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In this paper, we have investigated the antimicrobial and antioxidant 

activity of some maquis species from Mersin vil., Turkey.  Extracts of 

Cistus creticus L., Erica manipuliflora L., Myrtus communis L., 

Pistacia terebinthus L. and Rosmarinus officinalis L., species, which 

are the elements of the scrub vegetation, were obtained by using 

hexane, methanol and petroleum ether solvents, respectively, and the 

antioxidant and antimicrobial properties of these extracts were 

determined. The plant samples showed different antimicrobial and 

antioxidant activity. Specifically, M. communis extracts have more 

effective antimicrobial activity against Gram (+) bacteria species. M. 

communis methanolic extract showed the MIC value of 31.25 µg/mL 

against S. aureus, S. pneumoniae and E. faecalis. M. communis hexane 

extract showed that the MIC value of 31.25 µg/mL against E. faecalis. 

In the current study, the petroleum ether extract of M. communis 

showed the highest antifungal effect against C. parapsilosis with a MIC 

value of 31.25 µg/mL. The highest and lowest DPPH radical 

scavenging activity were calculated as 91.25% and 63.3% in the 

petroleum ether extract of P. terebinthus and in the methanolic extract 

of C. creticus, respectively. Furthermore, the highest and lowest 

hydrogen peroxide (H2O2) scavenging activity were found to be 78.87% 

and 45.8% in the methanolic extract of M. communis and in hexane 

extract of C. creticus, respectively. 
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 Bu çalışmada, Mersin, Türkiye'den bazı maki türlerinin antimikrobiyal 

ve antioksidan aktivitelerini araştırdık. Maki bitki örtüsünün 

elemanlarından olan Cistus creticus L., Erica manipuliflora L., Myrtus 

communis L., Pistacia terebinthus L. ve Rosmarinus officinalis L. 

türlerinin sırasıyla hekzan, metanol ve petrol eteri çözücüleri 

kullanılarak özütleri elde edilmiştir. Bitki örnekleri farklı 

antimikrobiyal ve antioksidan aktivite göstermiştir. Spesifik olarak, M. 

communis özütleri, Gram (+) bakteri türlerine karşı daha etkili 

antimikrobiyal aktiviteye sahiptir. M. communis metanolik ekstraktı, S. 

aureus, S. pneumoniae ve E. faecalis'e karşı 31,25 µg/mL MİK değeri 

Anahtar Kelimeler: 
Antioksidan 
Antimicrobiyal aktivite 

Maki elemanı 

Özüt 
Mersin  
 

http://orcid.org/0000-0002-0904-7396
http://orcid.org/0000-0001-6412-9020
http://orcid.org/0000-0002-0388-306X
http://orcid.org/0000-0003-0336-8305
mailto:rbinzet@mersin.edu.tr


468 

 

gösterdi. M. communis’in hekzan özütü, E. faecalis'e karşı MİK 

değerinin 31,25 µg/mL olduğu belirlenmiştir. Mevcut çalışmada, M. 

communis'in petrol eteri özütü, 31,25 µg/mL MİK değeri ile C. 

parapsilosis'e karşı en yüksek antifungal etkiyi göstermiştir. En yüksek 

ve en düşük DPPH radikal yakalama aktivitesi sırasıyla P. 

terebinthus'un petrol eteri özütünde %91,25 ve C. creticus'un metanolik 

özütünde %63,3 olarak hesaplanmıştır. Ayrıca, en yüksek ve en düşük 

hidrojen peroksit (H2O2) süpürme aktivitesi sırasıyla M. communis'in 

metanollü özütünde %78,87 ve C. creticus'un hekzan özütünde %45,8 

olarak bulunmuştur. 
To Cite: Kahraman O., Turunc E., Aktaş D., Dögen A., Binzet R. Antimicrobial and Antioxidant Activities of Some Maquis 

Species from Mersin, Turkey. Osmaniye Korkut Ata Üniversitesi Fen Bilimleri Enstitüsü Dergisi 2023; 6(Ek Sayı): 467-485. 

Introduction 

Resistance to antimicrobial drugs is one of the most important health problems today. Infections of 

bacterial origin are a complex problem to solve due to multidrug resistance of microbial pathogens. 

This multidrug resistance applies not only to bacteria but also to other microorganisms such as fungi 

and viruses. The rapid development of resistance to antibacterial, antiviral and antifungals has 

prompted scientists to seek new phytocompounds with antimicrobial action (Levy and Marshall, 2004; 

Leal et al., 2021). However, the undesirable side effects of some antibiotics and the emergence of rare 

infections, it has forced scientists to seek new antimicrobial agents from various complementary 

sources such as herbs. Phytocomponents obtained from plant extracts showed that plants are a 

potential source of new anti-infective agents when viewed in terms of antimicrobial activity (Sharma 

et al., 2009; Elumalai et al., 2011; Peixoto et al., 2011).  

Plants contain various phytochemicals like alkaloids, flavonoids, tannins, essential oils and these 

phytochemicals have might potential against multi-drug resistance bacterial diseases. Essential oils 

and phytochemicals have shown a wide spectrum of biological activity and are used in the food 

industry and medicine (Barchuk et al., 2021; Micić et al., 2021; Napoli and Di Vito, 2021; Nie et al., 

2021; Aćimović et al., 2022; Leyane et al., 2022; Li and Xu, 2022). 

Reactive oxygen species (ROS) including free radicals like superoxide (O2
.-
), hydroxyl radical (OH

.
) 

etc. These free radicals are involved in various processes in the body, and oxidative stress occurs as a 

result of free radical excess. Oxidative stress has main role in the various disease such as Alzheimer's 

disorders, cancer, cardiovascular diseases, atherosclerosis, inflammation, hypertension and ageing (Qi 

et al., 2005; Conforti et al., 2008; Ighodaro and Akinloye, 2008). Therefore, it is very important to 

destroy these free radicals in the body or to keep them at a certain level. Antioxidant molecules can 

keep the balance of the free radical in the body or destroy free radicals. Several synthetic antioxidant 

molecules like butylated hydroxyanisole (BHA), butylated hydroxytoluene (BHT), and propyl gallate 

(PG) are consumed to prevent oxidative stress-related diseases but they cause various adverse effects 

like side effects problems (Ndhlala et al., 2010; Lourenço et al., 2019). For instance, BHT and BHA 

cause hepatotoxicity and have been demonstrated to be carcinogenic in the studies carried out. Also, 

synthetic antioxidants are difficult and expensive to obtain this limits their use. Therefore, it is very 

important to use alternative antioxidants that are cheap, easy to access and have no side effects instead 
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of synthetic antioxidants. Due to the plants containing active biomolecules such as flavonoids, 

phenolic compounds, alkaloids have the effective potential antioxidant molecules. It is known that the 

antioxidants properties of plants play a protective role in the body against wide spectrum diseases like 

the risk of cancer, heart disease, hypertension, dementia, and stroke (Havsteen, 2002; Hodgson and 

Croft, 2010; Szymanska et al., 2016). In the literature review, it was stated that phytochemicals 

showed antioxidant and antimicrobial activities (Ivanović et al., 2021; Mohammed et al., 2021; Idris 

and Mohd Nadzir, 2021; Mokhtar et al., 2021; Vidana Gamage et al., 2021; Malada et al., 2022; 

Mohammed et al., 2022; Paudel et al., 2022; Tavan et al., 2022). 

All taxa examined within the scope of this study are members of the maquis vegetation and were 

collected from the same region.  

Cistus creticus L. belongs to the Cistaceae family. C. creticus is generally distributed in the 

Mediterranean phytogeographical region (Davis et al., 1965). The species of Cistus genus have been 

utilized for folk medicine (Baytop, 1999; Polat and Satıl, 2012; Sargın et al., 2013; Sargın et al., 

2014). 

Erica manipuliflora L. belongs to the Ericaceae family. This family includes more than 800 species 

around the world especially in the coastal sea of the Mediterranean. E. manipuliflora is more 

widespread in Southwest Anatolia. The people of Turkey have used it for medical purposes for a long 

time (Akkol et al., 2008; Mitic et al., 2018; Kuş et al., 2019).  

Myrtus communis L. is aromatic and economical species that belongs to the Myrtaceae family (Hennia 

et al., 2019). M. communis is known as Myrtle. Myrtle is largely distributed in tropical and subtropical 

areas in the world. This species has solitary axillary white or rosy flowers, followed by spherical and 

dark red to violet berries. The fruits are dark and white in color and are widely consumed as snacks in 

Turkey (Aleksic and Knezevic, 2014). 

Pistacia terebinthus L. is an economically valuable species belonging to the Anacardiaceae family. 

This species is commonly known as terebinth or turpentine tree. P. terebinthus is native to the 

Mediterranean phytogeographic region and is distributed in arid areas, forest clearings and calcareous 

rocky areas (Tutin et al., 1968). P. terebinthus is widely consumed in traditional medicine, coffee and 

food in Turkey. 

Rosmarinus officinalis L. is a medicinal and aromatic plant and belongs to the Lamiaceae family. This 

species is known as Rosemary in Turkey. One of the natural elements of maquis vegetation, this 

species is an evergreen shrub native to the Mediterranean region. Due to this feature, it is widely used 

as a hedge plant in Mediterranean coastal cities in Turkey. In addition to its medicinal and cosmetic 

use all over the world, it is also consumed as a spice and tea (González-Trujano et al., 2007; Özcan 

and Chalchat, 2008). 

The natural maquis vegetation in Mersin University Çiftlikköy campus is being destroyed due to 

building and anthropogenic interventions, and it is predicted that it will disappear in a very short time 

if necessary precautions are not taken. Considering this situation, in this study, it was aimed to prepare 
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various extracts of five different natural maquis species distributed in the same soil properties and at 

the same altitude and to determine the antioxidant and antimicrobial properties of these extracts.  

 

Material and Methods 

Chemicals  

All chemicals are of analytical grade. 2,2-diphenyl-1-picryl hydrazyl (DPPH), and hydrogen peroxide 

(H2O2) were purchased from Merck. Hexane, methanol and petroleum ether were purchased from 

Sigma Aldrich.  

 

Plant Materials  

In this study, C. creticus belonging to the Cistaceae family, E. manipuliflora belonging to the 

Ericaceae family, M. communis belonging to the Myrtaceae family, P. terebinthus belonging to the 

Anacardiaceae family and, R. officinalis belonging to the Lamiaceae family, which are naturally 

distributed in Ciftlikköy Campus of Mersin University, were collected (Turkey C5: Mersin, Southern 

of Mersin, Mersin University, Ciftlikköy Campus, 36°47'23"N 34°31'11"E, 90-110 m, 15 v 2021, 

Binzet 202141-202145). The collected samples were identified by Rıza Binzet using the flora of 

Turkey (Riedl, 1978) and a doublet of the identified samples was taken under protection in Mersin 

University herbarium (MERA) (Fig. 1). 

 

   

  

Fig. 1. The general habitus of examined species. a) C. creticus, b) E. manipuliflora, c) M. communis, 

d) P. terebinthus, e) R. officinalis 
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Preparation of Plant Samples 

Five different plant samples collected from the natural/disturbed maquis areas of Mersin University 

campus were washed with tap water and left to dry in the shaded area for about a month. Then, the 

leaves of the dried samples were removed and the dried leaves were ground with the help of a mill 

(Blender 8011ES Model HGB2WTS3 400 W). The powdered samples were taken into dark colored 

bottles to be used in extraction and stored at room temperature. 

 

Extraction  

Each plant powders (1 gr) were mixed with 50 mL of different solvents (methanol, petroleum ether 

and hexane) in the sterile bottles and the mixtures were stirred at 37 °C for 24 hours. After the 24 

hours, the extracts were filtered using filter paper (0.11 µm) and organic solvents were evaporated 

with the help of rotary evaporator. The obtained plant extract samples were stored at 4 °C for analysis. 

 

Antimicrobial Activity 

The antimicrobial susceptibility test was evaluated using the modification microdilution broth method 

(Albayrak et al., 2022). Six reference bacterial strains and two fungal strains were used: 

Staphylococcus aureus (ATCC 29213), Streptococcus pneumoniae (ATCC 49619), Enterococcus 

faecalis (ATCC 29212), Escherichia coli (ATCC 25922), Klebsiella pneumoniae (ATCC 1951), 

Pseudomonas aeruginosa (ATCC 27853), Candida metapsilosis (CBS 2916), Candida parapsilosis 

(CBS 2916). The fungal and bacterial cell inoculum were prepared from the stock culture grown in 

Tryptic Soy Agar (TSA, Merck, Darmstadt, Germany) at 28 °C for 24 h and Mueller-Hinton Agar 

(MHA, Merck, Darmstadt, Germany) 37 °C for 24 h, respectively. The microorganisms suspension 

concentrations were adjusted according to McFarland 0.5 turbidity tubes using sterilized saline. Stock 

solution of plant extracts and reference drugs were prepared in DMSO at 1000 μg/mL. A modified 

microdilution test was applied for antimicrobial activity and the experiments were run in duplicates 

independently. 

To determine antimicrobial activity tests, 100 µL of tryptic soy broth and Mueller-Hinton water were 

added to each well for fungi and bacteria, respectively. A 100 µL aliquot of the plant extracts solution 

was added to the first well, and two-fold dilutions were prepared for subsequent wells. Then, 5 µL of 

fungal or bacterial suspension was added to each well except the last ones, which acted as control 

wells for each group. Control tubes containing 5 µL of each of the fungal or bacterial suspensions 

alone without the plant extracts solution were also prepared. All plates were incubated at 28 °C (for 

fungi) and at 37 °C (for bacteria) for 24 h. After the incubation, the minimal inhibitory concentrations 

(MIC) were noted by controlling the growth inhibition for plant extracts. Fluconazole and ampicillin 

were used as reference drug. The results were read visually and by measuring optical density for 24 h. 

 

 

 



472 

 

Antioxidant Activity  

DPPH Radical Scavenging Assay 

The radical scavenging activity of the samples was investigated method by used Mensor et al with 

using some modifications (Mensor et al., 2001). 3 mL of 0.1 mM solution of DPPH (in methanol) was 

added to 1 mL (100 µg/mL - 1000 µg/mL) extract or standard in sterile vials and allowed to react in 

the dark at room temperature for 30 min. The absorbance was measured against a corresponding blank 

at 517 nm. Methanol (1 mL) plus extract solution (0.5 mL) was used as the blank. Ascorbic acid was 

used as a positive control. All measurements were done in triplicate. All solutions were freshly 

prepared. Inhibition (%) of free radical DPPH was calculated as in Equation 1. 

Inhibition (%) = [(Ac – As)/Ac]*100                                                                                                Eq. 1 

Ac and As are the absorbances of the control and solutions, respectively. 

 

H2O2 scavenging assay 

The ability of the samples to the H2O2 scavenge was determined by modification to the method of 

Ruch et al. (1989). 1 mL of extract samples (100-400 μg/mL) was transferred into the bottles and their 

volumes were made up to 2 mL with 40 mM phosphate buffer solution (pH 7.4) followed by the 

additions of 0.6 mL of H2O2 solutions (40 mM). The reaction mixture was stirred for a few minutes 

and after 10 min of incubation time, its absorbance was measured at 230 nm. Ascorbic acid was used 

as the positive control. Phosphate buffers were used as blank. All measurements were done in 

triplicate. All solutions wereas freshly prepared. The ability of the extracts to scavenge the H2O2 was 

calculated using the Equation 1. 

 

Results and Discussion 

Extraction Yield 

The percentage of extraction yield was calculated by following equations. 

Yield of extract (%) = (R/S)*100                                                                                                       Eq. 2 

R refers to the dried samples weight after to the evaporation of solvent, and S: refers to the dry weight 

before extraction process (raw plant powder). 

In this study, the highest extraction yield in methanol extract was obtained in R. officinalis, while the 

lowest extraction yield was obtained in hexane extract of P. terebinthus (Table 1). 
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Table 1. Extract yield percentage of examined samples 

Samples Solvent Extract Yield (%) 

 

C. creticus 

Methanol 1.63 

Petroleum ether 1.70 

Hexane 1.29 

 

E. manipuliflora 

Methanol 1.38 

Petroleum ether 1.06 

Hexane 1.32 

 

M. communis 

Methanol 1.74 

Petroleum ether 1.29 

Hexane 1.64 

 

P. terebinthus 

Methanol 1.94 

Petroleum ether 1.56 

Hexane 1.02 

 

R. officinalis 

Methanol 1.94 

Petroleum ether 1.56 

Hexane 1.02 

 

Antimicrobial Activity 

MIC values of different solvent plant extract of C. creticus, E. maniupuiliflora, M. communis, P. 

terebinthus and R. officinalis displayed strong antimicrobial activity against Gram (+) and Gram (-) 

bacteria and fungal species (Table 2.). 

In this study, especially the methanol and petroleum ether extract of M. communis showed more 

antimicrobial effect against Gram (+) bacteria than Gram (-) bacteria strains. Results of this study 

showed that the M. communis extracts more effective antimicrobial activity against Gram (+) bacteria 

species. M. communis methanolic extract showed the MIC value at 31.25 µg/mL against S. aureus, S. 

pneumoniae, E. faecalis.  

Candida species are among the important factors of invasive fungal diseases. In intensive care units, 

C. parapsilosis takes the second or third place as a candidemia agent. The second most common cause 

of candidemia in our country is C. parapsilosis, and its incidence is increasing day by day. C. 

parapsilosis species complex includes C. parapsilosis, C. metapsilosis species. Our results show, 

petroleum ether extract of M. communis showed the MIC value at 31.25 µg/mL against C. 

parapsilosis. Also, M. communis petroleum ether extract showed MIC value at 62.5 µg/mL against S. 

aureus, S. pneumoniae, E. facealis. M. communis hexane extract showed a MIC value of 31.25 µg/mL 

against E. faecalis. E. manipuiliflora hexane extract showed MIC value at 62.5 µg/mL against S. 

pneumoniae E. faecalis and E. coli. The methanolic extract of C. creticus, R. officinalis and P. 

terebinthus showed MIC value at 62.5 µg/mL against C. metapsilosis and C. parapsilosis. Methanolic 

and petroleum ether extract of P. terebinthus and C. creticus showed the MIC value at 62.5 µg/mL 

against C. parapsilosis. Also, all plant samples (extracts) showed the MIC values at 125 µg/mL 

against K. pneumoniae strains (Table 2).  
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The previous studies reported that the MIC values below 100 µg/mL correspond to strong 

antimicrobial properties for plant extracts and the MIC values between 100 µg/mL and 625 µg/mL 

correspond to moderate antimicrobial activity (Kuete, 2010). The plant extracts used in this study 

showed different inhibition effects against bacterial and fungal species (Table 2). In this study, 

methanolic and petroleum ether extract of M. communis and hexane extract of E. maniupuiliflora 

showed strong inhibition against antibacterial activities. In addition, in the results of the study, it was 

observed that all plant extract samples showed a strong inhibition against Candida species, which is an 

important fungal pathogen.  

Table 2. MIC values (µg/mL) of different extracts and standard drugs Ampicillin and Fluconazole 

against selected bacteria and fungi 

 Gram(+) bacteria Gram(-) bacteria Fungal species   

Samples S.  

aureus 

S.  

pneumoniae 

E.  

faecalis 

E.  

coli 

P.  

aeruginosa 

K.  

pneumoniae 

C.  

metapsilosis 

C. 

parapsilosis 

C. creticus 

(Methanol) 

125 125 125 125 125 125 62.5 62.5 

C. creticus 

(P. ether) 

250 250 125 125 125 125 125 125 

C. creticus 

(Hexane) 

250 250 125 125 125 125 125 62.5 

E. 

manipuliflora 

(Methanol) 

250 125 125 125 250 125 125 125 

E. 

manipuliflora 

(P. ether) 

250 250 125 125 125 125 125 125 

E. 

manipuliflora 

(Hexane) 

125 62.5 62.5 62.5 125 125 125 125 

M. communis 

(Methanol) 
31.25 31.25 31.25 125 125 125 125 125 

M. communis 

(P. ether) 
62.5 62.5 62.5 125 125 125 125 31.25 

M. communis 

(Hexane) 

125 125 31.25 125 125 125 125 125 

P. terebinthus 

(Methanol) 

125 125 250 125 125 125 62.5 62.5 

P. terebinthus 

(P. ether) 

125 250 250 125 125 125 125 62.5 

P. terebinthus 

(Hexane) 

125 250 125 125 125 125 125 125 

R. officinalis 

(Methanol) 

125 125 125 125 125 125 62.5 125 
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R. officinalis  

(P. ether) 

125 250 250 125 125 125 125 125 

R. officinalis 

(Hexane) 

125 125 125 125 125 125 125 125 

Fluconazole * * * * * * - - 

Ampicillin - - - 31.25 31.25 31.25 * * 

(–) All tested concentrations are active; * Not tested; Bold numbers are more effective 

Antioxidant activity  

DPPH radical scavenging assay activity 

Phytochemicals found in plants can reduce or prevent the harmful effects of oxidative stress. 

Phytochemicals in plants show free radical scavenging properties. 

DPPH is a stable nitrogen-centered free radical commonly used for testing radical scavenging activity 

of the compound or plant extracts. When the stable DPPH radical accepts an electron from the 

antioxidant compound, the purple color of the DPPH radical was transformed to light yellow or 

colorless (Fig. 2) and DPPH structure transform to the non-stabile DPPH-H structure (Scheme 1). 

 

 

Fig. 2. DPPH radical (a) and after the incubation of DPPH radical with plant extract (b) 

 

Scheme 1. The chemical transformation mechanism of DPPH with antioxidant molecules. 

 

In our study, different antioxidant activities were obtained depending on the types of phytochemicals 

released during the extraction process. Hydrogen or electron donating properties of phytochemicals 

released as a result of extraction are directly related to their antioxidant properties. 

In this work, we have evaluated the free radical scavenger activity of prepared extracts with different 

solvents of C. creticus, E. manipuliflora, M. communis, P. terebinthus and R. officinalis. According to 
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the results of the DPPH radical scavenging assay, different plant extracts have shown different free 

radical scavenging activity at the highest concentration (1000 µg/mL) (Fig. 3). According to the result 

of our study, the highest DPPH radical scavenging activity was observed as 91.25% in the petroleum 

ether extract of P. terebinthus. Furthermore, the lowest DPPH radical scavenging activity was 

observed as 63.30% in the methanolic extract of C. creticus. Ascorbic acid was used as a positive 

control and showed 92.25% inhibition at DPPH radical scavenging activity.  

 

Fig. 3. The DPPH scavenging assay of different plan samples 

 

H2O2 scavenging assay activity 

 H2O2 has oxidizing properties. It can penetrate membranes and may oxidize a various compounds 

(Gülçin et al., 2010). In addition, it can be harmful to the cell as it can transform into hydroxyl radicals 

with toxic potential in cells. Therefore, it is important to destroy H2O2 from cell metabolism. Plants are 

good electron donors because of the phytochemicals they contain. Phytochemicals donates electrons to 

H2O2, and neutralize to H2O (Ebrahimzadeh et al., 2009) (Scheme 2). 

 

 

Scheme 2. Convert the H2O2 to H2O 

Fig. 4 shows the H2O2 scavenging activity of different plant extract samples at the highest 

concentration (400 µg/mL). As a result of our study, the highest H2O2 scavenging activity was 

observed at 78.87% in the methanolic extract of M. communis. The lowest H2O2 scavenging activity 

was observed in hexane extract of C. creticus with 45.80%. 

The IC50 values of plant extract samples showed at Table 3. According to the DPPH test results, the 

highest IC50 value of 262.34 µg/mL was observed in the methanolic extract of C. creticus, while the 



477 

 

lowest IC50 value was 71.14 µg/mL in the petroleum ether extract of P. terebinthus. The IC50 value of 

the petroleum ether extract of the P. terebinthus in the antioxidant activity was 71.14 µg/mL and it 

was found very close to the ascorbic acid value of 70.66 µg/mL. Also, according to the H2O2 

scavenging assay test results the highest IC50 value at 247.21 µg/mL was observed in the hexane 

extract of C. creticus, the lowest IC50 value was observed in the petroleum ether extract of P. 

terebinthus with 152.1 µg/mL. 

 

Fig. 4. The H2O2 scavenging assay of different plant samples 

 

In our work, IC50 value of the all samples except C. creticus methanol extract observed to be in the 

range of 71.14 μg/mL - 86.16 μg/mL at DPPH radical scavenging assay (Table 3). Based on the IC50 

values, all samples except C. creticus methanolic extract showed moderate DPPH activity.  

 

Table 3. The IC50 values of antioxidant tests on the examined extract samples 

Samples/Solvent 

 

IC50 value for 

DPPH Radical 

Scavenging Assay 

IC50 value for H2O2 

Radical Scavenging 

Assay 

C. creticus (Methanol) 262.34 214.44 

C. creticus (Petroleum ether) 82.41 221.33 

C. creticus (Hexane) 77.16 247.21 

E. manipuliflora (Methanol) 74.68 176.34 

E. manipuliflora (Petroleum ether) 80.14 189.93 

E. manipuliflora (Hexane) 75.78 197.24 

M. communis (Methanol) 73.22 154.33 

M. communis (Petroleum ether) 75.64 161.20 

M. communis (Hexane) 78.21 157.42 

P. terebinthus (Methanol) 75.88 160.83 
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P. terebinthus (Petroleum ether) 71.14 152.10 

P. terebinthus (Hexane) 83.05 154.45 

R. officinalis (Methanol) 75.34 201.37 

R. officinalis (Petroleum ether) 82.46 211.62 

R. officinalis (Hexane) 86.16 199.05 

 

Mastino et al. (2018) reported that the antimicrobial activity of the butanol and ethyl acetate extracts of 

C. creticus showed the MIC values at 500 μg/mL and 125 μg/mL against E. coli and S. aureus strains. 

In our study, we determined that all extracts of C. creticus had a range of 125 μg/mL against E. coli 

and 125 - 250 μg/mL against S. aureus. In the study by Owlia et al. (2009), essential oil of M. 

communis showed a MIC value of 64 μg/mL against P. aeurouginosa. A study by Amensour et al. 

(2010) reported that different solvent extracts of M. communis showed the MIC value at 625 μg/mL 

against P. aeruginosa and did not show inhibition against S. aureus and E. coli. Taheri et al. (2013) 

reported that the hydroalcoholic extract of M. communis showed antimicrobial activity against S. 

aureus and E. coli with MIC values at 200 μg/mL and 800 μg/mL. Besukefad et al. (2017) reported 

that hexane extract of M. communis showed MIC value of 31.25 μg/mL and 125 μg/mL against E. coli 

and S. aureus. In our study, all extracts of M. communis exhibited the MIC values of 125 μg/mL 

against E. coli and P. aeruginosa and a MIC value in the range of 31.25 - 125 μg/mL against S. 

aureus. A study by Kavak et al. (2010) reported that antimicrobial activity of P. terebinthus leaf 

extract displayed a MIC value of 1.56 mg/mL against S. aureus, and crude extract exhibited no 

antimicrobial activity on E. coli. In our study, all extracts of the R. officinalis exhibited a MIC value of 

125 μg/mL against E. coli and S. aureus. Manilal et al. (2021) reported that antimicrobial activity of 

ethanolic extract of R. officinalis displayed MIC value at 4000 μg/mL for S. aureus and 8000 μg/mL 

for E. coli and Salmonella spp. Jarrar et al. (2010) reported that antimicrobial activity of the ethanolic 

extract of R. officinalis displayed 125 μg/mL against S. aureus. In this study, all extracts of the R. 

officinalis exhibited a MIC value of 125 μg/mL against E. coli and S. aureus. 

Lachen et al. (2020) reported the antioxidant activity of C. creticus leaves content. It was stated that 

IC50 values of 12.53 μg/mL, 10.91 μg/mL, 26.64 μg/mL and 30.27 μg/mL correspond to flavonoids, 

saponin, crude extracts and alkaloids, respectively. Kilic et al. (2019) ethanol, dichloromethane 

(DCM) and hexane extractions of C. creticus leaves were studied and the IC50 values calculated for 

these were reported as 165.10 μg/mL, 189.71 μg/mL and 397.29 μg/mL, respectively. In our study, the 

IC50 values of all extracts of C. creticus were found to be in the range of 77.16 - 262.34 μg/mL. In 

another study, essential oils of Myrtus black and Mrytus white samples of M. communis species were 

obtained and the DPPH scavenging activities of these samples at 1000 μg/mL were determined as 

95.26 ± 0.074 μg/mL and 92.80 ± 0.097 μg/mL, respectively (Ibrahim et al., 2021). In the study of 

Abdulhadi et al. (2020), the antioxidant activity of M. communis extract at 1000 μg/mL was found to 

be 90.17%. In our study, it was determined that the antioxidant activities of M. communis extracts 



479 

 

obtained in all three solvents at 1000 μg/mL ranged between 76.8% and 89.4%. Kadri et al. (2011) 

obtained the essential oils of the cultivated R. officinalis plant and determined that its antioxidant 

activity was 61.00 ± 2.30% DPPH radical scavenging effect at 300 µg/mL. In the same study, it was 

also reported that an IC50 inhibitor concentration of 110.20 μg/ml was obtained from the DPPH test. In 

this study, all extracts of R. officinalis exhibited DPPH scavenging activity in the range of 80.2 to 

88.3% at 1000 µg/mL.  

As a result, the reason for the significant differences between the antioxidant and antimicrobial 

activities data obtained in our study and other similar studies is thought to be the distribution areas of 

the plants, collection periods, different drying methods, edaphic properties, different solvents used in 

extraction and different methods. 

 

Conclusion 

The problem of drug resistance of bacteria and fungi is increasing and it is predicted that the use of 

antimicrobial drugs will pose a serious problem in the future. Therefore, it is important the uses new 

and alternative antimicrobial agents. Previously reported studies have shown that the extract of the 

medicinal plants are alternative antimicrobial agents against bacteria and fungi. In general, plant 

extracts show a strong inhibitory effect against Candida species. Especially, all extracts of M. 

communis showed stronger inhibition activity against Gram (+) bacteria than other plant extracts in 

our study. As a result, it can be suggested that some plant extracts handled in this study can be 

evaluated as antimicrobial agents against drug-resistant bacteria and fungi. In addition, the plant 

extracts used in our study have a high antioxidant potential, and therefore they may have the potential 

to be used in the possible elimination of free radicals in the body and the prevention of diseases such 

as cancer and cardiovascular disease. Moreover, the plants used in this study offer alternative 

antioxidant potentials compared to synthetic antioxidant substances that of are cheap, easily accessible 

and have no side effects. 
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