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Abstract 
The essential oils were extracted using the hydrodistillation method from four Zingiberaceae species; Zingiber officinale 
var.rubrum, Zingiber amaricans, Kaempferia galanga, and Boesenbergia pandurata. Volatile components of all extracts were 
analyzed by gas chromatography-mass spectrometry (GC-MS) techniques. The major constituents of Zingiber officinale, 
Zingiber amaricans, Kaempferia galanga, and Boesenbergia pandurata were identified as E-citral (20.98%), zerumbone 
(40.70%), ethyl p-methoxycinnamate (58.47%) and camphor (57.97%), respectively. Kaempferia galanga and Zingiber 
amaricans were rich in sesquiterpenes whereas Boesenbergia pandurata and Zingiber officinale var. rubrum contained mostly 
monoterpenes. 
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Introduction 

The Zingiberaceae is one of the largest families of the plant kingdom and one of the most important herbaceous 
species found in tropical forests, with approximately 50 genera and over 1,000 species [9]. In the Southeast Asian 
region, several species of Zingiberaceae are used as spices, medicines, flavoring agents and as the source of certain 
dyes [1]. It is estimated that there are 150 species of ginger belonging to 23 genera found in Peninsular Malaysia. 
The presence of essential oils such as limonine, eugenol, pinene, and geraniol in many Zingiberaceae species has 
made some species important since the time of ancient Greeks [3]. Zingiber officinale var.rubrum and Zingiber 
amaricans are commonly known as ‘Halia bara’ and ‘Lempoyang empirit’. Both species are originated from China 
and used traditionally as medicine such as detoxicification agent, dyspepsia, and colic, skin tonic, stomachic and 
carminative. In addition, Kaempferia galanga and Boesenbergia pandurata which are also indigenous to China and 
India are locally known as ‘cekur’ and ‘temu kunci’. They are traditionally used as flavoring and medicine such as a 
tonic, piles, stomachic, febrifuge, cough and mixture for after childbirth. These traditional uses may be explained by 
the presence of biologically active volatile constituents. Several previous studies reported these Zingiberaceae 
species possess significant biological activities. The study by Wong et al. [6]reported that the major constituents of 
Kaempferia galanga were ethyl trans-p-methoxycinnamate (51.6%), ethyl cinnamate (16.5%), pentadecane (9.0%), 
1,8-cineole (5.7%), -car-3-ene (3.3%) and borneol (2.7%). While Ibrahim Jantan et al [5] reported the major 
constituents for Boesenbergia pandurata collected from different locality were camphor (16.1%-32.1%), geraniol 
(16.2%-26.0%), (E)-β-ocimene (19.0–23.7%), 1,8-cineole (7.5–13.9%), camphene (5.4–6.0%) and methyl 
cinnamate (2.2–5.8%). The aim of this study was to analyze the volatile constituents of essential oils of rhizomes 
from different species of the Zingiberaceae species by GCMS technique. The study of these essential oils may 
provide interesting raw material for the application of aromatherapy and flavors. 
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Experimental 
Plant material 
Zingiber officinale, Kaempferia galanga, and Boesenbergia pandurata were purchased from Pasar Borong Selangor 
in 2003. These plants were identified by Mr. Shamsul Khamis, Institute of Bioscience (IBS), Universiti Putra 
Malaysia. Zingiber amaricans was collected from Yogyakarta, Indonesia in 2003 and identified by Dr. Suwijio 
Pramono of Department of Biological Pharmacy, Faculty of Pharmacy, Gadjah Mada University. 
 
Hydrodistillation 
One kg of air-dried rhizomes from each of these plants were chopped into small pieces and subjected to 
hydrodistillation using the Clavenger apparatus for about 8 hours. The hidrodistillation were carried out at 100 ºC 
for 8 hours in an all glass Dean and Stark apparatus modified to give lowest phase return. About 5-10 ml of n-
hexane was added through the top of condenser to top of condenser to trap the condensed oil. The mixture of water 
and hexane was collected every one hour. New portion of hexane was added through the condenser. Later, the 
mixtures were combined and dried over Na2SO4 anhydrous. The hexane solution was then evaporated to give 
yellowish essential oils which were analyzed using GCMS technique. The yields were calculated based on dry 
weight of plant materials. 
 
GC-MS analysis 
The essential oils were analyzed using Shimadzu GS-MS – QP5050 spectrophotometer equipped with Shimadzu 
GC-17A, HP5MS (5% phenyl methylsilane) capillary column (30 x 250μm x 0.25μm) and helium as gas carrier. 
The GC oven temperature was programmed from 50 ºC -250ºC at rate of 5min-1 with an initial hold 1 min and final 
hold 10min.The constituents of oils were identified using GCMS technique, by comparing their mass spectral data 
with those from the Wiley mass spectral database and Kovat retention indices with the literature values. 
 

Results and Discussion 
Rhizomes of four Zingiberaceae species were collected from Pasar Borong Selangor and Yogyakarta in 2003. 
Hydrodistillation of each sample was carried out in a modified Clevenger apparatus with a water cooled oil receiver 
to reduce the potential of hydrodistillation over-heating artifacts. The constituent of the essential oils were 
determined based on their mass fragmentation patterns and comparison of Kovat Index values. Table 1 shows the 
components of the essentials oils of four plant species under investigation. The total of chemical components 
identified in the essential oils of rhizomes of Zingiber officinale var.rubrum, Zingiber amaricans, Kaempferia 
galanga, and Boesenbergia pandurata were 37, 34, 25, and 32 respectively, consisted of monoterpenes, 
sesquiterpenes, oxygenated mono-sesquiterpenes and some other miscellaneous components. E-citral(20.9%), 
zerumbone(40.7%), ethyl p-methoxycinnamate(58.5%) and also camphor(60%) were the major constituents in the 
essential oils of the rhizomes of  Zingiber officinale var.rubrum, Zingiber amaricans, Kaempferia galanga, and 
Boesenbergia  pandurata respectively. 
 
The detail results on the constituents and classes of the compounds are summarized in Table 1 and Figure 1. 
Oxygenated monoterpenes derivatives dominated the essential oils of Boesenbergia pandurata (68.1%) and 
Zingiber officinale(52.9%).Oils of Boesenbergia pandurata consisted mainly camphor(58%), followed by 
geraniol(2.0%) and citranellol(0.87%). On the other hand, oils of Zingiber officinale was made up of E-citral(21%), 
β-citronellol(17.4%), trans-geraniol(6.9%) and borneol(2.8%). Previous works on the constituents of essential oils 
of Boesenbergia pandurata have also identified camphor as the major constituents (32.1%) [5]. The essential oils of 
the rhizomes of Zingiber officinale collected in Cuba was reported to contain curcumene as a major constituents 
(22.1%) , followed by zingiberene (11,7%), β-bisabolene (11.2%) and cadina-1,4-diene (12.5%) [8]. 
 
There was no previous report on the constituent of essential oils of Zingiber amaricans. Our investigation of the oils 
of this plant species has revealed the presence of oxygenated sesquiterpenes dominated solely by zerombone as the 
major constituent (in 40.7% yield). Other constituents includes aromatic ester, benzyl heptanoate (23.5%) 
monoterpenes(8.2%) and oxygenated monoterpenes(10.6%). Kaempferia galanga is one of the most abundant 
species of genus Kaempferia. Ethyl p-methoxycinnamate was identified as the major constituents of the essential 
oils of Kaempferia galanga(58.5%).Other main constituents were isobutyl β-2-furylacrylate(30.9%) and hexyl 
formate(4.8%) respectively ,which are not being classified as terpenoids. Oils of three other plant species were 
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dominated by terpenoid derivatives. This is in agreement with previous work by Wong [6] which reported ethyl p-
methoxycinnamate as the most abundant component (51.6%), followed by ethyl cinnamate (16.5%), pentadecane 
(9.0%), 1,8-cineole (5.7%), -car-3-ene (3.3%) and borneol (2.7%) . 
 

 
 

Table 1. Chemical Composition of the Essential Oils of Four Zingiberaceae Species 
 

  
Percentage of Concentration (%) 

Kovat 
Indices 

(KI) 

Retention 
time 
(RT) 

Zingiber 
officinale 

Zingiber 
amaricans 

Kaempferia 
galanga 

Boesenbergia 
pandurata 

Monoterpenes hydrocarbons 
sabinene 959 6.739 0.46 - - - 
α-terpinene 1012 9.569 0.97 - - - 
α-pinene 926 5.374 - 0.50 - - 
β- mycrene 978 7.671 - 0.09 - - 
trans-2-hexenyl n-propionate 1085 14.425 - 4.98 - - 
camphene 944 6.073 - 2.27 0.04 - 
terpinolene 1084 14.369 - - 0.02 - 
2-cyclohexylcyclohexane 1495 36.366 - - 0.26 - 
γ-cadinene 1518 37.328 - - 0.12 - 
1,8-cineole 1015 9.688 - 0.31 - 2.60 
trans-ocimene 1041 11.207 - - - 0.21 
neryl acetate 1517 36.999 - - - 1.17 
β-pinene 1524 37.587 - - - 0.10 
citral 2 1249 24.287 - - 0.09 - 
Total   1.43 8.15 0.53 4.08 
 
Oxygenated monoterpene 
derivatives 

      

endo borneol 1139 17.876 2.36 - - - 
borneol 1151 18.550 0.46 - 0.03 1.99 
α-terpineol 1165 19.443 0.74 0.14 - - 
β-citronellol 1205 22.047 17.37 - - 0.87 
Anethole 1270 25.432 0.40 - - - 
β-eudesmol 1597 40.704 0.54 - - - 
camphor 1107 16.100 - 0.98 - 57.97 
o-methylacetophenone 1118 16.708 - 0.10 - - 
isobutyl n-hexanoate 1140 17.914 - 0.73 - - 
phenylethyl formate 1156 18.871 - 0.07 - - 
camphene hydrate 1141 17.975 - - 0.83 - 
allyl salicylate 1339 29.018 - - 0.25 - 
isoeugenol 1395 31.806 - - 0.03 - 
acetyl eugenol 1541 38.275 - - 0.04 - 
bicycle(2.2.1)heptan-2-ol 1137 17.739 - - - 0.39 
methyl-n-nonanoate 1207 22.169 - - - 0.22 
trans-geraniol 1235 23.546 6.92 - - 6.24 
2-cyclohexyethylacetate 1238 23.741 - - - 0.23 
3,4-dimethoxyacetophenone 1532 37.903 - - - 0.16 
rosephenone 1538 38.171 - - - 0.08 
terpinyl n-valerate 1615 41.424 - - - 0.09 
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cinnamyl n-propionate 1515 37.216 0.58 - - - 
n-hexyl angelate 784 2.125 - 0.06 0.08 0.09 
propyl n-methylanthranilate 1560 39.109 - 2.10 - - 
cis-3-hexenyl isobutyrate 1128 17.217 0.29 - - - 
n-butyl n-butyryl-acetate 1331 28.597 0.24 - - - 
n-propyl salicylate 1357 29.877 2.02 - - - 
E-citral 1239 23.765 20.98 - - - 

Total   52.90 4.18 1.26 68.33 
 
Sesquiterpene hydrocarbons 
α-zingiberene 1492 36.230 0.25 - - - 
β-bisabolane 1498 36.504 1.28 - - - 
n-hexadecane 1601 40.885 0.30 - - - 
β-carene 996 8.694 - 0.20 - - 
p-cymene 1004 9.181 - 0.18 - - 
trans-caryophylene 1395 29.039 - - - 3.42 
1,3-tetradecadiene 1922 52.844 - -          - 0.81 

Total   1.83 0.38          - 4.23 
 
Oxygenated sesquiterpenes derivatives 

 

zerumbone 1689 44.357 - 40.70 - - 
geranyl-n-heptanoate 1832 49.725 - - 0.02 - 
citranellyl n-butyrate 1511 37.052 1.07 - - - 
citronellyl isocrotonate 1526 27.643 0.23 - - - 
linalyl n-hexanoate 1583 40.082 0.95 - - - 
cinnamyl n-valerate 1705 44.958 0.31 - - - 
p-cresyl n-octanoate 1756 46.884 0.45 - - - 
cis-3-hexanyl decanoate 1760 47.057 0.53 - - - 
undecanal diethyl acetate 1571       39.570 - 6.40 - - 

Total   3.54 47.10 0.02 - 
 
Miscellaneous compounds 

 

guaiacol 1072 13.424 0.24 - - 2.60 
dipropyleneglycol 1075 13.680 0.22 - - - 
cis-3-hexenyl n-propionate 1083 14.317 0.87 - - - 
isoamyl 2-methylbutyrate 1087 14.589 0.24 - - - 
di-n-amyl ketone 1258 24.801 0.47 - - - 
cinnamyl acetate 1419 32.879 0.36 - - - 
n-butyl salicylate 1457 34.594 1.25 - - - 
2-octanoylfuran 1487 35.974 0.90 - - - 
n-hexyl benzoate 1560 39.068 0.42 -  - - 
trans-2-hexenyl n-octanoate 1573 39.637 0.57 - -           - 
isoamyl pyruvate 1731 45.276 0.31 - -           - 
isoamyl-hexanoate 1238 23.705 - - 0.04           - 
n-hexanal 779 1.870 - 0.06 0.06     0.08     

diallyl sulfide 855 3.476 - 0.07 0.04           - 
2-ethoxythiazole 943 6.016 - 0.07 0.05           - 
2-methyl-5-ethylthioene 959 6.741 - 0.09 -           - 
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n-hepthyl formate 1012 9.609 - 0.58 -           - 
guaiacol 1071 13.315 -      0.07 -           - 
trans-2-hexenyl n-propionate 1085 14.425 - 2.98 -           - 
2-isopropyl-4,5-dimethylthiazole 1109 16.223 - 0.08 -           - 
diethyl succinate 1153 18.727 - 0.21 -           - 
6-methylcoumarin 1545 38.439 - 1.26 - - 
cyclohexenyl cyclohexanone 1552 38.761 - 0.12 - - 
methyl-n-dodecyl ketone 1580 39.955 - 0.41 - - 
Z-nonanoylfuran 1589 40.341 - 0.49 - - 
geranyl isovelarate 1594 40.561 - 2.95 - - 
benzyl n-heptanoate 1621 41.636 - 23.52 - - 
trans-2-hexenyl n-nonaoate 1673 43.707 - 0.37 - - 
amyl anthranilate 1700 44.788 - 0.20 - - 
2-ethyl-4-methylthiazole 959 6.697 - - 0.02 - 
hexyl formate 994 8.625 - - 4.78 - 
isobutyl disulfate 1205 22.081 - - 0.05 - 
2-cyclohexyethyl acetate 1233 23.476 - - 0.02 - 
isobutyl beta-2-furylacrylate 1435 33.577 - - 30.90 - 
6-methylcoumarin 1545 38.443 - - 0.03 - 
cyclohexenylcyclohexanone 1552 38.727 - - 0.03 - 
cinnamyl isobutyrate 1555 38.873 - - 0.03 - 
2-isopropyl-4,5-dimethyloxazole 947 6.766 - - - 0.12 
trans-2-hexanyl-n-propionate 1078 14.472 - - - 5.59 
cyclohexyl-n-propionate 1120 16.783 - - - 2.72 
2-n-proyl-4,5-dimethylthiazole 1151 18.586 - - - 0.10 
ethyl benzoate 1154 18.750 - - - 0.74 
guaiocol n-capraoate 1681 44.002 - - - 0.32 
geranyl benzoate 1948 53.717 - - - 0.10 
n-butyl-n-pentadecanoate 1977 54.732 - - - 0.11 
n-eicosane 2001 55.538 - - - 0.12 
cinnamyl cinnamate 2056 57.222 - - - 0.17 
ethyl p-methoxy cinnamate 1722 45.594 - - 58.47 - 

Total   5.85 33.53 94.52 12.77 
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Fig. 1: Chemical Compositions of Essential oils of Zingiberaceae species 
  

  
 

Conclusion 
The constituents of the essential oils depend on the species of the plants under investigation. Oxygenated 
monoterpenes were found to be the major constituents of essential oils Zingiber officinale and Boesenbergia 
pandurata, while oxygenated sesquiterpenes dominated the oils of Zingiber amaricans. In contrast, oils of 
Kaempferia galanga constituents mainly non-terpenoids. 
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