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Abstract 

       Essential oils have been used for centuries ago in traditional medicine, for industrial 
applications and as food preservatives due to their antimicrobial activity. The 
antibacterial activity of essential oil of cumin, black seedss, marjoram, rosemary and sage 
were tested against Gram-negative bacteria (Escherichia coli  O157 :H7, Klebsiella 
pneumonia, Proteus vulgaris, Pseudomonas aeruginosa, Salmonella typhi and  Serratia 
marcescens) and Gram-positive bacteria (Bacillus anthrakoids, Bacillus cereus, Bacillus 
subtilis, Listeria monocytogenes, Micrococcus luteus Micrococcus roseus, 
Staphylococcus aureus and Streptomyces sp. ) in vitro  by Well agar diffusion method. 
The results showed that, the essential oil of  cumin and marjoram had the best inhibitory 
effect against tested bacteria. Meanwhile, the essential oil of rosemary exhibited good 
antibacterial effect against all of these tested bacteria except Listeria monocytogenes and 
Pseudomonas aeruginosa. Also, essential oil of black seedss and sage showed similar 
inhibitory effect against tested bacterial species. These essential oils may be used not 
only to enhance the product flavor but also to inhibit and delays the microbiological 
growth. Hence they may be considered as natural preservatives.   

Keywords: Essential oils and  antimicrobial activity. 
1. Introduction   

   Essential oils (EOs) are aromatic oily liquids obtained from plant materials. The 
greatest use of EOs is as flavorings in food; however, their antimicrobial potential has 
attracted increased attention and research. EOs can comprise more than 60 individual 
components, where the major components make up 85% of the EO and other components 
are present as trace. The main group is composed of terpenes and terpenoids. The other of 
aromatic and aliphatic constituents, all characterized by low molecular weight. (Burt, 
2004). The demand for safe foods, coupled with the preference by consumers for foods 
free of synthetic additives, has increased the interest for natural preservatives in recent 
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years (Roller, 2004). Great emphasis has recently been focused on the utilization of 
spices and their essential oils as natural agents for food preservation (Bruni et al., 2004). 
Biopreservatives, a wide range of natural products from both plants and microorganisms, 
can be useful in extending the shelf life of foods, reducing or eliminating pathogenic 
bacteria, and increasing overall quality of food products (Draughon 2004). Most studies 
have evaluated the antimicrobial activity of naturally occurring botanicals on in vitro 
experiments. In recent years the EOs and extracts of many plant species have become 
popular, and attempts to characterize their bioactive principles have gained momentum in 
many food-processing applications. The chemical composition and antimicrobial 
properties of Eos extracted from diverse plant species have been demonstrated using a 
variety of experimental methods (Özkan, et al., 2010 and Djenane et al., 2011). Several 
recent studies described in detail the antimicrobial properties of EOs against a number of 
relevant food-borne microorganisms. These EOs are suggested as possible natural 
alternatives to chemical-based antibacterial agents for food safety and preservation 
(Djenane et al., 2011). Cumin is derived from Cuminum cyminum. The major 
components in cumin volatile oil are cuminal, γ -terpinene, and pinocarveol (El-Ghorab 
et al. 2010). Ramadan et al. (2012).Studied the antimicrobial properties of black seedss 
essential oil and the results revealed that black seedss essential oil inhibited the growth of 
all microorganisms tested. Among several essential oils that may be useful as 
antimicrobial agents, marjoram oil possesses antimicrobial properties against food borne 
bacteria and mycotoxigenic fungi and therefore it may have the greatest potential for use 
in industrial applications (Daferera et al., 2000 and Ezzeddine et al., 2001). 
Fernandez-Lopez et al. (2005) demonstrated the antioxidant and antimicrobial effects of 
rosemary, orange and lemon extracts in cooked Swedish style meatballs. The application 
of these natural compounds improved the acceptability of the meat even if to better 
control the deterioration. Pinto et al., (2007). examined the S. officinalis essential oils, 
show antimicrobial effects on bacteria, yeasts and moulds. These effects were visible by 
the low MICs and MCCs values and the high reduction in viability of the tested 
microorganisms obtained by low concentration of essential oils. The specter of 
microorganisms tested here is large enough and covers pathogens or opportunists for 
man, animal and plants or those causing contamination and deterioration of food, water 
and air.  
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2. Materials and methods 

2.1  Collection of tested samples:   

    The tested samples were collected from local market at Assiut city, Egypt. Cumin 
(Cuminum cyminum), Black seedss (Nigella sativa), Marjoram (Origanum majorana), 
Rosemary (Rosmarinus officinalis) and Sage (Salvia officinalis)  

2.2 Extraction of the essential oil 

        Essential oils were obtained by steam distillation method according to 

Guenther,(1961) . The plant  material (about 300g), was cut into small pieces, and 
placed in a flask (4L) together with doubly distilled water (1.5L). The mixture was boiled 
for 3h, collected essential oil were dried with anhydrous sodium sulfate and kept at –18 C 
until its use. 

2.3  Microorganisms tested:  

Gram-negative bacteria (Escherichia coli  O157 :H7, Klebsiella pneumonia, ,Proteus 
vulgaris, Pseudomonas aeruginosa, Salmonella typhi and  Serratia marcescens) and 
Gram-positive bacteria (Bacillus anthrakoids, Bacillus cereus, Bacillus subtilis, 
Listeria monocytogenes, Micrococcus luteus Micrococcus roseus, Staphylococcus 
aureus and Streptomyces sp. ).All  the previous strains were obtained from Botany 
Dept., Fac. of  Sci. Al- Azhar  Univ. Assiut, Egypt.   

2.4  Determination of antibacterial activity:           

     Antibacterial activity was determined by the Well agar diffusion method according to 
the NCCLS (1993). Petri plates containing 20 ml of nutrient agar medium were 
inoculated with a 24h culture of the bacterial strains Wells (6 mm diameter) were cut into 
the agar using sterile cork borer. Using sterilized dropping pipettes and the essential oils 
were carefully added into the wells. Stock culture of all bacterial species were grown in 
nutrient broth at 35º C for 18-24 h. Final concentration were 108 CFU /ml. 0.2 ml of this 
inoculum was added to each plate containing nutrient agar. Serial concentrations of all 
test essential oils were achieved (% w/v) in plates containing nutrient agar medium, as 
follow: 0, 2, 5, 10, 15, 20 and 25 mg/ml. concentrations in dimethylsulfoxide 
(DMSO)were filled to the holes using a pipettor and DMSO without the essential oil was 
used as a control. Petri plates of nutrient agar were inoculated with bacterial species in 
triplicates was individually spread on the surface of the solid wed agar plates and added 
each essential oils test in the hole at plates in order to obtain a control of the solvent 
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antimicrobial effect using triplicates. After inoculation procedures, essential oils and 
control plates were then incubated at 35ºC. Plates were evaluated for the presence or 
absence of visible growth of the each bacterial species on the agar plate after 24h of 
incubation. The absence of colonies on all plates tested was considered as an inhibitory 
effect and the zones of microbial inhibition (millimeter) were recorded.  

3.Results and discussion 

3.1 Antibacterial activity of cumin essential oil: 

    The antibacterial activity of cumin essential oil at different concentrations 
(2,5,10,15,20 and 25 mg/ml) were determined and the inhibition zones were observed. 
Data in Table (1) showed that, Gram-positive bacteria more sensitive than Gram-negative 
bacteria. Bacillus anthrakoids, Bacillus cereus, Micrococcus luteus, Micrococcus roseus, 
Serratia marcescens, Staphylococcus aureus and Streptomyces sp. were sensitive to all 
concentrations of cumin essential oil. These results are in agreement with those obtained 
by Iacobellis, et al., (2005) they reported that antibacterial activity of C. cyminum. 
against Gram-positive and Gram-negative bacterial species. Also, Singh, et al., (2002) 
who reported C. cyminum oil to be good equally or more effective when compared with 
standard antibiotics, at a very low concentration. They might be attributed the 
antimicrobial property of the essential oil to the presence of alpha-pinene, 1,8-
cineole,camphor,verbenone, and borneol, with borneol being the most effective, followed 
by camphor and terbenone. 

3.2 Antibacterial activity of black seedss essential oil: 

  Antibacterial activity of black seedss essential oil at 2, 5,10,15,20 and 25 mg/ml, 
concentrations were examined against fourteen bacteria strains. Data in Table (2) clearly 
shown that black seeds essential oil exhibited antibacterial activity against most tested 
microorganisms. It showed high activity in case of Bacillus anthrakoids, Bacillus cereus, 
Escherichia coli  O157 :H7, Micrococcus luteus, Micrococcus roseus, Staphylococcus 
aureus and Streptomyces sp. Whereas, all concentrations of black seedss essential oil 
recorded no inhibitory effects against Bacillus subtilis, Klebsiella pneumoniae, Proteus 
vulgaris, Salmonella typhi. These results are in agreement with those obtained by Salman 
et al., (2008), who found that black seedss were long used for preventing, or even curing 
infectious conditions, inhibit growth of pathogenic bacteria. Hannan, et al., 2008). Black 
seedss extract was extensively studied for its antimicrobial activity against a wide range 
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of bacterial, fungal and parasitic organisms. Harzallah et al., (2011) investigate black 
seedss essential oil chemical composition anti-carcinogenic activity which were reported 
as inhibition zones, along with ‘‘in vitro’ activity (MIC) and cytotoxicity. 

Table (1) Diameters of inhibition zones (mm) of cumin essential oil against some selected 
microorganisms: 

             Concentrations(mg/ml) 
                 
 

Microorganisms 

2 5 10 15 20 ٢5 

Bacillus anthrakoids ١٨ ١٧ ١٦ ١٥ ١٤ ١٤ 
Bacillus cereus ٩.0 ١٤ ١٣ ١٢ ١١ ١٠ 

Bacillus subtilis ٠.0 ١٤ ١٢ ١١ ١١ ١٠ 

Escherichia coli  O157 :H7 ٠.0 ٠.0 ١٥ ١٣ ١٢ ١٠ 

Klebsiella pneumoniae ٠.0 ٠.0 ١٢ ١١ ١١ ١٠ 

Listeria monocytogenes ٠.0 ٩.0 ١٤ ١٣ ١٢ ١٠ 
Micrococcus luteus ٩.0 ١٤ ١٣ ١٢ ١٢ ١١ 

Micrococcus roseus ٩.0 ٩.0 ١٣ ١٢ ١١ ١٠ 

Proteus vulgaris ٠.0 ٠.0 ١٤ ١٣ ١٢ ١٠ 

Pseudomonas aeruginosa ٠.0 ٨.0 ١٤ ١٣ ١١ ١٠ 

Salmonella typhi  0.0 ٠.0 ٠.0 ١٣ ١١ ١٠ 
Serratia marcescens ٩.0 ١٣ ١٢ ١١ ١١ ١٠ 

Staphylococcus aureus ١٥ ١٣ ١٢ ١١ ١١ ١٠ 

Streptomyces sp. ٩.0 ١٣ ١٢ ١٢ ١١ ١٠ 

3.3 Antibacterial activity of marjoram essential oil: 

       The antibacterial activity of marjoram essential oil at different concentrations was 
determined by the Well agar diffusion method against six Gram-negative bacteria and 
eight Gram-positive bacteria. The diameters of inhibition zones were measured and taken 
as an indicator of the antimicrobial effect (inhibitory activity). Results are showed in 
Table ( 3) cleared that no inhibition zone was observed at all concentrations of marjoram 
essential oil against Listeria monocytogenes.  Marjoram essential oil inhibited Gram-
negative bacteria in higher degree more than the Gram-positive bacteria at concentration 
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15-25mg/ml. These results are in the same line obtained by Fridman et al., (2002) and 
Pasque et al.,(2005) they showed that  concentrations of marjoram essential oil for 
Gram-negative bacteria was lower than Gram-positive bacteria. According to essential 
oil, the antimicrobial activity of marjoram essential oil is assigned to be a number of 
terpenoid (α-Terpinene, γ-Terpinene and Terpinolene) which also in pure from have been 
shown to exhibit antibacterial or antifungal activities (Conner, 1993 and Didry et al., 
1993). 

Table (2) Diameters of inhibition zones (mm) of black seedss essential oil against some 
selected microorganisms: 

             Concentrations(mg/ml) 
                 
 

Microorganisms 

2 5 10 15 20 ٢5 

Bacillus anthrakoids ١٩ ١٧ ١٦ ١٦ ١٤ ١٣ 
Bacillus cereus ١٤ ١٣ ١٢ ١١ ١١ ١٠ 

Bacillus subtilis ٠.0 ٠.0 ٠.0 ٠.0 ٠.0 ٠.0 

Escherichia coli  O157 :H7 ١٦ ١٥ ١٤ ١٤ ١٢ ١٠ 

Klebsiella pneumoniae ٠.0 ٠.0 ٠.0 ٠.0 ٠.0 ٠.0 

Listeria monocytogenes ٠.0 ٠.0 ٠.0 ٠.0 ١٥ ١٤ 
Micrococcus luteus ١٦ ١٤ ١٣ ١٣ ١٢ ١٢ 

Micrococcus roseus ١٥ ١٤ ١٣ ١٢ ١١ ١٠ 

Proteus vulgaris ٠.0 ٠.0 ٠.0 ٠.0 ٠.0 ٠.0 

Pseudomonas aeruginosa ٠.0 ٠.0 ٠.0 ٠.0 ١٤ ١٢ 

Salmonella typhi  ٠.0 ٠.0 ٠.0 ٠.0 ٠.0 ٠.0 
Serratia marcescens ٠.0 ٠.0 ٠.0 ١٨ ١٧ ١٥ 

Staphylococcus aureus ١٩ ١٦ ١٤ ١٤ ١٣ ١٢ 

Streptomyces sp. ٩.0 ١٦ ١٥ ١٤ ١٣ ١٠ 

3.4 Antibacterial activity of rosemary essential oil: 

Data presented in Table (4) showed the antimicrobial effect of rosemary essential oil at 
different concentrations against different tested microorganisms expressed as the 
diameters of inhibition zones(mm). the all tested microorganisms exhibited sensitive to 
most different concentrations except Listeria monocytogenes and Pseudomonas 
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aeruginosa. Bacillus anthrakoids, Escherichia coli  O157 :H7, Micrococcus luteus, 
Serratia marcescens and   Streptomyces sp. were sensitive to all concentrations of 
rosemary essential oil. Results showed also that, among different tested microorganisms 
Serratia marcescens exhibited higher sensitivity against rosemary essential oil. It could 
be noticed that the microbial spectra were decreased with increasing the concentrations of 
rosemary essential oil. These results are in agreement with those obtained by (Domokos 
et al., 1997 and Abd  El- Qader,2003). 

Table (3) Diameters of inhibition zones (mm) of marjoram essential oil against some 
selected microorganisms: 

             Concentrations(mg/ml) 
                 
 

Microorganisms 

2 5 10 15 20 ٢5 

Bacillus anthrakoids ٠.0 ٠.0 ١٦ ١٥ ١١ ١٠ 
Bacillus cereus ١٥ ١٣ ١٢ ١١ ١١ ١٠ 

Bacillus subtilis ٠.0 ٠.0 ٠.0 ١٣ ١١ ١٠ 

Escherichia coli  O157 :H7 ٠.0 ٠.0 ٠.0 ١٢ ١١ ١٠ 

Klebsiella pneumoniae ٠.0 ٠.0 ٠.0 ١٣ ١٢ ١٠ 

Listeria monocytogenes ٠.0 ٠.0 ٠.0 ٠.0 ٠.0 ٠.0 
Micrococcus luteus ٩.0 ٩.0 ١٣ ١٢ ١١ ١٠ 

Micrococcus roseus ٨.0 ٨.0 ٩.0 ١٢ ١١ ١٠ 

Proteus vulgaris ٠.0 ٠.0 ٠.0 ١٦ ١٤ ١٠ 

Pseudomonas aeruginosa ٠.0 ٠.0 ٠.0 ١٣ ١٢ ١٠ 

Salmonella typhi  ٠.0 ٠.0 ٠.0 ١٢ ١٠ ٩ 
Serratia marcescens ٢٠ ١٨ ١٧ ١٦ ١٥ ١٤ 

Staphylococcus aureus ٠.0 ٠.0 ١٣ ١٢ ١١ ١٠ 

Streptomyces sp. ١٤ ١٣ ١٢ ١١ ١١ ١٠ 

3.5 Antibacterial activity of sage  essential oil: 

     The antibacterial activity of sage essential oil are shown in Table (5). Antibacterial 
activity of sage essential oil varied related to test microorganisms, the concentrations of 
sage essential oil showed antibacterial activities against Gram-positive bacteria tested but 
not against Bacillus subtilis. Additionally, the essential oil had antibacterial  activities 
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against Gram-negative bacteria tested but not against Listeria monocytogenes, 
Pseudomonas aeruginosa and Salmonella typhi. 
 Bacillus anthrakoids, Bacillus cereus, Escherichia coli  O157 :H7, Klebsiella 
pneumoniae, Micrococcus luteus, Serratia marcescens and Streptomyces sp.were the 
most sensitive microorganisms to essential oil concentrations examined. These results are 
in agreement with (Santos-Gomes and Fernandes-Ferreira, 2003) It was shown that 
the essential oil of sage had antimicrobial activities. The antibacterial activity of sage 
essential oil may be due to attributed to chemical composition which contained α-Pinene 
(41.94%), Trans-Caryophyllene (24.96%), 1,8-Cineole(8.90%) and Camphor(5.18%). 
     In conclusion, These essential oils may be used not only to enhance the product flavor 
but also to inhibit and delays the microbiological growth. Hence they may be considered 
as natural preservatives. 

Table (4) Diameters of inhibition zones (mm) of rosemary essential oil against some 
selected microorganisms: 

             Concentrations(mg/ml) 
                 
 

Microorganisms 

2 5 10 15 20 ٢5 

Bacillus anthrakoids ٩.0 ٩.0 ١٣ ١٢ ١٢ ١٠ 
Bacillus cereus ٠.0 ٩.0 ٩.0 ١٢ ١١ ١٠ 

Bacillus subtilis ٠.0 ٠.0 ٠.0 ١٤ ١٢ ١٠ 

Escherichia coli  O157 :H7 ٨.0 ٩.0 ١٣ ١٢ ١١ ١٠ 

Klebsiella pneumoniae ٠.0 ٩.0 ١٢ ١١ ١٠ ١٠ 

Listeria monocytogenes ٠.0 ٠.0 ٠.0 ٠.0 ٠.0 ٠.0 
Micrococcus luteus ٩.0 ١٣ ١٢ ١١ ١٠ ١٠ 

Micrococcus roseus ٠.0 ١٣ ١٢ ١٢ ١١ ١٠ 

Proteus vulgaris ٠.0 ٠.0 ٠.0 ٩.0 ١٢ ١٠ 

Pseudomonas aeruginosa ٠.0 ٠.0 ٠.0 ٠.0 ٠.0 ٠.0 

Salmonella typhi  ٠.0 ١٣ ١٢ ١٢ ١١ ١٠ 
Serratia marcescens ١٨ ١٦ ١٥ ١٤ ١٣ ١١ 

Staphylococcus aureus ٠.0 ٠.0 ١٥ ١٣ ١٢ ١٠ 

Streptomyces sp. ٩.0 ١٤ ١٣ ١٢ ١٢ ١١ 
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Table (5) Diameters of inhibition zones (mm) of sage essential oil against some selected 
microorganisms: 

             Concentrations(mg/ml) 
                 
 

Microorganisms 

2 5 10 15 20 ٢5 

Bacillus anthrakoids ١٥ ١٣ ١٢ ١٢ ١١ ١٠ 
Bacillus cereus ٩.0 ١٤ ١٢ ١١ ١١ ١٠ 

Bacillus subtilis ٠.0 ٠.0 ٠.0 ٠.0 ٠.0 ٠.0 

Escherichia coli  O157 :H7 ٩.0 ١٣ ١٢ ١١ ١٠ ١٠ 

Klebsiella pneumoniae ٩.0 ١٤ ١٣ ١٣ ١٢ ١٠ 

Listeria monocytogenes ٠.0 ٠.0 ٠.0 ٠.0 ٠.0 ٠.0 
Micrococcus luteus ٨.0 ١٥ ١٣ ١٢ ١١ ١٠ 

Micrococcus roseus ٠.0 ٩.0 ١٣ ١٢ ١١ ١٠ 

Proteus vulgaris ٠.0 ٠.0 ٠.0 ٠.0 ١٢ ١٠ 

Pseudomonas aeruginosa ٠.0 ٠.0 ٠.0 ٠.0 ٠.0 ٠.0 

Salmonella typhi  ٠.0 ٠.0 ٠.0 ٠.0 ٠.0 ٠.0 
Serratia marcescens ٩.0 ١٨ ١٦ ١٥ ١٤ ١٤ 

Staphylococcus aureus ٠.0 ٠.0 ١٣ ١٢ ١١ ١٠ 

Streptomyces sp. ٨.0 ٩.0 ٩.0 ١٢ ١٢ ١١ 
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  DE ا+5.اBC وا@?>)ب  ا+=>)ط ا+:9)د +45637/) +123 ا+0/.ت ا+*()رة
  *ا���د 	�� ���ود و *أ��د ���� ���ر، **���د ا� �ور ��ن ا��داوى ،*	�دل أ��د 	�د ا����د

  ����� ا�زھر ���	وط -��	� ا�زرا��  - و���و�و�	� ا��ذ	���م ��وم * 

  ����� أ�	وط -��	� ا�زرا��  -��م ��وم و���و�و�	� ا��ذ	� **   

ــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــــ  

DC42+ا FG7:+ا  

ا*1Gم =D ا*(H ا*G3:)1ى، و=D ا*B'#C; وA@-اد <'=>; *:9"اء وھ"ا  12345م ا*/.-ت ا*()'رة $#"     

-ت ا*()'رة .V5 دراU; ا*#Q'ط ا*@T'د *:RSK. ./:* '.K3LN ا*D ا*#Q'ط ا*@JKL(@:* MNO'ت *I"ة ا*/.-ت

D:B ا*K3LN.' ا*@-NS^ *[Kام وا*N*'4;  ا*\N*'C'ن وا*@N>;(@.K; ا*AKN;، ا*KNد]-ش،  ،*X$ YL ا*L@-ن

أن ا*/.a ا*()'ر و]123U'J '(:@_$Well agar diffusion method   ;<>`$ V5 1ام طK]*  ;G.Kام

X$ YL* . '@#(J ا*L@-ن وا*KNد]-ش A'ن اK(fg5 KOAاَ D:B ا*K3LN.' ا*@KN32ة D['J XB ا*/.-ت اKcdى

 N*'C\:*  Listeria'ن YA D:B 1(S K(fg5 ا*K3LN.' ا*@KN32ة =)@' 1BااظKI ا*/.a ا*()'ر 

monocytogenes  و Pseudomonas aeruginosa.   . ;AKN*ا ;N\* ا*()'ر a./*ا KIاظ '@A

B Yf'@$ K(fg5 ;(@.K@*ة:واKN32@*ا '.K3LN*ا YA D . ;ILi X(4\3* MG= 12345م ا*/.-ت ا*()'رةd j*"*

 'T.ا XL*و k3#@*ا;(_(Nط l='> اد-$ KN3_5 ا ='ن ھ"ة ا*/.-ت"* k3#@*ا ;$`Uدة و-S X(4\3*.  




