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Fig. 1. Gas chromatogram of ginger oil extracted with liquid carbon dioxide.
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GC-MS ENAR 44719 ed5iA F33E RS0 dinene(7.96%), ar-curcumene(4.88%)°] F8AEol9le
E39Ak o] £ FRAYEL zingiberene(48.36%), 1 o]9e] HAEET 1E E¥3u JYUTh
B-sequiphellandren(16.47%), y-bisabolene(8.99%), y-ca- @) FI1I 33

Table 1. Compounds identified in F-l fraction

Peak No. RT Compound Identification Peak area(%)
1 844 a-Pinene? GC, MS 0.04
2 10.02 Caniphene? GC, MS 0.22
3 11.75 B-Pinene? GC, MS t
4 12.34 Sabinene® GC, MS t
5 14.21 Myrcene? GC, MS 0.07
6 14.45 a-Phellandrene? GC, MS t
7 15.38 a-Terinene? GC, MS 0.20
8 16.17 Limonene? GC, MS 0.17
9 16.73 8-Phellandrene® GC, MS 0.78
10 16.93 1,8-Cineol” GC, MS 0.15
11 20.51 y-Teripinene”+ p-Cymene GC, MS t
12 21.03 Terinolene? GC, MS 0.05
13 21.87 Octanal® GC, MS t
14 27.32 Undecatriene MS 0.33
15 32.59 6-Elemene MS 0.09
16 3341 a-Cubebene MS 0.25
17 34.05 a-Copaene MS 0.50
18 37.09 Sesquiterpene(MW 204) MS 0.03
19 38.05 cis-a-Bergarmotene ~ MS 0.25

20 39.90 B-Elemene MS 0.11
21 40.09 Elemene compd MS 0.18
22 40.42 n-Hexadecane?(ISTD) GC, MS 0.31
23 40.88 B-Caryophyllene? GC, MS 0.11
24 41.90 Selina-4(10), 11-diene™ GC, MS 0.10
25 43.87 Caryophyllene compd MS 0.25
26 44.65 Farnesene compd MS 0.29
27 44.839 Farnesene compd isomer MS 0.55
28 46.43 Cadinene compd MS 0.23
29 4740 Cadina-4,9-diene MS 0.23
30 47.84 B-Gurjunene MS 221
31 48.53 Zingiberene MS 48.36
32 48.77 v-Cadinene MS 7.96
33 48.92 8-Cadinene MS 1.20
K7 | 49.96 v-Bisabolene MS 8.99
35 50.45 Cadinene compd MS 0.69
36 51.07 B-Bisabolene® GC, MS 041
37 51.38 B-Sesquiphellandrene MS 16.47
38 51.59 ar-Curcumene® MS 1647
39 5491 Germacrene B MS 0.67
40 66.95 Pentyl curcumene MS 0.25
41 72.82 Pentyl curcumene MS 0.12
42 76.67 Pentyl curcumene MS 0.59
43 78.57 Pentenyl curcumene MS 0.20
4 96.98 . Sesquterpene ester MS 0.09
t : Trace

@ . Purchased from Fluka or Tokyo Kasei
! Purchased from IFF or Takasago company
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Table 2. Compounds identified in F-ll fraction

Peak No. RT Compound Identification Peak area(%)
1 8.66 n-Hexanal® GC, MS 0.16
2 21.87 Octanal® GC, MS ot
3 23.69 Heptanal® GC, MS t
4 33.92 Citronellal® GC, MS 0.17
5 36.67 Camphor? GC, Ms 0.11
6 38.26 Linalool® GC, MS 0.63
7 39.59 Limonene epoxide MS 0.07
8 40.05 Limonene epoxide MS 0.04
9 40.30 Bornyl acetate? GC, MS 0.16
10 40.61 2-Undecanone? GC, MS 0.07
11 4142 2-Bornyl acetate® GC, MS 1.05
12 41.93 Terpinene-4-ol” GC, MS 0.36
13 44.48 Propenyl benzyl ether MS 0.65
14 45.86 Citronellyl acetate™ GC, MS 0.07
15 47.00 Neral® GC, MS 6.46
16 48.31 Zingiberene MS 0.07
17 50.13 Geranial® GC, MS 50.96
18 50.84 Geranyl acetate® GC, MS 0.29
19 51.54 ar-Curcumene” GC, MS 0.65

20 53.88 2-Tridecanone® GC, MS 0.14
21 55.72 Geraniol® GC, MS 0.09
22 57.03 Anethole? GC, MS 0.27
23 58.78 Calamenene compd MS 0.07
24 59.56 BHT® GC, MS 0.09
25 63.64 B-Ionone compd MS 0.02
26 64.01 Caryophyllene oxide” GC, MS 0.25
27 64.62 Sesquisabinene hydrate MS 0.61
28 65.41 Methyl eugenol” GC, MS 0.99
29 66.38 Curcumenyl alcohol MS 495
30 69.63 Sesquisabinene hydrate MS 0.32
31 70.15 Zingiberenol MS 0.81
32 70.35 Selinene-4-ol MS 1.06
33 73.79 Eugenol® GC, MS 0.07
34 74.10 B-10-Cadinol MS 0.88
35 75.49 Propenyl dimethoxy benzene MS 0.86
36 77.04 Sesquiterpene ester MS 023
37 77.32 Farnesyl aldehyde” 1.40

38 78.49 Curcumenyl ester MS 5.94
39 81.16 Isoeugenol MS 0.36
40 82.20 Curcumenyl ester MS 1.94
41 89.68 Oxonerolidol MS 0.29
42 90.60 Sesquiterpene ester MS 0.50
43 90.81 Bisabolene ester MS 0.36
44 96.54 Sesquiterpene ester MS 6.64
45 89.65 Geranyl ester MS 0.92
46 100.10 Citronellyl ester MS 043

t . Trace

¢ . Purchased from Fluka or Tokyo Kasei
! Purchased from IFF or Takasago Flavor company
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Table 3. Compounds identified in F-lll fraction

Peak No. RT Compound Identification Peak area(%)
1 38.23 Linalool® GC, MS 0.81
2 41.59 Sabinene hydrate MS 0.17
3 42.17 Terpinene-4-ol” GC, MS 0.32
4 45.12 1-Nonanol® GC, MS 0.06
5 47.74 a-Terpineol® GC, MS 1.79
6 47.94 Borneol? GC, MS 6.17
7 48.25 Zingiberene MS 1.99
8 48.60 y-Bisabolene MS 0.37
9 50.13 Geranial® GC, MS 0.65
10 51.22 B-Sesquiphellandrene MS 0.69
1 51.53 Citronellol” GC, MS 1.79
12 55.69 Myrtenol MS 0.32
13 56.28 Geraniol® GC, MS 0.81
14 58.54 Anethole? GC, MS 0.18
15 61.45 B-Bisabolol MS 0.74
16 63.96 Caryophyllene oxide MS 0.10
17 64.38 Sesquisabinene hydrate MS 140
18 65.38 Methyl eugenol+ Nerolidol? GC, MS 047

19 66.34 Curcumenyl! alcohol MS 1.03
20 68.77 Elemol MS 1.36
21 69.03 Pachouli alcohol MS 0.14
22 69.77 Sesquisabinene hydrate MS 340
23 70.31 Zingiberenol MS 5.69
24 72.29 Selinene-4-ol ’ MS 0.30
25 73.67 Eugenol? GC, MS 2.76
26 73.91 B-10-Cadinol MS 0.84
27 75.94 Guaiol MS 0.57
28 76.38 B-Eudesmol MS 2.01
29 78.49 Curcumenyl! ester MS 414
30 82.17 Isoeugenol MS 0.42
31 82.30 B-Sesquiphellandrol MS 0.84
32 88.72 Oxo-nerolidol MS 2.01
33 95.75 Sesquiterpene ester MS 041
34 107.72 Coniferyl alcohol® GC, MS t

35 114.89 Zingerone? . GC, MS t

t © Trace

3 ; Purchased from Fluka or Kasei

® ; Purchased from IFF or Takasago company 1 o " “
©

Retention time (min)
Fig. 4. Gas chromatogram of F-lll of ginger oil.
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Table 4. Composition of volatile of ginger extract by

(22.65%), sequisabinene hydrate(3.40%), neral(2.87%),
curcumenyl ester(2.64%), curcumenyl alcohol(2.20%)

© 2 aldehyde9} esterFEo] F& o]FJth £ o)
TEM]H 2F7t9) alcoholH S0 AEHAREH o]= SCC
Az F-III 28 9] 33EE0| carryoverd Aoz
Z 4

AT FUNEL tiFEo] terpeneRol 710

liquid carbon dioxide extraction

Peak No. Compound Peak area % || Peak No. Compound Peak area %
1 a-Pinene 0.19 41 v-Bisabolene 5.88
2 Camphene 0.77 42 Cadinene compd 1.04
3 n-Hexanal 1.18 43 Geranial 10.90
4 B-Pinene 0.02 4 B-Bisabolene 0.51
5 Sabinene t 45 Citronellol+ 11.97
6 Myrcene 0.14 B-Sesquiphellandrene
7 a-Phellandrene t 46 ar-Curcumene + 3.94
8 Limonene 0.23 Geranyl acetate
9 B-Phellandrene 115 47 Germacrene B 0.44

10 1,8-Cineole 0.65 48 Calamenene compd t
11 y-Terpinene + p-Cymene t 49 Geraniol 0.16
12 Terpinolene t 50 Anethole t
13 Octanal 0.28 51 B-Bisabolol 0.44
14 Undecatriene t 52 Caryophyllene 0.03
15 2-Heptanal 0.08 oxide
16 8-Elemene t 53 B-lonone compd 0.28
17 8-Cubebene 0.19 54 Sesquisabinene 0.55
18 Linalool oxide t hydrate
19 a-Copaene 0.46 55 Nerolidol+ Methyl eugenol 0.15
20 Camphor t 56 Curcumenyl alc. 046
21 Sesquiterpene t 57 Pentyl curcumene 0.18
(MW 204) 58 Elemol 0.31
22 cis-a-Bergamotene 0.18 59 Pachouli alc. 0.07
23 Linalool 0.20 60 Sesquisabinene 0.66
24 B-Elemene t hydrate
25 Bornyl acetate 0.30 61 Zingiberenol 115
26 B-Caryophyllene t 62 Selinen-4-ol t
27 2-Undecanone 0.17 63 Eugenol 0.54
28 Terpinene-4-ol 0.13 64 8-10-Cadinol 0.23
29 Selina-4,(10)-11-diene t 65 Guaiol 0.07
30 Caryophyllene 0.23 66 Pentyl curcumene 0.34
compd 67 B-Eudesmol 0.53
31 Propenyl benzyl ether t 68 Pentyl curcumene 0.47
32 Farnesene compd 0.08 69 Farnesyl aldehyde t
33 Farnesene compd 0.44 70 Curcumenyl ester 111
34 Citronellyl acetate 0.13 71 Pentenyl curcumene t
35 Cadinene compd 0.12 72 Isoeugenol t
36 Neral 0.59 73 B-Sesquiphellandrol 0.25
37 Cadina-4,9-diene t 74 Oxonerolidol 0.37
38 B-Gurjunene 192 75 Sesquiterpene ester 0.51
39 a-Terpineol + Borneol 112 76 Coniferyl alc. 0.12
40 Zingiberene 35.83 77 Zingerone 0.12
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Volatile flavor components of Korean ginger(Zingiber officinale Roscoe)ext-
racted with liquid carbon dioxide

Myung-Kon Kim, Mun-Su Na, Jai-Sik Hong and Soon-Taek Jung*(Department of Food Scie-
nce and Technology, Chonbuk National University, Chonju 560-756, Korea, *Department
of Food Engineering, Mokpo National University, Chonnam 530-830, Korea)

Abstract . The essential oil of Korean ginger(Zingiber officinale Roscoe) was isolated by
liquid carbon dioxide extraction method and fractionated into one hydrocarbon fraction
and two oxygenated hydrocarbon fractions by using silica gel column chromatography. The
compositions of the resulting oils were investigated by GC and GC-MS spectrometry. Out
of 102 identified compounds, 44 were identified by comparing GC retention time and mass
spectral data with authentic samples and 58 were tentatively identified according to mass
spectral data only. The major compounds of hydrocarbon fraction were zingiberene, -ses-
quiphellandrene, y-bisabolene, y-cardinene, ar-curcumene, and those of oxygenated hydro-
carbon fractions wee geranal, sesquisabinene hydrate, borneol and zingiberenol. The major
compounds of ginger oil were zingiberene, citronellol+ B-sesquiphellandrene, geranial, y-
bisabolene and ar-curcumene+geranyl acetate, and ginger oil contained higher amounts
of sesquiterpene hydrocarbons. The yield of extract was 6.96%.



