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ABSTRACT 

 
In this study we aim to in vitro evaluate the antibacterial activity of 15 plant 

essential oils against six bacterial species. Antibacterial effects of the selected 
essential oils were investigated against four gram-negative bacteria (Escherichia coli, 
Klebsiella pneumoniae, Pseudomonas aeruginosa, Proteus vulgaris) and two gram-
positive bacteria (Bacillus subtilis and Staphylococcus aureus), using Zone of 
inhibition (mm) and the MIC of each extract. Zone of inhibition were tested at four 
different concentrations (1:1, 1:5, 1:10 and 1:20) using disc diffusion method and the 
MIC of the active essential oils were tested using two fold agar dilution method at 
concentrations ranging from 0.2 to 15 mg/ml. 

Results showed that majority of the oils exhibited wide range of antibacterial 
activity against the tested strains. Out of 15 essential oils tested, 11 oils were found to 
be inhibiting one or more strains. Lemon grass, clove, basil and rosemary oils 
exhibited significant inhibitory effect against both gram-positive and gram-negative 
bacteria. Lemon grass and clove oils showed promising inhibitory activity even at low 
concentrations, whereas sage, ginger, spearmint oils were least active against the 
tested bacteria; but black amomum, eucalyptus, camphor and sweet marjoram oils 
failed to inhibit any of the tested bacteria. In general, B. subtilis was the most 
susceptible. On the other hand, K. Pneumoniae exhibited low degree of sensitivity. 
Data obtained from MIC confirmed the results obtained from the antimicrobial 
bioactivity study. Except sage, and ginger oils, the MIC of the other 6 oils were ranged 
between 0.2-1.5 mg/ml, reached its maximum using rosemary and its minimum using 
lemon grass oils. 

These effects against the tested microorganisms indicated the possible 
ability of each essential oil as a food preservative. Therefore, it is suggested that 
further work be performed on food to test the antibacterial properties of these oils. 
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INTRODUCTION 
 

For many thousands of years, plant essential oils and extracts have 
been used in food preservation, pharmaceuticals, alternative medicine and 
natural therapies [Jones, Reynolds,1996; Balchin and Deans,1997]. Until 
recently, essential oils have been studied mostly from the viewpoint of their 
flavour and fragrance chemistry only for flavouring foods, drinks and other 
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goods. Actually , however, essential oils and their components are gaining 
increasing interest because of their relatively safe status, their wide 
acceptance by consumers, and their exploitation for potential multi-purpose 
functional use [Sawamura ,2000 and Ormancey et al., 2001]. 

Essential oils (also called volatile oils) are aromatic oily liquids 
obtained from plant materials (flowers, buds, seeds, leaves, twigs, bark, 
herbs, wood, fruits and roots). They can be obtained by expression, 
fermentation or extraction but the method of steam distillation is most 
commonly used for commercial production [Van de Braak and Leijten,1999]. 
Essential oils are complex mixers comprising many single compounds. 
Chemically they are derived from terpenes and their oxygenated compounds. 
Each of these constituents contributes to the beneficial or adverse effects. 
Phenolic components of oils sensitize the phospholipid bilayer of the cell 
membrane, causing an increase of permeability and leakage of vital 
intracellular constitutes or impairment of bacterial enzyme systems [Singh et 
al., 2002] . 

Many authors, in fact, have reported the antibacterial, antifungal, 
antiviral insecticidal and antioxidant properties of essential oils [Burt, 2004 
and Kordali et al.,2005. ]. Some oils have been used in cancer treatment 
[Sylvestre, et al.,2006]. Some other oils have been used in food preservation 
[Faid, et al.,1995 ], aromatherapy [Buttner et al.,1996] and fragrance 
industries [Van de Braak and Leijten,1999]. Essential oils such as aniseed, 
calamus, camphor, citronella, clove, eucalyptus, lavender, lemongrass, mint, 
nutmeg, rosemary, basil and vetiver have been traditionally used by people 
for various purposes in different parts of the world . Clove and rosemary oils 
had shown antibacterial and antifungal activity [Ouattara et al.,1997]; Anti-
inflammatory activity has been found in basil [Singh and Majumdar,1999]. 
Rosemary oils possess antioxidant property [Calabrese, et al.,1999 and 
Aruoma, et al.,1996]. Peppermint oil has shown anticancer activity [Kumar et 
al.,2004; Arias and Ramon,2005]. Citronella oil has shown inhibitory effect on 
biodegrading and storage-contaminating fungi [De Billerbeck, et al.,2001]. 
Lavender oil has shown antibacterial and antifungal activity; it was also found 
to be effective to treat burns and insect bites [Cavanagh and Wilkinson, 
2002]. In spite of all the information available on the 16 oils selected for this 
study, we were not able to find antibacterial activity for all those oils. Given 
these considerations, this study was undertaken with the intention of finding 
out the efficacy of these essential oils as antimicrobial agents for commercial 
purposes.  

 

MATERIALS AND METHODS 
 

1. Microorganisms tested 
Pure cultures of the bacteria used for the testing purpose were 

provided from Microbial Dept., National Research Center, Dokki, Giza, Egypt. 
Four strains of gram-negative bacteria [Escherichia coli (ATCC 15753), 
Klebsiella pneumoniae (ATCC 15380), Pseudomonas aeruginosa (ATCC 
27853), Proteus vulgaris (MTCC 1771)] and two strains of gram positive 
bacteria [Bacillus subtilis (MTCC 441) and Staphylococcus aureus (ATCC 
25923)] were obtained and subcultured in Treptone Soya Agar media (TSA). 
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The inoculated TSA media were inoculated at 37 ± 1° c for 24 hours, before 
sensitivity testing and evaluating the efficacy of the studied plants.  
2. Plant materials and essential oil extract preparation 

Samples of mature fresh rhizomes of ginger  (Zingiber officinale), 
fresh whole plant of  thyme (Thymus vulgaris) and samples of mature fresh 
green leaves of lemon grass (Cymbopogon citratus), basil ( Ocimum 
basilicum), rosmary (Rosmariinus officinalis), sage (Salvia officinalis), clove 
(Eugenia aromatica), peppermint (Mentha piperita), sweet marjoram 
(Majorana hortensis), spearmint (Mentha spicacta), lavender (Lavandula 
angustifolia); were obtained locally (Medicinal, Aromatic Plant Research 
Center). On the other hand, powdered commercial samples of camphor 
(Cinnamomuum camphora), nutmeg (Myristica fragrans e), eucalyptus 
(Eucalyptus globules), cardamom (Eletteria cardamomum Maton) and  black 
amomum (Granum paradisi)  were obtained from the commercial producers 
of plant essential oils and aromatic substances (Harraz Company for 
aromatic substances and fragrance) in Egypt. Freshly-collected samples 
before use, were identified at the Plant Protection Department, National 
Research Center,Dokki, Giza, Egypt. The essential oils (EO) tested were 
extracted by the hydrodistillation method using Clevenger’s apparatus 
[Bankole,1997]. The recovered oils were dried over anhydrous sodium 
sulphate and stored in darkness at 4ºC. The filtrate , for each , was used as 
the test extract. Quality of the oils was ascertained to be more than 98% 
pure. 
3. Antibacterial activity testing  

Antibacterial activity of selected essential oils was done by the disk 
diffusion method, which is normally used as a preliminary check and to select 
between efficient essential oils. The essential oils were dissolved in 10% 
aqueous dimethylsulfoxide (DMSO) with Tween 80 (0.5% v/v for easy 
diffusion) and sterilized by filtration through a 0.45 μm membrane filter. Under 
aseptic conditions, empty sterilized discs (Whatman no. 1 mm diameter) were 
impregnated with 50 μL of different concentrations (1:1, 1:5, 1:10, 1:20) of the 
respective essential oils and placed on the agar surface [NCCLS, 2002]. 
Paper disc moistened with aqueous DMSO was placed on the seeded 
petriplate as a vehicle control. A standard disc containing streptomycin (25 
μg/ disc) was used as reference control. All petridishes were sealed with 
sterile laboratory parafilm to avoid eventual evaporation of the test samples. 
The plates were left for 30 min at room temperature to allow the diffusion of 
oil, and then they were incubated at 37°C for 18 h. After the incubation 
period, the zone of inhibition was measured with a calliper and the degree of 
growth inhibition was evaluated and compared with the growth inhibition 
results obtained from the control samples Gentamycin sulphate with respect 
to bacteria. Each assay was performed in triplicates, and mean value was 
calculated.  
4. Statistical analysis 

Significant differences between treatments and strains sensitivity and 
the differences between means of minimum inhibitory concentration (MIC) 
values,were analysed using the Least Significance Difference (LSD) [Nissen, 
1990]. 
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5. Determination of Minimum Inhibitory Concentration (MIC)  
The minimum inhibitory concentration (MIC) is defined as the 

minimum level of essential oil concentration that produces a 90% reduction in 
the growth (populations) of microbial colonies [Skandamis et al.,2001]. 
Minimum Inhibitory Concentrations (MIC) in the plates containing test oil was 
judged by comparison with growth in blank control plates. The MICs were 
determined by the microdilution agar plate method, as the lowest 
concentration of oil inhibiting visible growth of each organism on the agar 
plate [Delaquis et al.,2002]. Aliquots of 90 ml tempered Trypton Soy Agar 
(TSA) were agitated vigorously with essential oil to achieve the following final 
oil concentrations: 3.0, 2.8, 2.6, 2.2, 2.0, 1.5,  1.0, 0.6, 0.5, 0.25, 0.15, 0.10, 
0.05 and 0.025 ml/100ml. Approximately 15 ml of each of these mixtures was 
transferred with 1ml of each inoculum to agar plates. The  plates were 
incubated at 37ºC for 24h,and the numbers of colonies were determined. 
Each assay was performed in duplicates in two separate experimental 
runs.The effects were compared with that of the standard antibiotic 
streptomycin at a concentration of 25 μg/ disc, as a positive reference 
standard [Khan and Omotoso, 2003]. 
6. Identification of oil components  

The most potent oils, (lemon grass, clove, basil and rosemary oils) 
were analyzed using GC/MS. GC-MS analysis of the volatile oil was 
performed on a Varian gas chromatograph interfaced to a Finnigan SSQ 
7000 mass selective detector (MSD) with ICIS V2.0 data system for MS 
identification of the  GC components. The column used was a DB-5 (J & W 
Scientific, Folsom, CA) cross-linked fused silica capillary column (30 m, 0.25 

mm i.d.) coated with polydimethylsiloxane (0.5 m film thickness). The oven 
temperature was programmed from 40ºC for 3min, isothermal, then heating 
by 5ºC/min to 250ºC, and held for 2 min at 250ºC. Injector temperature was 

220ºC and the volume injected was 0.5l. Transition-line and ion source 
temperatures were 250º and 150ºC, respectively. The mass spectrometer 
had a delay of 3 min to avoid the solvent peak and then scanned form m/z 40 
to m /z 400. Ionization energy was set at 70 eV. Identifications were based on 
comparison with the MS computer library (NIST-Software package, Finnigan), 
and on the respective retention indices. The separated components were 
identified by matching them with the National Institute of standards and 
Technology (NIST) mass spectral library data, comparison of the Kovat’s 
index with those of authentic components and with published data [Adams, 
1995]. The quantitative determination was carried out by peak area 
integration. 

 

RESULTS AND DISCUSSION 
 

1- Zone of inhibition of the tested essential oils against tested 
microorganisms. 

The antimicrobial activity of many essential oils has been previously 
reviewed and classified as strong, medium or weak [Zaika, 1988]. In this 
study, the most of selected essential oils under investigation showed 
considerable anti-bacterial activity (specially, at the concentration 1:1), with 
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varying magnitudes, against six bacterial species (Tables 1and 2). In our 
study, out of 15 essential oils tested, 12 showed antibacterial activity against 
one or more bacteria. The most potent oils against all the bacterial species 
tested were, lemongrass oil, clove oil, basil oil and rosemary oil. The zone of 
inhibition above 7 mm in diameter was taken as positive result. Even though 
earlier studies have reported better antimicrobial activity for eucalyptus oil 
[Cimanga, et al.,2002 and Takarada et al., 2002], our study showed no 
inhibitory activity of eucalyptus in addition to black amomum and camphor 
oils. Both gram-positive and gram-negative bacteria were sensitive to the 
potent essential oils. P. Aeruginosa were inhibited by 10 oils, followed by S. 
aureus (8 oils) , P. vulgaris and E. coli (7 oils), K. pneumoniae (6 oils) and B. 
subtilis (4 oils). In general lemongrass oil showed significant inhibitory effect 
against P. aeruginosa (33.3 mm), B. subtilis (29.9 mm), P. vulgaris (29.4 
mm), K. Pneumoniae (27.5 mm) and S. aureus (20.8 mm). Moderate effects 
were seen in clove oil, basil oil and rosemary oil. There was no inhibition of 
growth with black amomum oil, eucalyptus oil and camphor oil or the vehicle 
control (10% DMSO).  
 

Table 1: Antibacterial activity of 15 essential oils and Streptomycin 
against tested microorganisms, using disc diffusion method 
(at concentration, 1:1). 

Name of oil Zone of inhibition (mm) a, b, c, d, e 

S. 
aureus 

B. 
subtilis 

K. 
pneumoniae 

P. 
vulgaris, 

P. 
aeruginosa 

E. 
coli 

Basil  
Black amomum 
Camphor  
Cardamom 
Spearmint 
Clove  
Eucalyptus  
Ginger 
Lavender 
Lemon grass  
Peppermint 
Rosemary   
Sage 
Sweet marjoram 
Thyme 
Streptomycin** 
Vehicle control 

21Aa ± 0.5 
-Ba 

-Ba 

30Ca±0.3 
-Ba 

30Ca± 0.5 
-Ba 

-Ba 

-Ba 

33Ca ± 0.7 
8.1Da ± 0.5 
28 Ea± 0.3 
12Da± 0.5 

-Ba 

12.6Da±0.4 
20.9Aa ± 0.5 

-Ba 

-Bb 

-Ba 

-Ba 

-Bb 

-Ba 

14.3Cb±0.4 
-Ba 

-Ba 

12.5Cb±0.45 
18.5 Db± 0.7 
10.6 Ca± 0.5 

-Bb 

-Bb 

-Ba 

-B 

26.9Ab ± 0.5 
-Ba 

10.9Cc ± 0.5 
-Ba 

-Ba 

14Cc±0.2 
-Ba 

12Cb±0.3 
-Ba 

-Ba 

-Ba 

10.3Cc ± 0.6 
-Bb 

10.4Cc±0.13 
-Bb 

-Ba 

10.1Ca±0.8 
20.9Aa ± 0.9 

-Ba 

8.9Cc ± 0.7 
-Ba 

-Ba 

-Bb 

-Ba 

16.5Dc±5 
-Ba 

8.5 Cb± 0.17 
11.2Cb ± 0.5 
16.6 Db± 0.3 
8.5Ca ± 0.2 
14.5Dc±0.8 

-Bb 

-Ba 

-Bb 

18.4Aa ± 0.7 
-Ba 

25Ca±0.3 
-Ba 

-Ba 

-Bb 

8.2Db±0.1 
27Ca±0.9 

-Ba 

10Db ± 0.5 
12.1Db ± 0.9 

35Ea±0.4 
12.1Da ±0 .5 

30Fa±0.4 
8.5Da±0.1 

-Ba 

20.1Ac±0.3 
16.9Aa ± 0.2 

-Ba 

15Cd±0.5 
-Ba 

-Ba 

13Cc±0.2 
-Ba 

22Ad±0.6 
-Ba 

-Ba 

-Ba 

27Dd±0.8 
-Bb 

21Ad±0.5 
10Ca±0.5 

-Ba 

9.4Ca±0.2 
20.2Aa ± 0.1 

-Ba 

LSD = 4.02 

 (a) EC, Escherichi coli; PM, Proteus mirabilis; KP, Klebsiella pneumoniae; ENC, 
Enterobacter cloacae; ST, Salmonella typhi; PA, Pseudomonas aeruginosa;  
AH,Acinetobacter haemolyticus; SA, Staphylococcus aureus; ES, Enterococcus sp. 
and CA, Candida albicans. Values = mean of 3 readings. All values expressed as 
mean + SE 

(b)   Including diameter of the filter paper disc.   (c)  Means value of three independent 
experiments.  

(d )  Values are mean inhibition zone(mm) ± S.D of three replicates. 
(e)   Different capital litters in columns between means denote significant difference 

between treatment in the same treatment at  (p>0.05) and vise versa. Denote. But the 
different small litters in raws between means denote significant change between 
strains in the same teatment and vise versa; - no activity.     

 ** Streptomycin (25 μg/ disc) as a positive reference standard 
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The antibacterial activity of the essential oils could be due to the 
presence of some active constituents in the oils like, phenolic, alcoholic and 
aldehydic contents which were reported as antimicrobial substances 
[Sacchetti et al.,2005].  

Findings of our GC-MS study revealed geranial and neral to be the 
major constituent of lemon grass oil (Table 3), the antibacterial activity of 
lemon grass oil was probably due to their major component, geranial and 
neral and their properties could be multiple. These findings with lemon grass 
are similar  to those reported by earlier studies [Handique and Singh1990; 
Adegoke and Odesola,1996 and Shaaban,2005]. On the other hand, several 
studies have shown that clove and rosemary oils had strong and consistent 
inhibitory effects against various pathogens[Aureli et al.,1992 and Matan et 
al.,2006].   
2- Minimum Inhibitory Concentration (MIC) of selected essential oils 

against tested microorganisms. 
The MIC values for essential oils were presented in Table (2). 

Minimum inhibitory concentration (MIC) for selected five oils ranged from 0.2 
to 2.0 ml/100 ml (Table 2). This study revealed that lemongrass oil showed 
maximum activity with MIC values ranging from 0.2-0.35 ml/100 ml followed 
by clove oil with MIC values ranging from 0.3-0.55 ml/100 ml and rosemary 
oil with MIC values ranging from 0.3-0.6 ml/100 ml against all the tested 
strains, where as remaining oils showed moderate MIC values. The standard 
streptomycin had MIC values varying between 0.025 – 0.50 ml/100 ml. Data 
exhibited that standard antibiotic Streptomycin had stronger bioactive effect 
on the tested bacteria compared with all the selected plant extracts, at least 3 
to 4 folds more than sage exctract (Table 2).  

 
Table 2: : Minimum Inhibitory Concentration (MIC) of selected essential 

oils (mg/100 ml) and Streptomycin (25 μg/ disc) against 
tested microorganisms, using disc diffusion method. 

Name of oil MIC ml/100 ml),a,b 

S. 
aureus 

B. 
subtilis 

K. 
pneumoniae 

P. 
vulgaris, 

P. 
aeruginosa 

E. 
coli 

Basil  
Clove  
Lemon grass   
Rosemary   
Sage 
Streptomycin 

0.75Ba±0.05 
0.30Ca±0.03 
0.25Ca±0.07 
0.35Ca±0.07 
1.80Da±011 
0.50Aa±0.05 

-Bb 

-Bb 

-Bb 

-Bb 

-Bb 

0.025Ab±0.08 

-Bb 

-Bb 

-Bb 

-Bb 

-Bb 

0.30Ab±0.03 

-Bb 

-Bb 

-Bb 

-Bb 

-Bb 

0.30Ab±0.05 

0.60Bc±0.04 
0.50Bc±0.02 
0.20Ca±0.01 
0.30Ca±0.05 
1.50Dc±0.07 
0.30Ab±0.03 

0.50Bc±0.01 
0.55Bc±0.03 
0.35Ca±0.04 
0.60Bc±0.04 
2.00Dd±0.08 
0.30Ab±0.03 

LSD = 0. 11 

Each assay was performed by duplication 
(a) EC, Escherichi coli; PM, Proteus mirabilis; KP, Klebsiella pneumoniae; ENC, 

Enterobacter cloacae; ST, Salmonella typhi; PA, Pseudomonas aeruginosa;  
AH,Acinetobacter haemolyticus; SA, Staphylococcus aureus; ES, Enterococcus sp. and 
CA, Candida albicans. Values = mean of 3 readings. All values expressed as mean + SE 

(b)  Different capital litters in columns between means denote significant difference 
between treatment in the same  treatment at  (p>0.05) and vise versa. But  the different 
small litters in raws between means denote significant change between strains in the 
same teatment and vise versa; - no activity. 

** Streptomycin (25 μg/ disc) as a positive reference standard      
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Similar MIC values (0.25 ml/100ml) for lemon grass against S. aureus, 
Pseudomonas aeruginosa, E. Coli, were reported [Adegoke and 
Odesola,1996]. On the other hand, [Sacchetti et al.,2005] studied MIC values 
for lemon grass and found that concentration between 0.2 and 0.3  ml/100 ml 
were microbiocidal, and this is in agreement with our results.  

Results obtained by [Elgayyar et al.,2001] may support our results 
with basil oil. They found that coriander and basil were highly inhibitory to E. 
coli O157:H7 (MIC approximately 0.25–0.50 ml/100 ml). 

Data obtained from disc diffusion method and MIC indicate that 
lemon grass and clove oils inhibited all microorganisms tested. Four bacteria 
appeared to be more sensitive to these oils. Gram positive bacteria were 
found to be more susceptible than Gram negative bacteria. This could be due 
to the fact that the cell wall of Gram positive bacteria is less complex and lack 
the natural sieve effect against large molecules due to the small pores in their 
cell envelope [Elgayyar et al.,2001 and Moreira et al., 2005]. The observed 
resistance of the tested organisms could be due to cell membrane 
permeability or due to other genetic factors.  
 

3- GC-MS analysis of some essential oils  
3-a: Major chemical compounds of Lemon Grass oil (GC-MS analysis)  

The constituents percentage of the essential oil is shown in Table (3). 
Eleven compounds were identified in the oil, accounting for about 95% of the 
total oil. The major content identified (GC-MS) compounds were Geranial 
(37.71%), Neral (33.17%), Myrcene (12.87%), Linalool (3.59%), Carveol 
(2.34%) and Limonene (1.22%). These data are in agreement with those 
obtained by [Sacchetti et al.,2005].The antimicrobial activity of the oil could 
be due to Geranial and Citral isomers. Also, terpene alcohols such as linalool 
were reported as antimicrobial substances [Pattnaik et al.,1997 And Osawa 
et al.,1999]. Linalool has been demonstrated to have a strong inhibitory effect 
against 17 bacteria and 10 fungi [Pattnaik et al.,1997].   
 
Table (3): Chemical constitution of the essential oil of Lemon Grass 

(Cymbopogon citratus) using gas chromatography-mass 
spectrometry (GC-MS). 

No. Rta (min) KIb Conc. Compound 

1 5.85 985 1.15 Methyl-5-hepten-2-2one 
2 8.64 991 12.87 Myrcene 
3 9.45 1031 1.22 Limonene 
4 11.92 1098 3.59 Linalool 
5 13.11 1100 1.16 Octadienal 2,2-dimethyl-3,4- 
6 13.46 1114 0.39 Thujone 
7 14.25 1217 2.34 Carveol 
8 16.22 1240 33.17 Neral 
9 17.55 1270 37.71 Geranial 
10 19.33 1383 1.20 Geranyl acetate 
11 20.34 1409 0.39 Cedrene  

(a) Retention time (min) Conc.%: The percent of concentrations based on peak area 
integration. 

(b) Confirmed by comparison with Kovat’s index on DB5 column (Adams, 1995). 
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In addition, citral showed appreciable antimicrobial activity against Gram-
positive, Gram –negative bacteria and some fungi [Onawunmi,1989]. The 
essential oil may also be rich in terpenes such as myrcene, limonene and 
Citral and antimicrobial activities have been found with some terpenes of 
plant origin [Kubo et al.,1993]. 
 
3-b: Major chemical compounds of Clove oil (GC-MS analysis)  

 In comparison with the herbs under investigation the dry clove buds 
oil showed very low number of separated volatile constituents which are 
reported along with their relative concentrations in Table 4. 
 
Table 4: Chemical composition of Clove (Syzygium aromaticum L ) 

essential oil. 
Peak 
No. 

Components KI٭ 
Concentration 

(relative area%) 
Method of 

identification ٭٭  

1 Eugenol 1356       $    92.01*** MS, St, KI 
2 Methyl eugenol 1401 0.21 MS, St 
3 β-

Caࡲyophelene 
1414 0.34 MS, S䁴 

4 α-Farnesene 5508 0.09 MS, St 
5 Eugenyl acetate 15307.53ࠇ�St,KI��    

*  Compounds 
listed according 
to their retention 
time on DB5 
column Kovats 
index. 

7.53 

St,KI 

    *  Compounds listed according to their retention time on DB5 column Kovats index. 
  Compounds identified by GC-MS (MS) and/or by Kovats index on DB5 (KI) and/or by *٭    

comparison of MS and KI of standard compounds (St) run under similar GC- MS 
conditions 

* ** Values are average of two experiments. 

 
3-c: Major chemical compounds of rosemary  oil (GC-MS analysis)  
  Identification of the volatile components of the hydrodistilled  
essential oil of rosemary was carried out by comparison of their mass spectra 
and retention times with those of reference standards (Aldrich Co.,) and 
published data. The results are presented in Table (5). Thirty five 
components were identified including monoterpene hydrocarbons (9), 
oxygenated monoterpene (17) and sesquterpenes (9). 
 
3-d: Major chemical compounds of basil oil (GC-MS analysis) 

The hydrodistilled oil of basil dry leaves was subjected to GC and 
GC-MS analysis. Identification of the volatile components of the essential oil 
was carried out by comparison of their mass spectra and retention times with 
those of reference standards (Aldrich-Co.,) and published data [Adams, 
1995]. Table (6) shows the percentage composition of the identified volatile 
components along with the identification methods. Thirty two components 
were positively identified in basil essential oil including monoterpene 
hydrocarbons (5), oxygenated monoterpene hydrocarbons (16), 
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sesquiterpene hydrocarbons (9) and oxygenated sesquiterpene 
hydrocarbons (2). 
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Table 5 : Chemical composition of Rosemary (Rosmarinus officinalis L.) 
essential oil 

Peak 
No. 

Components KI٭ 
Concentration 

(relative area%) 
Method of 

identification٭ 

1 Tricyclene 925           0.21٭ ٭ ٭ MS, KI 
2 ά-Thujene 931 0.16 MS,KI 
3 α-Pinene 939 7.21 MS, St, KI 
4 Camphene 950 6.01 MS, ST 
5 β-Pinene 980 4.07 MS, St 
6 Myrcene 991 0.19 MS, St, KI 
7 1,8-Cineole 1033 13.46 MS, St, KI 
8 α-Terpinene 1060 0.28 MS,KI 
9 cis-Sabinene hydrate 1070 0.20 MS, St 
10 Terpinolene 1088 1.11 MS, St, KI 
11 p-cymene 1089 10.33 MS,KI 
12 linalool 1098 3.37 MS, St, KI 
13 α-Thujone 1105 0.8 MS,KI 
14 Camphore 1134 11.03 MS, St 
15 trans-Verbenol 1145 1.17 MS,KI 
16 Borneol 1160 1.47 MS, St, KI 
17 4-Terpineol 1176 1.83 MS, St 
18 α-Terpineol 1189 6.73 MS, St 
19 Borneol acetate 1285 3.39 MS, St 
20 Iso borneol acetate 1287 0.37 MS, KI 
21 Thymole 1292 5.63 MS,KI 
22 Carvacrol 1299 1.73 MS,KI 
23 cis-Pinocarvyl 

acetate 
1309 0.38 MS,KI 

24 α-Terpinyl acetate 1351 0.44 MS 
25 Eugenol 1356 5.74 MS, St, KI 
26 Methyl eugenol 1401 6.33 MS, St 
27 β-Caryophelene 1414 6.33 MS, St 
28 α-Humulene 1454 0.28 MS 
29 γ-Muurolene 1477 0.23 MS 
30 Germacrene D 1480 0.69 MS, St 
31 α-Furnesene 1508 0.77 MS, St 
32 trans-Calamene 1530 0.55 MS, St 
33 Spathulenol 1575 0.50 MS,KI 
34 Caryophelene oxide 1577 2.01 MS,KI 
35 Carotol 1595 1.38 MS 

  Compounds listed according to their retention time on DB5 column. 
 .Kovats index     ٭ 
 **   Compounds identified by GC-MS (MS) and/or by Kovats index on DB5 (KI) and/or by  

comparison of MS and KI of standard compounds (St) run under similar GC-MS 
conditions 

*** Values are average of two experiments. 
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Table 6 : Chemical composition of Basil (Ocimum basilicum) essential 
oil. 

Peak 
No. 

Components KI٭ Concentration٭ ٭ ٭ 
(relative area %) 

Method of 
identification٭ ٭ 

1 α-Pinene 939 0.40 MS, St, KI 
2 Comphene 953 0.038 MS, St 
3 Sabinene 970 0.56 MS, St 
4 β-Pinene 980 0.21 MS, St 
5 Myrcene 991 0.43 MS, St, KI 
6 1,8-Cineole 1033 8.7 MS, St, KI 
7 α-Terpinolene 1088 3.0 MS, St, KI 
8 Linalool 1098 19.48 MS, St, KI 
9 Fenchol 1115 0.18 MS, St 
10 Camphor 1143 0.24 MS, St 
11 Borneol 1163 0.23 MS, St, KI 
12 4- Terpineol 1176 0.15 MS, St 
13 α-Terpineol 1189 0.27 MS, St 
14 Methyl chavical 1198 25.00 MS, St, KI 
15 Fenchyl acetate  1223 2.08 MS, St 
16 Linalool acetate 1250 0.86 MS, St 
17 Bornyl acetate 1280 0.72 MS, St 
18 δ- Elemene 1339 0.18 MS 
19 Eugenol 1355 3.09 MS, St, KI 
20 cis- Jasmone 1388 2.99 MS, St 
21 Methyl eugenol 1401 9.54 MS, St 
22 β- Caryophelene 1405 3.89 MS, St 
23 α-trans-bergamotene 1435 1.77 MS 
24 α-Guaiene 1441 0.43 MS 
25 α- Humulene 1455 1.71 MS 
26 γ- Muurolene 1477 1.93 MS 
27 Germacrene    D 1488 4.1 MS, St 
28 α- Farnesene 1510 0.69 MS, St 
29 γ- Cadinene 1520 0.27 MS, St 
30 Calamene 1530 1.48 MS, St 
31 Germacerene   B 1556 1.62 MS 
ץ- 32 Cadinol 1600 3.6 MS 

     Compounds listed according to their retention time on DB5 column 
*  Kovats index 
** Compounds identified by GC-MS (MS) and/or by Kovats index on DB5 (KI) and/or by 

comparison of MS and KI of standard compounds (St) run under similar GC-MS 
conditions.  

*** Values are average of two experiments. 
 

Conclusion 
From this study it can be concluded that many essential oils possess 

antibacterial activity. Essential oils of lemongrass, clove and rosemary oils 
were found to be inhibiting both gram-positive and gram-negative bacteria. 
Lemongrass, clove, rosemary and basil oils have the most potential 
bactericidal properties. They can be a good source of antibacterial agents 
and can also be further exploited as an alternative food preservatives. We 
believe that the present investigation together with previous studies provide 
support to the antibacterial properties of lemongrass, clove, rosemary and 
basil oils.   
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النشاا ا الاكاا بع لاازكو اللنااتي النز رنااض الكا نااض تاال زكااو ال اا  ي الزبرن نااض  
 اكالن ً 

حاال   ت ازت ان*** عزلالحانل نحى ح ن أزت  نع*،  ف ن لض ،شكز ن اصافى عز لفر ح*
 عزلالجتال شكز ن ***

 اص  -الا بل القتاى للزحتث -ق م  اتم تالتث ي الغذاء,       *
 اص  -ج اكض عنن شاع –ض الزن ي بلن -ق م النز ي    **
 اص  -الا بل القتاى للزحتث -*** ق م اب ز ي الاكم تال ائحض  

 

استهدفت هذه الدراسة تقييم نشاط خمسة عشر زيتاً عطرياً نباتياً ضد ستة أنواع من  البتتيرينا م منهنا 
وناس ايرىينننوزا و بننروتس أربعننة انننواع سننالبة لىننرام هننا ك ايشرشننيا تننوبي م تويبسننيود بينيومونيننام سننيدوم

فولىارس م واثنا  م  البتثيريا الموىبنة لىنرام هناك باسنيووس سنتوسم سنتافووتوتس اينريس  وىمين  السندبت 
المختبرة سواء الموىبة أو السالبة معرفه بمقدرتها عوي إنتاج سنموم ميتروبينة وبهنهنا تاتننات مينر مرموبنة فنا 

 الأمذية 
هننا منن  الأسننوال الماويننة واسننتخوا ماتواهننا الزيتنني و نند تننم والنباتننات موضننوع الدراسننة تننم ىع

اسننتخدام هننذه المستخو ننات  ب ننورتها الخننام  لوتعننرا عونني تهثيرهننا التثبيطنني عوننا تنن  السنندبت البتتيريننة 
ل لومستخو نات الزيتينة MICالمختبرة ع  طريقك  ياس مسااة التثبيط م تنذل  تنم دراسنة لأ ن  ترتينز تثبيطنا 

 لسدبت البتتيرية عوي السواء الخمسة عشر عوي ا
خدمه اين  لنواأ أ  إاند  تودلت النتاتج عوي تفاوت درىات النشاط التثبيطا لومستخو نات المسن 

عشننر زيتنناً منن  بنني  الخمسننة عشننر زيتنناً م تننا  لهننا تننهثير تثبيطننا عوننا واانندة أو أتثننر منن  السنندبت البتتيريننة 
اشيشننة الويمننو  والقرنفنن  والرياننا  وا ننالبا  م وهننو مننا المختبننرةم وتننا  أعدهننا نشنناطاً مثبطنناً هننا زيننوت  

 و ند أوضننات النتناتج أيضنناً أ  زينوت  اشيشننة  انعتنس عوني مسننااات التثبنيط لونمننوات البتتيرينة عونني السنواء
الويمو  والقرنف   تا  لها تهثير واضح عوا ىمي  السدبت البتتيرية المختبرةم اتا م  الترتينزات المنخفضنة 

لمستخو ات المريميه والزنىبي  والنعناع التني أأهنرت نشناطاً ماندوداً أ  وفي المقاب  لواأ  نهامالمستخدمة م
م والتنافور والبرد نو م  eucalyptusمستخو نات تني  الفين م  أمنا لوغاية عوي ىمين  السندبت ب نفه عامنه 

 فوم يت  لها أ  تهثير يذتر عوا أ  م  السدبت البتتيرية المختبرة 
فيمنا عندا مستخو نات م فقند لنواأ أننه MICاتج المتا   عويها م  أ   نشناط تثبيطنا ونتلوبالنسبة 

موويىنرام لتن  موويوتنر من   5.1 – 2.0فه  الفع  التثبيطا لواأ عند ترتيزات تتراوح بي  والزنىبي  المريميه 
د المعامونة باشيشنة واندها الأعونا عنن دها الأدني عند المعامونة بمسنتخوا ا نالبا مستنبتات الأختبارم تا  ا

    الويمو 
وهذه التهثيرات ضد السدبت المختبرة تؤتد إمتانية إستخدام هذه الزيوت تمنواد اافأنة مولتن  هنذا 

 يتطوب مزيداً م  البا  بالتىربة عوا بعض الأمذية 
 


