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ABSTRACT

Tricholoma is one of the famous genera of Basidiomycota division. Although some species of this genus have been used as culinary
mushrooms, very negligible investigations have been conducted on Tricholoma genus phenolic contents and their biological activities. In
the present study, the antioxidant, antimicrobial, and DNA protection properties of total phenolic contents of Tricholoma virgatum (Fr.)
P. Kumm. (54% methanolic extract) were assessed. 7. virgatum phenolic content was determined by an analytic high-performance liquid
chromatography (HPLC) method based on compression with standard phenolic compounds including gallic acid, catechin, chlorogenic
acid, epicatechin, and coumaric acid. Total antioxidant status (TAS), total oxidant status (TOS), and oxidative stress index (OSI) values
were determined using Rel Assay kits. For DNA protective potential assay, pBR322 supercoiled DNA method was used. The
antimicrobial activity assay was done based on the agar dilution method on six different microorganisms include Staphylococcus aureus,
Enterococcus faecalis, Escherichia coli, Pseudomonas aeruginosa, Candida albicans, and Candida tropicalis. The total phenolic
contents of this mushroom lied within range of 2.02-56.85 ppm based on coumaric acid and chlorogenic acid as standards. TAS, TOS,
and OSI values were determined as 3.75440.088 mmol/L, 8.362 £0.085 umol/L, and 0.223 +0.007, respectively. 7. virgatum methanol
extract could exhibit a protective effect on DNA against the hydroxyl radical at 100 pg/mL concentration. Although 7. virgatum is not
recommended as an edible mushroom, according to our results, this mushroom could be considered as valuable source for phenolic

compounds with significant antioxidant/antimicrobial effects.
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1. INTRODUCTION

Mushrooms are known as a major human edible source for
a long time in many nations. Based on the Food and Agriculture
Organization of the United Nations (FAO) statistics, the global
mushroom production between 1997 and 2009 was 2.18 to 3.5
million tons in the world [1]. Chemically, mushrooms are rich
sources of valuable constituents such as carotenoids, polyphenol,
alkaloids, and dietary fiber [2]. Mushrooms and their metabolites
have been investigated extensively for different biological
activities such as antioxidant activities, anticancer activities, DNA
protection and antimicrobial potential [3]. Many studies have
shown that mushroom’s chemical constitutions could be health-
promoting, and thus these compositions can be considered as a
complementary and functional food in many supplementary
products [4]. Due to commercial and industrial requirements,
identification of the biological potencies as well as chemical
content of mushrooms is an important field in natural products
research [5]. Various medicinal uses of mushroom as well as their
edibility have engendered a great deal of attention to their
pharmacological potencies including antioxidant, antibiotic, and
antineoplastic activity [6-9]. One of the most important research
fields in this regard is oxidative stress related diseases. Oxidative
stress is a state of imbalance between oxidants and antioxidants in
favor of the oxidants, leading to chronic and sub-chronic

detrimental effects. The reactive oxygen species (ROSs, as most
important oxidants involved in many human diseases) include
various free radical particles such as Os— (superoxide), ONOO*—
(peroxynitrite), and OHe (hydroxyl), as well as non-radicals such
as H,O, (hydrogen peroxide) [10]. In general, oxidative stress is
closely related to many pathological outcomes such as endothelial
dysfunction, neurodegenerative conditions, and vascular
complications. Oxidant accumulation progress (as an age-related
process) constitutes an important part of risk factors in the
development of chronic neuro-cardiovascular systems diseases.
These age-related diseases are a consequence of the accumulation
of cellular damage and the reduced response of oxidative stress
protection pathways [11]. Many animal models as well as clinical
trials on dietary compositions such as phenolic compounds have
reported slowed progression of many oxidative stress-related
diseases by improving lipid profile, reducing the generation of
ROSs, and by enhancing the body’s antioxidant capacity.
Tricholoma is one of the largest genera of
Tricholomataceae family which is spread worldwide in coniferous
woodlands[12]. The edible uses of some Tricholoma species as
part of the common diet are well known for their pleasant flavor
and taste. Some of the well-known edible mushrooms can be
found among this genus especially in East Asia and North
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America [13]. In this study, the methanolic extract of T. virgatum
(formerly known as Agaricus  virgatus Fr. a  common
basidiomycete of European, Eastern European and North
American coniferous forest popularly known “Ashen knight”) was
assessed for DNA protection using with pBR 322 supercoiled
DNA assay. Free radical scavenging, total oxidant status (TOS),
oxidative stress index (OSI), and total anti-oxidant status (TAS)
were examined. The antimicrobial activity (based on the minimum

2. MATERIALS AND METHODS
2.1. Basidiocarp (fruiting body) selection.

The mushroom bodies were collected from Gaziantep
province during routine field studies in September. In the field, the
morphological aspects such as color, shape, size, odor, and taste
were noted. The identified specimens were transported under
suitable conditions to the laboratory. The microscopic
characteristics of the specimens were observed by mounting in 3%
KOH solution where the features of spores, basidia, and pileipellis
structures were analyzed by a light microscope (Leica DM 750).
The specimen was identified morphologically using macroscopic,
microscopic, and ecological features with references and it kept in
Akadeniz University biology department fungarium (Sen 1560)
[14]. They were then dried and powdered using an automated
grinder. The powdered mushroom samples were extracted with
methanol in a Soxhlet apparatus at 50°C (Gerhardt EV 14). This
methanolic extract was concentrated using rotary evaporator
(Heidolph Laborator 4000 Rotary Evaporator) at 40°C and stored
at +4°C.

2.2. Phenolic compounds extraction.

A total of 150 g of T. virgatum fine powder was extracted
using Soxhlet apparatus with methanol for 6 hours at 50 °C. This
extract was filtered through Whatman no. 1 paper and
concentrated by BUCHI Rotavapor R-144 at 40° C. The dried
extract was stored in the freezer at 2 °C for future uses.

2.3. Determination of phenolic contents.

The phenolic content of the 7. virgatum methanolic extract
was measured based on the Caponio et al. method with a high
performance liquid chromatography — diode array detector
(HPLC-DAD) Shimadzu apparatus [15]. An Agilent Eclipse
XDB-C18 (250 x 4.6 mm id 5 pm) was used as column for
chromatographic separation with an isocratic system. A solvent
system consisting of 3% acetic acid in methanol at a flow rate of
0.8 mL/min and the injection volume 20 pL was used. The
phenolic constitutions of the samples were detected at 280 nm.
Also, the retention time of the constitutions was used for
comparison with the standard compounds.

2.4. Antimicrobial activity tests.

The agar dilution method was used for 7. virgatum
methanolic extract antimicrobial potential determination [16]. Two
fungal strains C. albicans ATCC10231, C. tropicalis ATCC
13803 and four bacterial strains S. aureus ATCC 29213, E.
faecalis ATCC 29212, E. coli ATCC 25922, and P. aeruginosa

3. RESULTS
3.1. Phenolic content.

Gallic acid was reported as an antioxidant, antimicrobial,
antitumor, and anti-inflammatory agent [21]. Similar activities
such as antioxidant, anti-mutagenic, antimicrobial, and anticancer

inhibitory concentration) of 7. virgatum phenolic extract was
tested against S. aureus, E. faecalis, E. coli, P. aeruginosa, C.
albicans, and C. tropicalis microorganisms. Additionally, the
phenolic contents of this mushroom were determined using high
performance liquid chromatography — diode array detector
(HPLC-DAD) in compression with gallic acid, -catechin,
chlorogenic acid, epicatechin and coumaric acid as phenolic
standard.

ATCC27853 were used as the tested microorganisms. Muller
Hinton Broth medium and RPMI 1640 Broth medium were
employed for pre-cultured of bacterial and fungal strains,
respectively. Turbidity based on McFarland 0.5 scale was
considered for standard inoculum. Concentrations 800-12.5 pg/mL
(in distilled water) of the extract were assessed for possible
antimicrobial activities. Ciprofloxacin, ampicillin, and fluconazole
were used as antimicrobial reference compounds for bacterial and
fungal microorganisms. For the minimum inhibitory concentration
(MIC) determination, 9 mL of dissolved Miiller Hinton Agar
medium was distributed into 15 mL sterile tubes after sterilization.
Then, 1 mL samples were added to these tubes and mixed with the
media after which these mixtures were transferred to Petri dishes.
Seven dilutions of all samples (concentrations 800-12.5 pg/mL)
were prepared for each plate. The lowest dilution that prevented
the propagation of microorganisms was considered as MIC [17].
2.5. Determination of TAS, TOS and OSI.

Rel Assay commercial kits were used for determining the
T. virgatum methanol extract TAS, TOS and OSI values [18].
Hydrogen peroxide (H,0,) and trolox were used as the calibrators
in the TOS and TAS analysis. The values are presented as mean +
S.D, while umoL H,0, equiv. /L. and mmoL trolox equiv. /L were
used for tests values report, respectively. Experiments were
performed in triplicate.

For OSI (AU: Arbitrary Unit) percentage report, we adopted the
calculation method of Erel et al. [19], who presented the following
formula

OSI (AU) = [(TOS, pmol H,0, equiv. /L) / (TAS, mmol Trolox
equiv. /L)] x 10

2.6. DNA protective activity.

For the T. virgatum methanol extract, Lee et al. DNA
protection potential model were used based on the DNA
supercoiled with plasmid pBR 322 [20]. Methanol extract
solutions were prepared with 100 and 200 pg/mL. Next, 10 uL of
each concentration was added to the Eppendorf tubes with 0.5 ug
plasmid pBR322 and supercoiled DNA. After the addition of 10
pL Fenton agent (30 mM H,0,, 50 uM ascorbic acid and 80 pM
FeCly), these prepared solutions were incubated at 25 ° C for 10
min. Then, all samples mixture volumes were adjusted to 20 mL
and incubated again for 10 minutes at 37 °C. The electrophoresis
on a 1% agarose gel with ethidium bromide was used for analysis
possible DNA changes.

effects were also reported for catechin and epicatechin [22-23].
Another phenolic compound, chlorogenic acid, has shown several
biological activities such as anti-oxidant and anti-inflammatory
effects, as well as regulation of glucose and lipid metabolisms,
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plus anti-diabetic, anti-carcinogenic, anti-inflammatory, and anti-
obesity properties in various investigations [24]. Similarly, diverse
biological activities including antioxidant, anti-cancer,
antimicrobial, antiviral, anti-inflammatory, and anti-thrombocyte
aggregation have been observed from coumaric acid [25]. In this
study, six phenolic components of T. virgatum methanolic extract
were analyzed and compared with several phenolic compounds as
standards by HPLC/DAD method. Based on our result, the most
prevalent compound was chlorogenic acid in 7. virgatum
methanolic extract (Table 1). Other constitutions were identified
as catechin, gallic acid, epicatechin, and coumaric acid. In
conclusion, it was determined that 7. virgatum mushroom is a
suitable phenolic compounds including
chlorogenic acid, catechin, and gallic acid. The presence of

source of some
considerable antioxidant contents in mushrooms may confer
protection against many chronic diseases such as cardiovascular
disease (CVD), neurodegenerative disease, and other oxidative
stress related diseases [26-28]. Their health promotion effects on
oxidative stress-related diseases such as CVD are often attributed
to their antioxidant capabilities, in particular their free radical
scavenging ability plus metal ion homoeostasis via chelating
activities.[29-31]

3.2. DPPH radical scavenging activity.

The antioxidant capacity of the methanol extract of our
mushroom showed a concentration dependent trend (Table 2). The
best outcome was observed at the concentration of 2 mg/mL
extract (DPPH radical inhibition 56.49+2.64%). T. virgatum
methanol extract showed a good potential at 2 mg/mL which is
comparable with the caffeic acid antioxidant potential. Although
previous work on Tricholoma species exhibited that these
mushrooms have a good antioxidant activity, sparse studies have
been done on the chemical compounds (especially phenolic
constituents) of this genus.
polysaccharide of 7. matsutake showed antioxidant activity in
different models including DPPH radical, superoxide anion, and
hydroxyl radicals scavenging methods [32]. In another work on
the antioxidant potential and identification of compositions of

A water-soluble heteroglycans

Tricholoma species, several polysaccharides were isolated from
Tricholoma mongolicum Imai. These isolated polysaccharides
exhibited suitable activities in ferric reducing antioxidant power
(FRAP), DPPH radical, and hydroxyl radical scavenging
assessment[33] . Similar investigations on the methanol extract of
edible mushroom, 7. giganteum massee, showed antioxidant
activities against DPPH radicals with a half-maximal effective
concentration (ECsy) 0.7mg/mL [34].

3.3. TAS, TOS, and OSI values.

Superoxide anion radical, hydrogen peroxide, hydroxyl
radical, singlet oxygen, and peroxyl radicals are the major free
oxygen radicals. Note that some amounts of free oxygen radicals
occur in all eukaryotic cells throughout the course of a regular
physiologic metabolism [35]. Cellular damage results from
oxidative stress through impairing the antioxidant/oxidant balance
and production of free radicals/reactive oxygen species that attack
macromolecules (DNA, lipids, proteins, carbohydrates). These
damages often cause progressive diseases or conditions such as
senescence, cardiovascular diseases, cancer, renal diseases, and
neurological diseases. The harmful free radicals, which constantly
occur in the body due to physiological conditions, are detoxified

via inhibitive antioxidant mechanisms. These detrimental effects
are caused by imbalanced oxidant/antioxidant contents and
accumulation of oxidants which finally result in oxidative stress.
Indeed, the accumulation of these harmful reactive metabolites
leads to oxidative stress and has a destructive impact on
organisms. If the antioxidant content is not adequate to neutralize
the oxidants, oxidant and antioxidant imbalance occurs favoring
the oxidants[36]. It is well known that the oxidant / antioxidant
balance is cleared by higher antioxidant contents in the body. Note
that free oxygen radicals and antioxidants are produced
continuously in live tissues in a controlled manner. Excessive free
oxygen radicals are neutralized by neutralizing systems such as
endogenous and exogenous antioxidants [35]. The imbalance
favoring the oxidants induces tissue damage, which is mentioned
in the literature as oxidative stress. Oxidative tissue damage is
caused by reactions between oxidant molecules and the cellular
building stones such as proteins, lipids, carbohydrates, nucleic
acid, and enzymes.

In this study, 7. virgatum methanol extract showed TAS,
TOS, and OSI with 3.754 +0.088 mmol /L, 8.362 +0.085 umol /L,
and 0.223 +0.007, respectively. Literature review revealed no data
on the TAS, TOS, and OSI values of 7. virgatum mushroom. A
previous investigation on Anatolian region mushrooms T. terreum
found 0.38 mmol/L, 16.76 umol/L, and 4.41 for TAS, TOS, and
OSI values, respectively[37]. The higher TAS wvalue of T.
virgatum compared to 7. terreum probably is due to the better
ability of 7. virgatum for producing more antioxidant constituents.
Considering the lower TOS and OSI values of T. virgatum,
probably T. virgatum produced less -effective antioxidant
compounds compared to 7. ferreum. Similar results were found
about Cyclocybe cylindracea mushroom, where the TAS, TOS and
OSI values of this mushroom were 4.325 mmol/L, 21.109 umol/L,
and 0.488, respectively. These values showed comparable findings
of the quantity and quality of 7. virgatum antioxidant compounds
[38].

100 pg/mL

50 bp
marker

Plasmid Negative
DNA Control

200 ug/'mL

I virgatum T. virgatum

Figure 1. DNA protection activity of 7. virgatum methanol extract with
100, and 200 pg/mL. A protection effect was observed against DNA
damage compared with the plasmid DNA control and negative control.
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3.4. Antimicrobial activity.

T. virgatum methanol extract showed an inhibitory effect
on S. aureus, E. faecalis, E. coli with 400 pg/mL and 200 pg/mL,
for P. aeruginosa, C. albicans, C. tropicalis in agar dilution
method, respectively (Table 3). Previous works on 7. portentosum
mushroom showed that this species was effective against B.
cereus, B. subtilis, E. coli , P. aeruginosa, C. albicans and C.
neoformans within  100-300 mg/mL (MIC) [39]. Other
investigations on 7. equestre and T. portentosum have also
indicated that these mushrooms have a growth inhibitory potential
on Listeria monocytogenes [40-41].

The same observation was reported about the antimicrobial
activity of T. lobayensis extract on B. cereus, E. coli, K.
pneumoniae, P.vulgaris, and S. [42].
investigation on Tricholoma species, different fractions of T.
fracticum were examined for antibacterial activity. Chloroform
fraction could reveal a suitable inhibitory potential on P.
aeruginosa (ATCC 27853) and S. aureus (ATCC 25923) growth
[43]. Our findings suggest that 7. virgatum methanol extract could
be presented as an effective complementary antimicrobial agent
(Table 3).

3.5. DNA protection activities.

Many studies have reported the anti-tumor potential of
different mushrooms. Concerning the traditional uses, the anti-
tumor properties of some mushrooms were obtained based on
various mechanisms including antioxidant and immunoregulatory
activities. Shameem et al. work on the two Kashmir Himalaya

aureus In another

edible mushrooms Verpa bohemica and Morchella
esculenta showed  that M. could  offer
significant protection against the hydroxyl radical-produced DNA
damage [44].

Investigation on another mushroom, Russula virescens
“green brittlegill”, a folk remedy in traditional Chinese medicine
showed that water and ethanol extracts of this mushroom could
present DNA damage prevention activity[45]. Similar results have
also been reported from Ganoderma lucidum (Curtis) P. Karst.
“Reishi”, Helvella lacunosa (Afzel.) “slate grey saddle”,
Laetiporus  sulphureus (Bull.) Murrill., obliquus
“Chaga”, and Agaricus blazei Murrill “Himematsutake” as edible
mushrooms [46-48].

Presence of the phenolic compounds in mushrooms could
neutralize hydroxyl radical produced from Fenton reagent. This
distractive reaction is based on the breakage of the DNA strand by
hydroxyl radical generated from Fenton reagent- pBR322 plasmid
DNA reaction. T. virgatum methanol extract (100, 200 pg/mL)
showed a protective effect against DNA damage compared with
the plasmid DNA control (Lane 2 of Figure 1) and negative DNA
damage control (Lane 3 of Figure 1).

The hydroxyl radical generated from Fenton reaction
converted supercoiled DNA to liner. When DNA was treated with
100 and 200 pg/mL of the 7. virgatum ethanol extract, the
supercoiled form was restored. The results suggested that
methanol extracts of 7. virgatum, a rich in phenolic constitutions,
could have DNA protective antioxidant properties.

esculenta

Inonotus

Table 1. Antioxidant activity of 7. virgatum (% inhibition) methanol extract in comparison with caffeic acid, rosmarinic acid, and ascorbic acid as
standards.

Standards & sample Concentration

2 mg/mL 1 mg/mL 0.50 mg/mL 0.25 mg/mL
Caffeic acid 54.47+0.05 38.39+0.66 21.34+0.66 8.62+0.91
Rosmarinic acid 61.92+0.15 35.09+7.96 7.00+0.41 6.03+0.15
Ascorbic acid 95.96+1.96 93.72+1.39 91.40+0.70 89.45+1.44
T. virgatum 56.49+2.64 46.96+2.23 33.87+1.32 24.90+2.99

Values are presented as mean+S.D.; n=6 (Experiments were made as 3 parallel)

Table 2. Phenolic compounds of 7. virgatum methanol extract in comparison with gallic acid, catechin, chlorogenic acid, epicatechin, coumaric acid as
standards.

Coumaric acid

Gallic acid
10.88 ppm

Catechin
T. virgatum

54.16 ppm

Table 3. Antimicrobial activi

S. aureus E. faecalis

Chlorogenic acid
56.85 ppm

Epicatechin
3.80 ppm

2.02 ppm

atum in comparison with ampicillin, ciprofloxacin, and fluconazole as antimicrobial standards.
E. coli

P. aeruginosa C. albicans C. tropicalis

(ng/mL) (ng/mL) (ng/mL) (pg/mL) (pg/mL) (ng/mL)
T. virgatum 400 400 400 200 200 200
Fluconazole - - - - 1.56 3.12
Ampicillin 3.12 1.56 3.12 - - -
Ciprofloxacin 0.78 0.78 1.56 3.12 - -

* 400, and 200 (ng/mL) indicate concentrations of extract affecting microorganisms.

4. CONCLUSIONS

Although there are diverse mushrooms used as food, the
number of these mushrooms with evident antioxidant/ anticancer
effects is limited. In this regard, these findings suggested a
potential role for mushroom phenolic compounds and other kinds
of chemicals as a possible effective antioxidant/ anticancer
remedies. Also, T. virgatum possessed acceptable in vitro efficacy
and selectivity suggesting that further in vivo studies, as well as
preclinical and clinical trials should be conducted to assure the

potential of 7. virgatum for therapeutic indication. It is anticipated
that more comprehensive data will provide a new path for
researchers towards authentication and establishment of this
natural functional food such as antioxidants, DNA protection and
antimicrobial potential as a felicitous pharmacological drug in the
years to come.

Page | 5503



Zeliha Selamoglu, Mustafa Sevindik, Celal Bal, Betiil Ozaltun, Ismail Sen, Ardalan Pasdaran

5. REFERENCES

1. Chiu, S.W.; Law, S.C.; Ching, M.L.; Cheung, K.W.;
Chen, M.J. Themes for mushroom exploitation in the 21st

century:  Sustainability, waste management, and
conservation. The Journal of general and applied
microbiology 2000, 46, 269-282,

https://doi.org/10.2323/jgam.46.269.

2. Hamedi, A.; Ghanati, F.; Vahidi, H., Study on the
effects of different culture conditions on the morphology
of Agaricus blazei and the relationship between
morphology and biomass or EPS production. Annals of
Microbiology 2012, 62, 699-707,
https://doi.org/10.1007/s13213-011-0309-3.

3. Bach, F.; Zielinski, A.A.F.; Helm, C.V.; Maciel, G.M.;
Pedro, A.C.; Stafussa, A.P.; Avila, S.; Haminiuk, C.W.L.
Bio compounds of edible mushrooms: In vitro antioxidant
and antimicrobial activities. LWT 2019, 107, 214-220,
https://doi.org/10.1016/1.1wt.2019.03.017.

4. Pandya, U.; Dhuldhaj, U.; Sahay, N.S. Bioactive
mushroom polysaccharides as antitumor: an overview.
Natural Product Research 2019, 33, 2668-
2680. https://doi.org/10.1080/14786419.2018.1466129.

5. Reis, G.C.; Custodio, F.B.; Botelho, B.G.; Guidi, L.R.;
Gloria, M.B.A. Investigation of biologically active amines
in some selected edible mushrooms. Journal of Food
Composition and Analysis 2020, 86,
https://doi.org/10.1016/j.1fca.2019.103375.

6. Seri, A.; Khorsand, M.; Rezaei, Z.; Hamedi, A.;
Takhshid, M.A. Inhibitory effect of bunium persicum
hydroalcoholic extract on glucose-induced albumin
glycation, oxidation, and aggregation in vitro. [ranian
Journal of Medical Sciences 2017, 42, 369.

7. Hejr, H.; Ghareghani, M.; Zibara, K.; Ghafari, M.;
Sadri, F.; Salehpour, Z.; Hamedi, A.; Negintaji, K.; Azari,
H.; Ghanbari, A. The ratio of 1/3 linoleic acid to alpha
linolenic acid is optimal for oligodendrogenesis of
embryonic neural stem cells. Neuroscience Letters 2017,
651, 216-225,
https://doi.org/10.1016/j.neulet.2017.05.020.

8. Chaturvedi, V.K.; Agarwal, S.; Gupta, K.K.; Ramteke,
P.W.; Singh, M. Medicinal mushroom: boon for
therapeutic applications. 3 Biotech 2018, &, 334,
https://doi.org/10.1007/s13205-018-1358-0.

9. Hamedi, A.; Farjadian, S.; Karami, M. R,
Immunomodulatory properties of Trehala manna decoction
and its isolated carbohydrate macromolecules. Journal of
Ethnopharmacology 2015, 162, 121-126,
https://doi.org/10.1016/1.1ep.2014.12.064.

10.Fontana, J.; Zima, M.; Vetvicka, V., Biological markers
of oxidative stress in cardiovascular diseases: after so
many studies, what do we know? [mmunological
Investigations 2018, 47, 823-843,
https://doi.org/10.1080/08820139.2018.1523925.
11.Ravanfar, P.; Namazi, G.; Atigh, M.; Zafarmand, S.;
Hamedi, A.; Salehi, A.; Izadi, S.; Borhani-Haghighi, A.
Efficacy of whole extract of licorice in neurological
improvement of patients after acute ischemic stroke.

Journal of Herbal Medicine 2016, 6,
12-17, https://doi.org/10.1016/j.hermed.2015.12.001.
12.Corriol, G.; Jargeat, P. Morphological and
phylogenetical description of Dennisiomyces fibrillosus
sp. nov.(Agaricales, Tricholomataceae) from the Pyrenees
and the first record of the genus in Europe. Phytotaxa
2019, 405, 226-236,
http://dx.doi.org/10.11646/phytotaxa.405.5.1.

13.Lee, D.H.; Kim, J.H.; Park, J.S.; Choi, Y.J.; Lee, J.S.
Isolation and characterization of a novel angiotensin I-
converting enzyme inhibitory peptide derived from the
edible mushroom Tricholoma giganteum. Peptides 2004,
25, 621-627,
https://doi.org/10.1016/j.peptides.2004.01.015.

14.Hiscox, J.; O'Leary, J.; Boddy, L. Fungus wars:
basidiomycete battles in wood decay. Studies in Mycology
2018, 89, 117-124,
https://doi.org/10.1016/j.simyco.2018.02.003.

15.Cayan, F.; Deveci, E.; Tel-Cayan, G.; Duru, M.E.
Identification and quantification of phenolic acid
compounds of twenty-six mushrooms by HPLC-DAD.
Journal of Food Measurement and Characterization 2020,
1-9, https://doi.org/10.1007/s11694-020-00417-0.

16.Sati, P.; Dhyani, P.; Bhatt, I. D.; Pandey, A., Ginkgo
biloba flavonoid glycosides in antimicrobial perspective
with reference to extraction method. Journal of traditional
and complementary medicine 2019, 9, 15-23,
https://doi.org/10.1016/j.jtcme.2017.10.003.

17.Silva, V.; Igrejas, G.; Falco, V.; Santos, T.P.; Torres,
C.; Oliveira, A.M.; Pereira, J.E.; Amaral, J.S.; Poeta, P.
Chemical composition, antioxidant and antimicrobial
activity of phenolic compounds extracted from wine
industry by-products. Food Control 2018, 92,
516-522, https://doi.org/10.1016/j.foodcont.2018.05.031.
18.1lyasov, LR.; Beloborodov, V.L.; Selivanova, LA.
Three ABTSe+ radical cation-based approaches for the
evaluation of antioxidant activity: fast-and slow-reacting
antioxidant behavior. Chemical Papers 2018, 72, 1917-
1925, https://doi.org/10.1007/s11696-018-0415-9.

19.Erel, O. A new automated colorimetric method for
measuring total oxidant status. Clinical Biochemistry 2005,
38, 1103-1111,
https://doi.org/10.1016/j.clinbiochem.2005.08.008.
20.Lee, K.S.; Bumbaca, D.; Kosman, J.; Setlow, P.;
Jedrzejas, M.J. Structure of a protein—-DNA complex
essential for DNA protection in spores of Bacillus species.
Proceedings of the National Academy of Sciences, USA

2008, 105, 2806-2811,
https://doi.org/10.1073/pnas.0708244105.
21.Lima, V.N.; Oliveira-Tintino, C.D.; Santos, E.S.;

Morais, L.P.; Tintino, S.R.; Freitas, T.S.; Geraldo, Y.S.;
Pereira, R.L.; Cruz, R.P.; Menezes, I.R. Antimicrobial and
enhancement of the antibiotic activity by phenolic
compounds: Gallic acid, caffeic acid and pyrogallol.
Microbial Pathogenesis 2016, 99, 56-61,
https://doi.org/10.1016/].micpath.2016.08.004.

Page | 5504


https://doi.org/10.2323/jgam.46.269
https://doi.org/10.1007/s13213-011-0309-3
https://doi.org/10.1016/j.lwt.2019.03.017
https://doi.org/10.1080/14786419.2018.1466129
https://doi.org/10.1016/j.jfca.2019.103375
https://doi.org/10.1016/j.neulet.2017.05.020
https://doi.org/10.1007/s13205-018-1358-0
https://doi.org/10.1016/j.jep.2014.12.064
https://doi.org/10.1080/08820139.2018.1523925
https://doi.org/10.1016/j.hermed.2015.12.001
http://dx.doi.org/10.11646/phytotaxa.405.5.1
https://doi.org/10.1016/j.peptides.2004.01.015
https://doi.org/10.1016/j.simyco.2018.02.003
https://doi.org/10.1007/s11694-020-00417-0
https://doi.org/10.1016/j.jtcme.2017.10.003
https://doi.org/10.1016/j.foodcont.2018.05.031
https://doi.org/10.1007/s11696-018-0415-9
https://doi.org/10.1016/j.clinbiochem.2005.08.008
https://doi.org/10.1073/pnas.0708244105
https://doi.org/10.1016/j.micpath.2016.08.004

Antioxidant, antimicrobial and DNA protection activities of phenolic content of Tricholoma virgatum (Fr.) P.Kumm.

22.Du, G.J.; Zhang, Z.; Wen, X.D.; Yu, C.; Calway, T.;
Yuan, C.S.; Wang, C.Z. Epigallocatechin Gallate (EGCG)
is the most effective cancer chemopreventive polyphenol

in green tea. Nutrients 2012, 4, 1679-1691,
https://doi.org/10.3390/mu4111679.
23.Geetha, T.; Garg, A.; Chopra, K.; Kaur, LP.

Delineation of antimutagenic activity of catechin,
epicatechin and green tea extract. Mutation Research-
Fundamental and Molecular Mechanisms of Mutagenesis
2004, 556, 65-74,
https://doi.org/10.1016/j.mrfmmm.2004.07.003.

24.Tajik, N.; Tajik, M.; Mack, 1.; Enck, P. The potential
effects of chlorogenic acid, the main phenolic components
in coffee, on health: A comprehensive review of the
literature. European Journal of Nutrition 2017, 56, 2215-
2244, https://doi.org/10.1007/s00394-017-1379-1.

25.Pei, K.; Ou, J.; Huang, J.; Ou, S. p-Coumaric acid and
its conjugates: dietary sources, pharmacokinetic properties
and biological activities. Journal of the Science of Food
and Agriculture 2016, 96, 2952-2962,
https://doi.org/10.1002/jsfa.7578.

26.Bedirli, A.; Sakrak, O.; Muhtaroglu, S.; Soyuer, L;
Guler, I.; Erdogan, A.R.; Sozuer, E.M. Ergothioneine
pretreatment protects the liver from ischemia-reperfusion
injury caused by increasing hepatic heat shock protein 70.
Journal of Surgical Research 2004, 122, 96-
102, https://doi.org/10.1016/1.js5.2004.06.016.
27.Colognato, R.; Laurenza, I.; Fontana, 1.; Coppedé, F.;
Siciliano, G.; Coecke, S.; Aruoma, O.I.; Benzi, L.;
Migliore, L. Modulation of hydrogen peroxide-induced
DNA damage, MAPKs activation and cell death in PC12
by ergothioneine. Clinical Nutrition 2006, 25, 135-145,
https://doi.org/10.1016/j.clnu.2005.10.005.

28.Deiana, M.; Rosa, A.; Casu, V.; Piga, R.; Dessi, M. A_;
Aruoma, O.I. L-ergothioneine modulates oxidative damage
in the kidney and liver of rats in vivo: studies upon the
profile of polyunsaturated fatty acids. Clinical Nutrition
2004, 23, 183-193, https://doi.org/10.1016/S0261-
5614(03)00108-0.

29.Balasundram, N.; Sundram, K.; Samman, S. Phenolic
compounds in plants and agri-industrial by-products:
Antioxidant activity, occurrence, and potential uses.
Food Chemistry 2006, 99, 191-203,
https://doi.org/10.1016/j.foodchem.2005.07.042.
30.Ferreira, 1.C.; Barros, L.; Abreu, R. Antioxidants in
wild mushrooms. Current Medicinal Chemistry 2009, 16,
1543-1560, https://doi.org/10.2174/092986709787909587.
31.Heleno, S.A.; Barros, L.; Martins, A.; Queiroz, M.J.R.;
Santos-Buelga, C.; Ferreira, I.C. Phenolic, polysaccharidic,
and lipidic fractions of mushrooms from Northeastern
Portugal: chemical compounds with antioxidant properties.
Journal of Agricultural and Food Chemistry 2012, 60,
4634-4640, https://doi.org/10.1021/j£300739m.

32.Ding, X.; Tang, J.; Cao, M.; Guo, C.X.; Zhang, X.;
Zhong, J.; Zhang, J.; Sun, Q.; Feng, S.; Yang, Z.R.
Structure elucidation and antioxidant activity of a novel

polysaccharide isolated from Tricholoma matsutake.
International Journal of Biological
Macromolecules 2010, 47, 271-275,

https://doi.org/10.1016/j.ijbiomac.2010.04.010.

33.You, Q.; Yin, X.; Zhang, S.; Jiang, Z. Extraction,
purification, and antioxidant activities of polysaccharides
from Tricholoma mongolicum Imai. Carbohydrate
Polymers 2014, 99, 1-10,
https://doi.org/10.1016/].carbpol.2013.07.088.

34.Pushpa, H.; Anand, M.; Kasimaiah, P.; Pradeep, P.;
Purushothama, K. Antioxidant and anticancer activity of
Tricholoma giganteum Massee an edible wild mushroom.
Academic Journal of Cancer Research 2014, 7, 146-151.
35.Betteridge, D.J. What is oxidative stress? Metabolism
2000, 49, 3-8, https://doi.org/10.1016/S0026-
0495(00)80077-3.

36.Sies, H. Oxidative stress: oxidants and antioxidants.
Experimental Physiology: Translation and Integration
1997, 82, 291-295,
https://doi.org/10.1113/expphysiol.1997.sp004024.
37.Akgiil, H.; Nur, A.D.; Sevindik, M.; Dogan, M.
Tricholoma terreum ve Coprinus micaceus’ un bazi
biyolojik aktivitelerinin belirlenmesi. Artvin  Coruh
University Journal of Forestry
Faculty 2016, 17, 158-162.

38.Sevindik, M.; Akgul, H.; Bal, C.; Selamoglu, Z.
Phenolic contents, oxidant/antioxidant potential and heavy
metal levels in Cyclocybe cylindracea. Indian Journal of
Pharmaceutical Education and Research 2018, 52, 437-
441, https://doi.org/10.5530/ijper.52.3.50.

39.Barros, L.; Calhelha, R.C.; Vaz, J.A.; Ferreira, 1.C.;
Baptista, P.; Estevinho, L.M. Antimicrobial activity and
bioactive compounds of Portuguese wild edible
mushrooms methanolic extracts. Furopean Food Research
and Technology 2007, 225, 151-156,
https://doi.org/10.1007/s00217-006-0394-x.

40.Alves, M. J.; Ferreira, 1. C.; Froufe, H. J.; Abreu, R.;
Martins, A.; Pintado, M. Antimicrobial activity of phenolic
compounds identified in wild mushrooms, SAR analysis
and docking studies. Journal of Applied Microbiology
2013, /15, 346-357, https://doi.org/10.1111/jam.12196.
41.Venturini, M.; Rivera, C.; Gonzalez, C.; Blanco, D.
Antimicrobial activity of extracts of edible wild and
cultivated mushrooms against foodborne bacterial strains.
Journal of Food Protection 2008, 71, 1701-1706,
https://doi.org/10.4315/0362-028X-71.8.1701.
42.Gbolagade, J.S.; Fasidi, 1.O. Antimicrobial activities of
some selected Nigerian mushrooms. Afiican Journal
of  Biomedical Research 2005, 8, 83-87,
http://dx.doi.org/10.4314/ajbr.v8i2.35766.

43.Yamag, M.; Bilgili, F. Antimicrobial activities of fruit
bodies and/or mycelial cultures of some mushroom
isolates. Pharmaceutical Biology 2006, 44, 660-667,
https://doi.org/10.1080/13880200601006897.

44 Shameem, N.; Kamili, A.N.; Ahmad, M.; Masoodi, F.;
Parray, J.A. Antioxidant potential and DNA damage
protection by the slate grey saddle mushroom, Helvella
lacunosa (Ascomycetes), from Kashmir Himalaya (India).
International Journal of Medicinal Mushrooms 2016, 18,
https://doi.org/10.1615/intjmedmushrooms.v18.i7.80.

45 Hasnat, M.A.; Pervin, M.; Debnath, T.; Lim, B.O.
DNA Protection, Total Phenolics and Antioxidant
Potential of the Mushroom R ussula Virescens. Journal of
Food Biochemistry 2014, 38, 6-17,
https://doi.org/10.1111/jfbc.12019.

Page | 5505


https://doi.org/10.3390/nu4111679
https://doi.org/10.1016/j.mrfmmm.2004.07.003
https://doi.org/10.1007/s00394-017-1379-1
https://doi.org/10.1002/jsfa.7578
https://doi.org/10.1016/j.jss.2004.06.016
https://doi.org/10.1016/j.clnu.2005.10.005
https://doi.org/10.1016/S0261-5614(03)00108-0
https://doi.org/10.1016/S0261-5614(03)00108-0
https://doi.org/10.1016/j.foodchem.2005.07.042
https://doi.org/10.2174/092986709787909587
https://doi.org/10.1021/jf300739m
https://doi.org/10.1016/j.ijbiomac.2010.04.010
https://doi.org/10.1016/j.carbpol.2013.07.088
https://doi.org/10.1016/S0026-0495(00)80077-3
https://doi.org/10.1016/S0026-0495(00)80077-3
https://doi.org/10.1113/expphysiol.1997.sp004024
https://doi.org/10.5530/ijper.52.3.50
https://doi.org/10.1007/s00217-006-0394-x
https://doi.org/10.1111/jam.12196
https://doi.org/10.4315/0362-028X-71.8.1701
http://dx.doi.org/10.4314/ajbr.v8i2.35766
https://doi.org/10.1080/13880200601006897
https://doi.org/10.1615/intjmedmushrooms.v18.i7.80
https://doi.org/10.1111/jfbc.12019

Zeliha Selamoglu, Mustafa Sevindik, Celal Bal, Betiil Ozaltun, Ismail Sen, Ardalan Pasdaran

46.Park, Y. K.; Lee, H. B.; Jeon, E. J.; Jung, H. S.; Kang,
M. H., Chaga mushroom extract inhibits oxidative DNA
damage in human lymphocytes as assessed by comet
assay. Biofactors 2004, 21 (1-4), 109-112.

47.Lee, J.M.; Kwon, H.; Jeong, H.; Lee, J.W.; Lee, S.Y.;
Baek, S.J.; Surh, Y.J. Inhibition of lipid peroxidation and
oxidative DNA damage by Ganoderma lucidum.
Phytotherapy Research: An International Journal Devoted
to Pharmacological and Toxicological Evaluation of

6. ACKNOWLEDGEMENTS

Natural Product Derivatives
https://doi.org/10.1002/ptr.830.
48.Angeli, J.F.; Ribeiro, L.; Gonzaga, M.; Soares, S.D.A.;
Ricardo, M.; Tsuboy, M.; Stidl, R.; Knasmueller, S.;
Linhares, R.; Mantovani, M. Protective effects of B-glucan
extracted from Agaricus brasiliensis against chemically
induced DNA damage in human lymphocytes. Cell
Biology  and  Toxicology 2006, 22, 285-291,
https://doi.org/10.1007/s10565-006-0087-z.

2001, 75, 245-249,

This research was supported financially by the Shiraz University of Medical Sciences, Shiraz, Iran (grant number: 98-01-70-

@ ® © 2020 by the authors. This article is an open access article distributed under the terms and conditions of the
Creative Commons Attribution (CC BY) license (http://creativecommons.org/licenses/by/4.0/).

20394).

Page | 5506


https://doi.org/10.1002/ptr.830
https://doi.org/10.1007/s10565-006-0087-z

