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Mentha pulegium L. (Yarpuz) Ekstrelerinin Fitokimyasal
icerigi, Antioksidan Kapasitesi ve Bazi Bitki Patojenlerine
Karsi in vitro Antimikrobiyal Etkisi

Phytochemical Composition, Antioxidant Capacity, and in vitro Antimicrobial Activity
of Mentha pulegium L. (Pennyroyal) Extracts Against Selected Plant Pathogens

Ozet

Amac: Bu ¢alismanin amaci, tarimsal Gretimde énemli kayiplara
neden olan fitopatojenik mikroorganizmalarin kontroliinde
Mentha pulegium L. (yarpuz) bitkisinin biyopestisit potansiyelini
arastirmaktir.  Secilmis bitki patojenlerine karsi in vitro
antimikrobiyal etkileri degerlendirilmis ve bu amaci desteklemek
Uzere ekstraktlarin toplamfenolikicerigiile antioksidan kapasiteleri
belirlenmistir.

Materyal ve Yontem: M. pulegium’un kurutulmus toprak Usti
kissmlari metanol ve hekzan ile ekstraksiyon islemine tabi
tutulmustur. Toplam fenolik icerigi ve antioksidan kapasitesi
sirasiyla Folin-Ciocalteu ydntemi ve DPPH radikal siipiirme
yontemi kullamilarak belirlenmisti. Numunenin fitokimyasal
profili GC-MS ile karakterize edilmistir. Antimikrobiyal aktivite, ¢
farkli konsantrasyonda disk difiizyon ydntemi ile test edilmistir .

Bulgular: Metanol ekstresinin toplam fenolik bilesik icerigi, 5 mg/
mL konsantrasyonda 1458 pg GAE/mL olarak él¢tlmdstir. Ayni
ekstrenin DPPH radikal temizleme aktivitesi konsantrasyonla
birlikte artmis ve en yiksek konsantrasyonda %86,31’e ulasmistir.
GC-MS analizi, ekstrelerde toplam 50 bilesik tanimlamistir; 6ne
cikan bilesikler arasinda dihidrokarvil asetat (%9,66), piperiton
(%4,84) ve p-menton (%3,5) bulunmaktadir. GC-MS analizi,
ekstrelerde toplam 50 bilesik tespit etmistir; 6ne ¢ikan bilesikler
arasinda dihidrokarvil asetat (%9,66), piperiton (%4,84), p-menton
(903,57), limonen (%3,43), dihidrokarveol (%3,34) ve mentol
(%3,18) bulunmaktadir. Antimikrobiyal testlerde, metanol ekstresi
C. michiganensis (20 mm) ve F. oxysporum (19 mm) Gzerinde
onemli bir etki gosterirken, hekzan ekstresi ayni kosullar altinda
daha duisiik bir inhibisyon zonu gostermistir. Her iki ekstre de
Pestalotiopsis sp. (yaklasik 10-12 mm) karsi benzer aktivite
seviyeleri gostermistir.

Sonug: M. pulegium ekstreleri yliksek fenolik icerige ve gigli
antioksidan kapasiteye sahiptir. Ozellikle, metanol ekstresinin hem
fungalhemdebakteriyelfitopatojenlerekarsionemliantimikrobiyal
aktivite gostermesi, M. pulegium bitkisinin cevre dostu bir
biyopestisit olarak kullanilma potansiyelini gdstermektedir.
Tarimda gorilen fitopatojenlere karsi M. pulegium’un ¢6ziicl bazli
ekstrelerinin incelenmesine dair bilgiler olduk¢a simirlidir. Mevcut
calisma bu boslugun doldurulmasina katki saglamakta ve bitkinin
potansiyel uygulamalarina yoénelik yeni veriler sunmaktadir.

Anahtar kelimeler: Mentha pulegium, fenolik icerik, antioksidan,
GC-MS, antimikrobiyal aktivite, biyopestisit
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Abstract

Objective: The aim of this study was to investigate the biopesticidal potential of Mentha pulegium L.
(pennyroyal) against phytopathogenic microorganisms that cause significant agricultural losses. Their
in vitro antimicrobial effects against selected plant pathogens were evaluated, and to support this aim,
the total phenolic content and antioxidant capacity of the extracts were determined.

Materials and Methods: The dried aerial parts of M. pulegium were extracted with methanol and hexane.
The total phenolic content and antioxidant capacity were determined using the Folin-Ciocalteu method
and the DPPH radical scavenging method, respectively. The phytochemical profile of the sample was
characterized by GC-MS. Antimicrobial activity was tested by the disk diffusion method at three different
concentrations.

Findings: The total phenolic compound content of the methanol extract was measured as 1458 pg GAE/
mL at a concentration of 5 mg/mL. The DPPH radical scavenging activity of the same extract increased
with concentration, reaching 86.31% at the highest concentration. GC-MS analysis identified a total
of 50 compounds in the extracts; the prominent compounds included dihydrocarvyl acetate (9.66%),
piperitone (4.84%), p-menthone (3.57%), limonene (3.43%), dihydrocarveol (3.34%), and menthol
(3.18%). In antimicrobial tests, the methanol extract showed a significant effect on C. michiganensis (20
mm inhibition zone) and F. oxysporum (19 mm), while the hexane extract produced a lower inhibition
under the same conditions. Both extracts showed similar levels of activity against Pestalotiopsis sp.
(approximately 10-12 mm).

Conclusion: M. pulegium extracts have high phenolic content and strong antioxidant capacity. In
particular, the fact that the methanol extract exhibits significant antimicrobial activity against both
fungal and bacterial phytopathogens indicates the potential of the M. pulegium plant to be used as an
environmentally friendly biopesticide. There is limited information regarding the evaluation of solvent-
based extracts of M. pulegium against agricultural phytopathogens. The present study contributes to
addressing this gap and offers new insights into its potential applications.

Keywords: Mentha pulegium, phenolic content, antioxidant, GC-MS, antimicrobial activity, biopesticide

1. Introduction

Plant diseases, pests, and weeds in agriculture pose
serious threats to crop yield, quality, and food safety
on a global scale. Fungal, bacterial, and viral plant
pathogens, as well as entomological pests and weeds,
cause yield losses of 20% to 40% in major field crops
[1,2]. These losses not only affect yield quantities
but also negatively impact product quality and the
economic sustainability of agricultural production
[3]. Therefore, the effective control of plant diseases
and harmful organisms is of strategic importance in
ensuring global food security.

Although synthetic pesticides have been effective
tools in combating plant diseases for many years,
their intensive and uncontrolled use poses serious
environmental and health risks. Many chemical
pesticides break down slowly in nature or become
persistent, leaching into soil and water sources, causing

long-term toxic effects on ecosystem components, and
disrupting the biological balance in beneficial insects,
soil microorganisms, and other non-target organisms
[4]. Repeated pesticide uses leads to the development
of resistance in some insect and pathogen species,
which has become a major problem reducing the
effectiveness of pesticides [5]. Additionally, pesticide
residues have chronic effects not only on ecosystems
but also on human health, particularly being associated
with cancer, neurological disorders, and endocrine
system irregularities [6].

The use of natural resources such as medicinal and
aromatic plants (MAP) in plant protection has become
a research area of intense interest in recent years.
These plants stand out among innovative biological
control agents known as “green pesticides” due to their
environmentally friendly, biodegradable nature and
their ability to contain effective components against
target organisms [7]. In particular, MAP exhibits strong
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antimicrobial effects against various phytopathogens
thanks to secondary metabolites [8,9].

Mentha pulegium L. (pennyroyal) is an aromatic plant
belonging to the Lamiaceae family that grows naturally
in Tirkiye and the Mediterranean basin. This species,
widely used in traditional medicine, is notable for its
distinct mint aroma and rich secondary metabolite
content. In particular, monoterpene components
such as pulegone and menthol, which are present in
high concentrations in its essential oil, exhibit strong
antifungal and antimicrobial effects against various
phytopathogens [10,11].

Although the effects of M. pulegium extracts and
essential oils on microbial pathogens have been
investigated in various studies in literature, these studies
have focused mainly on microorganisms of foodborne
or clinical importance. However, data on the in vitro
effects of M. pulegium on agricultural pathogens such
as Fusarium oxysporum, Clavibacter michiganensis,
and Pestalotiopsis species are limited [12,13]. This
situation highlights an important knowledge gap in
evaluating M. pulegium as a potential biopesticide.
Phenolic compounds are widely recognized for their
dual role as antioxidants and antimicrobial agents.
Consequently, the present study not only examined the
direct antimicrobial effects of M. pulegium extracts but
also evaluated their antioxidant properties. This further
analysis provides additional support for the observed
bioactivity and strengthens the main objective of the
study.

This study aims to evaluate the in vitro effects of
extracts obtained from the M. pulegium plant on
the aforementioned phytopathogens. In the study,
the total phenolic compound content, antioxidant
capacity, and phytochemical profile of the plant
were comprehensively analyzed; then, the inhibitory
potential of extracts obtained with different solvents on
the development of target pathogens was investigated.
The data obtained is expected to shed light on the
potential use of M. pulegium as a natural agent in plant
protection applications.

2. Materials and Methods

2.1. Plant Material and Extract Preparation
The plant material used in this study was purchased
from a local market in Eregli Province (Tiirkiye). The
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taxonomic identification was carried out by the authors
with reference to standard floras. As the material was
obtained from a commercial source, no herbarium
voucher specimen was prepared. The plants were
dried in the shade in a well-ventilated environment;
the above-ground parts were used in the analysis.
Two grams of dried plant samples were weighed,
ground in a mortar, and homogenized with 30 mL of
methanol or hexane (Daithan HG 15D, 8000 rpm, 5
min). The resulting mixtures were left to stand at room
temperature overnight, then subjected to ultrasonication
at 40°C for 30 min. The suspensions were filtered
through Whatman No. 1 filter paper, the solvent was
removed using a rotary evaporator (HeiVap Value), and
the remaining residue was dissolved in an appropriate
solvent to prepare 100 mg/mL stock solutions. The
extracts were stored at +4°C for further use.

2.2. Determination of Total Phenolic Content and
Antioxidant Activity

Total phenolic content was determined using the Folin-
Ciocalteu method [14]. 100 pL of extract was incubated
with 1 mL of Folin-Ciocalteu’s phenol reagent, which
was diluted tenfold with distilled water, for 5 minutes;
then 1 mL of 7.5% NaHCO, was added and the mixture
was left to stand in the dark for 90 minutes. Absorbance
of the blueish color formed in the reaction tube was
measured at 765 nm. All measurements were conducted
as triplicates and the results were expressed as mean
ug GAE/mL+ standard deviation.

The antioxidant capacity of the methanol extract was
evaluated using the DPPH radical scavenging method
[15]. 100 pL of extract or methanol-for blank solution
was mixed with 2.9 mL of 0.1 mM DPPH solution
and incubated in the dark for 15 minutes. Absorbance
values were measured spectrophotometrically at 517
nm; % inhibition was calculated with the following
formula;

DPPH Scavenging (%) = [(A, ., — Asample)/Ablank]* 100
where A, is the absorbance of the blank solution at
517nm, A is the absorbance of the sample solution
at 517 nm. All measurements were performed as
triplicates and the data were expressed as mean DPPH
scavenging percentage + standard deviation.

2.3. GC-MS Analysis

Hexane extract of M. pulegium was analyzed using
a GC-MS system (Shimadzu QP2010 Ultra). A 1
pL sample was injected using a Rxi-5MS column.
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The column temperature program and instrument
parameters were optimized; compound identifications
were performed by comparing with the Wiley and
FFNSC 1.2 libraries.

2.4. Antimicrobial Activity Test

The antimicrobial activities of the extracts were
tested using the disk diffusion method. Fusarium
oxysporum, Pestalotiopsis sp., and Clavibacter
michiganensis subsp. michiganensis strains were used
as phytopathogens. Fungal pathogens were inoculated
into PDA medium, while bacterial pathogens were
inoculated into LB agar medium. Disks prepared with
extracts at concentrations of 25, 50, and 100 mg/mL
were placed in Petri dishes and incubated at 27°C for
96—120 hours (for fungi) and at 37°C for 18-24 hours
(for bacteria). The zones of inhibition were measured
in millimeters. All experiments were conducted in
triplicate and the data was expressed as mean inhibition
zone diameter (mm) + standard deviation.

2.5. Statistical Analysis

The data were analyzed using SPSS v24.0 software.
One-way ANOVA was used to evaluate the differences
between groups, and the Tukey HSD test was used to
determine significant differences (p<0.05).

3. Results and Discussion

3.1. Phenolic Compound and Antioxidant Activity
In this study, the total phenolic compound (TPC)
content in the methanol extract of M. pulegium at
a concentration of 5 mg/mL was determined to be
1458+57.17 ng GAE/mL. This value indicates that
the plant is rich in phenolic compounds and may be
associated with its potential antioxidant capacity.

In the DPPH free radical scavenging analysis conducted
with methanol extracts of M. pulegium at different
concentrations, it was observed that antioxidant
activity exhibited a dose-dependent increase. At the
lowest concentration of 0.5 mg/mL, it was 14.61%,
while it reached 34.22% at 1 mg/mL. Antioxidant
activity reached its maximum value of 86.31% at a
concentration of 5 mg/mL (Figure 1).
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Figure 1: Figure 1: DPPH scavenging activity and total phenolic compound
content of M. pulegium methanol extract.

Phenolic compounds are one of the main components
of plant-derived antioxidants and are known for their
ability to scavenge reactive oxygen species. The TPC
value of 1458 pg GAE/mL obtained in this study
indicates that M. pulegium is a phenol-rich plant.

Barros et al. [16] have reported that plants belonging
to the Lamiaceae family have high phenolic content
and, consequently, high antioxidant potential. The
value of 1458 ng GAE/mL found in our study is much
lower than the methanol extract findings of Necip and
Durgun [17]; this difference is probably due to plant
and methodological variables.

In this study, it was determined that the antioxidant
capacity of M. pulegium extract is directly related to
its phenolic compound content. At a concentration of 5
mg/mL, both the DPPH inhibition percentage (86.31%)
and the TPC value (1458 png GAE/mL) were measured
at the highest levels. This parallel increase observed
between TPC and DPPH suggests a significant
positive correlation between the two parameters. The
hydroxyl groups present in the structure of phenolic
compounds have the ability to stabilize these molecules
by transferring electrons or hydrogen to free radicals.
In this context, it is considered that the DPPH
scavenging percentage obtained is largely derived
from TPC. Similarly, many studies in the literature,
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such as Kdhkonen et al. [18] and Giilgin [19], have
reported a high degree of correlation between TPC and
DPPH radical scavenging capacity. This shows that
our findings are not specific to the sample but reflect
a general biochemical trend.

Hariri et al. [20] reported that M. pulegium essential
oils showed a free radical scavenging capacity of
approximately 90.54 & 1.5%. This is largely consistent
with our findings. Additionally, a study by Gulluce
et al., 2007 [21] reported that plants belonging to the
Lamiaceae family have high antioxidant capacity, and
this effect is largely due to phenolic compounds.

The results observed in M. pulegium sample support the
phenolic-based mechanisms underlying the biological
effects of this species, which is traditionally used in
folk medicine; they also reinforce its potential for use
as a natural antioxidant in the food, cosmetic, and
pharmaceutical industries.

3.2. GC-MS Results

As aresult of GC-MS analysis, a total of 50 compounds
were detected in the M. pulegium sample. Some of
these compounds were found in high concentrations
and are considered to be dominant components in the
chemical profile. Some of the prominent compounds
and their relative concentrations are given in Table 1.
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Table 1. Phytochemical profile of M. pulegium hexane extract according to GC-MS
analysis

*RT: Retention time (min); MW: Molecular weight; CF: Chemical formula; SI: Similarity index
(%); Concentration: Relative concentration (%).

Volume 2 Issue 11 | Journal of PhytoPharmacy



https://jpp.yeniyuzyil.edu.tr

Journal of PhytoPharmacy

ARASTIRMA MAKALESI / RESEARCH ARTICLE

30

These results show that the chemical profile of M.
pulegium plant consists largely of monoterpene
derivatives and derivative esters.

The chemical compounds identified by GC-MS in
M. pulegium sample reveal both the aromatic and
pharmacological value of the plant. In particular,
the presence of compounds such as carvacrol and
trans-carveyl acetate supports the antimicrobial and
antioxidant potential of this species.

Carvacrol is a compound that stands out in literature
for its phenolic monoterpene structure and has been
described in many studies for its antimicrobial and
anti-inflammatory effects [25]. Its presence at a rate
0f 0.98% in our study makes it possible to evaluate it
as a commercially viable source of essential oil.

Compounds such as dihydrocarvyl acetate (9.66%),
piperitone (4.84%) p-menthone (3.57%) limonen
(3.43%) and dihydrocarveol (3.34%), which were

detected in significant amounts in the volatile oil
profile of M. pulegium, are important indicators of
the plant’s biochemical defense strategies against
environmental stress factors. The high levels of these
compounds indicate M. pulegium s increased capacity
for secondary metabolite production under abiotic
stress conditions (drought, UV, oxidative stress, etc.)
[26,27]. The dominance of oxygenated monoterpenes
(carveol derivatives, dihydrocarveol, etc.) in the volatile
oil content is consistent with the stress responses of
Mentha species reported in the literature [28,29].

3.3. Determination of Antimicrobial Activity

The disk diffusion method was used to determine the
antimicrobial effect of methanol and hexane extracts
obtained from plant samples against phytopathogenic
microorganisms. The antimicrobial activity of M.
pulegium methanol and hexane extracts against three
phytopathogens at different extract volumes using the
disk diffusion method is presented in Table 2.

Table 2. Antimicrobial activity of M. pulegium

*All data presented in the table are expressed as means+tstandard deviations of three indepen-

dent experiments.
nd: not detected

The methanol extract exhibited a stronger effect against
all pathogens. Against F. oxysporum, the methanol
extract produced an inhibition zone of 19.00 + 1.41
mm at 100 mg/mL concentration, while the hexane
extract yielded a value of 11.00 + 1.41 mm. Against
Pestalotiopsis sp., the methanol extract showed 10.00 +
0.71 mm inhibition at 100 mg/mL concentration, while
the hexane extract showed 12.50 + 0.71 mm inhibition.
For C. michiganensis, inhibition zones 0of 20.00 + 0.71
mm were measured in the methanol extract and 9.50 +
0.71 mm in the hexane extract.
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It was observed that the methanol extract exhibited a
significantly higher inhibition effect on C. michiganensis
and F. oxysporum. The data obtained in this study
clearly demonstrate that extracts obtained from the
M. pulegium plant have antimicrobial potential. In
particular, the methanol extract showed a significant
inhibitory effect on both gram-positive bacterial (C.
michiganensis) and fungal pathogens (F. oxysporum,
Pestalotiopsis sp.).

The biological activities of compounds such as
carvacrol, dihydrocarveol, and trans-carveyl acetate,
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which are present in high concentrations in the methanol
extract, can be explained by their lipophilic structures,
which confer membrane interaction advantages. In
particular, carvacrol binds to the phospholipid layer
of the bacterial cell membrane through hydrophobic
interactions [30] and increases membrane permeability,
leading to ion leakage; this process, combined with the
inhibition of ATP synthesis, results in a bactericidal
effect [30,31].

Similarly, in the literature, the high antimicrobial
activity of the methanolic extract of M. pulegium has
been strongly reported, particularly in studies on Gram-
positive and Gram-negative bacteria [32,33]. However,
the relatively low activity in the hexane extract may
be related to the extraction efficiency of volatile
and lipophilic compounds. In particular, the limited
solubility of polar phenolic compounds in hexane may
have reduced the antimicrobial activity of this extract.

4. Conclusion

In this study, the phytochemical contents, antioxidant
capacities, and in vitro antimicrobial effects of extracts
obtained from Mentha pulegium L. against selected
plant pathogens (Fusarium oxysporum, Pestalotiopsis
sp., Clavibacter michiganensis) were evaluated.

According to the results obtained, the methanol extract
of M. pulegium stood out due to its high phenolic content
(1458 pg GAE/mL) and strong antioxidant capacity
(86.31% DPPH inhibition). In antimicrobial tests, the
methanol extract was observed to have significant
effects, particularly on C. michiganensis (20+0.71
mm inhibition zone) and F. oxysporum (19+1.41 mm
inhibition zone). The hexane extract, however, showed
relatively low efficacy against the same pathogens.
These results indicate that the antimicrobial activity of
M. pulegium extracts may vary depending on the type
of solvent used, and that the methanol extract is more
effective due to its phenolic and polar components.

In conclusion, M. pulegium extracts have the potential
to serve as an effective and environmentally friendly
biopesticide alternative against both fungal and
bacterial phytopathogens, thanks to their rich phenolic
compound profile and strong antioxidant capacity. This
study lays the groundwork for evaluating M. pulegium
as a natural agent in agricultural disease management
and sheds light on advanced field studies.
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