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Abstract: The essential oil was obtained from crushed seeds, extracted through Hydrodistillation 
method. The percentage yield of Carum roxburghianum was found 4.7% respectively. Physical 
properties i.e., colour, odour, specific gravity, solubility, refractive index, acid value and ester value 
were recorded according to the standard procedures. Chemical composition of essential oil of Carum 
roxburghianum was analyzed by gas chromatography-mass spectrometry (GC-MS). Compounds found 
in Carum roxburghianum were α-pinene (0.42%), β-pinene (0.15%), myrcene (0.22%), Δ-carene 
(3.27%), limonene (16.43%), α-terpinene (1.44%), thymol (3.61%), linalool (1.07%), carvacrol 
(14.68%), carvone (2.29%), 1-cadinene (0.14%), β-elemene (0.99%), α-humulene (1.27%), elemol 
(38.56%) and cadinol (14.42%). The percentage of unidentified components was (0.93%). The 
antimicrobial activity of essential oil of Carum roxburghianum were also carried out and the oil 
showed antimicrobial activity against two gram positive, two gram negative bacteria and four fungi. 
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INTRODUCTION 

 
 Essential oil of Carum roxburghianum is the keystone for aromachology and aromatherapy. It is found to 
be good for application in cases of rheumatism (Bhargava et al., 1959). The essential oil of Carum roxburghianum is 
more or less powerful external orand internal antiseptic, other possesses an analgesic or antizymatic action; still 
others act as stimulants and stomatics (Whitaker et al., 2000 and Nadkarni, 1976). It also possesses anthelmintic 
properties (Nadkarni, 1976). Carum roxburghianum is a grayish brown aromatic seeds (Bhargava et al., 1959). The 
colour of essential oil of Carum roxburghianum is greenish yellow. The oil possesses characteristic thymol and 
pungent herbaceous spicy odour and has a sharp burning taste (Guenther 1950). Lockwood reported 41 components 
of essential oil of Carum copticum analyzed by gas chromatography-mass spectroscopy (GC-MS). The major 
components were caryophylene (6.2%), munrolol (4.9%), elemol (11.5%), α-cadinol (10.6%), ∂-cadinene 
(7.8%), β-eudesinol (3.1%), β-elemene (3.9%), α-muurolene (2.6%), limonene (2.4%) and α-humulene (2.0%) 
(Lockwood et al. 2002). Srivastava (1999) reported gas chromatography-mass spectroscopy investigation of Carum 
copticum. The fruit oil of Carum copticum showed the presence of eleven components with carvacrol (45.20%) 
and ∂-cymene (41.98%) as the major constituents. Shiva et al. (2002) reported the two umbelliferae species of Iran 
analyzed by gas chromatography, gas chromatography-mass spectroscopy and H-NMR spectra. The volatile oil 
of Carum copticum was found to contain thymol (42.7% and 46.2%), γ-terpinene (38.5% and 35.9%) and ρ-
cymene (14.1% and 13.9%) as the main components. Physicochemical characteristics of the volatile oil 
(Trachyspermum ammi syn Carum copticum) analyzed by gas chromatography-mass spectroscopy. The volatile 
oil showed the presence of 17 constituents of which thymol (39.36%), γ-terpinene (30.97%), ρ-cymene 
(19.47%), β-pinene (5.45%) and α-pinene (1.48%) were the major constituents (Nagalakshmi et al. 2000). Minija 
and Thoppil (2002) reported the herb oils of Trachyspermum ammi (L) analyzed by gas chromatography. Herb oil 
was found to contain cadinene (42.58%), longifolene (11.16%), thymol (5.4%), camphor (2.94%), carvone 
(2.31%), ρ-cymene (1.78%), β-pinene (1.29%), D-limonene (1.26%) and the fruit thymol (97.97%). this study 
was carried out to determine the composition of essential oil from Carum roxburghianum and estimate the 
antimicrobial properties. 
 

MATERIALS AND METHODS 
 
1. Isolation of Essential Oils: 
 Caraway seeds (Carum roxburghianum) were purchased from a local spice market, during January 2012, 
and voucher specimens were kept. The air-dried and finely ground (80 mesh) plant materials were subjected to 
hydrodistillation for 3 h using a Clevenger-type apparatus. Distillates of essential oils were dried over anhydrous 
sodium sulfate, filtered and stored at -4 °C until analyzed. 
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Caraway seeds (Carum roxburghianum) 
 
2. Analysis of Essential Oil: 
2.1. Physical Analyses: 
 The essential oil of Carum roxburghianum was extracted through Hydrodistillation by using Reverse Dean-
Stark apparatus. The physical parameters like Yield, Solubility, Specific gravity, Refractive Index, Acid value 
and Ester value were determined according Guenther (1950).  
 
2.2. Chromatographic Analysis: 
2.2.1. Gas Chromatography Analysis: 
 The essential oils were analyzed using a Shimadzu GC-14A, equipped with flame ionization detector and 
HP-5MS capillary column (30 m x 0.25 mm, film thickness 0.25 μm). Injector and detector temperatures were 
set at 220 and 290C, respectively. Column oven temperature was programmed from 80C to 220C at the rate 
of 4C min-1; initial and final temperatures were held for 3 and 10 min, respectively. Helium was used as a 
carrier gas with a flow of 1.5 ml min-1. A sample of 1.0 μl was injected. Quantification was completed by built-
in data-handling software of the gas chromatograph. The results were reported as a relative percentage of the 
total peak area. 
 
2.2.2. Gas Chromatography/Mass Spectrometry (GC-MS) Analysis: 
 GC–MS analysis of the essential oils was performed using an Agilent-Technologies 6890N gas 
chromatographic (GC) system, equipped with an Agilent-Technologies 5975 inert XL Mass selective detector 
and Agilent-Technologies 7683B series auto injector. Compounds were separated on HP-5 MS capillary column 
(30 m x 0.25 mm, film thickness 0.25 μm). A sample of 1.0 μl was injected. For GC-MS detection, an electron 
ionization system, with ionization energy of 70 eV, was used. Column oven temperature program was the same 
as previously used in GC analysis. Helium was used as a carrier gas at a flow rate of 1.5 ml min-1. Mass 
scanning range was 50 –550 m/z while injector and mass transfer line temperatures were set at 220 and 290 ºC, 
respectively. The identification of the components was based on comparison of their mass spectra. 
 
3. Antimicrobial Activity: 
 The antimicrobial activities were carried out according to the conventional agar diffusion test using cultures 
of Bacillus subtilis, Escherichia coli, Pseudomonas aeruginosa, Staphylococcus aureus, Aspergillus niger, 
Aspergillus flavus, Saccharomyces cerevisiae and Candida albicans (Greenwood, 1983). The bacterial strains 
were cultured on nutrient medium, while the fungi and yeast strains were cultured on malt medium and yeast 
medium, respectively. Broth media included the same contents of nutrient medium except for agar. For bacteria 
and yeast, the broth media were incubated for 24 h. As for moulds, the broth media were incubated for 48 h, 
with subsequent filtering of the culture through a thin layer of sterile sintered Glass to remove mycelia 
fragments before the solution containing the spores was used for inoculation. For plate preparation, 1.0 ml 
Tween 60 and 0.5 ml of inocula were added to 50 ml of agar media (50 C) and mixed by simple inversion. The 
agar was poured into Petri dishes and allowed to cool to room temperature. Wells were cut in the agar plates 
using sterile paper tubes. Wells were filled to the surface of agar with the oils to be tested (20 µl well-1). The 
microbial growth inhibition zones, clear microbial free inhibition zones, were measured after incubation at 30 
C, beginning within 24 h for yeast, 48 h for bacteria and 72 h for fungi. Antimicrobial activities were calculated 
as a mean of three repetitions.  MIC was determined as the lowest concentration of oil inhibiting the visible 
growth of each organism on the agar plate (Hammer et al., 1999). 
 

RESULTS AND DISCUSSION 
 
 The essential oil of Carum roxburghianum was extracted through hydrodistillation. The colour of the oil 
was greenish-yellow. The percentage yield of essential oil of C. roxburghianum was found 5.1% respectively. 
Its flavour is bitter and sharp burning. It has characteristic thymol and pungent herbaceous spicy odour. The 
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physical characteristics were detected according to the standard procedure. The specific gravity, refractive 
index, acid value and ester value at 20C were 0.92, 1.48, 3.82 and 3.85, respectively (Table 1).  
 
Table 1: Physical Characteristics of Essential oil of C. roxburghianum  

Physical Properties Values 
Colour Greenish yellow 
Odour Characteristic thymol and pungent herbaceous spicy odour 
Yield 5.1% 

Solubility Soluble in 80% alcohol 
Specific gravity 0.947 
Refractive index 1.487 

Acid value 3.82 
Ester value 3.85 

   
 Chemical composition of essential oil of C. roxburghianum was analyzed by gas chromatography and gas 
chromatograph-mass spectroscopy Figure (1). It showed the presence of twenty two peaks out of which twenty 
were identified and two were unidentified. Total percentages of identified and unidentified compounds showed 
in Table 2 were 99.07% and 0.93% respectively. Compounds found in C. roxburghianum were α-pinene 
(0.42%), β-pinene (0.15%), myrcene (0.22%), Δ-carene (3.27%), limonene (16.43%),  α-terpinene (1.44%), 
thymol (3.61%), linalool (1.07%), carvacrol (14.68%), carvone (2.29%), 1-cadinene (0.14%), β-elemene 
(0.99%),  α-humulene (1.27%), elemol (38.56%) and cadinol (14.42%). 
 
Table 2: Chemical Composition of essential oil of C.roxburghianum by GC-MS. 

Components Concentration (%) Components Concentration (%) 
α-pinene 0.42 β-elemene 0.99 
β-pinene 0.15 α-humulene 1.27 
myrcene 0.22 elemol 38.56 
Δ-carene 3.27 cadinol 14.42 
limonene 16.43 unidentified 0.24 
α-terpinene 1.44 unidentified 0.13 

thymol 3.61 unidentified 0.26 
linalool 1.07 unidentified 0.16 

carvacrol 14.68 unidentified 0.14 
carvone 2.29   

1-cadinene 0.14   

 

 
Fig. 1: Typical GC-MS chromatogram of C. roxburghianum essential oil showing the separation of chemical 

components. 
 
Antimicrobial Activity of Essential Oil of Carum roxburghianum: 
 The exploration of naturally occurring antimicrobials for food preservation receives increasing attention due 
to consumer awareness of natural food products and a growing concern of microbial resistance towards 
conventional preservatives (Omidbeygi et al., 2007). Antimicrobial properties of spices have been recognized 
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since ancient times for food preservation. Biologically active molecules from food are of interest to prevent the 
deleterious effects of free radicals and also to prevent the deterioration of foods due to lipid oxidations and 
microbial spoilage. Spices are an integral part of human diet to impart flavor. Food borne illness caused by 
consumption of contaminated foods with pathogenic bacteria and/or their toxins has been of great concern to 
public health. Controlling pathogenic microorganisms would reduce food borne outbreaks and assure consumers 
a continuing safe, wholesome, and nutritious food supply. Spices are generally applied to food, which is a 
nutrient rich environment for most bacteria. Extracts from botanicals have shown antimicrobial activity against 
various pathogenic microorganisms (Allahghdri et al., 2010). Different microbial species, including gram 
negative bacteria, gram positive bacteria, moulds were used to screen the possible antimicrobial activity of 
essential oil from Carum roxburghianum. The examination of antimicrobial activity of essential oil by the agar 
diffusion method revealed that essential oil inhibited the growth of all microorganisms tested (Table 3). 
Essential oil from C. roxburghianum was very active against bacteria and yeasts and produced great zones of 
inhibition. The maximum inhibition zone obtained with essential oil was that against A. flavus, A. niger and C. 
albicans (21 mm, 23 and 23 mm, respectively). On the other hand, the essential oil led to the high inhibition of 
bacteria, wherein the inhibition zones were between 15 mm and 26 mm. Recently, the antimicrobial activity of 
the vapor generated by a combination of cinnamon and clove essential oils against the growth of four gram-
negative (E. coli, Y. enterocolitica, P. aeruoginosa and S. choleraesuis) and four gram-positive bacteria (St. 
aureus, L. monocytogenes, B. cereus and E.  faecalis) was assessed by means of the fractional inhibitory 
concentration index (Goñi, et al.,  2009). The MIC of essential oil from C. roxburghianum toward gram 
negative bacteria, Gram positive bacteria, yeasts and fungi was examined and results are also summarized in 
Table (3). Essential oil exhibited strong antimicrobial action against gram negative bacteria, gram positive 
bacteria and moulds. It has broad-spectra activity against gram negative bacteria, gram positive bacteria and 
moulds with MIC ranging between 0.5 to 1.0 ml/L. The variation in the effectiveness of essential oil against 
different strains may depend on the differences in the permeability of cell of those microbes (Dorman & Deans, 
2004).  
 
Table 3: Antimicrobial activity and Minimum inhibitory concentration (MIC) of essential oil Carum  roxburghianum  

 Diameter of inhibition (mm) a 
Bacteria  Fungi 

E. coli P. 
aeruginosa 

St. aureus B. subtilis  A. niger A. flavus  C. albicans S. cerevisiae 

Diameter of 
inhibition (mm) 

15.0 22.0 26.0 19.0  23.0 21.0  23.0 21.0 

MIC (ml/L 
media) 

0.8 0.9 1.0 1.0  0.7 0.6  0.6 0.7 

a Diameter of inhibition zone was measured as the clear area centered on the agar well containing the sample 
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