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Currently it is relevant to reveal possible new sources of natural antibacterial 
components, the mechanisms of antibiotic resistance formation in bacteria, and the 
possible ways to overcome the problem of microbial resistance to antibiotics. Thus, 
our research aimed to study the chemical composition and antibacterial activity of 
the essential oil (EO) isolated from the herb Mentha arvensis harvested at high 
altitude Armenian landscape. 

Menthol constitutes a significant part of the EO components of the M. arvensis 
plant, reaching approximately 70%. The investigated EO showed high antimicrobial 
activity against several Gram-positive and Gram-negative bacterial strains. In 
particular, the EO equally suppressed the growth of both wild-type and kanamycin-
resistant strains of Escherichia coli and manifested the minimal inhibitory 
concentration against all tested microorganisms of 0.18 mg/mL. So, M. arvensis EO 
is relevant for application in the food and cosmetic industry as a natural aromatizer 
and preservative. 
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Introduction. Structurally and functionally diverse metabolites are 
substances of plant origin that are crucial for human activities as well as for the 
adaptation and survival of plants. These metabolic by-products serve a variety of 
roles in plant growth, development, and reaction to environmental conditions [1–4]. 
They exhibit a wide range of biological activities in different test systems, including 
antibacterial and antioxidant ones [5, 6]. 

Lamiaceae family plants are the most diverse and widespread in ethno-
medicine and are among the most thoroughly studied ones [7, 8]. They possess a 
broad spectrum of biological activity, including antibacterial and antioxidant, and 
are known for their application in traditional medicine in many countries, including 
Armenia [8–15]. 
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Mentha arvensis L. is an aromatic plant of the Lamiaceae family, widely  
growing in table fields, damp places, wood-clearings, fields, and pond sides. The 
main components of M. arvensis essential oil (EO) are menthol, isomenthone, 
neomenthyl acetate, menthone, and piperidone. According to some literature data, 
the concentration of menthol can rich 80%, and this plant’s EO considered extremely 
menthol rich. However, its concentration can vary depending on the growing 
conditions of the plant [9]. Due to its terpenoid-rich composition, this EO possesses 
a wide range of biological activities, including antibacterial activity [16, 17]. 

The main aim of this investigation was to study the possible effect of  
M. arvensis EO extracted from plants cultivated at the high-altitude Armenian 
landscape on some of the antibiotic-resistant Escherichia coli strains as well as to 
reveal some antimicrobial action mechanisms of menthol – the main component of 
the investigated EO. 

Materials and Methods. The plant material was harvested from the Kotayk 
Region of Armenia at 1650 m above sea level during the blossoming period (August 
2020). The plant samples were identified at the Institute of Botany, NAS of RA. 

Essential Oil extraction. EO has been hydro-distilled from the freshly 
harvested above-ground part of the plant using Clevenger-type apparatus for 3 h. 
Sodium sulfate anhydrate was used to dehydrate the distilled EO, which was then 
kept at 4℃ in opaque hermetic bottles for further testing [9]. 

Determination of EO Chemical Composition. The gas chromatography (GC) 
mass selective (MS) analysis of the EO was performed using a Hewlett-Packard 
5890 Series II gas chromatograph fitted with a fused silica HP-5MS capillary column 
(30 m × 0.25 mm, in thickness 0.25 μm). The oven temperature varied from 40℃ to 
250℃ with a scanning rate of 3℃/min. Helium (purity 5.6) was used as a carrier gas 
at a 1 mL/min flow rate. The GC was equipped with Hewlett-Packard 5972 Series 
MS detector. The MS operating parameters were an ionization voltage of 70 eV at 
an ion source temperature of 250℃. The diluted samples of EO (1/100, v/v in HPLC 
methanol) of 1 μL were injected manually. In order to avoid overloading the GC 
column, the EO were diluted 1:100 (v/v) in methanol to avoid overloading the GC 
column. The identification of peaks was tentatively carried out based on a library 
search using the National Institute of Standards and Technology (NIST)-2013. The 
Relative Retention Index (RRI) was calculated for the HP-5MS column. For RRI 
calculation, a mixture of homologues series of n-alkanes (C9–C18) was used under 
the same chromatographic conditions as for analysis of the EO [9]. 

Investigation of Antimicrobial Activity by Agar Diffusion Method. The anti-
bacterial activity of M. arvensis EO was determined by the agar diffusion method. 
Different Gram-positive and Gram-negative bacteria were used as test-organisms 
such as Escherichia coli BW 25113, ampicillin-resistant E. coli dh5α-pUC18, 
kanamycin-resistant E. coli pARG-25, Staphylococcus aureus WDC 5233, 
Salmonella typhimurium MDC 1754 (Microbial Depository Center, Armbio-
technology Scientific and Production Center, Armenia; laboratory control strain), 
Bacillus subtilis WT-A17 (isolated from metal-polluted soils of Kajaran Town, RA) 
and Enterococcus hirae ATCC 9790 [18, 19]. 

The test was performed using Mueller-Hinton agar and 0.18–1.4 mg/mL of 
EO. Ethanol (96%) was used as a negative control and the antibiotic solutions 
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(kanamycin (50 µg/mL), ampicillin (50 µg/mL)) was used as a positive control. 
Plates were incubated for 24 h at 37℃, then the antimicrobial activity of EO was 
evaluated by the growth inhibition zone diameter (mm) measurement. Data were 
expressed in minimal inhibitory concentrations (MIC) values. 

The selected pieces of nutrient medium from the zones of microorganism 
growth absence were transferred to the nutrient medium corresponding to each 
microorganism, then incubated for 2–3 days at the appropriate temperature to 
determine the bacteriostatic or bactericidal action of the oils.  

Chemicals, Reagents and Statistical Analysis. All applied chemicals and 
reagents were purchased from “Sigma-Aldrich Co. Ltd” (Germany). 

All data presented represent averaged results of 3 independent biological repli-
cates. The standard deviation of the data was determined according to the Student’s 
t-test, and it was less than 5%; p values were calculated by two-tail unpaired t-test 
using GraphPad Prism 8.0.3 data analyzing tool and p < 0.05 (if not indicated).  

Results and Discussion. EO isolated from M. arvensis is a mixture of volatile 
compounds. Manifestations of their biological activity are due to the phenolic 
compounds in their chemical composition, which may also be responsible for the 
smell characteristic of EO [9]. The hydro-distillation technique to obtain the EO 
resulted in a 0.1–0.5 % yield comparable to literature data [20].  

Our investigations have discovered that the EO of M. arvensis contains over 30 
terpenoid compounds, with monoterpenes being the most abundant in terms of 
quantity. These monoterpenes include menthol (comprising 69.75% of the oil), 
menthone (7.1%), isomenthone (7.13%), and neomenthyl acetate (7.05%) (Tab. 1). 

Moreover, according to our research results, this plant belongs to the menthol 
chemotype, as its content reaches almost 70%, and other compounds do not exceed 
8%. Other literature sources published in recent years document similar results.  
The studied literature documents up to 80% menthol content, depending on the 
research methods used, the place of growth of the plant, and the harvesting 
conditions [21, 22]. However, some other researchers document the absence of 
menthol in the M. arvensis EO, depending on the growing conditions of this plant 
and other influencing factors [23]. The chemical composition of the EO studied in 
this article shows a significant difference in the quantitative and qualitative 
composition of minor compounds compared to other literature sources [20, 24].  

The variability in chemical composition could be responsible for the 
differences in the biological activity of EO extracted from the same plant species 
growing in different environmental conditions [9, 25]. 

According to the literature data almost all of the identified compounds possess 
a strong antimicrobial activity against a range of various Gram-positive and Gram-
negative bacteria and other microorganisms, including those which are resistant to 
antibiotics [26]. 

Our investigations of the antibacterial activity of the M. arvensis EO using the 
disk-diffusion method gave the following result: all tested bacterial strains were 
susceptible to the M. arvensis EO extracted from plants growing at the high-altitude 
Armenian landscape. Moreover, Gram-negative antibiotic-resistant strains showed 
more expressed susceptibility against the high doses of investigated EO components 
(Fig. 1, Tab. 2). 
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T a b l e  1  

Chemical composition of M. arvensis L. EO 

No Retention time, min Component name % 
1 11.61 β-Pinene 0.08 
2 12.45 Isopulegol 0.34 
3 13.87 Limonene 0.38 
4 13.96 Eucalyptol 0.05 
5 16.62 Linalool oxide 0.03 
6 17.22 Linalool 0.15 
7 19.37 Isopulegol 0.98 
8 19.82 Isomenthone 7.13 
9 20.29 Menthone 7.1 
10 21.53 Menthol 69.75 
11 21.86 α-Terpeniol 0.48 
12 22.24 Cyclopentanone 0.1 
13 22.74 Hexanoic acid 0.08 
14 23.84 Pulegone 0.9 
15 24.54 Piperitone 2.1 
16 25.44 Menthyl acetate 0.1 
17 26.11 Cyclopentanone 0.05 
18 26.37 Neomenthyl acetate 7.05 
19 26.93 Isomenthyl acetate 0.12 
20 27.11 Isopulegol acetate 0.09 
21 29.09 Eugenol 0.21 
22 30.27 β-Bourbonene 0.32 
23 31.75 Caryophyllene 0.23 
24 34.33 Germacrene 0.15 
25 34.96 Bicyclogermacrene 0.16 
26 36.04 Cadinene 0.12 
27 37.62 Nerolidol 0.07 
28 32.21 Spathulenol 0.23 
  others 1.45 

T a b l e  2  

Growth inhibition zones of test-microorganisms under the influence of 
different concentrations of M. arvensis EO 

  Tested concentrations of M. arvensis EO, mg/mL 
Test-microorganisms 0.144 0.72 0.36 0.18 

 Bacterial growth inhibition zones, mm 
Salm. typhimurium MDC 1754 16.6±5.1 13.0±3.0 8.6±3.0 8.6±3.0 
E. coli BW25113 9.6±1.5 12.0±1.0 8.0±1.1 8.0±1.1 
E. coli DH5α-pUC18 16.6±6.2 13.6±4.0 8.0±0.01 7.0±0.01 
E. coli pARG-25 21.6±1.5 15.6±1.5 14.3±3.7 8.6±1.1 
St. aureus WDC 5233 12.0±1.0 10.5±1.5 11.0±1.5 7.0±1.0 
B. subtilis WT-A17 15.0±2.6 11.0±4.3 9.0±3.0 8.0±1.7 
E. hirae ATCC 9790 9.3±0.5 8.6±0.5 8.6±0.5 8.3±0.5 

 
The suppressing activity of the investigated EO against ampicillin- and 

kanamycin-resistant E. coli strains increases the research’s value. Various authors 
have similarly also mentioned such kind of activity of M. arvensis EO against 
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multidrug-resistant bacterial strains. Moreover, they mentioned that minimum inhibi-
tory concentration (MIC) and minimal bactericide concentration (MBC) values were 
the same and were ≥1 mg/mL for the E. coli strains used in the investigation [27, 28]. 
In our case, the MIC of EO against all tested microorganisms was 0.18 mg/mL. 

 
Fig. 1. Antibacterial activity of different concentrations of M. arvensis EO against different microbial 

test-microrganisms: 1 – 0.144 mg/mL; 2 – 0.72 mg/mL; 3 – 0.36 mg/mL; 4 – 0.18 mg/mL; c – 
negative control (the microbial strains are mentioned in figure). 

The action of oil evaluated to be bactericide in case of renewed growth of test-
microorganisms after the re-cultivation and the MBC value was equal to MIC value. 

Conclusion. Based on our investigation data, it was possible to conclude that 
essential oil extracted from M. arvensis cultivated at high altitude Armenian  
landscape is rich with menthol, with the overall concentrations of other minor 
components not exceeding 8%. The investigated EO possesses remarkable 
antibacterial activity against all tested bacteria, including antibiotic-resistant strains. 
Possibly, as is the case with other menthol-rich EOs, the odor and the antibacterial 
activity of investigated EO are due to the presence of this monoterpene component. 
The results obtained in this investigation allow us to recommend the M. arvensis EO 
for application in the food and cosmetic industry as a natural aromatizer and 
preservative. 
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Ս. Կ․ ԹԱԴԵՎՈՍՅԱՆ,  Ա. Հ․ ՇԻՐՎԱՆՅԱՆ,  Ա․ Ա․ ՄԱՐԿՈՍՅԱՆ,  
Մ․ Թ․ ՊԵՏՐՈՍՅԱՆ,  Ն․ Ժ․ ՍԱՀԱԿՅԱՆ 

ՀԱՅԱՍՏԱՆԻ  ԲԱՐՁՐԼԵՌՆԱՅԻՆ  ՖԼՈՐԱՅԻՑ  ՀԱՎԱՔՎԱԾ  
MENTHA  ARVENSIS L.-Ի  ԵԹԵՐԱՅՈՒՂԻ  ՔԻՄԻԱԿԱՆ  ԿԱԶՄԸ  

ԵՎ  ՀԱԿԱԲԱԿՏԵՐԻԱՅԻՆ  ԱԿՏԻՎՈՒԹՅՈՒՆԸ 

Ներկայումս կարևոր է բացահայտել բնական հակաբակտերիային միա-
ցությունների հնարավոր նոր աղբյուրները, բակտերիաներում հակաբիոտիկ-
կայունության ձևավորման մեխանիզմները և հակաբիոտիկների նկատմամբ 
մանրէների կայունության խնդրի հաղթահարման հնարավոր ուղիները: 
Այսպիսով, մեր նպատակն էր ուսումնասիրել Հայաստանի բարձրլեռնային 
լանդշաֆտներում կուլտիվացվող Mentha arvensis խոտաբույսից ստացված 
եթերայուղի քիմիական կազմը և հակաբակտերիային ակտիվությունը:  

Պարզվեց, որ մենթոլը կազմում է M. arvensis բույսի եթերայուղի բաղա-
դրիչների զգալի մասը՝ հասնելով մոտավորապես 70%-ի: Ուսումնասիրված 
եթերայուղը բարձր հակամանրէային ակտիվություն է ցուցաբերել մի շարք 
գրամ-դրական և գրամ-բացասական բակտերիաների շտամերի նկատմամբ։ 
Մասնավորապես, այն հավասարապես ճնշել է Escherichia coli ինչպես վայրի 
տիպի, այնպես էլ՝ կանամիցին-կայուն շտամների աճը, իսկ նվազագույն 
արգելակող կոնցենտրացիան բոլոր փորձարկված միկրոօրգանիզմների 
նկատմամբ կազմել է 0,18 մգ/մլ: Այսպիսով, M. arvensis եթերայուղը կարելի է 
կիրառել սննդի և կոսմետիկայի արդյունաբերությունում՝ որպես բնական 
բուրավետիչ և կոնսերվանտ։ 

С. К. ТАДЕВОСЯН,  А. А. ШИРВАНЯН,  А. А. МАРКОСЯН,  
М. Т. ПЕТРОСЯН,  Н. Ж. СААКЯН 

ХИМИЧЕСКИЙ  СОСТАВ  И  АНТИБАКТЕРИАЛЬНАЯ  АКТИВНОСТЬ 
ЭФИРНОГО  МАСЛА  MENTHA ARVENSIS L.,  СОБРАННОГО  ИЗ 

ВЫСОКОГОРНОЙ  ФЛОРЫ  АРМЕНИИ 

В настоящее время актуально выявление возможных новых источников 
природных антибактериальных соединений, механизмов формирования анти-
биотикорезистентности у бактерий и возможных путей преодоления проблемы 
микробной резистентности к антибиотикам. Целью нашего исследования было 
изучение химического состава и антибактериальной активности эфирного 
масла (ЭМ), выделенного из травы Mentha arvensis, собранной на высоко-
горных ландшафтах Армении. 

Было обнаружено, что ментол составляет значительную часть компонен-
тов ЭМ M. arvensis, достигая примерно 70%. Исследуемое ЭМ проявляло 
высокую противомикробную активность в отношении ряда грамположитель-
ных и грамотрицательных штаммов бактерий. Так ЭМ одинаково подавляло 
рост как дикого типа, так и резистентных к канамицину штаммов Escherichia 
coli, а минимальная ингибирующая концентрация в отношении всех тестируе-
мых микроорганизмов составила 0,18 мг/мл. Следовательно, ЭМ М. arvensis 
годно для применения в пищевой и косметической промышленности в 
качестве натурального ароматизатора и консерванта. 


