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ABSTRACT 

The use of natural products such as antibacterial compounds has increased an effort to reduce the prevalence of bacteria, 

mostly antibiotic-resistant pathogens. The purpose of this study was to assess the variability in chemical components and 

antibacterial effectiveness of four essential oils (EOs) from aromatic plants: Thyme (Th), Marjoram (Ma), Mint (Mi), and 

Dill (Di) against some pathogenic bacteria. Gas chromatography-mass spectrometry (GC-MS) techniques were used to 

determine the majority of oil contents. The disk diffusion technique was performed to test antibacterial activity; 

subsequently, the modified agar-well diffusion method was used to assess minimum inhibitory concentration for oils. The 

antibacterial activity performed against the standard strains Staphylococcus aureus (ATCC 29213), Staphylococcus 

epidermides (ATCC 12228), Enterococcus faecalies (ATCC 29212), Pseudomonas aeruginosa (ATCC 27853), Klebsiella 

pneumonia (ATCC 700603), and Escherichia coli. All tested essential oils showed effective antibacterial activity, 

particularly Th-EO which exhibited a strong antibacterial effect where the results showed that Th-EO revealed high 

activity against all pathogenic strains, and demonstrated a good efficacy against the antibiotics resistant strain P. 

aeruginosa. The results showed also that Th-EO possesses the greater antibacterial activity than other EOs with larger 

inhibition zones (40 mm) and lower minimum inhibitory concentrations less than (2.0 mg/ml). The main components of 

the Th-EO were Thymol, Benzene, 1-methyl-3-(1-methylethyl), and gamma.-Terpinene. According to the results, essential 

oils may represent a natural forceful source of compounds with applications in the pharmaceutical and food industries. 
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INTRODUCTION 

Searching for additional sources of active antimicrobial 

agents and methods for treating severe bacterial infections 

is critical nowadays due to the widespread of multidrug-

resistant pathogens. The carcinogenicity and toxicity of 

synthetic additives have led food scientists to look for 

alternatives that occur especially naturally as 

antimicrobials [12]. Instead of synthesizing products, there 

is a growing interest in using antimicrobials and other 

medicines extracted from plants. Initial screening of 

possible plant-based antibacterial and antifungal 

compounds may achieve using pure substances or crude 

extracts [9]. The relieving effects of many traditional herbs 

and spices indicate the presence of antioxidants and 

antimicrobials within [13]. EOs are complex mixtures that 

consist of several individual compounds and each of these 

constituents causes beneficial or harmful effects of these 

oils. The biological effect of EOs depends on their 

chemical compounds, which is specified by the plant 

genotype and strongly affected by a variety of factors, such 

as environmental and agriculture conditions of 

geographical origin [28-39]. 
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Thyme (Thymus vulgaris) is widespread and has a valuable 

remedy that has been used for centuries and has been 

recognized as a useful resource of vitally active 

compounds with substantial antioxidant and anti-

inflammatory properties. These compounds are potentially 

valuable for the prevention and treatment of pathogenic 

[10].  The major components of the EO found to be Thymol 

and carvacrol, and have an antimicrobial effect against 

fungi, gram (+) and (-) bacteria [25, 19]. Thyme also has 

numerous beneficial properties, such as antiseptic, 

carminative, antimicrobial, and antioxidant [3]. The 

Thymus derived EOs have already demonstrated 

antimicrobial activity, which correlates with the thymol 

content of the oil [11]. 

Dill (Antheum graveolens) is a widespread herbal aromatic 

found in the Umbelliferae family. EO and dill extracts have 

documented varying degrees of antimicrobial activity, 

which may be due to the presence of furanocoumarin in dill 

[37]. Limonene and carvone, have exhibited intense 

antifungal activity against A. niger, S. cerevisiae, and         

C. albicans [37, 21]. In general, Gram (-) bacteria are more 

resistant to the impacts of essential oils than a gram (+). It 

limits the diffusion of hydrophobic compounds through its 

covering lipopolysaccharides, but this was not always true 

[1, 35]. Peppermint (Mentha piperita) is a very beneficial 

and essential plant. It is used in food, cosmetics, and 

medicines [37]. Peppermint oil demonstrated antibacterial 

activities against Xanthamonas campestris, P. aeruginosa, 

Salmonella typhimurium, and E. coli [18]. 

Marjoram (Origanum majorana) is one plant of the family 

Lamiaceae, and among many essential oils that may be 

useful as antimicrobials, marjoram oil has antimicrobial 

properties against foodborne bacteria and mycotoxigenic 

fungi. It may, therefore, have the most significant potential 

for industrial usage [23].   

This research aims to determine the antimicrobial activity 

and minimal inhibitory concentration (MIC) of the 

essential oils from four aromatic plants investigated, also, 

to investigate the composition of these oils through Gas-

chromatography/mass spectrophotometrical analyses. 

 

MATERIALS AND METHODS 

 

Essential Oil: Thyme, Marjoram, Mint, and Dill EOs were 

purchased from a local market in Jeddah, Saudi Arabia. 

Tested bacterial strains: Gram (+) bacteria: S. aureus 

(ATCC 29213), S. epidermides (ATCC 12228),                     

E. faecalies (ATCC 29212), and Gram (-) bacteria:              

P. aeruginosa (ATCC 27853), K. pneumonia (ATCC 

700603), E. coli. 

Essential oils analysis by GC-MS 

GC-MS (Agilent Technologies) device fitted with a GC 

(7890B) and Ms Detector (5977A). The samples were 

hexane-diluted (1:19, v / v). The GC is equipped with an 

HP-5MS column (internal diameter 30 m x 0, 25 mm and 

film thickness 0, 25 μm). Analyze conducted by the same 

condition that used by Ibrahim and Kiki, 2020 [17]. 

Identification of various constituents calculated by 

comparing spectrum fragmentation patterns with data 

stored in the Wiley and NIST mass spectral libraries. 

Antibacterial activity  

The standard diffusion method by discs was used [5], and 

the bacterial strain was cultivated for 18h at 37 °C in each 

experiment. 100μL of the bacterial suspension was spread 
out on Mueller Hinton Agar. Sterile disks (6 mm) were 

placed on a Petri plate and saturated with 10 μL of EO, then 
left for 30 min. The discs are placed on the surface of the 

inoculated Petri plate. Subsequently, incubated plate at 37 

°C for 24 h and the inhibition zones were determined in 

mm. Three replicates of the assays were performed, and the 

average was taken.                   

Determination of minimal inhibitory concentration  

(MIC) value estimated by the modified agar diffusion 

procedure [24]. DMSO has prepared two-fold serial 

dilutions for EOs of thyme, marjoram, mint, and dill to 

achieve a decreasing concentration range from 128 mg/ml 

to 2 mg/ml in the agar-well diffusion technique. Bacteria 

spread over the plate of the Mueller Hinton Agar, then 100 

μl of critical oil dilutions filled the wells. The bacterial 
cultures incubated at 37 ° C for 24 h. The lowest 

concentration for all EOs viewing a clear inhibition zone 

has been taken as MIC. DMSO and Amoxicillin 

(100µg/ml) were used as a negative and positive control, 

respectively. Three replicates of the assays performed and 

the average was taken. 

RESULTS AND DISCUSSION  

Chemical compositions of essential oils  

Table (1) showed the chemical constituents and the relative 

percentage of the total chromatogram area of Th-EO, Ma-

EO, Mi-EO, and Di-EO. The first one was Th-EO, where 

eight compounds were identified, representing 99.99 % of 

the total Th-EO. The major compounds were Thymol 

(45.16%), Benzene, 1-methyl-3-(1-methylethyl) - 

(29.22%), gamma.-Terpinene (23.65%) and Benzene, 1-

methyl-4-(1-methylethyl) (1.03%). Minor components 

were α- pinene (0.34%), camphene (0.28%), Cyclohexene, 

1-methyl-4-(1-methylethyl) (0.11%), and Phenol, 5-

methyl-2-(1-methylethyl) (0.2%).These results are in 

agreement with Porte and Godoy, (2008) [25], who 

reported that the major compounds in the Th-EO were 

Thymol (44.7 %), p-cymene (18.6 %), and γ-terpinene 

(16.5 %).  

The next EO was Marjoram, and the results illustrated that 

Ma-EO contained five compounds that represent 100 % of 
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the total Ma-EO. The major compounds were Eucalyptol 

(73.57 %), alpha.-Terpineol (9.25 %), beta.-Pinene 

(6.34%). Alpha-pinene (5.79%) and Linalool (5.05%). The 

variations in compounds of marjoram EO could be due to 

many reasons, such as species, stage of growth, the herb 

origin, climatic, and drying methods [31, 2]. 

That Mint EO (Mi-EO) which contained thirteen 

compounds represent 100 % of total Mi-EO. The major 

compounds were Cyclohexanone, 5-methyl-2-(1-

methylethyl) - (53.67 %), l-Menthone (24.66 %), 

Cyclohexanol, 5- methyl-2-(1-methylethyl)-, 

(1.alpha.,2.beta.,5.beta.) (9.32%), Isopulegol (2.94%), 

Cyclohexanol, 5-methyl-2-(1-methylethyl)-, acetate, 

(1.alpha, 2.beta, 5.beta.)- (2.46%), Caryophyllene (1.81%) 

and Levomenthol (1.55%).  

Previous studies demonstrated that menthol is the most 

critical constituents of Mi-EO [16, 18, 16], and the 

menthone and limonene were the second of Mi-EO [20, 

29]. Still, one study showed that piperitone oxide, α- 

terpinene, was the main component of Mi-EO [30]; for that 

reason menthol is also not always the main constituent of 

Mi-EO. From this study, the chemical part of Mi-EO is 

comparable with Iscan et al., (2002) [18].  

Dill was the last EO, where eleven compounds found, 

representing 99.99% of the total Di-EO. Alpha.-

Phellandrene (32.67%), D-Limonene (22.67%), 3, 6-

Dimethyl-2, 3, 3a, 4, 5,7a-hexahydrobenzofuran (12.78%), 

Apiol (9.99%) and Carvone (9.51%) were the main 

compounds. The chemical composition of the volatile Di-

EO differed according to the parts of the plant. Based on 

their chemical composition, the analysis of EOs from dried 

flowers, leaves, and dill fruits grown in Romania, where 

found that percentage of α-phellandrene and limonene in 

leaves (62.71 and 13.28%) and flowers (32.26 and 

33.22%). The main ingredients in fruit essential oil were 

carvone (1.75.21 %), with 21.56 and 0.12 % of 

phellandrene and limonene [27]. Santos et al., (2002) [29] 

analyzed differences in the chemical composition of EOs 

from the parent plant's fruit, aerial parts, roots, and hairy 

dill root crop and were found that Carvone (67%) and 

limonene (23%) were the major components of the dill fruit 

oil, while α-phellandrene dominated the herb oil (62%).  

Antibacterial activity and minimum inhibitory 

concentration  

Antibacterial activity of Thyme, Marjoram, Mint, and Dill 

EOs against pathogens Gram (+) bacteria S. aureus (ATCC 

29213), S. epidermides (ATCC 12228), E. faecalies 

(ATCC 29212), and Gram (-) bacteria P. aeruginosa 

(ATCC 27853), K. pneumonia (ATCC 700603) and E. coli 

by using disc diffusion technique were reported in (Table 

2). The results demonstrated that (Th-EO) revealed an 

antibacterial effect against all tested pathogens bacteria 

(Fig.1, 2), while other EOs showed variation as 

antibacterial agents with tested pathogens. The maximum 

antibacterial activity of Th-EO is shown in the diameter of 

the inhibition zone (40 mm) with S. aureus (ATCC 29213), 

S. epidermides (ATCC 12228), and E. coli.  

The maximum antibacterial activity of Ma-EO shown in 

the diameter of inhibition zone (16 mm) with E.coli  

followed by Staphylococcus aureus (ATCC 29213) 

(13mm) (Fig.1), S. epidermides (ATCC 12228) (12mm) 

(Fig.2 A) and K. pneumonia (ATCC 700603) (8mm), while 

P. aeruginosa (ATCC 27853) and E. faecalies (ATCC 

29212) showed complete resistance to Ma-EO as an 

antibacterial agent (Fig.2 B).  

Mi-EO showed maximum inhibition zone with E.coli 

(20mm) followed by S. aureus (ATCC 29213) (18mm) 

(Fig. 1), S. epidermides (ATCC 12228) (12mm), and E. 

faecalies (ATCC 29212) (8mm), Where P. aeruginosa 

(ATCC 27853) and K.  Pneumonia (ATCC 700603) 

showed complete resistance to Mi-EO as an antibacterial 

agent.  Di-EO showed maximum inhibition zone with                 

S. aureus (ATCC 29213) and E. coli (14mm), where                  

E. faecalies (ATCC 29212), P. aeruginosa (ATCC 27853), 

and K. pneumonia (ATCC 700603) showed complete 

resistance to Di-EO as an antibacterial agent.  

The inhibition zone generated by (Thyme, Marjoram, 

Mint, and Dill) EOs were confirmed by the inhibitory 

potential of these EOs through estimating the (MIC) which 

is determined by preparing serial dilution from the 

essential oil (20 to 128 mg/mL). The results of the EOs 

MIC were summarized in (Tables 3, 4, 5, and 6). Th-EO 

showed a significant inhibitory effect against tested 

bacteria (Table 3) where all microbial strains inhibited at 

16 mg/ml. P. aeruginosa is resistant to this oil with a MIC 

less than (2mg/ml) in compression to the positive control 

Amoxicillin, where it showed complete resistance when it 

was used at (100µg/ml). Whereas S. aureus, K. pneumonia, 

and E. coli have the lowest MIC at (4 mg/ml), while                    

S. epidermides (8mg/ml) and E. faecalies (16mg/ml).            
Ma-EO showed a significant inhibitory effect against some 

studied bacterial, where E. faecalies and P. aeruginosa 

showed a complete resistance. K. pneumonia is more 

resistant to this oil with a MIC of more than (128mg/ml), 

whereas S. epidermides and E. coli have the lowest MIC 

(16 mg/ml) with this oil, while S. aureus MIC was 

(128mg/ml). The mint essential oil showed MIC value of 

(16 mg/ml) against S. aureus, S. epidermides, E. faecalies, 

and E. coli. In contrast, P. aeruginosa and K. pneumonia 

showed complete resistance to this oil. Di-EO showed the 

lowest antibacterial effect on the studied strains. The 

results in (Table 6) illustrated that the lowest MIC of         

Di-EO was (4mg/ml) against S. epidermides, while it was 

(16mg/ml) with S. aureus and E. coli. At the same time,           

E. faecalies, P. aeruginosa, and K. pneumonia showed 

complete resistance to Di-EO.    
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Several other studies have reported comparable findings 

within the literature with those we obtained about Th-EO 

antibacterial activity [22, 7]. Ivanovic et al., (2013) [20] 

reported significant activity of thyme extract and EO 

against E. coli and Salmonella varieties, at MIC (640 

μg/ml). The high concentration of Thymol in the extract 

(39.7 %) and essential oil (48.49 %) was due to such 

activity. It also reported the antimicrobial activity of         

Th-EO 5% (V/V) against E. coli and other foodborne 

bacteria [32]. This study is in agreement with our review, 

where Th-EO contains 45.15% thymol. 

Various mechanisms correlated with EOs antimicrobial 

activity were suggested such as bacterial cell-wall 

degradation, modification of membrane proteins, changes 

in membrane permeability, enzymes inactivation, 

decreasing ATP, and cellular leakage [8-15-36]. Some 

research, however, documented the particular mechanism 

of action for individual constituents of the oil. In several 

studies, EOs contain Phenolic-structural elements such as 

carvacrol, Thymol, and eugenol have strong antimicrobial 

efficiency [4-33-34].  

 

 

 

 

 

 

 

 

 

Several mechanisms for describing their mechanism of 

action are proposed. The eugenol hydroxyl group may 

react with proteins and inhibit enzyme action; hydrophobic 

carvacrol and thymol can destroy the gram (-) bacterial cell 

walls and discharge lipopolysaccharides [14]. However, it 

commonly believed that an essential oil's antimicrobial 

effectiveness is not entirely correlated with a single 

compound, but with a synergic influence of all 

components. 

 

CONCLUSION  

The essential oils from the aromatic plants (Thyme, 

Marjoram, Mint, and Dill) proved to be a promising source 

of biomolecules with potential antibacterial activity, where 

Th-EO possesses energetic antibacterial activities which 

can represent as natural antibacterial with efficient 

applications in the food and pharmaceutical industries. 
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Fig. 1. Antibacterial activities of (Thyme, Marjoram, Mint, and Dill) EOs against Staphylococcus aureus                       

by using disc diffusion method after 24 h of incubation at 37 °C. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig.2. Antibacterial activities of (Thyme, Marjoram) EOs agains (A) Staphylococcus epidermidis                                        

(B) Enterococcus faecalis by using disc diffusion method after incubation at 37 °C for 24 h. 
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Table 1. Chemical composition of Thyme, Marjoram, Mint, and Dill EOs. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
  

 

Table 2. Antibacterial activity of (Thyme, Marjoram, Mint, and Dill) EOs against tested bacterial            

strains using disc diffusion method. 
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 (R) resistant 

 

 

Identified compounds 
Relative area % 

Thyme Marjoram Mint Dill 

Alpha.-Pinene, (-)- 0.34 5.79 - 2.01 

Camphene 0.28 - - - 

Cyclohexene, 1-methyl-4-(1-methylethyl)-, (R)- 0.11 - - - 

Benzene, 1-methyl-3-(1-methylethyl)- 29.22 - - - 

Benzene, 1-methyl-4-(1-methylethyl)- 1.03 - - - 

gamma.-Terpinene 23.65 - - - 

Phenol, 5-methyl-2-(1-methylethyl)- 0.2 - - - 

Thymol 45.16 - - - 

(-)-.beta.-Pinene - 6.34 - - 

Eucalyptol - 73.5 - - 

Linalool - 5.05 - - 

alpha.-Terpineol - 9.25 - - 

dl-Limonene - - 0.31 - 

 Isopulegol - - 2.94 - 

l-Menthone - - 24.66 - 

Cyclohexanone, 5-methyl-2-(1-methylethyl)- - - 53.67 - 

Cyclohexanol, 5-methyl-2-(1-methylethyl)-, 

(1.alpha.,2.beta.,5.beta.)- 
- - 9.32 - 

  Levomenthol - - 1.55 - 

Cyclohexanone, 5-methyl-2-(1-methylethylidene)- - - 0.75 - 

2-Cyclohexen-1-one, 3-methyl-6-(1-methylethyl)- - - 1.51 1.57 

Cyclohexanol, 5-methyl-2-(1-methylethyl)-, acetate, 

(1.alpha.,2.beta.,5.beta.)- 
- - 2.46 - 

(-)-.beta.-Bourbonene - - 0.54 - 

BETA.-ELEMENE - - 0.21 - 

Caryophyllene - - 1.81 - 

Alloaromadendrene - - 0.27 - 

alpha.-Phellandrene - - - 32.6 

Benzene, 1-methyl-4-(1-methylethyl)- - - - 6.59 

D-Limonene - - - 22.67 

(+)-2-Bornanone - - - 0.38 

3,6-Dimethyl-2,3,3a,4,5,7a-hexahydrobenzofuran - - - 12.78 

Carvone - - - 9.52 

2-Oxabicyclo[2.2.2]octan-6-ol, 1,3,3-trimethyl acetate - - - 1.55 

Apiol - - - 9.99 

3,6-Dimethyl-2,3,3a,4,5,7a-hexahydrobenzofuran - - - 12.78 

Bacterial strain 
Inhibition zone ( mm ) formed by essential oil 

Thyme Marjoram Mint Dill 

S. aureus 40 13 18 14 

S. epidermides 40 12 12 7 

E. faecalies 24 R 8 R 

P. aeruginosa 10 R R R 

K. pneumonia 12 8 R R 

E. coli 40 16 20 14 
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Table 3. MIC of Thyme EO against tested bacterial strains. 
 

 

(PC) positive control (Amoxicillin), (NC) negative control (DMSO), (R) resistant, (+) grew, (-) not grew. 

 

Table 4. MIC of Marjoram EO against tested bacterial strains. 
 

Bacterial strain 
Concentration of Ma-EO (mg/ml) 

2 4 8 16 32 64 128 PC NG 

S. aureus + + + + + + - - + 

S. epidermides + + + - - - - - + 

E. faecalies + + + + + + + - + 

P. aeruginosa + + + + + + + +R + 
K. pneumonia + + + + + + + - + 

E. coli + + + - - - - - + 

PC) positive control (Amoxicillin), (NC) negative control (DMSO), (R) resistant, (+) grew, (-) not grew. 

 

Table 5. MIC of Mint EO against tested bacterial strains.  
 

Bacterial strain 
Concentration of Mi-EO (mg/ml) 

2 4 8 16 32 64 128 PC NG 

S. aureus + + + - - - - - + 
S. epidermides + + + - - - - - + 

E. faecalies + + + - - - - - + 

P. aeruginosa + + + + + + + +R + 
K. pneumonia + + + + + + + - + 

E. coli + + + - - - - - + 

(PC) positive control (Amoxicillin), (NC) negative control (DMSO), (R) resistant, (+) grew, (-) not grew. 

 

Table 6. MIC of Dill EO against tested bacterial strains.       
 

Bacterial strain 
Concentration of Di-EO (mg/ml) 

2 4 8 16 32 64 128 PC NG 

S. aureus + + + - - - - - + 
S. epidermides + - - - - - - - + 

E. faecalies + + + + + + + - + 

P. aeruginosa + + + + + + + +R + 
K. pneumonia + + + + + + + - + 

E. coli + + + - - - - - + 

(PC) positive control (Amoxicillin), (NC) negative control (DMSO), (R) resistant, (+) grew, (-) not grew. 

 

Bacterial strain 
Concentration of Th-EO (mg/ml) 

2 4 8 16 32 64 128 PC NG 

S. aureus + - 

 
- - - - - - + 

S. epidermides + + - - - - - - + 

E. faecalies + + + - - - - - + 

P. aeruginosa - - - - - - - +R + 
K. pneumonia + - - - - - - - + 

E. coli + - - - - - - - + 
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