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ABSTRACT

This study was conducted to identify one of the endemic medicinal plants and its use in medical science. With this aim, the quantity and
quality of essential compounds in the Ziziphora clinopodioides plant under various environmental conditions and its antimicrobial activity
against Staphylococcus aureus and Escherichia coli using the disk diffusion method were investigated in three regions of Lorestan
Province. These regions including region 1 (Borujerd), region 2 (Khorramabad) and region 3 (Aleshtar). 25, 27 and 21 compounds were
identified in regions 1, 2, 3 respectively. The main compounds in regions 2 (Khorramabad) and 3 (Aleshtar) were Pulegone, Isomenthone
and P-mentha- 3,8 -diene. The main constituents of the essential oil extracted from samples collected in region 1 (Borujerd) differed
significantly from those obtained from the other two regions. Thymol, E- Caryophyllene, Carvacrol and y-Terpinene were the main
components of region 1. Significant negative correlation between soil organic carbon percentage and B-myrcene composition. The findings
indicated that the essential oil of Z. clinopodioides collected from region 1 exhibited notable antimicrobial properties against both S.
aureus and E. coli compared to regions 2 (Khorramabad) and 3 (Aleshtar). The different compositions of essential oil of plant collected
from region 1 from regions 2 and 3 can be attributed to the distinct climatic and geographical conditions of region 1. the results of this
research showed that the difference in the geographical conditions of the growing region of the Z. clinopodioides plants studied in this
research has caused a significant difference in the components of the essential oil compounds, their amount and their antimicrobial effects,
which can be used to improve the essential oil compounds in the pharmaceutical, health and food industries. It is suggested to investigate
the effect of the main components of the essential oil separately for a better understanding of the mechanism of antimicrobial activity.
Keywords: Photochemistry, Medicinal plants, Antibacterial activity, Ziziphora clinopodioides, Lorestan Province, Environmental
change

INTRODUCTION

The genus Ziziphora, commonly known as Kakuti in Iran, includes four species and several subspecies, including Mountain Kakuti
(Ziziphora clinopodioides), Annual Kakuti (Ziziphora tenuior), Iranian Kakuti (Ziziphora persica), and Sarsan Kakuti (Ziziphora
capitata), which are widely distributed in different regions of Iran [1-4]. Among these, Z. clinopodioides is particularly renowned for its
aromatic properties and has significant value in traditional Iranian medicine, where it is utilized to treat digestive disorders [5]. Various
species of Ziziphora are utilized for their analgesic properties, as well as in the treatment of digestive problem, heart diseases, depression,
diarrhea, coughs, migraines, and fevers [6, 7]. Research indicates that the Z. clinopodioides plant is particularly rich in polyphenolic
compounds, flavonoids, and free amino acids; notably, its flavonoid components have demonstrated significant antioxidant, anti-
inflammatory, and anti-cancer activities [8].

A significant collection of effective antifungal and antibacterial agents is currently used to destroy infectious agents. However, the genetic
variability observed in microbial pathogens, alongside the emergence of resistant strains and the potential side effects associated with
conventional drugs, underscores the urgent need to find alternatives. This has prompted increasing interest in replacing synthetic
antimicrobials with plant-derived compounds, which are believed to have fewer side effects [9]. Numerous studies have investigated the
antimicrobial and antifungal properties of essential oils derived from various plants against a wide range of pathogenic microorganisms
affecting both plants and animals [10]. Notably, Gram-positive bacteria such as Staphylococcus aureus remain a leading cause of hospital-
acquired infections [11] and are highly problematic due to their ability to develop resistance to all clinically available antibiotics through
mutation in chromosomal genes [12]. Essential oils have been of interest due to their antimicrobial and antifungal properties against
various pathogenic micro-organisms and fungi [10]. Among these pathogens, the Gram-positive Bacterium Staphylococcus aureus is a
considerable threat, which is one of the main causes of hospital-acquired infections [11] The proliferation of antibiotic-resistant S. aureus
significantly reduces effective treatment options and affects public health on a global scale [13]. Alarmingly, the World Health
Organization estimates that antibiotic resistance contributes to approximately 70,000 deaths per year [14], highlighting microbial
resistance as one of the most critical challenges to modern healthcare [15]. Additionally, Escherichia coli has a profound effect on public
health in terms of morbidity and mortality, with associated economic costs reaching several billion dollars worldwide each year [16]. The
review of research conducted on Z. clinopodioides essential oil in different regions reveals significant variation in its main essential oil
compositions, highlighting the substantial effect of habitat conditions on both the quantity and quality of the essential oil produced by this
species [17].

Furthermore, analysis of variance has demonstrated that growth location significantly affects the concentration of Pulegone at the 5%
level, while also resulting in notable differences in levels of a-Pinene and Sabinene at a probability level of 1% [18]. A multi-year study



of Z. clinopodioides, it was observed that increasing altitude in the Sarayan and Birjand regions correlated with a higher percentage of
Pulegone, particularly in areas with the highest altitude above sea level [18]. Pulegone not only acts as a flavoring agent in foods,
beverages, and toothpaste but also plays an important role in the synthesis of antibacterial compounds in the pharmaceutical industry [19].
Experiments evaluating the minimum inhibitory concentration (MIC) and minimum bactericidal concentration (MBC) of ethanolic
extracts from Z. clinopodioides showed that the extract effectively inhibited the growth of all investigated urinary tract bacteria in an
experimental rat model, except for Pseudomonas aeruginosa. Notably, the MBC for most strains aligned closely with their respective
MIC values, indicating a potent bactericidal effect [20].

The effective utilization of medicinal plants depends on a comprehensive understanding of the endemic species and the environmental
factors that influence the quantity and quality of essential oils for enhancing secondary metabolites. Also, the development of resistance
in bacterial agents, fungi, viruses, and parasites indicates significant challenges to modern medicine, highlighting an urgent need to
discover new therapeutic sources. Therefore, this study was conducted to characterize the essential oil composition and assess the
antimicrobial efficacy of the valuable medicinal plant Z. clinopodioides collected from three distinct regions of Lorestan Province.

MATERIALS AND METHODS

In July 2023, a study was conducted to identify the native populations of Ziziphora clinopodioides and to investigate the profile of essential
oil compounds as well as their antimicrobial properties in different regions. Three distinct habitats were selected from Lorestan Province,
Khorramabad, Aleshatar, and Borujerd (Figure 1)-and sampling was conducted during the full flowering period. Subsequently, samples
were identified by an expert at the Agricultural and Natural Resource Research Center in Lorestan Province. The geographical
characteristics, climatic conditions, and soil properties of the studied areas are detailed in Table 1. To quantify the essential oil content
aerial parts of the plants were transported to the laboratory immediately following harvest and dried at room temperature for 10 days.
After drying these samples were finely crushed and ground. The ground material was weighed and placed in to a distillation flask for
essential oil extraction via steam distillation using Clevenger apparatus. The resulting essential oil was subsequently measured in both
weight and volume. The percentage of essential oil content was calculated using the following equation:

Percentage of Essential Oil= Weight of Essential Oil/ Weight of Plant Material [21]

To identify essential oil compounds, it was carried out in the central laboratory of Lorestan University using a gas chromatography (GC)
and a gas chromatography coupled to a mass spectrometer (GC/MS) manufactured by Shimadzu, Japan. For GC-MS analysis, a SCION
SQ W/436, SSL-T21 model, gas chromatograph coupled to a SCION-MS, single Quadrupole-MS mass spectrometer, EI source, was used.
Compounds were separated on a 15 m x 0.25 mm i.d. fused-silica capillary column coated with 0.25 um film of DB-5ms (agilent) and a
split/splitless injector with a 1 mm internal diameter glass liner. Ultra-pure helium was used as carrier gas with ionization voltage of 70
eV. Injector and interface temperatures were 280°C and 200°C, respectively. Mass ranged from 40 to 600 amu. The program of oven
temperature was the same as mentioned above for the GC. After the essential oil was injected into the above devices by comparing the
components with the standard compounds using the inhibition time of the compounds and the inhibition index and comparing with the
internal reference mass spectra library (NIST11), the essential oil compounds were identified.
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Fig. 1 Geographical distribution of studied Ziziphora clinopodioides from different regions of Lorestan province



Table 1 Geographic and soil characters of Ziziphora clinopodioides sample collection regions

Regions of sample collection Code The longitude and altitude above organic carbon P (mg/kg) K (mg/kg)
latitude of the region sea level (m) percentage Co%

Razan, Borujerd Region 1 48° 50 33" 2100 1.13 356 8.3
33°33"3”

Lands near Evander village, Region 2 48°11' 16" 1574 1.98 470 7.7

Khorramabad 33°44' 34"

Garrin Mountain, Bardbal village, Region 3 48°16'55" 2133 21 560 7.2

Aleshtar 33°45' 28"

Investigating the Antimicrobial Effect of Essential Oil by Disk Diffusion Method

Colonies of standard strains of Escherichia coli and Staphylococcus aureus according to the 1/2 McFarland standard were prepared on
Mueller-Hinton agar medium and cultivated by the lawn culture method. Then, 30 ul of essential oil inoculated into a blank disk. 30 pl
DMSO was also inoculated into a blank disk and used as a control. After one night of incubation at 37 °C, the effects of essential oils were
examined to observe the formation or absence of growth inhibition [22].

Statical Analysis

All the experiments were performed in triplicate. Duncan's tests for antimicrobial activity at 5% using MINITAB Version 17 tool and
SPSS program. Means +se and P < 0.05 show a statistically significant difference. Past software was used to generate correlation and
clustering heat maps.

RESULTS

The essential oil composition of Z. clinopodioides from region 2 in Lorestan province was characterized by the identification of 27
compounds. Notably Pulegone (36.45%), Isomenthone (11.06%), P-mentha 3, 8-diene (8.68%), 1,8- Cineole (7.39%), Menthol (5.93),
Piperitone (5.18%), y-Terpineol (3.84), B-Pinene (3.27) and Menthone (3.09) were the dominant compounds which together constituted
95.41% of the total essential oil. Among the 21 compounds identified in the essential oil of Z. clinopodioides collected from region 3, the
main constituents were Pulegone (32.91%), Menthone (11.45%), Isomenthone (10.26%), DL-menthol (9.96%), Thymol (8.01%), 1, 8-
Cineole (4.45%), P-Mentha-3,8-diene (3.75%), Menthol (3.35%), B-Pinene (3.37%), and Piperitone (3.06%). Together, these 21
compounds constituted 96.78% of the total essential oil composition (Table 2).
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Fig. 2 GC/MS chromatogram of Z. clinopodioides from different regions of Lorestan Province

Ninety common essential oil constituents were identified in the populations from both region 2 and region 3. Notably, the concentrations
of Pulegone, Isomenthone, P-mentha-3,8-diene, 1,8- Cineole, a-Pinene, B- Myrcene, Menthol, (Z)-p-Ocimene, Geranyl formate and
Piperitone were higher in the Z. clinopodioides samples collected from region 2 than in those obtained from Z. clinopodioides samples in
region 3. In contrast, the DL-menthol, E-Caryophyllene, Menthone and y-Terpinene compound exhibited a different pattern with
significantly higher concentration observed in the essential oil extracted from region 3 population. A total of 25 compounds were identified
in the Z. clinopodioides samples collected from region 1, among which the main constituents included Thymol (27.52), E-Caryophyllene
(15.38), Carvacrol (10.12), y-Terpinene (9.25), p-Cymene (8.45), a-Terpinene (3.46), and B-myrcene (4.12). Collectively, 25 compounds
constituted 97.79% of the total essential oil composition. Comparative analysis revealed that this population shared only seven common
essential oil compounds with the other two populations.



Region 1 (Rozen, Borujerd) was characterized by high altitude (2100 m) and relatively lower organic carbon compared to the other two
regions. It's levels phosphorus and potassium were low to moderate. While the soil in this region appears to be relatively exploitable but
requires more organic carbon management, and the essential oils of plants collected in this region had the lowest amounts. Region 2 (lands
near Evander village, Khorramabad) has medium altitude and relatively high organic carbon (1.98%); plants collected in this region had
the highest percentage of essential oil (0.86%) and phosphorus (P) were also higher than in region 1, perhaps indicating more fertile soil.
Soil from region 3 (Garrin Mountain, Bardbal village, Aleshtar) had the highest altitude, organic carbon and phosphorus content. The
lowest potassium content was detected in this region. Plants collected from this region had relatively low essential oil content (0.5). The
percentage of organic carbon (%Co) was higher in region 2 and 3 than in region 1, suggesting greater soil organic stability and potentially
improved water and nutrient retention capacities in the former two regions. Phosphorus levels were relatively high in all regions; however,
the highest phosphorus content is observed in region 3. The amount of potassium is relatively low in all three regions (between 7 and 8
mg/kg). Essential oil percentage is significantly higher in region 2.

Heat map analysis of essential oil components (Fig. 3) indicated that Z. clinopodioides collected from region 2 and 3 were clustered
together, this result was expected given the closer distance between the two areas and the commonality of 19 compounds. The analysis
revealed a significant negative correlation between soil organic carbon percentage and B-myrcene content (r = -0.999%), while correlations
between altitude, soil phosphorus, potassium, organic carbon percentages, and essential oil content-as well as other common essential oil
compounds-across the three regions were found to be non-significant. Significant negative correlation was observed between Pulegone
with y-Terpinene (r = -0.997%) and E-Caryophyllene (r =-0.998") but 1, 8- Cineole had positive and significant correlation with essential
oil percentage (r =0.998") (Fig. 5). The antimicrobial activity of essential oil was evaluated against Gram-positive S. aureus and Gram-
negative E. coli using the disk diffusion method, with the diameter of the inhibition zone was measured to determine antibacterial efficacy.
The findings indicated that the essential oil derived from Z. clinopodioides collected in region 1 exhibited the most significant anti-
microbial activity, with an inhibition zone diameter 23 mm against both S. aureus and E. coli. This result showed that the pure essential
oil from Z. clinopodioides in region 1 demonstrated superior performance in inhibiting these two bacterial strains compared to oils from
regions 2 and 3, which showed a reduced inhibition zone diameter only 10 mm.
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Fig. 3 The heat map analysis dendrogram of hierarchical cluster analysis for essential oil constituent's percentage of Z. clinopodioides from different regions
of Lorestan Province



Table 2 Comparison of percentage of essential oil components of Ziziphora clinopodioides sample collection of three regions

v-Terpinene
a-Terpinene
B-Myrocene
B-Pinene
a-pinens
pulegone

omenthone | 4§

13-3,8-diene
cineole
piperitone

DL-meanthol | X I”x -

thymol |l

Essential oil components RI Region 2 (%) Region 3 (%) Essential oil components RI Region 1(%)
a-Pinene 932 1/62 1/13 a-Thujene 924 2/11
Camphene 946 0/03 a-Pinene 932 1/58
B-Pinene 974 3/27 3/37 Camphene 946 0/50
-Myrcene 988 1/03 0/80 B-Pinene 974 0/73
3-Octanol 998 0/23 0/23 -Myrcene 988 4/12
a-Terpinene 1014 0/2 0/23 a-Phellandrene 1002 1/32
1,8- Cineole 1026 7/39 4/45 a-Terpinene 1014 3/46
(2)- B- Ocimene 1032 0/26 0/11 p-Cymene 1020 8/45
y-Terpinene 1054 0/28 0/4 (2)- B-Ocimene 1034 0/39
p-Mentha-3,8-diene 1068 8/68 3/75 y-Terpinene 1054 9/25
Menthone 1148 3/09 11/45 Linalool 1095 0/47
Isomenthone 1158 11/06 10/26 Terpinen-4-ol 1174 2/49
Menthol 1167 5/93 3/35 L-a-Terpineol 1192 0/87
Terpinen-4-ol 1174 - 1/92 Estragole 1196 1/48
DL-Menthol 1185 3/02 9/96 B- Citral 1238 0/54
y-Terpineol 1199 3/84 - Carvone 1239 0/54
Pulegone 1233 36/45 32/91 Thymol 1289 27/52
Piperitone 1249 5/18 3/06 Carvacrol 1298 10/12
Thymol 1289 - 8/01 a-cis- Bergamotene 1411 0/14
Geranyl formate 1298 0/31 0/13 (E)-Caryophyllene 1415 15/38
a-Bourbonene 1376 0/24 0/14 a- Humulene 1451 0/94
(E)-Caryophyllene 1417 0/47 0/87 B-Bisabolene 1505 1/51
a-Himachalene 1449 0/47 - (2)-a-Bisabolene 1511 1/73
1,2,4a,5,6,8a-hexahydro-4,7 -dimethyl-1-(1- 1465 0/14 - Caryophyllene oxide 1582 2/04
methylethyl)- Naphthalene
Germacrene D 1484 0/49 0/25 Humulene-epoxide I1 1608 0/28
Cadina-1(10),4-dienel, 4-cadinadien-8a-ol 1486 0/38
(+)-Ledene 1489 0/37 -
y-Cadinene 1513 0/29 -
(-)-Spathulenol 1577 0/67 -
Total 95/41 96/78 97/79
Essential oil percentage 0/86 0/5 0/091
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Fig. 4 The heat map analysis of correlation between main essential oils components and geographic and soil characters of Z. clinopodioides from different

regions of Lorestan Province (p>0.05 crossed)
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Fig. 5 Comparison of the amount of main chemical compounds of various Z. clinopodioides from different regions of Lorestan Province
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Fig. 6 Comparison of zone inhibition diameter of essential oils of Z. clinopodioides from different regions of Lorestan Province tested against two human
pathogenic bacteria strains
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Fig. 7 The heat map analysis of the zone inhibition diameter of essential oils of Z. clinopodioides from different regions of Lorestan Province tested against
two human pathogenic bacteria strains

DISCUSSION

This variation of essential oil components can be attributed to the distinct climatic and geographical conditions characteristic of each
region. Specifically, the essential oil yield for Z. clinopodioides from region 2 was recorded at 0.86%, whereas the yield from region 2
was 0.5%. In contrast, samples collected from region 1 yielded a significantly lower percentage of essential oil at 0.091%. Notably, the
main essential oil constituents of plants from region 1 differed considerably from those identified in the other two samples. Cluster analysis
of the essential oil components placed plants from regions 2 and 3 in the same group, a result that was expected given the closer
geographical proximity and the fact that they shared 19 common compounds. Plants collected from region 2, which were characterized by
moderate levels of phosphorus, potassium, and organic carbon, as well as lower altitude, exhibited the highest essential oil yield compared
to the other two regions. The essential oil of Ziziphora clinopodioides located in five natural habitats of Yazd province showed significant
and negative relationship with EC and pH [23]. In the previous studies, Pulegone has been identified as the major component of Z.
clinopodioides and Ziziphora tenuior essential oil, with reported concentration as high as 33.1%, 51.4% and 77.25% respectively [24, 25,
26, 27] whereas the major component of essential oil of Z. clinopodioides collected from mountain of Shirkooh on Yazd province was
carvacrol [28]. This contrast with the profile of plants collected from Kermanshah region in 2018 where the main compounds were
Geraniol (20.62%), Crocorol (18.17%), a-Terpineol (7.49%), y-Terpineol (6.83%), Borneol (3.67%), and y-Terpinene (3.53%). Further
highlighting this phytochemical diversity, the essential oil of Z. clinopodioides, collected from Gilan-e Gharb in the western region of
Kermanshah in 2015, was mainly characterized by high concentrations of Carvacrol (65.22%), Thymol (19.51%), P-cymene (4.86%), and
v-Terpinene (4.63%) [29]. This diversity in phytochemical profiles underscores the significant influence of geographical and
environmental factors across different cultivation areas.

The increase in the concentrations of Carvacrol and Thymol in the essential oil from region 1 is consistent with previous research
identifying these compounds as the main constituents of Z. clinopodioides essential oil [29-31]. This consistency underscores their
biochemical significance within the species. Contrasting with the findings of Alipour et al. (2024), which reported that Pulegone levels
increased with altitude in the perennial Z. clinopodioides, our study observed a non-significant decrease in Pulegone concentration with
increasing altitude. Altitude also exhibited a positive, though non-significant effect on the concentrations of Thymol, Menthol, B-Myrcene,



E- Caryophyllene, a-Terpinene, and y-Terpinene compounds. Conversely, the levels of Isomenthone, 1,8-Cineole, and Piperitone showed
a non-significant decrease with altitude. Similarly, the essential oil yield demonstrated a negative and non-significant correlation with
altitude (r = -0.818 ™). This pattern aligns with a negative and significant correlation reported between essential oil percentage of and
altitude in the Artemisia aucheri [32]. This discrepancy may suggest further investigation into the environmental factors that influence
secondary metabolites profile at different altitudes. The variations in the chemical compositions of Z. clinopodioides observed in different
studies may be attributed to several factors including plant age and growth phase, land slope, altitude, geographical and climatic conditions,
harvesting time, and the extraction solvent used [33]. The environmental conditions of medicinal plant’s habitat fundamentally affect its
development in three key aspects: 1) the total quality of bioactive compounds, 2) the specific chemical constituents synthesized, and 3)
the total dry biomass produced [34]. Notably, the observed variations among Z. clinopodioides populations emphasize the need for further
research for plant breeding. The species has demonstrated considerable adaptability to agricultural conditions and exhibit remarkable yield
in cultivation.

Furthermore, research has shown that the Pulegone compound has significant pesticide properties, which enhance its global market value
[35, 36]. Due to the high concentrations of this compound in the essential oils from regions 2 and 3, more investigation is necessary to
discover its potential applications in the developing biological and organic pesticides, as well as in health and medicinal products derived
from these essential oils. The changes in the main essential oil constituents of Z. clinopodioides plant in regions 2 and 3 compared to
region 1 may cause significant differences in their antimicrobial properties. Soltani Nejad et al. (2010) used the disk diffusion method to
investigate the antibacterial effects of Z. clinopodioides essential oil, and indicted that this essential oil exhibited no inhibitory activity
against Pseudomonas aeruginosa at the studied concentrations, while it showed significant antibacterial effect on Listeria monocytogenes,
with an inhibition zone diameter 32 mm [37]. In line with these findings, also it is reported significant inhibitory and bactericidal effects
for both the ethanolic extract and essential oil of Z. clinopodioides and against Gram-negative bacterial strains, as well as notable
antibacterial activity against Gram-positive strains. However, it is important to note that neither preparation exhibited any growth
inhibition or bactericidal activity against Pseudomonas aeruginosa [20].

In research on the biological activities of Z. clinopodioides collected from Karabagh and Armenia, it was determined that the essential oil
of this plant has significant antimicrobial effects. These effects can be attributed to its complex chemical composition, which disrupts
bacterial cell membranes by interfering with metabolic processes; additionally, its hydrophobic nature and environmental factors influence
both quality and quantity of its bioactive compounds [38]. Collectively, the essential oil of Z. clinopodioides has demonstrated acceptable
anti-microbial effect against important foodborne and human pathogenic bacteria [39, 40]. In summary, Ziziphora species exhibit anti-
microbial, antioxidant, and immunomodulatory activities. respect their diverse biological activities and rich phytochemical profiles, they
represent promising candidates for further pharmacological research [41].

Mazarei (2023) reported that the essential oil composition of Z. clinopodioides is predominantly composed of oxygenated monoterpenoids,
such as Pulegone and Menthane-type structures, as well as aromatic monoterpenoids like Carvacrol and Thymol [42]. This high
concentration of monoterpenoid confers significant anti-bacterial, anti-fungal, and insecticidal properties to the essential oil. Several
studies have demonstrated that different bacterial strains exhibit varying sensitivities to the essential oil of Ziziphora tanivivier with S.
aureus being particularly susceptible. One of the main components, Pulegone, has been shown to penetrate bacterial membranes,
disrupting cellular integrity and ultimately leading to cell death. This disruption changed membrane permeability, resulting in the release
of intra cellular substances and disrupted the vital functions of the bacterial [43]. Additionally, Carvacrol and its isomer Thymol-both
present in certain Ziziphora extracts -exhibit a wide range of biological activities including anti-malarial, anti-cancer, antifungal, and
antibacterial properties [44]. Research indicated that these compounds effectively inhibit the growth of both Gram-positive and Gram-
negative bacteria while also demonstrating antifungal properties and antibiofilm activity. Furthermore, Thymol and Carvacrol can be a
suitable alternative as antimicrobial agents against antibiotic-resistant pathogens [45].

Collectively, these findings emphasize the important role of Pulegone, Carvacrol, and Thymol in mediating the antimicrobial activity of
the medicinal plant Z. clinopodioides. Antimicrobial compounds such as Thymol and Carvacrol are known to cause structural and
functional damage to the cytoplasmic membrane [46]. Thymol disrupts critical energy production processes, thereby impairing a cell's
ability to recover following exposure [47]. In contrast, Carvacrol alters cytoplasmic membrane fluidity by modifying the composition of
membrane fatty acids [48, 49]. Essential oils can be categorized as either slow-acting and fast-acting based on their duration of action,
with Carvacrol classified as a fast-acting anti-microbial compound [50]. While, the anti-microbial activity of essential oils is often
attributed to one or two major components, it is increasingly recognized that the ratio of these components alone does not fully explain
their effectiveness. Observations indicate that synergistic or antagonistic interaction between major and minor constituents in essential
oils also play a significant role in determining the overall anti-microbial activity [51]. In this study, the notable anti-bacterial efficacy
observed in the essential oil of Z. clinopodioides from region 1 can be attributed to several factors: (1) its distinct chemical composition
compared to essential oil from other regions, and (2) synergistic interactions between the major and minor components; (3) a notably high
concentration of sesquiterpenes; and. (4) Carvacrol exhibits a rapid anti-microbial effect. With regard to no research has been conducted
to investigate the essential oil compounds of Z. clinopodioides from the study regions; while simultaneously investigating soil
characteristics and their anti-microbial effects, the results of this research will help to better identify the native plants of Lorestan Province.

CONCLUSION

This study highlights that the geographical conditions significantly influence the anti-microbial properties of essential oil from Z.
clinopodioides, particularly in region 1. The essential oils of the Z. clinopodioides plant collected from regions 2 and 3, having 19 common
compounds, had the same anti-microbial effects against the studied bacteria. The Z. clinopodioides plant collected from region 1, with
completely different compounds from the other two regions, showed the highest anti-microbial effects against the two bacteria studied.
These findings suggest potential applications in pharmaceuticals and the food industry, emphasizing the need for further research on its
active compounds.



REFERENCES

1
2.
3.

10.
11.
12.
13.
14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

217.

28.

29.

30.
3L

32.

33

34.

35.

Mozaffarian V.A. Dictionary of Iranian Plant Names. Farhang Moaser Publishers. Tehran. 1996. 591 pp. (In Persian).

Jamzadeh Z. Iranian Thymus and Satureja. First edition. Tehran. Research Institute of Forests and Pastures of the country. 2010.

Bakhsh Khaniki G.h., Sefidkon F., Dehghan Z. Investigating the effect of some habitat conditions on the quality and quantity of the essential oil of the
Ziziphora clinopodioides plant. Journal Medicinal Plants. 2010; 1(1): 11-20

Bakhtiar A., Khaghani S., Ghasemi Pirbalouti A., Gomarian M., Chavoshi S. Essential oil variation among different populations of Ziziphora tenuior
L. cultivated at semiarid climate. Journal Essentials Oil Research. 2021; 33:1-9.

Shahbazi Y., Shavisi N. Interactions of Ziziphora clinopodioides and Mentha spicata essential oils with chitosan and ciprofloxacin against common
food-related pathogens. LWT Food Science Technology. 2016; 71:364—369.

Salehi P., Sonboli A., Eftekhar F., Nejad Ebrahimi S., Yousefzadi M. Essential oil composition, antibacterial and antioxidant activity of the oil and
various extract of Ziziphora clinopodioides. Biological and Pharmaceutical Bulletin. 2005; 28(10): 1892-1896.

Beyk Mohammadi M. Evaluation of the medicinal properties of mountain kakauti (Ziziphora clinodioides). Applied Scientific Journal of the world.
2013;12(9): 1638-1635.

Alp S., Ercisli S., Dogan H., Temim E., Leto A., Zia-Ul-Haq M., Hadziabulic A., Aladag H. Chemical composition and antioxidant activity Ziziphora
clinopodioides ecotypes from Turkey. Romanian Biotechnology Letter. 2016; 21(2): 11298-11303.

Feyzi M.T. Introduction of the Satureja Bakhtiarica and its Ecological Characteristic in Esfahan Province. Proceeding of National Iranian Congress
of Medical Plants, Tehran, Iran. 2002; 237-238.

Kagale S., Marimuthu T., Thayumanavan B., Nandakumar R., Samiyappan R. Antimicrobial activity and induction of systemic resistance in rice by
leaf extract of Datura metel against Rhizoctonia solani and Xanthomonas oryzae. Physiology Molecule Plant Pathology. 2004; 65: 91-100.

Shopsin B., Kreiswirth B.N. Molecular epidemiology of methicillin-resistant Staphylococcus aureus. Emergency Infective Disease. 2001; 7(2):323-6
Vestergaard M., Frees D., Ingmer H. Antibiotic resistance and the MRSA problem. Microbiology Spectrum. 2019; 1-23.

Tiemersma E.W., Bronzwaer S.L., Lyytikainen O., Degener J.E., Schrijnemakers P., Bruinsma N., Monen J., Witte W., Hajo G. Methicillin-resistant
Staphylococcus aureus in Europe, 1999-2002. Emergency Infection Disease 2004; 10(9): 1627-34.

Danquah C.A., Tetteh M., Amponsah I.K., Mensah A.Y., Buabeng K.O., Gibbons S., Bhakta S. Investigating Ghanaian Allium species for anti -
infective and resistance -reversal natural product leads to mitigate multidrug -resistance in tuberculosis. Antibiotics. 2021; 10(8): 902

Azimi T., Maham S., Fallah F., Azimi L., Gholinejad Z. Evaluating the antimicrobial resistance patterns among major bacterial pathogens isolated
from clinical specimens taken from patients in Mofid children’s hospital, Tehran, Iran: 2013 -2018. Infection and Drug Resistance. 2019; 12: 2089 -
102.

Pokharel P., Dhakal S., Dozois C.M. The Diversity of Escherichia coli Pathotypes and Vaccination Strategies against This Versatile Bacterial Pathogen.
Microorganisms. 2023; 11: 1-54.

Rabiee M., Ardestani M., Asri Y., Bakhshi Khaniki Gh. Phytochemical investigation of the essential oil of Ziziphora clinopodioides in natural habitats
of Alborz and Mazandaran provinces. Ecophytochemistry Journal of Medicinal Plants. 2015;11(3): 54-61.

Alipour Z., Hemati Kh., Zeinalineghad Kh., Kheirkhah M. Comparison of Some Morpho-phytochemical Traits of Two Cultivated and Wildling Kakuti
Species in Razavi, North, and South Khorasan Provinces. Journal of Crops Improvement. 2024; 26 (2): 363-387.

Safaei L., Najafpoor Navaii M., Sharifi Ashoorabadi E., Mirza M., Aminazarm D. The evaluation of yield traits and oil components in three populations
of Ziziphora tenuir L. cultivated in Isfahan. Crop Production Journal. 2021; 4 (4): 141-156.

Anzabi Y., Khki A. Antibacterial Effects of the Essential Oils and Ethanol Extracts of the Native Plants; Ziziphora Clinopodioides on 3 Species of
Urinary Tract Isolated Bacteria in Rats’ Experimental Model. Medicinal Journal Tabriz University Medicinal Science Health Services. 2015; 27 (3):
18-25.

Runde M., Kubmarawa D., Maina H.M. Compositional Analysis and Anti-Oxidant Assessment of Essential Oil of some Aromatic Plants Obtained
from North-Eastern Nigeria, Research Journal Chemistry Sciences. 2015; 5 (10): 7-12.

Jorgensen H. Methods for dilution antimicrobial susceptibility tests for bacteria that grow aerobically. 1993. Approved standard. Wayne, PA: National
Committee for Clinical Laboratory Standards Antimicrobial Susceptibility Testing. NCCLS M7-A3.

Amiri, F., Gholipouri, A., Kheirkhah, M., Mirjalili, M.H. Study of ethnobotany and the effect of ecological factors on the yield of essential oil of
Ziziphora clinopodioides (case study: Yazd Province). Journal of Medicinal Plants and By-Products. 2019; 2: 189-199

Baygan A., Safaeian S., Shahinfar R., Khoshkhoo Z. Comparing the antibacterial properties of Ziziphora clinopodioides essential oil in free and
encapsulated states in minced beef contaminated with Salmonella tyohimurium. Iranian Journal of Chemistry Engineering. 2023; 42 (2): 664-676.
Mohammadi Fard F., Alimohammadi S. Chemical Composition and Role of Opioidergic System in Antinociceptive Effect of Ziziphora Clinopodioides
Essential Oil. Basic Clinic Neuroscience. 2018; 9(5):357—66.

Najafian, S. Phytochemical properties, volatile components and herbage yield from leaves of Kakuti. Journal of Medicinal Plants and By-product.
2024; 1: 1-19.

Mirjalili, M.H., Amiri, F., Goldansaz, S.M. Chemical variation of Ziziphora clinopodioides from the central of Iran. Journal of Medicinal Plants and
By-products. 2021; 1: 75-80.

Goldansaz, S.M., Rezaee, M.B., Jaimand, K., Mirhoseini, A. Study of essential oils compositions of three species of medicinal plants from Shirkooh
mountain on Yazd province. Journal of Medicinal Plants and By-Products. 2014; 2: 187-191.

Shavisi N., Akhondzadeh Basti A., Khanjari A., Misaghi A., Shahbazi Y. In vitro antibacterial activity of polylactic acid film incorporated with
ethanolic propolis extract and Ziziphora clinopodioides. Journal Food Quality Hazards. 2017; 4: 3-8.

Karpinski T.M. Essential oils of lamiaceae family plants as antifungals. Biomolecules. 2020; 10 (1): 103-138

Arianfar M., Akbarinodeh D., Hemati Kh., Rostampoor M. Effect of altitude and aspect on efficiency of producing essence and phytochemical
properties of Artemisia sieberi and Artemisia aucheri in south Khorasan rangelands. Journal of Rangeland. 2018; 12 (3): 281-194.

Ajourloo. M., Khanjari A., Misaghi A., Akhondzadeh Basti A., Kamkar A., Yadegar F., Gholami F., Khansavar F., Fallah F. Combined effect of
Ziziphora clinopodioides essential oil and lysozyme to extend shelf life and control Listria monocytogenes in Balkan-style fresh sausage. Foods
Sciences Natural. 2021; 9: 1665-1675.

Zakerin A.R., Ahmadu E., Fasihi-Ramandi M., Abdollahi S., Molazadeh A.R., Jafari S., Allahverdi Gh., Kouhpayeh S.A., Meshkibaf M.H. The Effects
of Ecologic Condition on Antimicrobial Activity of Endemic Herbal Extracts in Fars Province. Journal Fasa University Medical Science. 2015;5(1):
111-119

Palacios S.M., Bertoni A., Rossi Y., Santander R., UrzGia A. Insecticidal activity of essential oils from native medicinal plants of Central Argentina
against the house fly; Musca domestica (L.). Parasitology Research. 2009; 106(1): 207-212.

Sigma Aldrich. (S)-(—)-Pulegone. 2012. http://www.sigmaaldrich.com/catalog/product/aldrich/328847?lang=en&region=IR.



36.

37.

38.

39.

40.

41.

42.

43.

44,

45,
46.

47.

48.

49.

50.

Soltani Nejad Sh., Sataee Mokhtari T., Rahbarian P. Studying the antibacterial effect of the essential oil and methanolic extract of Ziziphora
clinopodioides on some pathogenic bacteria. Journal Microbial Biotechnology. 2010; 2 (5): 1-6.

Greta U., Hasmik G., Karine D., Margarita B., Gayane P., Vladimir Sh., Hrachya A., Violeta A., Vigen G., Ghukas U., Sona T., Naira C. The study of
the biological activities of Ziziphora clinopodioides. Brazilian Journal of Pharmaceutical Science. 2022; 58: 1-18.

Hazrati S., Govahi M., Sedaghat M., Beyraghdar Kashkooli A. A comparative study of essential oil profile, antibacterial and antioxidant activities of
two cultivated Ziziphora species (Z. clinopodioides and Z.tenuior). Industrial Crops and Products. 2020; 157: 1-7.

Omar Qader K., Malik Al-Saadi S.A.A., Hiwa Arif H., Al-Fekaiki D.F. Antibacterial and antioxidant activity of Ziziphora clinopodioid essential oil.
Archeological Razi Instruction. 2023; 78 (1): 205-211.

Ilhan M., Giirbiiz P., Stintar I. An Updated Review on Ziziphora L.: A Valuable Source of Phytoconstituents for Potential Health Benefits. Record of
Natural Products. 2025; 19:375-399.

Mazarei, Z. Chemical composition and biological activity of Ziziphora clinopodioides essential oil: A review. Jundishapur Natural Pharmacology
Products. 2023; 18 (4): 1-12.

Khankeshizadeh S.S., Rahman A., Naderi F., Khoreshidian N., Mohammadi M. Ziziphora tenuiot essential oil as a bio-based antimicrobial and plant
—based preservative for increasing the shelf life of Mayonnais. Journal of Plant Quality. 2024; 1-8.

Peter S., Sotondoshe N., Aderibigbe B.A. Carvacrol and Thymol Hybrids: Potential Anticancer and Antibacterial Therapeutics. Molecules. 2024; 29:
1-18.

Mohammad M., Parisa R., Naser A., Masoud A.A., Samadi H.K. Carvacrol and thymol: strong antimicrobial agents against resistant isolates. Review
Medicinal Microbiology. 2017; 28 (2): 63-68.

Sikkema J., De Bont J.A.M., Poolman B. Mechanisms of membrane toxicity of hydrocarbons. Microbiology Review. 1995; 59: 201-222.

Ahmad A., Khan A., Akhtar F., Yousuf S., Xess I., Khan L., Manzoor N. Fungicidal activity of thymol and carvacrol by disrupting ergosterol
biosynthesis and membrane integrity against Candida. European Journal Clinic Microbiology Infection Disease. 2011; 30: 41-50.

Di Pasqua R., N. Hoskins, G. Betts and G. Mauriello. Changes in membrane fatty acids composition of microbial cells induced by addiction of thymol,
carvacrol, limonene, cinnamaldehyde, and eugenol in the growing media. Journal Agricultural Foods Chemistry. 2006; 54: 2745-2749.

Di Pasqua R., Betts G., Hoskins N., Edwards M., Ercolini D., Mauriello G. Membrane toxicity of antimicrobial compounds from essential oils. Journal
of Agricultural Foods Chemistry. 2007; 55: 4863-4870

Friedman M., Henika P.R., Levin C.E., Mandrell R.E. Antibacterial activities of plant essential oils and their components against Escherichia coli
0157:H7 and Salmonella enterica in apple juice. Journal Agricultural and Foods Chemistry. 2004; 52: 60426048

Bassolé I.H.N., Lamien-Meda A., Bayala B., Tirogo S., Franz C., Novak J., Nebié R.C., Dicko M.H. Composition and antimicrobial activities of Lippia
multi- flora Moldenke, Mentha piperita L. and Ocimum basilicum L. essential oils and their major monoterpene alcohols alone and in combination.
Molecules. 2010; 15: 7825-7839. a



