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INTRODUCTION

Medicinal plants have been widely used in the treatment of diseases since ancient times. In recent years, the
emergence of antibiotic-resistant strains of medicinal plants, which traditional medicine accepts as an
alternative treatment method, and the remarkable presence of side effects in synthetic drugs that are not seen or
seen rarely in natural drugs, have led scientists to research natural plants (Diilger et al., 1999; Martins, 2018;
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Iyer et al., 2009; Ncube et al., 2012). The global rise in antimicrobial resistance underscores the urgent need for
novel, effective, and safer natural compounds, which may overcome limitations associated with conventional
antibiotics (WHO, 2020; Ventola, 2015).

Aromatic plants, have been used since ancient times because of their volatile oil content (Cetin et al., 2011), and
they also produce a large amount of other secondary metabolites that play an important role in their adaptation
to changing environments and stress conditions (Edreva et al., 2008). These compounds, including phenolics,
terpenes, and flavonoids, exhibit a wide range of biological activities such as antioxidant, anti-inflammatory, and
antimicrobial effects (Nabavi et al., 2015).

Plants from the genus Thymus are important medicinal herbs, which are known to contain antimicrobial agents,
and are rich in different active substances (Nabavi et al., 2015). There are over 250 taxa within the genus
Thymus, which are classified into eight distinct sections. A notable characteristic of this genus is its high
propensity for hybridization (Baser et al., 1992). Thymus is also known for its high degree of polymorphism,
contributing to its taxonomic complexity. In the Flora of Turkey, the genus is represented by 39 species and a
total of 64 taxa, with an endemism rate of approximately 47%, highlighting its significant role in the country's
botanical diversity (Elkiran & Avsar, 2020). This genus is one of the most important and extensively studied
aromatic plants (Sarikurkcu et al., 2010). In our country, species belonging to the 7Thymus genus are known as
stone thyme or thyme (Tiimen et al., 1994; Bager et al., 1991).

Thymol and carvacrol, which are among the primary constituents specific to Thymus species, are particularly
notable for their strong antioxidant activities. However, the effects of these compounds are not limited to their
antioxidant potential; they also exhibit a wide range of biological activities. For instance, thymol has been
identified as a potent antiseptic due to its effectiveness against various microorganisms. Conversely, carvacrol is
well known for its antifungal properties, especially in combating different fungal species (Dapkevicius et al.,
1998; Aeschbach et al., 1994; Sarikurkcu et al., 2010). Thymol and carvacrol, which are among the principal
bioactive constituents characteristic of 7hymus species, are well known for their strong antioxidant properties.
However, their biological effects extend far beyond antioxidant activity. Recent studies have demonstrated that
thymol and carvacrol exhibit broad-spectrum antimicrobial, antifungal, and anti-biofilm activities through
multiple mechanisms, including disruption of microbial cell membrane integrity, increased membrane
permeability, leakage of intracellular components, and interference with enzyme systems and energy metabolism
(Marchese et al., 2016). Experimental work shows synergistic antimicrobial activity of thymol and carvacrol
against both bacteria and Candida, with MIC/MBC data supporting dose-dependent effects (Chroho et al., 2024).
Thymol has been shown to possess potent antiseptic and bactericidal effects against both Gram-positive and
Gram-negative bacteria, while carvacrol is particularly effective against fungal pathogens by targeting
ergosterol-containing membranes and inducing oxidative stress (Sharifi-Rad et al., 2017). These multifunctional
biological activities help explain the strong antimicrobial performance of Thymus essential oils reported in recent
studies and support the findings of the present work.

The fresh or dried aerial parts of the thyme plant, including its flowers, leaves, and stems, are widely used in
daily life as tea, spices, and traditional medicines (Cornara et al., 2009; Alarcén et al., 2015). Infusions and
decoctions prepared from the leaves and flowering parts of this genus have been traditionally utilized for the
prevention and treatment of various digestive and respiratory system ailments, including colds, flu, fever,
indigestion, whooping cough, asthma, acute pharyngitis, bronchitis, excessive phlegm, chest infections,
respiratory disorders, mouth sores, nausea, and dysentery (Rahman et al., 2004; Bouzidi et al., 2013; Rowshan et
al., 2013; Galasso et al., 2014; Alarcén et al., 2015; Jarié et al., 2015; Habashy et al., 2018).

The choice of extraction method and solvent can significantly influence the chemical composition and bioactivity
of plant extracts. Methanol and ethanol are commonly employed due to their ability to solubilize a broad
spectrum of polar and moderately non-polar compounds, providing a comprehensive evaluation of bioactive
constituents (Azwanida, 2015; Dai & Mumper, 2010). Despite extensive studies on the essential oils of various
Thymus species, limited research has focused specifically on 7. longicaulis subsp. longicaulis, particularly
regarding the comparative antimicrobial activity of solvent-based extracts alongside essential oils.

Therefore, the overarching aim of this study was to thoroughly investigate 7. longicaulis subsp. longicaulis C.
Presl by first identifying and characterizing the chemical composition of its essential oils using appropriate
analytical techniques. In addition, this research sought to evaluate the antimicrobial potential of both the
essential oils and the plant extracts obtained through two different solvents—methanol and ethanol. These
extracts were tested against a diverse panel of seven bacterial and two fungal species in order to determine their
relative effectiveness and potential applicability as natural antimicrobial agents.
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MATERIALS AND METHODS
Plant Materials

T. longicaulis subsp. longicaulis was collected during the flowering period from plants growing in Alucra village,
Giresun—Alucra, Tiirkiye, at an altitude of 1815 m (40°24'04.08" N, 38°52'46.22" E) on 14 July 2024. The aerial
parts (stems, leaves, and flowers) were harvested for extraction and essential oil studies. The plant material was
taxonomically identified by Dr. Elkiran and air dried in a cool place for 15 days. The dried specimens were
subsequently examined at Sinop University.

Preparation of Plant Extracts

The dried parts of 7. longicaulis subsp. longicaulis were powdered using a blender 25 g of the powdered plant
parts were taken, 200 mL of methanol and ethanol were added, and ethanol, methanol and plant extracts were
mixed homogeneously in a shaking incubator at 180 rpm overnight. The extracts were then filtered using
Whatman No. 1 filter paper and the solvents were removed using a rotary vacuum evaporator at 40 °C,
concentrated extracts were obtained and the necessary dilution for the antimicrobial activity study was made
with 25% Dimethyl sulfoxide (DMSO) (Hassanin et al., 2020).

Isolation of the Essential Oils

The essential oil was extracted from the aerial parts (100g) of the collected plant samples using a Clevenger
apparatus and the hydrodistillation method. The extraction process lasted for 3 hours, yielding 0.5% (v/w) of
essential oil. The samples of essential oil were stored at 4°C before analyzing their chemical composition.

GC Analysis

The chemical analysis of the essential oils was carried out using an HP 6890 Gas Chromatograph, which was
equipped with an FID detector. The analysis was performed with an HP-5 MS column. GC-FID was employed to
quantify the percentages of the various chemical components present in the essential oils.

GC-MS Analysis

Essential oil samples placed in vials were analyzed using a GC-MS system from HP. The study employed both
the 6890 GC and the HP-Agilent 5973N GC-MS instruments. An HP-5 MS column (30 m % 0.25 mm i.d., 0.25 um
film thickness) was used, with helium serving as the carrier gas. The injector temperature was set to 250°C, and
the split flow rate was maintained at 1 mL/min. The oven program began at 70°C, where it was held for 2
minutes, then increased to 150°C at a rate of 10°C per minute. After holding at 150°C for 15 minutes, the
temperature was further raised to 240°C at 50°C per minute. Alkanes were employed as reference standards to
determine Retention Indices (RRI). For mass spectrometry, the electron impact energy was 70 eV and the scan
range covered 35—425 m/z. Component identification was carried out using the WILEY and NIST spectral
libraries, and the compounds identified are presented in Table 1.

Determination of In Vitro Antimicrobial Activity

Pathogenic microorganisms used were obtained from the American Type Culture Collection. Gram-positive
bacteria: Bacillus cereus ATCC 10987, Bacillus subtilis ATCC 6623, Staphylococcus aureus ATCC 25923,
Enterococcus faecalis ATCC 29212, Gram-negative bacteria: FEscherichia coli ATCC 25922, Klebsiella
pneumoniae ATCC 70060, Pseudomonas aeruginosa ATCC 27853, fungi: Candida albicans ATCC 10231 and
Aspergillus niger ATCC 16404 were used in the antimicrobial activity study. Pure cultures of these
microorganisms were stocked in Sinop University, Vocational School of Health Services, Molecular Biology and
Microbiology Laboratory.

Disk Diffusion Method

The antimicrobial activity of thyme plant extracts was assessed using the disk diffusion method (Bauer et al.,
1966). Muller-Hinton Agar (MHA) was used for bacterial culture activation, while Sabouraud Dextrose Agar
(SDA) (Difco) was employed for fungal cultures. Prior to the experiment, bacterial strains were transferred to
conical flasks containing Muller-Hinton Broth (MHB), whereas fungal strains were inoculated in Sabouraud
Dextrose Broth (SDB) (Difco) and incubated overnight at 37°C for bacteria and 28°C for fungi. The turbidity of
the microbial suspensions was adjusted to a 0.5 McFarland standard, corresponding to approximately 1.5 X 10®
CFU/mL. Subsequently, 100 pL of each suspension was evenly spread onto the surface of the agar plates using
sterile swabs. The inoculated plates were then allowed to dry for ten minutes under Laminar Flow conditions
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before further testing. 7. longicaulis subsp. longicaulis extracts (50000 pg/mL, 2500 pug/mL, 1250 pug/mL, 625
pug/mL, 312.5 pg/mL, 156.25 pg/mL, 78.125 pg/mL and 39.0625 pug/mL) obtained using solvents (ethanol and
methanol) were mixed with 1 mL of 5% Dimethyl sulfoxide (DMSO). The essential oil obtained by
hydrodistillation method was used without dilution. Sterile filter paper discs (6 mm) were impregnated with 25
ul to control their antimicrobial activity and left to dry in Laminar Flow. After drying, petri dishes containing
bacteria were incubated at 37°C overnight and fungi-inoculated petri dishes were incubated at 28°C. 5% DMSO
was used as blank control, Bioanalyse bland Ampicillin (AM10), Gentamicin (CN10) as positive control and
Cycloheximide (Cyc) for fungi. The zone of inhibition was observed and measured with a millimeter ruler in
millimeters (Balouiri et al., 2016; Veyisoglu et al., 2024; Veyisoglu & Tatar, 2025). All experiments were
conducted in three replicates (n = 3).

Statistical Analysis

Data analysis was performed using IBM SPSS Statistics 20. Comparisons among groups were evaluated through
one-way ANOVA followed by Tukey’s HSD multiple comparison test. Inhibitory zone diameters (mm) were
recorded for each treatment, and the results were presented as the arithmetic mean + standard error (SE).

RESULTS and DISCUSSION

The locality where the 7. longicaulis subsp. longicaulis C. presl plant was collected from the Kaledibi village of
the Alucra district of Giresun on 14.07.2024 and was diagnosed by Dr. Elkiran (Figure 1).

Figurel. Images of the collection of thyme plants
Sekil 1. Kekik bitkilerinin toplanmasina ait gériintiiler

The chemical composition of the essential oils extracted from the aerial parts of 7. longicaulis subsp. longicaulis
was analyzed using GC and GC-MS techniques. A total of 1 mL of essential oil was obtained, within which 20
constituents were identified, accounting for 95.7% of the overall oil content. Thymol was the predominant
compound at 37.96%, followed by notable amounts of p-cymene (22.17%), carvacrol (11.75%), and L-borneol
(4.90%) (Table 1).

The compounds in the essential oil of 7. longicaulis subsp. longicaulis can be divided into two main classes:
monoterpenoids (90.8%) and sesquiterpenoids (5.3%), as shown in Table 1.

In a study conducted by Sarikurkcu et al., the chemical composition of hydrodistilled essential oil and various
extracts obtained from 7. longicaulis subsp. longicaulis var. longicaulis was investigated. The main compounds of
the oil were y-terpinene, thymol and p-cymene (27.80%, 27.65% and 19.38%) (Sarikurkcu et al., 2010). While
thymol and p-cymene were identified as major components in our study, y-terpinene was among the minor
components. Another study was published by Grujic Jovanovic et al. in 2009. They extracted the essential oils of
the 7. longicaulis plant collected from Serbia and found a-terpineol acetate (67.52%), thymol (4.47%), limonene
(3.58%), a-terpineol (3.43%) and y-terpinene (2.07%) as the main components.

In the study conducted by Elkiran in 2020, the essential oil of 7. Jongicaulis subsp. longicaulis plant collected
from Boyabat district of Sinop was extracted and the main compounds of the essential oil were determined as
1.8-cineole (30.1%), linalool (18.0%), B-pinene (17.3%) and (E)-B-ocimene (12.6%). In our study, the main
components of the essential oil were found to be thymol (37.96%), p-cymene (22.17%), carvacrol (11.75%), and L-
borneol (4.90%). As seen in the studies, the main components of the essential oils vary according to the
geographical conditions of the region where the plant is located. Thymol is the main component in many studies
in the literature and in our study (Sarikurkcu et al., 2010; Tzakou et al., 1998; De Martino et al., 2009; Pavela et
al., 2019). The yield and content of essential oils of plants within the same species may vary. Environmental
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factors, plant collection times and differences in methods used may affect these results (Woolf, 1999; Elkiran et
al., 2018). The antimicrobial activity of essential oils is largely associated with the relative abundance of phenolic
monoterpenes. Thymol and carvacrol have been reported to exhibit broad-spectrum antimicrobial activity
through mechanisms such as disruption of cell membrane integrity, increased membrane permeability, and
leakage of intracellular components (Farhadi et al., 2024). Thymol has demonstrated strong bactericidal effects
against both Gram-positive and Gram-negative bacteria, while carvacrol is particularly effective against fungal
pathogens by interacting with fungal cell membranes (Farhadi et al., 2024; Mantzourani et al., 2025). Although
p-cymene exhibits weak antimicrobial activity when tested alone, it has been shown to act synergistically with
thymol and carvacrol by facilitating their penetration into microbial membranes (Farhadi et al., 2024). In
addition, Z-borneol has been reported to contribute to antimicrobial activity by altering membrane fluidity and
enhancing the efficacy of phenolic compounds (Mantzourani et al., 2025). These findings are consistent with the
strong antimicrobial activity observed for the essential oil in the present study.

Table 1. Essential oil composition of aerial parts of 7. longicaulis subsp. longicaulis
Cizelge 1. T. longicaulis subsp. longicaulis’in toprak tistii kisimlarinin u¢ucu yag bilesimi

No RRI Compounds RA (%)
1 924 a-Thujene 0.88
2 932 o-Pinene 2.11
3 946 Camphene 1.45
4 974 B-Pinene 0.69
5 980 Isolimonene 0.55
6 988 Myrcene 0.61
7 1014 o-Terpinene 1.31
8 1020 p-Cymene 22.17
9 1024 D-Limonene 1.37
10 1031 Eucalyptol (1,8-Cineole) 2.20
11 1054 y-Terpinene 0.84
12 1165 L-Borneol 490
13 1174 Terpinen-4-ol 0.52
14 1248 Thymoquinone 1.52
15 1289 Thymol 37.96
16 1298 Carvacrol 11.75
17 1417 Caryophyllene 2.72
18 1505 B-Bisabolene 0.96
19 1555 Thymohydroquinone 0.69

20 1582 Caryophyllene oxide 1.31
Grouped compounds (%)
Monoterpenoids 90.8
Sesquiterpenoids 4.9
Total identified compounds (%) 95.7

In this study, the antimicrobial activity of two different solvent extracts of 7. longicaulis subsp. longicaulis and
the essential oil obtained by hydrodistillation method against two fungi, four Gram-positive bacteria and three
Gram-negative bacteria was investigated. While the formation of a clear zone around the disc impregnated with
methanol, ethanol and essential oil extract was observed in the Petri dish in which Gram-positive bacteria such
as B. cereus ATCC 10987, B. subtilis ATCC 6623, S. aureus ATCC 25923, Gram-negative bacteria such as £. coli
ATCC 25922 and K. pneumoniae ATCC 70060 were cultured, no clear zone formation was observed in the Petri
dish in which E. faecalis ATCC 29212, P. aeruginosa ATCC 27853, C. albicans ATCC 10231 and A. niger ATCC
16404 were cultured. The zone diameters of the Petri dishes in which the zones were created were measured
with a ruler (Table 2). As a result of the disk diffusion test, a clear zone was observed around all disks containing
antibiotics used as positive control (Table 2; Figures 2-3).

The obtained data were analyzed using one-way analysis of variance (One-Way ANOVA). When a significant
difference was found at p < 0.05 in the ANOVA, the Tukey HSD (honestly significant difference) multiple
comparison test was applied to determine the concentrations that accounted for the difference.

The results indicate that there is no statistical difference between concentrations sharing the same letter in the
same row; different letters (a, b, ¢, etc.) indicate a significant difference (p < 0.05).
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Table 2. Inhibition zone diameters (mm) of the ethanol and methanol extracts and the essential oil obtained from 7. longicaulis subsp. longicaulis as
determined by the disk diffusion assay
Tablo 2. 7. longicaulis subsp. longicaulisten elde edilen etanol ve metanol ekstraktlar: ile esansiyel yagin disk difiizyon analizine gore 6lg¢iilen inhibisyon
zonu caplar1 (mm)

Methanol Ethanol EO Positive control
. . 1 2 3 4 5 1 2 3 4 5 6 AM1 CN1
Microorganisms 0 0 Cyc
40.00 20.00 10.00 40.00 | 20.00 10.00 35.00 30.00 | 20.00
B. cereus + + + + + + + + + ND
0.58 0.58d 0.58¢ 0.58 0.58¢ 0.58¢ 0.58 0.58¢ 0.584
44.00 40.00 35.00 | 20.00 35.00 30.00 | 20.00
B. subtilis + + + + N 0'5 g + + ND
0.58 0.58P 0.58¢ 0.58¢ ) 0.581 | 0.58¢
50.00 40.00 30.00 20.00 16.00 40.00 | 35.00 { 30.00 | 20.00 60.00 20.00 { 30.00
S. aureus + + + + + + + + + + + + ND
0.58P 0.58¢ 0.58e 0.58f 0.58¢g 0.58¢ 0.584 0.58¢ 0.58f 0.58 0.58f 0.58¢e
30.00 | 20.00
E. faecalis + + ND
0.582 0.58P
5 ) 10.00 700+ | 7.00+ 10.00 700+ | 7.00< 11.00 20.00 | 20.00
- coli T | 058 | 058 T | 058 | 058 . . = | NP
0.58b ) ) 0.58b ) ) 0.58> 0.58 0.58
50.00 40.00 24.00 12.00 10.00 40.00 { 35.00 i 30.00 i 20.00 { 20.00 10.00 55.00 40.00 | 30.00
K. pneumoniae + + + + + + + + + + + + + + ND
0.58b 0.58¢ 0.58f 0.58h 0.58h 0.58¢ 0.584 0.58¢ 0.58¢ 0.58¢ 0.58h 0.58 0.58¢ 0.58¢
30.00 ! 20.00
P.aeruginosa + + ND
0.582 0.58P
20.00
C. albicans ND ND +
0.58
30.00
A. niger ND ND +
0.58

AM10: Ampicillin; CN10: Gentamicin; Cyc: Cycloheximide; EO: Essential Qil; ND: Not tested. Between the means represented by different letters (a, b, c...), there is a statistically significant
difference according to the Tukey HSD test (p < 0.05). Groups sharing the same letter do not have a significant difference.

1: 50000 pg/mL 2. 2500 pg/mL 3: 1250 pg/mL 4: 625 png/mL 5: 312.5 ng/mL 6: 156.25 pg/mL 7- 78.125 pg/mL 8: 39.0625 pg/mL
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Figure 2. Inhibition zones formed by extracts obtained from 7. longicaulis subsp. longicaulis prepared with methanol and ethanol solvents against
pathogenic microorganisms

Sekil 2. Metanol ve etanol ¢ozicileri kullamilarak hazirlanan 7. longicaulis subsp. longicaulis ekstraktlarinin patojen mikroorganizmalara kars:
olusturdugu inhibisyon zonlari

1: 50000 pg/mL 2. 2500 pg/mL 3: 1250 pg/mL 4: 625 pg/mL 5: 312.5 pg/mL 6: 156.25 pg/mL 7: 78.125 ng/mL 8: 39.0625 ug/mL
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Figure 3. Inhibition zones created by the essential oil of 7. longicaulis subsp. longicaulis against pathogenic microorganisms
Sekil 3. 7. longicaulis subsp. longicaulis ugucu yaginin patojen mikroorganizmalara kars: olugsturdugu inhibisyon zonlari.
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The extract of 7. longicaulis subsp. longicaulis prepared with methanol showed the best antimicrobial activity
against S. aureus and K. pneumoniae. With the lowest concentration of 312.5 pg/mL, it formed a 16.00 + 0.58¢
mm inhibition zone against S. aureus and a 10.00 + 0.58» mm inhibition zone against K. pneumoniae. Inhibition
zones were formed at the lowest concentrations of 1250 pg/mL for B. cereus, 2500 pg/mL for B. subtilis and 1250
ug/mL for E. coli. When the extract of 7. longicaulis subsp. longicaulis prepared with ethanol was examined, it
showed the best antimicrobial activity against K. pneumoniae and formed a 10.00 = 0.58" mm inhibition zone at
the lowest concentration of 156.25 ug/mL. Then, it showed the best activity against S. aureus and formed a 20.00
+ 0.58f mm inhibition zone at the concentration of 625 pg/mL. Other pathogenic microorganisms, B. cereus 1250
png/mL, B. subtilis 2500 pg/mL and E. coli 1250 pg/mL formed an inhibition zone at the lowest concentration.
Ethanol, methanol and essential oil extracts of thyme created better inhibition zone against Gram-positive
bacteria S. aureus and Gram-negative bacteria K. pneumoniae than standard antibiotics. Ethanol extract 40.00 +
0.58¢ mm, methanol extract 50.00 + 0.58» mm and essential oil 60.00 = 0.582 mm created inhibition zones against
S. aureus, while standard antibiotics used ampicillin 20.00 + 0.58f mm and gentamicin 30.00 + 0.58¢ mm created
inhibition zones. Another remarkable result was observed against the pathogen K. pneumoniae. Ethanol extract
40.00 £ 0.58¢ mm, methanol extract 50.00 £ 0.58 mm and essential oil 55.00 £ 0.582 mm created inhibition zones
against K. pneumoniae, and antibiotics used as positive controls, ampicillin 40.00 + 0.58° mm and gentamicin
30.00 + 0.58¢ mm, created inhibition zones (Table 3; Figure 2-3).

One-way ANOVA revealed statistically significant differences among the tested concentrations of methanol and
ethanol extracts for all microorganisms (p <0.05). The very low p-values obtained for Bacillus cereus,
Staphylococcus aureus, and Klebsiella pneumoniae (p < 0.0001) indicate that the inhibition zone diameters were
strongly dependent on extract concentration, confirming a clear dose-response relationship. Similarly, significant
differences were detected for B. subtilis (methanol p = 0.0080; ethanol p = 0.0001) and FEscherichia coli (p =
0.0156), demonstrating that variations in antimicrobial activity among concentrations were not due to random
variation but reflected true treatment effects. Post-hoc Tukey HSD comparisons further showed that
concentrations sharing different letters differed significantly within each column, whereas those with the same
letter did not.

Overall, these results demonstrate that both methanol and ethanol extracts exhibited concentration-dependent
antimicrobial activity against all tested bacteria, with statistically significant differences between most
concentration levels. The consistently low p-values support the reliability and reproducibility of the observed
inhibition zones obtained from three independent replicates.

The extract of 7. longicaulis subsp. longicaulis prepared with methanol showed the best antimicrobial activity
against S. aureus and K. pneumoniae. With the lowest concentration of 312.5 pg/mlL, it formed a 16.00 + 0.58¢
mm inhibition zone against S. aureus and a 10.00 + 0.58» mm inhibition zone against K. pneumoniae. Inhibition
zones were formed at the lowest concentrations of 1250 ug/mL for B. cereus, 2500 ng/mL for B. subtilis and 1250
pg/mL for E. coli. When the extract of 7. longicaulis subsp. longicaulis prepared with ethanol was examined, it
showed the best antimicrobial activity against K. pneumoniae and formed a 10.00 = 0.58" mm inhibition zone at
the lowest concentration of 156.25 ug/mL. Then, it showed the best activity against S. aureus and formed a 20.00
+ 0.58f mm inhibition zone at the concentration of 625 pg/mL. Other pathogenic microorganisms, B. cereus 1250
pg/mL, B. subtilis 2500 pg/mL and £. coli 1250 pg/mL formed an inhibition zone at the lowest concentration.
Ethanol, methanol and essential oil extracts of thyme created better inhibition zone against Gram-positive
bacteria S. aureus and Gram-negative bacteria K. pneumoniae than standard antibiotics. Ethanol extract 40.00 +
0.58¢ mm, methanol extract 50.00 = 0.58> mm and essential oil 60.00 + 0.582 mm created inhibition zones against
S. aureus, while standard antibiotics used ampicillin 20.00 £+ 0.58f mm and gentamicin 30.00 + 0.58¢ mm created
inhibition zones. Another remarkable result was observed against the pathogen K. pneumoniae. Ethanol extract
40.00 £ 0.58¢ mm, methanol extract 50.00 £ 0.58> mm and essential oil 55.00 = 0.582 mm created inhibition zones
against K. pneumoniae, and antibiotics used as positive controls, ampicillin 40.00 = 0.58° mm and gentamicin
30.00 £ 0.58 mm, created inhibition zones (Table 3; Figure 2-3).

Vladimir-Knezevi¢ et al. 2012 studied the composition and antimicrobial activity of 7. longicaulis essential oil
collected from Croatia against the most common respiratory tract pathogens. They determined the antimicrobial
activity of the essential oil against subclinical bacterial and yeast strains using the disk agar diffusion method
and the microdilution method. The essential oil exhibited antimicrobial activity against all tested pathogens. The
most susceptible strains were Haemophilus influenzae and Streptococcus pneumoniae (MIC=0.78 mg/mL), while
Staphylococcus aureus (MIC>25.00 mg/mL) was the most resistant strain.

In 2004, Azaz et al. obtained essential oils from aerial parts of Thymus longicaulis subsp. chaubardii var.
chaubardii, T. zygioides var. lycaonicus, T. longicaulis subsp. longicaulis var. subisophyllus and T. pulvinatus
collected from three different places in Balikesir province by hydrodistillation and evaluated the antimicrobial
activities of these essential oils. The essential oils used in the study showed good antimicrobial activity against
six pathogens (Hscherichia coli, Staphylococcus aureus, Pseudomonas aeruginosa, Enterobacter aerogenes,
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Proteus vulgaris and Candida albicans).

CONCLUSION and RECOMMENDATIONS

In summary, our results demonstrate that thymol, p-cymene, carvacrol, and L-borneol are key contributors to the
strong antimicrobial effects observed in 7hymus extracts. Given the growing demand for plant-based
antimicrobial agents with minimal side effects, these findings underscore the substantial potential of thyme in
the development of natural therapeutics. Future studies using diverse extraction techniques and plant materials
from multiple regions are likely to further enhance the bioactivity of thyme extracts, highlighting their
promising role in phytotherapy.
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