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ABSTRACT 
The chemical composition of the volatile oil of ginger, Zingiber officinale Roscoe (Zingiberaceae) rhizomes of Delhi region, has been studied under different physical factors. 
The volatile oil of the fresh rhizomes is composed mainly of β-germacrene-D (25.4 %), linalool (11.8 %), camphene (9.4%), (Z)-β-farnesene (8.4 %), guaia-6,9-diene (8.3 %), 
limonene oxide (5.9 %), citronellal (3.6 %) and α-guaiene (3.5 %). When the volatile oil was heated at 110° C for 24 hours, β-germacrene-D (19.7 %), linalool (13.4 %), 
camphene (10.1 %), limonene (8.2 %), guaia-6,9-diene (6.5 %), limonene-1,2-epoxide (4.9 %) and α-guaiene (3.2 %) were the major constituents. Exposure of the volatile oil to 
sunlight for 48 hours as 15° C showed the presence of β-germacrene-D (21.4 %), linalool (14.5 %), camphene (8.7 %), cis-carveol (6.5 %), neral (5.8 %) and α-guaiene (3.2 %) 
as the main components. UV light exposure of the volatile oil for 24 hours at 12° C exhibited the occurrence of β-caryophyllene (23 %), linalool (12.9 %), camphene (9 %), 
valencene (8.2 %), (Z)-β-farnesene (8.1 %) and nerol (6.6 %) as the prominent constituents. The predominant compounds of the silica gel treated oil for 24 hours at 12° C 
included β-germacrene-D (22 %), linalool (18.4 %), β-selinene (7.5 %), camphene (8.7 %), δ-cadinene (6.8 %), gamma-cadinene (6.8 %), limonene oxide (6.6 %), citronellal 
(5.4 %) and α-guaiene (3.6 %). Treatment of the volatile oil with alumina neutral for 24 hours at 12° C produced abundantly β-germacrene-D (26.2 %), linalool (14 %), (Z)-β-
farnesene (11 %), β-selinene (8.3 %), camphene (6.4 %), tagetonol (5.8 %), borneol (3.9 %) and α-selinene (3.3 %). Camphene (10.1 – 6.4 %) and linalool (14.5 – 11.8 %) were 
the major components present in all the oil samples.  
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INTRODUCTION 
Zingiber  officinale Rosc. (Zingiberaceae), known as adrak or 
ginger, is a slender, rhizomatous perennial herb reaching up to 90 
cm in height. The rhizomes are aromatic, thick-lobed, white to 
yellowish-brown, irregularly branched, annulated and compressed 
with smooth surface1,2. The rhizomes are acrid, anthelmintic, 
aphrodisiac,  appetizer,  carminative, digestive, expectorant, laxative 
and  stomachic; prescribed to treat abdominal problems, anorexia, 
asthma, bronchitis,  cholera, colic, cough, dyspepsia, dropsy,  
headache,    diarrhoea, elephantiasis,  flatulence, inflammation, 
nausea, otalgia, rheumatism  and vomiting. Dried ginger is an 
ingredient into several combinations in Indian Pharmacopeias2,3.  
Administration of ginger has resulted in decreased symptoms of 
rheumatoid arthritis 4. It is one of the best known spices, very much 
utilized for its pleasant and aromatic odour and warm and pungent 
taste;  widely used for flavoring food materials such as puddings, 
cookies, pastries and biscuits; for preparation of extracts and 
oleoresins, and for distillation of volatile oil.  It is highly effective in 
suppressing fishy odours and for flavouring beverages1.  The volatile 
oil is greenish-yellow, mobile liquid containing sesquiterpenes like 
zingiberene, ar-curcumene, farnesene, β-bisabolene and zingiberol, 
monoterpenes and associated compounds. The volatile oil of ginger 
rhizomes from the north western Himalayas was rich in cineole, 
geranial, geraniol and geranyl acetate5. The fresh rhizomes from 
Trivandrum (Kerala) contained geranial as the main compound; the 
dried rhizomes possessed ar-curcumene, β-bisabolene, 
sesquiphellandrene and δ-cadinene6. The major components of the 
Pakistani (Faisalabad) ginger volatile oil were camphene, p-cineole, 
α-terpineol, zingiberene and pentadecanoic acid7. The volatile oil of 
the Nigerian ginger yielded predominantly geranial, neral, 1,8-
cineole, zingiberene, β-bisabolene and β-sesquiphellandrene8. Some 
of the oil components are converted into less odour-defining 
components on drying9.  The pungency of fresh ginger is due to the 
presence of gingerols, which are a homologous of phenols. The most 
abundant is 6-gingerol. The pungency of dry ginger mainly results 
from shogaols which are dehydrated forms of gingerols produced 
during thermal processing10. Ginger also contained 
diarylheptnoids11, β-sitosterol palmitate, isovaline, glycol 
monopalmitate, hexacosanoic acid ester, p-hydroxybenzaldehyde, 
adenine12 and phenyl alkaloids13. The present manuscript describes 

characterization of chemical constituents of the fresh rhizomes 
collected from Delhi and impact of physical factors on composition 
of the volatile oil.  
MATERIAL AND METHODS 
Plant material: Fresh rhizomes of Z. officinale were purchased 
from the Okhla Sabzi mandi, New Delhi, in November 2008. The 
plant material was identified by Prof.  M.P. Sharma, Department of 
Botany, Jamia Hamdard . A voucher specimen No. PRL/JH/08/46 is 
preserved in the herbarium of the Department of the Pharmacognosy 
and Phytochemistry, Faculty of Pharmacy, Jamia Hamdard, New 
Delhi. 
Isolation of volatile oil. The fresh rhizomes (1 kg) of Z. officinale 
were hydrodistilled in all glass apparatus according to the method 
recommended in the British pharmacopoeia, 2007. The colourless 
oil was dried over anhydrous sodium sulphate and stored at 4°C in 
the dark. The yield was 2.17 % based on the fresh weight of the 
drug. 
Thermal effect on volatile oil: The volatile oil (3 ml) of Z. 
officinale was heated in a sealed vial at 110°C in an electric hot oven 
for 24 hours. After cooling the oil was stored in the dark at 4°C. 
Sunlight effect on volatile oil: The volatile oil (3 ml) of Z. 
officinale was exposed in sunlight for 48 hours at 15°C in a glass 
vial. After exposure, it was stored in the dark at 4°C. 
Ultraviolet light effect on volatile oil: The volatile oil (3 ml) of Z. 
officinale was exposed in ultraviolet light for 24 hours at 12°C in a 
glass vial. After exposure, it was stored in the dark at 4°C.  
Treatment of volatile oil with silica gel-G: The volatile oil (3 ml) 
of Z. officinale was treated with silica gel-G in a sealed vial for 24 
hours at 12° C. It was dissolved in solvent ether, filtered and the 
solvent evaporated under reduced pressure on a hot water bath. The 
treated volatile oil was stored in the dark at 4°C. 
Treatment of volatile oil with alumina neutral: The volatile oil (3 
ml) of Z. officinale was treated with alumina neutral in a sealed vial 
for 24 hours at 12°C. It was dissolved in solvent ether, filtered and 
the solvent evaporated under  reduced pressure on a hot water bath. 
The treated volatile oil was stored in the dark at 4°C.  
GC Analysis  
The gas chromatographic analysis of the volatile oil was carried out 
on Shimadzu 2010 Gas Chromatograph (Japan) equipped with a 
flame ionization detector (FID) and AB-Innowax 7031428 WCOT 
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fused capillary column (60 m x 0.25 mm x 0.25 μm). The injector 
and detector (FID) temperatures were maintained at 250 and 270 °C, 
respectively. The carrier gas used was nitrogen at a flow rate of 1.21 
mL/min with column pressure of 155.1 kPa. The sample (0.2μl) was 
injected into the column with a split ratio of 80:1.  Component 
separation was achieved following a linear temperature programmed 
from 60 – 230 °C at a rate of 3° C /min and then held at 230° C for 9 
min, with a total run time of 55.14 min. Percentage of the 
constituents was calculated by electronic integration of FID peak 
areas. 
GC-MS Analysis 
The analysis of the volatile constituents were run on a Shimadzu 
QP-2010 GC-MS system equipped with AB-Innowax 7031428 
WCOT column (60 m x 0.25mm x 0.25μm) directly coupled to the 
MS. The carrier gas was helium with a flow rate of 1.21 mL/min. 
oven temperature was programmed as 50˚C for 1 min and 
subsequently held isothermal for 2 min. injector port: 250˚C, 
detector: 280˚C, split ratio 1:50, volume injected: 1μL of the oil. The 
recording was performed at 70 eV, scan time 1.5 s; mass range 40-
750 amu. Software adopted to handle mass spectra and 
chromatograph was a Chem station.  
Identification 
The individual peaks/constituents were identified by analysis of the  
gas chromatogram and  by comparison of their retention indices 
(R.I.) either with those of authentic compounds available in author’s 
laboratory or with those of literature14-18  in close agreement to R.I. 
Further identification was made by comparison of fragmentation 
pattern of mass spectra obtained by GC-MS analysis with those 
stored in the spectrometer database of NBS 54 K.L, WILEY8 
libraries and published literature14-18. Retention indices of the 
components were determined relative to the retention times of a 
series of n- alkanes relative to C9-C20 on HPS and HP-20M columns. 
RESULTS AND DISCUSSION 
The volatile oil of fresh ginger was characterized by a large number 
of monoterpenes (45.9 %) and sesquiterpenes (54.0%) with β-
germacrene-D (25.4 %), linalool (11.8 %) and camphene (9.4 %) 
types. Among 23 monoterpenes, eighteen components (44.7 %) were 
positively identified and only five monoterpenes constituents (1.2 
%) were partially characterized. There were seven each monoterpene 
hydrocarbons (14.9 %) and alcohols (16 %), one each monoterpene 
aldehyde (3.6 %), acid (0.5 %) and oxide (5.9 %), two monoterpene 
ketones (2.8 %) and four monoterpenes esters (1.7 %).The 
predominant monoterpenes were linalool (11.8 %) followed by 
camphene (9.4 %), limonene oxide (5.9 %),  citronellal (3.6 %) and 
α- pinene (2.6 %). The partially identified monoterpenes included γ-
terpinene, trans-verbenol, cis-menth-2-en-1-ol, geranyl acetate and 
citronellyl acetate and each of them occurred in trace amounts. 
Besides these, α-thujene, sabinene, α-phellandrene, trans-
pinocarveol, citronellol, citronellic acid and α-terpenyl acetate were 
also detected in less than one per cent. Among 22 sesquiterpenes (54 
%), eighteen components (52.8 %) were positively identified and 
only four constituents (1.2 %) were partially characterized. Except 
caryophyllene epoxide (0.2 %), all the sesquiterpenes were 
hydrocarbons. The predominant sesquiterpenes were β-germacrene-
D (25.4 %) followed by (Z) - β-farnesene (8.4 %), guaia-6, 9-diene 
(8.3 %) and α-guaiene (3.5 %). The partially identified 
sesquiterpenes included δ-elemene, α-elemene, α-cubebene and  α-
murrolene and all of them occurred  in lesser than one per cent . The 
sesquiterpenes present in trace amounts  were longipinene, α-
elemene, α-cubebene, α-murrolene, α-copaene, β-caryophyllene, α-
humulene, valencene, aristolene, α-selinene,  β-selinene, γ-guaiene, 
(Z)- α-bisabolene, γ-cadinene, δ-cadinene and caryophyllene oxide. 
n-Octa -3,5-dien -2-ol was the only aliphatic constituent detected in 
the volatile oil. The aromatic compounds present in the volatile oil 

included 1-n-butyl-3, 4-dimethyl benzene and eugenol. Among 48 
volatile oil constituents, 37 components (97.5 %) were completely 
identified. The ten volatile oil constituents comprising 2.5 % were 
partially characterized in the sample. Only one component remained 
unidentified. 
A comparative variation of the volatile oil components of the 
rhizomes of Z. officinale after different treatments is listed in Table-
1. α-Thujene, camphene, sabinene, β-pinene, α-phellandrene, 
linalool, γ-terpinene, α-copaene, α-selinene and  β-selinene were 
detected in all the oil samples. The percentage composition of α-
thujene varied from 0.1 % in UV exposed sample to 1.9% in 
alumina treated oil. α-Pinene disappeared when the oil was treated 
with alumina. The percentage of camphene varied from 6.4 % to 
10.1 %. β-Thujene, menthone, menthol, β-elemene,  β- cubebene, β-
bourbonene, α-calacrene, spathulenol and globulol were only 
characterized in the oil sample treated with silica gel. 
The percentage composition of sabinene present in minute amount 
differed slightly in all the samples. n-Oct -3,5-dien-2-ol  was present 
in trace amounts in all the samples except silica gel treated oil. α-
Phellandrene was found  in all volatile oil samples. α-Terpinolene 
was only absent in normal and heated oil at 110°C. Citronellic acid 
only absent in the oil exposed to UV-light and treated with silica gel. 
α-Guaiene was only absent in the oil exposed to UV-light and α-
elemene was not detected in silica gel treated oil; but their amounts  
were differed slightly in the oil samples. The percentage 
composition of linalool increased from 11.8 % in normal to 18.4 % 
in silica gel treated oil. γ-Terpinene differed from 0.2 to 1.3 %  in all 
the samples. 4-Terpineol, cis–p-menth -2-en-1-ol, cis-tagetone, 
aristolene, (Z)-α-bisabolene, caryophyllene epoxide and 1-n-butyl-
3,4-dimethyl benzene were only detected in the normal volatile oil 
sample. The percentage composition of citronellal differed markedly 
from 0.5 % in the oil sample exposed to sunlight to 5.4 % in the oil 
treated with silica gel. trans-Verbenol was detected only in the 
normal and silica gel treated samples. Terpinolene was generated 
only when the oil was exposed to sunlight. 
n-Octanoic acid  was formed on heating the oil samples at 110°C 
and on treatment with silica gel. Limonene-1, 2-epoxide was 
produced only on heating the oil sample. Terpinen-4-ol was detected 
only when the oil was exposed to sunlight and UV light. The 
percentage composition of trans-pinocarveol, not detected in the 
sunlight and UV light exposed oils, varied markedly from 0.2 to 2.3 
in the heated oil. The quantity of camphor, present in all sample, 
differed from 0.1% in the heated oil to 2.1 % in the silica gel treated 
oil sample. p-Cymene-8-ol was only detected in oil sample exposed 
to UV light in trace amount. Limonene oxide could not be detected 
in the oil samples exposed to sunlight and UV light and treated with 
alumina. Borneol was formed in trace amount when the oil was 
exposed to UV light and in 3.9% on treatment of the oil with 
alumina. Except the normal and heated oil samples, the amount of 
thujyl alcohol differed from 0.9 to 1.4%. The range of citral varied 
from 0.8 % in the heated oil to 5.6 %  in the UV light exposed 
sample and it was absent in the normal and sunlight exposed 
samples. 
Tagetonol, not detected in the normal and heated oil samples, was 
produced from 1.4 to 5.8 % yield; menthone, menthol, β- cubebene, 
β- bourbonene, α-calacrene, spathulenol and globulol were only 
present in the volatile oil sample treated with silica gel. 
Citronellol was present in the normal and sunlight exposed samples 
and disappeared in all other samples. cis-Carveol was only detected 
in the oil sample exposed to sunlight. Nerol was formed when the oil 
was exposed to sunlight and UV light in 2.4 and 6.6 % yields, 
respectively. Similarly geraniol was generated on exposing to light 
in trace amounts. Nerol was formed in excess on exposing it to 
sunlight and in trace amount on heating at 110°C, on exposing to 
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UV light and on treatment with silica gel and it was absent in all 
other samples. The percentage composition of longipinene differed 
slightly and it was absent in silica gel and alumina treated oil 
samples. 
n-Octanol was only formed when the oil was exposed to UV light . 
The amount of citronellic acid differed from 0.2 to 0.5 per cent and 
it was absent in the oil samples exposed to UV light and treated with 
silica gel. Perillyl alcohol, γ-guaiene, geranyl acetate, methyl 
cinnamate, himachalene and ledol were only detected when the oil 
was treated with alumina. Citronellyl acetate and α-cubebene were 
present in trace amounts in normal, heated and sunlight exposed 
samples. α-Elemene was formed in trace amounts when the oil was 
heated at 110° C and exposed to sunlight. The concentration of α-
copaene remained constant in all oil samples. The percentage of α-
gurjunene varied slightly in the oil samples exposed to UV light and 
treated with silica gel and alumina and it was absent in all other 
samples. The concentration of β-caryophyllene differed markedly 
from trace amounts to 2.3 % in the oil samples exposed to UV light 
and it was entirely disappeared in the alumina treated sample. β-
Gurjunene was only detected in 2.9 % yield when the oil sample was 
exposed to UV light.  Germacrene-D was present in high amount 
varying from 19.7 to 26.2% but it was absent in the oil sample 
exposed to UV light. Guaia-6, 9-diene and α-humulene were 
detected in normal and heated volatile oil samples. 
γ-Elemene varied from 0.2 % amount in sunlight exposed sample to 
2.8 % yield in the normal volatile oil and it was not found in UV 
light exposed, silica gel treated and alumina treated samples. The 
presence of (Z)- β-farnesene was detected in all samples except 
silica gel treated sample and its concentration varied from 7.7 % in 
sunlight exposed sample to 11.0 % in the alumina treated samples. 
Valencene was identified in 0.2 % yield in the normal and heat 
treated samples and in 8.2 % yield in the UV light exposed sample. 
Except silica gel treat sample, α-selinene was detected in all the 
samples from 0.8 % in the normal oil to 3.3 % in alumina treated 
sample. γ-Himachalene was only detected in the UV light exposed 
and in alumina treated samples in trace amount. β-Selinene was 
characterized in all samples and its concentration markedly differed 
from 0.6 % in the heated sample to 8.3 % in the alumina treated 
samples. α-Murrolene and γ-guaiene were occurred only in the 
normal, heated and sunlight exposed samples in trace amount. n-
Butyl benzoate was characterized in sunlight exposed and alumina 
treated samples in 0.1 % yield each. 
Selina-3,7(11)-diene was present only in heated and silica gel treated 
samples in minute quantity. Except UV light exposed samples, γ-
cadinene was detected in all samples and its amount differed from 
0.1 % in the alumina treated sample to 6.8 % in the silica gel treated 
sample. α-Elemene was identified in the range 0.2-0.6 % in all the 
samples except silica gel treated oil, Bicyclogermacrene was 
produced in trace amounts when the normal oil was heated at 110°C 
and exposed to UV light. δ-Cadinene was identified in 0.2 % yield in 
the alumina treated sample and 6.8 % amounts in the silica gel 
treated sample and it did not exist in the heated and sunlight exposed 
samples .Guaidiene derivatives were characterized in UV light 
exposed and alumina treated samples in trace amount. 
Benzocycloheptane derivatives and elemol were present in minute 
amounts in UV light exposed sample. The percentage composition 

of α-thujene, n-octa-3, 5-dien-2-ol, α-phellandrene, neral, 
longipinene, citronellic acid, α-copaene, α-guaiene and α-elemene 
differed slightly in the volatile oil samples. A marked change in the 
occurrence of linalool, tagetonol, nerol, β-caryophyllene, γ-elemene, 
valencene, α-selinene,  β-selinene and γ-cadinene was observed in 
the oils.  
In conclusion, the essential oil obtained after exposure to different 
physical factors varied in chemical constituents and their relative 
amounts. These qualitative and quantitative differences of oil might 
be due to interference of the components of the oil with light, heat 
and chromatographic adsorbents. Therefore, by using these trials, it 
is possible to increase the quality and quantity of specified contents 
and composition of the essential oil for industrial, nutritional and 
biological purposes.  
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Table 1.  Comparative variation of the volatile oil components of Zingiber officinalis 
 

S.No. Components R.I. A % B% C % D % E % F % 
1 Unidentified --- 0.8 0.5 0.5 0.4 0.4 0.4 
2 α-Thujene 922 0.2 0.2 0.2 0.1 0.2 1.9 

3 α- Pinene 925 2.6 3.2 3.7 3.0 2.6 --- 
4 Camphene 939 9.4 10.1 8.7 9.0 8.7 6.4 
5 β-Thujene 959 --- --- --- --- 0.2 --- 
6 Sabinene 960 0.3 0.2 0.1 0.1 0.7 0.2 
7 Myrcene 961 --- 0.3 0.3 0.3 0.7 --- 
8 n-Octa -3,5-dien -2-ol 963 0.5 0.8 0.7 0.7 --- 0.4 
9 β-Pinene 964 1.7 1.8 1.7 1.3 2.1 0.8 
10 α-Phellandrene 991 0.5 0.4 0.4 0.3 0.5 0.4 
11 Linalool 1077 11.8 13.4 14.5 12.9 18.4 14.0 
12 α-Terpinolene 1079 --- --- 0.1 0.1 0.2 0.1 
13 γ-Terpinene 1081 0.2 1.3 0.2 1.2 0.2 1.1 
14 Verbenol 1120 1.0 --- --- --- --- --- 
15 4-Terpineol 1123 1.0 --- --- --- --- --- 
16 cis –p-Menth -2-en-1-ol* 1128 0.6 --- --- --- --- --- 
17 Citronellal 1137 3.6 --- 0.5 --- 5.4 --- 
18 cis -Tagetone 1139 1.8 --- --- --- --- --- 
19 trans -Verbenol 1141 0.2 --- --- --- 0.5 --- 
20 Terpinolene 1142 --- --- 0.4 --- --- --- 
21 n-Octanoic acid 1143 --- 0.8 ---- --- 0.7 --- 
22 Limonene-1,2-epoxide 1147 --- 4.9 --- --- --- --- 
23 Tarpinen-4-ol 1149 --- --- 1.5 0.2 --- --- 
24 trans-Pinocarveol 1158 0.7 2.3 --- --- 0.5 0.2 
25 Camphor 1126 1.0 0.1 0.3 0.4 2.1 --- 
26 Limonene oxide 1139 5.9 8.2 --- --- 6.6 --- 
27 p-Cymene-8-ol 1152 --- --- --- 0.8 --- --- 
28 Borneol 1154 --- --- --- 0.6 --- 3.9 
29 Thujyl alcohol 1154 --- 1.4 0.9 1.2 1.2 0.9 
30 Citral 1156 --- 0.8 --- 5.6 1.7 --- 
31 Tagetonol 1158 --- --- 1.4 2.2 0.9 5.8 
32 Menthone 1161 --- --- --- --- 0.3 --- 
33 Menthol 1172 --- --- --- --- 0.1 --- 
34 Citronellol 1216 0.1 --- 0.7 --- --- --- 
35 cis-Carveol 1229 --- --- 6.5 --- --- --- 
36 Nerol 1233 --- --- 2.4 6.6 --- --- 
37 Geraniol 1237 --- --- 0.2 0.2 --- --- 
38 Neral 1247 --- 0.2 5.8 0.4 0.3 --- 
39 Longipinene 1258 0.2 0.3 0.3 0.2 --- --- 
40 n-Octanol 1272 --- --- --- 0.1 --- --- 
41 Citronellic acid 1300 0.5 0.5 0.4 --- --- 0.2 
42 Perillyl alcohol 1302 --- --- --- --- --- 0.2 
43 Car-3-en-2-one 1303 --- 0.1 --- --- --- --- 
44 Carvacrol 1307 --- 0.4 --- --- --- --- 
45 2 -Heptanol 1319 --- --- --- 0.3 --- --- 
46 Eugenol 1324 1.6 1.9 1.8 1.8 1.2 1.1 
47 Neryl acetate 1343 1.3 1.1 1.3 --- --- --- 
48 δ-Elemene 1345 0.5 0.6 0.4 --- --- --- 
49 α-Terpenyl acetate 1349 0.2 0.1 0.1 1.0 --- 1.6 
50 δ-Guaiene 1352 0.1 --- --- --- --- 0.6 
51 Geranyl acetate 1355 --- --- --- --- --- 0.2 
52 Citronellyl acetate 1357 0.1 0.1 0.1 --- --- --- 
53 Methyl cinnamate 1361 --- --- --- --- --- 0.5 
54 α-Elemene 1361 --- O.3 0.4 --- --- --- 
55 α-Cubebene 1362 0.3 0.4 0.2 --- --- --- 
56 α-Copaene 1363 0.2 0.2 0.2 0.2 0.2 0.2 
57 β-Elemene 1395 --- --- --- --- 1.0 --- 
58 β-Cubebene 1397 --- --- --- --- O.4 --- 
59 β-Bourbonene 1399 --- --- --- --- 0.1 --- 
60 α-Gurjunene 1401 --- --- --- 0.1 0.1 0.2 
61 β-Caryophyllene 1403 0.2 0.2 0.1 23.0 0.3 --- 
62 β- Gurjunene 1407 --- --- --- 2.9 --- --- 
63 α-Calacrene 1417 --- --- --- --- 0.1 --- 
64 α-Guaiene 1419 3.5 3.2 3.2 --- 3.6 3.7 
65 β-Germacrene-D 1420 25.4 19.7 21.4 --- 22.0 26.2 
66 Guaia-6,9-diene 1426 8.3 6.5 --- --- --- --- 
67 γ-Elemene 1428 2.8 2.4 0.2 --- --- --- 
68 α-Humulene 1431 0.2 0.2 --- --- --- --- 
69 (Z)-β-Farnesene 1446 8.4 7.6 7.7 8.1 --- 11.0 
70 Valencene 1458 0.2 0.2 --- 8.2 --- --- 
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71 Aristolene 1459 0.1 --- --- --- --- --- 
72 α-Selinene 1463 0.8 0.6 0.5 2.3 --- 3.3 
73 γ-Himachalene 1465 --- --- 0.2 --- --- 0.3 
74 β-Selinene 1471 0.8 0.6 7.8 0.1 7.5 8.3 
75 α-Murrolene 1474 0.2 0.1 0.1 --- --- --- 
76 n–Butyl benzoate 1477 --- --- 0.1 --- --- 0.1 
77 γ-Guaiene 1482 0.4 0.1 0.1 --- --- --- 
78 Selin -3,7(11)-diene 1483 --- 0.4 --- --- 0.2 --- 

79 (Z)-α-Bisabolene 1490 0.1 --- --- --- --- --- 
80 γ-Cadinene 1494 0.5 0.3 0.4 --- 6.8 0.1 
81 α-Elemene 1495 0.2 0.3 0.4 0.5 --- 0.6 
82 Bicyclogermacrene 1498 --- 0.3 --- 0.7 --- --- 
83 δ-Cadinene 1506 0.4 --- --- 0.2 6.8 0.2 
84 (+) -1αH,10αH-guaia-4,6-diene 1510 --- --- --- 0.3 --- 0.1 
85 4ßH,10 αH,Guaia-1(5)1,6 diene 1514 --- --- --- 0.1 --- --- 
86 2,4a,5,6,7,8,9,9a-Octa-hydro 

3,5,5-trimethyl 9-methylene(4as-
cis)1H-benzocycloheptane 

1518 --- --- --- 0.4 --- --- 

87 Elemol 1526 --- --- --- 0.3 --- --- 
88 Ledol 1543 --- --- --- --- --- 0.3 
89 Caryophyllene epoxide 1551 0.2 --- --- --- --- --- 
90 Spathulenol 1573 --- --- --- --- --- 0.2 
91 Globulol 1575 --- --- --- --- 0.4 --- 
92 1-n-Butyl-3,4-dimethyl benzene --- 0.1 --- --- --- --- --- 

 
R.I.  = Retention Indices 

A = Volatile oil of fresh rhizome without treatment ; B = Volatile oil heated at 110°C for 24 hours; C = Volatile oil exposed to sunlight for 48 hours; D = Volatile oil 
exposed to UV light for 24 hours; E = Volatile oil treated with silica gel for 24 hours ; F = Volatile oil treated with alumina neutral for 24 hours. 
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