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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 4.
Sodium sulfate anhydrate was used to dehydrate the distilled EO, which was then
kept at 4°C 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-SMS capillary column
(30 m x 0.25 mm, in thickness 0.25 um). The oven temperature varied from 40°C to
250°C with a scanning rate of 3°C/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 e} at
an ion source temperature of 250°C. The diluted samples of EO (1/100, v/v in HPLC
methanol) of 1 4L 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-5SMS column. For RRI
calculation, a mixture of homologues series of n-alkanes (Co—Cjs) 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 dh5a-pUCI18,
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 ug/mlL), ampicillin (50 ug/mlL)) was used as a positive control.
Plates were incubated for 24 & at 37°C, 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 #-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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Table 1
Chemical composition of M. arvensis L. EO
No Retention time, min Component name %
1 11.61 B-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 a-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 B-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
Table 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 DH5a-pUC18 16.6+6.2 13.6+4.0 8.0+0.01 7.0+0.01
E. coli pARG-25 21.6x1.5 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 8.60.5 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



234 CHEMICAL COMPOSITION AND ANTIBACTERIAL ACTIVITY OF ESSENTIAL OIL OF ...

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/mlL 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.

E.coli Kah+

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; ¢ —
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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<Usudusuuvh LUrQALLEALUSHL SLNAMUSPS <UJULJIUD
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Utinuynidu Juplinp £ pugwhuwynt] piwjut hwljupwiljuntinphuyght Thw-
gnipgniblitinh hiupunp dnp winpnipbiipp, puuntphwitipnid hwjuphnnhy-
Juynibinipyubt abunpiwd Wkhawbhqdtitipp b hwuphnnhyatph Gjuundudp
dwbiptibiph unmbnpui pinph hwnpwhwupdwd  hbwpuyynp  nnhibpp:
Wuwhuny, dWkp duyuwmwli tp nuunidbwuppty <ugwunwbh pupéaptinbught
ubtnwdpmbtipnid Ynumhyugynn Mentha arvensis fununwpnijuhg unwgyuid
tiptipuymninh phiphujubd juqip b hwjupujutiphuwght wjumhyni pynibn:

Muipqytig, np dhlipn)p Juqunid L M. arvensis pniyjup tiptipuyninh punu-
nnhsttiph qguh dwup® hwubdting dnnwynpuytiu 70%-h: Qrunidbwuhpgud
tptipuyninp pupdp hwljudwbpbuwyhtt wmhynipinih £ gniguptipty dh pupp
gnui-npuijub b gpui-puguujubll puljmtinphwbbph pnudtph auniudp:
Uwubwynpuytiv, wyt hwjuuwpuwbtu bty & Escherichia coli htywtiu quyph
whwh, wbwtu b juiudhght-juynih ynwdttiph wap, huy duqugnyh
wpghjuynn  Ynbghbnpughwtt  ponp thnpdwplwd - dhipnopquithqutiph
tuundiudp Yuqut £ 0,18 dg/dy: Wyuwhuny, M. arvensis Gptipngninp Juptih £
Uhpwnt] ubtinh b Ynudtimhuyh wprynibwptpnipniimd” npujtu phwjui
pnipwytinhy e Ynbubipjubn:

C. K. TAJEBOCSH, A. A. IIIMPBAHAH, A. A. MAPKOCSIH,
M. T. IIETPOCSH, H.X. CAAKSH

XUMMHYECKUIT COCTAB U AHTUBAKTEPUAJIBHASI AKTUBHOCTD
OPUPHOI'O MACJIA MENTHA ARVENSIS L., COBPAHHOI'O M3
BBICOKOI'OPHOU ®JIOPBI APMEHNU

B HacTos1ee Bpems akTyalIbHO BBISIBICHHE BO3MOXKHBIX HOBBIX HCTOUYHUKOB
HPUPOAHBIX AHTUOAKTEPUAIBHBIX COEIMHEHUH, MEXaHU3MOB (POPMHUPOBAHUS AHTH-
OMOTHUKOPE3UCTEHTHOCTH Y OaKTepHii 1 BOZMOXKHBIX ITyTEeH MPEOJ0TEHISI TTIPOOIEMBI
MUKPOOHOI pEe3UCTEHTHOCTH K aHTHOMOTHKaM. L{enbio Hamiero uccienoBanus ObLIO
U3yYeHHE XHMHYECKOTO COCTaBa W AHTUOAKTEPUAIBHOW aKTHBHOCTU 3(HPHOTO
macna (OM), BBIIENIEHHOTO W3 TpaBbl Mentha arvensis, cOOpaHHOI Ha BBICOKO-
rOpHBIX JIaHAmadTax ApMeHHH.

bb110 06HApY’KEHO, YTO MEHTOJI COCTABIISIET 3HAYUTEIIbHYIO YacTh KOMIIOHEH-
ToB OM M. arvensis, nocturas npumepHo 70%. Hccnemyemoe DM mposiBiisiio
BBICOKYIO TIPOTUBOMHUKPOOHYIO aKTUBHOCTH B OTHOILLIEHUH PsJia TPAMIIOI0KUTEIb-
HBIX M TPaMOTPUIIATENbHBIX TaMMOB OakTepuil. Tak OM onMHAKOBO MOJABISIIO
POCT KaK JUKOTO THUIA, TAK U PE3UCTCHTHBIX K KAHAMHUIIMHY IITaMMOB Escherichia
coli, a MUHMMAaNbHas! THTUOUPYIOIIas KOHLIEHTPALKs B OTHOILIEHUH BCEX TECTHPYe-
MBIX MUKpoopranm3mMoB coctasmia 0,18 me/un. CnemnoBatensHo, OM M. arvensis
TOJHO Al NPUMEHEHHsS B MHUIIEBOM M KOCMETHYECKOW MPOMBIIUIEHHOCTH B
KayecTBe HAaTypaJbHOTO apOMaTU3aTopa U KOHCEPBAHTA.



