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Abstract: The aim of this study is to analyze the volatile composition and 

antimicrobial and antioxidant activities of the essential oils of Polytrichum 

commune and Antitrichia curtipendula. The essential oils obtained by hydro-

distillation (HD) from each species were identified by GC-MS/FID. The main 

components were biformene (13.06%), α-pinene (6.53%), and bornyl acetate 

(8.10%) in P. commune. Nonanal and tetradecanal as major compounds were 

19.96% and 20.23% in A. curtipendula essential oils, respectively. Antioxidant 

activity of obtained essential oils was evaluated using in-vitro antioxidant models. 

There was no significant difference within the groups according to DPPH 

activity. Also, the essential oil from P. commune showed higher metal-ion 

chelating activities than that of the essential oil of A. curtipendula. Metal-ion 

chelating activities varied between 4.1% and 67.4% at the 800 µg/mL 

concentration, respectively. The antimicrobial activity was tested by a minimal 

inhibition concentration test. Each moss species showed good antimicrobial 

activity against microorganisms according to the results of minimal inhibition 

concentration experiments. 
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1. INTRODUCTION 

Bryophytes, divided into three classes; namely, Bryophyta (mosses, 14000 species), 

Marchantiophyta (liverworts, 6000 species), and Anthocerotophyta (hornworts, 300 species), 

have about 23000 species in the worldwide and comprise the second largest group of plants 

after Magnoliophyta – the flowering plants (350000 species) (Asakawa et al., 2013; Asakawa 

& Ludwiczuk, 2018; Tonguç-Yayıntaş & İrkin, 2017). Bryophytes spread all over the world 

from the deserts to the glaciers, except for the seas (Chandra et al., 2017). Bryophytes are used 

in several sectors varying from aquatic bioindicators to treatment of waste or from radioactivity 

indicator to the treatment of packing (Asakawa, 2007). 

The mosses are represented by approximately 25000 taxa around the world (Smith, 2004). 

In the previous studies, despite their broad coverage, the mosses have been unable to preserve 

their actual place as a prior research. Mosses are used for biomonitoring/bioindicator of waters 
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and air pollution in addition to its use for the determination of heavy metal accumulation 

(Harmens et al., 2007). Lately due to the fact that algae have new and/or bioactive compounds, 

there has been an increase in the number of pharmacological studies recently (Yayıntaş et al., 

2019; Wang et al., 2017). Also, mosses possess various natural products that exhibit biological 

activity and are used as food supplements or spices and medicals. That moss species have a 

wide variety of substances of active metabolite makes it possible to use it as an antioxidant as 

well as antimicrobial (Dey & De, 2012; Russel, 2010). The mosses Atrichum undulatum and 

Mnium hornum produce vitamin E, vitamin K, and plastoquinon, while Dicranum scoparium, 

Leucobryum species contain prostaglandin-like highly unsaturated fatty acids playing an 

important role as an antioxidant in the human body (Ichikawa et al., 2008; Tedone et al., 2011). 

Several mosses species have been used as medicinal plants such as Bryum, Mnium, Philonotis 

species, and Polytrichum juniperinum by North American Indians to treat burns, bruises, and 

wounds. Terpenoids are other valuable compounds with antibacterial, antifungal, anti-

inflammatory, and cytotoxic activities (Chen et al., 2018). β-cyclocitral, β-ionone, and geosmin 

are the most common monoterpenoids detected in mosses while Mnium, Taxiphyllum, 

Plagiothecium, Homalia, and Plagiomnium genus of mosses contain the volatile terpenoids 

(Asakawa, 1995).  

Polytrichum commune as moss class consumed as boiled tea was chosen as the study 

material for this specific study because it is used in the treatment of many diseases such as 

wound healing, antipyretic, antidotal activity, dissolving kidney and gallbladder stones, 

antipyretic and antipyretic, and colds (Chandra et al., 2017; Hallingback et al., 2000; Greeshma 

& Murugan 2018). There are a few reports on the antibacterial, cytotoxicity, and antimicrobial 

activities of solvent extract of Polytrichum commune grown in different parts of the world 

including Turkey (Klavina et al., 2015; Nikolajeva et al., 2012; Sevim et al., 2017). 

Antitrichia curtipendula is used to prepare moss costumes during the annual festival to 

celebrate important historical wars in Spain (Mártinez-Abaigar & Núňez-Olivera, 2001) and 

this species is reported to be used today for packaging mushrooms in the Pacific Northwest 

(Glime, 2007). Antitrichia curtipendula was chosen as another moss species in this study 

because there are not many studies about the antioxidant and antimicrobial activity of this moss 

in the literature (T. Yayıntaş et al., 2019). 

In different studies to date, approximately 3000 essential oils have been described from 

plants that include mosses by using various methods. The number of studies investigating the 

content, quality, quantity, and biological activities of essential oils has been increasing, 

especially in recent years due to the fact that they are both cheaply available sources rich in 

polyunsaturated fatty acids (Bayaz, 2017; Morteza-Semnani et al., 2012) and also they are 

effective antimicrobial used in the livestock industry and pharmacology as well as in the fields 

of cosmetics, perfumery, aromatherapy, and soft drinks due to some components it contains 

(Şahin et al., 2004; Öztürk & Özbek, 2005). 

We used mosses species of Polytrichum commune and Antitrichia curtipendula in this study. 

In Turkey, there are three species of Polytrichum genus that belong to Polytrichaceae family 

and two species of Antitrichia genus that belong to Leucodontaceae family. The essential oils 

of these species were extracted with hydro-distillation using a Clevenger apparatus. 

Antimicrobial activity of essential oils was examined by microdilution methods against 

Escherichia coli ATCC25922, Enterococcus faecalis ATCC29212, Staphylococcus aureus 

ATCC25923, Pseudomonas aeruginosa ATCC27853, and Streptococcus mutans. The 

antioxidant capacity of essential oils was determined by DPPH scavenging assay and metal-ion 

chelating assay. Chemical compositions of essential oils were analyzed using GC-MS/FID. 

Each biological activity test was done twice in duplicate and the results are expressed as mean 



Int. J. Sec. Metabolite, Vol. 8, No. 3, (2021) pp. 272-283 

274 

± standart deviation (SD). The statistical analysis was performed using a one-way ANOVA (p 

<0.05). 

2. MATERIAL and METHODS 

2.1. Plant Material 

In this study, the fresh moss materials were separated and divided into small pieces. The leaves 

of P. commune were collected on 23rd March 2018 from Taflancik Village, Hayrat, Trabzon, 

Turkey at an altitude of 478 m. A. curtipendula (Hedw.) was collected on 20th March 2018 

from National Park of Altindere Valley, Macka, Trabzon, Turkey at an altitude of 848 m. 

Voucher specimens were deposited in the Herbarium of the Department of Biology, Karadeniz 

Technical University, Turkey, respectively (KTUB 1614, KTUB 1608).  

2.2. Isolation of Essential Oils 

The essential oils from each moss species (approximately 50 g each) were subjected to hydro-

distillation for 3h using a Clevenger type apparatus with the cooling bath (12 °C) system (4 h) 

(yields: 0.13% and 0.11% (v/w), respectively). The obtained oils were dissolved in HPLC grade 

n-hexane (0.5 mL) and dried over anhydrous sodium sulphate and stored at 4-6 ºC in a sealed 

brown vial. 1 μL of the essential oils was directly injected separately into the GC-MS 

instrument. 

2.3. GC-MS Analysis of Essential Oils 

The GC-MS analysis was performed using Shimadzu 2010 Plus gas chromatograph coupled to 

a Shimadzu QP2010 Ultra mass selective detector. The gas chromatography-flame ionization 

detector (GC-FID) was used. The fibre containing the extracted aroma compounds was injected 

into GC/MS injector. The split mode was used. The separation was performed by means of a 

Restek Rxi-5MS capillary column, 60 m length, 0.25 mm i.d., and a 0.25 μm phase thickness. 

The oven program was as follows: Initial temperature was 60 °C for 2 min, which was increased 

to 240 °C at 3 °C min-1. 250 °C was maintained for 4 min. Helium (99.999%) was used as 

carrier gas with a constant flow-rate of 1 μL min-1. Detection was carried out in electronic 

impact mode (EI) and ionization voltage was fixed to 70 eV. Scan mode (40-450 m/z) was used 

for mass acquisition. The volatile compounds were identified by comparison with the mass 

spectra of the two libraries (FFNSC1.2 and W9N11) and using the standard compounds (β-

pinene, camphene, limonene oxide, isopinocarveol, 1-terpinen-4-ol, β-ionone, caryophyllene 

oxide, biformene, and nonanal) (Renda et al., 2019).  

2.4. Antioxidant Activity 

2.4.1. Measurement of metal-ion chelating capacity 

The experiments as to the chelation of ferrous ions by the essential oils were performed as 

described by Decker and Welch. Different concentrations of essential oil (25, 50, 100, 200, 400, 

and 800 µg/mL) were added to the reaction mixture (Decker & Welch, 1990). The absorbance 

of the reaction mixture was measured at 562 nm. EDTA and Trolox were used as standards in 

the same concentration of essential oils. The percentage of chelating capacity of the test sample 

was calculated as follows: 

   Chelating capacity% = [(A1 − A2)/A1 × 100] 

where A1 is the absorbance of control and A2 is the absorbance in the presence of essential oil 

or EDTA. 

2.4.2. DPPH scavenging activity assay 

The antioxidant activity of each species’ essential oil was first determined by measuring the 

DPPH scavenging ability. The essential oil at various concentrations (25, 50, 100, 200, 400, 
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and 800 µg/mL) was added to the reaction mixture including DPPH. When DPPH reacts with 

an antioxidant in the essential oil that can donate hydrogen, it gets its reduced form as the 

resulting decrease in absorbance at 517 nm was recorded using a UV-Vis spectrophotometer 

(Jasco, V-630, Tokyo, Japan) (B.Williams et al., 1995). In this study, Trolox and BHT were 

used as antioxidant standards. DPPH scavenging activities of the test samples were calculated 

as follows: 

DPPH (%) = 100- (A0-A1/A0 x100) 

2.5. Antimicrobial Activity 

The essential oils showed moderate antibacterial activity against three gram-positive 

(Staphylococcus aureus ATCC25923, Enterococcus faecalis ATCC29212 and S. mutans) and 

two gram-negative bacteria (Escherichia coli ATCC25922 and Pseudomonas aeruginosa 

ATCC27853). Due to the presence of activity in antimicrobial activity studies against gram 

positive and gram negative microorganisms of these mosses in previous studies, an 

antimicrobial activity against E. coli, S. mutans, E. faecalis, P. aeruginosa, and S. aureus as 

microorganisms with different ATCC numbers was preferred in this study. Antibacterial 

susceptibility testing was performed according to the CLSI laboratory standards for broth 

microdilution assays (CLSI, 2012). For this purpose, antibiotic stock solutions were prepared 

for the antibiotic test and serial dilutions were made in separate tubes from here. An overnight 

culture on a nonselective medium such as bloody agar was used in the experiment. A standard 

inoculum of 0.5 McFarland units (108 colony forming units/µL) was prepared in MRS broth. 

It was diluted 1:30 (5x 106 CFU/mL) and 50µL (2.5x105 CFU/mL) was inoculated into each 

well excluding the control well. Therefore, bacteria inoculum of approximately 2.5x105 

CFU/mL was adjusted in a final volume of 100 µL in each well. MHB was used in bacterial 

suspension and antibiotic dilutions were prepared by DMSO. A well of each plate was used as 

a reproductive control and no antibiotics were added. A well of each plate was used as a 

sterilization control and included only the broth. The same antibiotics stock solutions and 

dilutions of the same antibiotics were analysed on appropriate ATCC strains in another plate 

for the quality control of the experiment. The plates were incubated at 35-37 °C for 24 hours in 

a normal atmosphere. Ampicillin (10.000 µg/mL), fluconazole (5.000 µg/mL), and 

streptomycin (10.000 µg/mL) were used as standard antibacterial and antifungal. When MIC 

values of quality control strains were appropriate and the results of the reproductive control, the 

sterilization control, the inoculum purify control, and the inoculum density control were valid, 

the plates were read by a microplate reader in 600 nm. The results obtained were calculated as 

% inhibition. 

2.6. Statistical Analysis 

The obtained essential oils were tested for antioxidant and antimicrobial activities. A statistical 

package (SPSS version 20.0) was used for data analysis.  

3. RESULTS / FINDINGS 

The chemical composition of essential oils of P. commune and A. curtipendula were identified 

with GC-MS. Altogether, 35 essential compounds were identified with Restek Rxi-5MS 

column. Chemical compounds were classified into ten classes, viz., monoterpenes, oxygenated 

monoterpenes, oxygenated monoterpenes related, sesquiterpenes, oxygenated sesquiterpenoids, 

oxygenated sesquiterpenoids related, diterpene, aldehydes, carboxyllic acids, and others.  

In this study, metal ion chelating activity of essential oil of P. commune was found to be 

more effective than that of the essential oil of A. curtipendula. Both of the essential oils 

represented similar DPHH and antimicrobial activity with no significant difference within the 

group. 
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3.1. Chemical Composition of Essential Oils 

Both the P. commune and A. curtipendula extracted the identified compounds in respective 

orders starting with a total of eight monoterpenes (30.31%, 1.11%), three oxygenated 

monoterpenes (3.42%, -), eight oxygenated monoterpenes related (19.25%, 18.22%), three 

sesquiterpenes (2.86%, 1.44%), three oxygenated sesquiterpenoids (5.83%, -), oxygenated 

sesquiterpenoids related (9.99%, 14.26%), one diterpene (16.06%, -), three aldehydes (-, 

44.21%), two carboxyllic acid (10.76%,-), and four others compounds (-, 8.37%), respectively 

(Table 1). 

In P. commune essential oil, respectively twenty-five components were identified (Table 1), 

representing almost 95.48% of total oils. The main components were biformene (13.06%), 

hexahydro farnesyl acetone (9.99%), (9Z,12Z)-octadecadienoic acid (9.51%), bornyl acetate 

(8.10%), and α-pinene (6.53%), respectively. Biformene, a labdane-type diterpene was reported 

in Bazzania francana, which is a moss-like plant (Metoyer et al., 2018). It is known that the 

labdane diterpenes have been shown to possess cardiovascular effects, anti-fungal activity, and 

anti-inflammatory and cytotoxic effects (Demetzos et al., 2001; Lahlou et al., 2007). In 

essential oil components of A. curtipendula, fifteen components were characterized, 

representing almost 85.61% of the essential oil (Table 1). The major components were 

tetradecanal (20.23%), nonanal (19.96%), hexahydrofarnesyl acetone (14.26%), and β-ionone 

(10.43%). Generally, the number of essential components in the oil of P. commune is more than 

that in A. curtipendula.  

Table 1. Chemical composition of essential oils of mosses. 

Number 
Retention 

timea 
Compounds  

A 

% Area 

B 

% Area 
RI LİT

[a] RI[b] 

 Monoterpenes     

1 6.90 α-pinene 6.53 - 939 935 

2 7.36 Camphene 6.31 - 956 961 

3 8.30 β-pinene 3.78 - 979 982 

4 9.74 Limonene  1.45 - 1029 1033 

5 10.03 Z-β-Ocimene  1.75 - 1037 1042 

6 10.25 E-β-Ocimene  6.48 - 1050 1050 

7 11.40 m-Cymenene 2.46 - 1085 1083 

8 11.94 Terpinolene 1.55 1.11 1089 1090 

 Oxyganeted monoterpenes     

9 14.71 trans-limonene oxide 1.09 - 1142 1141 

10 14.90 Camphor 1.57 - 1146 1148 

11 18.25 β-Cyclocitral 0.76 1.48 1221 1222 

 Oxygenated monoterpenes related     

12 16.37 Terpinen-4-ol 4.98 - 1177 1178 

13 17.17 Myrtenal 0.73 - 1196 1195 

14 17.75 Verbenone 1.57 3.09 1207 1205 

15 21.08 Bornyl acetate 8.10 - 1289 1291 

16 24.93 Geranyl acetate 0.89 - 1381 1377 

17 25.70 E-α-Damascenone - 1.16 1385 1387 

18 26.63 α-Ionone - 2.06 1430 1432 

19 28.47 β-Ionone 2.98 10.43 1489 1492 

 Sesquiterpenes     

20 24.67 α-cubebene - 1.44 1351 1354 

21 26.35 trans-Caryophyllene 1.13 - 1418 1420 

22 27.48 α-Humulene 1.73 - 1452 1456 
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Table 1. Continues 

 Oxyganeted sesquiterpenes     

23 31.22 Caryophyllene oxide 4.76 - 1582 1585 

24 32.83 α-Cadinol 1.07 - 1654 1650 

 Oxygenated sesquiterpenoids related     

25 36.06 Hexahydro farnesyl acetone 9.99 14.26 1847 1848 

 Diterpenes     

26 41.53 Biformene 13.06 - 2026 2030 

 Aldehydes     

27 10.21 Benzene acetaldehyde - 2.02 1042 1046 

28 13.28 Nonanal - 19.96 1100 1101 

29 31.30 Tetradecanal - 20.23 1613 1617 

 Carboxyllic acids     

30 39.10 cis-13-eicosenoic acid 1.25 - 1915 1918 

31 42.13 9,12(Z,Z)-octadecadienoic acid 9.51 - 2149 2150 

 Others     

32 7.28 Cyclohexanone - 2.14 952 955 

33 8.42 3-Octanone - 2.66 984 986 

34 8.89 1-Decene - 1.50 990 991 

35 10.39 Octanol - 2.07 1068 1065 

  Monoterpenes 30.31 1.11   

  Oxygenated Monoterpenes 3.42 -   

 
 

Oxygenated Monoterpenes 

related 
19.25 18.22 

  

  Sesquiterpenes 2.86 1.44   

  Oxygenated Sesquiterpenes 5.83 -   

 
 

Oxygenated Sesquiterpenes 

related 
9.99 14.26 

  

  Diterpene 13.06 -   

  Aldehydes - 44.21   

  Carboxyllic acid 10.76 -   

  Others  8.37   

  Total 95.48 85.61   
aRetention times relative to that of n-alkanes C7-C30.  
bRI calculated from retention times relative to that of n-alkanes (C7-C30) on the non-polar Rxi-5MS column. 

A: P. commune, B: A. curtipendula  

 

3.2. Antioxidant and Antimicrobial Activity 

Metals such as iron and copper can form reactive radicals such as superoxide in biological 

systems due to the formation of redox reactions. Excessive accumulation of these metals causes 

the accumulation of reactive oxygen and consequently oxidative stress. Oxidative stress causes 

DNA damage, lipid peroxidation, and protein modification underlying many diseases from 

many cancers to neurodegenerative diseases (Jomova & Valko, 2011). Chelation of redox-

active metals prevents oxidative damage avoiding them from forming a redox reaction. The 

DPPH method is based on the reduction of free radical DPPH in the presence of a hydrogen 

donating antioxidant. The reaction results in the formation of non-radical DPPH-H and can be 

measured at 517 nm. Chelation of redox-active metals prevents oxidative damage avoiding 

them from forming a redox reaction. In this study, maximum metal ion chelating activity was 

observed in P. commune as the value of 67.42±0.39. Essential oils of moss materials represented 

similar activity (18.11±7.14 and 19.32±7.04) to reduce DPHH (Table 2) with no significant 
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difference within the group. The standards of metal chelate and DPPH activities are shown in 

Table 2.  

± values indicate the standard deviation. As a result of Anova test, a statistical significance was 

observed in metal chelate data between samples (p<0.05), while no statistical significance was 

observed between samples in DPPH data (p<0.953). 

Table 2. The 2,2-diphenyl-1-picrylhydrazyl (DPPH) radical scavenging activities and Metal ion-

chelating of essential oils obtained from P. commune and A. curtipendula. (Inhibition% ± SD) 

 P. commune A. curtipendula 

% DPPH radical scavenginga 18.11±7.14 19.32±7.04 

% Metal ion-chelatingb 67.42±0.39 4.17±040 

BHT 94.69±0.04 

Trolox 90.57± 0.06 

EDTA 97.06± 0.01 

aValues are given as mean±S.D. (n= 3), and there is no significant difference at p<0.05. 
b Values are given as mean±S.D. (n= 3), and considered to be significantly different at p<0.05. 

The essential oils showed moderate antibacterial activity against three gram-positive (S. 

aureus, E. faecalis and S. mutans) and two gram-negative bacteria (E. coli and P. aeruginosa). 

The % inhibition values of essential oils from five species determined in a broth microdilution 

assay are shown in Table 3. According to the results, essential oils from each species showed a 

potent inhibitory effect on the growth of microorganisms without significant differences 

between groups. Antimicrobial effect values were found ranging from 91.27 to 95.12%. The 

essential oils showed higher activities than other microorganisms antibacterial activities against 

S. mutans, E. faecalis, and P. aeruginosa. 

Table 3. Minimal inhibitory concentrations (μg/mL) of essential oils against. 

Microorganism Sample % Inhibitiona 

E.coli ATCC 25922 
P. commune 94.63±0.07 

A.curtipendula 95.09±0.06 

E.faecalis ATCC29212 
P. commune 94.64±0.09 

A.curtipendula 94.35±0.05 

S. mutans 
P. commune 94.91±0.06 

A.curtipendula 95.12±0.09 

P.aeruginosa ATCC27853 
P. commune 94.85±0.05 

A.curtipendula 94.80±0.05 

S. aureus ATCC25923 
P. commune 91.27±0.04 

A.curtipendula 91.37±0.03 
aValues are given as mean±S.D. (n= 3) and considered to be significantly different at p<0.05. 

4. DISCUSSION and CONCLUSION 

The essential oil of P. commune contained biformene-diterpene as a major component (Table 

1). Diterpenes are the basis of many biologically active substances such as retinol, retinal, taxol, 

as well as diterpenoids exert anticancer, antioxidant, and anti-inflammatory effects (Costa et 

al., 2012; Costa et al., 2014). In this study, the essential oil of P. commune represented highly 

inhibitory effects on microorganism. According to our results it's DPPH activity and metal 

chelating capacity are the highest (22.84±7.14 and 67.42±0.39, respectively). Therefore, we can 

say that biformene exhibits antioxidant properties as in the literature (Öztürk, 2008; Öztürk et 
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al., 2009). At the same time, according to the findings we obtained, the inhibition effect against 

microorganisms was quite high as shown in Table 3.  

Fu et al. (2009) determined the components by separating the extracts of P. commune in 

methanol and different organic solvents by column chromatography. They were identified as 

the structures of Ohioensin, Communin B, and Communin A and the new compounds were 

evaluated for cytotoxicity against a small panel of cancer cell lines. In this study, the essential 

oil of P. commune was identified biformene as new compounds. 

In another study by Nikolajeva et al., the antimicrobial activity of aqueous and ethanolic 

extracts of 11 Bryophyta species including P. commune Hedw. and 9 Marchantiophyta species 

collected in Latvia was tested against Staphylococcus aureus MSCL 334, Escherichia coli 

MSCL 332 and Bacillus cereus MSCL 330. Extract of P. commune did not have a significant 

influence (p > 0.05) on the growth of E. coli. The growth of Bacillus cereus was inhibited by 

the aqueous extracts of P. commune (MIC80 was not achieved). Minimal inhibitory 

concentration of P. commune aqueous and ethanolic extracts (in %) against Staphylococcus 

aureus was found >33 and 30. In this study, the essential oil of P. commune was determined as 

a good antimicrobial activity against P. aeruginosa, E. faecalis, E. coli, and S. mutans.  

Monoterpenes compounds are known to be found in many plants and exhibit antioxidant, 

anticancer, antiviral, cardioprotective, and cytotoxic effects (Pirbalouti et al., 2014). According 

to the previous studies, monoterpenes are the major ingredients in essential oil and moderate 

antimicrobial activity has been observed against the bacteria Y. pseudotuberculosis, P. 

aeruginosa, S. aureus, E. faecalis, B. cereus, and M. smegmatis (Dragomanova et al., 2018; 

Kozioł et al., 2014; Zielinska-Błajet & Feder-Kubis, 2020). In our study, the essential oil of P. 

commune contained more monoterpene (30.31%) and less oxygenated monoterpenes and 

oxygenated monoterpenes related (22.67%) and represented highly antioxidant and 

antimicrobial activity against P. aeruginosa, S. mutans, E. faecalis, and E. coli. In this respect, 

it can be said that there are different microorganisms used in this study. 

P. commune grown Chinese is used for the treatment of fever, hemostatic, traumatic injury, 

pneumonia, uterine prolapse, and especially lymphocytic leukemia (Zhonghua, 1999; Mishra 

et al., 2014). In 2013, Cheng showed that ethyl acetate extract of this species stimulates 

apoptosis and increases oxidative stress in L1210 cells (Cheng et al., 2013). In another study 

with methanol extract of P. commune, the species have been shown to have an effective 

antimicrobial effect on P. larve isolates (Sevim et al., 2017). These studies support the high 

antimicrobial activity that this species exhibited in our study. 

In the study of Tonguç-Yayıntaş, it was determined that ethanol and methanol extracts of A. 

curtipendula by Soxhlet extraction did not exhibit an antioxidant activity in the analysis by 

radical scavenging capacity method (DPPH) (Tonguç-Yayıntaş et al., 2019). These results 

differ from the results of radical scavenging capacity (DPPH) of the essential oil of A. 

curtipendula in our study. 

In a study of chemical profile of the methanol and chloroform extracts of P. commune by 

Klavina et al. (2015), sterols were found in comparatively higher concentrations in extract and 

also high ratio carboxyllic acids as tetradecanoic acid, pentadecanoic acid, and octadecanoic 

acid were found as determined (9Z,12Z)-octadecadienoic acid and cis-13-eicosenoic acid. In 

this respect, it can be said that there is a similarity between the two studies. In the literature 

about P. commune and A. curtipendula, chemical profile of the essential oils of the mosses 

showed big differences as in our case, which can be explained by the environmentally, locality, 

and the subspecies of the mosses used. 
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