, which is the characteristic chemical constituent of volatile oil
from Zanthoxylum bungeanum Maxim., was very high. This is beneficial for the purification and manufacture of xanthoxylin. Our results
provide a foundation for the development and utilization of volatile oil from Zanthoxylum bungeanum Maxim.
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Fig.1 The effect of pressure on yield of volatile oil extracted

from Zanthoxylum bungeanum Maxim.
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Fig.2 The effect of temperature on yield of volatile oil extracted
from Zanthoxylum bungeanum Maxim.
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Zanthoxylum bungeanum Maxim.
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Table 2 Box-Behnken design in terms of coded levels with
response variable

K5 BEANC HEBmin &4 CMPa  FE%
1 1 1 0 10.39+0.12
2 1 0 -1 6.04+0.03
3 0 0 0 12.73+0.04
4 0 0 0 12.68+0.15
5 0 0. 0 12.254+0.23
6 -1 0 -1 4644003
7 0 1 -1 12.13+0.18
8 0 -1 1 10.154+0.02
9 -1 -1 0 6.51+0.07
10 1 0 1 8.371+0.08
1 0 0 0 12.324+0.22
12 -1 1 0 849+0.09
13 -1 0 1 456+0.05
14 1 -1 0 841+0.06
15 0 0 0 12.684+0.04
16 0 1 1 12424013
17 0 -1 -1 10.27£0.22

*R3 HENH

Table 3 Variance analysis for the regression model

TERR Fihk AWE HFE  FA pia

A 13411 9 1490 10426 <0.0001**

A 1015 1 1015 7100  <0.0001**
B 8.18 1 8.18 5724 0.0001**
o 0.73 1 0.73 512 0.0581
AB 0.000 1 0.000  0.000 1.0000
AC 145 1 145 10.16 0.0153*
BC 0.042 1 0.042 0.29 0.6045
A2 9345 1 9345 65386 <0.0001**
B? 167 1 167 11.66 0.0112*
c? 15.50 1 1550 10844 <0.0001**
KRE 1.00 T 0.14
KA 0.79 3 0.26 5.10 0.0748
ik 021 4 0.052
BiRE 13511 16

E: *EFMEF, p<00l; *EF2F, p<0.05.
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Fig.4 Response surface plots for the two factor interactions on

oil yield of zanthoxyli pericarpium
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Fig.5 Total ion chromatograms of volatile oil from Zanthoxylum
bungeanum Maxim. extracted by supercritical CO, extraction
(a) and steam distillation(b)
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Table 4 Chemical composition of essential oil from zanthoxyli pericarpium extracted by SCE and SD

P B Rt min —— o COp MR IR
Mt AE/% EELEI% AT EE%  EEE /%

Anl A6 M 7.71 - - 0.12+0.01 91

2 B-TE 8.24 - - 0.27+0.02 90

3 oK 7 Hs 8.71 - - 0.26x0.02 91
TR
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#EEW

4 (+)-4-% 4% 9.14 - - 1.0620.03 97
5 R R 9.67 0.31+0.03 95 0.85+0.02 95
6 ¥R 9.79 1.29+0.04 91 - -

7 Aget ik 9.87 3.92+0.03 98 5.84+0.03 98
8 B-p- % $h¥e 10.06 0.24+0.01 98 0.49+0.02 9%
9 [-F $h¥ 10.35 - - 0.15+0.01 97
10 (+)-3-% 4% 10.68 0.23+0.01 94 2.28+0.02 95
1 NR-B-AN T BE 10.96 1.82+0.02 9% - -

12 2-% 4% 11.53 - - 0.77+0.03 96
13 FAEEE 11.92 4.68+0.03 9 4.84%0.04 97
14 138 #E =t 12.03 - - 0.07+0.02 95
15 RX-1-FH-4- Q-FRATH) 22370 H-1-BF 12.46 0.35+0.01 90 0.75+0.03 96
16 IAX-1-FHA- (LFROHL) 2250 TH-1-82 13.08 0.29+0.02 91 0.68+0.04 93
17 47 TS 14.20 2.95+0.02 95 10.42+0.05 95
18 4-(1-F £ T #)-2-37 & Hs-1-58) 14.46 - : 1.68+0.04 93
19 o-A2 T 14.62 4.55+0.04 90 7.04+0.03 9
20 Bk g i 15.16 0.39+0.01 95 0.500.02 93
21 ¥ kEg 15.34 - - 0.37+0.03 98
22 itk 15.50 3.91+0.02 91 - -

23 2-F A3 RE-momt 16.22 0.44%0.03 96 0.62+0.02 98
24 £ %A TR 16.37 0.27+0.01 97 0.43+0.03 95
25 ) 16.76 5.40%0.03 94 4.41+0.04 95
26 B A b 17.03 - - 0.97+0.02 93
27 KBS 17.68 - - 1.61+0.04 9%
28 A 17.94 2.91+0.02 98 3.73+0.03 97
29 x4 7e-1-85 18.12 - - 0.27+0.01 98
30 ZRiE 18.48 0.61+0.01 90 0.71%0.02 o)
31 3P H-4-F AR 19.21 - - 0.39+0.03 91
32 LB AR B 19.58 - - 0.33+0.01 91
33 133 =7 A-2- AAIR[2.2.2]F 2-6-BF LEAER 19.86 - - 0.42+0.03 95
34 B AR i B 20.53 5.19+0.03 91 7.24+0.01 91
35 2, 6-=FHK-26-F I 20.68 0.300.01 97 0.45+0.02 97
36 3-H v Ah-F AR By 20.89 0.74%0.02 98 0.40+0.05 98
37 H B RS 21.45 - - 0.39+0.02 91
38 o 3E 8 T it 21.66 0.33+0.01 97 0.23+0.02 99
39 T B Aot g 21.98 1.30£0.01 91 1.96+0.05 21
40 B-BEAH 22.27 1.24%0.03 9 1.53+0.02 91
41 P76 45 W 23.12 1.67+0.02 99 1.74+0.01 99
42 o-HE B 24.03 0.48+0.01 98 0.44+0.03 98
43 H A 24.26 - - 0.09+0.02 99
44 -JE b 24.63 0.300.02 98 0.33+0.02 98
45 2 i KARA o 24.76 1.03+0.03 95 0.93+0.03 9%
46 (+)-B-FF 4 24.90 0.41+0.01 99 0.47+0.02 99

BT
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BELEW

47 y- 7 25.24 - - 0.51+0.01 93
48 a-BEBH 25.29 0.40+0.01 98 0.47+0.02 98
49 1,2,43,5,6,8a-7% A-1-F A &-4,7- = F ALK 25.70 1.04+0.02 98 - -

50 e A 25.97 1.32+0.04 96 1.79+0.04 94
51 a-HEAN MG 26.35 - - 0.12+0.01 98
52 M A B 27.38 - - 0.35+0.02 91
53 B AR 27.26 0.29+0.02 91 0.54+0.02 91
54 Az i M EE 27.81 1.29+0.03 96 1.66+0.01 99
55 BN E 27.99 1.05+0.01 96 1.48+0.03 93
56 -ALAREE 29.98 0.57+0.02 98 - -

57 2- 5+ R A -5-F -9- . F K-237(4.4.0)-1- 1 30.00 - - 0.82+0.02 95
58 B-Aiet B 30.18 - - 0.56+0.04 99
59 a-HEANEE 30.28 0.82+0.03 92 0.93+0.02 98
60 ek & 30.69 32.99+0.04 94 10.56+0.03 94
61  7-TEEH-2-3HK-2-F K5 R MUIR[4.3.0] 8 32.06 1.26+0.04 94 - -

62 BBk o CBRES 34.64 1.08+0.01 96 0.50+0.02 95
63 14-F K+ A e B P B 34.90 - - 0.22+0.01 98

&t 91.75%:+0.04% 89.00%20.02%
3 4 Ei e activities of essential oil from Zanthoxylum bungeanum [J].
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