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Abstract

Essential oils were isolated from the peel of mandarin (Citrus unshiu Marc. Var. Okitsu) cultivated in Cheju
Island. Among three different isolation methods investigated, simultaneous distillation gave higher yield
1.14%(w/w) than solvent extraction or cold pressing. The densities of essential oils were between 0.8409 and
0.8530, which showed no significant effect of the isolation methods. Some variations in the number of con-
stituents detected and the content of d-limonene in the peel oils were observed depending upon the isolation
methods. The citrus fruit was collected seasonally from the field and used as a sample for analysis. The peel
thickness and the peel content of citrus fruit were around 2 mm and about 17% on wet weight basis, respec-
tively, in harvest season. The maximum yield of essential oils was obtained in September from citrus peels
just prior to ripeness and thereafter the yield had a tendency of decrease but remained over 1%(w/w). The
relative content of d-limonene, the major constituent of citrus peel oils, increased gradually with ripening up
to 68.69%(relative peak area, RPA). The other minor constituents were Y-terpinene, B-elemene, farnesene,
hexadecanoic acid, o-pinene, -myrcene and linalool in the decreasing order of their own contents of 7.75,

2.96, 2.29, 1.76, 1.63, 1.56 and 1.46%(RPA).
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Fig. 1. Distillation apparatus for recovery of essential
oils.
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1) Distillation method: Refer to Fig. 1. Distillation apparatus.
2) Cold pressing method: Refer to reference 14. Staroscik,
JLA. and Wilson, AA. (1982) J. Agric. Food Chem 30:
835~-837.

3) Solvent extraction method: Hexane, methylene chloride
and ethyl ether were used as solvents. Refer to reference 15.
Kawakami, M. (1990) J. Agric. Food Chem. 38: 1657-1661.

Fig. 2. Methods for isolation of citrus peel oils.
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Table 1. Yield of essential oils from citrus peel by several
isolation methods

Isolation method Yield(w/w,%)
Distillation .14
Cold pressing 0.21
Solvent extraction

Hexane 1.02
Methylene chloride 0.90
Ethyl ether 0.53

Table 2. Density, constituent and limonene content of
essential oils from citrus peel by isolation method

Number of d-Limonene
Isolation method . content Density
constituent 0
(area%)

Distillation 51 68.6 0.8409
Cold pressing 55 53.9 0.8472
Extraction by 107 476 0.8530
hexane

YArea% was obtained from GC/MS.
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Fig. 3. Effect of distillation time on yield and number of
constituents in essential oils from citrus peel. W; Yicld, ¢
. Number of constituents.
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Fig. 4. Effect of distillation time on d-limonene content
in essential oils from citrus peel. Area % was obtained
from GC/MS.
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Fig. 5. Seasonal changes in peel thickness and peel
content of citrus fruits. 8 ; Thickness, 4 ; Content.
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Fig. 6. Seasonal changes in yield and constituent number
of essential oils from citrus peel by distillation method.
M ; Yield, @ ; Number of constituents.
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Fig. 7. Seasonal changes in d-limonene content of
essential oils from citrus peel by distillation method.
Area% was obtained from GC/MS.
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Fig. 8. Total ion chromatogram of essential oils from
citrus peel by GC/MS.
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Table 3. Analysis of essential oil constituents from citrus
peel by GC/MS

Constituent Retention time  Peak area
(min) (%)"
o-Thujene 7.61 0.21
o-Pinene 7.86 1.63
{3-Pinene 9.49 0.87
B-Myrcene 10.19 1.56
d-Limonene 13.27 68.69
trans-Ocimene 13.40 0.73
¥ Terpinene 13.87 775
o-Terpinolene 14.66 0.83
Linalool 15.14 1.46
p-Mentha-dien-ol 16.21 0.11
3-Cyclohexen-1-ol 17.32 0.19
o-Terpineol 17.70 041
Decanal 18.057 0.35
Cyclohexene-carboxaldehyde 19.64 0.13
6-Elemene 20.94 0.91
a-Copaene 21.67 0.34
Geranylacetate 21717 0.29
B-Elemene 2203 2.96
trans-Caryophyllene 2249 0.60
Y-Elemene 22.68 0.35
a-Humulene 23.07 0.64
1-epi-
Bicyclosesquiphellandrene 23.34 1ol
o-Selinene 23.77 0.36
Farmnesene 23.92 2.29
d-Cadinene 24.19 0.65
Elemol 24.58 0.22
Germacrere B 24.75 0.12
y-Cadinene 25.98 0.09
3-Guaiene 26.19 024
Hexadecanoic acid 30.21 1.76
Octadecadienoic acid 32.12 0.20
Octadecadienal 32.18 0.48

"Obtained from GC/MS in Fig. 8.
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