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 Side effects of chemical preservatives and drug resistance have raised interest in use of 
herbal products. This study aimed to examine the chemical composition and antibacterial 
effects of Cuminum cyminum, Mentha spicata, and Mentha longifolia essential oils individually 
and in combination with sodium benzoate against methicillin-resistant Staphylococcus aureus 
and Yersinia enterocolitica. The essential oils were analyzed by gas chromatography-mass 
spectrometry. Disc diffusion and microdilution assays were used for in vitro antimicrobial 
screening. The main components were cumin aldehyde, carvone, and pulegone in C. cyminum, 
M. spicata, and M. longifolia essential oils, respectively. Antibacterial data analysis showed 
significant differences between different antibacterial effects of essential oils individually and in 
combination with sodium benzoate. In terms of individual effects, antibacterial effect of M. 
longifolia and C. cyminum essential oils were the highest against methicillin-resistant S. aureus 
and Y. enterocolitica, respectively. The antibacterial effects of sodium benzoate combined with 
essential oils showed significant differences with the individual effect of sodium benzoate in 
most cases. The results indicated that the combined effect of these essential oils with sodium 
benzoate could reduce the use of sodium benzoate as an antimicrobial agent, which could 
decrease its possible side effects. Thus, for more significant effects, these essential oils could be 
combined with other agents for the preservation of drug and food products. 

© 2020 Urmia University. All rights reserved. 
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Introduction 
 

Natural products provide a great opportunity for the 
development of new drugs, particularly antimicrobials. 
Essential oils can be a valuable source for discovering their 
antibacterial attributes against multidrug-resistant 
pathogens.1 Essential oils are volatile aromatic 
components that are obtained from different parts of 
plants including buds, seeds, roots, leaves, stems, woods, 
barks, and flowers.2 Since ancient times, essential oils have 
been known for their biological effects and have been 
extensively appraised against different biological purposes 
and other pharmaceutical applications.1,3 The mechanism 
of action of the essential oils appears to be mainly on the 
cell membrane, disrupting its structure and causing 
cytoplasmic leakage leading to cell death.4 

 Cuminum cyminum L. is an aromatic herb from the 
Apiaceae family and is used as flavorants, fragrances, and 
medical products.5 It has great antioxidant, antibacterial, 
antifungal, and analgesic properties.6,7 Mentha spicata 
(spearmint, Lamiaceae family) grows throughout the 
world and this herb is commonly employed as a flavoring 
agent in foods and as an herbal medicine in folk remedies.8 
The wild mint (Mentha longifolia L.) is another medicinal 
herb belonging to the Lamiaceae family which is widely 
used in the food industry, pharmaceutical, and especially 
in cosmetology. Various biological activities such as 
antibacterial, antifungal, and insecticidal properties have 
been shown for some species of Mentha.9 These 
medicinal herbs and their essential oils are widely used 
and safe.5-9 Sodium benzoate is commonly used as a 
chemical preservative and antimicrobial agent in liquid 
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pharmaceutical preparations and the food industry. 
Benzoates have been suspected to cause asthma, allergies, 
and skin rashes.10 With regards to the harmful effects of 
artificial preservatives, the usage of natural preservatives 
for better remedial efficacy, safety, and preservation of 
substances are recommended. Natural substances such as 
essential oils are considered an alternative approach.11  

Methicillin-resistant Staphylococcus aureus was 
initially reported as a nosocomial pathogen in human 
hospitals and frequently causes abscesses, bloodstream 
infections, post-surgical infections, and sometimes 
deaths.12 Yersinia enterocolitica as a worldwide pathogen 
is an important cause of food and water-borne 
gastrointestinal infections.13 Nowadays, essential oils have 
demonstrated strong synergistic effects when used in 
combination with artificial and less effective 
preservatives.14 Therefore, the objective of this study was 
to evaluate the effects of the essential oils individually and 
combined with sodium benzoate against methicillin-
resistant S. aureus and Y. enterocolitica. 

 
Materials and Methods 
 

Essential oils and microbial strains. The essential 
oils were purchased from Barij Essence Company (Kashan, 
Iran). Lyophilized bacterial strains of methicillin-resistant 
S. aureus (ATCC: 33591) and Y. enterocolitica (ATCC: 
23715) were obtained from the Pasture Institute of Iran 
(Tehran, Iran). The lyophilized culture was grown in a 
tube containing 10.00 mL of brain and heart infusion broth 
(Merck, Darmstadt, Germany) twice and incubated at 
37.00 ˚C for 24 hr.  

Analysis of essential oils. Analysis of the essential oil 
was performed by gas chromatography-mass spectrometry 
(GC/MS). The chromatograph (7890S/5975C; Agilent, 
London, UK) was equipped with a capillary column (HP-
5MS; 30.00 m × 0.25 mm ID × 0.25 µm film thickness). The 
carrier gas was helium, and the split ratio was 1.00 mL 
min-1. The column temperature was at first 40.00 ˚C, and 
then gently increased to 300 ˚C at a 5.00 ˚C per min rate 
and kept for 1 min. The mass spectrometer operated in 
electronic impact ionization mode and the energy of the 
electrons was kept at 70.00 eV. Identification of the major 
constituents of the essential oil was attained based on a 
comparison between their retention index, computer library 
information, and standard mass spectral fragmentation 
pattern (Wiley/NBS). The percentage of each essential oil 
compositions was calculated from GC peak areas.15  

Agar disk diffusion assay. The antibacterial activity of 
essential oils and sodium benzoate was examined by agar 
disk diffusion assay.16 Sterile filter paper disks (6.00 mm 
diameter; Padtan Teb, Tehran, Iran) were impregnated 
with 30.00 μL of essential oil and sodium benzoate, 
equivalent to minimum inhibitory concentration (MIC), 
aseptically placed on the surface of inoculated Mueller- 
 

 Hinton agar (MHA; Quelab, Montréal, Canada) medium with 
adjusted suspension (0.5 McFarland standard turbidity) of 
the bacteria. The dimethyl sulfoxide (DMSO; Samchun 
Chemical Co. Seoul, South Korea) as the solvent of essential 
oils only was considered as a negative control. Erythro-
mycin (15.00 µg), streptomycin (10.00 µg), gentamicin 
(10.00 µg), and ciprofloxacin (5.00µg) per disk were used 
as a positive control. The inoculated plates were incubated 
overnight at 37.00 ˚C for 24 hr. Antimicrobial activity was 
evaluated by measuring the zone of growth inhibition in 
millimeters. Each experiment was tested in triplicate. 

Micro-well dilution assay. For the preparation of 
bacterial inoculants (5.00 × 106 CFU per mL), one isolated 
colony of each bacteria were inoculated into a tube 
containing 5.00 mL of Mueller-Hinton broth (MHB; 
Quelab) medium and incubated at 37.00 ˚C for 20 hr. The 
second transfer of 0.10 mL of cultures into 5.00 mL of MHB 
was grown in 37.00 ˚C for 20 hr. After twice incubation, the 
number of bacterial colonies was enumerated by serial 
dilution and plating on MHA in triplicate. The broth 
microdilution method was used to determine the MIC and 
the minimum bactericidal concentration (MBC) according 
to the guideline of the Clinical and Laboratory Standards 
Institute with some modifications.17,18 First, 10.00% (v/v) 
DMSO as an emulsifier of the essential oils was added in 
MHB medium. Different concentrations of the essential oils 
were set up in MHB medium containing DMSO. The sterile 
96-well microplates were prepared and briefly 160 μL of 
MHB containing DMSO, 20.00 μL of different 
concentrations of the essential oils (final concentration in 
each well: 0.01 to 4.40%) or sodium benzoate (the 
equivalent of 0.01 to 4.40% in each well) and 20.00 μL of 
inoculum diluted in MHB with 5.00 × 106 CFU per mL of 
the bacteria were inoculated into each well to achieve a 
concentration of 105 CFU per well. The last well as a 
positive control contained 180 μL of MHB containing 
DMSO and 20.00 μL of bacterial inoculum without 
essential oil or sodium benzoate. For negative control, an 
un-inoculated MHB containing DMSO was designed. The 
plates were prepared in triplicates. Then, contents of each 
well were mixed on a plate shaker at 300 rpm for 20 sec 
and incubated at 37.00 ˚C for 24 hr. The plates were placed 
in a wet container to ensure that the bacteria did not get 
dehydrated during incubation. For combination effects of 
sodium benzoate with essential oils, the procedure 
presented above was used, however, 140 μL of MHB 
containing DMSO, 20.00 μL of different concentrations 
sodium benzoate (final concentration in each well: 0.01 to 
4.40%) with 20.00 μL of the equivalent of half MIC of the 
essential oils in a well for each bacteria and 20.00 μL of the 
bacterial inoculum were added into each well. The 
concentration of the first well without turbidity was 
considered as MIC. The MIC was determined as the lowest 
concentration of the essential oil or sodium benzoate that 
inhibited the growth of the bacteria. To detect MBC, the 
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contents of the non-growth or clear wells were cultured on 
MHA plates and incubated at 37.00 ˚C for 24 hr. Afterward, 
the colonies were counted. The MBC was defined as the 
lowest concentration in which no bacterial growth was 
detectable on the plates. These procedures were repeated 
for three times and the average of the three values was 
calculated to provide the MIC and MBC values. 

Statistical analysis. The data were presented as 
means ± standard deviations (SD) of triplicate 
measurements. Statistical analysis of data was performed 
using one-way ANOVA by SPSS (version 16.0;  IBM Corp. 
Armonk, USA), and multiple comparisons of means were 
done through the Duncan test. Differences were 
considered significant when p ≤ 0.05. Also, independent 
sample t-test was used to compare the results of S. aureus 
and Y. enterocolitica with each other. 
 
Results 
 

Chemical components of essential oils. The essential 
oils were liquid at room temperature. Their odors were 
acceptable. As the results of the GC-MS analysis of the 
essential oils, their chemical components were different. 
The components identified in the essential oils are listed in 
Table 1. The main components were cumin aldehyde 
(28.24% of the total essential oil), carvone (58.89%), and 
pulegone (66.95%) in C. cyminum, M. spicata, and M. 
longifolia essential oils respectively.  

Antibacterial effect of essential oils. The results of 
the antibacterial effect of the essential oils and sodium 
benzoate on methicillin-resistant S. aureus and Y. 
enterocolitica by disk diffusion method are shown based 
on the diameter of inhibition zone (Table 2). The results of 
the broth microdilution test as means and SD of MIC and 
MBC of the essential oils individually and combined with 
sodium benzoate are expressed in Tables 3 and 4 
respectively. Statistical analysis by analysis of variance 
showed a significant difference between different 
antibacterial effects of essential oils individually and 
combined with sodium benzoate. Antibacterial effect of 
Mentha longifolia essential oil against methicillin-resistant 
S. aureus was the highest and then Cuminum cyminum and 
Mentha spicata essential oils and sodium benzoate 
indicated antibacterial activity. These data were completely 
consistent with the disk diffusion test. Also, the combined 
effect of sodium benzoate with M. longifolia essential oil 
was the strongest against methicillin-resistant S. aureus. 
The effects of sodium benzoate combined with the 
essential oils on S. aureus showed significant differences 
with sodium benzoate effect individually (p < 0.05). 
Antibacterial effect of C. cyminum essential oil on Y. 
enterocolitica was the highest and then M. longifolia, M. 
spicata and sodium benzoate indicated antibacterial 
activity. Antibacterial effect of C. cyminum essential oil was 
consistent with the disk diffusion test. Data inconsistency 

 

 about other factors might be due to less precision of the 
disk diffusion test. On the other hand, sodium benzoate 
placed on the disk was obtained from MIC dilution, 
however, the oils were placed directly. The combined 
effect of sodium benzoate with essential oils on Y. 
enterocolitica showed significant differences than it's an 
individual effect (p < 0.05). The effect of sodium benzoate 
combined with M. longifolia was the highest against Y. 
enterocolitica, indicating that the combined effect might be 
different from the individual effect of essential oils. Data 
analysis of two bacteria using independent sample t-test 
showed that Y. enterocolitica was more susceptible to C. 
cyminum essential oil, sodium benzoate, and sodium 
benzoate combined with M. longifolia and M. spicata rather 
than S. aureus (p < 0.05). However, there was no 
significant difference between the two bacteria in effects of 
M. longifolia, M. spicata, and sodium benzoate combined 
with C. cyminum essential oil (p > 0.05). The MBC results of 
sodium benzoate individually and combined with M. 
longifolia did not confirm any bactericidal effect against 
methicillin-resistant S. aureus. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Table 1. Chemical composition of (A) Cuminum cyminum, (B) 
Mentha longifolia, and (C) Mentha spicata essential oils. 

Components KI 
Composition (%) 
A B C 

Sabinene 975 - 0.38 0.35 
β-Pinene 979 9.14 0.70 0.73 
β-Myrcene 991 0.51 0.25 0.47 
α-Terpinene 1017 0.17 - - 
o-Cymene 1025 13.78 - - 
Limonene 1029 - 1.07 27.34 
β-phellandrene 1030 0.60 - - 
1, 8-Cineole 1031 0.04 4.06 0.13 
γ-Terpinene 1060 21.39 0.04 0.04 
3, 8-Menthadien 1073 - 0.42 - 
Menthone 1163 - 2.71 - 
Menthofuran 1164 - 10.89 - 
Borneol 1169 - 0.69 - 
Cis-isopulegon 1172 - 1.30 - 
4-Terpineole 1177 0.10 0.11 0.10 
Dihydrocarvone 1193 - - 1.07 
Trans-Pulegone 1215 - 0.19 - 
Cic-Pulegone 1229 - 0.20 - 
Pulegone 1237 - 66.95 2.81 
Cumin aldehyde 1242 28.24 - - 
Carvone 1243 - 0.63 58.89 
Cic-Piperitenone oxide 1254 - 0.54 - 
Carvacrol 1299 0.17 - - 
Piperitenone oxide 1369 - 1.20 - 
Trans-Caryophyllene 1419 0.20 0.84 1.85 
α-Humulene 1455 - - 0.30 
Trans-β-Farnesene 1457 0.27 - - 
β-Acoradiene 1471 1.68 - - 
Germacrene-D 1485 - 0.30 0.11 
Caryophyllene-oxide 1583 0.12 - 0.15 
Bicyclogermacrene 1500 - 0.17 - 
Carotol 1595 0.43 - - 
KI: Kovats index on HP-5MS column. 
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Discussion 
 

Plant essential oils are possible sources of new 
antimicrobial agents. Different antibacterial properties of 
essential oils depend on their chemical composition. 
Variation in the chemical profile of essential oils in 
different plant species and even within the same species 
could be different depending on geographic region, 
harvest time, age of the plant, growing conditions, drying 
and extraction method.19 Therefore, despite the various 
studies on the antimicrobial effect and chemical 
composition of the essential oils, it was important to 
determine the chemical composition of the essential oils to 
correlate with their antimicrobial activities.20 The chemical 
profiles of the studied essential oils almost were in 
agreement with previous researches.19,21,22 For example, in 
chemical analysis of the original fresh leaf of M. longifolia 
oil by Asekun et al., pulegone (35.00%) was the major 
compound.21 Also in research, cumin aldehyde has been 
reported as the major compound (29.02%) in C. cyminum 
essential oil, and in a study by Snoussi et al., the main 
components of M. spicata essential oil were carvone 
(40.80%) and limonene (20.80%).19,22 In this study, mono-
terpenes in C. cyminum and oxygenated monoterpenes in 
M. spicata and M. longifolia essential oils were the main 
compounds. The lipophilic character of monoterpenes 
causes membrane fluidity and permeability, disturbance 
of membrane-embedded proteins, and alteration of ion 
transport processes. The results of previous studies have 
 

  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

established that these compounds have a degree of 
antibacterial activity. Kotan et al., in the evaluation of 
inhibitory effects of 21 pure oxygenated monoterpenes on 
the growth of 63 bacterial strains showed that alcohol 
derivatives of oxygenated monoterpenes were more active 
than their acetate derivatives.23 Antibacterial activity could 
be influenced by terpene, however, other components can 
contribute to this activity as well.23,24 It seems pulegone 
and cumin aldehyde, the main component of the M. 
longifolia and C. cyminum, respectively, are predominantly 
responsible for most of their antibacterial activity and 
pharmacological effects.19,21 The antimicrobial activity of 
the M. spicata essential oil could be associated with the 
presence of carvone and limonene. Although other 
compounds in essential oils that are not abundant can 
contribute to this activity. The mechanism of carvone is 
related to the destabilization of the phospholipid bilayer 
structure, interaction with enzymes and proteins of the 
membrane, and its act as a proton exchanger reducing the 
pH among the membrane.25 Antibacterial activities of 
some medicinal plants such as Althaea officinalis, M. 
longifolia and C. cyminum extracts against methicillin-
resistant S. aureus have been reported.26,27 Furthermore, 
Bokaeian et al. have reported that C. cyminum essential oil 
has a strong antimicrobial effect against multidrug-
resistant Escherichia coli strains.28 Due to undesirable 
flavor changes of essential oils which these preservatives 
cause in food and oral drugs, their application is currently 
limited. Food and drug preservation by multiple 
 

Table 2. Inhibition zone diameter (mm) of essential oils, sodium benzoate (MIC), and standards antibiotic disks by disk diffusion assay. 

Bacteria 
Cuminum 
cyminum 

Mentha 
longifolia 

Mentha 
spicata 

Sodium 
benzoate 

Erythromycin 
(15.00 µg) 

Streptomycin 
(10.00 µg) 

Ciprofloxacin 
(5.00 µg) 

Gentamicin 
(10.00 µg) 

Dimethyl 
sulfoxide 

S. aureus 16.00 18.00 12.00 13.00 Resistant Resistant 32.00 17.00 Resistant 
Y. enterocolitica 14.00 8.00 10.00 12.00 Resistant 21.00 34.00 25.00 Resistant 

MIC: Minimum inhibitory concentration. 

Table 3. Means and standard deviation (SD) of minimum inhibitory concentration (MIC) and minimum bactericidal concentration (MBC) 
of the essential oils and sodium benzoate against methicillin-resistant Staphylococcus aureus and Yersinia enterocolitica. Data are 
presented as mean  SD. 

Bacteria Cuminum cyminum (%) Mentha longifolia (%) Mentha spicata (%) Sodium benzoate (%) 

S. aureus      
MIC  1.46  0.11 1.20  0.20 1.66  0.11 3.40  0.20 
MBC  2.46  0.11 4.00  0.00 2.53  0.11 Not observed 
Y. enterocolitica      
MIC  0.46  0.11 1.06  0.11 1.40  0.20 1.53  0.11 
MBC  2.40  0.00 3.06  0.11 3.20  0.00 4.06  0.11 

 
 Table 4. Minimum inhibitory concentration (MIC) and minimum bactericidal concentration (MBC) of sodium benzoate individually and 

combined with the essential oils against methicillin-resistant Staphylococcus. Data are presented as mean  SD. 

Bacteria 
Sodium 

benzoate (%) 
Sodium benzoate (%) +  

½ MIC of Cuminum cyminum 

Sodium benzoate (%) +  
½ MIC of Mentha longifolia 

Sodium benzoate (%) +  
½ MIC of Mentha spicata 

S .aureus      
MIC  3.40  0.20 1.33  0.11 1.13  0.11 1.53  0.11 
MBC  Not observed 4.06  0.11 Not observed  4.20  0.00 
Y. enterocolitica     
MIC  1.53  0.11 1.13  0.11 0.20  0.00 1.13  0.11 
MBC  4.06  0.11 3.20  0.00 2.86  0.11 3.66  0.11 
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preservatives in small amounts are better than 
preservation by a large amount of a single preservative for 
secure microbial stability, safety, and maintaining of the 
sensory properties.29 Nowadays, extensive efforts have 
been performed to use less concentrations of essential oils 
with other antimicrobial agents to receive stronger 
synergistic effects. The synergistic effect between essential 
oils and other antimicrobial contents has been 
conclusively demonstrated.14,18 For example in a study, the 
synergistic effect of Zataria multiflora essential oil with 
nisin on S. aureus and S. typhimurium was observed.30 In 
this research, we found the significant inhibitory effect of 
the combined use of the essential oils with sodium 
benzoate on the studied bacteria. There is evidence that 
gram-positive bacteria more than gram-negative bacteria 
are vulnerable to plant oils and extracts.31 Based on our 
results, Y. enterocolitica was more sensitive in the 
presence of studied essential oils individually and 
combined with sodium benzoate, therefore, it could be 
concluded that the essential oils did not have selective 
antimicrobial activity based on the cell-wall differences of 
the bacteria as reported previously. Previous studies have 
also shown that these essential oils were active against 
different gram-negative bacteria.32-34 Therefore, the 
sensitivity of a microorganism to essential oils not only 
depends on the properties of essential oil but also on the 
nature of the microorganism (morphology, structure, 
metabolic type, nutritional, pathogenicity).35 The results of 
this study demonstrated that the antimicrobial effect of 
sodium benzoate was higher when used in combination 
with the essential oils. A high concentration of sodium 
benzoate leads to the accumulation of toxic products and 
side effects.10,36,37 Thus, for a significant effect on these 
bacteria, a combination of sodium benzoate with other 
antimicrobial agents such as essential oils is recommended 
to reduce sodium benzoate concentration. 
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