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Chemical compositions of essential oils from Etlingera brevilabrum: A comparative 
analysis using GC×GC/TOFMS
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In this report, essential oils from the rhizome, stem and leaf of Etlingera brevilabrum 
were isolated using a Clevenger-type apparatus and subsequently characterized 
using a comprehensive two-dimensional gas chromatography (GC×GC/TOFMS) 
approach. Regarding the spectral assignments, 77 constituents were totally identified. 
The rhizome oil contained oxygenated monoterpenes (26.4%) and monoterpene 
hydrocarbons (25.9%), while the total percentages of these groups in the stem 
oil were found to be 27.5% and 25.2%, respectively. The leaf oil dominated by 
monoterpene hydrocarbons (32.4%) and oxygenated monoterpenes (27.3%). The 
major characterized compounds for the rhizome oil were 1,8-cineole (10.8%) and 
β-phellandrene (8.8%). The stem oil was mainly composed of 1,8-cineole (12.0%) 
and β-pinene (8.5%). However, monoterpene hydrocarbons involving β-pinene and 
α-pinene (8.7% and 5.5%) were identified as the main components in the leaf oil 
profile. 

Received: 29 January 2017 
Revised: 19 February 2017  
Accepted: 26 February 2017 
ePublished: 01 March 2017

Comprehensive 2D gas 
chromatography 
Etlingera brevilabrum 
Essential oil 
1,8-Cineole 
Hydrodistillation 

     Corresponding author: Behnam Mahdavi 
Tel: +98-51-44013319; Fax: +98-51-44012669
E-mail address: b.mahdavi@hsu.ac.ir

1. Introduction

Conventional one-dimensional gas chromatography, 
which is usually used to identify constituents of 
different mixtures, does not provide sufficient 
separation for highly complex mixtures such as 
petrochemical samples, food stuffs and natural 
tissues extracts (Dallüge et al., 2002a). There are many 
reports in literature using 1D gas chromatography 
for the analysis of essential oils from plant materials 
(Mohammadhosseini et al., 2016; Mohammadhosseini 
et al., 2013; Mohammadhosseini et al., 2015). The 
essential oils are usually composed of terpenoid 
compounds and their derivatives. The structural 
differences between these groups of compounds 
are minimal and also their MS spectral patterns 
are very similar in many cases. Therefore, the 
peaks identification of these compounds is very 
difficult or even impossible in some cases (Oprean 
et al., 1998). Comprehensive two-dimensional gas 
chromatography (GC×GC) is a method which can 
distinctly increase the general performance of 

separation and the subsequent analysis (Phillips and 
Beens, 1999). Recently, comprehensive 2D GC in 
combination with time-of-flight mass spectrometry 
(GC×GC/TOFMS) has gained much attention as a new 
technology due to its more chemical selectivity than 
GC/MS. Therefore, this strategy can be preferably 
considered as an appropriate option to the analysis 
of metabolites (Hope et al., 2005). Not only GC×GC/
TOFMS is known as an excellent instrument to detect 
components in complex mixtures, but also it is capable 
of generating trilinear data. Using this type of data, it 
is handy to deconvolute individual compounds from a 
group, partially those overlapped together from only 
one sample (Sinha et al., 2004).

In principle, the GC×GC/TOFMS method consists 
of two GC systems (GC×GC) having columns with 
different polarities. The columns are connected by an 
interface with an integrated cryogenic trap. The trap 
continually condenses compounds eluted from the 
primary column and releases them from time to time 
as short pulses to the secondary column. Parameters 
such as duration and frequency of both condensation 
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and injection pulses are variable and allow precise 
tuning of the instrument according to the general 
requirements of the respective analyses. Since the 
GC×GC produces very narrow peaks (down to 50 ms), 
depending on the frequency of cryogenic modulation, 
a TOF-MS detector with a high acquisition rate is 
required. The pulsed nature of an ionization source 
of the TOF-MS system highly enhances the system 
accuracy by avoiding spectral skewing common in 
a continuous ionization mode. Therefore, GC×GC 
combined with TOF-MS detection operates with a 
high precision independent of the used concentration 
range (Kalinová et al., 2006; Van-Deursen et al., 2000).

Etlingera species are known as the largest genus of 
Zingiberaceae family. The plants of this genus can grow 
up to 6 m in height (Chan et al., 2008). Furthermore, 
they have different commercial and traditional uses. 
In Sabah, Malaysia, natives have used the young 
shoots, flower, and fruits of E. elatior, E. littoralis, 
and E. rubrolutea as condiment from long years ago. 
Fruits and young stems of E. littoralis, and flowers of 
E. maingayi are widely consumed in Thailand (Chan 
et al., 2007). E. brevilabrum is characterized with the 
presence of many purple spots on the upper and under 
sides of its leaves, especially on the new ones as in Fig. 
1. The plant has some medicinal and pharmaceutical 
uses. Plant leaves are used against long-lasting fever 
for children by rubbing the body with the roasted 
leaves. In addition, sap from shoot of E. brevilabrum 
is frequently used to cure some eye problems, while 
the corresponding base is prescribed as an effective 
medicine against stomachache. Furthermore, leaves 
of E. brevilabrum are pounded and applied to an 
infected skin leg that looks dry (Poulsen, 2006).

In this study, using a GC×GC/TOF-MS instrument, 
chemical compositions of the essential oils from 
three parts of E. brevilabrum (rhizome, stem and leaf) 
were analyzed. The identified chemical profiles of 
the essential oils have been also compared with the 
previous reports using GC-FID and GC-MS systems. 
Moreover, chemical composition of essential oils from 
other Etlingera species have been discussed in due 
parts.

2. Experimental

2.1.  Plant material

The different parts of E. brevilabrum including rhizomes, 
stems, and leaves were collected in May 2009 from its 
natural habitat across the road of Kampung Kipandi, 
Sabah, Malaysia (GPS: 5º87ꞌ13ꞌꞌ N, 116º25ꞌ02ꞌꞌ E) which 
was situated alongside the Penampang-Tambunan 
road at an altitude of 600-700 m on the Crocker range. 
The collected plant species was recognized by Mr. 
Sani Miran, a botanist of the Universiti Kebangsaan 
Malaysia. A voucher specimen for the plant (WYA 500) 
was deposited at the Universiti Kebangsaan Malaysia 
Herbarium (HUKMB).

2.2.  Essential oils extraction

The different parts of E. brevilabrum were dried 
and ground to a fine powder. Then, one hundred 
gram portion from each part was separately subjected 
to hydrodistillation in a Clevenger-type apparatus for 
about 5 h. The distilled essential oils were taken up 
in n-hexane (Merck), dried over anhydrous sodium 
sulphate (Merck) until the last traces of water were 
removed. The obtained oils were stored in tightly 
closed vials at 4-6 ºC before analysis. The mean yields of 
the essential oils were 0.03%, 0.07%, and 0.24% (w/w), 
based on three replicate extractions for rhizome, stem 
and leaf, respectively. 

2.3.  GC×GC-ToF-MS analysis

The isolated essential oils were subjected to the 
GC×GC-ToF-MS LECO Pegasus 4D (LECO, St. Joseph, 
MI, USA). This system consisted of an Agilent GC 
6890N gas chromatograph with a dual stage jet 
cryogenic modulator (licensed from Zoex) and a 
secondary oven. A high-speed ToF mass spectrometer 
was used as the detector. A Rtx-5MS, 30 m×250 µm 
I.D., 0.1 µ film thickness (Restek) was used as the 
first dimension column and a Rxi17, 0.79 m×100 
µm I.D., 0.1 µ film thickness (Restek) was used as a 
second-dimension column. In each analysis, ultrapure 
Helium as the carrier gas flowed with a constant 
rate of 1.0 mL/min. The primary oven temperature 
was programmed from 45 ºC (2 min.) to 230 ºC (5 
min.) at 4 ºC/min intervals, whereas the secondary 
oven temperature was programmed from 50 ºC (2 
min.) to 235 ºC (5 min.) applying a 3 ºC/min ramp. 
The temperatures of MS transfer line and MS source 
temperature were respectively adjusted at 250 ºC and 
220 ºC. The modulation time was 5 s and the modulator 
temperature was kept at 30 ºC offset relative to the 
secondary oven. The ToF-MS system was operated at 
a spectrum storage rate of 100 spectra/second. The 
mass spectrometer was operated in the EI mode at 70 eV 
over the range 50-400 m/z under a voltage of 1600 V. 

Fig. 1.  Etlingera brevilabrum species (Poulsen, 2006).
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Total ion chromatograms (TIC) were processed using 
an automated data processing software Chroma TOF 
(LECO) at S/N threshold 500. Contour plots were used 
to evaluate the general quality of the separation and 
peak identification manually.

One commercial database (US National Institute 
of Science and Technology (NIST) V. 2.0-Mainlib 
and Replib) was used. The key parameters involving 
mass spectral match factor, similarity, reverse>800 
and probability>1000, were used to decide whether 
a peak was correctly identified or not. The detection 
information including retention times, similarity, 
reverse, and probability, make the reliability of each 
analysis significantly increased. The similarity and 
reverse factors indicate how well a mass spectrum 
matches the library spectral patterns. Since the 
organic isomers have similar mass spectra, a 
complimentary criterion, namely the probability is 
often used to determine whether the peaks with 
the same name belong to one compound or several 
compounds (Wu et al., 2004). Practically speaking, 
a similarity and reverse number above 800, indicate 
that an acquired mass spectrum usually shows a good 
match with the library spectrum (Zhu et al., 2005). On 
the other hand, the probability values above 9000 
indicate that the mass spectra are highly unique and 
the corresponding identification would be justifiable 
(Dallüge et al., 2002b). The GC×GC total ion contour 
(TIC) plots of the essential oils from E. brevilabrum 
under different column systems and the optimized 
separation conditions are presented in Fig. 2.

3. Results and Discussion
 
3.1.  Profiling of essential oils of E. brevilabrum 

A total of 77 specified compounds were 

recognized which could be classified into 6 
groups including monoterpene hydrocarbons (23 
compounds), oxygenated monoterpenes (34 compounds), 
sesquiterpene hydrocarbons (12 compounds), 
oxygenated sesquiterpenes (2 compounds), non-
terpene hydrocarbons (2 compounds), and oxygenated 
non-terpene hydrocarbons (4 compounds). For the 
leaf oil, most compounds belong to monoterpene 
hydrocarbons (32.4%), but rhizome and stem oils 
were dominated by the presence of oxygenated 
monoterpenes (26.4 and 27.5%, respectively). This 
study revealed that oxygenated monoterpenes 
(27.3%) were the second class of compounds for the 
leaf oil, whereas monoterpene hydrocarbons were the 
second class in the rhizome and stem oils (25.9 and 
25.2%, respectively). It was also noted that the amount 
of sesquiterpene hydrocarbons for the leaf oil (1.1%) 
was less than the rhizome and stem oils. In addition, 
oxygenated sesquiterpenes for the rhizome and leaf 
oils exhibited higher percentages than the stem oils. 
The results have been demonstrated in Fig. 3.  

Chemical compositions of the oils from rhizome, 
stem, and leaf of E. brevilabrum are shown in Table 
1. As mentioned earlier, all the analyzed essential 
oils contained large proportions of monoterpene 
hydrocarbons and oxygenated monoterpenes. However, 
there were some differences in the amount of the 
main components in the studied profiles. The most 
abundant monoterpene compounds in the rhizome 
oil were β-phellandrene (8.8%), camphene (5.3%), and 
β-myrcene (2.8%), respectively; while β-pinene (8.5%), 
trans-β-ocimene (3.5%), and 3-methyl-apopinene 
(3.1%), were among the major monoterpene 
hydrocarbons in the stem oil. In the leaf oil of E. 
brevilabrum, β-pinene (8.7%), α-pinene (5.5%), and 
limonene (2.7%) were identified as main monoterpene 
hydrocarbons contributing to the oil profile. The 

Fig. 2.  The GC×GC total ion contour (TIC) plots of essential oils from different parts of Etlingera brevilabrum. A: The leaf oil, B: The 
stem oil, C: The rhizome oil.
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prevailing oxygenated monoterpenes in the rhizome 
oil were 1,8-cineole, myrtenal, and myrcenol (10.8%, 
1.8%, and 1.6% respectively). Additionally, 1,8-cineole, 
p-menth-1-en-8-ol, and exo-fenchol (12.0%, 2.5%, 
and 2.1% respectively) were found as oxygenated 
monoterpenes with high percentages in stem oil, while 
in the leaf oil, the main oxygenated monoterpenoides  
were p-menth-1-en-8-ol, myrtenal, and 6,6-dimethyl-
2-methylenebicyclo[3.1.1]heptan-3-one (4.7%, 3.8%, 
and 3.8% respectively). Caryophyllene oxide was 
recognized as the major oxygenated sesquiterpene 
occurring in all oil profiles (rhizome: 3.9%, stem: 1.1% 
and leaf: 2.7%).

3.2.  Comparison of the chemical profiles of E. 
brevilabrum with the previous reports

In our previous study on the essential oils of E. 
brevilabrum using GC-FID and GC-MS techniques, 
the rhizome oil was made up of oxygenated 
monoterpenes (40.2%), monoterpene hydrocarbons 
(28.2%), oxygenated sesquiterpenes (19.8%), and 
sesquiterpene hydrocarbons (7.0%), respectively. For 
the stem oil, the decreasing order was as follows. 
Monoterpene hydrocarbons (66.8%)>oxygenated 
monoterpenes (13.8%)>oxygenated sesquiterpenes 
(7.3%)>sesquiterpene hydrocarbons (4.8%). For the 
leaf oil, the total order of the compounds groups 
was similar to the stem profile (Mahdavi et al., 2013). 
A previous study on Malaysian E. elatior showed 
that its rhizome and stem oils were dominated 
by oxygenated monoterpenes (47.3 and 54.3%) 
and monoterpene hydrocarbons (35.0 and 33.6%), 
whereas sesquiterpene hydrocarbons (45.1%) and 

monoterpene hydrocarbons (29.8%) showed higher 
percentage in the plant leaf oil (Jaafar et al., 2007). 
Phenylpropanoid derivatives (55.5-67.4%) were the 
main group of compounds for the leaf oil of E. cevuga 
(Vahirua-Lechat et al., 1993). Phenolic compounds 
(95.7%) were reported to be the major constituents 
in the rhizome oil of E. punicea (Tadtong et al., 2009). 

β-Pinene (52.6%), α-thujene (28.6%) and o-cymene 
(7.8%) were identified as the major components in the 
oils from the dried leaves of E. brevilabrum using GC-
FID and GC-MS. For the stem oil, limonene (28.6%), 
β-pinene (21.6%), and α-thujene (13.9%); and for the 
rhizome oil, 1,8-cineole (27.6%), β-pinene (13.4%), 
caryophyllene oxide (10.5%) and α-thujene (10.1%) 
were the main compounds (Mahdavi et al., 2013). In 
another study, we reported the chemical composition 
of the essential oils from fresh rhizomes, stolon, stems, 
and leaves of E. brevilabrum. Accordingly, the main 
compounds in the leaves oil were α-thujene (38.1%), 
p-cymen-7-ol (8.0%), and β-pinene (7.8%). However, 
we found high contents of δ-3-carene (43.2%) and 
α-thujene (17.7%) in the stem oil. On the other hand, 
perilla aldehyde (19.6%), bornyl acetate (17.7%), 
and verbenyl acetate (6.7%) were reported as the 
major components in the oils isolated from the plant 
rhizomes. The stolon oil of E. brevilabrum comprised 
β-pinene (30.6%), p-cymen-7-ol (25.0%), and exo-
fenchol (8.2%), as well (Mahdavi et al., 2016). In another 
study, dealing with the analysis of the essential oil 
from the rhizome of E. punicea, high contents of 
methyl chavicol (95.7%) were characterized (Tadtong 
et al., 2009). The leaf oil of E. cevuga from different 
locations was dominated by methyl eugenol (40.9-
45.7%), (E)-methyl isoeugenol (8.6%-16.5%), eugenol 

Fig. 3.  Percentage of six constituting-groups occurring in the essential oils of rhizome, stem, and leaf of E. brevilabrum.
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(3.6-8.4%), and (Z)-methyl isoeugenol (0.8-1.5%) 
(Vahirua-Lechat et al., 1993). A similar study presented 
the rhizome oil of E. cougar contained methyl eugenol 
(47.4%), (E)-methyl isoeugenol (18.2%), α-pinene 
(3.9%), and β-pinene (3.0%) (Vahirua-Lechat et al., 
2010). The rhizomes oil of E. sphaerocephala var. 
grandiflora was characterized by 1,8-cineole (16.8%), 
α-phellandrene (12.7%), and (E)-β-ocimene (8.9%). 
For the stems oil of the plant, 1,8-cineole (17.4%), 
α-phellandrene (9.7%), and α-pinene (9.5%) were 
found with rather high percentages. The leaf oil 
mainly consisted of α-phellandrene (12.3%), diprene 
(10.3%), and pseudolimonene (4.6%) (Yahya et al., 
2010). The leaf oil of E. linguiforme was dominated by 
the presence of 1,8-cineole (39.7%), β-pinene (13.3%), 
α-pinene (7.8%), linalool (7.4%), β-elemene (6.6%), 
and α-selinene (5.5%). However, methyl chavicol 
(49.9%), methyl eugenol (32.3%), and β-pinene (4.7%) 
were detected as major constituents in the rhizome 
oil of the plant (Bhuiyan et al., 2010). The leaf oil of 
Malaysian E. littoralis was composed of (E)-methyl 
isoeugenol (37.7%), β-pinene (30.4%), and β-phellandrene 
(8.6%); while (E)-methyl isoeugenol (58.1%) and 
sandaracopimara-8(14), 15-diene-3β-ol (9.1%) were 
the major constituents of the rhizome oil. The leaf oil 
of Malaysian E. elatior collected from Penang Botanic 
Garden, was marked by myrcene (13.5%), α-humulene 
(11.8%), and β-caryophyllene (10.7%); the rhizome 
oil was rich in camphene (18.0%), β-pinene (16.9%), 
and α-pinene (8.6%). The leaf oil of E. elatior var. 
Thai queen was characterized by high percentages of 
α-pinene (24.4%), dodecanol (18.9%), and dodecanal 
(15.9%); while camphene (15.1%), dodecanol (12.9%), 
dodecanal (10.6%), bornyl acetate (10.7%), and 
β-pinene (9.1%) were the main compounds in the 
rhizome oil (Wong et al., 2010). Jaafar et al. (2007) 
reported chemical constituent of the essential oils of 
different parts from E. elatior which were collected 
from different regions of Malaysia (Kampong Paya; 
Kepala Batas; and Penang). For the leaf oil, (E)-β-
farnesene (27.9%), β-pinene (19.7%), caryophyllene 
(15.4%); and for the stems oil 1,1-dodecanediol 
diacetate (34.3%), (E)-5-dodecene (27.0%), and decanal 
(16.5%) were the major constituents. The essential 
oil from the whole plant of the other Malaysian 
E. elatior, that was collected from Selangor was 
dominated by β-pinene (24.9%), 1-dodecene (24.3%), 
2,6,6-trimethyl-bicyclo[3.1.1]hept-2-ene (11.6%), and 
dodecanal (8.2%) (Abdelwahab et al., 2010). Other 
studies on Etlingera species have expressed that non-
terpenic compounds such as (Z)-9-hexadecen-1-ol, 
cyclotetradecane, n-dodecyl acetate, cyclodecane, for 
E. fulgens and dodecanoic acid, cyclododecane, and 
(E)-2-tetradecene for E. venusta which were the most 
abundant components of the volatile oils from the 
different parts of the Etlingera plants (Khaleghi et al., 
2012a, b).

4. Concluding remarks

Among the 77 identified compounds in the essential 
oils of E. brevilabrum, fifty two compounds were found 
in its rhizome oil. The rhizome oil was dominated 
by oxygenated monoterpenes and monoterpene 
hydrocarbons (26.4 and 25.9%). 1,8-Cineole (10.8%) 
was the major compound of the rhizome oil. Forty 
eight compounds contributed to the stem and leaf 
oil profiles. Similar to the rhizome oil, the stem oil 
mainly consisted of oxygenated monoterpenes 
and monoterpene hydrocarbons (27.5 and 25.2%). 
1,8-Cineole (12.0%) was the main component in the 
stem oil. Monoterpene hydrocarbons and oxygenated 
monoterpenes (32.4 and 27.3%) were identified as 
the major groups for the leaf oil. β-Pinene (8.7%) 
was detected as the main component for the leaf 
oil. According to the findings of the current report, 
E. brevilabrum can be considered as a natural source 
of oxygenated monoterpenes and monoterpene 
hydrocarbons.
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