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Abstract: The essential oil of Anethum graveolens L. was obtained from the aerial parts by hydrodistillation. Its compo-
sition was analyzed by high-resolution gas chromatography – mass spectrometry (GC-MS). Thirteen components were
identified representing 99.6% of the total oil composition. The major components were carvone (51.7%), trans-
dihydrocarvone (14.7%), dill ether (13.2%), α-phellandrene (8.1%) and limonene (6.9%).  The cytotoxicity of the oil was
tested against HeLa, Caco-2 and MCF-7 cancer cell lines: IC50 values were 93 μg/mL for HeLa, 216 μg/mL for Caco-2,
and 67 μg/mL for MCF-7 cell lines. Anethum graveolens essential oil was active in the brine shrimp lethality test (LC50

= 15.9 ± 2.3 μg/mL), but showed only marginal antimicrobial activity against Escherichia coli (MIC = 625 μg/mL). In
addition, the ethnopharmacological uses of Anethum graveolens from difference geographical locations have been sum-
marized.
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Introduction

Anethum graveolens L. (dill), an important
member of the Apiaceae, is widely used for fla-
voring foods and beverages due to its pleasant
spicy aroma. It has been extensively used as a
traditional herbal medicine throughout Europe,
Asia and America (Huopalahti et al. 1988; Vera
and Chane-Ming 1998; van Wyk and Wink,
2004; Babri et al. 2012).  A summary of the tra-
ditional medicinal uses of A. graveolens from
different geographical locations is summarized
in Table 1. A. graveolens oils exhibit important
biological activities including antibacterial, an-
timicrobial and antifungal activities (Abed
2007; Badar et al. 2008; Tian et al. 2011).  Be-
cause of the lipophilic properties essential oils
are able to penetrate cell walls and cytoplasmic
membranes. This process can affect membrane

transport, ion equilibrium and membrane poten-
tial (Bakkali et al. 2008; Wink 2008).

The biosynthesis of secondary metabolites
in medicinal and aromatic plants is strongly in-
fluenced by environmental factors. Chemical
composition of the essential oil of Anethum
graveolens growing in different geographical
location has been extensively studied. Accord-
ing to these studies, the major components of
the Anethum graveolens oil are phellandrene,
dill ether, carvone, limonene, apiol,
dihydrocarvone, and myristicin (Huopalahti et
al. 1988; Sefidkon 2001; Jirovetz et al. 2003;
Vokk et al. 2011; Babri et al. 2012).  The pur-
pose of this current study was to determine the
chemical constituents as well as to evaluate the
biological activity of Anethum graveolens herb
growing wild in Tajikistan. A search of the lit-
erature has revealed no previous reports on the
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chemical composition or bioactivity of the es- sential oil of A. graveolens from Tajikistan.

Table 1: Ethnopharmacological uses of Anethum graveolens leaves.

Location Use Reference
Bahamas Stomachache Morton 1981
Bosnia & Herzogovina Hemorrhoids, insomnia, flatulence Šarić-Kundalić et al. 2010
Catalonia, Spain Digestive disorders Agelet et al. 2000
Central America Carminative, diuretic, soporific, galactagogue Morton 1981
Martinique Flatulence, flu Longuefosse and Nossin 1996
Northern Greece Digestive disorders, diuretic Hanlidou et al. 2004
Northern Portugal Digestive disorders, cough/colds/flu Neves et al. 2009
Southern Italy To heal drunkenness Pieroni et al., 2004
Tajikistan Digestive disorders, diuretic Nuraliev 1989
Turkmenistan, Iran Digestive disorders Ghorbani 2005
Turks in Germany Nosebleeds Pieroni et al. 2005

Materials and methods

Plant material

The aerial parts of A. graveolens plants were
collected from the Utagan village, Yovon re-
gion, (38.41654 N 69.171588  E, 1300 m above
sea level), on 29 July 2012.  The plant was iden-
tified by F. S. Sharopov.  The freshly collected
samples were hydrodistilled for 2 h to give a
yield of 0.7-0.8 % of the essential oil.

Gas chromatographic – mass spectral (GC-MS)
analysis

A. graveolens oil was analyzed by GC-MS
using an Agilent 6890 GC with Agilent 5973
mass selective detector [MSD, operated in the
EI mode (electron energy = 70 eV), scan range
= 40-400 amu, and scan rate = 3.99 scans/sec],
and an Agilent ChemStation data system. The
GC column was an HP-5ms fused silica capil-
lary with a (5% phenyl)-polymethylsiloxane sta-
tionary phase, film thickness of 0.25 μm, a
length of 30 m, and an internal diameter of 0.25
mm. The carrier gas was helium with a column
head pressure of 48.7 kPa and a flow rate of 1.0
mL/min. Inlet temperature was 200°C and inter-
face temperature was 280°C. The GC oven tem-
perature program was used as follows: 40°C ini-
tial temperature, hold for 10 min; increased at
3°C/min to 200°C; increased 2°/min to 220°C.
A 1 % w/v solution of the sample in CH2Cl2 was
prepared and 1 μL was injected using a using a
10:1 split ratio.

Identification of the oil components was
based on their retention indices determined by
reference to a homologous series of n-alkanes,
and by comparison of their mass spectral frag-
mentation patterns with those reported in the
literature (Adams 2007) and stored on the MS
library [NIST database (G1036A, revision
D.01.00)/ChemStation data system (G1701CA,
version C.00.01.080]. The percentages of each
component are reported as raw percentages
based on total ion current (= 100%) without
standardization.

Antimicrobial screening

The A. graveolens oil was screened for an-
timicrobial activity against Gram-positive bacte-
ria, Bacillus cereus (ATCC No. 14579), Staphy-
lococcus aureus (ATCC No. 29213); Gram-
negative bacteria, Pseudomonas aeruginosa
(ATCC No. 27853) and Escherichia coli
(ATCC No. 10798).  Minimum inhibitory con-
centrations (MIC) were determined using the
microbroth dilution technique (Sahm and Wash-
ington 1991).  Dilutions of the essential oil were
prepared in cation-adjusted Mueller Hinton
broth (CAMHB) beginning with 50 µL of 1%
w/w solutions of essential oil in DMSO plus 50
µL CAMHB.  The extract solutions were serial-
ly diluted (1:1) in CAMHB in 96-well plates.
Organisms at a concentration of approximately
1.5 × 108 colony forming units (CFU)/mL were
added to each well.  Plates were incubated at
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37°C for 24 h; the final minimum inhibitory
concentration (MIC) was determined as the
lowest concentration without turbidity.
Geneticin was used as a positive antibiotic con-
trol; DMSO was used as a negative control.  An-
tifungal activity against Aspergillus niger
(ATCC No. 16888) was determined as above
using potato dextrose broth inoculated with A.
niger hyphal culture diluted to a McFarland tur-
bidity of 1.0.  Amphotericin B was used as the
positive control.

Brine shrimp lethality test

The brine shrimp (Artemia salina) lethality
test was carried out using a modification of the
procedure by McLaughlin (1991). Artemia sa-
lina eggs were hatched in a sea salt solution (In-
stant Ocean®, 38 g/L) with an incandescent light
bulb as the heat source. After 48 hours, the new-
ly hatched nauplii were counted using a mi-
cropipette and transferred to 20-mL vials. Nine
vials each containing 10 A. salina nauplii in 10
mL of sea salt solution (same as the hatching
solution) were prepared. Three vials were la-
beled as controls with first one containing no
DMSO, another with 10 µL, and the last one
with 100 µL DMSO. Three replicate vials con-
tained 10 µL of 1% essential oil solution in
DMSO, and the other three were prepared by
adding 100 µL of 1% essential oil solution in
DMSO. Surviving A. salina were counted after
24 h.

Cytotoxicity screening

The potential cytotoxic effects of the essen-
tial oil of Galagania fragrantissima in three
human tumor cell lines (HeLa, Caco-2, and
MCF-7) were assayed by the MTT assay (Ferra-
ri et al. 1990). The cells were seeded at a density
of 2 × 104 cells/well. The essential oil was seri-
ally double diluted in media in the presence of a
small quantity of DMSO from 5 mg/mL to 0.01
mg/mL, and 100 μL liquid of each concentration
was applied to the wells of a 96-well plates.
Cells were incubated with the essential oil for
24 h before the medium was removed and re-
placed with fresh medium containing 0.5
mg/mL 3-(4,5-dimethylthiazol-2-yl)-2,5-

diphenyltetrazolium bromide (MTT). The
formazan crystals were dissolved in DMSO 4 h
later; the absorbance was measured at 570 nm
with a Biochrom Asys UVM 340 Microplate
Reader.

Results and Discussion

The essential oil of A. graveolens L. was ob-
tained from the aerial parts by hydrodistillation.
Its composition was analyzed by gas chromatog-
raphy – mass spectrometry (GC-MS).  The
chemical composition of the A. graveolens oil is
summarized in Table 2.  Thirteen components
were identified representing 99.6% of total oil
composition.  The major components were
carvone (51.7%), trans-dihydrocarvone
(14.7%), dill ether (13.2%), α-phellandrene
(8.1%) and limonene (6.9%).  These results are
qualitatively consistent with those previously
reported by Jirovetz et al. (2003), Babri et al.
(2012), and, probably Sefidkon, (2001).

Table 2: Chemical composition of the essential
oil of Anethum graveolens L. from Tajikistan.

RI1 Compound %2

941 α-Pinene 0.1±0.1
993 Myrcene 0.1±0.1
1007 α-Phellandrene 8.0±3.4
1025 p-Cymene 1.1±0.4
1031 Limonene 6.9±1.4
1144 Camphor 0.3±0.2
1188 Dill ether 13.2±0.6
1198 cis-Dihydrocarvone 1.6±0.6
1209 trans-Dihydrocarvone 14.7±0.4
1235 neoiso-Dihydrocarveol 0.1±0.1
1254 Carvone 51.7±7.2
1287 (E)-Anethole 1.4±0.3
1626 Dillapiole 0.4±0.2

Total Identified 99.6
1 RI = “Retention Index” with respect to a series
of normal alkanes on a HP-5ms column.
2Average of three injections (± standard devia-
tions).

The cytotoxicity of the oil was determined
against HeLa, Caco-2 and MCF-7 human tumor
cell lines. Dose-dependent cytotoxicities of
Anethum graveolens essential oil are shown in
Figure 1. IC50 values were 93 μg/mL for HeLa,
216 μg/mL for Caco-2, and 67 μg/mL MCF-7
cell lines. The cytotoxicity of A. graveolens oil
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is most likely due to the major components
carvone and limonene. Both d-limonene and d-
carvone have been shown to increase production
of reactive oxygen species (ROS) and decrease
mitochondria membrane potentials (MMP) in
HL-60 cells thereby inducing apoptosis (Yu et
al. 2008). Consistent with the observed cytotox-
icity, A. graveolens essential oil was active in

the brine shrimp lethality test (LC50 = 15.9 ± 2.3
μg/mL).  The A. graveolens oil was screened
against a panel of bacteria (Bacillus cereus,
Staphylococcus aureus, Pseudomonas
aeruginosa, and Escherichia coli) and fungi
(Aspergillus niger). The essential oil showed
only marginal antimicrobial activity to Esche-
richia coli (MIC = 625 μg/mL), however.
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Figure 1: Dose-dependent cytotoxicity of Anethum graveolens essential oil in HeLa, Caco-2 and
MCF-7 cells.
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