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Determination of Total Phenol Contents, Antibacterial and Antioxidant Activity of 
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Öz

Bu çalışmanın amacı Cratoneuron filicinum (Hedw.) Ladin, Campyliadelphus chrysophylus (Brid.) R.S. Chopra. Plasteurhynchium striatum 
(Spruce) M. Fleisch, Palamocladium euchloron (Bruch ex Müll. Hal.) Wijk & Margad gibi briyofit türlerinin toplam fenol içeriklerini, 
antibakteriyel ve antioksidan aktivitelerini belirlemektir. Bu türlerin metanolik, etanolik, kloroform, aseton ve su ekstraktlarının 
antibakteriyel aktiviteleri mikrodilüsyon yöntemi ile, antioksidan aktivitesi 2,2-difenil-1-pikrilhidrazil serbest radikal süpürme yeteneği 
ile, Toplam fenol içerikleri ise standart olarak gallik asit eşdeğerleri ile folin ciocalteu reaktifi kullanılarak nicel olarak belirlenmiştir.

En yüksek DPPH serbest radikal süpürme aktivitesi yaklaşık %65 ile C. filicinum’da gözlendi. P. euchloron’un toplam fenolik içeriği 
en yüksek ekstre değeri 0,027±0,002 mg/g olarak belirlenmiştir. Briyofitlerin metanol ekstraktının önemli antioksidan aktiviteye ve 
fenolik içeriğe sahip olduğu bulundu. Ekstraktların test edilen mikroorganizmalara karşı antibakteriyel etkisi gözlenmedi.
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Abstract

The aim of this study were to determine total phenol contents, antibacterial and antioxidant activity of bryophyte species including 
Plasteurhynchium striatum (Spruce) M. Fleisch, Palamocladium euchloron (Bruch ex Müll. Hal.) Wijk & Margad. and Cratoneuron filicinum 
(Hedw.) Spruce and Campyliadelphus chrysophylus (Brid.) R.S. Chopra. Antibacterial activity of methanolic, ethanolic, chloroform, 
acetone and water extracts of these species was determined by microdilution method. Antioxidant activity of these species was 
evaluated by 2,2-diphenyl-1-picrylhydrazyl free radical-scavenging ability. The total phenol content of these species was determined 
quantitatively using the folin ciocalteu reagent, with gallic acid equivalents as the standard.

The highest DPPH free radical scavenging activity was observed in about 65% C. filicinum. Total phenolic content of P. euchloron 
was determined the highest extract value of 0,027±0,002 mg/g. The methanol extract of bryophytes was found to have significant 
antioxidant activity and phenolic contents. Antibacterial effect of the extracts was not observed against the tested microorganisms.
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phyte species have been studied by different researchers 
indicating that they have high antioxidant activity and phe-
nolic content, which might give new direction in medicine 
as a source of antioxidant agents in the future (Hsiao et al. 
1996, Chobota et al. 2008, Bhattarai et al. 2009, Cvetić et 
al. 2009, Pejin and Bogdanović-Pristov 2012, Pejin et al. 
2013, Pejin et al. 2014).

Also, some researchers have performed phenolic content 
and antimicrobial activity of the Bryophytes (Cansu et al. 
2013, Cansu et al. 2014, Tosun et al. 2014, Tosun et al. 
2015, Çöteli et al. 2017, Çöteli et al. 2019 ).

The aim of this study were to determine the antioxidant and 
antimicrobial activity together with the total phenol content 
of four moss species including Plasteurhynchium striatum 
(Spruce) M. Fleisch, Palamocladium euchloron (Bruch ex 
Müll. Hal.) Wijk & Margad. Cratoneuron filicinum (Hedw.) 
Spruce, Campyliadelphus chrysophylus (Brid.) R.S. Chopra. 
that are also used as components of traditional medicine 
preparations. (Cui et al. 2005, Shai et al. 2010).

2. Material and Methods
2.1. Plant Material and Sample Preparation

Research materials were collectedfrom Zonguldak province 
in Turkey. They were identified and deposited in Zonguldak 
Bülent Ecevit University-Bryophyte herbarium (ZNG 
2428, 3294, 5851, 5869). In this study, spectrophotometric 
measurements were measured with Tetra Mark T80 + 
UV / VIS Spectrometer PG Instruments. DPPH, BHT, 
BHA, gallic acid, folin reactive, methanol and NaCO3 were 
supplied from Sigma-Aldrich and Merck.

2.2. Sample Extraction

Samples were freeze dried (Lyolab freeze dryer) and ground 
in a mortar. The samples (1 g) were extracted with 10 ml 
80% MeOH in a shaker for one hour and filtered, while 
the remaining material was re-extracted with 15 ml %80 
MeOH overnight. Filtered extracts were combined and 
concentrated in 80% MeOH with an evaporator. Dried 
extracts were stored at 4°C till their use. They were completed 
to 2 ml with %100 MeOH to determine antioxidant activity, 
total phenolic compounds. The methanolic, ethanolic, 
chloroform, acetone, and water extracts of mosses were 
prepared for the antimicrobial activities.

2.3. Total Phenolic Content

The total phenol amount of samples was based on Singleton 
et al. (1965). Folin-ciocalteu stock solution was diluted 

1. Introduction
There has been an increasing interest in studies on the po-
tential use of plants as natural biologically active compounds 
in the pharmaceutical industry all over the world (Pejin and 
Bogdanović-Pristov 2012, Pejin et al. 2013, Yağlıoğlu et al. 
2017). The evaluation of the biological activities of the bryo-
phytes provides a significant contribution to the search of 
possible drug sources.

Bryophytes, the second largest group, which comes after 
seed plants, were separated into three divisions within the 
subkingdom of Bryobiotina as a result of recent molecular 
studies. These divisions are composed of Bryophyta, March-
antiophyta, and Anthocerotophyta (Glime 2007, Goffinet 
and Shaw 2009). 

Bryophytes has been widely used as a herbal medicine 
in China and India and among Native Americans since 
ancient times. Bryophytes have high amounts of terpenoids, 
phenolics, glycosides, fatty acids and some rare aromatic 
compounds that can contribute to the prevention of cancer 
and other chronic diseases (Mainasara et al. 2021). 

Most of studies, however, have focused on higher 
vascular plants, specifically the angiosperms. Compared 
to angiosperms, pharmaceutical studies on bryophytes are 
relatively fewer (Magtoto et al. 2015). Similar to other 
plants, bryophytes possess antimicrobial and antioxidant 
properties (Bodade et al. 2008). Some research has indicated 
the potential of mosses as natural sources of antioxidant 
(Pejin and Bogdanović-Pristov 2012, Pejin et al. 2013, 
Yağlıoğlu et.al. 2017).

Extracts of some bryophytes plants that have a high con-
centration of phenolics have good antioxidant activity (Hin-
neburg et al. 2006, Rice-Evans et al. 1995). The antioxi-
dant and total phenol content of Marchantia diptera Nees 
& Mont. (Marchantiaceae), Ceratodon purpureus (Hedw.) 
Brid. (Ditrichaceae), Dicranum polysetum Sw., Dicranum sco-
parium Hedw. (Dicranaceae), Leucobryum glaucum (Hedw.) 
Ångstr. (Leucobryaceae), Mnium marginatum (With.) P. 
Beauv. (Mniaceae), Atrichum undulatum (Hedw.) P. Beauv., 
Polytrichum formosum Hedw. (Polytrichaceae), Pleurozium 
schreberi (Willd. ex Brid.) Mitt. (Entodontaceae), Thuidium 
tamariscinum (Hedw.) Schimp. (Thuidiaceae), Brachythe-
cium rutabulum (Hedw.) Schimp. (Brachytheciaceae), Cal-
liergonella cuspidata (Hedw.) Loeske (Hypnaceae), Hypnum 
mammillatum (Brid.) Loeske (Hypnaceae), Polytrichastrum 
alpinum (Hedw.) G. L. Sm., Bryum moravicum Podp. and 
Rhodobryum ontariense (Kindb.) Kindb. medicinal bryo-
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The minimum inhibitory concentrations (MIC) of extracts 
were determined with broth microdilution method 
according to the recommendation of European Committee 
on Antimicrobial Susceptibility Testing (EUCAST) 
standards (ISO 20776-1 2006). For this purpose, 100 µL of 
Cation adjusted Mueller Hinton Broth (CMHB) (Becton 
Dickinson) was added to each well of 96-well microplates, 
then 100 µL of sample was placed in the first well to 
obtain double-fold dilutions. In the last stage, the bacterial 
suspensions, prepared equal to McFarland 0.5 turbidity 
with a densitometer (Biosan), was diluted 1/100 and 100 µL 
was added to all wells. Microplates were incubated at 37°C 
for 16-20 h. After incubation, the lowest concentration that 
inhibit the visible growth of the microorganism defined as 
MIC. Ciprofloxacin was used as control. 

3. Result
3.1. Total Phenol Content (TPC)

The TPC of the moss extracts were expressed as mg 
GAE/100 g dw of extract. The methanol extracts of samples 
were found to have significantly higher TPC (p≤0.05). The 
methanol extract of P. euchloron showed the highest TPC 
(0.027±0.002 mg/g GAE/100 g) among all moss extracts. 
The maximum TPC in methanol extracts was determined in 
P. striatum (0.022 ± 0.002 mg/g GAE/100 g), C. chrysophyllus 
(0.008 ± 0.001 mg/g GAE/100 g) and C. filicinum (0.0055 ± 
0.0015 mg/g GAE/100 g) (Table 2). 

3.2. Antimicrobial and Antioxidant activity

The tested extracts have no antibacterial activity against 
the investigated microorganisms with the microdilution 
method (>500 µg/mL) (Table 1), however the methanol 
extract of mosses was found to have significant antioxidant 
activity and phenolic contents. 

Four mosses species were screened for their potential as 
antioxidants using the DPPH radical scavenging activity 
method. The DPPH radical is widely used in assessing free 
radical scavenging activity because of the ease of the reaction. 
The % inhibition values of DPPH due to the absorbance 
measured at 517 nm in the radical scavenging experiments 
are shown in Table 1. In parallel to the examination of the 
antioxidant activity of plant extracts, the values for three 
standard compounds were obtained and then compared 
to the values of the antioxidant activity. The standard 
substances were BHA, BHT and ascorbic acid. 

The free radical scavenging capacity of the four moss species 
in different extracts, the three positive controls viz. BHA, 

with a 1:3 rate of water. After 20 g of sodium carbonate 
was dissolved in 250 ml water, it was left for one night to 
be filtered the next day. 250 mg gallic acid was dissolved in 
%10 ethanol. Solutions of this gallic acid were prepared in 
15.62, 31.25, 62.5, 125, 250, 500 mg/l concentrations. From 
a one-gram-fresh sample, a 2 mg/ml solution was obtained. 
From each Sample/Gallic acid solution, 20 µl were taken. 
100 µl Folin-ciocalteu solution was added in 1.58 ml of 
distilled water, and it stayed there for about five minutes. 
300 µl %20 sodium carbonate was added in each, and they 
stayed in a dark place for 2 hours. Their absorbances were 
measured at 765 nm. Finally, the calibration curve of gallic 
acid absorptions was formed (Singleton and Rossi 1965). 
A strong correlation (R²=0.99407) for the total phenolic 
content was found.

The total phenolic content of the plant extracts and the 
standard antioxidant materials were determined according 
to the Folin Ciocalteu method (Singleton et al. 1999).

2.4. Antioxidant Assessment Parameters

DPPH Free Radical Scavenging Assay

The antioxidant activity of samples was measured with the 
DPPH assay. The free radical scavenging effects of the 
extracts on the 2.2-diphenyl-1-picrylhydrazyl (DPPH) 
were determined according to the Sanchez-Moreno 
method (Wang et al. 1996). The changes in the absorbance 
of the specimens were measured at 517 nm with a UV 
spectrophotometer (Tetra), where pure methanol was used. 
Radical scavenging activity was expressed as the percent 
inhibition (%) of DPPH radical and was calculated with the 
following formula (Ellnain et al. 2003, Abdille et al. 2005, 
Mainasara et al. 2021).

The antioxidant activity (Inhibition (%) was calculated as 
follows:

100AAInhibition % absorbance control
(absorbance sample absorbance empty sample) x

=
-^ h

2.5. Antimicrobial Screening

The screening of the antimicrobial activity of the crude 
extract of the colloid and rhizoid of mosses were carried 
out individually on active cultures of Staphylococcus aureus 
ATCC 29213, Methicillin resistant Staphylococcus aureus 
(MRSA) ATCC 43300, Escherichia coli ATCC 25922, 
Pseudomonas aeruginosa ATCC 27853 and Enterococcus 
fecalis ATCC 29212. All strains were procured from the 
Ankara University Faculty of Pharmacy, Department of 
Pharmaceutical Microbiology, Turkey.
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BHT, and ascorbic acid were compared through their ability 
to scavenge DPPH radical. The DPPH radical scavenging 
capacity of the bryophytes extracts and the positive controls 
increased in a dose dependent manner at a concentration 
of 0.1–0.5 mg/ml. The rate of DPPH radical scavenging 
capacity was found to depend on bryophytes species and 
extracting solvent (Kumar et al. 2013). DPPH radical 
scavenging capacity of methanol was significantly higher 
(p<0.05) in comparison with the other extract for most of 
the moss species. The maximum DPPH radical scavenging 
capacity in methanol extracts was retained by C. filicinum 
(%65) and P. euchloron (%62). Ascorbic acid (%92), BHA 
(%91), and BHT (%89) were found to produce a significantly 
higher (p<0.05) DPPH radical scavenging effect when 
compared to the moss extracts (Table 2), (Figure 1).

Table 1. Result of the antimicrobial activity of the moss extracts with microdilution (MIC (µg/mL)).

Moss Extracts

Microbial Strain

Plasteurhynchium 
striatum

Palamocladium 
euchloron

Cratoneuron 
filicinum

Campyliadelphus 
chrysophylus Ciprofloxacin

Staphylococcus aureus 
ATCC 29213 >500 >500 >500 >500 0.5

(MRSA) 
ATCC 43300 >500 >500 >500 >500

Escherichia coli 
ATCC 25922 >500 >500 >500 >500 0.0039

Pseudomonas aeruginosa 
ATCC 27853 >500 >500 >500 >500 0.25

Enterococcus fecalis 
ATCC 29212. >500 >500 >500 >500

Figure 1. DPPH Free Radical 
Sweeping Activity (%).

Table 2. Percentage inhibition of DPPH free radical of plants 
extract at 517nm.

Solution DPPH Free Radical Scavenging 
Activity (%)

BHT 88.9227
BHA 91.2591
Ascorbic Acid 92.8188
C. filicinum 65.1127
P. euchloron 62.7124
P. striatum 55.2202
C. chrysophyllus 51.9416
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plant extracts (Das and Pereira 1990, De Gaulejac et al. 
1999, Sabovljević et al. 2001). Total phenolic content was 
determined by using the Folin-Ciocalteu reagent. The total 
phenolic content of the different fractions of plants was 
solvent dependent and expressed as milligrams of gallic acid 
equivalents (GAE) in all the plant extracts. In studies it 
was indicated that the total phenolic concentration in plant 
material was directly associated with antioxidant activity. 
(Velioglu et al. 1998). The total phenolic compounds in 
fractions varied widely, ranging from 0.008 ± 0.001 mg/g to 
0.027±0.002 mg/g were expressed as gallic acid equivalents 
(GAE). P. euchloron exhibited the highest total phenolic 
content.

Also, the antioxidant activities of the extracts were compared 
with BHT and BHA, which are synthetic antioxidants. 
Furthermore, the antioxidant activities of the extracts were 
compared with ascorbic acid that is a natural antioxidant. 
Ascorbic acid (%92), BHA (%91), and BHT (%89) were 
found to produce a significantly higher (p<0.05) DPPH 
radical scavenging effect when compared to the bryophyte 
extracts. The maximum DPPH radical scavenging capacity 
in methanol extracts was retained by C. filicinum (%65) 
and P. euchloron (%62). Highly radical scavenging effects of 
different concentrations of C. filicinum was demonstrated 
in this study. However, the radical scavenging effects of P. 
striatum, P. euchloron and C. chrysophylus were not found as 
great as that of C. filicinum. 

Only %5 of the bryophytes have been chemically analyzed 
in the literature so far in the World (Sabovljevic et al. 2012). 
These studies are increasing day by day. It is considered that 

The total phenolic contents in the plant extracts were 
expressed in terms of gallic acid equivalent using the 
Folin-Ciocalteu’s reagent. The values obtained for the 
concentration of total phenols were expressed as mg of 
GA/g of extract (Table 3), (Figure 2).

4. Discussion
Antioxidants fight against free radicals and protect us from 
various diseases. They exert their action either by scavenging 
the reactive oxygen species or protecting the antioxidant 
defense mechanisms (Umamaheswari and Chatterjee 
2008). In this study, the percentages of inhibition of the 
antioxidative activity of four moss species were determined 
and also contributed significantly to literature due to lack 
of studies evaluating the antioxidative properties of moss 
extracts. 

The most important groups of natural antioxidants are 
phenolic substances (Tunalıer et al. 2002). Therefore, the 
determination of the quantity of phenolic compounds 
is very crucial to understand the antioxidant capacity of 

Figure 2. Prepared using 
the gallic acid standard for 
total phenolic substance 
identification standard working 
chart.

Table 3. Total phenol contents of plant extracts determined by 
total phenol contents.

Sample mg/g (Gallic Acid 
Equivalent)

P. euchloron Average 0.027±0.002 mg/g
P. striatum Average 0.022 ± 0.002 mg/g
C. chrysophyllus Average 0.008 ± 0.001 mg/g
C. filicinum Average 0.0055 ± 0.0015 mg/g
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Karşılaştırılması”, Anataolian Bryology, 3(1): 25-30.
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Glutathione Ingredients of Some Species in Bryaceae Family”, 
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32:327-333. Doi: 10.1016/S0963-9969(99)00093-9.
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Investigation of the free radical scavenging activitiy of Ginkgo 
biloba L. leaves. Fitoterapia, 74:1-6. Doi: 10.1016/s0367-
326x(02)00306-4.

Glime, JM. 2007. Economic and ethnic uses of bryophytes. In 
flora of North America Editorial Committee, ed. Flora of 
North America, North of Mexico. Bryophyta 27:14-41.

Goffinet, B., Shaw, AJ. 2009. Bryophyte biology, 2nd ed., 
Cambridge University Press, The Edinburgh Building, 
Cambridge CB2 8RU, UK, 565. Ann. Bot., 104:vi–x. Doi: 
10.1093/aob/mcp109.

Hinneburg, I., Dorman, HJG., Hiltunen, R. 2006. 
Antioxidant activities of extracts from selected culinary 
herbs and spices. Food Chem., 97:122-129. Doi: 10.1016/j.
foodchem.2005.03.028

Hsiao, G., Teng, CM., Wu, CL., Ko, FN. 1996. Marchantin 
H as a natural antioxidant and free radical scavenger. 
Arch. Biochem. Biophys., 334(1):18-26. Doi: 10.1006/
abbi.1996.0424.

International Organization for Standardization. 2006. ISO 
20776-1: Clinical laboratory testing and in vitro diagnostic 
test systems - Susceptibility testing of infectious agents and 
evaluation of performance of antimicrobial susceptibility test 
devices -Part 1: Reference method for testing the in vitro 
activity of antimicrobial agents against rapidly growing aerobic 
bacteria involved in infectious diseases.

bryophytes will become more important in the future due to 
have a wide variety of phenolic compounds and antioxidant 
effects, and to be a potential sources in the future.

Similarly, in our literature survey we found no study related 
phytochemical content of the P. striatum, P.euchloron, C. 
filicinum and C. chrysophyllus species. 

When the scientific researches carried out up to now are 
examined, the DPPH radical used in the DPPH method is 
used for the differences in the concentrations of plant extracts 
used in the research, DPPH radical or antioxidants may 
vary depending on exposure to light and air. It is clear that 
different results are obtained in this case (Mishra et al. 2012). 

An extract derived from Perilla frutescens sprouts was shown 
to exhibit potent antioxidative properties, including the ability 
to effectively scavenge DPPH, anti-inflammatory activity, 
and antiemetic effects. So, four moss species in this study may 
have similar effects as P.frutescens. (Jeong et al. 2014).
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