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Abstract 

The present study aimed to examine the correlation of plant nutrient elements with the 

antibacterial activity of methanol extract of Thymus vulgaris L. grown on soil from the 

experimental field without application of fertilizers or pesticides on two Gram-positive and two 

Gram-negative bacteria. The extract of thyme was obtained by maceration of aerial parts of the 

plant using methanol as the solvent. The contents of macro (P, K, Ca, and Mg) and micro (Fe, 

Cu, Zn, Mn, and B) nutrients were detected by ICP-OES. The results showed that the macro 

nutrients were compatible with herbaceous perennial plants, while Fe, Mn and B micro nutrients 

were high. The methanol extract was significantly effective on inhibiting P. aeruginosa, S. 

aureus and E. faecalis, while did not inhibit E. coli. The correlation of K and Mg was 

significantly positive with the growth inhibition of P. aeruginosa suggesting that higher K and 

Mg contents of the plant would result in higher antibacterial activity against P. aeruginosa, most 

probably up to a point. On the other hand, significant positive correlation of B was found with 

the inhibition of both Gram-positive bacteria. In addition, the positive correlation of Ca with 

the growth inhibition of S. aureus was highly significant. The importance of nutrient contents 

in medicinal aromatic plants such as thyme was shown with this study. The results therefore 

imply the conscious and sustainable agriculture of medicinal aromatic plants is crucial for the 

antibacterial activity of thyme.  
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1. INTRODUCTION 

Around one third of the flora in Turkey consists 

of medicinal aromatic plants [1]. Among them the 

third largest plant family with 550 species is the 

Lamiacaea family [2]. Thymus vulgaris L, known 

 
* Corresponding author: mgurgan@nku.edu.tr 
1 Tekirdağ Namık Kemal University 

E-mail: sadiloglu@hotmail.com 

ORCID: https://orcid.org/0000-0002-2966-1510, https://orcid.org/0000-0002-0062-0491 

as thyme, is a flowering plant species of this 

family. Although this particular species is not 

naturally found in the flora of Turkey, it has been 

cultivated intensively in Turkey, so that Turkey is 

the leading country for thyme production and 

export. Thyme production in Turkey is increasing 

year by year, with an average quinquennial 

Sakarya University Journal of Science 26(4), 820-828, 2022



production of around 19 thousand ton/year [3]. 

There was a light decrease in 2021 compared to 

the previous year most probably due to decrease 

in demand in the market as a result of the 

pandemics.  

The plant has a high drought tolerant and it can be 

cultivated in almost all soil types [4]. Thyme has 

a wide range of area of utilization. Pharmaceutical 

industry takes advantage of this medicinal 

aromatic plant in many applications due to its 

antimicrobial, uretic, blood glucose regulator, 

anti-inflammatory aspects. It is also a source for 

cosmetics such as soaps, detergents, creams, 

lotions, tooth pastes and mouth washes [5]. 

Thyme extracts have even been studied for its 

anti-anxiety effects through oral applications in 

rats [6]. Recently, thyme has been the focus of 

interest in agricultural applications. Thyme 

extract was tried on tomato wilt causing bacteria 

and promising results were obtained in order to 

use this herbal extract for field applications [7]. 

Similarly, thyme extract was shown to be utilized 

for crop protection of zucchini an alternative to 

chemical pesticides. The field trials revealed that 

thyme extract could be used as phyto-stimulant 

and plant strengthening hence increased crop 

yield [8]. 

The active phytochemicals in the essential oil of 

Thymus vulgaris L. are responsible for the 

medicinal aspects. The essential oil amount in 

Thymus vulgaris L. is 1.09-2.67%, which 

increases under drought as opposed to the crop 

yield [5]. The main components of the essential 

oil are thymol (40-70%), p-cymene, γ-terpinene, 

carvacrol, β-caryophyllene and α-terpinene, as the 

most abundant thymol is responsible for the 

characteristic smell of the plant [9].  

Organic and clean agriculture is crucial for 

sustainable production of thyme, which is a very 

economically important plant for Turkey [5].  

Moreover, all around the world, this plant matters 

as a medicinal aromatic plant, especially due to 

practical use in daily life for its antimicrobial 

activity. The nutrient contents of the agricultural 

crops depend on the agricultural implementations 

[10, 11]. The macro and micro nutrient elements 

are vital for growth, development and metabolic 

reaction of plants. The secondary metabolites are 

also dependent on the nutrient element contents. 

The nutrient change may considerably affect the 

antimicrobial activities of medicinal aromatic 

plants [12]. To the best of our knowledge, there is 

lack of information on the correlation of nutrient 

content and microbial inhibitory effect of Thymus 

vulgaris L. In order to sustain more conscious 

cultivation of plants with high medicinal and 

economical importance, information on medicinal 

aspects of such plants and their cultivation should 

be gathered and integrated. That is why, we have 

investigated the correlation of antibacterial 

activity of aerial parts of thyme with its nutrient 

elements in this study.  

2. MATERIALS AND METHODS  

The plant material used in this study was Thymus 

vulgaris L. grown under controlled lab 

conditions. The seeds purchased from a local seed 

supplier were germinated in peat (Klasmann 

Deilmann, Potground H). The specifications of 

the peat were provided elsewhere [13]. The 

seedlings were transferred to a 5L pot filled with 

soil acquired from the trial fields of Faculty of 

Agriculture, Namık Kemal University. Three 

seedlings were planted in the pot. The soil 

characteristics were as follows: The pH of the soil 

was 6.45, the content of available P2O5 was 36.2 

mg/kg and exchangeable K2O 225.18 mg/kg. 

Moreover, the organic matter concentration was 

1.91% [12, 14]. No fertilizers and pesticides were 

used during the experiment. The plants were 

regularly watered and harvested after two months 

of period before the plants started to flower, the 

aerial parts were sequentially air dried and kept at 

65 ℃ for 48 h in drying oven. The dried plant 

material was grinded and used to analyze the 

elemental content and the herbal extraction. The 

elemental content analyses were carried out in 

Namık Kemal University Central Lab 

(NABILTEM) on the dried plant material using 

ICP-OES (Inductively coupled plasma atomic 

emission spectroscopy).   

In order to obtain herbal extraction, maceration 

was carried out with methanol as the solvent at 

room temperature. Grinded aerial parts of thyme 

were mixed with methanol (99.9%) (Sigma 

Aldrich) as 1:20 w/v. The mixture was kept at 
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room temperature for 3 days, filtered through 

filter paper, and the solvent was evaporated. The 

residual material after evaporation was dissolved 

in dimethyl sulfoxide DSMO (Thermo Fisher) 

and used for antibacterial activity test, as DMSO 

is known to have no antibacterial activity on the 

tested bacteria.  

Agar well diffusion method was adopted to 

investigate the antibacterial activity of herbal 

extracts of Thymus vulgaris L. Mueller Hinton 

agar plates were prepared by autoclaving the agar 

medium at 121 ℃ for 20 minutes. All the 

equipment were also sterilized with autoclaving 

and the experiments were carried out under 

aseptic conditions. Two Gram positive bacteria 

(Staphylococcus aureus ATCC 29213 and 

Enterococcus faecalis ATCC 29212) and two 

Gram negative bacteria (Escherichia coli ATCC 

25922 and Pseudomonas aeruginosa 

ATCC27853) were tested for the antibacterial 

activity of the thyme in this study. They were first 

grown on Columbia blood agar containing 5% 

sheep blood (Biomerieux). Next, for each 

bacterium, bacterial solution of 0.5 McFarland 

was prepared using sterile saline solution. The 

bacterial solutions were inoculated on the surface 

of Mueller Hinton agar plates (Himedia) with the 

help of sterile swab. Wells of 6 mm diameter were 

formed using sterile pipette tips and 50 µL of 

thyme extract was added to the wells. The plates 

were kept at 37 ℃ for 24 hours, after which the 

clearance around the wells were measured in mm 

and compared with the inhibition zone of 10 µg 

Gentamicin sulfate (Sigma Aldrich), as a positive 

control. The experiment was conducted with three 

replicates. 

The basic statistics of the data were calculated 

using Minitab 13® and analyzed with Pearson 

Correlation.  

3. RESULTS AND DISCUSSION 

We studied the correlation of some nutrient 

elements of aerial parts of lab-grown thyme 

(Thymus vulgaris L.) with the antibacterial 

activity of its methanol extract on 4 different 

bacteria. The aboveground parts of the plant were 

dried as a whole and grinded to be used for macro 

and micro nutrient element determination and to 

obtain herbal extraction. The amounts of some of 

the macro and micro nutrient elements 

determined in thyme used in this study are given 

in Table 1. 

Whole plants were dried and grinded properly, 

and some micro and macro nutrient elemental 

contents were determined with ICP-OES. The 

amounts of the micro and macro elements 

determined in basil plants used in this study is 

given in Table 1. 

Table 1 

Some macro and micro nutrient elements of Thymus 

vulgaris L. 

 

 

Nutrient 

Elements 
Amount 

Limit 

values 

(Mills and 

Jones 

1996). 

Macro 

nutrient 

elements 

P (%) 0.323 ± 0.003 0.25-0.29 

K (%) 2.515 ± 0.021 2.17-3.15 

Ca (%) 1.482 ± 0.306 0.50-1.25 

Mg (%) 0.414 ± 0.0872 0.29-0.40 

Micro 

nutrient 

elements 

Fe  

(mg kg-1) 

585.00 ± 6.80 85-118 

Cu 

 (mg kg-1) 

1.27 ± 0.0153 6-9 

Zn  

(mg kg-1) 

23.80 ± 0.377 68-99 

Mn  

(mg kg-1) 

117.73 ± 2.15 38-98 
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B  

(mg kg-1) 

34.63± 0.240 17-28 

The macro nutrient elements of the thyme grown 

in lab conditions on the soil obtained from the 

experimental fields of the university were very 

closed to the expected values given by Mills and 

Jones [15]. However, the situation for micro 

nutrient elements differs. While Cu is lower than 

the expected, iron is very high than the limit 

values. Iron is a very abundant element found in 

the earth crust, but not available for plants in 

alkaline and neutral soils [16]. The soil in Thrace 

Region of Turkey, where the university resides, 

is, however, usually acidic soil [17]. The soil in 

this study was also slightly acidic with pH 6.4 

[14]. The acidity in soil increases the plant 

availability of the micro nutrient elements 

mentioned in this study.  

Moreover, the concentrations of micro nutrient 

elements affect the availability of other nutrient 

elements for the plants [18]The higher Mn and B 

levels in plant can be explained by this situation.  

 

Moreover, a higher B level might be expectable 

since Turkey has the greatest reserves for boron, 

high boron concentrations in soil might be 

expected all around soil in Turkey [19]. The 

significant positive correlations of Fe and Mn, 

which are highly abundant in thyme in this study, 

with the other macro and micro elements can also 

be explained by this phenomenon (Table 2).  

The methanol extract of thyme obtained by 

maceration was tested on two Gram-negative and 

two Gram-positive bacteria with agar well 

diffusion method (Figure 1). The cell wall 

differences between Gram-positive and Gram-

negative bacteria may result in varying reactions 

of bacteria to different agents [20]. The results of 

this study were given in Table 3. When compared 

with the activity of a standard antibiotic 

Table 2 

Correlation between macro and micro nutrient elements of Thymus vulgaris L. 
 

 P K Ca Mg Fe Cu Zn Mn B 

P 1         

K .992* 1        

Ca .971 .934 1       

Mg .978 .996* .900 1      

Fe 1.00** .990* .975 .975 1     

Cu .984 .954 .998** .925 .986 1    

Zn .910 .954 .785 .977 .904 .821 1   

Mn 1.00** .995* .965 .983 .999** .979 .920 1  

B .881 .816 .968 .763 .888 .952 .606 .870 1 
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(Gentamicin), the extracts were most effective on 

the Gram- positive E. faecalis and the Gram-

negative P. aeruginosa.  

 

Figure 1 Examples from antibacterial activity testing 

agar 

 

 

Table 3 

Antibacterial effect of Thymus vulgaris L. on 

different bacterial strains 

Bacterium 
Inhibition 

zone (mm) 

Zone of 

Gentamicin 

Inhibition  

degree 

S. aureus  11.67±1.53 23 ++ 

E. faecalis 12.67±0.58 19 +++ 

P. aeruginosa 11.34±1.53 16 +++ 

E. coli  6.0 ± 0.00 18 + 

++++ Excellent activity (100% inhibition), +++ Good activity (60-70% 

inhibition), ++ Significant activity (30-50% inhibition), + Negligible 
activity (10-20% inhibition), - no activity (<10% inhibition), Gentamicin: 

standard antibiotic 

As a generalized result, a higher antibacterial 

activity of thyme extract on Gram-positive 

bacteria might be mentioned. The activity of the 

herbal extract on E. coli was negligible in this 

study. The two-layered cell wall of Gram-

negative bacteria are usually responsible more 

resistance against antibacterial agents [21, 22]. 

However, a study on antibacterial activities of 

different plant extracts showed that E. coli was 

susceptible to herbal extracts [23]. Our previous 

results with another medicinal aromatic plant 

basil revealed a higher antibacterial activity 

against Gram-positive bacteria [12, 13]. Other 

studies also showed that thyme extract was highly 

effective on a Gram-positive bacterium 

Clavibacter michiganensis subsp. michiganensis 

which was the factor causing tomato wilt disease 

[7].  

Methanol was found to be the one of the two best 

solvents among 7 other solvents for herbal 

extraction of thyme [24]. In the mentioned study, 

the researchers investigated the antibacterial 

activity of extracts with different solvents on a 

Gram-positive bacterium Bacillus subtilis and 

suggested to use either methanol or water + 

Tween 20 to obtain herbal extract. Methanol 

extraction was also chosen for basil and shown to 

degrade cell wall of bacteria, therefore can act 

better on Gram-positive bacteria whose cell wall 

consist of only peptidoglycan layer [25]. 

Table 4 

Pearson's correlation coefficients between the 

antimicrobial activity and macro and micro nutrient 

elements of Thymus vulgaris L. 

 P K Ca Mg Fe Cu Zn Mn B 

S. aureus  .984 .954 
.998 

** 
.925 .986 1.000 .821 .979 

0.99 

** 

E. faecalis  .871 .804 .963 .749 .878 .945 .589 .859 
1.00 

** 

P. 

aeruginosa 
.980 

.997 

** 
.904 

1.000 

*** 
.997 .929 .974 .984 .769 

E. coli - - - - - - - - - 

* = P < 0.1; ** = P < 0.05; ***= P < 0.01 

The correlations of plant macro and micro 

nutrient elements with the antibacterial activity of 

the methanol extract were given in Table 4. The 

values used for antibacterial activity are inhibition 

zone diameters. Therefore, the higher the 

inhibition zone, the stronger the antibacterial 

effect of the extract. The antibacterial activity on 

E. coli was negligible, therefore, the correlation 

was alike. The significant positive correlation of 

Ca and B on Gram-positive bacteria are 

remarkable. The cell wall of these bacteria has 

high affinity for Ca and Mg, which destabilize the 

cell wall and thus kill the bacteria [26, 27]. 

Therefore, the plants grown in soils with similar 
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characteristics to the one used in this study might 

be suggested for higher antibacterial activity 

against especially S. aureus, which is very crucial 

by being a member of normal flora of human, but 

gained importance due to the methicillin 

resistance, which resulted in spreading of 

nosocomial infections [28]. Besides Ca, B 

correlation with antibacterial activity was very 

significantly positive. It is known that boron 

compounds damage bacteria cells by harming the 

enzymes in protein synthesis and therefore they 

are considered to be antibiotics and disinfectants 

[29, 30]. Boron compounds are increasingly used 

in detergents and disinfectants in Turkey as being 

the largest boron reserve of the world. 

The highly significant positive correlation of Mg 

and K with inhibition of only P. aeruginosa 

growth is also remarkable. Studies showed that 

when Mg was limited in the growth environment, 

the bacterium showed a tendency to form a 

biofilm, and therefore persist in the environment, 

and also exerted its virulence and became 

pathogenic to the organism [31, 32]. Therefore, 

the plant extract being rich in Mg can be 

considered better for its antibacterial activity 

against this bacterium, which is and opportunistic 

human pathogen [33]. The molecular basis of the 

effect of extracellular K concentration on growth 

inhibition of P. aeruginosa was shown by 

Lindestam Arlehamn et al. (2010) [34]. 

Therefore, in order to fight with P. aeruginosa 

and S. aureus with thyme extracts, it would be 

better for the plant be rich in especially Ca, K, 

Mg, and B.    

4. CONCLUSION 

The present study aimed to examine the 

correlation of plant nutrient elements with the 

antibacterial activity of methanol extract of 

Thymus vulgaris L. grown on soil from the 

experimental field without application of 

fertilizers or pesticides. The plant was sufficient 

in terms of macro elements, while some micro 

elements such as Fe, Mn and B. The herbal extract 

was successful in inhibiting the growth of two 

Gram-positive and one Gram-negative bacteria, 

which are opportunistic human pathogens. The 

results revealed that the macro and micro nutrient 

elements were of importance for antibacterial 

activity of the herbal extract obtained from the 

aerial parts. Although, the extract of thyme was 

successful in inhibiting the growth of S. aureus, 

E. faecalis and P. aeruginosa, the correlation 

analysis of the nutrient elements showed which 

elements are more crucial in the fight with each 

bacterium. The results also suggested that higher 

K and Mg contents of the plant would result in 

higher antibacterial activity against P. 

aeruginosa, most probably up to a point. 

Similarly, Ca and B contents are important to 

fight against Gram-positive bacteria. Further 

studies might be carried out focusing on the 

maximum levels of macro and micro nutrients, 

especially resulting from fertilizer and pesticide 

use, in relation to the biological activities required 

for use of such medicinal plants in traditional 

medicine and pharmaceutical industry.  

Funding 

The authors have not received any financial 

support for the research, authorship or publication 

of this study. 

The Declaration of Conflict of Interest/ 

Common Interest 

No conflict of interest or common interest has 

been declared by the authors.  

Authors' Contribution 

MG: Data collection, statistical analyses, 

Literature research, Manuscript Preparation 

SA: Data collection, Manuscript Preparation 

The Declaration of Ethics Committee Approval 

This study does not require ethics committee 

permission or any special permission. 

The Declaration of Research and Publication 

Ethics 

The authors of the paper declare that they comply 

with the scientific, ethical and quotation rules of 

Muazzez GÜRGAN ESER, Sevinç ADİLOĞLU

An Investigation of the Correlation of Antibacterial Activity of Thyme (Thymus vulgaris L.) with its ...

Sakarya University Journal of Science 26(4), 820-828, 2022 825



SAUJS in all processes of the paper and that they 

do not make any falsification on the data 

collected. In addition, they declare that Sakarya 

University Journal of Science and its editorial 

board have no responsibility for any ethical 

violations that may be encountered, and that this 

study has not been evaluated in any academic 

publication environment other than Sakarya 

University Journal of Science. 

REFERENCES 

[1] A. Tan, “Plant Genetic Resources and 

Conservation in Turkey ,” Anadolu, vol. 

20, no. 1, pp. 7–25, 2010. 

[2] M. Dönmez, M. Kargıoğlu, M. Temel, 

“Stachys palustris L.’in Morfolojik, 

Anatomik ve Ekolojik Özellikleri” 

Afyon Kocatepe University Journal of 

Sciences and Engineering, vol. 11, pp. 1-

9, 2011. 

[3] TUIK, “Turkish Statistical Institute,” 

2022. 

https://biruni.tuik.gov.tr/medas/?kn=92

&lo (accessed Apr. 03, 2022). 

[4] M. Ashrafi, M. Reza, A. Moqadam, P. 

Moradi, F. Shekari, E. Mohsenifard, 

“Identification of Drought Tolerant and 

Sensitive Species of Thyme through 

Some Physiological Criteria,” 

International Journal of Horticultural 

Science and Technology, vol. 5, no. 1, 

pp. 53–63, 2018. 

[5] Ç. Bozdemir, “Türkiye’de Yetişen 

Kekik Türleri, Ekonomik Önemi ve 

Kullanım Alanları,” Yüzüncü Yıl 

Üniversitesi Journal of Agricultural 

Sciences, vol. 29, no. 3, pp. 583–594, 

2019. 

[6] A. Komaki, F. Hoseini, S. Shahidi, N. 

Baharlouei, “Study of the effect of 

extract of Thymus vulgaris on anxiety in 

male rats,” Journal of Traditional and 

Complementary Medicine, vol. 6, no. 3, 

pp. 257–261, Jul. 2016. 

[7] S. Belgüzar, M. Yılar, Y. Yanar, İ. 

Kadıoğlu, G. Doğar. "Antibacterial 

activities of Thymus vulgaris L.(Thyme) 

extract and essential oil againt 

Clavibacter michiganensis subsp. 

michiganensis." Turkish Journal of 

Weed Science vol. 19, no. 2 pp. 20-27, 

2016. 

[8] C. Beni, L. Casorri, E. Masciarelli, B. 

Ficociello, O. Masetti, U. Neri, R. 

Aromolo, S. Rinaldi, P. Papetti, A. 

Cichelli. "Characterization of thyme and 

tansy extracts used as basic substances in 

zucchini crop protection." Journal of 

Agricultural Studies vol. 8, pp. 95-110, 

2020. 

[9] B. Galambosi, C. Rey, J. F. Vouillamoz, 

“Suitability of Swiss herb cultivars under 

Finnish climatic conditions,” Acta 

Horticulturae, vol. 860, pp. 173–180, 

2010. 

[10] F. López-Granados, M. Jurado-Expósito, 

S. Atenciano, A. García-Ferrer, M. 

Sánchez De La Orden, L. García-Torres, 

“Spatial variability of agricultural soil 

parameters in southern Spain,” Plant and 

Soil, vol. 246, no. 1, pp. 97–105, 2002. 

[11] T. Rütting, H. Aronsson, S. Delin, 

“Efficient use of nitrogen in agriculture,” 

Nutrient Cycling in Agroecosystems vol. 

110, no. 1, pp. 1–5, 2018. 

[12] M. Gürgan, S. Adiloğlu, “Increasing 

concentrations of iron fertilizer affect 

antibacterial activity of basil (Ocimum 

basilicum L.),” Industrial Crops and 

Products, vol. 170, p. 113768, 2021. 

[13] M. Gürgan Eser, S. Adiloğlu, “The 

correlation of some nutrient elements 

and antibacterial activity of the basil 

(Ocimum basilicum),” Tekirdağ Ziraat 

Fakültesi Dergisi, vol. 17, no. 3, pp. 381–

391, 2020. 

[14] S. Adiloğlu, “Relation of chelated iron 

(EDDHA-Fe) applications with iron 

Muazzez GÜRGAN ESER, Sevinç ADİLOĞLU

An Investigation of the Correlation of Antibacterial Activity of Thyme (Thymus vulgaris L.) with its ...

Sakarya University Journal of Science 26(4), 820-828, 2022 826



accumulation and some plant nutrient 

elements in basil (Ocimum basilicum 

L.),” Polish Journal of Environmental 

Studies, vol. 30 no. 4, pp. 1-9, 2021. 

[15] Mills H. A., Jones J. B. Jr, Plant Analysis 

Handbook II: A practical sampling, 

preparation, analysis, and interpretation 

guide. MicroMacro Publishing, 1996. 

[16] M. L. Guerinot, Yi Ying, “Iron: 

Nutritious, noxious, and not readily 

available,” Plant Physiology, vol. 104, 

no. 3, pp. 815–820, 1994. 

[17] A. Adiloglu, S. Adiloglu, “The 

investigation of some available trace 

element contents of acid soils in 

Turkey,” Archives of Agronomy and 

Soil Science, vol. 49, no. 2, pp. 179–185, 

2003. 

[18] B. Kacar, V. Katkat, Bitki Besleme 

(Plant Nutrition), vol. 1. Bursa: U. Ü. 

Güçlendirme Vakfı, 1998. 

[19] C. Helvacı, “Borate deposits: An 

overview and future forecast with regard 

to mineral deposits,” Journal of Boron, 

vol. 2, no. 2, pp. 59–70, 2017. 

[20] A. Mai-Prochnow, M. Clauson, J. Hong, 

A. B. Murphy, “Gram positive and Gram 

negative bacteria differ in their 

sensitivity to cold plasma,” Scientific 

Reports, vol. 6, no. 1, pp. 1–11, 2016. 

[21] G. M. S. Soares, L. C. Figueiredo, M. 

Faveri, S. C. Cortelli, P. M. Duarte, M. 

Feres, “Mechanisms of action of 

systemic antibiotics used in periodontal 

treatment and mechanisms of bacterial 

resistance to these drugs,” Journal of 

Applied Oral Science, vol. 20, no. 3., pp. 

295–305, 2012. 

[22] H. I. Zgurskaya, C. A. López, S. 

Gnanakaran, “Permeability barrier of 

Gram-negative cell envelopes and 

approaches to bypass it,” ACS Infectious 

Diseases, vol. 1, no. 11, pp. 512–522, 

2016. 

[23] Z. Nalbantbaşi, A. Gölcü, 

“Kahramanmaraş Yöresine Ait Şifalı 

Bitkilerin Antimikrobiyal Aktiviteleri 

Antimicrobial Activities Of Medical 

Plants That Belong to Kahramanmaras 

Region,” 2009. 

[24] M. Benli, N. Yiğit, “Ülkemizde Yaygın 

Kullanımı Olan Kekik (Thymus 

vulgaris) Bitkisinin Antimikrobiyal 

Aktivitesi,” Orlab On-Line 

Mikrobiyoloji Dergisi, vol. 3, no. 8, pp. 

1–8, 2005. 

[25] I. Kaya, N. Yigit, M. Benli, 

“Antimicrobial activity of various 

extracts of Ocimum basilicum l. and 

observation of the inhibition effect on 

bacterial cells by use of scanning 

electron microscopy,” African Journal of 

Traditional, Complementary and 

Alternative Medicines, vol. 5, no. 4, p. 

363, 2008. 

[26] K. J. Thomas, C. V. Rice, “Revised 

model of calcium and magnesium 

binding to the bacterial cell wall,” 

BioMetals, vol. 27, no. 6, pp. 1361–

1370, 2014. 

[27] Y. Xie, L. Yang, “Calcium and 

magnesium ions are membrane-active 

against stationary-phase Staphylococcus 

aureus with high specificity,” Scientific 

Reports, vol. 6, no. 20628, pp. 1–8, Feb. 

2016. 

[28] B. Poorabbas J. Mardaneh, Z. Rezaei, M. 

Kalani, G. Pouladfar, M. H. Alami, J. 

Soltani, A. Shamsi-Zadeh, S. Abdoli-

Oskooi, M. J. Saffar, A. Alborzi 

“Nosocomial Infections: Multicenter 

surveillance of antimicrobial resistance 

profile of Staphylococcus aureus and 

Gram negative rods isolated from blood 

and other sterile body fluids in Iran” 

Iranian journal of microbiology, vol. 7, 

no. 3, pp. 127–35, 2015. 

Muazzez GÜRGAN ESER, Sevinç ADİLOĞLU

An Investigation of the Correlation of Antibacterial Activity of Thyme (Thymus vulgaris L.) with its ...

Sakarya University Journal of Science 26(4), 820-828, 2022 827



[29] Z. Sayin, U. S. Ucan, A. Sakmanoglu, 

“Antibacterial and antibiofilm effects of 

boron on different bacteria,” Biological 

Trace Element Research, vol. 173, no. 1, 

pp. 241–246, 2016. 

[30] V. Hernandez, T. Crépin, A. Palencia, S. 

Cusack, T. Akama, S.J. Baker, W. Bu, L. 

Feng, Y.R. Freund, L. Liu, M. Meewan  

“Discovery of a novel class of boron-

based antibacterials with activity against 

gram-negative bacteria,” Antimicrobial 

Agents and Chemotherapy, vol. 57, no. 

3, pp. 1394–1403, 2013. 

[31] H. Mulcahy, S. Lewenza, “Magnesium 

Limitation Is an Environmental Trigger 

of the Pseudomonas aeruginosa Biofilm 

Lifestyle,” PLOS ONE, vol. 6, no. 8, p. 

e23307, 2011. 

[32] T. Guina, M. Wu, S.I. Miller, S.O. 

Purvine, E.C. Yi, J. Eng, D.R. Goodlett, 

R. Aebersold, R.K. Ernst, K.A Lee, 

“Proteomic analysis of Pseudomonas 

aeruginosa grown under magnesium 

limitation” J Am Soc Mass Spectrom, 

vol. 14, no. 7, pp. 742–751, 2003. 

[33] W. Wu, Y. Jin, F. Bai, S. Jin, 

“Pseudomonas aeruginosa,” in 

Molecular Medical Microbiology, 

Elsevier, 2015, pp. 753–767. 

[34] C. S. Lindestam Arlehamn, V. Pétrilli, O. 

Gross, J. Tschopp, T. J. Evans, “The role 

of potassium in inflammasome 

activation by bacteria,” Journal of 

Biological Chemistry, vol. 285, no. 14, 

pp. 10508–10518, 2010. 

 

 

Muazzez GÜRGAN ESER, Sevinç ADİLOĞLU

An Investigation of the Correlation of Antibacterial Activity of Thyme (Thymus vulgaris L.) with its ...

Sakarya University Journal of Science 26(4), 820-828, 2022 828


