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ABSTRACT 
 
Plant essential oils are potential source of antimicrobials of natural origin. The essential oils were extracted from the Anethum 
graveolens seeds by steam distillation by placing the seeds in retort and passing pressurized steam through it. The temperature 
of the distillation flask was kept above 100ºC with the help of a sand bath to avoid the condensation of vapors inside the flask. 
The steam and oil vapors mixture was then condensed and collected in a receiver kept in ice water in order to prevent the 
evaporation of low boiling constituents of the oil. The essential oil was then extracted from the condensed distillate in the 
separator. The oil smelled like grass and was pale yellow in color, with a watery viscosity. Percentage yield, specific gravity, 
refractive index and acid value of oils were 0.66%, 1.51, 1.49 and 0.58, respectively. The oils showed antimicrobial activity 
(100%) as compared with oxytetracycline (100%), chloramphenicol (35%), gentamicin (81.82%) and penicillin G (57.14%) 
against Escherichia coli, Salmonella typhi, Bacillus subtilis and Staphylococcus aureus, respectively. Capric acid, lauric acid, 
myristic acid, palmitic acid, stearic acid, oleaic acid, linoleic acid, linolenic acid and arachidoic acid as heterogeneous 
components from Anethum graveolens oils were separated using gas chromatography. 
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INTRODUCTION 
 

History of essential oils are very ancient, the 
Egyptians, Hindus, Greeks and Arabs were much familiar 
with extraction and use of essential oils. In those times 
distillation was the only method used for their extraction, 
actual yield of oil extraction and characterization started in 
early 1920s. Plant essential oils are potential source of 
antimicrobials of natural origin (Valero & Giner, 2006). 

Essential oil plants include a wide range of plant 
species, mainly used in the preparation of perfumes, 
cosmetics, beverages, medicinal foods, disinfectants, 
insecticides, fungicides, smoking, chewing, tobacco and 
condiments. Essential oils are extracted from aromatic 
plants of many genera, which are distributed worldwide. 
These oils are found in various parts (seeds, leaves, fruits 
barks & roots) of aromatic plants. English people name 
Anethum graveolens as dill and in subcontinent it is called 
as sowa. It is used as flavoring and preservative agent. Its 
medicinal uses are as an antispasmodic, carminative, 
diuretic, stimulant and stomachic (Simon et al., 1984). 
Some of the earlier studies had shown the antimicrobial 
activity of Anethum graveolens against Saccharomyces 
cerevisia and Listeria monocytogenes (Pascal et al., 2002). 
Keeping in view this fact it was hypothesized that Anethum 
graveolens can have antimicrobial activity against other 
microbes. 

Various workers had used different methods of 
extracting oils like solvent extraction and steam distillation. 
Solvent extraction gives very low yield of essential oil and 
non-volatile components like waxes and pigments, while 
steam distillation is used in the manufacture and extraction 
of essential oils. In the present study, essential oils of 
Anethum graveolens were extracted first time in Pakistan by 
modified steam distillation method and its antimicrobial 
activity was tested against Escherichia coli, Salmonella 
typhi, Bacillus subtilis and Staphylococcus aureus. 
Moreover, heterogeneous components from this oil were 
separated by gas chromatography. 
 
MATERIALS AND METHODS 
 
Plant material. Mature seed of Anethum graveolens were 
purchased from the local market. The seeds were sieved, 
washed with water and dried in open. 
Recovery and physico-chemical properties of essential 
oil. The essential oil was recovered form dry seeds by 
modified steam distillation (Masango, 2005) and physico-
chemical properties like percentage yield of essential oil 
(Fiestone, 2000), specific gravity at room temperature 
(32oC) using specific gravity bottle (Prosky, 2000), index of 
refraction by Abbe’s refracto meter, taking water as a 
reference (Woodbury, 2000) and acid value were 
determined. For acid value one gram of essential oil was 
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Table I. Zones of inhibition in mm against standard 
microorganisms 
 
Test discs E. coli B. subtilis Staph. aureus S. typhi 
Antibiotics 8a 11b 14c 20d

Original Oil 8 9 8 7 
1:10* 7 8 8 7 
1:50 * 6 7 6 8 
1:100* 4 6 5 4 
1:200* -- 1 -- -- 
a Oxytetracycline, b Gentamicin, c Penicillin G, d Chloramphenicol, 
*Dilution  
 
Table II. Fatty acids and their concentration in 
Anethum graveolens seed oil extracted through steam 
distillation method 
 
Peak No. Retention 

time 
Name No. of 

carbons 
Concentration 
(%) 

1 0.882 Capric acid C10 5.97 
2 1.508 Lauric acid C 12 1.29 
3 1.96 Myristic acid C 14 0.25 
4 3.043 Palmitic acid C 16 4.66 
5 3.981 Stearic acid C 18:0 3.86 
6 5.913 Oleic acid C 18:1 37.05 
7 7.798 Linoleic acid C 18:2 45.13 
8 13.636 Linolenic acid C 18:3 0.26 
9 17.96 Arachidoic acid C 20 1.32 

mixed with 50 mL of neutral alcohol and heated in water 
bath for 10 min. The contents of the flask were titrated 
against 0.1 N potassium hydroxide (KOH) solution using 
phenolphthalein as an indicator (Bradley, 2000). 

Acid value = 56.1 x Normality of KOH solution x 
Volume of KOH used (mL). 
Determination of antimicrobial activity. Antimicrobial 
activity was determined by the size of inhibition zones on 
agar plates (Aggarwal et al., 2001) using local isolates of E. 
coli, S. typhi, B. subtilis and Staph. aureus. These organisms 
were obtained from Department of Veterinary 
Microbiology, University of Agriculture, Faisalabad, 
Pakistan. 

The standard antibiotic discs (containing 30 ug of the 
antibiotic on each disc) of penicillin G (for Staph. aureus), 
oxytetracycline (for E. coli), chloramphenicol (for S. typhi) 
and gentamicin (for B. subtilis) were prepared and used as 
control. The discs of original dill seed essential oil and its 
dilutions (1:10, 1:50, 1:100 & 1:200) were made in distilled 
water using 10% surfactants (Span-80 as oil phase & 
Tween-80 as water phase) in the test oil to reduce surface 
activity and stabilize emulsion (Southwell et al., 1993). The 
discs were dried in hot air oven at 70°C (Bauer et al., 1966). 

Nutrient agar was prepared, autoclaved and dispensed 
in sterilized petri plates. Simultaneously, nutrient broth was 
prepared in test tubes and autoclaved. The sterility of media 
was checked at 37oC for 24 h in an incubator (Cruickshank 
et al., 1975). Sterilized nutrient broth was inoculated with 
test bacteria and incubated at 37oC for 24 h. The organisms 
were confirmed morphologically using Gram’s staining. 
Then from each tube 0.1 mL of broth culture of organisms 
was uniformly inoculated on nutrient agar plates. Discs of 
test oil and its dilutions along with standard antibiotics were 
placed on nutrient agar plates previously seeded with test 
bacteria. Zones of inhibition due to activity of test oil, its 
dilutions and antibiotics were measured after 24 h of 
incubation at 37oC. The diameters of zones of inhibition (in 
mm) were measured (Aggarwal et al., 2001). 
Chromatographic analysis. Gas chromatography was 
performed for separation of heterogeneous components 
from dill seed oil. Chromatogram produced was compared 
with the chromatogram of the standard compounds (C10-
C20) of dill seed (Lane, 2000). 
 
RESULTS AND DISCUSSION 
 

The essential oils from the Anethum graveolens seed 
by modified steam distillation possessed yellowish color 
and pleasant odour. The maximum percentage yield 
(0.66%) was obtained after 13 h of distillation. Specific 
gravity of essential oil was 1.51 and it showed a good index 
of purity of oil. The refractive index at 32.5oC was 1.49 and 
this property was helpful in the identification of oils and was 
also used to determine purity. The refractive index increases 
with un-saturation and decreases with the high percentage of 
free fatty acids. The oil showed low amount of acids (0.58) 

giving information only about its condition, while gas 
chromatographic analysis revealed its composition. 

Antimicrobial activity of dill seed oil and its various 
dilutions were compared with the standard antibiotics. 
Oxytetracycline was used as standard antibiotic against E. 
coli which showed 8 mm zone of inhibition, which was 
same by the original oil. The 1:10, 1:50, 1:100 dilution of oil 
gave 7, 6 and 4 mm zone of inhibition, respectively. The 
antimicrobial activity of dilution 1:200 was negative against 
E. coli (Table I). 

Gentamicin was used as standard antibiotic against B. 
subtilis, which showed 11 mm zone of inhibition, while the 
original oil showed 9 mm zone of inhibition. The 1:10, 1:50, 
1:100 and 1:200 dilutions of oil showed 8, 7, 6 and 1 mm 
zone of inhibition, respectively (Table I). 

Penicillin G was used as standard antibiotic against 
Staph. aureus, which showed 14 mm zone of inhibition, 
while original oil and its dilutions 1:10, 1:50, 1:100 showed 
8, 8, 6 and 5 mm zone of inhibition, respectively. The 
antimicrobial activity of dilution 1:200 was found as 
negative against Staph. aureus (Table I). 

Chloramphenicol was used as standard antibiotic 
against S. typhi which showed 20 mm zone of inhibition, 
while original oil and its dilutions 1:10, 1:50, 1:100 showed 
7, 7, 8 and 4 mm zone of inhibition, respectively. The 
antimicrobial activity of dilution 1:200 was also found 
negative against S. typhi (Table I). 

Three different methods agar disc diffusion method 
without stabilizing agent (Alvaro et al., 2003; Alma et al., 
2004; Salehi et al., 2006) or with stabilizing agent (Carson 
& Riley, 1995), minimum inhibitory concentration by micro 
titration plate (Alma et al., 2004) and kill time studies 
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(Alvaro et al., 2003) have been tried to test antimicrobial 
activity of the essential oils against various microorganisms. 

Various essential oils obtained from the plants showed 
antimicrobial activity against a range of microorganisms 
including Gram’s positive bacteria, Gram’s negative 
bacteria and fungi. However, the differences may be 
explained by susceptibility, testing conditions, physico-
chemical characteristics of the oil and strain differences. 
The antimicrobial activity of volatile oils has been observed 
by Singh et al. (2002). The earlier studies on essential oil of 
Anethum graveolens had some antimicrobial activity against 
Saccharomyces cerevisia and Listeria monocytogenes 
(Pascal et al., 2002). However, in present study E. coli, S. 
typhi, B. subtilis and Staph. aureus were used. The 
antimicrobial activity of Anethum graveolens has also been 
reported by Aggarwal et al. (2001) and the result of this 
study further confirms the antimicrobial activity of Anethum 
graveolens. 

Jirovetz et al. (2003) performed gas chromatography 
and gas chromatography mass spectrophotometery of dill 
seed essential oil and they also observed the antimicrobial 
activity of the oil. Delaquis et al. (2002) separated 
heterogeneous mixture of compounds from essential oil of 
dill by fractional distillation and analyzed by gas 
chromatography mass spectrophotometery. The chemical 
analysis of dill seed oil was carried out by gas 
chromatography, which revealed the presence of various 
fatty acids namely capric acid, lauric acid, myristic acid, 
palmitic acid, stearic acid, oleaic acid, linoleic acid, 
linolenic acid and arachidac acid. The various fatty acids 
present in Anethum graveolens oil and their percentage 
concentrations are shown in Table II. 

Fatty acids are saturated and unsaturated depending 
upon the double bond. Anethum graveolens oil contained 
saturated fatty acids namely: capric (decanoic), lauric 
(dodecanoic), myristic (tetradecanoic), palmitic 
(hexadecanoic) and stearic acids (octadecanoic), while 
unsaturated fatty acids were oleaic, linoleic, linolenic and 
arachidoic acids. The differences in geometry between 
various types of unsaturated fatty acids, as well as between 
saturated and unsaturated fatty acids, play an important role 
in biological processes and in the construction of biological 
structures such as cell membranes. Fatty acids act as anionic 
detergents and literature on this effect is as far back as 
reported by Clark (1899). Much of the early literature on 
this aspect can be found in reports by Nieman (1954). In 
subsequent years the antifungal and bactericidal properties 
of fatty acids have been extensively investigated (Prince, 
1959). Other reports point to the inactivation of virus by 
various soaps (Kabara et al., 1972). Lauric acid had the 
most bacteriostatic activity on Gram positive organisms 
(Prince, 1959). The addition of double bond increased this 
activity of fatty acids (Fuller & Moore, 1967) and the 
addition of second double bond further increases the toxicity 
of compound to Gram positive bacteria. The toxic activity 
of fatty acids increases in order: oleaic < linoleic < linolenic 

acid. It is important that free carboxylic group is necessary 
for bactericidal activity because ester formation generally 
decreases this activity of fatty acids (Wyss et al., 1945). 

Reduction of the carboxylic group to aldehyde or 
alcohol or change to an amine or amide group increases 
bacteriostatic effects. Capric acid is used in manufacture of 
perfumes, lubricants, greases, rubber, dyes, plastics, food 
additives and pharmaceuticals. Lauric acid is used in soaps 
and shampoos and also to raise metabolism. It is believed 
that 20% thyroidal hormones activation occurs from lauric 
acid. Myristic acid is used in cosmetic and topical medicinal 
preparations where good absorption through the skin is 
desired. Palmitic acid is an antioxidant. Stearic acid is an 
ingredient in making candles, soaps, plastics, oil pastels, 
cosmetics and for softening rubber. Oleic acid makes up 55-
80% of olive oil. Linoleic acid is also used in making soaps, 
emulsifiers and quick-drying oils. Arachidoic acid is present 
in phospholipids of membranes of body cells especially in 
the brain and is involved in cellular signaling. Arachidoic 
acid is required dietary part of those mammals which lack 
the ability to convert linoleic acid into arachidoic acid. 
Alpha-linolenic acid is an essential dietary requirement of 
all mammals and 2 to 3 g per day prevent primary and 
secondary heart diseases and eczema, while gamma-
linolenic acid has anti-inflammatory properties. 
 

CONCLUSION 
 

Anethum graveolens essential oil has antimicrobial 
anti-microbial activity against E. coli, S. typhi, B. subtilis 
and Staph. Aureus, which can be profitably exploired. 
 
REFERENCES 
 
Aggarwal, K.K., S.P.S. Khanuja, A. Ahmad, T.R.S. Kumar, V.K. Gupta and 

S. Kumar, 2001. Antimicrobial activity profiles of the two 
enantiomers of limonene and carvone isolated from the oils of 
Mentha spicata and Anethum sowa. Flav. Fragr. J., 17: 59–63 

Alma, M.H., S. Nitz, H. Kollmannsberger, M. Digrak, F.T. Efe and N. 
Yilmaz, 2004. Chemical Composition and Antimicrobial Activity of 
the Essential Oils from the Gum of Turkish Pistachio (Pistacia vera 
L.). J. Agric. Food Chem., 52: 3911–4 

Alvaro, V., V.V. Sandy, E. Erika, K. Michael, D.C. Betül, B. Husnu and 
V.W. Ben-Erik, 2003. Osmitopsis asteriscoides (Asteraceae): the 
antimicrobial activity and essential oil composition of a Cape-Dutch 
remedy. J. Ethnopharmacol., 88: 137–43 

Bauer, A.W., W.M.M. Kirby, J.C. Sherris and M. Turck, 1966. Antibiotics 
susceptibility testing by a standardized single disc method. American 
J. Clin. Pathol., 45: 493–6 

Bradley, R.L., 2000. Dairy products. In: Horwitz, W. (ed.), Official Methods 
of Analysis of Association of Official Agricultural Chemists (AOAC) 
International, 17th edition, p: 66. AOAC International Suit 500, 481 
North Frederick avenue, Gaithersburg, Maryland, USA. Ch. 33 

Carson, C.F. and T.V. Riley, 1995. Antimicrobial activity of the major 
components of the essential oil of Melaleuca alternifolia. J. Appl. 
Bacteriol., 78: 264–9 

Clark, J.R., 1899. On the toxic effect of deleterious agents on the 
germination and development of certain filamentous fungi. Bot. 
Gaz., 28: 289–327 

Cruickshank, R., J.P. Duguid, B.P. Marmion and R.H.A. Swain, 1975. 
Medical Microbiology, The Practice of Medical Microbiology, 12th 
edition, Vol. II, pp: 96–150. Churchill Livingstone, Edinburgh 
London and New York 

 331

http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?db=pubmed&cmd=Search&itool=pubmed_Abstract&term=%22Riley+TV%22%5BAuthor%5D


 
BADAR et al. / Int. J. Agri. Biol., Vol. 10, No. 3, 2008 

Delaquis, P.J., K. Stanich, B. Girard and G. Mazza, 2002. Antimicrobial 
activity of individual and mixed fractions of dill, cilantro, coriander 
and eucalyptus essential oils. J. Food Microbiol., 74: 101–9 

Fiestone, D., 2000. Oils and fats. In: Horwitz, W. (ed.), Official Methods of 
Analysis of Association of Official Agricultural Chemists (AOAC) 
International, 17th edition, pp: 66–8. AOAC Int., Suit 500, 481 North 
Frederick avenue, Gaithersburg, Maryland, USA. Ch. 41 

Fuller, R. and J.H. Moore, 1967. The inhibition of the growth of 
Clostridium welchii by lipids isolated from the contents of the small 
intestine of the pig. J. Gen. Microbiol., 46: 23–41 

Jirovetz, L., G. Buchbauer, A.S. Stoyanova, E.V. Georgiev and S.T. 
Damianova, 2003. Composition, quality control and antimicrobial 
activity of essential oil of long time stored dill (Anethum graveolens 
L.) seed from Bulgaria. J. Agric. Food Chem., 51: 3854–7 

Kabara, J.J., D.M. Swieczkowski, A.J. Conley and J.P. Truant, 1972. Fatty 
Acids and Derivatives as Antimicrobial Agents. Antimicrob. Agents 
Chemother., 2: 23–8 

Lane, R.H., 2000. Cereal foods. In: Horwitz, W. (ed.), Official Methods of 
Analysis of Association of Official Agricultural Chemists (AOAC) 
International, 17th edition, pp: 25–9. AOAC International Suit 500, 
481 North Frederick avenue, Gaithersburg, Maryland, USA. Ch. 33 

Masango, P., 2005. Cleaner production of essential oils by steam 
distillation. J. Cleaner. Prod., 13: 833–9 

Nieman, C., 1954. Influence of trace amounts of fatty acids on the growth of 
microorganisms. Bacteriol. Rev., 18: 147–63 

Pascal, J.D., K. Stanich, B. Girard and G. Mazza, 2002. Antimicrobial 
activity of individual and mixed fractions of dill, cilantro, coriander 
and eucalyptus essential oils. Int. J. Food Microbiol., 74: 101–9 

Prince, H.N., 1959. Effects of pH on the antifungal activity of undecylenic 
acid and its calcium salt. J. Bacteriol., 78: 788–91 

Prosky, L., 2000. Nuts and nut products. In: Horwitz, W. (ed.), Official 
Methods of Analysis of Association of Official Agricultural Chemists 
(AOAC) International, 17th edition, p: 1. AOAC International Suit 
500, 481 North Frederick avenue, Gaithersburg, Maryland, USA. 
Ch. 40 

Salehi, P., A. Sonboli and F. Mohammadi, 2006. Composition and 
Antimicrobial Activity of the Essential Oil of Dicyclophora persica 
Boiss from Iran. Z. Naturforsch., 61: 315–8 

Simon, J.E., A.F. Chadwick and L.E. Craker, 1984. Herbs: An Indexed 
Bibliography, 1971-1980, The Scientific Literature on Selected 
Herbs and Aromatic and Medicinal Plants of the Temperate Zone, p: 
770. Archon Books, Hamden, CT, The Shoe String Press, Inc., USA 

Singh, G., P.S. Kapoor, S.K. Pandey, U.K. Singh and R.K. Singh, 2002. 
Studies on the essential oils: antimicrobial activity of volatile oils of 
some species. Phytother. Res., 16: 680–2 

Southwell, I.A., A.J. Hayes, J. Markham and D.N. Leach, 1993. The search 
for optimally bioactive Australian tea tree oil. Acta Hort., 334: 256–65 

Valero, M. and M.J. Giner, 2006. Effects of antimicrobial components of 
essential oils on growth of Bacillus cereus INRA L2104 and the 
sensory qualities of carrot broth. Int. J. Food Microbiol., 106: 90–4 

Woodbury, E.J., 2000. Species and other condiments. In: Horwitz, W. (ed.), 
Official Methods of Analysis of Association of Official Agricultural 
Chemists (AOAC) International, 17th edition, p: 4. AOAC 
International Suit 500, 481 North Frederick avenue, Gaithersburg, 
Maryland, USA. Ch. 43 

Wyss, O., B.J. Ludwig and R.R. Joiner, 1945. The fungistatic and fungicidal 
action of fatty acids and related compounds. Arch. Biochem., 7: 415–
25 

 
(Received 01 November 2007; Accepted 29 February 2008) 

 332


	Characteristics of Anethum graveolens (Umbelliferae) Seed Oil: Extraction, Composition and Antimicrobial Activity
	 
	INTRODUCTION

