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Abstract

The chemical composition, antioxidant and antimicrobial potentials of essential oils and oleoresins obtained from
dill (Anethum graveolens L.) seeds and leaves have been studied. The isolated essential oils and oleoresins were
analyzed by gas chromatography coupled with mass spectrometry. The antioxidant activity of essential oils and
oleoresins in comparison with synthetic antioxidants were evaluated using different antioxidant assays namely
peroxide, thiobarbituric acid values. The antioxidant potentials were further confirmed using other methods such as
ferric thiocyanate method in linoleic acid system, scavenging effect (%) on DPPH radical and metal chelating activity.
Total phenolic content was also calculated using Folin-Ciocalteau method. Their antimicrobial activity was
investigated using various methods on an array of microorganisms. Carvone (47.2%) was the major component in
seed essential oil whereas dillapiole (90.2%) was the main component of leave essential oil. The oleoresins were
mainly having a major fraction of carvone, dillapiole and oleic acid. Both essential oils have shown excellent
antioxidant activity. The seed essential oil showed excellent antimicrobial activity against Aspergillus flavus and
Fusarium graminearum in food poisoned method. Significant antibacterial activity was recorded for essential oils
against Staphylococcus aureus and Bacillus subtilis while nominal inhibitory effects were observed against
Escherichia coli and Pseudomonas aeruginosa.

Keywords: Essential oils; Antioxidant; Total phenolic content; Gas-
chromatography-mass spectrometry; Antimicrobial activity

Introduction
Herbs and spices have long been used by ancient civilizations for

culinary, medicinal and cosmetic uses. With modernization and the
development of patent medicines, the use of natural cures and elixirs
decrease in popularity. Nowadays, disillusionment with synthetic
drugs, artificial additives and their possible side effects [1] has given
great rise in popularity to many natural products, be it for culinary,
medical or cosmetics purposes.

Anethum graveolens L. (Dill) is a member of Apiaceae family
commonly called sowa or vilayti saunf in India. It has been recognized
in different system of traditional medicines for the treatment of
different diseases and ailments of human beings. The extracts obtained
from aerial parts, seeds have antibacterial, antispasmodic,
hyperlipidimic, antiulcer, antioxidant, hypolipidemic, genotoxicity,
diuretic effect [2]. The diversified uses of dill have attracted many
researchers to explore their different potentials, which have been well
discussed in literature. The current study was aimed to analyze the
difference in chemical composition of essential oils and oleoresins
obtained from different part of A. graveolens (seeds and leaves) along
with their antioxidant, antimicrobial potentials has also been
investigated by different methods. Different samples of same plant
have been used to analyse the chemical variance using GC-MS
techniques and how these variations affect the antioxidant and
antimicrobial properties.

Materials and Methods

Extraction of essential oils and oleoresins
Fresh aerial parts of the dill herb (leaves and seeds) were purchased

from the local market of Gorakhpur, Uttar Pradesh, India. A voucher
specimen was deposited at the herbarium of the Faculty of Science,
Deen Dayal Upadhyaya Gorakhpur University. The leaves and seeds
were washed with running water, air dried and then homogenized into
fine powder. The dill seed essential oil (DSEO, light yellow colored;
yield 2.4%) and dill leaves essential oil (DLEO, green colored; yield
0.9%) was extracted by a hydrodistillation process using a Clevenger’s
type apparatus in accordance with the method recommended by the
European Pharmacopoeia [3].

The oleoresins (DSET-Dill seeds ethanol oleoresin; DSNH-Dill
seeds n-hexane oleoresin; DLET- Dill leaves ethanol oleoresin; DLNH-
Dill leaves n-hexane oleoresin) were extracted from seeds and leaves by
using a Soxhlet apparatus. Different reports reveal the utility of more
polar solvents for better extraction of components [4]. For this reason,
ethanol (polar) and n-hexane (non-polar) have been used for
extraction to analyse the difference in chemistry. The essential oil and
oleoresins so obtained were poured into bottles and stored in a
refrigerator at 4 ± 1°C in the dark for further use.

Reagents
Folin- Ciocalteu (FC) reagent (Qualigens chemicals Ltd. Mumbai,

India) and Gallic acid (Qualikems chemicals Ltd. New Delhi, India)
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were used for the evaluation of total phenolic content. Thiobarbituric
acid (TBA), 1,1’-diphenyl-2-picrylhydrazyl radical (DPPH) and
linoleic acid are of Acros (New Jersey, USA); BHT, BHA, ethylene
diamine tetraacetic acid (EDTA) and propyl gallate (PG) are of sd fine
chemicals Ltd. Mumbai, India, Tween 20 and Ferrozine (Merck Pvt.
Ltd. Mumbai, India) were used for antioxidant assays. Ampicillin was
purchased from Ranbaxy fine chemicals (New Delhi) India. Crude
mustard oil was obtained from local oil mill in Gorakhpur. All solvents
used were of analytical grade.

Chemical characterization
Gas chromatography-mass spectrometry (GC-MS): Oil samples and

oleoresins were analyzed by GC with a gas chromatograph HP 6890,
coupled with MS HP 5973. The gas chromatograph has a splitless
injector and a capillary column -5MS (5% phenylmethyl siloxane
phase, 30 m × 0.25 mm × 0.25 μm) film thickness. The GC conditions
include a temperature range of 50 to 300°C. The temperature of the
injector was maintained at a temperature of 250°C. The inert gas was
helium at a flow of 1.0 mL/min and the volume of injected sample in
the split ratio 80:1. The oven temperature is programmed at various
temperature namely at 80°C (0 min); 80-300°C (3.5°C/min) and 300°C
(5 min). The interphase and ion source temperature were at 280°C and
230°C. The selective mass detector was programmed at 150°C.

Identification of the constituents was based on comparisons of
retention index (RI) (determined relatively to the retention times of n-
alkanes series) and mass spectra with those obtained from authentic
standards and/or the NIST and Wiley libraries spectra and relevant
literature [5].

Estimation of total phenolic content (TPC)
TPC were determined using the Folin- Ciocalteu’s reagent method

described by Singleton and Rossi. Gallic acid stock solution (1000
μg.mL-1) was prepared by dissolving 100 mg of gallic acid in 100 mL of
ethanol. Various dilutions of standard gallic acid were prepared from
this stock solution. Calibration curve (Figure 1) was plotted by mixing
1 mL aliquots of 10-100 μg.mL-1 of gallic acid solutions with 5.0 mL of
Folin-Ciocalteu reagent (diluted tenfold) and 4.0 mL of sodium
carbonate solution (75 g.L-1). The absorbance was measured after 30
min at 20°C at 765 nm.

Figure 1: The standard curve obtained using gallic acid for total
phenolic content determination.

Antioxidant assays
Sample preparation: The essential oils and oleoresins were added

individually to unrefined crude mustard oil at the concentration of 200
ppm (v/v). Synthetic antioxidants such as BHA, BHT and PG were also
added to mustard oil at the same concentration, i.e. 200 ppm (v/v). A
control sample was prepared under similar condition without any
additive. They were subjected to the Schaal oven test [6] in 100 mL
open beakers at 60°C. The antioxidant activity of essential oils and
oleoresins in the oxidation of mustard oil was examined by comparing
the activity of known antioxidants such as BHA, BHT and PG by the
methods reported by Singh et al. [7] for peroxide and TBA values.

Complementary antioxidant assays
Further determination of antioxidant activity of essential oils and

oleoresins were determined by the methods reported earlier by Singh
et al. [8] namely; ferric thiocyanate method, metal chelating activity
and radical scavenging activity on DPPH.

Antimicrobial investigations
All the fungal and bacterial strains for antimicrobial investigations

were procured from Microbial Type Culture Collection (MTCC),
Institute of Microbial Technology, Chandigarh, India.

Antifungal investigations
In order to determine the antifungal efficacy of the volatile oil and

oleoresins, the pathogenic fungus Aspergillus niger (1884), Aspergillus
flavus (2479), Fusarium monoliforme (1893), Fusarium graminearum
(2088) and Penicillium viridicatum (2007) were undertaken. Cultures
of each of the fungi were maintained on Czapek dox agar media with
adjusting pH 6.0-6.5 and slants were stored at 4°C. The antifungal
activity of the volatile oil and oleoresins against fungi were undertaken
using inverted petriplate [9] and poison food techniques [10].

Antibacterial investigations
Four pathogenic bacteria Bacillus subtilis [1790], Staphylococcus

aureus [3103] (gram positive), Escherichia coli [1672], Pseudomonas
aeruginosa [1942] (gram negative) were selected for present study. The
agar well diffusion method [10] was employed for the determination of
antibacterial activity. Briefly, a suspension of the test microorganism
(0.1 ml) was spread on a previously prepared, dried nutrient agar
(contains peptone, sodium chloride, beef extract, yeast extract mixed
in appropriate composition) plate by using a sterile bent rod. The wells
were 10 mm in diameter cut from the agar and different concentration
of essential oils or extracts (5 and 10 µl diluted in 1 mL dimethyl
sulphoxide) were delivered into them. The control plate without the
addition of essential oil or extract containing DMSO was also
maintained under the same conditions. After incubating for 24 h at
37°C, all plates were examined for any zones of growth inhibition (in
mm).

Statistical analyses
Experimental results were the means ± standard deviation of three

parallel measurements (data are not shown). Significant differences
between means were determined by Student’s t-test by using a
Microsoft Excel (Microsoft Office, India) statistical analysis program
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and p<0.05 was considered as significant. Standard deviation bars has
been provided in the figures.

Result and Discussion

Chemical investigations
The chemical composition of essential oils and oleoresins were

analysed by GC-MS. The identified compounds are listed in Tables 1
and 2 according to their elution order on a Perkin Elmer Elite -5MS
capillary column. A total of 23 and 27 components were identified in
DSEO and DLEO representing 99.4 and 97.4% of total oil composition
obtained respectively. Principle components of DSEO were carvone
(47.7%), dillapiole (32.7%), limonene (12.4%), trans-dihydrocarvone
(2.7%) and cis-dihydrocarvone (2.1%). Components identified in
DLEO were dillapiole (90.2%), myristicin (3.0%) with apiole (1.3%).
The major components in oleoresins were oleic acid, Palmitic acid,
dillapiole and Stigmast-en-3-β-ol. Structures of some major
components found in essential oils and oleoresins are given in scheme
1.

Scheme 1: Structure of major components found in essential oils
and oleoresins.

The results obtained from the analysis are in good agreement with
the previous reported work [11-13]. It has been previously reported
that during the developmental growth of seeds, the conversion of
dillapiole to oxygenated terpenes increases [14]. Most of the work
reported that carvone as the major component in essential oil of A.
graveolens. These contradictory results of leaves and seeds can be
reasoned on differences in pedoclimatic conditions, variety, and
different agricultural practices [15].

Compounds DSEO DLEO RI# IdentificationΦ

% MS % MS

α-thujene --- tr 925 MS, RI, co-GC

α-thujene tr 0.1 928 MS, RI, co-GC

myrcene tr tr 990 MS, RI, co-GC

a-phellandrene tr 1.3 1004 MS, RI, co-GC

p-cymene tr 0.1 1019 MS, RI, co-GC

limonene 12.4 tr 1024 MS, RI, co-GC

b-phellandrene --- 0.3 1025 MS, RI, co-GC

fenchone tr --- 1085 MS, RI

p-cymenene 0.2 tr 1090 MS, RI

menthol 0.7 0.1 1180 MS, RI

dill ether tr 0.1 1184 MS, RI

cis-dihydrocarvone 2.1 tr 1194 MS, RI

trans-dihydrocarvone 2.7 tr 1203 MS, RI

trans-carveol tr tr 1219 MS, RI, co-CG

carvone 47.7 tr 1242 MS, RI, co-CG

trans-carvone oxide tr tr 1276 MS, RI

trans-anethole tr tr 1285 MS, RI

thymol tr tr 1292 MS, RI

carvacrol tr 0.1 1300 MS, RI

germacrene-D --- 0.3 1490 MS, RI

trans-b-ionone tr 0.1 1492 MS, RI

myristicin 0.9 3 1520 MS, RI

elemicin tr tr 1559 MS, RI

dillapiole 32.7 90.2 1625 MS, RI

selin-11-en-4-a-ol --- 0.2 1660 MS, RI

ar-turmerone tr tr 1670 MS, RI

apiole tr 1.3 1680 MS, RI

neocnidilide --- 0.2 1722 MS, RI

Total 99.4 97.4   

DSEO-Dill seed essential oil; Dill leaves essential oil

trace <0.05; # the retention index was calculated using a homologous series of
n-alkanes C8-C18; ΦCo-GC: co-injection with an authentic sample. Percentages
are the mean of three runs and were obtained from electronic integration
measurements using selective mass detector

Table 1: Composition of essential oils extracted from dill (Anethum
graveolens) seeds and leaves.

Antioxidant investigations
Amount of total phenolic compounds can be determined using the

Folin-Ciocateu reagent. FC assay is not selective; it determines both
polyphenols and monophenolics. The absorbance at 765 nm plotted as
concentration of standard gallic acid solution is illustrated in Figure 1.
The representative regression coefficient (r2) was 0.9911 and the linear
regression equation was y=0.0101x+0.0178.

GAE for DSEO and DLEO was found to be 52.38 ± 0.27 and 28.76 ±
1.2 μg/mL whereas the total phenolic content of oleoresins obtained
from both seeds and leaves were very low and ranges from 5.6-12.3
μg/mL. Results obtained regarding the total phenolic content was
positively correlated with the previous work done [16].The variation in
phenolic content is well supported by the earlier research done [17,18].
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Compounds DSET DSNH DLET DLNH RI# IdentificationΦ

% MS % MS % MS % MS

limonene 0.2 1.8 ---- ---- 1024 MS, RI, co-GC

(E)-2-decenal ---- ---- 3.6 ---- 1189 MS, RI

cis-dihydrocarvone 0.8 0.5 ---- tr 1194 MS, RI

trans-dihydrocarvone 0.2 0.6 ---- tr 1203 MS, RI

carvone 12.2 15.2 ---- tr 1242 MS, RI

(E)-2-undecenal ---- ---- 21.8 ---- 1357 MS, RI

myristicin 0.5 0.7 Tr tr 1520 MS, RI

elemicin 0.2 0.2 3.3 tr 1559 MS, RI

tetradecanal ---- ---- 1.4 ---- 1611 MS, RI

dill apiole 29.6 34.7 0.8 4.9 1625 MS, RI

palmitaldehyde ---- ---- 2.7 ---- 1720 MS, RI

myristic acid 0.2 0.2 ---- ---- 1739 MS, RI

neophytadiene ---- ---- ---- 2.5 1820 MS, RI

hexahydrofarnesylacetone ---- ---- 1 ---- 1848 MS, RI

olealdehyde ---- ---- 1 ---- 1907 MS, RI

palmitic acid 4.6 3.5 3.7 3.9 1967 MS, RI, co-GC

ethyl palmitate 0.3 tr Tr tr 1980 MS, RI, co-GC

linoleic acid 8 7.9 Tr tr 2124 MS, RI, co-GC

oleic acid 21.1 21.2 12.4 12.9 2128 MS, RI, co-GC

stearic acid 0.9 1.9 0.7 tr 2157 MS, RI, co-GC

monopalmitin 0.1 tr ---- 1.3 ---- MS

monoolein 3.6 2.9 5.3 7.5 ---- MS

Plasticizer 0.9 ---- ---- ---- ---- MS

10-nonacosanone 2.3 2.7 2.4 19.6 ---- MS

vitamin E 0.2 0.2 ---- tr ---- MS

ergost-5-en-3β-ol 0.3 tr ---- tr ---- MS

stigmast-5,22-dien-3-β-ol 0.9 0.6 0.9 8.5 ---- MS

16-hentriacontanone 7.7 0.6 24.4 3.2 ---- MS

Tritriacontane tr tr 1 8.8 ---- MS

stigmast-5-en-3-β-ol 2 1.2 1.8 7.5 ---- MS

Total 96.8 96.6 88.2 80.6   

DSET: Dill Seeds Ethanol Oleoresin; DSNH: Dill Seeds n-hexane Oleoresin; DLET: Dill Leaves Ethanol Oleoresin; DLNH- Dill Leaves n-hexane Oleoresin; tr: Trace
<0.05%; # the retention index was calculated using a homologous series of n-alkanes C8-C22; ΦCo-GC: co-injection with an authentic sample. Percentages are the
mean of three runs and were obtained from electronic integration measurements using selective mass detector.

Table 2: Composition of oleoresins in different solvents extracted by dill (Anethum graveolens) seeds and leaves.
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The antioxidant activities of spice extracts have been widely studied
although their mechanisms are not fully understood. Antioxidants are
the compounds which delay autoxidation by inhibiting formation of
free radicals or by interrupting propagation of the free radical by one
(or more) of several mechanisms: (1) scavenging species that initiate
peroxidation, (2) chelating metal ions such that they are unable to
generate reactive species or decompose lipid peroxides, (3) quenching
•O2- preventing formation of peroxides.

Peroxide values (PVs) were estimated in all samples to determine
the extent of peroxide formation due to oxidation of fat
(milliequivalents of O2/kg of fat) during the storage period of 28 days
(Figure 2). During this time, the peroxide value of blank sample
increased to 181.8 meq/kg. The initial peroxide value in all samples was
low and increased during the storage. The effectiveness of the additives
at concentration of 200 ppm can be put into the following order:
PG>DSEO>DLEO>BHT>BHA>DSNH>DSET>DLNH>DLET>Contr
ol.

Many secondary products such as alkenes, alcohols, aldehydes and
acids were produced during the primary oxidation. In vitro lipid
peroxidation was assessed by means of an assay system that determines
the production of malondialdehyde and related compounds in the
mustard oil [19]. Malondialdehyde is one of the major degradative
products of lipid peroxidation and serves as a marker for oxidative
stress. The effects of essential oils and oleoresins on malondialdehyde
formation for mustard oil in terms of incubation time versus TBA
value at 80°C are shown in Figure 3. These results were well supported
by the work done by Mousavi et al. [20]. In another study, Murica et al.
[21] stated that mint, dill, and ginger could improve the oxidation
stability of sunflower, corn and olive oils as well as butter and
margarine at 110°C.

Figure 2: Inhibitory effect of dill seeds and leaves essential oils and
oleoresins on the primary oxidation of mustard oil measured using
peroxide value method.

The formation of the primary oxidation species, peroxides were
quite similar with the secondary oxidation products and the changes of
both oxidation characteristics are in good correlation. From the figures
it was clear that the inhibition activity of extract was good among the
additives and there was a significant difference between the blank and
antioxidants at the p<0.05 level.

Figure 3: Inhibitory effect of dill seeds and leaves essential oils and
oleoresins on the malondialdehyde formation in mustard oil
measured using TBA value method.

Stable organic radical DPPH has been used widely for
determination of antiradical activity for all kind of products. The free-
radical scavenging activity of A. graveolens essential oils and oleoresins
evaluated using the DPPH method is presented in Figure 4. DSEO and
DLEO scavenged the DPPH radicals in a concentration-dependent
manner with the maximum scavenging activity of 75% and 67%
respectively. PG was found to have maximum scavenging activity at all
tested concentrations. There was a significant difference (p<0.05)
between the PG and other tested samples.

Figure 4: Scavenging effect (%) of DPPH radical using different
samples.

Ferric thiocyanate method is based on the ability of hydroperoxides
to oxidize ferrous ions (Fe2+) to ferric ions (Fe3+) in an acidic medium.
Ferric thiocyanate is a red-violet complex with absorption spectra at
500-510 nm. In Figure 5, the control gave maximum absorbance up to
day 4 and started to decrease since the linoleic acid was already used
up and no more hydroperoxides were available to oxidize Fe2+ until
this stage [22]. DSEO and DLEO and showed considerable
antioxidative properties in the linoleic acid system and were
significantly (p<0.05) different from the control. However there was no
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significant difference (p<0.05) between the antioxidative potentials of
extracted oleoresins.

Figure 5: Inhibitory effect of dill seeds and leaves essential oils and
oleoresins on the primary oxidation of linoleic acid system
measured using ferric thiocyanate method.

Iron chelating activity also was determined at different
concentrations with EDTA as standard compound. The maximum
percentage of iron chelating activity of the essential oils and oleoresins
is presented in Figure 6. The standard EDTA was observed to be the
highest (93.95%) at concentration of 200 μg/mL. DSEO and DLEO had
ferrous ion chelating (FIC) activities of 63.56 ± 0.21 and 58.12 ± 1.9
percent at 200 μg/mL respectively.

Figure 6: Ferrous ion chelating activity of samples.

Ferrozine can quantitatively form complexes with Fe2+. In the
presence of other chelating agents, the complex formation is disrupted
with the result that the red color of the complex is decreased.
Measurement of the rate of color reduction therefore allows estimation
of the chelating activity of the coexisting chelator [23]. However, EDTA
showed an excellent chelating ability. Iron is the most important lipid
oxidation pro-oxidant among the transition metals. Lipid oxidation is
accelerated by breaking down of hydrogen peroxide and lipid

peroxides by ferrous state of iron to reactive free radicals through the
reaction:

Radicals from peroxides are also produced by Fe3+ ion. However the
rate is one tenth of Fe2+ ion. These can lead to lipid peroxidation,
modification of protein and damage to DNA. Metal ions could be
inactivated by chelating agents and the metal dependent processes
could potentially be inhibited [24]. There is no correlation between
ferrous ion chelating (FIC) and TPC.

Various studies regarding the antioxidant potentials of A. graveolens
L. essential oils and extracts has been done [25] which led to the
conclusion that presence of carvone, limonene, dillapiole are
responsible for the antioxidant properties of the essential oils. Presence
of unsaturated fatty acids in oleoresins also attributed to the
antioxidant properties of oleoresins. The role of unsaturated fatty acids
as antioxidant is still under consideration and area of research to the
scientists [26]. Many researchers have concluded that drying processes
has influence on the contents of total phenolics which are directly
related to the antioxidant properties of the samples [27]. There was a
significant decrease in the components during the drying processes
[28] which results in the declined activity of DLEO and its oleoresins.
Amin et al. [29] reported that less intensive aquathermal processing of
leafy vegetables, such as blanching, causes a decrease of 50% in
antioxidant activity. The results obtained for oleoresins in various
different antioxidant assays carried out in this study were satisfactory.
However, there are no significant (p<0.05) differences between
antioxidative activities of DSET, DSNH, DLNH and DLET.

Antimicrobial investigations
The antimicrobial activities of essential oils and oleoresins against

the microorganisms examined in the present study and their potency
was qualitatively assessed by presence or absence of inhibition zones.
In both petriplate and food poisoned method (Tables 3a and 3b), both
oils namely DSEO and DLEO showed excellent activity (>80% zone of
inhibition) against A. flavus at 10 μL dose. These oils were also found
to be highly effective in controlling the growth of A. niger, F.
graminearum (>65% zone of inhibition) in the food poisoned method
whereas the zone of inhibition were in the range from 40-50% in
inverted petriplate method. These oils were less effective against P.
viridicatum in both methods.

The oleoresins extracted from seeds and leave showed very weak
antifungal activity due to its viscous nature. The results obtained for
oleoresins in the food poisoned method were satisfactory (zone of
inhibition upto 40%). The activity against A. flavus species was in good
agreement with the reported work [30,31]. Singh et al. [8] have already
reported lower antimicrobial efficacy of acetone extracts of ginger,
which could be due to the lower volatility.

The antibacterial activity was examined by Agar well diffusion
method (Table 4). Only DLEO and DSEO are able to inhibit the
growth of tested bacteria. The diameter obtained for zone of inhibition
was highest against the gram positive bacteria. At 10 μL, both DSEO
and DLEO were found to be highly effective in controlling the growth
of S. aureus and B. subtilis where the zone of inhibition was found in
between 13-25 mm. There was nominal zone of inhibition found
against the E. coli and P. aeruginosa. The efficiency of essential oils
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against S. aureus and B. subtilis has been reported occasionally in the
past [7,32-34], these results being in contrast with other studies where
inefficiency of DSEO and DLEO against the gram positive bacteria was

reported [35]. The oleoresins showed very weak antibacterial activity in
agar well diffusion method against the tested bacterial strains. Absence
of Carvone component is responsible for weak activity of oleoresins.

Samples Doses(µl) AF* AN* FM* FG* PV*

DSEO 5 71.2 ± 0.50 43.6 ± 0.30 15.7 ± 1.3 39.7 ± 0.14 14.7 ± 0.6

10 89.7 ± 0.20 63.9 ± 0.36 20.3 ± 1.8 65.7 ± 0.17 17.6 ± 0.7

DSET 5 17.8 ± 2.4 5.7 ± 0.20 8.9 ± 0.20 10. ± 0.20 -

10 41.9 ± 0.3 11.2 ± 0.30 13.2 ± 0.30 11.3 ± 0.14 -

DSNH 5 54.5 ± 1.2 0.2 ± 0.44 4.3 ± 0.17 2.4 ± 0.36 5.6 ± 0.54

10 39.8 ± 0.1 5.5 ± 0.46 7.6 ± 0.14 9.1 ± 0.41 9.7 ± 0.6

DLEO 5 50.1 ± 2.1 19.8 ± 0.20 11.2 ± 0.7 32.6 ± 1.1 18.1 ± 0.6

10 81.2 ± 2.3 25.2 ± 0.26 16.4 ± 3.6 67.1 ± 1.7 20.9 ± 0.8

DLET 5 - - - - -

10 21.3 ± 1.2 18.9 ± 1.3 14.5 ± 1.3 34.5±1.4 -

DSNH 5 - - - - -

10 27.8 ± 1.6 17.6 ± 1.5 11.2 ± 1.7 26.7±1.2 -

*Average of three replicates; AN*: Aspergillus niger; AF*: Aspergillus flavus; FM*: Fusarium monoliforme; FG*: Fusarium graminearum; PV*: Penicillium viridicatum

Table 3a: Antifungal activity (% zone of inhibition*) of essential oils and oleoresins of dill seeds and leaves using food poisoned method.

Samples Doses (µl) AN* AF* FM* FG* PV*

DSEO 5 43.6 ± 0.30 45.7 ± 1.3 71.2 ± 0.50 39.7 ± 0.14 34.7 ± 0.6

10 85.9 ± 0.36 70.3 ± 1.8 89.7 ± 0.20 65.7 ± 0.17 87.6 ± 0.7

DSET 5 - 8.9 ± 0.20 10.0 ± 0.20 - 9.9 ± 0.36

10 11.2 ± 0.30 13.2 ± 0.30 11.3 ± 0.14 21.5 ± 2.1 13.7 ± 0.40

DSNH 5 - - - - -

10 5.5 ± 0.46 7.6 ± 0.14 4.5 ± 1.2 9.1 ± 0.41 5.6 ± 0.54

DLEO 5 19.8 ± 0.20 11.2 ± 0.7 - 21.3 ± 1.5

10 25.2 ± 0.26 16.4 ± 3.6 20.1 ± 2.1 45.6 ± 1.3 20.9 ± 0.8

DLET 5 - - - - -

10 - - - - -

DSNH 5 - - - - -

10 - - - - -

*Average of three replicates; AN*: Aspergillus niger; AF*: Aspergillus flavus; FM*: Fusarium monoliforme; FG*: Fusarium graminearum; PV*: Penicillium viridicatum

Table 3b: Antifungal activity (% zone of inhibition*) of essential oils and oleoresins of dill seeds and leaves using inverted plate method.

Only a few studies have reported the antifungal properties of
essential oil of dill. Our results confirm earlier reports that essential
oils and solvent extracts from these plants have proven antifungal
effects. These extracts were consistently found to be effective on fungal
growth by inhibition of sporangial production. In a separate study
done by YS Kwon [36], dillapiole has antimicrobial property. Volatile

oil obtained from A. graveolens exhibited a broad range of antifungal
activity, inhibiting some nail infecting fungi such as A. niger, A. flavus,
A. fumigatus, A. ustus, Candida albicans, Epidermophyton
flooccosum, Microsporum canis, M. audouini. M. nanum, M.
gypseum, Rhizopus nigricans, Trichophyton tonsurons and T.
violaceum [37].
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SAMPLES Doses (µl) Diameter of inhibition zone ( mm#)

BS SA EC PA

DSEO 5 13.2 ± 1.3 17.8 ± 1.7 5.6 ± 1.8 4.7 ± 1.3

10 15.6 ± 1.6 20.3 ± 2.3 7.5 ± 1.6 8.9 ± 1.5

DLEO 5 11.3 ± 0.9 12.3 ± 1.4 4.4 ± 1.4 3.4 ± 1.7

10 12.4 ± 0.6 14.7 ± 0.3 5.7 ± 1.2 4.9 ± 1.1

DSET 5 - - - -

10 2.4 ± 1.5 3.4 ± 1.9 - -

DLET 5 - - - -

10 3.4 ± 1.7 3.7 ± 1.5 - -

DSNH 5 - - - -

10 4.6 ± 0.6 - - -

DLNH 5 - - - -

10 - - - -

Ampicillin 1000 ppm 15.3 ± 2.1 18.4 ± 0.9 - -

3000 ppm 18.6 ± 1.0 28.9 ± 2.1 - 12.6 ± 1.3

#Average of three replicates; BS: Bacillus subtilis; SA: Staphylococcus aureus;
EC: Escherichia coli; PA: Pseudomonas aeruginosa

Table 4: Antibacterial activity of dill essential oils and its oleoresins
against a few bacterial species using agar well diffusion method.

Most studies investigating the action of whole essential oils against
food spoilage organisms and food borne pathogens agree that,
generally, essential oils are slightly more active against gram-positive
than gram-negative bacteria. That gram-negative organisms are less
susceptible to the action of antibacterial is perhaps to be expected,
since they possess an outer membrane surrounding the cell wall which
restricts diffusion of hydrophobic compounds through its
lipopolysaccharide covering [38].

Carvone, limonene, dillapiole and myristicin constitute the
terpenoids class which is basically terpenes that undergo biochemical
modifications via enzymes that add oxygen molecules and move or
remove methyl groups. The increased activity of terpenoids as
compared to terpenes can be attributed to the linked functional
moieties [39]. As far as non-phenolic components of essential oils are
concerned, the type of alkyl group has been found to influence activity
[40]. The antimicrobial activity of most terpenoids is linked to their
functional groups, and it has been shown that the hydroxyl group of
phenolic terpenoids and the presence of delocalized electrons are
important for antimicrobial activity [41].

It has been already established that essential oils and oleoresins are
complex mixtures of components that show usually higher activities
than their isolated components; their final activities are due to the
combined effects of several minor components. Thus, they contain
multifunctional components that exert their activities through
different mechanisms [42].

Conclusion
To the best of our knowledge, this is the first study to provide

comparative data on the antimicrobial and antioxidant activities of the
essential oils and oleoresins from aerial parts of A. graveolens L. The
results obtained in this study showed that the essential oils obtained
from seeds and leaves may be a potential source of natural antioxidants
and antimicrobial agents. These in vitro assays indicate that DSEO has
a significant source of antioxidant which might be useful in preventing
the progress or various oxidative stresses. The results showed that
different parts of same plant utilized for extraction may have
significant effect on the fraction of major components in the essential
oils and oleoresins. Hence, more queries will be addressed in future
studies to explore the potential of A. graveolens L. seeds bioactive
compounds as chemo preventive and therapeutic agents. However,
further studies need to be conducted to understand the mechanism of
the activity and obtain more information on the safety and toxicity of
the oils.
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