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 Abstract  

Many aromatic plant species that belong to the Lamiaceae family are defined as “thyme” in Turkey, and the 
species that contain “carvacrol” and “thymol” in the essential oil of these plants are accepted as “thyme”. 
Among them, Origanum, Satureja, and Thymbra genera have great importance in terms of distribution and 
economics. The present study was conducted to determine in vitro the antimicrobial effects of the essential 
oils obtained from Thymbra spicata L., Satureja cuneifolia Ten., Satureja hortensis L., Origanum onites L. 
and Origanum majorana L. species through hydroxylation method on the pathogenic bacteria of Salmonella 
enteritidis (ATCC 13075), Enterococcus faecalis (ATCC 29212), Enterobacter aerogenes (ATCC 13048), 
Staphylococcus aureus subsp. aureus (ATCC 25923), Escherichia coli (ATCC 25922), and Serratia 
marcescens (ATCC 13880), which are resistant to many drugs. The essential oils that constituted the study 
material were extracted in the Neo-Clevenger device and their antimicrobial activity against gram-negative 
and gram-positive bacteria was investigated by using the Standard Agar Well Diffusion Test Method. It was 
found that the T. spicata, S. cuneifolia, S. hortensis, O. onites, and O. majorana species had antibacterial 
activity varying between 8.43±1.00-26.53±2.50 mm against six test strains. The fact that T. spicata species 
had higher antibacterial activity against all pathogens compared to standard antibiotics is important in terms 
of using and culturing this species and is the most striking finding of the present study. 
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Introduction 
Approximately 3.000 (1/3) of the species that were registered in the flora of 
Turkey consist of medicinal and aromatic plants (Tan 2017). The Lamiaceae 
family, which includes the thyme plant, is among the most widespread plant 
families worldwide and contains 3.000 species of approximately 200 genera 
(Heywood 1978). It is the 6th largest family in our country with 45 genera and 
the 3rd largest family with 550 species in terms of species (Dönmez et al. 
2011). Members of the mint family Lamiaceae are highly favored for the 
treatment of human and animal diseases due to their essential oil content 
(Güler et al., 2021; Babacan et al., 2022; Selvi et al., 2022). The fact that the 
Lamiaceae family is the source of many essential oils employed in medicine 
and perfumery and that it is employed for both treatment and spice shows the 
importance of this family. Thyme, which is among the most important plants 
of the Lamiaceae family, has five genera in Turkey (Thymus, Origanum, 
Satureja, Thymbra, and Coridothymus) (Baser et al. 1994, Davis 1982). There 
are 220 species of the genus Thymus on Earth and 39 species (58 taxa) in 
Turkey. There are 43 species of Origanum, of which 23 species (27 taxa) are 
found in Turkey. The genus Satureja contains 30 species, 13 of which (14 taxa) 
are found in Turkey. There are about 12 species of the genus Thymbra in 
Turkey, 2 species (4 taxa). There is only one species in the genus 
Coridothymus, which is also found in Turkey. In Turkey, 44.2% of Lamiaceae 
species, 65.2% of Origanum species, 52.6% of Thymus species, and 28% of 
Medicago species are endemic. This information indicates how abundant 
turkey is in these genera and that it is their genetic center (Davis 1988, Biskup 
and Saez 2002, Kintzios 2002). 
Our country holds 70% of the world’s thyme market with its rich thyme 
reserves, and produces approximately 10.000 tons of annual production, 
providing the economy of the country with an income of approximately 21 
million dollars. 
O. onites (Izmir thyme, earth thyme, Turkish thyme) is known in Europe as 
"Turkish oregano" and is widely cultivated along the Aegean and Western 
Mediterranean coasts (Balikesir, Izmir, Ay Den, Mugla, Antalya) (up to 1400 
meters above sea level). It is cultivated in the Aegean region. This variety 
accounts for the largest share (about 80%) of my country's thyme exports. The 
average plant height can reach 100 cm. Essential oil yields range from 2% to 
5%. It is thought to be the chemotype that grows in this region (Baytop 1991).  
O. Majorana (sweet marjoram, Alanian thyme, marjoram, sweet thyme, white 
thyme) is commonly found in dry grasslands, rocks and dry forests in the 
western regions of our country (Thrace, Marmara, Aegean and 
Mediterranean). The plant is 20-80 cm tall and is a perennial plant with pink 
or white flowers. It blooms from July to September. It grows in the Aegean 
region and is used for essential oils in gardens. Its essential oil is rich in 

terpinen-4-ol, trans-sabinete hydrate, cis-sabinete hydrate and linalool. The 
carvacrol content is also quite high (78-80%). European-grown samples, 
known as marjoram, do not contain carvacrol (Skoula et al. 2005). 
T. spicata (Karakekik, Karabaşkekik, Sivrikekik) is a common species in 
Thrace, the Mediterranean coast, the Aegean Sea, and western and 
southeastern Anatolia. Used as a medicine, with a high proportion of carvacrol 
for its antiseptic effect, and also in spices and teas. Carvacrol content is 50-
71%. The plant height is 24-43 cm, and the essential oil proportion is between 
1-3.4%.  
Essential oils can be obtained from flowers, roots, bark, leaves, seeds, fruits, 
and various parts of plants (Khorshidian et al., 2018). Essential oils are defined 
as “products obtained from the peels of citrus fruits by mechanical processing, 
steam distillation or dry distillation after separation of the aqueous phase from 
natural raw materials of plant origin” (ISO/DIS9235, 2013). Today, 
approximately 3,000 different essential oils are used commercially as 
condiments and fragrances (Burt 2004). The composition of essential oils 
varies depending on the plant species, geographical origin, climatic 
conditions, soil composition, phase of the vegetation cycle, and the plant parts 
used to extract the essential oil (Masotti et al. 2003). In general, they play an 
important role in defense mechanisms against bacteria and fungi and are 
excreted as secondary metabolites (Tajkarimi et al. 2010). The antimicrobial 
activity of essential oils is related to their active components (Hyldgaard et al., 
2012). Their antimicrobial properties and composition (Nychas, 1995) and 
their mechanisms of action have been extensively studied (Lambert et al. 
2001). An important property of essential oils is their hydrophobicity, which 
allows them to bind to the lipids of bacterial cell membranes, disrupting their 
structure and making them more permeable (Sikkemat et al. 2010) and this 
results in the escape of ions and other cellular molecules (Gustafson 1998, Cox 
2000, Carson and Riley 1993, Ultee et al. 2002). Approximately 90-95% of 
all essential oils consist of volatile components and fatty aldehydes, alcohols 
and esters as well as monoterpene and sesquiterpene hydrocarbons and their 
oxygenated derivatives. The remaining 5-10% of the main components are 
hydrocarbons, fatty acids, sterols, carotenoids, waxes, coumarins and 
flavonoids (Luque De Castro et al. 1999). The most active antimicrobial 
compounds in essential oils are divided into four classes based on their 
chemical structures: terpenes (e.g., paracymene, limonene), terpenoids (e.g., 
thymol, carvacrol), phenylpropenes (e.g., eugenol, vanillin) and other 
compounds such as allicin or isothiocyanates (Hyldgaard et al., 2012). The 
chemical structure of an essential oil also affects its antimicrobial activity 
(Knobloch et al., 1986). Previous research has shown that using the entire 
essential oil has a greater effect than using the primary ingredients together 

mailto:ntasar@munzur.edu.tr
https://creativecommons.org/licenses/by-nc/4.0/
https://creativecommons.org/licenses/by-nc/4.0/
https://dergipark.org.tr/ijafls
https://orcid.org/0000-0002-0417-4660
https://orcid.org/0000-0002-2762-3027
https://orcid.org/0000-0003-4918-7796
https://orcid.org/0000-0002-4816-3154


53 
 

(Burt, 2004), suggesting that secondary ingredients are critical to effectiveness 
and may have synergistic effects (Maruyama et al., 2005). Antagonism can be 
observed with essential oils, namely H. The effect of multiple compounds may 
be weaker than when used individually (Gill et al. 2002). 
In addition to the therapeutic properties of essential oils, their antimicrobial 
effects have been known since the early 19th century and they have been used 
as disinfectants. The thyme plant, which is the subject of the present study, has 
a wide area of use in this context with its antimicrobial, antiseptic, 
anthelmintic, cardiovascular, and stimulant characteristics (Cingi et al. 1991). 
The purpose of this study was to compare the effects of these plants, which 
are important for their antimicrobial properties. The antibacterial effects of the 
extracted essential oils on various pathogenic bacteria were studied. 
Material and methods 
Supply of plant material 
The localities of the plant materials that were employed to obtain the essential 
oils that were the subject of the study are given below. 
T. spicata was obtained from natural growing areas in Kahramanmaras 
Menzelet Dam Lake. 37°39'2.85"K, 36°48'9.96"D, 529m. 
S. cuneifolia was obtained from the natural growing area around the 
Hamamgozu area of Kahramanmaras Goksun District. 37°52'38.10"K, 
36°23'30.59"D, 1530m. 
S. hortensis Malatya, Kapidere Kumlu road surroundings. 37°56'31.94"K, 
37°42'5.10"D, 1055m. 
O. onites was obtained from Kahramanmaras Sutçu Imam University Field 
Crops Department. 37°35'37.25"K, 36°48'48.96"D, 489m. 
O. majorana was obtained from Kahramanmaras Sutçu Imam University Field 
Crops Department. 37°35'37.25"K, 36°48'48.96"D, 489m. 
Essential oil extraction 
The extraction process of essential oils was carried out in the laboratory of the 
Department of Crops, Medicinal and Aromatic Plants, Faculty of Agriculture, 
Kahramanmaras Sutçu Imam University. The thyme varieties in the study 
samples were collected in 2018. Essential oils extracted from the above-
ground parts of the plant during flowering are inspected to be pure (undiluted). 
The dried aerial parts of the thyme species employed in the study were 
completely ground and Their essential oils are extracted using 
hydrodistillation in a Neo-Clevenger unit for three hours. To obtain essential 
oil, 500 ml distilled water was added to 50 grams of ground plant material and 
subjected to the hydro distillation process. The resulting essential oils were 
stored in the refrigerator at -18oC until the working setting was established. 
Microorganisms employed 
The bacterial species used in the study were selected from American Type 
Culture Collection (ATCC) quality control strains known for their sensitivity 
and recommended for use by the Clinical and Laboratory Standards Institute 
(CLSI). In this context, Enterobacter aerogenes (ATCC 13048), Enterococcus 
faecalis (ATCC 29212), Salmonella Enteritidis (ATCC 13075), and 
Staphylococcus aureus subsp. Staphylococcus aureus (ATCC 25923), 
Escherichia coli (ATCC 25922), and Serratia marcescens (ATCC 13880) were 
used in this study. 
Agar well diffusion test method 
The agar well diffusion test method has been used to determine the 
antimicrobial activity of essential oil extraction products (Russo et al., 2012) 
as a widely used method to evaluate the antimicrobial activity of plant or 
microbial extracts (Magaldi et al., 2004; Vargas et al., 2007). Muller Hinton 
agar (MHA) was employed for bacterial strains. Briefly, 100 μL of the 
pathogen sample in the logarithmic growth phase was added to 20 mL of MHA 
medium and poured into the Petri dish. Use a sterile cork drill (6 mm diameter) 
to make a hole in the MHA Petri dish and add 10 μL Necessary addition of 
fatty acids to each well. 10 µL of the standard antibiotic kanamycin (30 
µg/mL) was also used as a positive control to determine the susceptibility of 
the tested microorganisms. Petri dishes were incubated overnight at 37°C, and 
if significant inhibition was observed, it was considered to indicate the 

presence of antimicrobial activity. Testing was performed in triplicate. 
Antimicrobial activity was assessed by measuring the diameter of the area 
surrounding each hole (Balouiri et al., 2016). 
Statistical calculations 
Statistical analysis was performed using GraphPad Prism 8 software, and all 
tests were performed in triplicate. Results are expressed as mean ± standard 
error of the mean and compared using analysis of variance (ANOVA) and least 
significant difference (LSD) at p ≤ 0.05 and p ≤ 0.01 (Steel et al., 1997). 
Results 
The most researched aspect of essential oils relates to their antimicrobial 
effects. Since these oils are complex mixtures with different components, their 
degree of effectiveness varies depending on the type and amount of active 
ingredients (Toroğlu et al., 2006). Although the information on the 
mechanisms of action is limited, it is suggested that this is related to the 
lipophilic characteristics and chemical structures of the oils (Farag et al., 
1989).  The essential oils that were obtained from 5 different thyme species 
(T. spicata, S. cuneifolia, S. hortensis, O. onites, and O. majorana) were tested 
against 6 different pathogenic microorganisms. The antibacterial activity 
results of the plant essential oils used in the study are shown in Table 1. The 
essential oils used in the study were found to exhibit broad antimicrobial 
activity against both gram-negative and gram-positive bacteria. T. spicata 
showed the highest antibacterial activity against all the pathogens compared 
to the other essential oils and standard antibiotics. 
T. spicata and O. onites have strong antibacterial activity against Gram-
positive bacteria, and S. cuneifolia, S. hortensis and O. onites have strong 
antibacterial activity against Gram-negative bacteria. 
A heat map model was employed to understand the relationship between 
essential oils and antimicrobial activities better. In this method, the effect 
values of the plant species employed against bacteria are shown by the changes 
in blue and white. The intensity in the blue hue indicates high antibacterial 
activity, the white color indicates no activity, and the intermediate values 
indicate the corresponding gradient between the two colors (Figure 1). 
 

 
Figure 1. The comparison of antibacterial activity of essential fatty acids 
obtained from T. spicata, S. cuneifolia, S. hortensis, O. onites, and O. 
majorana plants and inhibition zones between pathogenic microorganisms 
(mm±SD). 

 

Table 1. Data are expressed as mean ± standard deviation (SD) of three independent samples. NIZ stands for No Inhibition Zone.. 1: Kanamycin (K30), the 
largest zone diameter. 

 Essential Fatty Acids Standard 
Antibiotics 

Microorganisms Thymbra 
spicata 

Satureja 
cuneifolia 

Satureja 
hortensis 

Origanum 
majorana 

Origanum 
onites 

Kanamycin 
(K30)1 

E. aerogenes (ATCC 13048) 26.53±2.50a** 18.30±1.42* 12.70±1.01 10.30±0.52 16.13±0.81 16.20±0.90 
E. faecalis (ATCC 29212) 18.93±1.90* 19.73±1.33a* 16.37±1.05 11.10±1.20 13.50±0.62 17.37±0.31 
S. enteritidis (ATCC 13075) 21.77±1.92a** 17.23±0.35* 10.83±1.00 11.23±0.65 15.60±0.72* 12.97±0.38 
S. aureus subsp. aureus (ATCC 25923) 20.00±1.14a** 16.57±0.93 19.13±0.86* 12.63±1.07 16.27±0.65 16.77±0.64 
E. coli (ATCC 25922) 20.97±1.63a** 14.30±0.40 15.43±1.40 9.40±1.28 16.47±0.83 16.80±0.17 
S. marcescens (ATCC 13880) 19.97±1.87a** 17.63±1.30** 8.43±1.00** 12.10±0.50** 16.90±0.26** NIZ 

Significant effect; * P<0.05, ** P<0.01) 
 
 

Discussion and conclusion 
Today, the increasing resistance of microorganisms to antibiotics is attracting 
people to investigate alternative drugs. Studies conducted to find plant-derived 
antimicrobial agents are becoming increasingly important. To this end, 

screening of active ingredients in plants represents an important step in the 
development of new antibiotic active ingredients. The antimicrobial agents to 
be obtained in these studies will show new horizons for the treatment of 
resistant microorganisms. A heat map model was prepared to demonstrate the 
relationship between essential oils and antimicrobial activities. The interaction 
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between the species that formed the study sample and pathogenic bacteria is 
explained in this method. In this study, the diameter of the area where essential 
oils were ground was found to vary between 26.53 ± 2.50 and 9.40 ± 1.28. 
pathogen strains, were higher than those reported in previous studies and this 
effect was statistically significant (P <0.01). These values also indicate that it 
has a stronger antibacterial effect than the antibiotic K30 with the largest area 
diameter in the control group (17.37 ± 0.31 mm). It is worth noting that even 
though the essential oil extracted from T. spicata had the lowest antibacterial 
activity (18.93±1.90), it was higher than that of the control group, showing its 
broad application potential. 
When the positive definition of zone measurements of 7 mm and above in 
previous studies was considered, it was concluded that all the results obtained 
were high in terms of antibacterial activity (Prabuseenivasan et al., 2006; 
Bilenler and Gokbulut, 2019). It was found that T. spicata, S. cuneifolia, S. 
hortensis, O. onites, and O. majorana did not show antibacterial activity 
against gram-positive and gram-negative bacteria. 
Another study examined the effects of different concentrations of thyme 
essential oil on various bacteria. These essential oils were found to have 
antimicrobial effects against Escherichia coli, Listeria monocytogenes, and 
Staphylococcus aureus. Studies have also found that as the concentration of 
essential oils decreases, so does the antibacterial effect. Studies have shown 
that variations in bacterial exposure can be attributed to different plant species 
and strains (Baydar et al., 2005). 
It was also suggested that there are additives, antagonistic, and synergistic 
interactions between the components of essential oils (Burt 2004). In a study 
that examined the effects of thymol and carvacrol on Staphylococcus aureus 
and Pseudomonas aeruginosa, it was reported that these substances had better 
effects when employed together than when used alone (Lambert et al. 2001). 
Akin et al. 2010) tested the essential oil obtained from T. spicata L. var. 
spicata through distillation method on S. aureus ATCC 25923, E. faecalis 
RSKK 97008, B. cereus ATCC 17778, E. coli ATCC 29998, Salmonella 
cholerasuis ATCC 14028, Streptococcus mutans NCTC 10449 and Sarcina 
lutea ATCC 9341 strains. As a result, they reported that the bacteria used were 
ineffective and there was no growth. 
Joma (2018) tested the extracts of T. spicata L. var. spicata plant obtained 
with water, methanol, and hexane on S. maltophilia strain by disk diffusion 
method as 20 pl. As a result, they reported that they obtained 16 mm, 23 mm, 
and 10 mm zone diameters, respectively. 
Also, it was reported in a previous study in which essential oils of the thyme 
plant were tested on 9 gram (-) and gram (+) bacteria strains that bacteriostatic 
effects were observed against all test microorganisms (Mahboubi et al. 2010). 
It was reported in some similar studies that thyme essential oil showed strong 
bactericidal effects on Listeria monocytogenes and some other bacteria 
(Kalemba et al. 2003). 
According to the results of this study, antimicrobial activity was found in 
essential oils extracted from certain plants such as thyme, but this activity 
varied depending on the type of microorganism. The antimicrobial activity of 
plant essential oils varies depending on the type of microorganism tested. The 
results of the study show that the antibacterial effect of the essential oils used 
is mainly positive. Therefore, it is recognized that the use of herbal essential 
oils and extracts can be one of the effective solutions in this regard. The lack 
of mutagenicity in most plant essential oils suggests that these oils are 
potential sources for use as alternatives to many synthetic food additives. 
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