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ABSTRACT. The chemical composition of the essential oils from fresh rhizomes of nine  
Curcuma L. species was investigated using the GC-MS technique. A total of 136 compounds, 
representing 97.19–99.11% of the total content of the essential oils, were identified. 
A dendrogram obtained from the cluster analysis based on their chemical composition 
was divided into two main clusters. The first cluster, with a high content of sesquiterpene 
hydrocarbon (e.g. β-curcumene) and oxygenated sesquiterpene (e.g. xanthorrhizol) was 
composed of Curcuma alismatifolia Gagnep., C. larsenii Maknoi & Jenjitt., C. sparganiifolia 
Gagnep. and C. harmandii Gagnep. The second cluster was subdivided into two groups, 
IIA and IIB. Group IIA with a high content of monoterpene hydrocarbons (e.g. camphene), 
sesquiterpene hydrocarbons (e.g. a-copaene), caryophyllene, and oxygenated sesquiterpenes 
(e.g. caryophyllene oxide), comprised Curcuma parviflora Wall. and C. rhabdota Sirirugsa & 
M.F.Newman. The other, IIB, with a high content of oxygenated monoterpenes (e.g. camphor) 
and oxygenated sesquiterpenes (e.g. germacrone), included Curcuma rubrobracteata Škorničk. 
et al., C. angustifolia Roxb. and C. singularis Gagnep. 
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Introduction

The genus Curcuma L. in the Zingiberaceae has many species of medicinal and 
economic value. It comprises about 130 species distributed in South and Southeast Asia 
(Leong-Škorničková & Newman, 2015). In Thailand, 46 species are now recognised 
(Pooma & Suddee, 2014). 

Curcuma species are perennial rhizomatous herbs with short, round to ovoid, 
aromatic rhizomes and starchy tuberous roots. The leaves have a linear, elliptic to 
ovate leaf blade, 20–200 cm long (Leong-Škorničková & Newman, 2015). Based on 
the morphological characteristics of Curcuma species, i.e. anther type, the presence 
and absence of stylodial glands, the shape of stylodial glands when present, and bract 
apices, Sirirugsa et al. (2007) divided the Curcuma species of Thailand into five 
informal groups: Alismatifolia, Cochinchinensis, Ecomata, Longa and Petiolata.
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The rhizomes of Curcuma species have been reported as rich sources of 
essential oils which give them their pleasant aroma and medicinal value. Several 
Curcuma species have been used in ethnomedicine in many countries. For example, 
the rhizomes of Curcuma angustifolia Roxb. have been used in ethnomedicine in India 
as an antiasthmatic, antidysentery, antifungal and antipyretic (Tushar et al., 2010; Ray 
et al., 2011; Padal & Sandhyasri, 2013). In Nepal, the rhizomes of Curcuma longa L. 
have been used as an anthelmintic while the rhizomes of C. amada Roxb. have been 
used as an antiarthritic and anti-inflammatory (Singh et al., 2012). In Bangladesh, 
the rhizomes of Curcuma longa have been used as an antidiarrheal and carminative 
(Islam et al., 2014; Khan et al., 2015). In Thailand, the rhizomes of Curcuma longa 
have been used to treat fevers, peptic ulcers, dyspepsia and skin diseases (Chuakul & 
Boonpleng, 2003; Chuakul, 2005; Neamsuvan et al., 2012; Maneenoon et al., 2015; 
Tangjitman et al., 2015). In addition, the rhizomes of Curcuma sparganiifolia Gagnep. 
and C. parviflora Wall. have been used as an antiasthmatic and for wound healing, 
respectively (Sirirugsa, 1999; Chuakul & Boonpleng, 2003, 2004). Furthermore, 
some Curcuma species, such as C. alismatifolia Gagnep., C. gracillima Gagnep., C. 
harmandii Gagnep., C. parviflora, C. sparganiifolia and C. thorelii Gagnep., have 
been cultivated for both their economic value and as ornamental plants (Larsen & 
Larsen, 2006; Khamtang et al., 2014; Saensouk et al., 2016).

The chemical constituents of plants can provide characters for plant 
classification, the study of which has been termed chemotaxonomy (Singh, 2016). 
The chemical composition of the essential oils of several plants such as Pulicaria spp. 
(Asteraceae), Ferula spp. (Apiaceae), Ocimum spp. (Lamiaceae) and Amomum spp. 
(Zingiberaceae) have been utilised in their classifications (Setyawan, 2002; Kanani et 
al., 2011; Pirmoradi et al., 2013; Maggio et al., 2015). 

However, the taxonomic usefulness of the essential oil composition from 
rhizomes of Curcuma species has not hitherto been reported on. Therefore, the aims of 
this study were to investigate the chemical composition of the essential oils from the 
rhizomes of nine Curcuma species and assess whether these data are useful for plant 
classification. 

Materials and methods

Plant materials
Fresh rhizomes of nine Curcuma species were collected from different locations in 
Thailand (Table 1) between December 2014 and August 2017. Because of their rarity 
and narrow distributions, only a single fresh rhizome of each of the nine Curcuma 
species was collected for this initial study. All plant samples were identified by Assist. 
Prof. Dr Thaya Jenjittikul (Department of Plant Science, Faculty of Science, Mahidol 
University, Bangkok, Thailand). The voucher specimens of these plants were deposited 
at the College of Pharmacy, Rangsit University, Thailand.
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Table 1. Origins of the plant samples used in this study. The groups are those of Sirirugsa et 
al. (2007)

Plant samples Locality Voucher number
Alismatifolia group
Curcuma alismatifolia Gagnep. Prachin Buri RSU 0042
C. harmandii Gagnep. Prachin Buri RSU 0066
C. larsenii Maknoi & Jenjitt. Ubon Ratchathani RSU 0054
C. parviflora Wall. Chiang Mai RSU 0049
C. rhabdota Sirirugsa & M.F.Newman Ubon Ratchathani RSU 0052
C. sparganiifolia Gagnep. Ubon Ratchathani RSU 0057
Longa group
C. angustifolia Roxb. Chiang Mai RSU 0063
Petiolata group
C. rubrobracteata Škorničk. et al. Chiang Mai RSU 0065
Ecomata group
C. singularis Gagnep. Prachin Buri RSU 0056

Isolation of essential oils
Fresh rhizomes of each plant (300 g) were washed with tap water, air dried and then 
blended into small pieces with a blender. The ground materials were subjected to hydro 
distillation using Clevenger apparatus for 3 hours. The essential oils were collected 
and stored at 4°C in air-tight containers before being GC-MS analysed. 

GC-MS Analysis
GC-MS analysis of nine essential oil samples was carried out on an Agilent 7890A 
gas chromatograph connected to a 5975C TAD inert XL EI/CI MSD. For GC-MS 
detection, the electron ionization system set to 70 eV was used. They were connected 
to a DB-5 MS capillary column (30 m × 0.25 mm i.d., and 0.25 mm film thickness). 
One microlitre of each essential oil sample diluted in ethanol (1:20 by volume) was 
injected into the GC-MS using a GC 80 headspace autosampler in the splitless mode. 
The GC injector temperature was set at 180°C and the GC-MSD interface temperature 
was set at 290°C. The temperature programme of a GC oven was applied: held at 60°C 
for 1 min, raised to 240°C at 3°C/min and held isothermally at 240°C for 5 min. The 
flow rate of the carrier gas (helium) was 1.0 mL/min. The mass spectra were scanned 
from 40 to 650 m/z with a scanning rate of 2.42 amu/second.

Identification of essential oil components
The chemical components of each essential oil were identified by matching their 
mass fragmentation pattern with NIST 05 Mass Spectral library. The amount of each 
compound was determined on the basis of its peak area measurement from the TIC 
without the use of response factors. 
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Statistical analysis
All chemical compositions of more than 0.05% were considered for the statistical 
analysis (SPSS Statistics version 18). Hierarchical cluster analysis was done to 
categorise nine Curcuma species according to their essential oil composition.

Results and discussion

Essential oil composition
The rhizome essential oils obtained from hydro-distillation of nine Curcuma species 
were clear and pale yellow and their percentage yields are given in Table 2. The 
chemical components of each essential oil that was GC-MS analysed is also listed 
in Table 2, including the percentages of the individual components and their Kovats 
Indices (KIs). A total of 136 compounds, representing 97.19–99.11% of the total oil 
yield, were identified. The number of chemical components found in each essential oil 
sample ranged from 28–60 compounds.

The rhizome essential oils of Curcuma larsenii Maknoi & Jenjitt. (recognised here 
as distinct from C. gracillima Gagnep.) and C. harmandii were rich in sesquiterpenes. 
Xanthorrhizol [119 in Table 2] and b-curcumene [80] were the two main components 
in both rhizome essential oils (55.96 and 16.23% for Curcuma larsenii and 48.99 
and 25.64% for C. harmandii, respectively). Sesquiterpene hydrocarbons were 
abundant in the rhizome essential oils of Curcuma alismatifolia and C. sparganiifolia. 
b-Curcumene [80] was the main component in the rhizome essential oil of Curcuma 
alismatifolia (42.00%) while a-copaene [44] was the main component in the rhizome 
essential oil of C. sparganiifolia (21.31%). For Curcuma rhabdota Sirirugsa & 
M.F.Newman, the main composition of the rhizome essential oil was of monoterpene 
hydrocarbons together with sesquiterpene hydrocarbons. 3-Carene [9] (16.88%) and 
a-copaene [44] (14.84%) were found to be the two main components in the rhizome 
essential oil of Curcuma rhabdota. In the rhizome essential oil of Curcuma parviflora, 
camphor [24] (20.48%), camphene [4] (12.22%), and a-copanene [44] (11.31%), were 
the three major components. The rhizome essential oils of Curcuma rubrobracteata 
Škorničk. et al. and C. angustifolia were dominated by oxygenated monoterpenes 
together with sesquiterpene hydrocarbons and oxygenated sesquiterpenes. Camphor 
[24] (19.07%), germacrone [118] (18.53%) and g-elemene [50] (6.02%) were the 
three major components in the rhizome essential oil of Curcuma rubrobracteata and 
camphor [24] (30.16%), germacrone [118] (27.70%) and α-santalene [54] (7.67%) 
were the three major components in the rhizome essential oil of C. angustifolia. For the 
Curcuma singularis Gagnep. rhizome, its essential oil was dominated by monoterpene 
hydrocarbons and oxygenated monoterpenes, which were represented by camphene 
[4] (13.45%) and camphor [24] (13.27%), respectively.

In addition, monoterpene hydrocarbons (i.e. a-pinene [3], camphene [4], 
b-pinene [5] and limonene [12]), and oxygenated monoterpenes (i.e. camphor [24], 
borneol [27] and bornyl acetate [39]), were found in all the plant samples.  
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The results are in agreement with previous reports. Srivastava et al. (2006) have 
reported camphor and germacrone as the two main components in the rhizome essential 
oil of Curcuma angustifolia from Southern India. In contrast, Jena et al. (2017) reported 
that curzerenone, camphor and germacrone were the three major components in the 
rhizome essential oil of Curcuma angustifolia from India. The chemical composition 
of the essential oil of Curcuma singularis rhizomes was different from that reported 
by Cuong et al. (2017) who said that camphor was the main chemical component for 
Curcuma singularis from Vietnam. However, the chemical composition of essential 
oils might be affected by genetic factors and the environment, with chemotypes within 
a species and also local variabilty. In addition, the harvesting stage and extraction 
methods may also affect the results (Al-Reza et al., 2010; Saeb & Gholamrezaee, 
2012; Khalid & El-Gohary, 2014; Theanphong et al., 2017). 

The rhizome essential oils of Curcuma alismatifolia, C. harmandii and C. 
larsenii are a promising source of xanthorrhizol, which has been reported as having 
antioxidant, anti-inflammatory, antibacterial, neuroprotective, nephroprotective, 
hepatoprotective and oestrogenic properties (Hwang et al., 2000; Kim et al., 2005; 
Lim et al., 2005; Anggakusuma et al., 2009; Devaraj et al., 2010). In addition, the 
rhizome essential oils of Curcuma angustifolia, C. parviflora and C. rubrobracteata 
have been found to be rich in camphor. Camphor has been used as an antiseptic, 
analgesic, antipruritic, antitussive, nasal decongestant, expectorant, counterirritant and 
rubefacient (Zuccarini, 2009). 

Chemotaxonomic significance of essential oils from nine Curcuma species
The dendrogram obtained from the cluster analysis based on the essential oil 
compositions of the fresh rhizomes of nine Curcuma species is shown in Figure 1. In 
the dendrogram, the nine Curcuma species are in two clusters. The first cluster includes 
Curcuma larsenii, C. harmandii, C. alismatifolia and C. sparganiifolia. This cluster 
is characterised by high levels of sesquiterpene hydrocarbons (38.99–76.38%) and 
oxygenated sesquiterpenes (10.42–56.96%), which were represented by b-curcumene 
[80] and xanthorrhizol [119], respectively. Curcuma larsenii and C. harmandii group 
together due to the presence of high levels of oxygenated sesquiterpenes represented 
by xanthorrhizol [119]. Curcuma alismatifolia and C. sparganiifolia separate from 
these due to the presence of high levels of sesquiterpene hydrocarbons represented by 
b-curcumene [80] and a-copaene [44]. In addition, b-curcumene [80] is found in all 
plant samples in this group except Curcuma sparganiifolia while a-copaene [44] is 
only found in C. sparganiifolia leading to this species being the most distant from the 
others in this group. 

The second cluster is subdivided into two groups, IIA and IIB. Group IIA 
consists of Curcuma parviflora and C. rhabdota and is characterised by high levels 
of monoterpene hydrocarbons (24.97–29.20%) and sesquiterpene hydrocarbons 
(42.04–42.69%). The monoterpene hydrocarbons are primarily camphene [4] and 
3-carene [9], and the main sesquiterpene hydrocarbon is a-copaene [44]. Curcuma 
rubrobracteata, C. angustifolia and C. singularis are clustered into group IIB. This 
cluster is characterised by high levels of oxygenated monoterpenes (32.94–34.81%) 
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and oxygenated sesquiterpenes (10.97–29.18%). Curcuma rubrobracteata and 
C. angustifolia cluster together in group IIB due to the presence of high levels of 
oxygenated monoterpenes and oxygenated sesquiterpenes represented by camphor 
[24] and germacrone [118], respectively. Curcuma singularis separates from the other 
species in this group due to the presence of high levels of monoterpene hydrocarbons 
and oxygenated monoterpenes represented by camphene [4] and camphor [24], 
respectively. However, germacrone [118], the main oxygenated sesquiterpene in 
Curcuma rubrobracteata and C. angustifolia, was not found in C. singularis.

Characterised by high levels of monoterpene hydrocarbons, sesquiterpene 
hydrocarbons and oxygenated sesquiterpenes, the species of Clusters I and IIA are in 
the Alismatifolia group (Table 1). The species of Cluster IIB, Curcuma rubrobracteata, 
C. angustifolia and C. singularis, have been placed in the Petiolata, Longa and 
Ecomata groups, respectively. The presence of monoterpene hydrocarbons together 
with oxygenated monoterpenes might be used for differentiating the Ecomata group 
from the Petiolata and Longa groups. Curcuma rubrobracteata (Petiolata group) and 
C. angustifolia (Longa group), possess high levels of oxygenated monoterpenes and 
low levels of monoterpene hydrocarbons while C. singularis (Ecomata group) has 
high levels of monoterpene hydrocarbons and oxygenated monoterpenes. 

Ngamriabsakul et al. (2004) reported that Curcuma alismatifolia, C. parviflora 
and C. harmandii were in the same clade based on ITS sequence data. In addition, 
Curcuma alismatifolia, C. parviflora, C. harmandii, C. rhabdota and C. sparganiifolia 
form a group based on ITS and chloroplast DNA sequence data (Zaveska et al., 2012). 

On the basis of morphology, Sirirugsa et al. (2007) reported that the Longa 
group was more similar to the Petiolata group than to the Alismatifolia group and that 
the Ecomata group was the most distinct from the Alismatifolia, Longa and Petiolata 
groups. Our results only partially reflect the different groups as suggested by Sirirugsa 
et al. (2007) due to the split of the Alismatifolia group between our groups I and IIA 
with IIA more similar to IIB than to the rest of the Alismatifolia group. The Ecomata 
group was not found to be the most distinct in our results. Also, our results do not 
reflect the results of the molecular phylogeny which agree more closely to Sirirugsa 
et al. (2007).  

Despite this, Singh (2016) notes that terpenoid compounds are one of the 
important secondary metabolites utilised for the chemotaxonomic classification of 
plants. For example, essential oils from several genera of Zingiberaceae, such as 
Amomum Roxb., Alpinia Roxb. and Zingiber Mill., have been utilised in taxonomic 
studies (Setyawan, 2002; Padalia et al., 2010; Theanphong et al., 2016).

Conclusions

The chemical composition of essential oils distilled from the rhizomes of nine Curcuma 
species was investigated using the GC-MS technique. The composition of the rhizome 
essential oils of Curcuma larsenii, C. rubrobracteata and C. sparganiifolia are reported 
for the first time. 
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Fig. 1. A dendrogram obtained from the cluster analysis based on essential oil composition of 
fresh rhizomes of nine Curcuma species. MH: Monoterpene hydrocarbons; OM: Oxygenated 
monoterpenes; SH: Sesquiterpene hydrocarbons; OS: Oxygenated sesquiterpenes.

A dendrogram obtained from the cluster analysis shows the division of the nine 
Curcuma species into two clusters. The first cluster is characterised by the presence 
of high levels of sesquiterpene hydrocarbons and oxygenated sesquiterpenes. The 
second cluster is subdivided into 2 groups, IIA and IIB. Group IIA is characterised 
by the presence of high levels of monoterpene hydrocarbons and sesquiteterpene 
hydrocarbons, and group IIB is characterised by the presence of high contents 
of oxygenated monoterpenes. The results only partially correlate with published 
molecular phylogenies and morphological characteristics of the plants. The chemical 
composition of essential oils from rhizomes of Curcuma species can be utilised in 
chemotaxonomic studies with caution and after comparison to other studies. 
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