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Abstract. The search for new natural sources of biologically active substances is a major issue in
pharmaceutical industry. Xylotrophic basidiomycetes are common in forests worldwide, but as a
prospective raw source of biologically active compounds they have not been studied as extensively
as plants and other groups of fungi. The study is aimed to determine the chemical composition and
antioxidant activity of extracts from 10 species of tinder fungi growing on birch and common in
the forests in Russia. The chaga muchroom (/nonotus obliquus), traditionally used in medicine,
was chosen as a standard species. Extracts from fruiting bodies were obtained with water or 95 %
ethanol. They contained 4 to 8 types of free amino acids including 2 to 6 essential ones. Perennial
basidiocarps were shown to be richer in phenolic compounds and poorer in amino acids than annual
ones. Alkaloids and saponins were found in perennial basidiocarps of two species, saponins were also
found in annual basidiocarps of one species. Water and alcohol extracts differed in composition and
concentration of extractives, and showed different antioxidant (inhibition of lipid peroxidation) and
antiradical (ABTS-test, inhibition of NO production) activity. This way it was shown that the nature
of the solvent extraction agent is important for the manifestation of biological activity. In most tests,

water extracts from chaga showed better antioxidant properties; extracts from Piptoporus betulinus
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and Fomitopsis pinicola were also effective as antioxidants, which may be promising avenues for

future research.
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AHTHOKCHU/IAHTHAS AKTUBHOCTb U XUMHY€CKHH COCTAB
JIKCTPAKTOB KCHJIOTPO(PHBIX rpudoB Cpeanero YpaJa,

Npou3pacTalimnxX Ha Oepese

A.A. Epmomnn?, U. C. Kucenépa®,

N. B. Hukkonen?, /I. C. Hcenrnymna®,

II. Tyan®, Y. Ma®, B.I1. Kypuenko®
“Vpanvckuil pedepanvHulil yHusepcumem
Poccuiickas ®@eoepayus, Examepunoype

0 Vnusepcumem Brnympenneii Moneonuu
Kumaiickas Hapoonas Pecnyonuka, Xyx-Xomo
‘benopycckuii 20cy0apcmeeH bl YHUgepcumem
Pecnybonuka benapyco, Munck

AnHoTanus. [Torck HOBBIX MIPUPOIHBIX HCTOYHUKOB OMOJIOTHUECKN aKTHBHBIX BELIECTB OCTACTCS
aKTyalibHO# ipo0emMoit. KenoTpodubie 0a3uJMOMHILIETHI ITUPOKO PacpOCTPAHEHBI B Jiecax, HO Kak
CBIpBE JJIS MOy YEeHUsI OMOJIOTMYEeCKH aKTUBHBIX COCIMHEHU OHU MEHEE N3YUEHBI, YeM PacTEeHUS
U IpyTHe Tpymisl rpuooB. Llens uccnenoBanus — H3yueHne XUMHUYECKOT0 COCTaBa U aHTHOKCHAAHTHON
AKTHUBHOCTH 3KCTPaKTOB 10 BUIOB TPYTOBHIX I'PHOOB, IPOU3PACTAIOIMNX Ha Oepe3e U MHUPOKO
pacmpocTpaHeHHBIX B jiecax Poccun. B kagecTBe Buna cpaBHeHuUs BblOpaHa yara [nonotus obliquus,
TPaAUIIIOHHO UCIIONIb3yeMas B MEJUIMHE. DKCTPAKIIMIO BEIIECTB U3 IIJIOAOBBIX TEN IPOBOAMIIN BOLOH
unu 95%-HpIM 3TaHOIOM. B 3kcTpakTax o0Hapy» eHO oT 4 10 8 TUIIOB CBOOOIHBIX AMUHOKHCIIOT, B TOM
qycie oT 2 10 6 He3aMeHUMBIX. [loka3aHo, 4To MHOTOJIETHHE Oa3uInoKapnbl Oorade eHONIbHBIMHU
COEIMHEHUSIMU U OeiHee aMUHOKHUCIOTaMH, YeM OJHOJeTHHE. B MHOrONeTHNX O6a3uauokapnax
JBYX BUJIOB ObUIH OOHApY KEHBI aIKAJOUABI M CAIOHUHBL; TAK)KE CATIOHWMHBI OOHAPYKEHBI Y OTHOTO
BUJIA C ONHOJIETHUMH Oa3uuoKaprnaMu. BogHbIe U CHUPTOBBIE SKCTPAKTHI PAa3IMYAINCh TI0 COCTAaBY

1 KOHOCHTPpAIUU 3KCTPAKTUBHBIX BCUICCTB U ITPOABJIAIN Pa3HY0 aHTUOKCUJAHTHY IO (I/IHFI/IGI/IPOBaHI/Ie
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MIEPEKUCHOTO OKUCIICHUS JTUINI0B) U aHTHpaaAnKanbHyI0 (ABTS-Tect, nnrubupoanue npoxykuuu NO)
aKTUBHOCTH. TakuM 00pa3oM, IpUpPoO/a IKCTPAareHTa MMeeT 3HaYeHHE JIsI IIPOSIBICHUS OMOJIOTHUIECKOH
AKTHBHOCTH. B OOJIBIIMHCTBE TECTOB BOJHBIE SKCTPAKTHI Yar MOKa3aid HAaHy4Illne aH THOKCHIAHTHbBIC
CBOHCTBA, OTHAKO C HUMH MOTYT OBITH COIOCTABUMBI SKCTPAKTHI Piptoporus betulinus n Fomitopsis

pinicola, 9T0 OnpeneNnsieT NePCIeKTHUBLI UX JaTbHEHUIIIETO U3y YCHHS.

KuroueBble ¢J10Ba: KCUIOTPO(HBIC IPHOBI, Yara, ()eHOJIbI, AaHTHOKCUIAHTHASI AKTHBHOCTH, AMHHOKHUCIIOTBI,

Ka4yeCTBCHHBIN COCTaB.

BbuaarogaprocTu. PaboTa BeInoNHEHA TpH oA AEPAKKe MUHNCTEPCTBA HAYKH U BBICILIETO 00pPa30BaHU
Poccuiickoit @enepanun, npoext Ne FEUZ-2021-0014. ABTOpBI BEIpaXKatOT IITyOOKY10 IPH3HATEIBHOCTh
mpogeccopy, JOKTOpy Ononornyeckux Hayk Buktopy Anapeesnay MyxXuHy 3a HOMOIIb B HACHTH(DHUKALINN

BUJIOB.

Iutuposanue: Epmomnn, A. A. AHTHOKCHIQHTHAsI aKTHBHOCTh U XUMHUYECKHI COCTAB 3KCTPAKTOB KCHIOTPO(HBIX IPUOOB
Cpennero Ypaia, npouspacraromux Ha 6epese / A. A. Epmonun, 1. C. Kucenésa, U. B. Hukkonen, /1. C. Heenrnymsa, I11. Jlyan,

Y. Ma, B.II. Kypuenko // XKypn. Cub. penep. yn-ta. buonorus, 2021. 14(3). C. 339-353. DOI: 10.17516/1997-1389—-0354

Introduction

Industrial development and urbanization affect
negatively the biota. Pollution causes oxidative
stress in living organisms, which leads to metabolic
disorders and pathological conditions in them.
This explains high demand in biologically active
substances (BAS) with antioxidant and antiradical
activity. Artificial synthesis of such compounds in
pharmaceutical industry and biotechnology poses
a significant challenge, therefore, active search for
natural sources of BAS is of great interest.

Higher with
metabolism are major sources of natural BAS.

plants rich secondary
Higher fungi also have a wide range of secondary
metabolic pathways, but they have been studied
as a potential source of BAS to a much lesser
extent than plants. Fungi are known to have
been applied in Oriental medicine (Japan, Korea,
Vietnam and especially China) and traditional
East-European medicine quite a lot, although
not as extensively as plants (Lindeqist et al.,
2005; Blagodatski et al., 2018). In Russia, the
chaga muchroom (/nonotus obliquus (Ach. ex

Pers.) Pil.) has been long used to treat tumors

and inflammations. It has been proven that chaga
preparations have a pronounced anticancer and
immunomodulatory effect. For this reason, they
are used as a prophylactic agent, as well as a
component of complementary therapy (Tsai et
al., 2017; Gery et al., 2018). In China and Japan,
the reishi (also known as lingzhi) mushroom
(Ganoderma lucidum (Curtis) P. Karst) is widely
used for medical treatment. It has been shown
that fruiting bodies of ganoderma contain
high concentrations of steroids and triterpenes
(triterpenic acids and alcohols), which have
a pronounced anticancer effect (Zhao et al.,
2019). In Japan, extracts of glycoprotein from
biotechnologically cultivated Trametes versicolor
(L.) Lloyd are used as anticancer drugs (Ho et al.,
2005). Other types of wood-destroying (tinder)
fungi are used in both traditional and modern
medicine, but are less studied (Gruendemann et
al., 2020; Payamnoor et al., 2020).

Xylotrophic  basidiomycetes found in
Russian forests are promising for study with
respect to content of BAS and their antioxidant

and antiradical activity. Considering the fact
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that a significant part of Russia is covered with
forests, there is a huge potential for raw materials
from them. The paper aims to determine the
antioxidant and antiradical properties of extracts
obtained from fruiting bodies of the most
common xylotrophic basidiomycetes and to
study their chemical composition qualitatively

and quantitatively.

Materials and methods

Biological material

Fruiting bodies of basidiomycetes growing
on birch (Betula pendula Roth.) were used as
material for extraction. They were collected in
mixed forest with dominant pine (Pinus sylvestris
L.) in the vicinity of the Ural Federal University
biological station (Russia, Sverdlovsk Oblast, the
village of Klyuchi, near the city of Dvurechensk —
56°37'44" N, 61°03'53" E). Fruiting bodies were
collected from tree trunks at the height of up to 2
m. Depending on the species abundance, samples
were collected from 10-30 trees, 20—50 fruiting
bodies each. The material was fixed by heating at
50 °C for 1 h, air-dried to a constant mass, ground
and randomized.

Ten species of fungi were studied: 1. obliquus
(the chaga mushroom), Fomes fomentarius (L.)
Fr., Fomitopsis pinicola (Sw.) P. Karst, Phellinus
(Niemela)

betulinus (Bull)) P. Karst., Trametes versicolor,

cinereus Parmasto, Piptoporus
T. pubescens (Schumach.) Pilat, T gibbosa (Pers.)
Fr., Trichaptum pergamenum (Fr) G.Cunn.,
Stereum subtomentosum Pouzar. The first four
species have perennial basidiocarps, the others
are annuals. The chaga has been commonly used
in traditional and modern medicine and is well
studied; for this reason, we used it as a standard
species.

Species were identified using identification
keys and compared with the species description
(Storozhenko et al., 2014; Kotkova et al,
2015). Samples were validated by mycologist,

Professor V. A. Mukhin (Ural Federal University,
Ekaterinburg).

Extraction

A solvent extraction agent — distilled
water or 95 % ethanol (3 mL) — was added to
dry biomass of fruiting bodies (150 mg). The
mixture was treated with ultrasound for 15 min
(570 W) and kept for 25 min in a water bath at
50 °C, occasionally stirred. Then the mixture
was centrifuged. Extraction was repeated 3 more
times, supernatants were pooled, and volume was
adjusted to 15 mL. One milliliter of the obtained
extract corresponded to 10 mg of dry biomass
(DW) of the fungus.

Antioxidant activity

Antiradical activity was determined
by the ability to inhibit the formation
of the ABTS-radical -  2,2-azino-bis

(3-ethylbenzothiazoline-6-sulfonic  acid) —
and was expressed as a percentage; complete
inhibition of radical formation was taken as
100 % (Re et al., 1999).

The ability to suppress the formation of nitric
oxide was determined in the model with sodium
nitroprusside. Complete suppression was taken as
100 %. Negative values indicate the stimulation
of nitric oxide production (Umamaheswari,
Chatterjee, 2008).

Membrane lipid peroxidation (LPO)
was modeled in the reaction of free tween-80
oxidation with atmospheric oxygen in the
presence of iron ions, followed by determination
of formed malondialdehyde in the reaction with
thiobarbituric acid. Complete suppression of
tween-80 oxidation was taken as 100 %. Negative
values correspond to prooxidant activity of
the extract and stimulation of LPO processes
(Umamaheswari, Chatterjee, 2008).

The total

determined by the formation of molybdenum

reduction  potential ~ was
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blue. The absence of reducing power was taken
as 0 conventional units. Positive values indicated
the reduction potential of the examined extracts
(Umamaheswari, Chatterjee, 2008).

Qualitative analysis

of the chemical composition

To detect alkaloids, precipitation reactions
were carried out with iodide complexes of
mercury, bismuth, cadmium, phosphotungstic,
phosphoromolybdic salts and picric acids, tannin,
and iodine (Sorescu et al., 2018). The reactions
were carried out by the micro method using an
immunological plate. The presence of alkaloids
was justified if the analytical effect was observed
for 4 or more reactions out of 8 carried out.

The presence of phenols was determined by
the reaction with iron (III) chloride; flavonoids
were identified by the Synod-test (reduction with
molecular hydrogen to red flavones in an acidic
medium), by increased yellow coloring with lead
acetate in an alkaline medium (Shaikh, Patil,
2020), and by aluminum chloride test (Sheel et
al., 2014).

Saponins were determined by the formation
of foam upon shaking with water (Sorescu et al.,
2018) and formation of a precipitate with lead
acetate (Pavlovskaya et al., 2012).

Paper chromatography

For paper chromatography, an aliquot of
the extract equivalent to 4 mg DW of fungi was
applied onto chromatographic paper. Separation
was carried out by descending chromatography
in 95 % ethanol for 15 h. Chromatograms
were dried and sprayed with 0.2 % ninhydrin
in acetone. Amino acids were identified by
comparing the Rf values of chromatographically
separated substances and standards.

Phenolic compounds were determined
after the exposure to UV irradiation before and

after treatment with ammonia vapor. Phenols

were identified based on the color of the spot,
its fluorescence and a change in color intensity.
Phenolic acids and alcohols fluoresced in blue
light. Polyphenols were detected as gray and
brown spots (Sokolova et al., 2018).

Quantitative analysis

of the composition of extracts

The content of phenolic compounds was
determined spectrophotometrically with the
Folin-Chocalteu reagent, with gallic acid as the
standard (Larayetan et al., 2019).

Flavonoids determined

with

were
spectrophotometrically as complexes
aluminum chloride, with rutin as the standard
(Larayetan, 2019).

Free acids determined

amino were

spectrophotometrically with the ninhydrin

reagent, with glycine as the standard (Kotova et

al., 2020).
All

performed using an Infinite Tecan M 200 Pro

quantitative = measurements  were

microplate spectrophotometer (Tecan, Austria).

Statistical data processing

Quantitative analyzes were done in 4-5
(identification of phenols, flavonoids, amino acids)
or 6—8 (antioxidant reactions) analytical replicates.
Statistical significance of the differences was
determined by the nonparametric Mann-Whitney
U-test using the Statistica 8.0 and MS Excel 2013
software packages. The values are presented as the

arithmetic mean and its standard error (SE).

Results and discussion

Antioxidant activity of extracts

An assay of antioxidant activity was
carried out in water and ethanol extracts from 10
xylotrophic fungi species growing on birch in the
forests of the Middle Urals (Table 1). The reducing
power of the extracts varied depending both on the

species and type of the solvent extraction agent.
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Table 1. Antioxidant activity of water and ethanol extracts from fruiting bodies of tinder fungi

Species Reduction potential, c. u. Inhibition of LPO, %
Ethanol Water Ethanol Water

I obliquus 14.0+£2.8 118.4+13.3% 9.4+2.8 43.4+£3 .9
F. fomentarius 123.3£7.9% 48.6+£6.9* 16.1+11.0 3.94£2.0%*
F. pinicola 52.4+3.4% 23.8+].1%*x 21.2 £7.0* 3.3£2.0%x
P. betulinus 129.0+5.0* 115.2+8.1 -0.5+1.0* -8.0£2.4%x
P. cinereus 11.9+6.4* 32.04+2.6%* 13.1£2.3 1.3£1.0*
S. subtomentosum 47.442.7* 73.9+2.9%x -5.142.5% 1.3£1.0%*
T. gibbosa 26.2+5.6* 28.8+12.0* -4.142.5% -4 143 4%
T. pergamenum 40.848.3%* 59.748.3* -1.242.0* -4.6+2.0*
T. pubescens 31.3+4.8* 63.6+20.0 -10.4+0.2* 9.5+0.6**
T. versicolor 18.8+3.2* 68.0£6.1%* -1.9+1.5% -10.0+5.0*

Note. Results are expressed as mean + SE. Values marked by special symbols are significantly different (p < 0.05) from other

related values: *from chaga (1. obliquus), *from ethanol.

Water extracts from the chaga, 7. versicolor and
P. cinereus had greater reducing power than
ethanol ones (8.4 times, 3.6 times and 2.7 times
greater, respectively), while water extracts from
F. fomentarius and F. pinicola were 2.5 times less
active than ethanol ones. For the other species,
reducing power of aqueous and alcoholic extracts
differed less markedly. A comparison of water
extracts from different species showed that the
chaga and P. betulinus had the highest reducing
power. Ethanol extracts from 7. versicolor
and P. cinereus practically did not differ from
ethanol chaga extracts in terms of their reduction
potential. Ethanol extracts from other species
showed a significantly greater reducing power
than those from the chaga. P. betulinus ethanol
extract showed the highest activity. It was 9 times
more active than chaga extract. Thus, the highest
reducing power was found in water chaga extract,
and water and ethanol extracts from P. betulinus
(Table 1).

Membrane lipid peroxidation (LPO) is
one of the nonspecific responses in cells under
oxidative stress. Water and ethanol extracts from
the investigated fungi were tested as antioxidants

in the LPO model. Among water extracts, the

best result was shown for chaga — the amount
of malondialdehyde (MDA) formed in the LPO
reaction was decreased by 43 % in the presence
of chaga extract. Water extract from 7. pubescens
inhibited lipid peroxidation by 9.5 %, while
water extracts from the other species either
did not suppress the formation of MDA, or
even stimulated it, i. e., they were prooxidants
(Table 1).

Ethanol chaga inhibited the
formation of MDA to a lesser extent (9.5 %) than

extract

its aqueous extract. Extracts from F. fomentarius
and P. cinereus showed approximately the same
efficiency (16 and 13 %). Ethanol extract from
F. pinicola was more active than the water one
(21 % versus 3 %). The rest of the samples
revealed a slight prooxidant effect and stimulated
formation of MDA by 1-10 %.

Thus, not all samples with high reduction
potential inhibited the formation of MDA. Some
of them had a prooxidant effect. In some cases,
fungal extracts could both stimulate and inhibit
the formation of MDA, depending on the solvent
used (Table 1).

In addition to reactive oxygen species,

oxidative stress can be caused by reactive
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production (b). Results are expressed as mean + SE. Values marked by special symbols are significantly different
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nitrogen species (Brieger et al., 2012). An
analysis of the extracts' ability to inhibit nitrogen
oxide production in vitro showed that the aqueous
chaga extract had the highest effect — NO
production was decreased by 56 % (Fig. 1a). The
extracts from P. betulinus and S. subtomentosum
showed a slightly lower activity (43.8 % and
37.9 % decrease in NO production, respectively).
Water extracts from other fungi also inhibited
NO production, but they were at least 2 times less
effective than the chaga extract.

Ethanol extracts inhibited the formation of
nitric oxide to a lesser extent than water ones. The
highest inhibitory activity was shown by ethanol
extracts from 1. obliquus (40.8 %), F. fomentarius
(36.7 %) and P. cinereus (31.5 %) (Fig. la).

In the test for suppression of the ABTS
radical production, the water chaga extract was
1.5 times more active than its ethanol extract,
in contrast to F. fomentarius; its aqueous
extract was 2 times less active than the ethanol
one (Fig. 1b). This corresponds to the reducing
power of extracts (Table 1). The activity of
F. fomentarius ethanol extract was maximal
in comparison with other species (about 90 %)
and exceeded the activity of the water chaga

extract by 1.5 times. F. pinicola, P. betulinus,

S. subtomentosum showed antiradical activity to
be comparable to that of chaga. Extracts from the
other species were significantly inferior to chaga
in terms of this effect (Fig. 1b).

Chemical composition of extracts

from fruiting bodies
of xylotrophic basidiomycetes

Antioxidant activity in different
fungi may be associated with production

of different

chromatography combined with mass

compounds. Previously, using
gas
spectrometry we showed that methanol extracts
from xylotrophic fungi contain more than 100
minor and basic compounds, including free
carbohydrates arabinitol and sorbitol, hexa-
and octodecanoid acids and their derivatives,
ergosterol and its derivatives, lupeol and other
secondary compounds (Kurchenko et al., 2020).
The results of quality tests for biologically active
substances in the studied extracts are presented
in Table 2. Metabolite composition of aqueous
and ethanol extracts from the same species was
similar.

Alkaloids were found only in two species,
F. fomentarius and F. pinicola. F. fomentarius,

P. betulinus and F. pinicola showed the presence

Table 2. The qualitative composition in extracts from fruiting bodies of tinder fungi (similar in water and ethanol

extracts)
Fungi species
S
e}
g 8 . . =
Group of compounds 2 S = § 2 § s § Ng §
= S S S 2
§ § 8 % 5 S £ s s S
kS s £ § £ § = 3 g 5
< S g < S 2 & m = S
~ & & Y Y “i &~ & ~ &
Alkaloids - + + - - - - - - -
Flavonoids - + - - - - - - - -
Saponins - + + + - - - - - -
Simple phenols + + + + + - - - - -

Note. (+) compound is determined; () compound is not determined
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of saponins. Alkaloids and saponins usually have
a pronounced biological activity. It makes the
species rich in these compounds promising for
further study, in spite of the fact that their content
is not directly related to the antioxidant ability
of drugs. Antiradical and antioxidant activity
of extracts is manifested to a greater extent due
to phenolic compounds, including flavonoids.
Qualitative reactions showed the presence of
flavonoids in F. fomentarius. In other species, they
were not detected. However, we cannot exclude
that they might be present in trace amounts, out of
the detection limits of the methods used. Phenols
were found only in the extracts from perennial
basidiocarps and P. betulinus, while in annual
basidiocarps they were not discovered, or their
concentration might be lower than the detection
limits of the tests (Table 2). This difference might
be related to the life forms of the fungi. Species with
perennial basidiocarps have to withstand many
unfavorable environmental factors, therefore, they
accumulate phenols that perform an antioxidant
function and protect against animals and parasites.
Antioxidant ability of these species is also justified

by the presence of alkaloids.

Quantitative analysis showed that the total
content of phenols differed in water and ethanol
extracts (Fig. 2a). In chaga water extract, phenols
concentration was almost 4 times higher than in
the ethanol one. It is explained by the fact that
chaga is rich in melanins, which are phenolic
compounds soluble in water, but not in ethanol
(Sushinskaya, Kurchenko, 2006). In F. pinicola,
water extract also contained more phenols
than alcoholic extract — 0.8 %. Water chaga
extract contained more phenols than any other
samples — 2 % of dry mass. Alcoholic extracts
from F. fomentarius and P. betulinus contained
1.3 % and 0.8 % of phenols, respectively. In
alcoholic extracts from the other species, there
were no more than 0.5 % of phenols. Thus, water
can be recommended for extraction of phenolic
compounds from [ obliquus, F. pinicola and
P. cinereus, and in the case of F. fomenterius,
P. betulinus, and T. versicolor, phenols are
extracted more efficiently with ethanol.

The qualitative composition of phenols
was compared based on chromatography data
(Table 3). Chaga, F. pinicola, and P. betulinus had
the greatest variety of phenols: they contained at

Table 3. Chromatography of phenols in extracts from fruiting bodies of tinder fungi (similar in water and ethanol

extracts)

Number of

Group of compounds

Species
P compounds

Phenolic alcohols
and acids

Polyphenols Aurons

. obliquus

F. fomentarius

F. pinicola

P. betulinus

P. cinereus

S. subtomentosum
T. gibbosa

T pubescens

T. versicolor
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T. pergamenum
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least 7-8 individual compounds. The rest of the
species contained 4-5 compounds; 7. versicolor
and 7. pergamenum were poorer in phenol
diversity — 1 and 2 spots, respectively. Species
with a high total amount of phenols had a
greater variety of compounds. Solvents used for
chromatography of chaga extracts did not allow
to separate melanins and they remained on the
starting line. According to our data, phenolic acids
and alcohols in chaga prevailed over polyphenols,
excluding melanins. One orange fluorescent spot
was identified as auron. It was not found in other
species. In F. pinicola, phenolic alcohols and
acids accounted for half of identified substances,
and polyphenols accounted for the other half.
InP. betulinus, on the contrary, polyphenols
prevailed over phenolic acids and alcohols.
Flavonoidsareaspecial group of polyphenols.
The most common source of them are plants, but
there is evidence of their presence in fruiting
bodies of fungi (Kim et al., 2008; Payamnoor
et al., 2020). Quantification (Table 4) revealed
flavonoids in F. fomentarius — 0.5 mg/g DW in
ethanol extract, and in water extract from chaga

its concentration was about 0.2 mg/g DW. In the

other species, the concentration of flavonoids did
not exceed 0.05 mg/g DW.

While antioxidant activity of phenolic
compounds is widely discussed in literature,
amino acids are less often considered as
antioxidants, although some of them contain
aromatic and sulfhydryl groups potentially
providing antioxidant activity. The concentration
of amino acids in the extracts varied from 1.6
to 95.9 mg/g DW, depending on the species and
solvent extraction agent (Table 4). The highest
amount of free amino acids was found in
P. betulinus: 3 % in water and 9.5 % in ethanol
extracts. Among the studied species, only this
one is considered conditionally edible in several
East-European countries (Pleszczynska et al.,
2017). Unlike other species, it has soft, yet rather
fleshy annual basidiocarps, with a high content
of free amino acids. This species also showed
high antioxidant activity and reducing power
(Table 1, Fig. 1). In general, the content of free
amino acids in the extracts was higher than that of
phenolic compounds as amino acids are primary
metabolites and precursors for the biosynthesis of

secondary compounds.

Table 4. Concentration of amino acids and flavonoids in extracts from fruiting bodies of tinder fungi

Species Amino acids, mg/g DW Flavonoids, pg/g DW
Ethanol Water Ethanol Water
1 obliquus 1.6+£0.5 13.9+0.6* 31.8+3.0 165.9+8.3%
F. fomentarius 7.8+0.4* 7.6£5.3 453.8+22.5% 15.7£2.0%*x
F. pinicola 8.6+0.9* 9.6+2.2 45.8+4.1 N.d.*
P. betulinus 95.9+5.1* 31.8£3.9% 49.7+4.5 45.0+4.0%
P. cinereus 2.3£0.3 7.0£1.5¢ 37.3£3.1 25.242.0*
S. subtomentosum 20.7+0.9%* 21.4+0.2% 58.245.4* N.d.**
T. gibbosa 14.2+0.9* 7.4£5.9 10.9+1.0%* N.d.*=
T. pergamenum 12.1+1.7% 12.242.7 N.d.* N.d.*
T. pubescens 31.1x4.2% 21.4+3.4* 9.3£1.0* 14.6+1.5%
T versicolor 6.8+1.7* 14.3+3.7 7.3+0.7* 5.9+1.0*

Note. Results are expressed as mean = SE. N.d. — the compound was not detected. Values marked by special symbols are
significantly different (p < 0.05) from other related values: *from chaga (. obliquus), *from ethanol.
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The comparison of antioxidant activity of
the extracts (Table 1, Fig. 1) and the content of
metabolites (Table 4, Fig. 2a) did not reveal a
direct relationship between these characteristics.
For example, a decrease in the content of
phenols in aqueous extract from F. fomentarius
led to a decrease of NO-scavenging and
ABTS-inhibition, while for P. betulinis it led
to an increase in these values. For P. betulinus,
antioxidant activity, probably, was associated not
with phenolic compounds, but with some other
group of substances, perhaps amino acids that
this species was rich in.

The nutritional value of different amino
acids varies, so it is important to qualify them.
Table 5 shows the results of paper chromatography
of free amino acids. No difference was found in
the composition of water and ethanol extracts,
so the table includes unified data. The fruiting
bodies of fungi contained from 4 to 8 individual
amino acids, including essential ones. All

investigated species contained non-proteinogenic

amino acid ornithine due to the ornithine cycle
as the way of urea synthesis in fungi. Among
the essential amino acids, lysine was found in
all species and cysteine was found in all except
chaga. Methionine, leucine, phenylalanine, and
tryptophan were rarely found. Histidine was not
detected at all. Among the nonessential amino
acids, alanine and arginine were detected. A
sulfur-containing amino acid, cysteine was found
in all fungi, excluding chaga; tyrosine, containing
a phenyl radical was found in 8 species. These
amino acids can act as antioxidants, as well as
chelating agents for heavy metals. This confirms
the assumption that antioxidant and antiradical
activity of the extracts may be associated not
only with phenolic compounds, but also with free
amino acids. P. betulinus, which had the highest
content of free amino acids, turned out to be one
of the poorest in terms of the variety of essential
amino acids — only 4 of them were identified.
However, three of them possess antioxidant

activity.

Table 5. The qualitative composition of amino acids in extracts from fruiting bodies of tinder fungi (similar in

water and ethanol extracts)

Essential Nonessential
*ﬂ.)
5 . £ % 5
Species £ * & & £ g . o |Total

Q g 2 = 1 o, = o = -8

g o kS k= = E 3 o g = = =

5 &£ = 2 g & & £ |8 § =

=] % D ©a 5] = > = S < on e

5] > > = > ) < ° — = o

i R = J = £ B > B | < < O
1 obliquus + + 2 + + 4
F. fomentarius + + + + + 5 + + + ]
F. pinicola + + + 4 + + + 7
P. betulinus + + + + 4 + + + 7
P. cinereus + + + + 5 + + 7
S. subtomentosum + + + + 4 + + 7
T. gibbosa + + + + + 5 + + 8
T. pubescens + + + + + + 6 + + 8
T versicolor + + + + 4 + + 7
T. pergamenum + + + + 4 + + 7

Note. * — aromatic amino acids; ** — sulfur-containing amino acids
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The amount of extractives is an integral
indicator that is often used to characterize
biological raw materials when the chemical
composition of the object has not been
sufficiently investigated. This fully applies to
fungi. For chaga, for example, it is known that
the biological activity of extracts is higher, the
higher the concentration of extractives in them is
(Sushinskaya, Kurchenko, 2006). The data on the
amount of extractable substances are presented
in Fig. 2b. More extractives were found in water
extracts compared to ethanol ones. Among the
water extracts, those with a higher content of
extractable substances had a higher antioxidant
activity. When comparing annual and perennial
basidiocarps, it was noted that the variations
in total extractives were less pronounced than
in the concentration of phenols, amino acids
and antioxidant activity. Extracts from annual
basidiocarps contained more amino acids and
less phenols and flavonoids than perennial ones
that led to lower antiradical activity in the ABTS
test, lower ability to suppress NO production and
to inhibit lipid peroxidation in comparison with

extracts from perennial fruiting bodies.

Conclusion

The study of the extracts from fruiting
bodies of xylotrophic fungi showed that they are a
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