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Abstract 

Background: Lemon balm (Melissa officinalis L.) is a medicinal plant with high antimicrobial properties. The present 

survey was aimed to assess the antimicrobial effects of M. officinalis essential oil against pathogenic bacteria. Methods: 

The M. officinalis aerial parts were prepared and, after approval by experts, dried and powdered and used to prepare the 

essential oil. The diameter of the growth inhibition zones of bacteria was assessed using disk diffusion. Findings: Dose-

dependent antimicrobial effect was reported. The highest diameters of the growth inhibition zones of P. aeruginosa, E. 

coli, S. aureus, and A. baumannii bacteria were obtained against 4 mg/ml M. officinalis essential oil (14.21±0.74 mm), 4 

mg/ml M. officinalis essential oil (13.38±0.36 mm), imipenem (14.61±0.29 mm), and imipenem (10.01±0.31 mm), 

respectively. Conclusion: Considering the high diameter of the growth inhibition zone of 4 mg/mL M. officinalis essential 

oil compared to antibiotic agents, it can be used as an economical source of antimicrobials. 
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Background 

 

Notwithstanding the cumulative advances in 

medical sciences, antibiotic resistance remains a 

challenging issue (1-5). Researches show that if 

antibiotic resistance continues to develop at the 

present rate, antibiotic-resistant infections will 

measure to over 10 million human deaths yearly by 

2050, with an assessed worldwide economic cost 

reaching $100 trillion (6). Thus, extensive research 

should be addressed to develop new antimicrobials 

with high efficacy against a wide range of bacteria. 

Studies have revealed that bacteria have a high 

ability to develop resistance to a wide range of 

drugs and also cause severe host infections (7, 8). 

Nowadays, Staphylococcus aureus (S. aureus), 

Escherichia coli (E. coli), Acinetobacter 

baumannii (A. baumannii), and Pseudomonas 

aeruginosa (P. aeruginosa) have more been 

involved in epidemics of the infectious diseases 

globally (9-12). They are mostly associated with 

the occurrence of urinary and respiratory tract 

infections (UTIs and RTIs, respectively), blood, 

soft tissue, wound, burn, gastrointestinal, and 

reproductive infections, and food-borne diseases 

(13-17). Several reports showed the high 

antimicrobial resistance of these bacteria against 

commonly used antimicrobial agents, including 

tetracyclines, aminoglycosides, penicillin, macrolides, 

quinolones, and phenicols (18, 19). Consequently, 

many efforts have been made to find new 

antimicrobials sources over the years (20). 

 

Lemon balm (Melissa officinalis (M. officinalis)) 

belongs to the Lamiaceae family and is native to 

Iran, the Middle East, Central Asia, and some parts 

of Europe. In some countries, M. officinalis used to 

give fragrance to diverse food and beverage 

products (21). It is also used as an antimicrobial 

agent in food packaging techniques (22). As a 

medicinal plant, M. officinalis used to treat several 

diseases and disorders, including headaches, 

nervousness, colic, indigestion, cardiac failure, 

depression, and rheumatism (23). It is also used as 

an antibacterial, antifungal, and antiparasitic agent 

in different studies (24-26).  
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Despite the high antimicrobial effects of the M. 

officinalis, the current survey aimed to assess the 

antimicrobial effects of M. officinalis essential oil 

compared to diverse antibiotic agents against S. 

aureus, E. coli, A. baumannii, and P. aeruginosa in 

vitro condition.  

 

Methods 

Plant materials 

 

The aerial parts of the M. officinalis plants were 

collected in the Shahrekord city, Chaharmahal Va 

Bakhtiari province, Iran (Southwest of Iran, 

32.3282° N, 50.8769° E, and 2,061 m elevation) in 

June and September 2020. First, the plant species 

was approved by one of the specialists of the 

Department of Medicinal and Aromatic Plants, 

Islamic Azad University, Shahrekord Branch. A 

voucher specimen (Herbarium No.) was deposited 

in the Agricultural Research and Training Center 

and Natural Resources of Chaharmahal Va 

Bakhtiari Province. The plant material was air-

dried at room temperature (20 ± 2 °C). 

 

Extract preparation 

 

Extraction of essential oil in the laboratory was 

done by distillation with water (UK Pharmacopoeia) 

and using a Cloninger machine. For this purpose, 

50 grams of dried aerial parts of M. officinalis plant 

were weighed and essential oil extraction was 

carried out for 3 hours. In order to dehydrate the 

essential oil, sodium sulfate was used. The final 

essential oil was kept at a temperature of 4°C and 

in dark glass until use. 

 

Bacteria and growth conditions 

 

Four pathogenic bacteria, including E. coli (ATCC 

25922), S. aureus (ATCC 9144),  A. baumannii 

(ATCC 19606), and P. aeruginosa (ATCC 25922) 

were obtained from the Microbiology Research 

Center of the Islamic Azad University, Shahrekord 

Branch, Shahrekord, Iran. Pure culture of the 

bacteria was cultured separately for regeneration in 

Tryptic Soy Broth (Merck, Germany) and 

incubated at 37 ° C for 24 h (27). 

 

Disk diffusion 

 

The antimicrobial activity of M. officinalis 

essential oil was investigated using the disk 

diffusion method. Briefly, after overnight 

incubation of bacteria, their concentrations were 

reached to 1×106 colonies per milliliter (CFU/mL). 

The bacteria were then cultured superficially on 

Müller-Hinton agar medium. Then 6 mm blank 

discs were placed on Müller-Hinton agar medium, 

and 1000 μl of M. officinalis essential oils with 

concentrations of 0.5, 1, 2, and 4 mg/mL were 

gently poured on the blank discs. To compare the 

antimicrobial effects of the extracts, ceftazidime 

(30 μg/disc), imipenem (10 μg/disc), gentamicin 

(10 μg/disc), vancomycin (30 μg/disc), penicillin 

(10 μg/disc), ciprofloxacin (5 μg/disc), tetracycline 

(30 μg/disc), erythromycin (15 μg/disc), ampicillin 

(10 μg/disc), and azithromycin (15 μg/disc) 

(Oxoid, UK) antibiotic discs were used. Blank and 

antibiotic discs were placed at regular intervals on 

plates containing bacteria. The plates containing 

the bacteria and discs were then incubated at 37 ° 

C for 24 h. The diameter of the growth inhibition 

zones around discs was measured and presented in 

millimeters (28).  

 

Numerical evaluation 

 

Data collected from the experiment were 

numerically evaluated by the SPSS/21.0 software 

(SPSS Inc., Chicago, IL) software (29). Qualitative 

data taken from the tests were examined using the 

chi-square test and Fisher's exact two-tailed test 

(30). P-value less than 0.05 was determined as a 

significance level (31). 

 

Results 

Findings of the disk diffusion 

 

Table 2 shows the diameter of the growth 

inhibition zone of examined bacteria toward M. 

officinalis essential oil and antibiotic discs. The 

mean diameter of the tested bacteria's growth 

inhibition zone increased with increasing the M. 

officinalis essential oil. M. officinalis essential oil 

with a concentration of 4 mg/ml harbored the 

highest diameter of the growth inhibition zone 

against all examined bacteria. The highest 

diameters of the growth inhibition zones of P. 

aeruginosa, E. coli, S. aureus, and A. baumannii 

bacteria were obtained against 4 mg/ml M. 

officinalis essential oil (14.21±0.74 mm), 4 mg/ml 

M. officinalis essential oil (13.38±0.36 mm), 

imipenem (14.61±0.29 mm), and imipenem 

(10.01±0.31 mm), respectively. Statistically, 

significant differences were observed for the 

diameter of the growth inhibition zone of the 

examined bacteria between some different 

concentrations of M. officinalis essential oil and 

antibiotic agents (P <0.05). 
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Table 2. The growth inhibition zone diameter of 

examined bacteria toward M. officinalis essential 

oil and antibiotic discs. 

 
 
*mg/mL 
 **Cef30: ceftazidime (30 μg/disc), Imp10: 

imipenem (10 μg/disc), G10: gentamicin (10 

μg/disc), V30: vancomycin (30 μg/disc), P10: 

penicillin (10 μg/disc), Cip5: ciprofloxacin (5 

μg/disc), Tet30: tetracycline (30 μg/disc), Ertt15: 

erythromycin (15 μg/disc), Am10: ampicillin (10 

μg/disc), Az15: azithromycin (15 μg/disc). 

***Dissimilar letters in each column show 

statistically significant differences about P <0.05. 

 

Discussion 

 

Plant antimicrobial agents act by targeting specific 

sites of bacteria, fungi, and parasites. Among the 

essential antimicrobial compound's mechanisms, 

inhibition of protein synthesis, interference with 

cell wall synthesis, inhibition of metabolic 

mediated pathways, interference with nucleic acid 

synthesis, and disruption of cell cytoplasmic 

membrane are the most important ways of 

applying antimicrobial effects (32).  

The present survey was performed to assess the 

antimicrobial effects of M. officinalis essential oil 

against bacterial species using disk diffusion. Our 

findings showed the high antimicrobial effects of 

M. officinalis essential oil against tested bacteria, 

particularly P. aeruginosa and E. coli. Findings 

showed that 4 mg/mL M. officinalis essential oil 

harbored the highest antimicrobial effects against 

tested bacteria. The diameter of the growth 

inhibition zone of P. aeruginosa treated with the 4 

mg/mL M. officinalis essential oil was 

significantly higher than all examined antibiotic 

agents. (P <0.05).  Additionally, the diameter of 

the growth inhibition zone of E. coli treated with 

the 4 mg/mL M. officinalis essential oil was 

significantly higher than gentamicin, penicillin, 

tetracycline, and ampicillin antibiotic agents. (P 

<0.05). A part of the antimicrobial effects of M. 

officinalis essential oil is due to the presence of 

chemical components with antimicrobial effects, 

including citronellal, caryophyllene oxide, geranial 

and neral. High antimicrobial effects of citronellal, 

caryophyllene oxide, geranial and neral was also 

reported in previous surveys (33, 34). Despite the 

findings of other investigations which showed the 

higher susceptibility of the Gram-positive bacteria 

(S. aureus) than Gram-negatives (E. coli, and P. 

aeruginosa) against natural essential oils (35, 36), 

our findings showed that M. officinalis essential oil 

harbored the higher antimicrobial effects against P. 

aeruginosa and E. coli. Similar to our findings, 

Alizadeh Behbahani and Shahidi (2019) (37) and 

Klūga et al. (2017) (38) stated the high 

antimicrobial effects of M. officinalis essential oil 

against P. aeruginosa, and Ehsani et al. (2017) (39) 

and Jafarzadeh et al. (2020) (40) mentioned its high 

effect against E. coli. However, Gram-positive 

bacteria's cell wall is more susceptible to many 

antimicrobial agents, chemical compounds, and 

even herbal medicines but due to the possible 

presence of alcohol-based chemical compounds, 

M. officinalis essential oil can directly penetrate to 

the outer membrane lipopolysaccharides of P. 

aeruginosa and E. coli. Thus, it will be a good 

candidate for Gram-negative bacteria, particularly 

P. aeruginosa and E. coli. However, determination 

of the exact reason of this finding need more 

researches. Literature searches revealed that M. 

officinalis essential oil are reported to be more 

active against Shigella sonei (41), Vibrio 

parahaemolyticus (42), E. coli (43), and S. aureus 

(44). Abdellatif et al. (2021) (45) reported that M. 

officinalis essential oil collected from Algeria 

harbored the high antimicrobial effects against 

Bacillus subtilis (10±1 mm dimeter of the growth 

inhibition zone), P. aeruginosa (50±1 mm), E. coli 

(50±1 mm), Klebsiella pneumonia (10±1 mm), and 

Salmonella enterica (50±1 mm)  using the disk 

diffusion technique.  

 

Conclusion 

 

This study showed that M. officinalis essential oil, 

particularly at a 4 mg/mL concentration, has sound 

antimicrobial effects against all examined bacteria, 

particularly P. aeruginosa and E. coli. Its 

antimicrobial effects were also higher than the 

majority of tested antibiotic agents, especially 

against P. aeruginosa and E. coli. It is 

recommended to use M. officinalis essential oil as 

an oral antimicrobial compound in the food and 

medical industries. However, further studies are 

needed in this area. 
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