
www.nclinmed.com 
Novelty in Clinical Medicine. 2022; 1(4): 192-196 
https://doi.org/10.22034/NCM.2022.350997.1051 
 
 
 

Copyright© 2022. This open-access article is published under the terms of the Creative Commons Attribution-NonCommercial 4.0 International License which 
permits Share (copy and redistribute the material in any medium or format) and Adapt (remix, transform, and build upon the material) under the Attribution-
NonCommercial terms. Downloaded from: https://www.nclinmed.com/ 

Research Article                                                                                                                                    Open Access 

 

Antibacterial activity of modified Carvacrol against Staphylococcus 
epidermidis and Pseudomonas aeruginosa 
 

Mona Ghods Elahi  1, Malak Hekmati  1 *, Davoud Esmaeili  2 *, Parisa Ziarati  3, Mohamad Yousefi  4 

1 Department of Organic Chemistry, Faculty of Pharmaceutical Chemistry, Tehran Medical Sciences, Islamic Azad University, Tehran, Iran 
2 Department of Microbiology and Applied Virology Research Center, Baqiyatallah University of Medical Sciences, Tehran, Iran 
3 Department of Medicinal Chemistry, Pharmacy Faculty, Tehran Medical Sciences, Islamic Azad University, Tehran, Iran 
4 Department of Chemistry, Faculty of Pharmaceutical Chemistry, Tehran Medical Sciences, Islamic Azad University, Tehran, Iran 
 

* Corresponding author: Davoud Esmaeili, Department of Microbiology and Applied Virology Research Center, Baqiyatallah University of 
Medical Sciences, Tehran, Iran. Email: esm114@gmail.com 
 

Received: 9 July 2022  Revised: 7 August 2022 Accepted: 10 August 2022  e-Published: 18 August 2022  
 

 

Introduction 
Carvacrol, with the chemical formula C10H14O, is a 

chemical compound with a molar mass of 150.217 g/mol. 
Carvacrol is the main compound found in plants such as 
marjoram, thyme, and wild bergamot, and the beneficial 
properties of these plants are due to the presence of this 
compound. Carvacrol has numerous therapeutic 
properties.1 Carvacrol is a phenolic monoterpene found 
largely in oregano essential oil, one of the key constituents 
of EO, with an antibacterial action against various 
bacteria.1,2  This substance is present in the essential oils of 
thyme oil, coconut oil, and wild coconut. Thyme essential 
oil contains 5 to 75% carvacrol. Thyme is a member of the 
mint family, which is considered an evergreen perennial 
aromatic medicinal plant. 

Carvacrol and thymol are two important phenolic 
compounds found in the thyme plant.3,4 These compounds 
are known for their strong antioxidant and anti-
inflammatory properties.5 

This substance has excellent antimicrobial properties, 
making it an appropriate choice for use in cosmetics, food 
preservatives, and some other medicines. One interesting 
fact is that pure carvacrol has only around half the ability 
to destroy pathogens as pure oregano oil, according to 
laboratory tests.6,7 

Although antibiotics are the main way to control 
infection, one of the most worrying features of 
Pseudomonas aeruginosa and Staphylococcus epidermidis 
is their low antibiotic sensitivity. The prevalence of 
resistance to these bacteria is increasing, and it is 
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considered one of the major public health problems 
worldwide, as it raises some other side effects, 
complications, mortality, and increasing limitations of 
therapeutic use, as well as significant economic costs.8,9 

Natural products in traditional medicine play an 
important role in the treatment of infectious diseases.10 
Given the importance of Pseudomonas aeruginosa and 
Staphylococcus epidermidis in burns, pneumonia, urinary 
tract infections, and meningitis, as well as their high 
resistance to drugs and disinfectants and the potential 
threat to patients with immune system defects, it is critical 
to discover new compounds and find complementary 
treatments. 

The use of medicinal plants for the treatment of diseases 
has been common since ancient times. With the prosperity 
of urban life and the increase in population, the 
consumption of medicinal plants has gradually decreased, 
and synthetic drugs have replaced them.1-3 

As medicinal plants are widely distributed in Iran, the 
study of these plants and their antimicrobial properties 
provides some scientific evidence for greater use of them. 
Additionally, this can reduce the use of chemical drugs and 
their side effects.1 

Thymol and carvacrol are the main compounds of 
essential oils in the mint family. These two compounds are 
chemically very similar, with only the position of the 
hydroxyl group differing between them. Thymol and 
carvacrol are highly effective antimicrobial components in 
essential oils. Their antimicrobial effect is due to their 
permeabilization of the cell membrane, which can bind to 
cations on the surface of the membrane and disrupt vital 
activities.1,5,7,9 

Carvacrol is an isomer of thymol. This substance is an 
edible plant extract that is insoluble in water but soluble in 
alcohol and ether. This substance is present in the 
structure of vegetable edible oils such as oregano oil, which 
are used as food seasonings.11 Carvacrol has a wide range 
of antimicrobial effects. The substance in question inhibits 
ATPase activity and increases the non-specific 
permeability of the bacterial cell membrane, not only 
inhibiting the microbial population but also rendering it 
susceptible and vulnerable to other antibacterial agents.1,12 

 

Objectives 
In this study, the effects of modified carvacrol on two 

important pathogens, Pseudomonas aeruginosa and 
Staphylococcus epidermidis, were investigated. 
 

Methods 
Investigating the antibacterial effect of modified 

carvacrol by disk diffusion method 
The antibacterial effect of modified carvacrol was 

investigated using the disk diffusion method. On sterile 
swabs, Pseudomonas aeruginosa and Staphylococcus 
epidermidis were cultured in Mueller-Hinton agar 
medium at half McFarland density. Sterile blank discs with 
a diameter of 6 mm and a concentration of 0.5 µg/ml were 
then impregnated and dried using sterile forceps. The discs 
were placed in Mueller-Hinton agar medium containing 
bacteria and incubated for 24 hours at 37 oc.13 
 

Determination of MIC of modified carvacrol essential 
oil by broth microdilution method 

To determine the MIC, 2 mL of Mueller-Hinton broth 
was added to 10 tubes. Concentrations of 32, 16, 8, 4, 2, 1, 
0.5, and 0.25 micrograms of modified carvacrol were 
added to each tube, and the final concentration of bacteria 
in each tube was 1 x 106 CFU/mL. The ninth and tenth 
tubes were positive and negative controls, respectively. 
The tubes were incubated for 24 hours at 37°C, and the 
first concentration that inhibited bacterial growth was 
considered the MIC.13 
 
Results 

Disk diffusion test with modified carvacrol 
Carvacrol's antibiotic property was confirmed using 

blank discs impregnated with 20 µg of modified Carvacrol, 
and the growth inhibition zone for each bacterial species 
was recorded [Figure 1] [Figure 2]. 
 

MIC determination of modified carvacrol against 
pathogens 

The MIC for Staphylococcus epidermidis was 0.5 μg/mL 
and for Pseudomonas aeruginosa was 1 μg/mL. The growth 
inhibition zone for Staphylococcus epidermidis was 
reported to be 25 mm, and for Pseudomonas aeruginosa, it 
was 20 mm [Figure 3]. 
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Figure 1. The diffusion disc containing modified carvacol 

demonstrates inhibitory properties against Staphylococcus 
epidermidis (25 mm) 

 

 
Figure 2. The diffusion disc with modified carvacol shows 

that it has inhibitory properties against Pseudomonas 
aeruginosa (20 mm) 

 

 
Figure 3. MIC results of modified carvacol against Staphylococcus epidermidis (0.5 µg/ml) and Pseudomonas aeruginosa (1 µg/ml) 

 

Discussion 
Carvacrol is one of the most effective compounds of 

Satureja khuzestanica. Carvacrol has antimicrobial and 
anti-aging properties. In this research, a modified form of 
carvacrol that is fused with a peptide was used for this 
purpose.1  

The investigation revealed that the modified carvacrol 
possesses antibacterial properties against both gram-
positive and gram-negative bacteria. Staphylococcus 
epidermidis, a gram-positive coccus and a natural 
inhabitant of the skin, plays a significant role in various 
infections such as wounds, surgical sites, the urinary tract, 
and meningitis. Additionally, it contributes to the 
occurrence of infections in prosthetic devices. Hence, it is 
crucial to diminish or eradicate this microorganism from 
the skin surface before and after medical procedures. On 
the other hand, Pseudomonas aeruginosa, a gram-negative 
bacillus, exhibits high resistance to antibiotics and is a 
prevalent cause of wound and burn infections. This 
bacterium can cause infections in the skin, meninges, 
lungs, urinary tract, and ears. Consequently, it is 
imperative to explore complementary medicinal 

approaches to prevent, treat, and mitigate antibiotic 
resistance against this bacterium.1,4  

Carvacrol is a monoterpenoid phenol used as a flavoring 
agent and intermediate in the production of drugs, 
fungicides, insecticides, and germicides. Supercritical fluid 
extraction (SFE) of plant essential oils and isopropylation 
of o-cresol with propylene over activated alumina at 633 K 
and 50 bars are the two main methods of carvacrol 
production. The antimicrobial effect of carvacrol and 
thymol is due to their capacity to permeate the cell 
membrane and bind to the cations on the surface of the 
pathogen's membrane, disrupting their critical functions. 
Moreover, it exhibits antimicrobial properties through its 
interaction with the membrane of microorganisms, 
resulting in alterations in the permeability of certain 
compounds like potassium and hydrogen. Within the 
culture medium, the inclusion of thyme and Satureja 
essential oils, along with carvacrol and thymol substances, 
restricts bacterial proliferation by 6.5, 7, and 6 mm, 
respectively.1-3 

Nakamura et al., investigated thyme, its derivatives, and 
the combination of carvacrol and the anti-tuberculosis 
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drug rifampicin. It was found that the combination of 
carvacrol and rifampicin has a synergistic effect against 
tuberculosis. Therefore, it can be concluded that carvacrol 
is a substance with anti-tuberculosis activity that has a 
synergistic effect when combined with rifampicin.14 In 
research conducted by Ultee et al., carvacrol has been 
shown to have both bactericidal and bacteriostatic 
properties.15 Amiri et al., investigated the antibacterial 
effect of Satureja khusestanica essential oil on respiratory 
tract infectious bacteria. The results demonstrated that the 
essential oil had a significant antibacterial effect on these 
bacteria.16 In another study, the antimicrobial activities of 
Satureja khuzestanica against Candida albicans, E. coli, 
Staphylococcus epidermidis, and Bacillus cereus were 
investigated using two methods: disk diffusion and 
microbroth dilution. The highest activity was observed 
against Candida albicans, and the lowest was observed 
against Staphylococcus epidermidis and E. coli, with a MIC 
of 0.1-0.19 µg/ml.17 In the research of Moradi et al., the 
antibacterial properties of Satureja khuzestanica were 
compared with antibiotic discs, and it was shown that the 
zone of growth inhibition in Pseudomonas aeruginosa 
varied from 23 mm to 26 mm.7 In the research of Esmaeili 
et al., the inhibitory effect of Satureja khuzestanica against 
Pseudomonas aeruginosa was investigated. The MIC 
concentration of Satureja khuzestanica essential oil 
showed gene inhibition activity.6 

In this context, researchers found that carvacrol, 
cinnamaldehyde, and thymol had the most potent 
antibacterial action against Staphylococcus aureus and 
Escherichia coli, which is accomplished via modifying 
membrane permeability. In the present study, it was also 
found that the modified carvacrol has an inhibitory effect 
against Pseudomonas aeruginosa and Staphylococcus 
epidermidis.  
 
Conclusions 

The findings demonstrated that new compounds with 
enhanced antibacterial properties can be synthesized by 
modifying carvacrol. Peptide-modified carvacrol 
exhibited antibacterial activity against both gram-positive 
and gram-negative bacteria.  
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