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Abstract  Article Information 
The objectives of the study were to extract and identify essential oils present in Long 
pepper by using gas chromatography-mass spectrometry (GC-MS). The essential oil 
of Long pepper growing in Tepi, Ethiopia, was obtained by hydro distillation and gas 

chromatography-mass spectrometry was used to identify the component. Five 
components were identified and eugenol was the major constituent (98.979%) while 
trans-caryophyllene, (0.643%), Preg-4-ene-3-one (0.149%), Phenol, 2-methoxy-4-(2-
propenyl)-, acetate (0.145%), and 1, 3, 6-Octatriene, 3, 7-dimethyl (0.084%) were 
minor constituents. Eugenol comprises 98.979% of the essential oil extracted from 
Long pepper, and is the compound most responsible for the Long pepper s’ aroma and 
therapeutic effect. 
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INTRODUCTION 

Essential oils (also called volatile or ethereal oils); are 
aromatic oily liquids obtained from plant material (flowers, 
buds, seeds, leaves, twigs, bark, herbs, wood, fruits and 
roots) (Guenther, 1948). The essence or aromas of plants 
are due to volatile or essential oils, many of which have 
been valued since antiquity for their characteristic odors. 
The essential oils have characteristic fragrances and 
tastes are mixtures of known and unknown compounds. 
They may contain hydrocarbons, terpene alcohols, 
aldehydes, ketones, phenols and esters (Denston, 1939).  
An estimated 3000 essential oils are known, of which 
about 300 commercially important are destined chiefly for 
the flavors and fragrances market (Van de Braak and 
Leijten, 1999). It has long been recognized that some 
essential oils have antimicrobial properties (Guenther, 
1948; Boyle, 1955) and these have been reviewed in the 
past (Shelef, 1983; Nychas, 1995) as have the 
antimicrobial properties of spices (Shelef, 1983) but the 
relatively recent enhancement of interest in ‘green’ 
consumerism has lead to a renewal of scientific interest in 
these substances (Nychas, 1995; Tuley de Silva, 1996). 
Besides antibacterial properties (Deans and Ritchie, 1987; 
Carson et al., 1995a; Mourey and Canillac, 2002), 
essential oils or their components have been shown to 
exhibit antiviral (Bishop, 1995), antimycotic (Azzouz and 
Bullerman, 1982; Akgul and Kivanc, 1988; Jayashree and 
Subramanyam, 1999; Mari et al., 2003), antitoxigenic 
(Akgul et al., 1991; Ultee and Smid, 2001; Juglal et al., 
2002), antiparasitic (Pandey et al., 2000; Pessoa et al., 
2002), and insecticidal (Konstantopoulou et al.,1992; 
Karpouhtsis et al., 1998) properties. These characteristics 
are possibly related to the function of these compounds in 
plants (Guenther, 1948; Mahmoud and Croteau, 2002). 

 

Due to their antimicrobial, insecticidal, antifungal, and 
antibacterial activities, essential oils have been  intensely 
screened and applied in the fields of pharmacology, 
medical and clinical micro-biology, phytopathology and 
food preservation (Daferera et al., 2000).  

 
Techniques commonly employed for extracting 

essential oils include hydro distillation (ASTA, 1968), 
steam distillation (Chialva et al., 1982), solvent extraction 
(Burbott and Loomis, 1967),   supercritical fluid extraction. 
Hydro distillation or steam distillation is the most widely 
utilized physical method for isolating essential oils from 
the botanical material (Whish, 1996 and Masango, 2004). 
Although steam distillation is much popular for the 
isolation of essential oils on commercial scale and 93% of 
the oils are produced by this process, but it is not a 
preferred method in research laboratories (Masango, 
2004). This is probably due to unavailability of steam 
generators and suitable distillation vessels. Most studies 
which focus on the essential oil of herbs have made use 
of hydro distillation in Clevenger-type apparatus (Kulisic et 
al., 2004; Sokovic and Griensven, 2006; Hussain et al., 
2008). 

 
Several authors have compared the composition of 

essential oil obtained by hydro/steam distillation and the 
product obtained by super critical fluid extraction. They 
found that hydro/steam-distilled oil contained higher 
percentages of terpene hydrocarbons. In contrast, the 
super critical extracted oil contained a higher percentage 
of oxygened compounds (Reverchon, 1997; Donelian et 
al., 2009). Khajeh et al., (2004) reported variation in the 
chemical composition of Carum copticum essential oil 
isolated by hydro distillation and supercritical fluid 
extraction methods. Silva et al., (2004) reported that 
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essential oils from leaves of Ocimum gratissimum, 
Ocimum micranthum and Ocimum selloi obtained by 
steam distillation, microwave oven distillation and 
supercritical extraction with CO2 showed different 
composition by GC-MS analysis. 

 

Gas chromatography-mass spectrometry (GC-MS) is 
the most popular method for the determination of 
essential oil composition. Components existing in the 
essential oil can be identified by comparison of their 
relative retention time or indices and their mass spectra 
(MS). Identification of individual components of essential 
oils, however, is not always possible using MS data alone. 
Often different spectra are reported in a library for a single 
compound, with different common names, or systematic 
name, corresponding to an individual component 
sometimes apparent (Sheille et al., 2002). The spectral 
similarity of a great number of essential oil components 
causes difficulty in obtaining positive identification of 
individual components; mass spectra for sesquiterpenes 
are often identical or nearly identical (Konig et al., 1999). 
Some authors have also evaluated different techniques 
for essential oil analysis, like the more comprehensive 
two-dimensional gas chromatography (Dimandja et al., 
2000; Sheille et al., 2002). However, GC-MS analysis is 
still the most widely used method for routine analysis of 
essential oils, and care must be taken to optimize the 
chromatographic conditions in order to obtain the most 
accurate results. The present study aims to investigate 
the chemical composition of Long pepper essential oil by 
GC‐MS analysis. 
 

METHODS AND MATERIALS  

Plant Material  
The plant material (Long pepper) was collected from 

local market, Tepi, in February 2013. Plant material was 
identified by Ethiopian Institute of Agricultural Research 
Tepi national Spice Research Center and transported to 
chemistry laboratory for essential oil extraction. 
 

Hydro Distillation (Extraction of essential oil) 
300gm of cleaned and dried plant material was 

powdered using metal mortar and pestle and placed in a 
round bottom flask fitted with condenser hydro distilled for 
3hrs at atmospheric pressure and constant temperature. 
The strongly aromatic oil was separated from the water 
layer using diethyl ether and the solvent was removed by 
boiling. 
 

Fourier Transform Infrared Spectroscopy (FT-IR) 
The FT-IR spectrum of the essential oil was obtained 

using prinks Elmer spectrum65 FT-IR spectrometer in 
Addis Ababa University and functional groups were 
determined with the help of correlation charts. The IR 
spectra were reported in % transmittance.  The wave 
number region for the analysis was 4000-400cm

-1 
(in the 

mid-infrared range).  
 

GC-MS Analysis 
The component identification was achieved by the GC-

MS analysis using HP 5890 series GC equipped with 
mass selective detector (MSD), HP 5972 series (German) 
in Addis Ababa University. Helium was used as carrier 
gas at a constant flow of 1ml/min and an injection volume 
of 1μl was employed, injector temperature 250°C; Ion-
source temperature 280°C. The oven temperature was 
programmed from 50°C (isothermal for 4min.), with an 
increase of 3°C/min, to 280°C and held for 10min. 

isothermal at 280°C. Total GC running time was 90.67 
min. 
 

Identification of Components  
The components of essential oil was identified on the 

basis of comparison of their retention time and mass 
spectra with published data (Massda, 1976;  Adams, 
2001) and computer matching with WILEY 275 and 
National Institute of Standards and Technology (NIST3.0) 
libraries provided with computer controlling the GC-MS 
system, in Addis Ababa University, Ethiopia. The 
spectrum of the unknown component was compared with 
the spectrum of the known components stored in the 
library. The Name, Molecular weight and Structure of the 
components of the test materials were ascertained.  

 

RESULTS AND DISCUSSION 

The retention times and chemical composition of 
phytocomponents present in Long pepper essential oil are 
presented in Table 1. 
 

Determination of the Functional Groups using FT-IR 
The functional groups present  in the essential oil were 

determined by comparing the vibration frequencies in 
wave numbers of the sample spectrograph obtained from 
an FT-IR spectrophotometer with those of an IR 
correlation chart. In the FT-IR spectrum of Long pepper  
essential oil  the absorption band or frequency  from 3500 
cm

-1
 - 3200cm

-1 
( strong and broad), showed the presence 

of O-H stretch, H-bonded for alcohol and phenol and 
3000cm

-1
-2850cm

-1
 (medium) indicate C-H stretch for 

alkane.  The absorbance band from 1600cm
-1
-1580 cm

-1
 

(medium) revealed the presence of C-C stretch (in-ring) 
for aromatics. A strong absorption band between 1550cm

-

1
–1475 cm

-1
 indicated the presence of N-O asymmetric 

stretch for nitro compounds. A medium-weak band 
between 1680-1600cm

-1
 showed the presence of alkenes 

C=C stretch. The presence of strong band between 
1320cm

-1
 -1000cm

-1
 indicates the presence of C-O stretch 

for alcohols functional group (Figure 1). 
 

GC-MS Chromatogram 
A total of five components, with different retention 

times, were eluted from the GC column as indicated by 
the chromatogram (Figure 2) and were further analyzed 
with an electron impact MS voyager detector. 
Identification of constituents was done on the basis of 
their retention time and mass spectra library search. The 
mass spectrographs of the identified constituents are 
given in figure 3 to 7. The relative amount of individual 
components was calculated based on GC peak areas. 

 

Comparison of the GC-MS spectrograph obtained with 
the instruments data bank together with computer 
matching with WILEY 275 and National Institute of 
Standards and Technology (NIST3.0) libraries provided 
with computer controlling the GC-MS system revealed 
that the essential oil of Long pepper contained different 
organic compounds that eluted at different retention times 
depending on the boiling point of the eluted component. 
The instruments data bank was also able to identify the 
presence of eugenol (98.979%), trans-caryophyllene 
(0.643%), 1, 3, 6-Octatriene, 3, 7-dimethyl (0.084%), 
Phenol, 2-methoxy-4-(2-propenyl), acetate   (0.145%), 
Preg-4-ene-3-one (0.149%), with retention times of 34.39, 
35.313, 36.598, 39.591 41.933 minutes respectively.  
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Reported Biological Actions Eugenol 
Eugenol, an essential oil and the chief component of 

clove oil, is commonly used in the food industry, in 
aromatherapy and as a therapeutic agent in dentistry 
(Leal-Cardoso et al., 1994). Otherwise, despite its 
commercial use, eugenol may be found in large amounts 
among the essential oils of many plants most of them 
widely used in folk medicine (Leal-Cardoso et al., 1994). 
Although the action of eugenol is thought to be analgesic 
(Feng and Lipton, 1987; Thompson and Eling, 1989), 
authors reported that eugenol appears to have other 

actions (Sticht and Smith, 1971; Brodin and Roed, 1984). 
This compound reduces arterial blood pressure in dogs 
after intravenous injections, and increases blood flow after 
both intra-arterial and intravenous injections.  Sticht and 
Smith, (1971), suggesting that the action of eugenol on 
the cardiovascular system might be on blood vessels. It 
was also reported that methyleugenol, an analogue of the 
phenolic compound eugenol, relaxes the isolated ileum 
and inhibits contractions induced by stimulation of 
voltage-dependent and receptor-operated channels (Lima 
et al., 2000). 

 
Table 1: Phytocomponents identified in Long pepper essential oils. 

 

Rt 
(min.) 

Compound Structure 
Molecular 
Formula 

MW Peak area 

34.39 

Eugenol 
 

[Phenol, 2-methoxy-3-(2-
propenyl)- 

CH3O

HO  

C10H12O2 164 26554529674 

35.313 
Trans-caryophyllene, 

 

 

C15H24 204 172593749 

36.598 
1,3,6-Octatriene, 3,7-

dimethyl, 
  

C10H16 136 22514527 

39.591 
Phenol, 2-methoxy-4-(2-

propenyl)-, acetate 

 

C12H14O3 206 39014030 

41.933 

Preg-4-ene-3-one 
[1-(Cycloheptylamino)-3-(2 
naphthyloxy) propan-2-ol] 

  

C20H27NO2 313 39894375 

 

 
Figure1: FT-IR spectra of Long pepper essential oil. 
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Figure 2: GC-MS profile of Long pepper essential oil 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure 3: Mass profile of peak at Rt 35.313min; A GC- MS of peak eluted at Rt 35.313min; Trans-caryophyllene, 
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Figure 4: Mass profile of Peak at Rt 34.39min; A GC- MS of peak eluted at Rt 34.39min; Eugenol. 

 

 
Figure 5: Mass profile of peak at Rt 36.598 min; A GC- MS of peak eluted at Rt 36.598min; 1, 3, 6-Octatriene, 3, 7-

dimethyl. 
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Figure 6: Mass profile of peak at Rt 39.591min; A GC- MS of peak eluted at Rt 39.591min; Phenol, 2-methoxy-4-(2-

propenyl)-, acetate. 
 

 
Figure 7: Mass profile of peak at Rt 41.933min; A GC- MS of peak eluted at Rt 41.933min; Preg-4-ene-3-one 
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Trans-Caryophyllene 
The terpenes, found in essential oils of different plants, 

are micro-constituents most commonly used as flavor 
additives in food, toiletries, and perfumes (Craveiro et al., 
1981). Recent studies from different groups around the 
world have shown that terpenes and terpenoids exert a 
plethora of pharmacological effects (Leal-Cardoso and 
Fonteles, 1999). Trans-Caryophyllene is an important 
constituent of the essential oil of several species of plants. 
It is the major chemical constituent (20.6%) of the 
essential oil of Pterodon polygalaeflorus (EOPp). EOPp 
blocks the electromechanical excitation-contraction 
coupling without affecting the pharmacomechanical 
coupling (Evangelista et al., 2007). The blocking effect 
caused by EOPp was suggested to result from inhibition 
of dihidropyridine sensitive Ca

2+
 channels, but there were 

no evidence to support that suggestion (Evangelista et al., 
2007). Trans-Caryophyllene has been reported to 
possess many pharmacological effects. For example, it 
displays antimicrobial (Astani  et al., 2011) and analgesic 
activity (Chavan et al., 2010). It activates the 
endocannabinoid system (Gertsch, 2008). Trans-
Caryophyllene also has a well-documented anti-
inflammatory activity (Fernandes et al., 2007; Medeiros et 
al., 2007).  Additionally, trans-caryophyllene is effective on 
intestinal smooth muscle, blocking the electromechanical 
and pharmacomechanical excitation-contraction coupling 
(Leonhardt et al., 2010). Those activities allow it to be 
considered as a potential anti-spasmodic agent in tracheal 
smooth muscle. 
 

CONCLUSIONS 

GC-MS analysis revealed that five different chemical 
components were identified in the essential oil of  Long 
pepper, including eugenol (98.979%), trans-caryophyllene 
(0.643%), 1, 3, 6-Octatriene, 3,7-dimethyl (0.084%), Preg-
4-ene-3-one   (0.149%), and Phenol, 2-methoxy-4-(2-
propenyl)-, acetate (0.145%). Eugenol comprises 
98.979% of the essential oil extracted from Long pepper, 
and is the compound most responsible for the Long 
pepper s’ aroma/ fragrant odor.  The ingredients obtained 
from this study indicate that the oil can be fully utilized for 
the manufacture of perfumery products, antimicrobial and 
antiseptic agents. 
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