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Summary

Introduction: This paper presents the results of research about the antioxidant properties of extracts from 
5 moss species, namely Brachythecium rutabulum, Callicladium haldanianum, Hypnum cupressiforme, Or-
thodicranum montanum and Polytrichastrum formosum. The macerates of each above mentioned species in 
water and ethanol (50% and 96%) solutions were analysed. 
Objective: Total phenolic acids, total flavonoids and total flavonols concentrations and content of caroten- 
oids was determined. Also some phenolic compounds were determined by HPLC. 
Methods: The 2,2-diphenyl-1-picrylhydrazyl (DPPH) and 2,2′-azino-bis (3-ethylbenzothiazoline-6-sulfon-
ic acid) (ABTS) radical scavenging activities and the advanced oxidation protein products (AOPP) forma-
tion inhibition were studied. 
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INTRODUCTION

Mosses (Bryophyta) are division of spore plants 
comprising about 12  000 species. Their dominant 
generation is the gametophyte. They are classified 
as bryophytes, along with hornworts (Anthocero-
tophyta) and liverworts (Marchantiophyta) [1]. Al-
though recent pharmacological studies indicate that 
mosses have different biological activities, e.g. anti-
microbial, antifungal, antiinflamatory and cytotoxic, 
they are still poorly known in terms of phytochemis-
try. It has been estimated that so far less than 2% of 
known species have been studied [2]. The liverworts 
are currently the best phytochemically known group 
of bryophytes [2]. Mosses, though more diverse 
than liverworts, are relatively less explored for me-
dicinal purposes [3, 4]. The antioxidant properties 
of bryophytes are also still insufficiently known [e.g. 
5-13]. Research results show that mosses can be an 
efficient source of antioxidants that may be used in 
medicine or cosmetology.

Phenolic compounds, largely responsible for anti-
oxidant properties, are commonly found in mosses 
and they play mainly a protective role against nega-
tive environmental influences in them [14, 15]. In 
particular, flavonoids are the main group of phenols 
found in mosses [16]. The second group of active 
Bryophyta compounds worth paying special atten-
tion to are carotenoids.

Free radicals and reactive oxygen forms occur 
in the body under physiological conditions. They 
are necessary for the respiratory chain processes in 
mitochondria, in the course of enzymatic reactions 
that are catalyzed by NADPH oxidases, and in ara-
chidonic acid transformations [17-20]. Neverthe-
less, sometimes excessive production or supply of 
free radicals to the body occurs and it causes serious 
consequences.

Reactions associated with free radicals are often 
pathological processes that take place in cells. This 
occurs in the event of damage to the mechanisms 
responsible for controlling the concentration of rad-
icals in the body, their excessive production, or the 

action of exogenous factors [17,21]. Genetic mate-
rial and biological membranes are particularly vul-
nerable to the harmful effects of free radicals [22, 
23]. Free radicals play a significant role in the devel-
opment of many diseases and aging of the body [17, 
18, 21, 24]. Antioxidants are chemically heterogene-
ous group of compounds and can be of natural or 
synthetic origin. They play an important, protective 
role against harmful effects of oxidants (e.g. some 
xenobiotics) and the negative effects of free radicals 
[21]. They are widely regarded as a preventive meas-
ure to avoid numerous diseases [17, 25].

The aim of the research was to determine the an-
tioxidant properties of different extracts, as well as 
the content of phenolic substances and carotenoids 
from 5 moss species, the characteristics of which 
are presented below. Used DPPH and ABTS radical 
scavenging tests, as well as test detecting inhibition 
of advanced oxidation protein products formation 
(AOPP), provides preliminary information on the 
antioxidant ability of the examined extracts.

Brachythecium rutabulum (Hedw.) Schimp. 
(Brachytheciaceae). The presence of phenolic acids 
[26] and polyunsaturated fatty acids was found in it 
[27]. It exhibits antiviral and antibacterial properties 
on Micrococcus luteus, Bacillus subtilis, B. cereus, En-
terobacter aerogenes, Escherichia coli, Klebsiella pneu-
moniae, Proteus mirabilis, Pseudomonas aeruginosa, 
Staphylococcus aureus (including MRSA) and S. au-
reus ATCC 29213, Salmonella typhimurium, Strepto-
coccus pneumoniae, as well as antifungal properties on 
Candida albicans, Cryptococcus albidus, Trichophyton 
rubrum, Aspergillus niger, A. flavus, A. spinulosus, 
A. terreus, A. nidulans [28]. It also shows antiprolif-
erative activity on cervical cancer cell lines (HeLa), 
ovarian cancer cell lines (A2780) and breast cancer 
cell lines (T47D) [27], antioxidant ability [8,12] and 
it is cytotoxic to cancer cell lines. Otherwise, it might 
be historically used as an absorbent for wounds [29]. 

Callicladium haldanianium (Grev.) H.A.Crum. 
(Hypnaceae). So far, it has not been studied phyto-
chemicaly, although, some antioxidant properties of 
the C. haldanianium extract has been shown [8]. 

Results: The obtained results showed that the extracts prepared with 50% ethanol had the strongest radical 
scavenging activities. Every 50% ethanol extract also inhibited formation of AOPP. 96% ethanol extracts had 
the lowest free radical scavenging activities, although B. rutabulum extract strongly inhibited protein oxida-
tion. Pearson’s correlation showed that the radical scavenging effects of water extracts and extracts prepared 
with 50% ethanol are dependent on the presence of phenolic acids and flavonoids. 
Conclusion: The results suggest the moss extracts as materials for potential use in pharmacy or cosmetology.
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Hypnum cupressiforme Hedw. (Hypnaceae). Bio-
logically active compounds found while investiga-
tions are: fatty acids and their derivatives: tetradeca-
noic acid, tetradecatrienoic acid, hexadecanoic acid, 
hexadecenoic acid, hexadecatrienoic acid, octadeca-
noic acid, octadecenoic acid, octadecadienoic acid, 
eicosa-5,8,11,14-tetraenoic acid, eicosapentaenoic 
acid, docosanoic acid, hexacosanoic acid, steroids: 
campesterol, 31-norcyclolaudenol, sitosterol, stig-
masterol [30], many phenolic compounds [31] e.g. 
flavonoids: hypnogenol B1, hypnum biflavonoid 
A, hypnum acid methyl ether, hypnum acid [12], 
kaempferol [12, 32] and phenolic acids: p-hydroxy-
benzoic, protocatechuic, p-coumaric, gallic and caf-
feic acid [32]. It exhibits antioxidant activity [7, 8] 
and cytotoxic activity on CCRF/CEM cells [30], in 
addition to antibacterial and antifungal properties 
[33]. In Europe, in the 19th century, it was used as 
a medicine for pertussis [34].

Orthodicranum montanum (Hedw.) Loeske. (Di-
cranaceae). So far, it has not been studied phyto-
chemically. This is the first research performed on 
this species.

Polytrichastrum formosum (Hedw.) G.L.Sm. 
(Polytrichaceae). So far, following biologically ac-
tive substances have been found in it: unidentified 
phenolic compounds [11, 30], fatty acids and their 
derivatives: tetradecanoic acid, pentadecanoic acid, 
hexadecanoic acid, hexadecenoic acid, heptadeca-
noic acid, heptadecenoic acid, octadecanoic acid, 
octadecenoic acid, octadecadienoic acid, eicosanoic 
acid, eicosenoic acid, ethyl heneicosanoate, doc-
osanoic acid, steroids: campesterol, cyclolaudenol, 
sitosterol, stigmasterol [30,35]. It demonstrates the 
following properties: antiproliferative on cervical 
(HeLa) cell lines, breast cancer cell lines (T47D) 
[27], antioxidant [11] regardless of the season of 
the harvest [8], also strongly diuretic. In the past, it 
was used for hair growth (according to the theory of 
signatures, due to the fibrous calyptra of sporangia) 
[36]. Nowadays, the insecticidal effect of P. formo-
sum hexane solution on the beetle Sitophilus grana-
rius has also been proved [35].

MATERIALS AND METHODS

Solvents, reagents and standards

Water for the pharmaceutical use (Aqua pro usu 
officinale FAGRON, Kraków, Poland), 96% etha-
nol C2H5OH (46.07g/mol, 0.808g/ml CHEMPUR, 
Piekary Śląskie, Poland); Arnov’s reagent (CHEMP-
UR, Piekary Śląskie, Poland); hydrochloric acid HCl 

(CHEMPUR, Piekary Śląskie, Poland); sodium hy-
droxide NaOH (STANLAB, Lublin, Poland); 2,2-di-
phenyl-1-picrylhydrazyl DPPH (Sigma-Aldrich, St. 
Louis, MO, USA), methanol CH3OH (CHEMPUR, 
Piekary Śląskie, Poland); aluminium trichloride 
AlCl3 (Sigma-Aldrich, St. Louis, MO, USA), querce-
tin (Sigma-Aldrich, St. Louis, MO, USA), caffeic 
acid (Sigma-Aldrich, St. Louis, MO, USA), sodium 
acetate CH₃COONa (CHEMPUR, Piekary Śląskie, 
Poland), calcium carbonate CaCO3 (POCH, Gli-
wice, Poland), bovine serum albumin BSA (Sigma-
Aldrich, St. Louis, MO, USA), dimethyl sulfoxide 
DMSO (Sigma-Aldrich, St. Louis, MO, USA), phos-
phate buffered saline PBS (Sigma-Aldrich, St. Louis, 
MO, USA), 2,2′-azino-bis(3-ethylbenzothiazoline-
6-sulfonic acid) ABTS (Sigma-Aldrich, St. Louis, 
MO, USA), chloramine T (Sigma-Aldrich, St. Louis, 
MO, USA), potassium persulfate K2S2O8 (Sigma-Al-
drich, St. Louis, MO, USA), ascorbic acid (Sigma-Al-
drich, St. Louis, MO, USA), Trolox (Sigma-Aldrich, 
St. Louis, MO, USA), acetonitrile C2H3N (Sigma-Al-
drich, St. Louis, MO, USA), ortho-phosphoric acid 
H3PO4 (Sigma-Aldrich, St. Louis, MO, USA).

Plant material

Moss gametophytes were gathered in the Silesian 
Voivodeship in southern Poland in the following 
places: B. rutabulum, soil in thicket – Ruda Śląska-
Halemba, 50º14’08’’N, 18º49’39’’E, 240 m a.s.l., 
3 May 2019; C. haldanianum, rotten stump, mixed 
forest; H. cupressiforme, bark of Quercus robur 
L., mixed forest; O. montanum, bark of Q. robur, 
mixed forest; P. formosum, soil in thicket – Rybnik-
Paruszowiec, 50º06’37’’N, 18º35’18’’E, 252 m a.s.l., 
1 June 2019. Voucher specimens have been depos-
ited in the Herbarium of Department of Pharma-
ceutical Botany of Medical University of Silesia in 
Katowice.

Preparation of extracts

The collected herbal material was washed with wa-
ter, then cleaned of contaminants of other materi-
als (e.g. fragments of other plants) and dead parts 
of tested plant itself. Samples were then air dried 
for a  week. After this time, the plant material was 
cut in pieces with a surgical blade, three 2.5 g sam-
ples of each species were weighed, which were then 
immersed in 250 ml of water, 96% ethanol or 50% 
ethanol solution. Maceration of the raw material 
was carried out for 24 hours in sealed glass beakers, 
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then the supernatants from the plant materials were 
poured into the dark glass bottles without filtration.

Determination of the quenching free radicals 
ability by the extracts of mosses

Investigations on the ability to quenching of DPPH 
free radicals by the moss extracts

The antioxidant properties of water and alcoholic 
extracts from mosses were tested using a  UV-Vis 
Genesys 10S spectrophotometer (Thermo Scientific 
Company, MA, USA). DPPH paramagnetic mol-
ecules (2,2-diphenyl-1-picrylhydrazyl) with an un-
paired electron, were used as reference-free radicals 
[37, 38].

A  standard solution of DPPH (0.5 mM in 96% 
ethanol) was prepared for the tests, to which the test-
ed water extracts and alcohol extracts from mosses 
were added. For all measurements, 0.5 ml of moss 
extract was added to 1.5 ml DPPH standard solution 
and mixed for 60 seconds. The DPPH standard so-
lution and DPPH solution together with the tested 
moss extract were sequentially placed in polystyrene 
cuvettes with optical length of 1 cm designed for 
spectrophotometry measurements. The absorbance 
spectra of DPPH free radicals standard solution and 
DPPH free radicals in contact with the tested moss 
extract were recorded. The changes of absorbance of 
DPPH free radicals along with the increase of the 
interaction time with the tested extracts were deter-
mined. The lower value of absorbance of DPPH free 
radicals means the higher antioxidant capacity of the 
tested mosses extracts. The absorbance spectra in 
the wavelength range of 450–600 nm were recorded. 
Measurements were performed using spectroscopic 
program VISIONlite (Thermo Scientific Company, 
MA, USA). Spectra analysis was performed us-
ing a  program Origin 2016 (OriginLab Company, 
Northampton, MA, USA). 

The values obtained in the 30th minute of meas-
urements were converted into % inhibition of 
DPPH. The percentage inhibition of DPPH free rad-
icals was calculated using the formula:

% inhibition of DPPH = (Abs.DPPH-Abs.samp.)/Abs.DPPH x 100

where:
Abs.DPPH – absorbance of the standard alcoholic 
DPPH solution at γ=517 nm,
Abs.samp. – absorbance of the standard alcoholic 
DPPH solution interacting with tested sample at 
30th minute of the measurement at γ=517 nm.

The calibration curve was prepared with Trolox. 
Results are expressed as µmolTE/l of extract.

Investigations on the ability to quenching of ABTS 
free radicals by the moss extracts 

The antioxidant properties assessment was per-
formed using UV/VIS Jasco V-530 spectrophotome-
ter (Jasco International Co. Ltd., Japan), according to 
method proposed by Re et al. [39]. At the beginning, 
7 mM ABTS water solution was made, than it was 
mixed with 2,45 mM potassium persulfate solution 
and let stand at the room temperature with no light 
for 12 - 16 h. During this process, an ABTS cation 
radical is formed (ABTS•+). Next, the acquired ABTS 
solution was diluted with 96% ethanol so it received 
an absorbance of 0.70±0.02 at 734 nm wavelength. 
After that, the main part of the study was carried out, 
using 2 ml of received ABTS cation radical and 20 μl 
of moss extracts or standard solutions of Trolox. Ab-
sorbance was measured after a 6 minute incubation 
at 734 nm. The calibration curve was prepared with 
Trolox. Results expressed as µmolTE/l of extract.

Investigations on inhibition of protein oxidation by 
moss extracts in vitro (AOPP)

Research was carried out accordingly to method de-
scribed by Grzebyk and Piwowar [40] and Piwowar 
et al. [41]. At first, two basic solutions were prepared. 
Solution A – bovine serum albumin (BSA) in 0.01 M 
PBS solution (pH 7.4) at a concentration of 40 mg/ml 
and solution B – bovine serum albumin (BSA) in 
0.01 M PBS solution (pH 7.4) at a concentration of 
40 mg/ml with chloramine T added (20 mM). 

In order to define the effectiveness of tested moss 
extracts on inhibition of BSA oxidation, all extracts 
were lyophilized and dissolved in the same volume 
of 10% DMSO in PBS. It was especially important to 
eliminate the influence of ethanol in 96% and 50% 
extracts. 10% DMSO solution does not affect the 
BSA oxidation process [41].

Samples prepared using solution A with added wa-
ter or 10% DMSO in PBS instead of tested moss ex-
tracts were negative controls. Samples prepared using 
solution B with water or 10% DMSO in PBS or test-
ed extracts, or 10 mM vitamin C were positive con-
trols (all tested extracts were added to solution B in 
0.1/1.0 (v/v)) ratio. Vitamin C solution in 10 µM, 1 mM 
and 10 mM concentrations was used as a control with 
known inhibition activity of protein oxidation [40]. 

All samples were incubated for 60 minutes at 
37°C, and then dialysis in physiological saline at 
4°C was performed for 24 hours (saline solution was 
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changed 4 times at regular intervals). Dialysis allows 
to remove excess free chloramine T or excess active 
compounds from moss extracts. 

Finally, the content of advanced oxidation pro-
tein products (AOPP) was determined spectropho-
tometrically according to the Witko-Sarsat method 
[42]. Measurements were performed in a Tecan mi-
croplate reader at 340 nm. All results are presented 
as % of positive control (containing BSA with chlo-
ramine T and 10% DMSO in PBS), in which the 
oxidation process has reached 100%. The percent-
ages of the obtained AOPP results were calculated 
according to the formula:

C% = c/(c contr P) x 100%

where:
c – value of AOPP concentration during the oxida-
tion process after adding moss extracts or vitamin 
C solutions,
c contr P – value of AOPP concentration in the posi-
tive control.

Determination of phenolic substances

Chemical characterization of moss extracts includ-
ing total phenolic acids, total flavonoids and total 
flavonols was performed using spectrophotometric 
assays. 

Total phenolic acids

Quantity of total phenolic acids was counted based 
on method described by Lunić et al., slightly modi-
fied [32], where on 96-well microtiter plate 10 µl of 
each extract was mixed with 20 µl of Arnov’s reagent 
(10.0 g sodium molybdate and 10.0 g sodium nitrite 
in 100.0 ml of water), 20 µl of 0.1 M hydrochloric acid 
and 20 µl of 1 M sodium hydroxide. The last step of 
preparation was adding 120 µl of water. Immediately 
after that the absorbance at 490 nm was measured 
using Tecan Infinite M200 PRO microplate reader 
with Magellan 7.2 software (Tecan Austria, Grödig, 
Austria). Total phenolic acid content was calculated 
from the curve equation of caffeic acid and expressed 
as micrograms of caffeic acid equivalents per ml of 
extract (µg CAE/ml extract).

Total flavonoids

Quantification of total flavonoids was determined 
according to slightly modified method described by 
Mihailović et al. [43]. On 96-well microtiter plate 

100 µl of each extract was mixed with the same vol-
ume of 2% methanol solution of aluminium trichlo-
ride (AlCl3) and incubated at room temperature. Af-
ter 1 h of incubation the absorbance at 415 nm was 
measured using Tecan Infinite M200 PRO microplate 
reader with Magellan 7.2 software (Tecan Austria, 
Grödig, Austria). Quercetin was used to make the 
standard calibration curve and total flavonoid con-
tent was expressed as micrograms of quercetin equiv-
alents per ml of extract (µg QE/ml extract).

Total flavonols

Determination of total flavonols was also per-
formed based on slightly modified method de-
scribed by Mihailović et al. [43]. 50 µl of each extract, 
50 µl of methanol solution of aluminium trichloride 
(20 mg/ml) and 150 µl of methanol solution of so-
dium acetate (50 mg/mL) was mixed on 96-well mi-
crotiter plate. After 2.5 h of incubation the absorb-
ance at 440 nm was measured using Tecan Infinite 
M200 PRO microplate reader with Magellan 7.2 soft-
ware (Tecan Austria, Grödig, Austria). Total flavonols 
content was calculated from the curve equation of 
quercetin and expressed as micrograms of quercetin 
equivalents per ml of extract (µg QE/ml extract).

Determination of total carotenoids 

Total carotenoid content was determined using 
modified Zhang et al. method [44]. Purified and air 
dried moss samples were cut into 2 mm long pieces, 
weighed 0.2 g for sample and put into mortar with 
a small amount of calcium carbonate and quartz sand. 
Also 5 ml of 95% ethanol was added to easier homog-
enize the samples. The whole process of extraction 
was performed under weak light conditions. After 
5 min of homogenization the mixture was allowed to 
stew for another 5 min, green supernatant was col-
lected with Pasteur pipette and filtered into 25 ml 
volumetric flask. This procedure was repeated three 
times for each sample. Next every filter was rinsed 
with small amount of 95% ethanol several times and 
finally every flask was refilled to it capacity. The ab-
sorbance was measured at 665, 649 and 470 nm us-
ing 96-well microtiter plate with 190 µl of obtained 
solutions in each hole. Tecan Infinite M200 PRO 
microplate reader with Magellan 7.2 software (Tecan 
Austria, Grödig, Austria) was used again, calibrated 
to a defined pathlength – 0.6 cm.

Total carotenoids concentration were counted us-
ing formulas as follows:
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chlorophyll a (µg/ml) = 13,95*A665 – 6,88*A649

chlorophyll b (µg/ml) = 24,96*A649 – 7,32*A665

total carotenoids (µg/ml) = (1000*A470 – 2,05*chloro-
phyll a – 114,8*chlorophyll b)/245

total carotenoids (µg/g) = total carotenoids (µg/ml) *V 
(ml))/m(g)

where:
V – volume of tested solution in ml,
m – weight of each sample in g,
A665 – absorbance at 665 nm wavelength, 
A649 – absorbance at 649 nm wavelength, 
A470 – absorbance at 470 nm wavelength. 

Determination of the phenolic compounds

High-performance liquid chromatography (HPLC, 
UltiMate 3000, Thermo Fisher Scientific, Czech Re-
public) was used to analyze moss samples. The con-
centration of selected phenolic acids (protocatechuic 
acid, gallic acid, 4-hydroxybenzoic acid, 4-coumaric 
acid, caffeic acid and chlorogenic acid) and flavonoids 
(kaempferol and naringenin) was determined in 50% 
ethanol extracts from the tested mosses. Compounds 
were separated on the Reprospher C18 column (150 × 
4.6 mm, 3 µm) heated to 40°C. Flowrate and injection 
volume was set to 1.0 ml/min and 20 µl, respectively. 
The mobile phase consisted of (A) DI water (with 
pH adjusted to 3 by H3PO4) and (B) acetonitrile. 
Linear gradient program was used: 0.0–3.0 min 10% 
(B), 3.0–14.0 min 80% (B), 14.0–16.0 min 80% (B), 
16.1–21.0 min 10% (B). The detection of compounds 
was done at a wavelength of 272 nm, except that be-
tween 6.5 and 9.5 min, the wavelength was changed 
to 320 nm for that timeframe. The detection limit was 
0.1 mg/l for all compounds.

Statistical analysis

The tests were performed in triplicate, which means 
that three independent extracts of each moss were 
made. The results are presented as mean ± standard 
deviations (SD). One-way ANOVA and post-hoc 
LSD Fisher’s test were used to assess statistical sig-
nificance. The results were considered statistically 
significant when p<0.05. The correlations between 
DPPH and ABTS radicals scavenging activity, AOPP 
formation and the concentration of total phenolic ac-
ids, flavonoids, flavonols in the extracts and the con-
tent of carotenoids in mosses were determined using 
the Pearsons’s coefficient. Statistical analysis was per-
formed using Statistica 13.3 (TIBCO Software Inc., 
Palo Alto, CA, USA).

Ethical approval: The conducted research is not re-
lated to either human or animal use.

RESULTS

Capacity to scavenge DPPH and ABTS radicals 
depends on the moss species. Among the aque-
ous extracts, the one from P. formosum showed the 
strongest DPPH radical neutralizing effect, and ex-
tract from H. cupressiforme was the weakest one. 
The ability to neutralize the ABTS radical by water 
extracts decreased in the following order: P. formo-
sum > B. rutabulum > C. haldanianum = H. cupres-
siforme > O. montanum. Concentrations of total 
phenolic acids, flavonoids and flavonols in aque-
ous extracts also differed depending on the species 
as presented in table 1. In the P. formosum aqueous 
extract, the highest concentrations of determined 
phenolic compounds among all tested water ex-
tracts were recorded (tab. 1). Among the aqueous 
extracts, the strongest AOPP inhibitory activity 
was shown by P. formosum and O. montanum, also 
the effect was comparable to that given by 1 mM 
vitamin C solution. Water extracts of C. haldani-
anum and H. cupressiforme did not inhibit the for-
mation of AOPP (fig. 1). The Pearson’s correlation 
showed association between the DPPH and ABTS 
radical neutralizing effect and total phenolic acids, 
flavonoids and flavonols and the results obtained 
in the DPPH test were positively correlated with 
the results received in the ABTS test. Moreover, 
the concentration of total phenolic acids and flavo-
noids was negatively correlated with the formation 
of AOPP (tab. 2).

The DPPH radical scavenging activity of tested 
50% ethanol extracts decreased as follows: C. halda-
nianum > P. formosum > O. montanum > B. rutab-
ulum > H. cupressiforme, while the ABTS radical 
scavenging ability decreased in the following se-
quence: P. formosum > B. rutabulum > C. halda-
nianum > H. cupressiforme = O. montanum. The 
concentrations of total phenolic acids, flavonoids 
and flavonols in 50% ethanol extracts varied de-
pending on the moss species, similarly to the water 
extracts (tab. 3). 50% ethanol extracts from all test-
ed moss species showed AOPP inhibitory activity 
comparable to 1 mM vitamin C solution. The ex-
ception was extract of H. cupressiforme, which was 
more potent, comparable to 10 mM ascorbic acid 
solution (fig. 2). DPPH radical neutralizing effect 
under the influence of 50% ethanol extracts also 
significantly correlated with the concentration of 
phenolic acids, flavonoids and flavonols. Also the 
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Table 1. 
Radical neutralizing effect and concentration of total phenolic acids, flavonoids and flavonols in aqueous extracts  

of tested moss species

Species of moss/parameter Brachythecium 
rutabulum

Callicladium 
haldanianum

Hypnum 
cupressiforme

Orthodicranum 
montanum

Polytrichastrum 
formosum

DPPH [µmolTE/l] 87.69±0.37b 79.66±0.90c 15.02±0.65e 28.99±1.14d 117.79±1.14a

ABTS [µmolTE/l] 171.50±32.82b 88.59±11.12c 79.00±11.34c 44.51±4.64d 215.58±7.53a

Total phenolic acids [µgCAE/ml] 7.63±0.54a 6.15±0.18b 4.31±0.27c 5.60±0.34b 8.17±0.26a

Total flavonoids [µgQE/ml] 1.31±0.02b 1.03±0.04c 0.68±0.11d 1.12±0,07c 2.12±0.04a

Total flavonols [µgQE/ml] 0.920±0.163a 0.734±0.070b 0.265±0.025d 0.525±0.026c 0.965±0.072a

The results are presented as mean ±SD. One-way ANOVA and post-hoc LSD Fisher’s test were used to assess statistical significance. The results were 
considered statistically significant when p<0.05. Results with different letters in the same row are significantly different. TE – Trolox equivalent, CAE 
– caffeic acid equivalent, QE – quercetin equivalent

Figure 1. 
Percentage of AOPP formation during the oxidation 

process in samples incubated with water moss extracts 
contr P – positive control; contr N – negative control; 

VC – vitamin C, BR – Brachythecium rutabulum; CH – 
Callicladium haldanianum; HC – Hypnum cupressiforme; 
OM – Orthodicranum montanum; PF – Polytrichastrum 
formosum. The results are presented as mean ±SD. One-
way ANOVA and post-hoc LSD Fisher’s test were used 

to assess statistical significance. The results were consid-
ered statistically significant when p<0.05. Bars with dif-

ferent letters are significantly different

Table 2. 
Pearson’s correlation coefficients of DPPH and ABTS radicals scavenging, AOPP formation, total phenolic acids, total 

flavonoids, flavonols and carotenoids content in the water extracts

Parameter DPPH ABTS AOPP Total phenolic acids Total flavonoids Total flavonols

ABTS 0.847**

AOPP –0.397ns –0.421ns

Total phenolic acids 0.925** 0.816** –0.560*

Total flavonoids 0.833** 0.800** –0.677** 0.851**

Total flavonols 0.753** 0.670** –0.221ns 0.612* 0.637*

Carotenoids –0.072ns 0.088ns 0.248ns –0.313ns –0.085ns –0.056ns

ns – non significant, *p<0.05, **p<0.01  

Figure 2. 
Percentage of AOPP formation during the oxidation pro-
cess in samples incubated with 50% ethanol moss extracts 

contr P – positive control; contr N – negative control; 
VC – vitamin C, BR – Brachythecium rutabulum; CH – 

Callicladium haldanianum; HC – Hypnum cupressiforme; 
OM – Orthodicranum montanum; PF – Polytrichastrum 
formosum. The results are presented as mean ±SD. One-
way ANOVA and post-hoc LSD Fisher’s test were used 

to assess statistical significance. The results were consid-
ered statistically significant when p<0.05. Bars with dif-

ferent letters are significantly different
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radical scavenging effect of ABTS was correlated 
with the concentration of total phenolic acids and 
total flavonoids. There was no significant correla-
tion between the concentration of the determined 
groups of active compounds and the ability to in-
hibit AOPP formation by moss extracts prepared 
with 50% ethanol (tab. 4).

DPPH scavenging properties of 96% ethanol 
extracts decreased in order: C. haldanianum > 
P. formosum > H. cupressiforme = B. rutabulum > 
O. montanum, whereas in the ABTS neutralizing 
test, the extract from B. rutabulum showed the 
strongest effect and the weakest one was extract 
from H. cupressiforme. Concentrations of total phe-
nolic acids, flavonoids and flavonols in 96% etha-
nol extracts were the highest for B. rutabulum (tab. 
5). The 96% ethanol extract from B. rutabulum was 
also the strongest one inhibiting AOPP formation, 
and this activity was comparable to 10 mM vitamin 
C solution. Also in this AOPP assay, P. formosum 
96% ethanol extract turned out to be an antioxi-
dant comparable to 1 mM vitamin C solution (fig. 
3). There was no significant correlation between 

Table 3. 
Radical neutralizing effect and concentration of total phenolic acids, flavonoids and flavonols in 50% ethanol extracts 

of the tested moss species

Species of moss/parameter Brachythecium 
rutabulum

Callicladium 
haldanianum

Hypnum 
cupressiforme

Orthodicranum 
montanum

Polytrichastrum 
formosum

DPPH [µmolTE/l] 46.76±0.81e 130.55±0.45a 60.10±1.43d 101.59±1.67c 128.47±0.45b

ABTS [µmolTE/l] 202.53±8.06b 178.46±8.33c 101.21±8.40d 109.66±2.98d 390.19±12.47a

Total phenolic acids [µgCAE/ml] 11.04±1.07c 12.99±0.51b 8.68±0.51d 13.24±0.21b 17.65±1.29a

Total flavonoids [µgQE/ml] 6.92±0.10c 7.09±0.19c 5.63±0.13d 8.75±0.10b 9.38±0.03a

Total flavonols [µgQE/ml] 2.59±0.05c 4.06±0.43b 2.67±0.42c 5.66±0.36a 3.50±0.22b

The results are presented as mean ±SD. One-way ANOVA and post-hoc LSD Fisher’s test were used to assess statistical significance. The results were 
considered statistically significant when p<0.05. Results with different letters on the same row are significantly different. TE – Trolox equivalent, CAE 
– caffeic acid equivalent, QE – quercetin equivalent

Table 4. 
Pearson’s correlation coefficients of DPPH and ABTS radicals scavenging, AOPP formation, total phenolic acids, total 

flavonoids, flavonols and carotenoids content in the 50% ethanol extracts

Parameter DPPH ABTS AOPP Total phenolic acids Total flavonoids Total flavonols

ABTS 0.459ns

AOPP 0.003ns 0.081ns

Total phenolic acids 0.762** 0.806** 0.233ns

Total flavonoids 0.643* 0.621* 0.153ns 0.893**

Total flavonols 0.543* -0.211ns 0.128ns 0.364ns 0.586*

Carotenoids 0.128ns 0.123ns –0.446ns –0.142ns –0.362ns –0.444ns

ns – non significant, *p<0.05, **p<0.01. 

Figure 3. 
Percentage of AOPP formation during the oxidation pro-
cess in samples incubated with 96% ethanol moss extracts 

contr P – positive control; contr N – negative control; 
VC – vitamin C, BR – Brachythecium rutabulum; CH – 

Callicladium haldanianum; HC – Hypnum cupressiforme; 
OM – Orthodicranum montanum; PF – Polytrichastrum 
formosum. The results are presented as mean ± SD. One-
way ANOVA and post-hoc LSD Fisher’s test were used 

to assess statistical significance. The results were consid-
ered statistically significant when p<0.05. Bars with dif-

ferent letters are significantly different
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the ability to scavenge DPPH radicals by tested 
96% ethanol extracts and the concentration of the 
phenolic compounds, whilst the scavenging effect 
on ABTS radicals by 96% ethanol extracts was cor-
related with the concentration of total flavonoids 
and flavonols. Correlations also occurs between 
the ability to inhibit AOPP formation and scaveng-
ing ABTS radicals (tab. 6).

Figure 4 shows results of phenolic compounds 
detection determined in 50% ethanol extracts us-
ing HPLC of moss samples. In the B. rutabulum 
extract, gallic acid and naringenin was determined 

Table 5. 
Radical neutralizing effect and concentration of total phenolic acids, flavonoids and flavonols in 96% ethanol extracts 

of the tested moss species

Species of moss/parameter Brachythecium 
rutabulum

Callicladium 
haldanianum

Hypnum 
cupressiforme

Orthodicranum 
montanum

Polytrichastrum 
formosum

DPPH [µmolTE/l] 8.06±0.45c 32.21±0.57a 8.56±0.22c 5.41±0.45d 23.00±0.57b

ABTS [µmolTE/l] 28.46±7.64a 16.48±4.98b 4.60±6.08c 8.13±5.19bc 10.27±6.32bc

Total phenolic acids [µgCAE/ml] 12.38±2.13a 11.74±1.20a 6.52±0.41b 10.83±1.22a 7.21±0.87b

Total flavonoids [µgQE/ml] 6.52±0.18a 4.65±0.03b 3.88±0.22c 2.84±0.11d 3.01±0.04d

Total flavonols [µgQE/ml] 2.37±0.24a 1.74±0.12b 1.68±0.19b 1.12±0.23c 1.10±0.06c

The results are presented as mean ±SD. One-way ANOVA and post-hoc LSD Fisher’s test were used to assess statistical significance. The results were 
considered statistically significant when p<0.05. Results with different letters on the same row are significantly different. TE – Trolox equivalent, CAE 
– caffeic acid equivalent, QE – quercetin equivalent

Figure 4. 
The results of phenolic compounds detection determined using HPLC. Limit of detection (LOD) for all  

compounds: 0.1 mg/l

at concentrations of 0.15 and 0.19 mg/l, respec-
tively. C. haldanianum extract contained 0.54 mg/l 
of 4-coumaric acid and H. cupressiforme 0.57 mg/l 
of naringenin. In the O. montanum extract, 4-cou-
maric acid, kaempferol and naringenin were 
found in the following concentrations: 0.12, 1.16, 
1.73 mg/l, respectively. The extract of P. formosum 
also contained phenolic acids, e.g.: protocatechuic 
acid, 4-hydroxybenzoic acid and 4-coumaric acid 
in concentrations: 7.01, 3.71, 0.39 mg/l as well as 
caffeic acid and chlorogenic acid but below the de-
tection limit.

m
g\

l
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The results of the determination of the total 
carotenoids content

Total carotenoids content is shown in figure 5. The 
highest amount of carotenoids was detected in 
H. cupressiforme and the lowest in B. rutabulum and 
O. montanum.

Figure 5. 
Content of total carotenoids. BR – Brachythecium rutab-
ulum; CH – Callicladium haldanianum; HC – Hypnum 
cupressiforme; OM – Orthodicranum montanum; PF – 

Polytrichastrum formosum. The results are presented as 
mean ±SD. One-way ANOVA and post-hoc LSD Fisher’s 
test were used to assess statistical significance. The results 
were considered statistically significant when p<0.05. Bars 

with different letters are significantly different

DISCUSSION

Rapidly developing pharmaceutical and cosmetic 
industry requires more and more plant materials. It 
might be threatening to many species. Despite the 
introduction of numerous medicinal and cosmetic 
plants to cultivation, still a significant amount of raw 

material is obtained from natural sites. In addition, 
many areas and ecosystems have been degraded, 
which caused significant reduction in harvesting 
acreage. On top of that, the populations of many 
valuable species have been markedly reduced. These 
problems were described, for example, by Allen et 
al. [45], the author of the first “European red list 
of medicinal plants”. The discovery of antioxidant 
properties in mosses makes it possible to use some 
species, especially those that belong to common 
components of bryoflora of Europe such as B. rutab-
ulum, H. cupressiforme and P. formosum [46], as an 
alternative source of natural antioxidant substances.

Antioxidant activities of some studied moss spe-
cies have been already found in several researches 
[7-9, 11, 47-51], however, it is worth emphasizing 
that the antioxidant effect of O. montanum extracts 
was tested and confirmed for the first time in this 
study. In addition, despite previously mentioned 
published reports describing the antioxidant prop-
erties of selected mosses, it is difficult to compare 
them with results of this study due to different prep-
aration methods of moss extracts, different meth-
ods of testing antioxidant properties and the place 
of harvest (the conditions in which the plant grows 
often significantly affect the content of biologically 
active substances contained [3]). In this analysis, 
aqueous, ethanol and aqueous-ethanol extracts pre-
pared by maceration for 24 hours at room tempera-
ture were investigated. This extraction method was 
chosen because it is easy repeatable, e.g. in a beauty 
salon or at home.

The free radical scavenging effect of phenolic 
compounds is associated with their ability to donate 
a hydrogen atom from its hydroxyl group [7, 32, 50, 
52]. There is a lot of data confirming that the capabil-
ity to scavenge free radicals in vascular plants is cor-
related with content of phenolic elements, including 

Table 6. 
Pearson’s correlation coefficients of DPPH and ABTS radicals scavenging, AOPP formation, total phenolic acids, total 

flavonoids, flavonols and carotenoids content in the 96% ethanol extracts

Parameter DPPH ABTS AOPP Total phenolic acids Total flavonoids Total flavonols

ABTS 0.056ns

AOPP 0.128ns –0.578*

Total phenolic acids –0.154ns 0.387ns 0.069ns

Total flavonoids –0.038ns 0.752** –0.617* 0.347ns

Total flavonols –0.116ns 0.641* –0.547* 0.277ns 0.948**

Carotenoids 0.356ns –0.465ns 0.103ns –0.524* –0.236ns –0.127ns

ns – non significant, *p<0.05, **p<0.01.  
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flavonoids [53, 54]. There are also reports that phe-
nolic substances are responsible for the antioxidant 
activity in bryophytes [7, 50]. Phenolic compounds 
include flavonoids and phenolic acids among others. 
In mosses lots of flavonoids was found up to date, 
and many of them are flavone aglycones, glycosides 
and flavonoids [55, 56]. In this study we marked two 
flavonoid aglycones: kaempferol and naringenin. 
These two compounds were present in the aqueous-
ethanol extract of O. montanum. The inherence 
of naringenin was also found in B. rutabulum and 
H. cupressiforme. In analyzed mosses currently the 
presence of phenolic acids was also found, e.g. proto-
catechuic acid, vanillic acid, 4-O-caffeoylquinic acid, 
5-O-caffeoylquinic acid, caffeic acid, p-coumaric 
acid, ferulic acid and ellagic acid [26, 32, 56, 57]. 
During this study, protocatechuic acid, gallic acid, 
4-hydroxybenzoic acid, 4-coumaric acid, caffeic acid 
and chlorogenic acid were determined in aqueous-
ethanol extracts. The presence of all these phenolic 
acids (except gallic acid) was found in P. formosum, 
but the contents of caffeic acid and chlorogenic acid 
were trace (lower than 0.1 µg/ml). On the other hand, 
gallic acid was found in the B. rutabulum extract, 
which is consistent with earlier report of Davidson 
[26]. Surprisingly, none of the tested phenolic acids 
was determined in H. cupressiforme, although their 
presence was previously reported [32]. The absence 
of these compounds in our extract may be associated 
with other extraction conditions or the place and 
time of moss harvesting.

Klavina et al. [58] observed weak correlation be-
tween the activity of neutralizing free radicals and the 
content of total phenols in mosses [58]. Authors sug-
gest that the antioxidant activity may occur not only 
because of the presence of phenols, but also of other 
groups of active compounds. In this study, a correla-
tion between DPPH and ABTS radicals scavenging 
activity and the concentration of total phenolic acids 
and flavonoids (including flavonols) was observed, 
particularly strong in aqueous extracts and weaker in 
extracts prepared with 50% ethanol. 

It is noticeable that 50% ethanol extracts showed 
the strongest radical scavenging activity. It should 
also be emphasized that all extracts prepared with 
50% ethanol inhibited the formation of advanced 
products of protein oxidation at least as a  1 mM 
solution of vitamin C, and H. cupressiforme extract 
even comparable to 10 mM solution of ascorbic 
acid. This effect is most likely associated with the 
presence of phenolic compounds in these extracts. 
The inhibition of forming AOPP in vitro by select-
ed phenolic acids and flavonoids has already been 

confirmed [41]. This is consistent with results of 
the study by Klavina et al. [58]. Authors noted that 
increasing the water content in the composition of 
the extractant resulted in the isolation of greater 
number of secondary metabolites from bryophytes 
which was confirmed by ultra-performance liquid 
chromatography. They also observed that alcohol-
aqueous extracts have a stronger antioxidant effect 
than alcohol extracts alone. A  tendency that the 
combination of water and ethanol is more effective 
than pure water or pure ethanol alone has also been 
found in the process of extracting active compounds 
from byproducts obtained after wine manufacturing 
[59]. The weakest DPPH and ABTS radicals scav-
enging properties were found in extracts prepared 
in 96% ethanol, but it is worth to accentuate that 
B. rutabulum extract inhibited the AOPP formation 
comparably to 10 mM vitamin C solution.

In studied mosses, the content of total carotenoids 
was also determined. This is due to the fact that ca-
rotenoids are also considered to be substances with 
antioxidant properties [60, 61]. Carotenoids have 
a structure of 40 carbon atoms that contain a system 
of conjugated double bonds. They are classified into 
two classes: carotenes containing only carbon and 
hydrogen atoms and xanthophylls that additionally 
contain an oxygen atom. The system of conjugated 
double bonds in the polyene core of carotenoids is 
responsible for their antioxidant properties. This 
system also determines their light absorption prop-
erties [60]. Unfortunately, in this study, no correla-
tion between the capacity of studied moss extracts 
to neutralize DPPH and ABTS radicals as well as 
ability to inhibit the formation of AOPP and the 
content of carotenoids was observed.

It seems that among the studied moss species, 
P. formosum has the strongest scavenging free radi-
cals effect. Moreover, extracts from this moss in all 
used solvents (water, 50% and 96% ethanol) showed 
AOPP forming inhibition ability comparable to 
1 mM ascorbic acid solution. Significant antioxidant 
properties of this plant have been previously report-
ed [8, 11].

The obtained results indicated that mosses might 
be used as a possible supportive agent to various hu-
man conditions. Additionally, the results showed 
practical significance and indicated the moss extracts 
(especially aqueous-ethanol) as materials for potential 
use as antioxidants in pharmacy or cosmetology. The 
limitation of our study, however, is the poor recogni-
tion of specific compounds responsible for this effect. 
Although, further research is certainly necessary to 
develop a method for fractionating polyphenols and 
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their identification in mosses, as well as to determine 
the most active antioxidant compounds.

CONCLUSIONS

Relatively small amount of information is avail-
able about the properties of mosses and active sub-
stances present in them, indicates the need for fur-
ther research in this area. Undertaken studies con-
firm that expanding knowledge about mosses and 
active compounds available in them is worth contin-
uing the research and probably has much potential 
to use, among others in medicine or cosmetology. 
A check of just five common European species has 
shown significant antioxidant potential at least for 
one of them, P. formosum. Extracts of this moss in 
all tested extractants showed ability to inhibit pro-
tein oxidation. Other species also showed promising 
properties that require further, in-depth analysis.

The results of this study indicate that water, aque-
ous-ethanol and ethanol extracts which can be made 
without specialized equipment, e.g. in a beauty salon 
or at home, show antioxidant activity manifested by 
neutralizing free radicals. The strongest effect was 
shown by extracts prepared during maceration with 
50% ethanol. Also all tested moss extracts showed 
ability to inhibit protein oxidation. Extracts prepared 
with 96% ethanol scavenged free radicals the least, al-
though B. rutabulum extract strongly inhibited AOPP 
formation. Moss extracts can be a  new potential 
source of preparations with antioxidant properties. 
Nevertheless, further research to identify the accurate 
compounds responsible for this action is required.
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