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Abstract

The volatile compounds of Zingiber officinale Roscoe were extracted by simultaneous steam distillation
and extraction (SDE) method and identified with gas chromatography/mass spectrometer (GC/MS) analysis.
Enantiomeric compositions of chiral compounds were determined by multidimensional gas chromatography/
mass spectrometer (MDGC/MS). A total of 57 compounds were identified and quantified, including zingiberene,
B-sesquiphellandrene, B-bisabolene, (E, E)-a-farnesene and a—curcumene. Among them, zingiberene (38.41%)
was found as the predominantly abundant component. a-Pinene and nerolidol in dried ginger were detected
by high enantiomeric purity (>96%) for (S)-form, and B-pinene was detected only (R)-form. The enantiomeric
composition of a-terpineol revealed 72.0% for (R)-form, and linalool and 4-terpineol showed mixtures of both
enantiomers. (S)-Enantiomer was the major enantiomer of limonene having enatiomeric excess of 17.2%. Hence
the enantiomeric composition of these compounds can be used as parameter for authenticity control of Zingiber

officinale.
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Fig. 1. GC/MS chromatogram of volatile components from dried ginger (Zingiber officinale R.).
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Table 1. Volatile components identified in dried ginger
(Zingiber officinale R.)

R

No. RTY RP Compound name mg/kg Area%

1 3.75 1004 Tricyclene 532 010
2 399 1019 a-Pinene 8346 1.58
3 481 1062 Camphene 17954 3.39
4 570 1101 B-Pinene 474 0.09
5 6.04 1116 Sabinene 17.8 0.03
6 6.75 1144 &-3-Carene 91 0.02
7 719 1160 B-Myrcene 32903 0.62
8 766 1177 2-Heptanone 159 0.03
9 8.12 1191 Limonene 338.7 0.64
10 838 1199 B-Phellandrene 13776 2.60
11 951 1239 r-Terpinene 10.7 0.02
121023 1263 p-Cymene 102 0.02
13 1087 1282 Octanal 181 0.03
IS” 1156 1302 Butylbenzene 0.0 0.00
14 1203 1318 2-Heptanol 39 001
15 1222 1324 2-Hexylfuran 32 001

16 1238 1330 6-Methyl-5-hepen—2-one 294 0.06
17 1287 1345 2,6-Dimethyl-5-heptenal 122 0.02
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Table 2. Relative content of functional groups in identified
volatile components from dried ginger (Zingiber officinale
R.)

Relative area%

18 1397 1379 3-Hexenol 2.1 001
19 14.03 1380 2-Nonanone 24 001
20 1519 1416 (E)-2-Octenal 35 0.01
21 1674 1435 (Z)-Linalool oxide 6.8 0.01
22 16.16 1448 a-Cubebene 57 0.01
23 1639 1456 2-Qctyl acetate 135 0.03
24 1654 1460 6-Elemene 544 0.10
25 1716 1479 a-Copaene 2401 0.46
26 1742 1487 Decanal 375 0.07
27 1772 1496 Camphor 13.0 0.02
28 1904 1541 Linalool 639 0.12
29 1920 1546 (E)-a-Bergamotene 1343 0.25
30 1981 1566 Bornyl acetate 63.0 0.12
31 2010 1576 B-Elemene 2474 047
32 2023 1580 (E)-B-Caryophyllene 435 008
33 2043 1586 2-Undecanone 497 0.09
34 2053 1589 4-Terpineol 25.6 0.05
35 2083 1598 a~Gurjunene 487 0.09
36 2164 1628 Alloaromadendrene 152.7 0.29
37 2218 1647 (Z2)-B-Farnesene 210.0 0.40
38 2229 1651 Citronellyl acetate 1427 0.27
39 2243 1655 (E)-B-Farnesene 2334 044
40 2269 1664 (2)-Citral 496.4 0.94
41 2293 1672 7y -Muurolene 139.2 0.26
42 2329 1685 a-Terpineol 251.8 0.48
43 2337 1687 Borneol 5577 1.05
44 2345 1690 Germacrene D 631.3 1.29
45 2415 1715 Zingiberene 20320.1 38.41
46 2425 1719 B-Bisabolene 40721 770
47 2484 1741 (E,E)-a-Farnesene 31365 5.93
48 2540 1761 B-Sesquiphellandrene 9810.7 1854
49 2544 1763 a-Curcumene 24854  4.70
50 2669 1808 Germacrene B 5195 0.98
bl 2741 1836 Geraniol 2194 041
52 2836 1872 §-Cadinol 441 0.08
53 31.37 1990 B-lIonone 2002 0.38
54 3223 2026 Nerolidol 719.7 1.36
55 3309 2062 Elemol 6743 1.27
56 3391 2095 Zingiberenol 14843 281
57 3427 2111 10-Epi- 7 —eudesmol 389.1 0.74

529024 100

DRetention time. ?Retention index. “Internal standard.

Functional groups  No. mg/kg
Alcohols 12 4,435.9 8.39
Aldehydes 5 567.7 1.07
Esters 3 219.2 0.42
Ketones 6 310.6 0.59
Hydrocarbons 29 47.359.0 39.51
Miscellaneous 2 10.0 0.02
Total 57 52,902.4 100
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Fig. 2. MDGC/MS chromatograms of selected chiral compounds in dried ginger (Zingiber officinale R.).

Table 3. Enantiomeric distribution of chiral compounds from dried ginger (Zingiber officinale R.)

Temperature program

Enantiomeric ratio

. , o
Compound Cut time (min) Oven 1 —— R 3 ee (%)
a-Pinene 3.25~4.25 40~220°C (1°C/min) 40°C (20 min)~200°C (1°C/min) 3.8 96.2 924
B-Pinene 5.20~6.20 40~220°C (1°C/min) 40°C (20 min)~200°C (1°C/min) 100 0 100
Limonene 4.47~5.26 40~220°C (10°C/min) 40°C (20 min)~200°C (2°C/min) 414 58.6 172
Linalool 6.94~750 60~220°C (10°C/min) 60°C (15 min)~200°C (1°C/min) 54.0 46.0 8.0
a-Terpineol 8.80~9.30 60~220°C (10°C/min) 60°C (15 min)~200°C (1°C/min) 72.0 28.0 440
4-Terpineol 8.18~8.68 80~220°C (5°C/min) 80°C (20 min) ~200°C (1°C/min) 46.7 53.3 6.6
Nerolidol 8.35~8.85 100~220°C (10°C/min) 100°C (20 min)~200°C (1°C/min) 1.7 98.3 96.6
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