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ABSTRACT

Pennyroyal or Mentha pulegium L. is a species ft@miaceae family which is extremely rich in aroro@ssence.
Thanks to its medicinal properties, this speciessed for various purposes. In the present workhase carried
out a study on chemical composition and evaluatibantimicrobial activity and antifungal activityf @s essential
oil. To achieve this aim, essential oil was firstracted by hydrodistillation from bloomy tops oéiMha pulegium
L. harvested in the wild during the month of JuBA2 in M'rirt. This extraction yielded about 5.20t25% of
essential oils (EOs). Then, EO was analyzed bychasmatography coupled with mass spectrometry (G&)-M
Results of this analysis showed that it contairs tvajor compounds: the first one is " pulegone” &mel second is
“piperitenone”. Both, these molecules represenid86 of the whole identified compounds. Antibactex@ivity of
this EO was assessed against four bacterial stréypslisc-diffusion method on agar medium and makrton
method in liquid medium. Results showed that EQMeftha pulegium L. has a very significant antilesiet
activity in a liquid medium towards Escherichla icahd Staphylococcus aureus with respectively d/dhl and
2.8/ml as minimal inhibitory concentrations. Evaluati of antifungal activity revealed that this essanoil is
able inhibit mycelial growth as well as sporulatiohthe three fungal species tested (AspergillusPgnicillium sp.
and Rhizopus sp.) at low concentrations. In cosioly, essential oil of pennyroyal was very actingeed, it was
endowed with a relatively interesting antibactergativity and an excellent inhibitory potency oncelial growth
and sporulation of the tested fungi. Inhibitoryeeffof this essential oil suggests prospects ofigatjon in the field
of foodstuffs conservation.

Keywords: Mentha pulegiumessential oil, antibacterial activity, antifungativity.

INTRODUCTION

Therapeutic use of extraordinary virtues of meditend aromatic plants (MAP) to treat human disseésa very
old habit which evolves with mankind history. Itshiaeen now recognized that MAP constitute an ingmbrsource
of bioactive molecules. Many researches had prakatiplants contain a wide variety of bioactive emiles that
belong to different chemical classes. These bivadigents characterized by very different physical chemical
properties [1] are endowed with a wide variety afldgical activities. Despite evolution of scienabyersity of
these natural molecules that are not essentidbtapviability remains a puzzle for researcher® wbep trying to
decipher their role in nature.

Recently, emergence of antibiotic-resistant baatbas dramatically increased. Thus, to controleh@ganisms,
research for natural substances is of paramourdgriapce [2].
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Mentha genus gathers a group of aromatic and nmedliplants from Lamiaceae family. This genus cdasi$ 20
worldwide-spread species includiMentha pulegiunt.

Mentha pulegiunt.. which is originated from Asia, Middle East, Epmand North Africa [3], is found everywhere
in Morocco and especially in humid places [4]. Tpiant is known by its english vernacular name ‘fBeayal’
and arabic vernacular name ‘Fliyou‘. It is one bé tmain medicinal and aromatic plants used and etedkin
Morocco in a form of essential oil whose productfarctuates significantly from year to year [5] @arding to
several studies that have been condudishtha pulegiunt. is used to treat colds, sore throats, coughndiriis,
lung infections and all kinds of cold. It is also excellent digestive agent [6, 4, 7]. Dried leawéshis species
rolled into cigarettes are smoked to relieve astfBharhe species has analgesic, antibacterialaatifungal effects
due to its essential oil [9]. In addition, we hak®wn in our former work insecticidal power of BOrh this species
against Sitophilus oryzae (L.) [10].

This work is then proposed to study antibacteridWlentha pulegiunt..’s essential oil towards four bacterial strains
that cause a major problem in hospitals. Antifuraglvity of three molds responsible for rot of gwsvest apples
is also studied.

EXPERIMENTAL SECTION

2.1. Plant Material

Plant material consists of flowering topsMéntha pulegiunt.. that had been harvested in M'rirt (Middle Atlas)
the month of July 2014. Aerial parts in bloom wdreged at room temperature as they were shelteed funlight
and humidity.

The species has been identified in the laboratérigotany and plant ecology at the Scientific Ingét of Rabat
(Morocco) by Professor M. IBN TATOU.

2.2. Extraction of essential oils

Extractions of essential oils were conducted by rbgitillation using a Clevenger-type apparatus.eseh
extractions were repeated three times to confirnyibld obtained by the used mode. Essential oilected at the
end of distillations were quantified (in ml per 306f dry plant) and then introduced into dark lesttthat were
tightly closed to preserve EOs from heat and lj@{. Bottles were then kept in a refrigerator &G4

2.3. Analyses and identification of EOs chemicahposition

Chromatographic analysis of EOs from aerial paitslentha pulegiunt was performed using a Thermo Electron-
type gas chromatograph (Trace GC Ultra) coupledh witThermo Electron-type mass spectrometer (TraBe M
system, Thermo Electron: Trace GC Ultra, Polari®®). Fragmentation was performed by electron imactO
eV. Chromatograph is equipped with a DB-5 columt (Bhenyl-methyl-siloxane) (30m x 0.25mm x Q&b film
thickness), a flame ionization detector (FID) siggblby a gas mixture composed of &hd Air (H/Air). Column
temperature is programmed to raise from 50 to 2@ fdr 5 min at 4 °C / min. Injection mode was siileak
report: 1/70, flow ml / min). Nitrogen was usedaasarrier gas at a flow rate of 1ml / min.

Identification of chemical composition dflentha pulegiunmi.’s EO was performed based on the comparison of
their Kovats indices with those of standards conmgisu mentioned in literature [12, 13]. This task was
supplemented by a comparison of indices and masstrapwith different references [13]. Kovats indic@mpare
retention time of a compound with retention timeadinear alkane formed with the same carbon nunifiegy are
determined by injecting a mixture of alkanes (stadd3-C,0) in the same operating conditions.

2.4. Evaluation of antimicrobial activity

2.4.1 Microorganisms

Microbial strains are composed of:

v" Four bacterial strains:

Gram- bacteria: Escherichia coli (E. coli), Pseudnas aeruginosa (P. aeruginosa) and Klebsiellarpoeiae (K.
pneumoniae).

Gram+ bacterium: Staphylococcus aureus(S. aureus).

They come from the university hospital Hassan IFet and were stored at 4 °C until use in testddostaining
Mueller Hinton agar medium.
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v" Three fungal strains: Rhizopus sp., Penicilliumasm Aspergillus sp.

These three fungal strains were chosen because aoinsiderable damage that they cause to stopdsahese
strains are collected from rotten apples purchaséide market. Strains are regularly maintainec onttrient PDA
medium (Potato Dextrose Agar), and then storedjar at 4 °C.

2.4. 2. Antibacterial process

2.4.2.1. Test of effectiveness

These tests were performed in vitro using 90 mmmi Flethes and disc-diffusion method on Mueller-ldimtagar
[14]. To determine inhibition zone diameters, dis€6 mm-diameter Whatman paper N°1 were cut aedliged
and then gently layered on the surface of inocdla#HA medium. Discs were then soaked withl f EO.
Inhibition diameters were measured around the diitar incubation at 37 °C for 24 hours. Each tea$ wepeated
three times to minimize experimental error. Anttlmodiscs used for disc-diffusion tests are amdiiiciand
imipenem.

2.4.2.2. Antibacterial tests: macrodilution in ligumedium

Macrodilution method in liquid medium was used tetedtmine minimum inhibitory concentrations (MIC)dan
minimum bactericidal concentrations (MBC) of esgdnbil [15]. An amount of essential oil was added
dimethylsulfoxide solution (DMSO) with 30/70 rat{g&O/DMSO: v/v). Then the whole solution was waved &
sufficient period of time to obtain a homogeneauisition, called mother solution: "S".

From this stock solution “S”, specific volumes wea&en in order to have the following final congatibns: 0.18;
0.35; 0.70; 1.40; 2.80; 5.60; 11.20; 22.40 and @4.8/ml). Volumes from stock solution were aseglicadded, in
a series of test tubes containing each an inibddme in ml of Mueller Hinton sterile broth. Thehg set of tubes
containing each 3.96 ml of the mixture “broth + E@/re inoculated with 40 pl of a standardized inom of 16
CFU/ml. The final volume of the solution in eaclbéuwwas equal to 4 ml. This inoculum was a suspar@iepared
in a sterile saline solution (0.9% NaCl). After uhation for 18 to 24 hours at 37 °C, MICs of EOsewdetermined.
MIC corresponds to concentration of the first tubavhich there is no growth of the tested germblesiwith the
naked eye. Then, in order to determine MBC, Mudilarton agar (MHA) plates were inoculated with j0Dof
tubes content whose concentrations are superiequaal to MIC. MBC is the lowest concentration thaimpletely
inhibits bacterial growth in 24 hours. Moreover, RBAIC ratio of each bacterial strain was calculatechssess
antibacterial power of this EO.

2.4.3. Evaluation of antifungal activity

2.4.3.1. Preparation of EOs dilutions

Antifungal screening is carried out using direchte@t method described by Remmal et al. [16] andaSaet al.
[17].

A 0.2% agar solution in distilled water was stegll at 120 °C for 15 min. An amount of essentidlvas
aseptically added to this agar solution that pr@matontact between strains and compounds at V) r@tio
(EO/agar 0.2%). After that, the whole solution was/ed for enough time to disperse essential oilpmmds in the
agar solution. Dilutions were prepared from thituson to obtain the following range: 1/10, 1/255Q, 1/100,
1/200, 1/300 and 1/500 in agar solution.

Then, a volume of 1.5 ml from each dilution waspdisally added in test tubes containing each 13.6fraterilized
(and hot) PDA medium to obtain the following firdncentrations of essential oil: 1/100, 1/250, @/50Y1000,
1/2000, 1/3000 and 1/5000 (v / v) in PDA mediumadbefcooling. Then, we have properly waved tubesrgef
pouring their content into 90 mm-Petri dishes folidification. Controls, containing culture mediuand agar
solution alone at 0.2% are also prepared.

2.4.3.2. Incoculation

After solidification of PDA medium with increasirgpncentrations of essential oil, wells were dughia center of
the Petri dishes. Then, ten microliters (i0from a suspension prepared with spores of selanfungal culture
were added in wells. The whole was incubated &t@% an incubator for seven days except Rhizopusvhiose
hyphae reached the edge of the control box in ttiegs. All tests were repeated three times.

2.4.3.3. Evaluation of mycelial growth
Mycelial growth was monitored by measuring colomgngeter along two perpendicular lines. Inhibiticergentage
of mycelial growth is calculated by the followingrinula:

Dt-De
Dt

Inhibition percentagél%) = X 100
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Dt: Diametrical growth of the control
De: Diametrical growth of the fungus in presencea gfecise concentration (c) of EO.

2.4.3.4. Evaluation of sporulation

To assess sporulation, a 1.3 mm-diameter piecgkentfrom a ten-day culture which was used to assggelial
growth. This piece is placed in 20 ml of sterilstillied water and stirred a few minutes to relesperes. Spores’
counting is carried out using Malassez’s cell afdchunts were carried out per suspension. Onlynstrahich
induce lesions with diameter greater or equal tm hte considered pathogenic, the other strainsedeased and
their sporulation potential is not considered.

Sporulation is expressed as the number of sporesupkace unit (spores/én For each treatment, three repetitions
were performed.

Inhibition percentage of sporulation in comparigorthe control is calculated according to the feileg formula:

Nt—Nf
(Is%) = == x 100

Nt: Estimated number of conidia in the control.
Nf: Estimated number of conidia in the presencE©f

RESULTS AND DISCUSSION

3.1. Extraction yield and chemical composition afritha pulegium L.’s EO

Average yield of EOs extracted froklentha pulegiuni. (harvested in July 2014) is around 5.2%. Thild/iis
expressed in milliliters for 100g of dry matter.iJlyield is higher than EOs extracted from the sapecies
collected in November 2012 in Lavras, Brazil (2.54%8] and the species harvested in August 201Rdguiba,
El-Oued in Algeria south-east (2.34%) [19]. Complate the yield of pennyroyal harvested in Moroccamth
(1.9%) [20] and the one obtained by Boughdad et2&l11 [21] the yield obtained in our study is alggher .
Variation observed concerning yield may dependamagical, genetic and environmental factors.

Results of Gas chromatography coupled with masstispaetry of EO are shown ifable 1 Separation technique
based on GC-MS in combination with Kovats’s Indadlowed us to identify 12 chemical structures eglént to
99.787% of EQ’s compounds.

Table 1: Chemical composition of essential oil obtaed from flowering parts of Mentha pulegium L

Monoterpenes Sesquiterpenes

Hydrocarbon (0 ,27%) O()é)éggg%e d Hydrocarbon (0,06%) O?g%%’gj)‘;ed
1,8- cinéole (0,10%)
Menth-2-en-1-ol (trans-p-) (0,28%)
Chrysanthenol(Cis) (0,80%)
a-pinéne (0, 14%) a —Terpinéol (0,10%)
B-pinéne (0, 13%) Trans-pulegol (0,06%)

Pulegone (71,97%)

Thymol (0,04%)

Piperitenone (26,04%)
Total 99,66% 0.12%

o -Guaiene (0,06%) Himachal-4-enftel (11-a H-) (0,06%)

These results indicate that essential oilM#ntha pulegiumi. is mostly composed of monoterpenes (99.66%);
abundance of oxygenated monoterpenes (99.39%) ikethaby high percentages of pulegone (71.97%) and
piperitenone (26.04%). Hydrocarbon monoterpenes7) in particular and sesquiterpenes (0.12%) iregs are
both in the minority in this essence. Essentialobithe same speci@dentha pulegiunk, analyzed by Silva et al.
[18], is characterized by high percentages of puteg(50.01%), menthol (31.90%) and menthone (16)56%
Ouakouak et al. [19] found that the species is dateid by pulegone (46.31%), piperitenone (23.3%)raanthone

(6, 2%). We note that menthone is totally absemunEO sample.

Moreover, Derwich et al. [22] highlighted other oh@types whose major compounds were piperitone §85)5nd
piperitenone (21.18%). A low level of pulegone @4#) was found in these researches.

Generally, difference in chemical composition cfeattial oils depends on several factors, sucheaspgbcies and its
genetic material, the origin, phenological stageé amvironmental influences [23, 24, 25].
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Figure 1: Chromatogram of Mentha pulegium L.’s EO

3.2. Antibacterial activity of the essential oil

3.2.1. Disc-diffusion method on agar

During our investigations, antimicrobial activityaa evaluated using two methods: Disc-diffusion meétbn agar
and dilution method in liquid medium. These methegse used to demonstrate inhibitory power of mseatial oil
sample towards selected bacteria after 24 hourghaibation at a suitable temperature of 37 Table 2

summarizes results of disc- diffusion method tests.

Table 2: Diameters of inhibition zones of four patbgenic strains by diffusion method on Mueller-Hintan Agar (MHA) after 24 hours of
incubation at 37 °C

Diameter of inhibition zone in mm

Bacterial strains M. pulegium’'s EO  Imipenem  Amoxicillin

E. coli 18,00+0,40 26,00+0,00  6,00+0,00
P. aeruginosa 12,7043,10 25,00+0,00  6,00+0,00
S. aureus 10,00+0,33 61,00+1,00 19,50+0,50
K. pneumoniae 10,00+0,50 28,00+1,00  6,00+0,00

With disc-diffusion method, results demonstratet thannyroyal's essential oil is endowed with a tietdy
interesting antibacterial activity, despite the Broancentration used (), against the tested strains. Comparison of
inhibition diameters due to essential oil and thoBantibiotics (amoxicillin and imipenem) showstfessential oil
caused inhibition zones smaller than imipenem. H@awnanhibition zones of essential oil are supetioamoxicillin
inhibition zones except for S. aureus. The latts b very noticeable susceptibility towards amdidcivith an
inhibition area around 19.50 + 0.5 mm. this diamétegreater than inhibition zone caused by esakaitii which is
about 10.00 + 0.5 mm.

E. coli strain was very susceptible to this ess¢oil with an inhibition zone around 18.00 + 0&n, it is followed
by P. aeruginosa strain which was characterizedrbinhibition zone of 12.70 £ 3.10 mm. For bactestaains: S.
aureus and K. pneumoniae, inhibition zones gemgrageessential oil are the same (10.00 + 0.50 mimpur
conditions, these bacterial strains seem to benthe resistant ones to Mentha pulegium’s EO.

As a conclusion, all tested bacterial strains d@ghlir susceptible to imipenem, they are susceptibléentha
pulegium’s EO and very resistant to amoxicillin kexting S. aureus.

3.2.2. Dilution method in liquid medium

Results related to minimal inhibitory concentraidiMIC) determination, summarized Trable 3, show that MIC
values vary according to the tested strain.
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Table 3: Minimum Inhibitory Concentrations (MIC) a nd Minimum Bactericidal Concentrations (MBC) of pulegium Mentha L.’s EO (in
ul/ml)

Mentha pulegiunt..
MIC MBC  MBC/MIC

Bacterial strains

E. coli 1.40 2.80 2
P. aeruginosa 11.20 >44.80

S. aureus 2.80 5.60 2
K. pneumoniae  5.60 11.20 2

In view of the obtained results, it seems that EQMientha pulegiuni. acts differently according to the tested
strain. Minimum inhibitory concentrations (MIC) tawds bacterial strains are between 1.40 and 11/20. k. coli
was the most susceptible strain with the lowest MiLie (1.40 pl/ml). Bacterial strains P. aerugmdS. aureus
and K. pneumoniae, were inhibited respectivelyhsy following concentrations: 11.20 ul/ml, 2.80 plénd 11.20
pl/ml.

Using two methods, we find that there is coherelpesveen essential oil MIC values and inhibitionnaéders
except for P. aeruginosa strain. This strain setmise more resistant in liquid medium than in agsdium
comparatively to the other tested strains. ConogriMBC/MIC ratio, we found that it is equal to 2rfB. coli, S.
aureus and K. pneumoniae. According to Berche.4R8], this value allows us to affirm that pennyabessential
oil exerts a bactericidal effect. The substancstils considered bactericidal when the value of MBICC ratio is
less or equal to 4, while for a ratio value gre#tan 4, the substance is known as a bacteriostagic

This antimicrobial activity ofMentha pulegiumL.’s essential oil can only be explained by its ggdne-rich
(71.97%) and piperitenone-rich (26.04%) chemicalfi. However, minor compounds may interact digectr a
synergistically or in an antagonistic manner toatgea mixture endowed with a biological activitpdéed,
Vincenzo De Feo et al. [27] attributed antibacleaiad antiviral activity of Minthostachys verticlia’s essential olil
to the presence of pulegone whose rate was abo8%3But, in any case, it is necessary to take auoount
integrity of EO constituents [28].

3.3. Antifungal activity of Mentha pulegium L.’s EO

Antifungal potency oMentha pulegiunt..’s EO was investigated against three fungi (Rpimosp., Aspergillus sp.
and Penicillium sp.) that cause rot in post-hareggties. Average inhibition percentages of growtt sporulation
are shown irmable 4.

According to Koba et a[29], inhibitory power of essential oils towardsnécrobial strain is classified as follows:
* Excellent inhibitory power for: MIC <50 pl/ml;

« Interesting inhibitory power for: 50 pl/ml <MIC280 pl/ml;

* Low inhibitory power: 250 pl/ml <MIC <500 pl/ml;

* Poor or no inhibitory power for: CMI> 500 pl/ml

Table 4: Average percentages of growth inhibition% Ic) and sporulation inhibition (% Is) of Rhizopus sp., Penicillium sp. and
Aspergillus sp. according to concentrations o entha pulegium L.’'s EO

Lo \ Rhizopus sp. Aspergillus sp. Penicilium sp.
EO concentration in (V/V) %c % s %c % 1S AT %S
1/100 100+£0,00 10@0,00 10@0,00 10@:0,00 100,00 106:0,00
1/250 100+£0,00 10@0,00 10@0,00 10@:0,00 10@0,00 106:0,00
1/500 100+£0,00 10@0,00 10@0,00 10@:0,00 10@0,00 106:0,00
1/1000 100+£0,00 10@0,00 10@0,00 10@:0,00 10@0,00 106:0,00
1/2000 100+£0,00  79,633,32 90,238.82 87,2%#9,77 91,0#11,90 74,885,84
1/3000 100+0,00 54,048,33 72,739,49 57,469,79 56,047,88 68,4@8,47
1/5000 79,441,85 22,122,44 355%5,24 46,527,68 37,682,550 30,962,32
0 (témoin) 0,00 0,00 0,00 0,00 0,00 0,00

From the results ofrable 4, we clearly observe that essential oil M&ntha pulegium_. exerted a significant
inhibitory activity towards the three tested funghus, Rhizopus sp. was the most susceptible; stinlaibited at a
minimum concentration of 1/3000 v/v with a inhibiti percentage that reach 100%. Sporulation offtimgal strain
was inhibited in 10 days at 1/1000 v/v. Aspergilfyss and Penicillium sp. showed a certain resigtdawards the
oil until 1/1000 v/v concentration that was suféiot to completely stop their mycelial growth andittsporulation.
Based on the observed MIC and classification ofd&ebal. [29], essential oil of aerial partsMéntha pulegiunt.
has an excellent inhibitory power against the te$tengal strains. This antifungal potency of essémtl can be
attributed to its chemical composition. Indeedstiplant is dominated by ketonic molecules (pulegane
piperitenone) that are more active against mictagants thanks to the presence of the oxygen EB0on81, 32].
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CONCLUSION

During this work, chemical composition, antibacéand antifungal activity oflentha pulegiuni.’s essential oil
from M'rirt (Middle Atlas) were studied. Pulegonedapiperitenone are the major compounds of thisamihple with
71.97% and 26.04% respectively.

All studied microorganisms have undergone a grdwiibition by contact with essential oil on agardienm. This

essential oil possesses an excellent inhibitorgmmt on mycelial growth and sporulation of the ¢hrested fungal
strains. This study has also highlighted a rel&tilggh antimicrobial activity oMentha pulegiunt.’s oil essential
against all bacterial strains used. In conclusibis, work shows that this plant has a low antintéab activity on

agar medium compared to imipenem (antibiotic).dditon, results of antibacterial activity of EOliquid medium

are different depending on the tested strains. IReslso show that this species possesses a lwadtdactivity.

Nevertheless, these in vitro methods are not endaiglonfirm antibacterial and antifungal activityy BOs. Thus,
further in vitro and in vivo tests are required.
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