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Table 1. Volatile compounds of ginger rhizomes during storage in underground pit (15°C, RH 95%)

(Peak area %)

Peak Fresh Storage period {(month)
RT Compound . _—
No ginger 1 3 4 5
1 8.44 a-Pinene 2.03 2.02 1.74 5.13 3.53
2 10.02 Camphene 6.27 6.07 5.71 16.44 11.10
3 11.42 n-Hexanal - 0.02 0.08 0.04 0.07
4 1175 B-Pinene 0.16 0.15 0.17 0.41 0.28
5 12.34 Sabinene 0.09 0.09 0.09 0.22 0.07
6 14.28 Myrcene 1.08 1.19 0.84 2.07 1.54
7 14.45 a-Phellandrene 0.01 0.03 0.32 0.74 0.73
3 15.79 2-Heptanone 0.23 0.03 0.06 0.09 0.07
9 16.25 Limonene 1.24 1.33 0.93 2.71 2.27
10 16.82 B-Phellandrene 7.60 8.65 5.37 11.85 11.26
11 17.03 1,8-Cineole - 0.03 1.88 342 3.26
12 20.61 Y-Terpinene + 0.02 0.07 0.04 0.10 0.09
p-cymene
13 21.12 Terpinolene 0.18 0.16 0.19 0.37 0.29
14 21.87 Octanal 0.06 0.03 0.06 0.09 0.07
15 22.47 Undecatriene 0.05 0.04 0.05 0.07 0.06
16 23.79 2-Heptanol 0.09 0.09 0.14 0.38 033
17 25.08 6-Methyl-8- 0.12 0.04 0.19 0.15 0.20
hepten-2-one
18 28.28 2-Nonanone 0.04 0.02 0.02 - -
19 31.13 Nonyl acetate 0.05 0.04 0.07 0.16 0.11
20 32.69 5-Elemene 0.12 0.25 0.07 - -
21 33.51 8-Cubebene 0.20 0.19 0.20 0.16 0.18
22 34.15 a-Copaene 0.02 0.37 0.57 0.51 0.58
23 36.53 Camphor 0.09 0.11 0.05 0.09 0.09
24 36.80 Sesquiterpene 0.02 — 0.08 0.08 0.08
25 37.20 Nonanol 0.05 0.02 0.05 - -
26 38.16 cis-a-Bergamotene 0.18 0.01 0.13 0.12 0.14
27 38.36 Linalool 0.22 0.39 0.27 0.39 0.43
28 38.71 B-Ylangene 0.04 0.03 0.06 0.08 0.06
29 40.05 B-Elemene 0.10 0.02 0.10 0.05 0.05
30 40.54 a-Pinene 2.03 2.02 1.74 5.13 3.53
31 41.01 B-Caryophyllene 0.06 0.04 0.05 - -
32 41.52 2-Undecanone 0.19 0.17 0.16 0.18 0.21
33 42.04 Terpinene-4-ol 0.15 0.10 0.17 0.16 0.19
34 42.32 Selina-4,(10)- 0.05 0.07 0.08 0.11 0.11
11-diene
35 43.50 Y-Elemene 0.06 0.05 0.03 - -
36 43.99 Caryophyllene 0.26 0.04 0.28 0.19 0.21
compd
37 44.59 Propenyl benzyl 0.11 0.21 0.15 0.11 0.10
ether
38 44.78 Farnesene compd 0.30 0.12 0.28 0.15 0.17
39 45.02 Farnesene compd 0.41 0.08 0.54 0.26 0.30
40 45.79 Menthy! acetate 0.19 0.21 0.33 0.07 0.08
41 46.24 Citronellyl tr 0.14 0.23 - 0.03
acetate
42 46.57 Cadiene compd 0.27 0.33 0.34 0.08 0.14
43 47.12 Neral 0.88 1.50 1.74 1.46 1.76
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Table 1. continued
Peak RT Compound EreSh Storage period (month)
No ginger 1 3 4 5
44 47.54 Cadina-4,9-diene 0.19 0.19 0.25 0.09 0.13
45 47.98 B-Gurjunene 295 1.49 3.35 1.33 1.33
46 48.10 o-Terpineol+ - 141 - 1.61 1.88
Borneol
47 48.66 Zingiberene 36.51 31.15 31.95 19.74 21.14
48 48.92 Y-Bisabolene 0.12 7.58 6.29 3.24 4.08
49 50.13 Geranial 4.53 5.81 9.77 9.07 8.46
50 51.54 Citronellol + 11.30 1112 10.68 6.25 7.77
B-Sesquiphellandrene
51 51.75 ar-Curcumene + 1.87 3.59 3.29 2.84 2.69
Gerany! acetate
52 52.65 §-Cadinene 0.03 0.04 0.04 - 0.05
53 53.59 Geraniol 0.02 0.03 0.04 - -
54 53.88 Cubenol ester 0.04 0.04 0.02 - -
55 55.07 Germacrene B 0.57 0.65 0.49 0.28 0.37
56 55.85 Calamenene 0.01 0.03 0.07 0.09 0.09
57 56.76 Anethole 0.12 0.05 - - -
58 61.45 B-Bisabolol 0.05 0.07 0.11 0.06 0.06
59 64.13 Caryophyllene 0.03 0.05 0.03 — -
oxide
60 64.53 Sesquisabinene 0.29 0.24 0.23 0.13 0.17
hydrate
61 65.54 Nerolidol + 0.10 0.02 0.12 0.07 0.09
Methyl eugenol
62 66.49 Curcumeny! alc. 0.43 0.35 0.42 0.22 0.31
63 67.24 Pentyl curcumene 0.20 0.12 0.07 - 0.05
64 68.97 Elemol 0.24 0.15 0.20 0.09 0.13
65 69.33 Pachouli alc. 0.09 0.06 0.05 - -
66 69.94 Sesquisabinene 0.58 043 0.51 0.26 0.32
hydrate
67 70.48 Zingiberenol 1.04 0.65 0.86 - 0.46 0.60
68 71.81 Selinen-4-ol 0.06 0.05 0.03 - -
69 73.84 Eugenol 0.14 0.49 0.45 0.24 0.33
70 74.09 §-10-Cadinol 0.02 0.03 0.18 0.10 0.11
71 75.63 Propenyl 0.02 0.05 0.07 — -
dimethoxy benzene
72 76.17 Guaiol 0.08 0.17 0.09 0.27 0.06
73 76.31 Elemicin — 0.05 0.04 - -
74 76.57 Pentyl curcumene 0.47 0.32 0.14 0.24 0.70
75 76.82 B-Eudesmol 0.31 0.36 0.23 0.09 0.15
76 7761 Pentyl curcumene 0.31 0.38 0.55 0.20 0.27
77 78.29 Farnesyl aldehyde 0.22 0.18 0.05 - -
78 78.61 Curcumeny! ester 0.72 0.61 0.72 0.37 0.50
79 79.07 Pentyl curcumene 0.10 0.18 0.05 - -
80 82.18 Isoeugenol 0.04 0.04 0.04 - -
81 8249 B-Sesquiphellandrol 0.22 0.23 0.19 0.08 0.15
82 88.90 Oxonerolidol 0.31 0.33 0.19 0.06 0.09
83 96.69 Sesquiterpene ester 045 0.45 0.19 0.08 0.57
84 107.72 Coniferyl alc. tr 0.04 - - -
85 114.89 Zingerone tr 0.13 0.04 - 0.03

tr; trace
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Fig. 1. Gas chromatogram of volatile compounds of
ginger rhizomes stored in underground pit

{(15°C, RH 95%) for 3 months.
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Table 2. Volatile compounds of ginger shoots stored
in underground pit (15°C, RH 95%) for 5

val
11

tg

i

eolge - fael

months
Peak Identi-  Peak
No. RT Compounds fication area %
1 844  a-Pinene GC, MS 196
2 1002 Camphene GC, MS 354
3 1142 n-Hexanal GC, MS 0.04
4 1175 B-Pinene GC, MS 0.85
5 1234  Sabinene GC, MS 0.10
6 1428 Myrcene GC, MS 083
7 1445  a-Phellandrene GC, MS 0.12
8 1579  2-Heptanone GC, MS -
9 16.25 Limonene GC, MS 085
10 1682  B-Phellandrene GC, MS 190
11 17.03 1,8-Cineole GC, MS 1381
12 2051 Y-Terpinene+ GC, MS —
p-cymene
13 2112  Terpinolene GC, MS 0.16
14 2187 Qctanal GC, MS —
15 2247 Undecatriene MS 0.14
16 2379  2-Heptanol GC, MS —
17 2508  6-Methyl-8- MS -
hepten-2-one
18 2828  2-Nonanone GC, MS —
19 3113 Nonyl acetate GC, MS -
20 3269 8-Elemene MS 0.11
21 3351  5-Cubebene MS 0.35
22 3415 a-Copaene MS 0.84
23 3653 Camphor GC, MS —
24  36.80  Sesquiterpene MS -
25 3720  Nonanol GC, MS 0.4
26 3816 cis-a- MS 0.10
Bergamotene
27 3836  Linalool GC, MS 055
28 3871  B-Ylangene MS -
29  40.05 p-Elemene MS 0.37
30 4054 Bornyl acetate GC, MS 922
31 41.01 B-Caryophyllene GC, MS —
32 4152  2-Undecanone GC, MS —
33 42.04  Terpinene-4-0l GC, MS 0.10
34 4232  Selina-4,(10)- GC, MS -
11-diene
35 4350  v-Elemene GC, MS —
36 4399  Caryophyllene MS 0.85
compd
37 4459  Propenyl! MS 0.08
benzyl ether
38 4478  Farnesene compd MS 0.22
39 4502 Farnesene compd MS 0.45
40 4579  Menthyl acetate GC, MS -
41 4624  Citronellyl acetate GC, MS —
42 4657  Cadiene compd MS 0.20

=1

- g - P F 4

Table 2. continued

Peak . Identi-  Peak
No. RT Compounds fication area %
43 4712  Neral GC, MS 056
44 4754  Cadina-4,9-diene MS 0.26
45 4798  B-Gurjunene MS 3.53
46 4810  a-Terpineol+ GC, MS —
Borneol
47 4866  Zingiberene MS 16.37
48 4892  Y-Bisabolene MS 3.65
49 50.13  Geranial GC, MS 632
50 51.54  Citronellol+ GC, MS 781
B-Sesquiphellandrene
51 51.75 ar-Curcumene+ GC, MS 665
Geranyl acetate
52 5265 8-Cadinene MS 2.66
53  53.59  Geraniol GC, MS —
54 53.88 Cubenol ester MS -
55 5507 Germacrene B MS 0.64
56 55.85 Calamenene MS 1.58
57 56.76  Anethole GC, MS —
58 6145  B-Bisabolol GC, MS 0.8
59 64.13 Caryophyllene oxide MS 0.55
60 6453  Sesquisabinene MS 0.29
hydrate
61 6554  Nerolidol+ GC, MS 016
Methvl eugenol
62 6649  Curcumenyl alc. MS 0.98
63 6724 Pentyl curcumene MS 0.40
64 6897 Elemol MS 0.30
65 69.33  Pachouli alc. MS -
66 69.94 Sesquisabinene MS 0.53
hydrate
67 7048  Zingiberenol MS 0.86
68 71.81  Selinen-4-ol MS -
69 73.84 Eugenol GC, MS 045
70 7409  B-10-Cadinol MS 0.30
71 75.63  Propenyl MS -
dimethoxy benzene
72 7617  Guaiol MS —
73 7631  Elemicin MS -
74 7657  Pentyl curcumene MS -
75 76.82  B-Eudesmol MS 0.65
76 77.61  Pentyl curcumene MS 0.04
77 7829  Farnesyl aldehyde MS -
78 7861  Curcumenyl ester MS 0.64
79 7907  Pentyl curcumene MS —
80 82.18  Isoeugenol MS -
81 8249  B-Sesquiphellandrol MS 0.62
82 8890  Oxonerolidol MS 0.13
83 96.69  Sesquiterpene ester MS 1.87
84 107.72  Coniferyl alc. GC, MS —
85 114.89  Zingerone GC, MS 0.20




8% AF T

°F 60%5 7k WM geraniold} geranyl acetate-&

s 7kadkgdvial ®aisk vl 2k 18y} essential

oile] F=&ol 0.049~0.137%(wh)i2 itk e &

0.32%(wby* H.uk &3] o] AA Al citral BHEEe
A

L8 AAY H=gk 809 ow FEHrh

o

Azt A(shoot)] &7| ME =M
A7 A F 4onge] Atshd AL st A

Ashoot)e] W43} 570 L%
Aol A g et W8 A Fdte] FU) RS S
} 11 essential o0il®] &4 GC @ GC-MS#=
= Fig. 28} #3121 ZA3E Table 28 ERNS]
S ERE REg &7 48 29 F F 74%)
Ao R o) oF 26%0) dals k) AR
WA Ee ol A RS A B )

2
b
ol

)
e}
o
Aoz
oL

olr
Hr
i
P

37

t
I

2
o

o e

o HE O O oY [ i ox
£

-,
=
i)

Aok

_fdf
w

ifol

A

= Hol7] WiEols A Al

Jo) Shi= W B7] ARl B 97 wE
o} o

oX
o
ox
o,
o
ofl
ot
Y
[o]
il
f
o

O

A Ao

N UQ‘J
;
A

o

3l

hi

o
)
2,
i

sesquiterpene hrdrocarbons: oxygenated
sesquiterpene: monoterpene hydrocarbons: oxygenated
monoterpenes =43 V&S 44:8:19: 1305 A &
7ol v]8}| oxygenated terpene-7} terpene hydrocar-
bon¥ HU} wokth EF Q¥ 2AS AEEW A7
@71l e R 3 ATE Bhs citral AR (neralz}
geranial)-< 6.88%(0.56% %} 6.32%)2 A7 7ol wlsl
Aot A% A vawA AR BEsfAl gl
bornyl acetate, B-gurjunene, ar-curcumene + geranyl
acetate o] FrEFH|VE ol Aol 9o WE 3PV
AW 24 pattern £8 Ak afol§ B on A
B M A7y 2R A A e g9 2ol &

e .

L]

o & o

1. Lawrence, B. M.: Perfumer & Flavorist, 13:69
(1988)

2. Chen, C. C.,, Kuo, M. C.,, Wy, C. M. and Ho. C.
T.. J. Agric. Food Chem., 34 :477(1981)

. Kano, Y., Saito, K. 1, Sakurai, T., Kanemaki, S,
Tanabe, M. and Yasuda, M.: Shoyakugaku Zasshi,
40 : 333(1986)

4. Masada, Y., Inoue, T. Hashimoto, K., Fujioka M.

and Uchino, C.: Yakugaku Zasshi, 94 : 735(1974)

5 AefAl @ AETEE AEF A H(1988)

[o8)

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21

22.

23.

24.

25.

26.

27.

28.
29.

714 st 7
6. Yamahara, J., Huang, Q. Li, Y., Xu, L. and Fuji-

mura, H.: Chem. Pharm. Bull, 38 :430(1990)

. Connell, D. W.: Flavour Industry, 1:677(1970)
8.

Smith, R. M. and Robinson, J. M.: Phytochemistry,
20 : 203(1981)

. Connell, D. W. and Jordan R. A.: J. Sci. Food Agric.,

22 :93(1971)

Kami, T, Nakayama, M. and Hayashi, S.: Phyto-
chemistry, 11 :3377(1972)

Chen, C. C. and Ho, C. T.: J. Agric. Food Chem.,
36 : 322(1988)

Miyazawa, M. and Kameoka, H.: Agric. Biol. Chem,,
52 :2961(1988)

Sakamura, F. and Hayashi, S.: J. Agric. Chem. Soc.
Japan, 52 : 207(1978)

Ekundayo, O., Laakso, 1. and Hiltunen, R.: Flavour
Frag. J., 85(1988).

Lawrence, B. M.: Paper Presented at IXth Interna-
tional Essential Oil Congress, Singapore, March
(1983)

Salzer, U. J.: Int. Flavours Food Addit., 6:206
(1975)

Bednarczyk, A. and Kramer, A.: Chem. Senses
Flav., 1:377(1975)

Macleod, A. J. and Pieris, N. M.: Phytochemistry,
23:353(1984)

Sakamura, F.: Phytochemistry, 26 :2207(1987)
e, BRFTEET Bkl 156 : 65(1987)
Meyer-Warnod, B.: Perfumer & Flavorist, 9:93
(1984)

Schultz, T. H., Flath, R. A, Mon, T. R.,, Enggling,
S. B. and Teranishi, R.: J. Agric. Food Chem., 25 :
446(1977)

EPA/NIH: EPA/NIH mass spectral data base. U.
S. Department of Commerce, Washington D. C.
(1978)

Moore, R. E., Pettus, J. A., Jr. and Mistysyn, J.:
J. Org. Chem., 39 :2201(1974)

Bednarczyk, A., Galetto, W. G. and Kramer, A.: J.
Agric. Food Chem., 23 :499(1975)

Shiobara, Y., Asakawa, Y., Kodama, M., Yasuda, K.
and Takemoto, T.: Phytochemistry, 24 : 2629(1985)
Terhune, S. J., Hogg, J. W., Bromstein, A. C. and
Lawrence, B. M.: Can. J. Chem., 53:3285(1975)
Kovats, E.: Helv. Chim. Acta, 41 :1915(1958)
14g, 15, Adeds, A9, A gE)
k3] %], 23:141(1991)



f

AT o]

lo

CERELE RS 2 P

r
Ho
ofoh

Changes in Volatile Constituents of Zingiber officinale Roscoe Rhizomes
During Storage

Myung-Kon Kim"™, Byung-Eun Lee!, Se-Eok Yun!, Jai-Sik Hong!, Young-Hoi Kim? and
Young-Kyu Kim?® (!Department of Food Sicence and Technology, Chonbuk National Univer-
sity, Chonju 560-756, Korea, *Korea Ginseng & Tobacco Research Institute, Taejon 305-
345, Korea)

Abstract : This study was carried out to investigate the changes in volatile constituents
concerning with the flavor of the green ginger (Zingiber officinale Roscoe) during storage
in underground pit (15C, RH 95%). And the constituents of essential oil of etiolated shoots
formed on the mother rhizomes during the five months storage in the dark under same
conditions were compared with those of mother rhizomes. The essential oils of Korean
domestic ginger (Bong-dong cultivar) were isolated by simultaneous steam distillation and
extraction method (SDE). Then the compositions of the essential oils were analysed by
GC and GC-MS spectrometry. The major compounds of essential oil from the fresh rhizo-
mes were zingiberene, citronellol+ B-sesquiphellandrene, B-phellandrene, camphene, gera-
nial, Y-bisabolene, ar-curcumene + geranyl acetate, a-pinene, f-gurjunene, limonene and ne-
ral. The content of monoterpene hydrocarbons increased with a concomitant lowering in
the amounts of sesquiterpene hrdrocarbons and oxygenated sesquiterpenes during storage
of rhizomes although contents of the oxygenated monoterpens changed little or slightly
during the storage. During the storage the content of such monoterpenes as camphene,
B-phellandrene and citral (neral and geranial) increased whereas the content of such sesqui-
terpenes as zingiberene and citronellol+ B-sesquiphellandrene decreased. The composition
of shoot oil differed from that of mother rhizome oil in having higher content of terpene
hydrocarbons and also in the higher content of bornyl acetate, B-gurjunene and ar-curcu-
mene+geranyl acetate and lower in citral (neral and geranial).



