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Abstract: In this study, it was aimed to determine the anti-bacterial activities of plant essential oils such as thyme, rosemary, sage, 

linden, black seed, bay leaf, peppermint, parsley, cinnamon and oleagen on vancomycin resistant enterococci (VRE) and pathogenic 

microorganisms of clinical importance. In the study, the inhibition zones of the plant extract of 10 plants prepared at 2.5 and 5 mg / ml 

concentrations of VRE and various pathogenic microorganisms were detected by Disk Diffusion and Agar Well Diffusion Method. 

Following this, Minimal Inhibition Concentration (MIC) values of these extracts were determined. The activities of plant extracts on 

DNA and Gas Chromatography-Mass Spectrometry (GC-MS) analyzes were also performed. According to the data obtained, it was 

determined that the extracts of rosemary and sage plants showed high antibacterial effect against pathogenic bacteria. The rosemary 

extract was found to be the most effective extract on VRE strains, as well as medium-grade antibacterial effects on the VRE strains in 

oleaster, linden, thyme and mint extracts. It was also determined that extracts from different plants did not cause any change in the 

structure of DNA. In our study, it was determined that plant extracts that are especially effective on VRE strains have the potential to be 

used in the treatment of VRE. The results of this study should be taken into account in the research of drugs that can be used in the 

treatment of VRE and more in vitro and in vivo research should be carried out in this field. 
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1. Introduction 
Enterococci are found as natural flora bacteria in the 

mouth, vagina, bile ducts and urethra on the surface of 

the human intestine (Çaylan, 2004). In addition to having 

a low rate of disease ability, they can cause serious 

diseases (Shepard and Gilmore, 2002). While these 

bacterial groups, which are found intensely in the 

abdominal cavity, cause infectious diseases such as 

bacteremia and endocarditis, they may rarely cause 

meningitis, skin and soft tissue infections. Some 

members of the enterococcus species can grow in a wide 

temperature range (10 °C - 45 °C) outside the host 

organism, maintain their viability at different pH levels 

and even in the presence of detergents. (Lautenbach et 

al., 1999; Patterson, 2000; Shepard and Gilmore, 2002). It 

is resistant to dry conditions; therefore, Enterococci can 

remain in hospital settings for a long time and spread 

easily among patients. (Asgin, 2020). It may predominate 

the gut microbiota of long-term hospitalized patients, 

especially those who taking broad-spectrum antibiotics 

(Reyes 2016). 

Vancomycin resistant enterococci (VRE) first appeared in 

the 1980s and a significant threat to patients in hospital 

settings today. The incidence of VRE infections has 

increased steadily in different regions in recent years. 

For this reason, VRE is currently considered by the World 

Health Organization as a high-level priority public health 

issue for the research and development of new 

therapeutic strategies (Correa et al., 2020). 

Increased multi-drug resistance among microorganisms 

has made it necessary to search for new sources in order 

to require new antimicrobial compounds. (Akgül, 2014). 

In this context, determining the effective plant species 

against pathogenic microorganisms and the active 

substances contained in these species has become a field 

of intensive study in the world. Since essential oils have a 

complex structure containing different components, their 

biological effects are also observed. Many essential oils 

may show different antimicrobial effects depending on 

the properties of the active ingredient they contain. 

(Ertürk et al. 2010). 

The large number of different groups of chemical 
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components in essential oils explains that their 

antibacterial activities depend on different mechanisms. 

Antimicrobial substances obtained from perennial plants 

can alter the enzymatic reactions of microbial 

metabolism, inhibit the uptake of nutrients in the 

environment, make changes in the structure of the cell 

membrane, inhibit enzyme synthesis at the ribosomal 

and nucleus level. (Toroğlu ve ark., 2006; Evren, 2011). 

When the antimicrobial properties of essential oils are 

evaluated, it is stated that gram-negative bacteria are 

more resistant than gram-positive bacteria and that this 

resistance of gram-negative bacteria may arise from the 

cell wall (Evren, 2011). 

In this study, it was aimed to determine the antimicrobial 

activities of thyme, rosemary, sage, lime, black seed, bay 

leaf, mint, parsley, cinnamon and oleaster plant extracts 

grown in Kırşehir province by various methods against 

VREs and some pathogenic bacteria. 

 

2. Materials and Methods 
2.1. Bacterial Cultures 

In order to determine the antimicrobial activity of plant 

extracts in our study, Enterococcus feacalis ATCC 29212, 

Staphylococcus aureus ATCC 29213, Enterobacter 

aerogenes ATCC 13048, Pseudomonas aeruginosa ATCC 

27853, Bacillus subtilis ATCC 23857, Bacillus cereus ATCC 

14579, Escherichia coli ATCC 25922, Aeromonas 

hydrophila ATCC 7966, Shigella dysenteriae ATCC 11835, 

Listeria monocytogenes ATCC 19111, Proteus mirabilis 

ATCC 29906 were obtained from the Microbiology 

Laboratory of the Faculty of Arts and Sciences at Kırşehir 

Ahi Evran University. VRE Enterococcus faecium, VRE1, 

VRE2, VRE3, E. feacalis, VRE ATCC 51299 strains were 

obtained from Kırşehir Ahi Evran University Training 

and Research Hospital Microbiology Laboratory. 

2.2. Preparation of Plant Extracts 

In this research, thyme, rosemary, sage, lime, black seed, 

bay leaf, mint, parsley, cinnamon and oleaster plants, 

which are very common among the plant varieties in our 

country, were left to dry in the laboratory environment 

(at room temperature). The Soxhlet device (isolab 

soxhlet NS 29/32 30 ml) was used to obtain plant 

extracts. Plants were treated with 200 ml of solvent for 8 

hours (h). In the study, ethanol and n-hexane were used 

as solvents. The extracts obtained were evaporated until 

the plant extract remained on the rotary evaporator 

(Heidolph Hei-Vap Advantage ML / G1). The prepared 

extracts were kept at + 4 °C until use. Concentrated 

extracts were dissolved with DMSO (dimethyl sulfoxide 

acid) to obtain stock solutions with a final concentration 

of 2.5 mg/mland 5 mg / ml. Stock solutions were stored 

in the refrigerator at -20 °C until use (Figure 1). 

2.3. Determination of Antimicrobial Activity by Agar 

Well Diffusion Method 

Antimicrobial efficacy was determined by agar well 

diffusion method and disk diffusion method (Kalemba 

and Kunicka, 2003). In the antimicrobial activity test of 

plant essential oils, Tryptic Soy Broth (TSB) medium for 

pathogen test bacteria and sheep blood agar medium for 

VRE bacteria were used. After the at 37 °C 18 hours (h) 

incubation, the strains were spread homogeneously to 

the Tryptic Soy Agar (TSA) media and sheep blood agar 

medium with a sterile drigalski spatula so that the final 

concentration was 1 x 109 CFU / ml. 

 

 

 

 

 

 

 

 

 

 

 

Figure 1. Plant extracts obtained from Soxhlet 

extraction. 
 

After the plates were dried at room temperature for 2 

hours, wells with a diameter of 6 mm were opened on 

them.  

Plant extracts (rosemary, mint, oleaster, thyme, lime, 

black seed, parsley, sage, bay, cinnamon) obtained in the 

study were added to wells drilled in different 

concentrations (2.5 and 5 mg / ml) and incubated at 37 

°C for 24 hours. Inhibition zone diameters of essential 

oils were measured in mm after incubation. Essential oil 

with a diameter of 12.0 mm and narrower does not have 

enough antibacterial effect on the existing bacteria (-), 

diameters at 12 and 21 mm limbs are moderately active 

(+), diameters from 21mm to 30 mm are active (++) On 

the other hand, diameters of 30 mm and above are 

considered to be very active (+++) (Djabou et al., 2013). 

Our study was carried out in duplicate for each 

microorganism and plant extracts. 

2.4. Determination of Antimicrobial Activity by Disc 

Diffusion Method 

In this method; pathogenic test bacteria activated 

overnight in TSB liquid medium spread to TSA solid 

medium (Sandri et al. 2007). Discs impregnated with 

plant extracts in concentrations of 5 mg/ml, previously 

prepared (6 mm) were placed in petri dishes containing 

pathogenic bacteria. The petri plates were left in 24-hour 

incubation at 37 °C. The zone diameters formed around 

the discs in the petri dishes after incubation were 

measured in mm. 

2.5. Minimal Inhibition Concentration (MIC) Value 

Determination 

Nutrient Broth (NB) broth was used for the production of 

bacteria and determination of antibiotic MIC values. 

Pathogenic test bacteria were activated in a 5ml NB 

liquid medium at 37 °C for 18 h in a 175 rpm shaking 

incubator. Activated bacterial cells were added in 50 ml 

NB medium, approximately 106 cells per 1 ml, in 

accordance with 0.5 McFarland turbidity standards. NB 

medium containing microorganisms and plant extracts of 
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different concentrations were mixed in an equal volume 

and then serial dilutions were made. Tubes were 

incubated at 37 °C for 24 h. The last tube without 

bacterial growth was determined as MIC value. MIC 

values obtained in the study were indicated as µg / ml. 

2.6. Detection of DNA Cleavage Activity in Plant 

Extracts 

Detection of DNA cleavage activity in plant extracts was 

evaluated in Amasya University Faculty of Education 

Microbiology Laboratory. Extracts obtained were 

performed using pBR322 DNA cleavage using agarose gel 

electrophoresis. Extracts were prepared by dissolving in 

DMSO at a concentration of 2mg/ml. The pBR322 

plasmid DNA (0.25 ug / mL) was treated with each 

extract and the mixture was incubated at 37 °C for 4 h. 

The pBR322 plasmid DNA treated only with water (H2O 

control) and 1 µl DMSO (DMSO control) was used as the 

DNA control. After the prepared incubation samples were 

loaded on 1% agarose gel, the electrophoresis was 

carried out at 120 V in 80 minutes TAE buffer (40 mM 

Tris / acetate and 1 mM EDTA, pH 8.0) and the obtained 

gels in EtBr (Ethidium Bromide) (1 mg / mL) was 

examined in the UV illuminator after staining (Figure 2). 

 

 

 

 

 

 

Figure 2. Effect of plant extracts on DNA structure. 1= 

pBr322 DNA control H2O, 2= pBR322 control DMSO, 3= 

Oleaster, 4= Cinnamon, 5= Nigella, 6= Thyme, 7= Sage, 8= 

Mint, 9= Linden, 10= Rosemary, 11= Bay leaf, 12= 

Parsley. 
 

2.7. Gas Chromatography-Mass Spectrometry (GC-

MS) Analysis 

The analysis of the essential oils obtained in this study 

was carried out using the Gas Chromatography Mass 

Spectrometer (GC / MS) system available at the Aksaray 

University Scientific and Technological Application and 

Research Center. Some of the extracts of sage, rosemary, 

thyme, peppermint and cinnamon plants were diluted in 

methanol, and thyme oil from industrially produced oils 

of the same plants was diluted in methanol and other oils 

were diluted in hexane and qualitative analysis of 

samples were performed. 

 

3. Results  
3.1. Antimicrobial Activity of Plant Essential Oils 

It is about disc diffusion method, in which 10 different 

essential oils (thyme, mint, bay leaf, parsley, oleaster, 

ilamlam, rosemary, sage, black seed and cinnamon) have 

different effects (2.5 mg/ml and 5 mg / ml) for 

pathogenic microorganisms. Inhibition zone diameters 

obtained by agar well diffusion method are shown in 

Table 1, and zone diameters obtained by disc diffusion 

method are shown in Table 2. As seen in Table 1, all of 

the plant essential oils obtained in the study showed a 

high antimicrobial effect on various pathogenic 

microorganisms. However, as can be seen in Table 2, this 

effectiveness could not be determined exactly by the disk 

diffusion method. In this antimicrobial study, the zone 

diameters obtained in two different concentrations that 

we used as 2.5 mg/mland 5 mg/mlin agar well diffusion 

method increased proportionally with the concentration 

ratio (Table 3). 
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In our study, VRE 1 concentration of oleaster, rosemary, 

sage, thyme, peppermint, bay leaf and cinnamon essential 

oils showed a moderate antibacterial effect. The oleaster 

essential oil showed higher antibacterial activity against 

VRE 1, rosemary and lime essential oil VRE 2 compared 

to other oils and formed the widest inhibition zone. 

While rosemary and lime essential oils prepared as 5 

mg/ml in our study showed a very high effect on the 

development of VRE 2; Thyme, peppermint, cinnamon, 

oleaster, cinnamon showed low effects, while parsley, 

linden and bay leaf also had a moderate antibacterial 

effect. However, none of the essential oils impregnated 

with sterile discs showed any antibacterial effect against 

VRE 2 and did not form an inhibition zone. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

In our study, the concentrate prepared as 5 mg/ml had a 

moderate antibacterial effect on the VRE 3 E. feacalis of 

essential oil, lime, black seed and thyme essential oils. 

The rosemary essential oil VRE 3 E. feacalis showed 

higher antibacterial activity against VRE 3 E. feacalis than 

other oils and formed the widest inhibition zone. On the 
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other hand, essential oils that are impregnated with 

sterile discs, except for oleaster and black seed essential 

oils, do not show any antibacterial effect; although these 

essential oils did not have sufficient effect, they formed 

an inhibition zone. In our study, the essential oils of 

cinnamon, bay leaf and sage did not show sufficient effect 

on VRE ATCC 51299, while lime and rosemary essential 

oils showed high antimicrobial effects. 

3.2. DNA Cleavage activity of plant essential oils 

In this study, it was investigated whether the extracts 

obtained from different plants cause any change in the 

structure of DNA. As can be seen in Figure 1, samples 1 

and 2 were used as controls. As a result of the study, the 

effects of the extracts obtained from plants on DNA were 

examined and it was determined that no plant extract 

caused any deterioration in the DNA structure of the 

plant, so it had no effect on the plasmid DNA. 

3.3. Minimal Inhibition Concentration (MIC) Values 

The MIC of plant extracts obtained in this study on 

various pathogenic microorganisms was determined. 

Stock solutions of the plant extracts used were prepared 

and used in DMSO. MIC values of plant extracts against 

pathogenic microorganisms are shown in Table 4. 

 

Table 4. MIC values of plant extracts  (ug/ml) against pathogenic microorganisms 
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Bay leaf 1875 937 3750 3750 3750 3750 3750 937 1875 937 
Thyme 234 58.5 234 468 234 468 234 234 117 58.5 
Black seed 1875 468 3750 1875 1875 3750 3750 1875 937 58.5 

Linden 1875 937 1875 1875 937 3750 3750 3750 3750 3750 
Parsley 937 468 1875 937 1875 3750 3750 4000 4000 4000 
Oleaster 937 1875 1875 1875 937 3750 1875 468 1875 1875 
Rosemary 3750 1875 1875 3750 468 1875 4000 4000 7500 3750 
Cinnamon 1875 937 1875 1875 3750 937 1875 468 937 468 
Mint 1875 3750 3750 3750 3750 3750 3750 3750 3750 1875 
Sage 3750 937 3750 3750 3750 3750 3750 3750 3750 3750 
DMSO >5000          

 

In this study, it was determined that the MIC values in the 

control samples were > 5000 µg/ml. In addition, when 

the MIC values of the extracts were analyzed, it was 

observed that this value varied between 58.5-4000 

µg/ml. As can be seen from here, it is seen that some 

plant extracts have high antimicrobial effect on the life of 

bacteria. 

As seen in Table 4, the extract from the bay leaf was 

found to have a moderate effect on E. faecalis, B. subtilis 

and B. cereus (937 µg/ml). Thyme extract appears to 

have a high antimicrobial effect on all microorganisms. It 

is seen that the plant extract obtained from Nigella is 

effective only on E. faecalis and B. cereus (MIC values are 

468 µg / ml for E. faecalis, 58.5 µg/ml for B. cereus). 

Parsley only on E. faecalis (468 µg/ml), Spindle only on B. 

subtilis (468 µg/ml), Rosemary only on E. coli (468 

µg/ml), and Cinnamon on B. subtilis and B. cereus (468 

µg/ml) has been found to have significant effects. 

3.4. Gas Chromatography-Mass Spectroscopy (GC-MS) 

Analysis 

In this study, GC-MS analysis of these extracts was 

performed by selecting 5 plant extracts (sage, rosemary, 

mint, thyme and cinnamon) that showed the most 

antimicrobial effects from 10 different plant extracts. As 

a result of GC-MS analysis of sage herbal extract shown in 

Table 5, four different components were determined and 

porphin (4.93%) was the most common chemical in the 

composition.  

Table 5. GC-MS analysis results of sage herbal extract. 

Name Common name Composition 

rate% 

Sage  

 DMSO 94.21 

9.12-

Octadecadienoic acid 

Linoleic acid 0.27 

(9e.12e)-9.12-

octadecadienoic acid 

cis-Linoleic 

acid 

0.59 

 Porphin 4.93 

 

As a result of GC-MS analysis of rosemary herb extract 

shown in Table 6, seven components were found and the 

most common chemical substances in their composition 

were cis-Linoleic acid (0.27%) Eucalyptol (Ökaliptaol) 

(0.18%). The only chemical substance in the composition 

of thyme herbal extract shown in Table 7 as a result of 

GC-MS analysis is o-Cymen-5-ol Thymol (1.14%). 

Porphin (4.96%) is the most common chemical substance 

among the four components encountered as a result of 

GC-MS analysis of peppermint herb extract shown in 

Table 8. As a result of GC-MS analysis of cinnamon plant 

extract shown in Table 9, six components were found. Its 

main components are specified as Cinnamaldehyde 

(2.75%) and Cinnamaldehyde Dimethyl Acetal (1.21%). 
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Table 6. Results of GC-MS analysis of rosemary herb 

extract 

Name Common 

name 

Compositi

on rate% 

Rosemary 

 DMSO 99.30 

1.3.3-Trimethyl-2-

oxabicyclo[2.2.2]octane 

Eucalyptol 

(Ökaliptaol) 

0.18 

Bicyclo[2.2.1]heptan-2-

one, 1.7.7-trimethyl 

Camphor 

(Kafur) 

0.05 

1,7,7-

trimethylbicyclo[2.2.1]h

eptane 

Borneol 0.04 

2-(4-Methyl-3-

cyclohexen-1-yl)-2-

propanol 

Alpha-

terpineol 

0.04 

9.12-Octadecadienoic 

acid 

Linoleic acid 0.13 

(9e.12e)-9.12-

octadecadienoic acid 

Cis-linoleic 

acid 

0.27 

 

Table 7. Results of GC-MS analysis of thyme herb extract 

Name  Common name Composition 

rate% 

Thyme 

 DMSO 98.86 

3-Methyl-4-

isopropylphenol 

o-Cymen-5-

olThymol 

1.14 

 

Table 8. GC-MS analysis results of peppermint plant 

extract. 

Name Common name Compositio

n rate% 

Mint 

 DMSO 94.37 

(E)-3-

phenylprop-2-

enal 

Cinnamaldehyde 0.17 

9.12-

Octadecadienoic 

acid 

Linoleic acid 0.31 

 Porphin 4.96 

 

4. Discussion 
The most notable feature of enterococci is that they are 

resistant to many antimicrobial agents used in the 

treatment of gram-positive bacterial infections. Multiple 

antibiotic resistance in enterococci in Turkey as well as 

the whole world emerges as an important problem. In 

other words, the antibiotic alternatives that can be used 

in the treatment of enterococcal infections are quite 

limited (Berzeg, 2005; Karagöz, 2005). In our study, the 

antimicrobial activites of various plant essential oils on 

VREs and various pathogenic microorganisms isolated 

from patients by Kırşehir Ahi Evran University Training 

and Research Hospital Microbiology Laboratory was 

investigated. 

 

Table 9. GC-MS analysis results of cinnamon extract 

Name Common name Composition 

rate% 

Cinnamon 

 DMSO 95.58 

(E)-3-phenylprop-

2-enal 

Cinnamaldehyd

e 

2.75 

[(E)-3.3-

dimethoxyprop-1-

enyl]benzene 

cınnamaldehyd

e dımethyl 

acetal 

1.21 

[(E)-3-

phenylprop-2-

enyl] acetate 

Cinnamyl Aceta

te 

 

0.14 

9.12-

Octadecadienoic 

acid 

Linoleic acid 0.1 

(9e.12e)-9.12-

octadecadienoic 

acid 

cis-Linoleic acid 0.22 

 

Turkey is rich in plant ingredients and potential, there 

are a large number of plant species used medicinally. 

Researches conducted both abroad and in Turkey found 

that many of these plants have antimicrobial effects. In 

this study, extracts of 10 plants (peppermint, thyme, 

rosemary, lime, cinnamon, oleaster, bay leaf, black seed, 

parsley and sage) grown in our country and which we 

can easily find on the market are used. 

In this study, it was observed that the plant-specific 

extracts studied had antimicrobial activity against VREs. 

The most susceptible bacterial strain to extracts is VRE 2. 

It is possible to use the plant extracts that we use in our 

study as antimicrobial agents of modern drugs produced 

for the treatment of infectious diseases. It is seen that the 

spindle essential oil showed higher antibacterial activity 

against VRE 1 and the rosemary and lime essential oil 

showed higher antibacterial activity against VRE 2 

compared to other oils.  

While the rosemary and lime essential oils prepared as 5 

mg / ml in the study showed had a very high effect on the 

development of VRE 2; thyme, peppermint, cinnamon, 

oleaster, cinnamon showed low effects. In addition to 

these, parsley, linden and bay leaf have a moderate 

antibacterial effect. The rosemary essential oil, which 

was prepared as 5 mg / ml, showed higher antibacterial 

activity against VRE 3 E. feacalis compared to other oils 

and formed the widest inhibition zone. The rosemary 

essential oils at the concentration of 5 mg/ml showed a 
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high antimicrobial effect on VRE ATCC 51299. As a result, 

rosemary essential oils have been identified as the most 

effective vegetable oil on VRE bacteria. Samy, 2011 

investigated the antimicrobial activity of 11 different 

essential oils on E. coli O157:H7 and VRE and he 

determined that the most powerful antimicrobial activity 

of thyme oil was the result of the study. In our study, it 

was found that thyme oil is effective on various 

pathogens and VRE. However, in our study, it was seen 

that especially rosemary oil was more effective. Studies 

on plant essential oils have found a limited number of 

plants with antimicrobial activity on VRE 

microorganisms. One of them is Lavender essential oil. It 

has also been found that it has antimicrobial activity on 

(VRE) species (Roller et al., 2009). 

It is concluded that the antibacterial activity does not 

depend on a single mechanism and that there are many 

targets in the cell, considering the excess of different 

groups of chemical compounds in essential oils (Toroglu 

et al., 2006). The antimicrobial effect of essential oils can 

be seen in the cytoplasm membrane with changes in 

structure and function. Antimicrobial substances 

obtained from higher plants can stop the enzymatic 

reactions of microbial metabolism, prevent the intake of 

nutrients in the environment, change the structure of the 

membrane, and prevent enzyme synthesis at the core 

and ribosomal level (Uçan, 2008). According to GM-MS 

analysis in our study, some plant extracts had a great 

effect on the life of bacteria. In particular, thyme herb 

extract appears to have a significant antimicrobial effect 

on all microorganisms. The antimicrobial properties of 

plant essential oils come from phenolic (thymol, 

kavrachrol, eugenol, etc.) and terpenoid components in 

their structure, and plants rich in these components are 

also used for therapeutic purposes. The important thing 

here is to obtain these components without creating any 

damage and use them in appropriate doses and 

combinations (Faydaoğlu and Rideroğlu, 2013). 

In various studies on thyme oil, it has been determined 

that it shows high bacteriostatic activity on both Gram-

positive and Gram-negative bacteria (Winska, 2019). In a 

study investigating the in vitro antimicrobial activity of 

Thymus vulgaris essential oil against oral pathogens, its 

effectiveness on p-hemolytic Streptococci ssp. strains 

(Fani and Kohanteb, 2017), Salehi et al. determined that 

oregano oil inhibited S. aureus ATCC 25923 and K. 

pneumoniae ATCC 13882 strains (Salehi, 2019). In many 

reviews, it has been stated that the antimicrobial activity 

of T. vulgaris is due to its high thymol and carvacrol 

content, which can form hydrogen bonds with the active 

site of many enzymes (Marchese, 2016). 

In general, the antimicrobial properties of vegetable 

essential oils come from phenolic (thymol, kavrachrol, 

eugenol, etc.) and terpenoid components, and plants rich 

in these components are also used for treatment. The 

important thing here is to obtain these components 

without causing any damage and to use them in 

appropriate doses and combinations (Benefitoğlu and 

Rideroğlu, 2013). 

It is thought that sage, cumin, rosemary oils and their 

main components are ineffective or less effective against 

Gram (-) bacteria, the reason of which is the external 

membranes of Gram (+) bacteria, which are also 

composed of lipopolysaccharide and protein in Gram (-) 

bacteria. The lipopolysaccharide structure limits the 

diffusion of hydrophobic compounds (Burt, 2004; 

Delamare et al., 2007). According to some research 

results, Burt 2004 stated that there is no difference 

between Gram (-) and Gram (+) bacteria, and according 

to some studies, the responses of Gram (-) and Gram (+) 

bacteria may differ. According to these results, the 

important factor in antimicrobial activity is not only the 

properties of the target microorganism, but also the 

chemical composition of the essential oil is different 

(Ouattara et al., 1997; Sağdıç and 2003). 

In our study, it was seen that peppermint essential oil, 

which has a strong antimicrobial effect especially on VRE 

E. faecium, has a small effect on other pathogenic 

microorganisms. In other studies, it has been pointed out 

that although peppermint essential oil alone has a weak 

antibacterial activity, it may have a synergistic effect with 

other essential oils or substances. One of the popular 

preparations used to treat headaches, colds, cough, mild 

spinal gastrointestinal complaints and relieve local 

muscle pain is Olbas ® Tropfen (Olbas). It contains 

essential oils such as peppermint essential oil (5.3 g), 

eucalyptus (2.1 g), cajuput and to a lesser extent juniper 

essential oil (0.3 g). Antibacterial activity has been 

demonstrated against many strains, including Olbas ®, 

methylcine-resistant S. aureus (MRSA) and VRE 

(Hamoud, 2012). 

In our study, it was stated that cinnamon essential oil, 

which is weakly effective on VRE strains but has a strong 

antimicrobial effect on S. aureus ATCC 29213, P. 

aeruginosa ATCC 27853, B. subtilis ATCC 23857 and B. 

cereus ATCC 14579 strains, has also shown a strong 

antimicrobial effect in other studies. In particular, they 

showed that cinnamon essential oil has a better effect 

compared to essential oils such as clove, lemongrass, tea 

tree, ginger, basil and has very good activity against S. 

aureus, E. coli, A. baumannii and P. aeruginosa. (Chouhan, 

2017). These results are similar to our study. 

Various plant essential oils have been reported to show 

high antiproliferative effects on pathogenic 

microorganisms. In one study, eucalyptus, juniper, 

peppermint, rosemary, sage, clove and thyme oils were 

found to be the most effective essential oils against VRE 

and E. coli O157: H7 strains with multi drug resistance. 

(Selim, 2011). These data are similar to the results in our 

study. Also, in our study, it was investigated whether the 

extracts obtained from different plants cause any change 

in the structure of DNA. As a result of the study, it has 

been determined that the extracts obtained from plants 

do not cause any deterioration in the DNA structure, 

therefore they have no effect on plasmid DNA. 
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4. Conclusion 
It is a known fact that bacterial resistance to antibiotics 

and widespread hospital infections pose a great danger 

to public health and our future. Therefore, it is so 

important to research and develop new classes of 

antimicrobials that are effective on pathogenic 

microorganisms today. For this reason, it should be 

aimed to know the antimicrobial properties of plants that 

exist in nature and to obtain plant extracts suitable for 

this purpose. Considering all microorganisms and plant 

extracts, it is seen that not all plant extracts have an 

antimicrobial effect and are not effective on all strains of 

strains with antimicrobial effect. For this reason, further 

research should focus on microorganisms affected by 

plant extracts. In the studies conducted, it can be said 

that especially rosemary, sage, thyme and cinnamon have 

high antimicrobial effects. It has been proved in national 

and international studies that the plants used in this 

study have many biological activities. In this study, this 

efficacy has been demonstrated and some plant extracts 

have also been found to be effective on VRE strains. 

When all the data obtained are evaluated, it can be seen 

that these plants can be used for different purposes in the 

fields of pharmacy and medicine and therefore it is worth 

to study more. 
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