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Abstract       In this study essential oils of seeds from eighteen Iranian local 
landraces of dill (Anethum graveolens L.) were chemically analyzed and their 
possible inhibitory effects were evaluated against Gram-positive and Gram-
negative bacteria. The investigated oil was hydrodistilled from air dried seeds 
and analysed by GC-FID and GC-MS. The screening of antimicrobial activity 
of essential oil samples was individually evaluated by measuring their 
diameter of inhibition zone (DD) and minimum inhibitory concentration (MIC) 
against Bacillus subtilis, Enterococcus faecalis, Staphylococcus aureus, S. 
epidermidis, Escherichia coli, Pseudomonas aeruginosa and Klebsiella 
pneumonia. Twenty-seven constituents were identified (≥99.8% of total oil 
samples) with carvone and limonene, which are as the most abundant 
compounds that totally constituted about 51.2% to 91.0% of investigated 
essential oils. Dill apiole (0.2-31.9%), trans-dihydrocarvone (3.6-14.5%) and 
α-phellandrene (0.2-6.6%) were of other components in appreciable amounts. 
Moreover, the highest activity of A. graveolens oils was observed against 
Bacillus subtilis (DD= 27 mm; MIC= 1.87 mg/ml). However, E. coli was the 
most sensitive Gram-negative and, on the contrary, E. faecalis was the most 
resistant Gram-positive bacteria.   
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Despite development of effective preservatives over 

the years, protection of food products from spoilage, 

formation of toxins and loss of quality resulting from 

the presence of microorganisms is still an important 

problem of food manufactures. This is not only due to 

the growing cases of microbial resistance towards 

presently available biocides but also because of the 

increasing awareness of their residual toxicity or 

possible side effects (Ebrahimabadi et al. 2010; 

Gachkar et al. 2007). Therefore, exploration of 

alternative methods to increase food products safety, 

quality and shelf life has become a worldwide issue. 

Among others, the use of essential oils which their 

inhibitory effects against a wide range of food spoilage 

microorganisms have been repeatedly reported has 

gained much attention (Bajpai et al. 2007; Nedorostova 

et al. 2009). In fact, their natural origin which provide 

more safety to both consumers and the environment 

and the low risk of microbial resistance make essential 

oils promising for use in several fields especially to 

protect foods from pathogenic organisms and oxidation 

(Cardile et al. 2009;  Tatsadjieu et al. 2009). At present, 

a few essential oil containing food preservatives such 

as “DMC Base Natural” which is made of 50% 

essential oils from citrus, rosemary and sage and 50% 

glycerol are developed and commercially available 

(Nedorostova et al. 2009).  

For the reasons given above, in recent years a large 

body of investigations has been devoted to examine 

antimicrobial potential of essential oils extracted from 

plants of different taxa against a wide range of 

pathogenic organisms including both Gram-negative 

and Gram-positive bacteria and different species of 

fungi. It has been shown that, depending on the 

chemical composition, most essential oils exhibit 

various degrees of inhibitory activity which also 

affected by method of testing, concentration applied 

and type of microorganism (Bagamboula et al. 2004; 

Bajpai et al. 2006; Gilles et al. 2010). Although the 

antimicrobial activity of an essential oil can be 

expected to relate to its major compounds, the 

synergistic or antagonistic effects of other components 

should also be considered (Nejad-Ebrahimi et al. 2008).  

Dill (Anethum graveolens L.), an important annual or 

biennial crop of Apiaceae family, is among the 

aromatic plants which produce essential oils with 

known antimicrobial activity (Delaquis et al. 2002; 

Kaur and Arora 2010; Singh et al. 2002; Singh et al. 

2005). The plant is native to southwestern Asia and 

southeastern Europe and has a long history of 

mailto:m_ghorbanpour@yahoo.com


 2 

cultivation and use (Bailer et al. 2001; Kaur and Arora 

2010). Different parts of A. graveolens, especially 

seeds, contain essential oil which are extensively used 

in both food and non-food industries mainly for their 

pleasant aroma. The character of oil produced in leaves 

and stems differs from that of mature seeds. While the 

oil extracted from mature seeds has a high content of 

carvone and limonene, the herb oil contains 

considerable amounts of α-phellandrene and dill ether 

as well (De-Carvalho, and Da-Fonseca 2006; Pino et al. 

1995). However, it has been shown that composition 

and relative concentrations of oil components vary as a 

result of factors such as genotype, growth conditions, 

geographical origin, and stage of maturity and isolation 

procedure of essential (Bagamboula et al. 2004; Callan 

et al. 2007; Msaada et al. 2007; Pino et al. 1995). 

In traditional systems of medicine, seeds of dill have 

been used as tonic, stomachic, digestive, lactagogue, 

diuretic and carminative and for the treatment of 

vomiting (Stavri and Gibbons 2005; Zargari 1990). The 

therapeutic properties of dill seeds can mainly be 

attributed to their essential oil content which is 

relatively present in high amounts (1-4%) and contains 

biologically active components such as carvone, 

limonene, etc (De-Carvalho and Da-Fonseca 2006; 

Kaur and Arora 2010; Peana and Moretti 2002; Zheng 

Kenney and Lam 1992). At present, several 

pharmacological activities of essential oil of dill seeds 

and its pure components including insect repellency 

and toxicity, antimicrobial, antioxidant and bud 

sprouting are documented (Chaubey 2007; Delaquis et 

al. 2002; Seo et al. 2009; Sonboli et al. 2005). 

In Iran, dill has a long history of cultivation as a spice 

and medicinal plant, and there are many local landraces 

of this plant which are cultivated each year in different 

parts of country. Due to adaptation process of plants to 

the environment, various degrees of genetic variation 

may be observed among different local accessions 

which could affect composition, and so biological 

activities, of their essential oils (Hadian et al. 2010). To 

the best of our knowledge, there are no reports 

considering the antimicrobial properties of seeds 

essential oil from local landraces of dill in Iran. 

Therefore, the aim of this study was to identify the 

main essential oil composition and content of seeds 

from eighteen Iranian landraces of dill and their 

antibacterial activities, which could be further 

exploited to the use in relevant industries or in plant 

breeding programs. 

 

Materials and Methods 

 
Plant materials and essential oil extraction 

 

The seeds of eighteen Iranian local landraces of 

Anethum graveolens L. were provided from vegetable 

gardens and commercial fields in different parts of 

country. For essential oils extraction, air-dried seeds of 

each accession were subjected to hydrodistillation 

using a Clevenger-type apparatus for 3 h in three 

replications. All essential oils were dried over 

anhydrous sodium sulfate and stored in dark vials at 

4°C prior to analysis. 

 

Essential oil analysis 

 

GC-FID analysis of the oil was conducted using a 

Thermoquest-Finnigan instrument equipped with a 

DB-5 fused silica column (60 m × 0.25 mm i.d., film 

thickness 0.25 µm). Nitrogen was used as the carrier 

gas at the constant flow of 1.1 ml/min. The split ratio 

was 1/50. The oven temperature was raised from 60 ºC 

to 250 ºC at a rate of 5 ºC/min. The injector and 

detector (FID) temperatures were kept at 250 ºC and 

280 ºC, respectively. GC-MS analysis was carried out 

on a Thermoquest-Finnigan Trace GC-MS instrument 

equipped with the same column and temperature 

programming as mentioned for GC analysis. Transfer 

line temperature was 250 ºC. Helium was used as the 

carrier gas at a flow rate of 1.1 ml/min with a split ratio 

equal to 1/50. The constituents of the essential oils 

were identified by calculation of their retention indices 

under temperature-programmed conditions for n-

alkanes (C6-C24) and the oil on a DB-5 column under 

the same conditions. Identification of individual 

compounds was made by comparison of their mass 

spectra with those of the internal reference mass 

spectra library (Wiley 7.0) or of authentic compounds 

and confirmed by comparison of their retention indices 

with those of authentic compounds or with those 

reported in the literature (Adams 2007). Semi-

quantitative data was obtained from FID area 

percentages without the use of correction factors. 

 

Antibacterial activity, organisms and growth 

conditions 

 

The inhibitory activity of essential oils was assessed 

against three Gram-negative and four Gram-positive 

bacteria including Bacillus subtilis (ATCC 9372), 

Enterococcus faecalis (ATCC 15753), Staphylococcus 

aureus (ATCC 25923), S. epidermidis (ATCC 12228), 

Escherichia coli (ATCC 25922), Pseudomonas 

aeruginosa (ATCC 27852) and Klebsiella pneumoniae 

(ATCC 3583) by disc diffusion method using Mueller-

Hinton Agar. As recommended by NCCLS (2000), 

normal saline was used for the preparation of 

inoculants having turbidity equal to 0.5 McFarland 

standards. Plates were inoculated using swabs soaked 

by inoculated normal saline. Subsequently, sterile 

paper disks of 6 mm diameter were placed onto the 

inoculated agar surface and 5 mg essential oil (diluted 

in DMSO) was added to each paper disks. After 1.5 

hour cold treatment at 4°C, plates were incubated for 

22 h at 37°C. The results were obtained by measuring 

the inhibition zone diameter (Murray et al. 2007). Each 

experiment was carried out with three replications. 

Broth dilution susceptibility tests were used according 
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to standard protocols of NCCLS to determine the 

minimum concentration of each antimicrobial agent 

required for inhibition (MIC) of the reference 

microorganisms. Plastic micro-dilution trays were used 

for micro-broth dilution tests. The inoculants of the 

bacterial strains were prepared from freshly cultured 

bacteria that were adjusted to 0.5 McFarland standard 

turbidity and then were further diluted (1:100) by 

sterile Mueller-Hinton broth just before being added to 

the trays. Essential oils serial dilutions were made in a 

concentration range from 64 to 0.125 mg/ml in plastic 

micro-dilution trays containing Mueller-Hinton broth. 

Micro-dilution trays were incubated for 22 h at 37°C 

(NCCLS 2000; Sharififaret al. 2007). Values are 

presented as mean ± SD of three parallel measurements. 

In addition to essential oils, chloramphenicol was also 

used to control the sensitivity of tested bacteria. 

 

Data analysis 

 

Data on composition percentage of essential oils (those 

present in concentrations higher than 0.1% in all 

samples) were used to calculate the Euclidean distance 

for each pair of accessions. The resulting matrix was 

served to construct a UPGMA based on dendrogram. 

Also, Pearson correlation coefficients were calculated 

between selected pairs of variables to study 

interrelations among principal components of essential 

oils. Statistical analyses were done using SPSS 16 

(SPSS Inc., Chicago, IL) and NTSYSpc 2.02 softwares. 

Data are given as mean ± SD (standard deviation) of 

three replications. 

 

Results 

 
Chemical analysis of essential oils 

 

Hydrodistillation of air-dried seeds from 18 studied 

accessions of A. graveolens gave essential oils on the 

average content of 1.2% (w/w), varying from 0.3% 

(Maragheh) to 2.0% (Khorram Abad) (Table 1.). 

Beside Khorram Abad, accessions from Hokm Abad, 

Yasouj and Zarand also contained considerable 

amounts of essential oil (1.9, 1.8 and 1.7%, 

respectively). The six major constituents of essential 

oils from studied landraces of A. graveolens are given 

in table 1. Totally, GC-FID and GC-MS analyses led to 

identification of 27 components constituting about 

99.8% to 100% their composition.

 

 

 

 

 

 

 

 

Table 1 

Major essential oils components of seeds from eighteen different Iranian landraces of dill  

(Anethum graveolens L.) 

 

No Component  

                                                              Landrace location 

Khuzestan Birjand Maraghe Zarand 
Khorram 

Abad 
Ghom Yasouj Tabriz 

Hokm 

Abad 

1 Carvone 50.1±1.25 51.7±1.5 45.6±1.63 34.7±2.41 37.2±1.84 43.2±1.32 45.5±1.94 53.6±1.12 39.8±2.3 

2 Limonene 35.9±1.04 25.7±0.92 29.4±0.74 23.2±1.12 33.4±1.01 21.4±0.68 21.2±0.45 26.8±0.82 45.2±0.76 

3 Dill apiole 2.0±0.1 0.2±0.1 5.3±0.1 31.6±1.2 0.2±0.1 10.2±0.8 20.1±1.0 1.0±0.2 0.4±0.1 

4 
trans-

Dihydrocarvone 
5.3±0.2 14.5±0.6 8.6±0.3 7.3±0.8 7.9±0.6 10.1±0.7 6.9±0.7 5.6±0.5 5.7±0.4 

5 α-Phellandrene 3.3±0.2 2.3±0.1 3.8±0.1 0.2±0.1 6.6±0.4 4.2±0.2 2.5±0.2 2.8±0.2 4.9±0.3 

6 
cis-Dihydro 

carvone 
0.3±0.1 3.3±0.1 1.6±0.1 1.1±0.2 2.3±0.2 4.3±0.3 1.1±0.2 2.7±0.6 1.3±0.1 

 Other compounds* 3.1 2.3 5.7 1.9 12.4 6.6 2.7 7.5 2.7 

 Total identified 99.8 99.8 99.8 99.9 100 99.5 99.7 99.9 99.9 

 Oil content (%) 1.0 1.4 0.3 1.7 2.0 0.9 1.8 1.6 1.9 
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No Component 

                                                               Landrace location 

Shazand Tehran 
Shahr 

Kord 
Taghmaiie 

Khomein 

Paien 

Band 

Khomein 

Danial 
Khomein Golpaigan Esfahan 

1 Carvone 57.6±1.54 31.3±2.48 54.6±2.2 60.8±2.42 55.5±1.9 54.8±1.28 55.4±1.12 56.9±2.41 53.6±1.32 

2 Limonene 32.6±1.23 19.9±0.21 16.7±0.42 30.2±0.56 30.8±0.92 25.7±0.27 25.5±0.61 24.9±0.21 25.7±0.43 

3 Dill apiole 0.3±0.1 31.9±1.6 11.3±0.9 1.4±0.5 5.7±0.5 7.1±0.6 7.1±0.8 6.4±0.4 9.7±1.0 

4 
trans-

Dihydrocarvone 
5.1±0.4 7.3±0.9 7.1±0.5 4.2±0.8 3.6±0.4 6.3±0.8 6.2±0.5 6.2±0.6 6.1±0.4 

5 α-Phellandrene 2.4±0.2 0.4±0.2 2.8±0.2 1.6±0.2 2.6±0.2 2.2±0.2 2.2±0.2 2.0±0.3 1.2±0.1 

6 
cis-Dihydro 

carvone 
0.6±0.1 1.5±0.3 2.3±0.2 0.4±0.1 0.5±0.1 1.1±0.2 1.1±0.2 1.2±0.2 1.4±0.2 

 Other compounds* 1.4 7.7 5.2 1.4 1.3 2.8 2.5 2.4 2.3 

 Total identified 100 100 99.9 99.9 99.9 99.8 99.9 99.7 100 

 Oil content (%) 0.9 1.0 0.9 1.3 1.2 1.0 0.9 0.7 1.2 

 
*Other compounds: α-Tujene, α-pinene, sabinene, β-Pinene, Myrcene, p-Cymene, γ-Terpinene, Dimethylstyrene, α-Terpinolene, Cis-

Pinene oxide, Cis-Limonene oxide, trans- Limonen oxide, Dill ether, iso-dihydro carveol, trans-Carveol, Cis-Carvon oxide, trans-

Anethole, Carvacrol, Germacrene D, Myristicin, Elemicin 

 

Considerable differences were observed among the 

chemical profile of studied accessions, especially from 

the quantitative point of view. As can be seen from 

table 1, essential oils of all landraces were 

characterized by a high amount of carvone, ranging 

from 31.3% to 60.8% in Tehran and Taghmaiie 

accessions, respectively. The monoterpene 

hydrocarbon limonene was another prevalent 

constituent with an average concentration of 27.5%. 

The highest level of this compound (45.2%) was 

identified in Hokm Abad landrace. Dill apiole (0.2-

31.9%), trans-dihydrocarvone (3.6-14.5%), α-

phellandrene (0.2-6.6%) and cis-dihydrocarvone (0.3-

4.3%) were other major components of these Iranian 

landraces of dill. Other 21 components of essential oils 

including α-Tujene, α-pinene, sabinene, β-Pinene, 

Myrcene, p-Cymene, γ-Terpinene, Dimethylstyrene, α-

Terpinolene, Cis-Pinene oxide, Cis-Limonene oxide, 

trans- Limonen oxide, Dill ether, iso-dihydro carveol, 

trans-Carveol, Cis-Carvon oxide, trans-Anethole, 

Carvacrol, Germacrene D, Myristicin, Elemicin were 

identified in trace values.  

 

Antibacterial activity 

 

Antibacterial activity of seeds essential oils from 18 

Iranian landraces of dill against reference bacteria was 

evaluated by measuring their diameter of inhibition 

zone (DD) and minimum inhibitory concentration 

(MIC). As can be observed in table 2, studied essential 

oils exhibited various degrees of inhibitory effect. The 

Gram-negative bacteria were in general the most 

resistant organisms, and in most cases A.graveolens 

essential oils were unable to inhibit them. However, E. 

coli was the most sensitive Gram-negative and, on the 

contrary, E. faecalis was the most resistant Gram-

positive bacteria. Of the essential oils, samples 

obtained from Khomein Paein Band and Birjand 

landraces with growth inhibition zones of 9 to 27 mm 

and MIC values of 1.75 to more than 15 mg/ml were 

the most active ones. In addition, the essential oil of 

Birjand accession was the solely sample active, 

although in a weak degree, against P. aeruginosa. 

 

Discussions 

 
Based on our results, it was exhibited that the seeds 

from different studied accessions of A. graveolens 

produce essential oils varied from 0.3% (Maragheh) to 

2.0% (Khorram Abad). In previous studies, the oil 

content of dill seeds were reported to be 2.6-4.2% 

which is higher than the results of present study 

(Jirovetz et al. 2003; Singh et al. 2005; Yili et al. 2009; 

Yili et al. 2006). 

Carvone and limonene have been repeatedly reported 

as the main constituents of dill seeds essential oil. 

Singh et al. (2005) reported high amounts of carvone 

(55.2%) and limonene (14.4%) in the essential oil of 

their sample from India. Dill apiole (14.4%), linalool 

(3.7%), trans-dihydrocarvone (2.8%) and cis-

dihydrocarvone (2.6%) were identified as other major 

compounds, while the second component was not 

present in our employed accessions at all. Accordingly, 

carvone (73.6%) and limonene (14.7%) constituted 
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considerable portion of essential oil of dill seeds from 

Uzbekistan, followed by cis-dihydrocarvone (5.9%), 

diplaniol (2.2%) and 1,2-diethoxyethane (1.4%) (Yili 

et al. 2009). Jirovetz et al. (2003) also found that the 

essential oil of long-term stored dill seeds was made up 

mostly of carvone (50.1%) and limonene (44.1%). 

However, the principal volatiles of dill seeds from 

Chinese were reported to be n-pentacosane (28.0%), 

1,2-benzenedicarboxylic acid dioctyl ester (25.1%), 

octacosane (13.8%), tricosane (9.1%) and n-

nonacosane (6.9%) which were not detected in current 

studied landraces (Yili et al., 2006). Genetic factors, 

climatic conditions, cultural practices, extraction 

methods etc., could be possible reasons for the 

variability observed in the results of this study on the 

major essential oil composition and content of dill 

seeds. 

Medicinal herbs contain physiologically active 

components that over the years have been exploited in 

traditional medicine for the treatment of various 

ailments as they have anti-microbial properties. The 

antibacterial activities of A. graveolens seeds essential 

oils were evaluated by a paper disc diffusion method. 

Essential oils exhibited antimicrobial activity against 

the tested strains, but in variable degree. In agreement 

to results of present study, the essential oil of dill seeds 

has been reported to have antimicrobial activity over a 

range of Gram-positive and Gram-negative bacteria 

and fungi, some of which are considered to be food 

spoiling. Singh et al. (2005) reported inhibitory activity 

of essential oil and acetone extract of this plant against 

a set of bacteria and fungi. However, in contrast to our 

results, considerable activity of essential oil was 

observed against P. aeruginosa. In another study, 

essential of dill seeds was found to be active against 

eight pathogenic microorganisms and P. aeruginosa 

and E. coli were identified as the most resistant and 

sensitive Gram-negative bacteria, respectively (Singh 

et al. 2002). Various substances may be responsible for 

the antibacterial activity of dill seeds essential oil, 

especially carvone and limonene which were present in 

relatively high concentrations and have been found to 

be active against a variety of microorganisms in the 

pure form (Bader et al. 2007; De- Carvalho and Da-

Fonseca 2006; Delaquis et al. 2002; Sonboli et al. 

2002). Both optical isomers of carvone were reported 

to be active against a variety of human pathogenic 

microorganisms (Aggarwal et al. 2002).This compound 

is also a good inhibitor of sprouting in stored potatoes 

or flower bulbs and has the insecticidal activity 

(Franzios et al. 1997; Singh et al. 2005). 

Diffusion and action of an essential oil into the target 

cell are strongly influenced by its composition, 

concentration, permeability of the bacterial membranes 

and intracellular distribution of the oil components. 

Therefore, variation in the susceptibility of tested 

bacterial strains to the essential oil of dill seeds may be 

due to differences in the penetration rate of essential oil 

components through the cell wall and cell membrane 

structures (Matasyoh et al. 2009). Owing to the 

presence of an outer hydrophilic membrane which 

restricts the penetration of lipophilic compounds, 

usually, Gram-negative bacteria are more tolerant to 

the antimicrobial activity of essential oils than Gram-

positive ones (Bajpai et al. 2007; Saei-Dehkordi et al. 

2010).This is also more strengthened by the presence 

of highly sophisticated bacterial efflux pumps in their 

cytoplasmic membrane which transport any unknown 

substances to the outside of bacterial cells (Poole 2005). 

Our findings are in agreement with the results of 

studies on the antibacterial properties of essential oils 

from dill seeds. Due to the presence of different groups 

of chemical compounds, essential oils are hypothesized 

to exert their inhibitory effects on bacterial cells via 

several targets instead of a specific mechanism, among 

which degradation of the cell wall, damage to the 

cytoplasmic membrane and membrane proteins, 

leakage of cell contents, coagulation of cytoplasm and 

depletion of the proton motive force (Burt 2004).
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Table 2 

Antibacterial activity of eighteen different Iranian landraces of dill (Anethum graveolens L.).  

 

Microorganism 

Landrace location 

Shazand Tehran Zarand Kh. Paien Band Khorram Abad Kh. Danianl Esfahan Khomein Golpaigan 

 DD MIC DD MIC DD MIC DD MIC DD MIC DD MIC DD MIC DD MIC DD MIC 

Bacillus subtilis 19±0.8 7.5 20±1.2 3.75 23±1.1 3.75 26±1.4 1.75 17±0.6 3.75 21±0.6 3.75 19±0.9 7.5 18±1.3 7.5 19±0.5 7.5 

Staphylococcus epidermidis 17±0.9 7.5 16±1.1 7.5 20±1.3 3.75 22±1.1 3.75 15±0.7 15 20±0.7 3.75 16±0.3 15 15±1.1 15 17±0.9 7.5 

S. aureus 11±0.5 >15 10±0.7 >15 9±0.8 >15 16±0.7 15 10±0.3 >15 12±1.1 15 12±0.6 15 10±0.9 >15 11±0.3 >15 

Entrococcus faecalis 9±0.6 >15 - - - - 13±0.2 15 9±0.1 >15 8±0.4 >15 10±0.4 >15 9±0.6 >15 10±0.2 >15 

Escherichia coli - - 9±0.4 >15 9±0.4 >15 15±0.3 15 10±0.2 >15 12±0.5 15 13±0.5 15 13±0.8 15 12±0.4 15 

Klebsiella pneumoniae - - - - - - 12±0.3 >15 - - 11±0.2 15 10±0.3 >15 11±0.4 >15 12±0.2 15 

Pseudomonas aeruginosa  - - - - - - - - - - - - - - - - - - 

 

 

Microorganism 

Landrace location 

Shahr Kord Yasouj Kh. Shahabie Birjand Ghom Khuzestan Maragheh Hokm Abad Tabriz 

 DD MIC DD MIC DD MIC DD MIC DD MIC DD MIC DD MIC DD MIC DD MIC 

Bacillus subtilis 20±1.1 3.75 21±0.6 7.5 25±1.4 1.75 27±1.5 1.87 23±1.1 1.87 22±0.5 3.75 23±1.2 3.75 23±0.9 7.5 22±0.4 7.5 

Staphylococcus epidermidis - - 15±0.3 15 24±1.1 3.75 20±0.8 3.75 20±1.3 3.75 18±0.6 7.5 22±1.0 7.5 18±0.6 7.5 20±0.7 7.5 

S. aureus 19±0.7 7.5 10±0.2 >15 17±0.7 7.5 14±0.5 15 13±0.6 15 14±0.4 15 14±0.7 15 12±0.3 15 14±0.2 15 

Entrococcus faecalis 11±0.6 >15 10±0.3 >15 9±0.3 >15 10±0.2 >15 10±0.5 >15 10±0.3 >15 12±0.6 15 10±0.2 >15 11±0.3 >15 

Escherichia coli 10±0.4 >15 11±0.1 >15 9±0.4 >15 15±0.6 15 12±0.4 >15 9±0.3 >15 13±0.2 15 12±0.1 15 12±0.2 15 

Klebsiella pneumoniae 9±0.3 >15 - - - - 10±0.2 >15 - - - - - - - - - - 

Pseudomonas aeruginosa  - - - - - - 9±0.3 >15 - - - - - - - - - - 

DD: diameter of inhibition zone (disc diameter of 6 mm). 

MIC: minimal inhibitory concentration (mg/ml). 

Values are given as mean ± SD (standard deviation) of three replications.
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Fig. 1. 

Dendrogram generated by cluster analysis of the percentage composition of essential oils from eighteen Iranian landraces of dill (A. graveolens L.).
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In the present study, we have calculated Pearson 

correlation coefficient to examine the relationship 

among the principal constituents of essential oils and 

the oil content of seeds. According to the resulted 

matrix, in most cases there were no significant 

correlations among selected pairs of variables, but 

dillapiole negatively correlated with limonene (r=-0.61) 

and carvone (r=-0.59). 

Hierarchical cluster analysis of data from the 

percentage composition of essential oils grouped 

studied landraces into two main groups: the first group 

(A) was clustered into three other clusters (A1-A3), 

while the second group (B) consisted of Zarand and 

Tehran landraces which contained the highest 

concentrations of dill apiole (31.6% and 31.9%, 

respectively) and the lowest amounts of carvone 

(34.7% and 31.3%, respectively) (Fig. 1). Members of 

subcluster A1 had the low levels of carvone (37.2%-

39.8%) and the highest percentages of α-phellandrene 

(4.9-%-6.6%), whereas all accessions included in 

subcluster A2 relatively had the low levels of limonene 

(16.7%-21.4%) and the high value of dill apiole 

(10.2%-20.1%). Other accessions were included in 

subcluster A3 and contained various concentrations of 

analyzed compounds (Table 1). 

 

Conclusions 
 

Complexity nature and advantage of providing new 

modes of action against microorganisms which reduce 

the risk of microbial resistance make essential oils as 

the most promising substitutions of synthetic food 

preservatives for increasing foodstuffs shelf-life and 

maintenance of their quality. Beside protection, 

essential oils also confer a special taste and aroma to 

food products. In the present study, GC-FID and GC-

MS analyses revealed significant variation among the 

essential oil composition of dill seeds of different 

origins both qualitatively and quantitatively. Since 

aroma properties of plant materials and their extracted 

essential oils are determined by unique combinations 

of volatiles and their relative percentages and 

considering the threshold concentration of a volatile 

molecule for perception in the human olfactory system, 

variability observed in the chemical profile of studied 

samples enabled us to select landraces with specific 

aromas of seeds. With respect to results of 

antimicrobial assays, it can be concluded that further 

studies on the essential oil of accessions in question 

may finally lead to landraces which could be used in 

food and other related industries. 
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