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Abstract

The total amino acid compositions, total phenolic compounds, total flavonoid content, B-carotene content
and hydroxyl radical scavenging activity in four wild edible mushrooms — Hericium erinaceus, Laetiporus
sulphureus, Polyporus umbellatus, Sparassis nemecii have been studied in this work. Maximal indexes of
total phenolic compounds in 41.28-43.82 mg of gallic acid equivalents per gram of dry weight were revealed
for ethanol extracts of L. sulphureus and H. erinaceus. Maximal index of total flavonoid content in 7.91 mg
of quercetin per gram of dw was revealed for ethanol extract of H. erinaceus. The content of -carotene
from ethanol extracts of studied mushrooms ranged from 2.1 to 3.1 pg B-carotene per gram of dw. The most
intensive ‘OH scavenging activity is characteristic for ethanol extract of H. erinaceus. The fraction of essential
amino acids in mushrooms was 44%, 41.25%, 43.49% and 47.30% in S. nemecii, L. sulphureus, P. umbellatus
and H. erinaceus, respectively. The fraction of hydrophobic amino acids ranged from 38.19% in L. sulphureus
t0 49.5% in H. erinaceus. Therefore, the ethanol extracts of H. erinaceus can be used as a source of compounds
with high antioxidant potential. The basidiomata of S. nemecii and P. umbellatus can be recommended for use
as a source of amino acids.
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Introduction

This study is directed at discovering natural sources of antioxidants and for the correction of various
pathological states which is typically accompanied by the intensification of free radical processes.
Fungi — organisms that are the second most species-rich organism group (Dai et al., 2015) occupy
an important place in these kinds of studies. Therefore, the search for mushroom species whose
basidiomata/extracts could become a reliable source of antioxidants is an important practical
aspect of mycological science (Kozarski et al., 2015; Boonsong et al., 2016). Mushrooms can be
also an inexhaustible source of essential amino acids, which is important in the development of
special nutritional supplements for people with various metabolic disorders and/or specific dietary
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nutrition (Yuwa-Amornpitak et al., 2020). Therefore, the study of the amino acid composition of
these organisms is of great interest. Although most macromycetes have antioxidant properties and
are a source of amino acids, we give preference to species whose basidiomata are edible, (i.e. non-
poisonous for humans), currently cultivated or on the way to the development of artificial cultivation
methods, and have recorded medical and biological properties. For the reasons highlighted above, we
chose the species Laetiporus sulphureus (Bull.) Murrill, Polyporus umbellatus (Pers.) Fr., Sparassis
nemecii Pilat & Vesely (Polyporales) and Hericium erinaceus (Bull.) Pers. (Russulales).

Laetiporus sulphureus is a fungus with positive medicinal and biological properties; it is widely
distributed across North America and Europe and occasionally a weak parasite. This species is
edible when young; its basidiomata grow striking golden-yellow shelf-like structures on tree trunks
and branches. This mushroom produces the L. sulphureus lectin, which exhibits haemolytic and
haemagglutination activities (Wang et al., 2018). Commercial cultivation of L. sulphureus occurs but
at a much smaller scale than the oyster mushroom and Agaricus bisporus (J.E. Lange). The resulting
mature basidiomata can reach a weight of 200-300 g (Pleszczynska et al., 2012).

The chemical composition of the fungus was studied partly. Kovacs and Vetter (2015) reported
macrocomponents (crude protein, -fibre, -fat, -ash contents, calculated carbohydrate concentration,
organic ingredients and the energy level), digestible protein, non-protein nitrogen and free amino
acid contents (not amino acid list) of basidiomata of L. sulphureus. Mineral components, different
protein fractions, soluble oligo- and polysaccharides of L. sulphureus were studied too. Sutkowska-
Ziaja et al. (2018) reported proteins and fats content, total carbohydrates, malic-, citric- and ascor-bic
acid of the basidiomata. The selected compounds isolated from L. sulphureus revealed anticoagulant,
hypoglycemics, hypolipemic, anticancer, cytotoxic, anti-inflammatory, acetylcholinesterase
inhibiting, antioxidants, antifungal and reverse transcriptase of HIV-virus, inhibitors activities.
Therefore, the study of amino acid content and antioxidant activity of ethanol extracts of basidiomata
of L. sulphureus will complement data about the biological value of the fungus.

Polyporus umbellatus is an edible and medicinal mushroom. The young basidiomata growing on
the ground are edible, while its underground part has medicinal properties (Jong and Birmingham,
1990; Zhao and Zhang, 1992). This fungus is widely distributed in Europe, North America, and
East Asia (Bandara et al., 2015). This mushroom is considering promising for cultivation due to its
medicinal, and nutritional value. It is popular in China’s fungal market and is called “Zhu Ling”.
Numerous publications are devoted to the development of methods of cultivation of P. umbellatus,
in particular sclerotia and/or basidiomata of the fungus (Huang and Liu, 2007; Xing et al., 2013;
Pasailiuk, 2020).

The medical and biological properties of P. umbellatus are well studied. Food and dietary supplements
have been developed based on the mycelium and sclerotia of this fungus. Medical attributes of this
fungus include enhanced liver function (Complexe Hepato Bio), relief of inflammatory conditions,
supporting immune function (Polyporus MRL preparation), supporting white blood cell production
and providing antioxidant protection (Mushroom 6 Immune Support Complex), strengthing the
immune system (Mycophyto ® Complex), enhancing the body’s immune response to an antigen
(P. umbellatus Extract); it is also suitable for diabetics and people who suffer from celiac disease
(P. umbellatus HAT), those who are diuretic, and enhances anticancer activity (Zhu Ling Hot-water
extract).

The basidiomata of P umbellatus are a source for biological active supplements such as “P.
umbellatus 180 capsules” which have antitumor effects, immune system enhancement, hair
growth, antioxidant and free-radical scavenging activity, diuretic effects, and antiviral effects
(Bandara et al., 2015). Basidiomata of fungus are rich in important bioactive substances such as
fatty acids, 2-hydroxytetracosanoic acid (Yosioka and Yamamoto, 1964), (1—3)-B-D-glucan (Lee
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and Park, 2001), polysaccharides (Dai et al., 2012). Lu et al. (1985) isolated four components, viz.
ergosta-5,7,22-trien-3-0l (ergosterol), ergosta-7,22-dien-3-one, ergosta-7,22-dien-3-ol, and Sa,8a-
epidioxyergosta-6,22-dien-3-ol, from the basidioma of P. umbellatus. Ohsawa et al. (1992) identified
seven polyporusterones from the basidiomata of P. umbellatus and named them as A, B, C, D, E, F
and G. However, the amino acid content of P. umbellatus basidiomata has not been studied. Since
protein content has a direct effect on free radical scavenging activity, we decided to study amino acid
composition and antioxidant activity of wild P. umbellatus basidiomata.

Sparassis nemecii is an edible mushroom. It was included to the Red Lists of some European
and Asian countries under an Endangered status. Examples of the studied fungus were found on the
territory Hutsulshchyna National Nature Park (Hutsulshchyna NNP). It is the only place of fungus
growth in Hutsulshchyna NNP and in Ukraine. Fungi were identified by Heluta et al. (2016). Pure
cultures of this fungus are stored in the IBK Mushroom Culture Collection (Bisko et al., 2016, https://
ccinfo.wdcm.org/details?regnum=1152) and in the mycological laboratory of Hutsulshchyna NNP.
Cultivation of the fungus was done by Pasailiuk (2019). Suitable substrates for growing mycelium
and small size basidiomata of S. nemecii were established. The mechanical properties of the substrate
were also important factors for the growth of S. nemecii mycelium.

Sparassis spp., contribute a significant economic and industrial role as a source of health supplement
therapeutics, pharmaceutics, and biotechnological products. There is a close relationship between
Sparassis species and L. sulphureus, which also produces brown rot, and was suggested by sequence
data from rDNA (including the ITS region) and the partial gene coding RNA polymerase sub-unit II
(RPBII) (Wang et al., 2004). However, the chemical composition of S. nemecii, its medicinal value and
commercial value were not studied. Consequently, it is important to study amino acid compositions
and antioxidant activity of ethanol extracts of wild basidiomata of fungus, which we do in this article.

Hericium erinaceus is an edible and medicinal mushroom that belongs to the Russulalles order. This
mushroom is very popular in Eastern medicine and the methods of its cultivation have been studied
(Figlas et al., 2007; Hassan, 2007; Julian et al., 2018). For this reason, some of its properties and
bioactive substances have already been studied. From the basidiomata of the mushroom, H. erinaceus,
biological active components were isolated as meroterpenoid, named hericenone K, astradoric acid
C, 3,4-dihydro-5-methoxy-2-methyl-2-(4’-methyl-2’-0x0-3’-pentenyl)-9(7H)-oxo-2H-furo[3,4-h]
benzopyran, ergosterol peroxide, 3pB,50,9a-trihydroxy-ergosta-7,22-dien-6-one, cerevisterol,
inoterpene A, ursolic acid, betulin, hemisceramide, and oleanolic acid (Zhang et al., 2015). The ability
of H. erinaceus mycelia to inhibit bacterial growth was reported in Julian et al. (2018). This fungus
(both the mycelia and basidiomata) has antidiabetic, antihyperlipodemic, hepatoprotective, anti-
inflammatory, anticarcinogenic, antioxidative, antihypertensive, cardioprotective, antisenescence,
antifatigue, antibiotic, immunostimulating, nephroprotective, and neuroprotective properties. It
can improve anxiety, cognitive function, and lower depression levels (Friedman, 2015). In Eastern
Asia, H. erinaceus is used traditionally to improve memory (Zhang et al., 2017). Considering the
high medical and edible value of the mushroom, information about its amino acid composition and
antioxidant activity of alcohol extracts of the wild H. erinaceus basidiomata of is an important aspect
for understanding the nutritional value of the mushroom.

The purpose of the work is to study the amino acid composition and antioxidant activity the ethanol
extracts of wild basidiomata of S. nemecii, L. sulphureus, P. umbellatus and H. erinaceus mushrooms.
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Materials and Methods

Source of the basidiomata

The fungi studied, S. nemecii, L. sulphureus, P. umbellatus and H. erinaceus, were collected on the
territory of Hutsulshchyna NNP. Fruiting body samples of the fungi were included in the collection
of dry and wet prepaprations at Hutsulshchyna NNP. Sparassis nemecii was introduced to a pure
culture and transferred to the IBK mushroom culture collection at the M.G. Kholodny Institute of
Botany, National Academy of Sciences (NAS) of Ukraine, Kyiv, Ukraine (Bisko et al., 2016; https://
ccinfo.wdcm.org/details?regnum=1152). Mushroom samples were dried, minced, and stored in glass
containers prior to the extraction process.

Preparation of mushroom extracts

Extraction was performed according to the method outlined in Boonsong et al. (2016) with some
modifications. For 70% (v/v) ethanol extraction, each powdered sample (5 g) was mixed with 50 mL
of 70% (v/v) ethanol and shaken at 150 rpm at room temperature for 24 h; it was then centrifuged
at 12,000 rpm for 15 min. The supernatant was filtered with Whatman filter paper and the filtrate
was collected. The residue was re-extracted under the same conditions. The obtained extract was
concentrated under vacuum at 40 °C using the rotary evaporator. The obtained sample was stored at
4°C.

Determination of total phenolic compounds in mushroom extracts

Phenolic compounds in the sample extracts were estimated by using Folin-Ciocalteu assay, based on
procedures described by Gan et al. (2013). One milliliter of sample from ethanol extract was mixed
with 1 mL of Folin-Ciocalteu’s phenol reagent (1:9; Folin-Ciocalteu’s reagent: distilled water). After
5 min, I mL of 13% sodium carbonate solution was added to the mixture and adjusted to 10 mL with
distilled water. The reaction was kept in the dark for 90 min and its absorbance was read at 725 nm. A
calibration curve was constructed with different concentrations of gallic acid as standard. The results
were expressed as mg of gallic acid equivalents per gram of dry weight (mg GAE g' dw).

Determination of total flavonoid content

The content of total flavonoid of each ethanolic mushroom extract was determined using an aluminum
chloride colorimetric assay, as described previously (Kumari et al., 2011). One mL of extract was
diluted using 70% aqueous ethanol. 100 pL 10% aluminum nitrate and 100 uL, 1 M aqueous potassium
acetate were mixed into the solution and incubated at room temperature for 40 min. The absorbance
was recorded at 510 nm using a spectrophotometer (Agilent Technologies, USA). Quercetin was used
as a standard to calculate the concentration of total flavonoids. Data were calculated as milligrams of
quercetin equivalents per gram of dry weight (mg QE g dw).

Determination of f-carotene
B-Carotene was determined from the dried ethanol extract according to Kumari et al. (2011). 100
mg of extract was mixed with 10 mL of acetone-hexane mixture (4:6) for 1 min and filtered. The
absorbance was recorded at three different wavelengths (453, 505 and 663 nm). The B-carotene
content was calculated by:

B-carotene (ug g' dw) =0.216 x A . —0.304 x A, +0.452 x A

Hydroxyl radical scavenging activity
Hydroxyl radical scavenging activity of the extractives was determined by the method of Halliwell and
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Gutteridge (1989) with minor modifications (Rahman et al., 2015). Hydroxyl radical was generated
by the Fe**-ascorbate-EDTA-H, O, system (Fenton reaction). The assay is based on the quantification
of the 2-deoxy-D-ribose degradation product, which forms a pink chromogen upon heating with TBA
at low pH.

The reaction mixture contained deoxyribose (2.8 mM), KH,PO,-NaOH buffer, pH 7.4 (0.05 M),
FeCl, (0.1 mM), EDTA (0.1 mM), H,O, and mushroom extracts in a final volume of 2 mL. The
mixture was incubated at 37°C for 30 min followed by the addition of 2 mL of trichloroacetic acid
(2.8% w/v) and thiobarbituric acid. Thereafter, it was kept for 15 min in a boiling water bath, and
cooled. The absorbance of solution was measured at 532 nm with a spectrophotometer. The hydroxyl
radical scavenging capacity was evaluated with the inhibition of percentage of 2-deoxy-D-ribose
oxidation on hydroxyl radicals.

The percentage of hydroxyl radical scavenging activity was calculated according to the following
formula:

% hydroxyl radical scavenging activity = [A, — (A, —A,)] x 100/ A,

Where:

A, is the absorbance of the control without a sample,

A is the absorbance after adding the sample and 2-deoxy-D-ribose,
A is the absorbance of the sample without 2-deoxy-D-ribose.

AAs analysis

For the analysis of hydrolyzed amino acids (AAs), the samples were hydrolyzed in 6 N hydrochloric
acid in vacuum-sealed tubes at 106 °C for 24 h. The AAs content of the various hydrolysates was
determined using an AAs automatic analyzer of amino acids T-339 (Microtechnology, Czech
Republic, on the basis of Palladin Institute of Biochemistry of the NAS of Ukraine) with postcolumn
derivatization using ninhydrin. The concentrations of the amino acids (in g/100 g proteins) were
calculated from external standards for the different amino acids.

Data analysis
The results were processed using Statistica 8.0 (StatSoft Inc., Tulsa, Oklahoma, USA). All experiments
were conducted using three biological replicates. All values are mean + SD (n = 3).

Results

Determination of total phenolic compounds

The obtained results showed significant differences in the content of total phenolic compounds in the
ethanol extracts of the studied mushrooms. The maximum indicators of total phenolic compounds
range from 41.28 to 43.82 mg GAE g' dw and were registered for L. sulphureus and H. erinaceus
samples. A significantly lower content of total phenolic compounds was noted in samples of P,
umbellatus and S. nemecii. The minimum values of total phenolic compounds recorded in S. nemecii
were 6.67 mg GAE g' dw, which is about 6.2-6.5 times less compared to the established maximum
values in the samples of H. erinaceus and L. sulphureus. The content of total phenolic compounds in
mushroom extracts is shown in Figure 1.
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Fig. 1 — Total phenolic compounds in ethanol extracts of Sparassis nemecii, Laetiporus sulphureus,
Polyporus umbellatus and Hericium erinaceus basidiomata. All values are Mean £+ SD (n = 3). Values
bearing different letters in the same column are significant at P<0.05.

Determination of total flavonoid content
Total flavonoid content in the studied mushrooms is shown in Figure 2. Ethanol extracts of P.

umbellatus and S. nemecii revealed that samples of these fungus had a lower level of total flavonoid
content (4.3-4.6 mg QE g' dw.) than other studied mushrooms. The maximal total flavonoid content

was registered in ethanol extract of H. erinaceus— 7.91 mg QE g dw.
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Fig. 2. — Total flavonoid content in ethanol extracts of Sparassis nemecii, Laetiporus sulphureus, Polyporus umbellatus

and Hericium erinaceus basidiomata.
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Determination of f-carotene
The content of S-carotene in extracts of the basidiomata of the studied mushrooms did not differ

significantly and ranged from 2.1 to 3.1 pg g dw (Fig. 3).
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S. nemecii L. sulphureus P.umbellaus H. erinaceus
Fig. 3. — Content of B-carotene in ethanol extracts of Sparassis nemecii, Laetiporus sulphureus, Polyporus

umbellatus and Hericium erinaceus basidiomata.

Hydroxyl radical scavenging activity

Investigation of the hydroxyl radicals scavenging activity of ethanol extracts of mushroom basidiomata
showed that the most intense absorption of ‘OH radicals is caused by ethanol extracts of H. erinaceus
which inhibits *OH radicals by 67.7%. Indicators of hydroxyl radical scavenging activity of mushroom
extracts are shown in Figure 4.
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S. nemecii L. sulphureus P.umbellaus H. erinaceus
Fig. 4. — Hydroxyl radical scavenging activity of ethanol extracts of Sparassis nemecii, Laetiporus
sulphureus, Polyporus umbellatus and Hericium erinaceus basidiomata.
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AAs analysis

Amino acid content was analyzed in the studied mushrooms. Table 1 shows the amino acid profile of
the four mushroom species in g/100g of protein. For S. nemecii and P. umbellatus, we recorded the
highest content of five amino acids, in particular lysine, aspartic acid, glutamic acids, leucine, and
isoleucine. Our research shows that H. erinaceus has the lowest amount of all amino acids except for
three (aspartic acid, glutamic acids, leucine). In L. sulphureus, the content of amino acids is lower
compared to S. nemecii and P. umbellatus, but significantly higher than in H. erinaceus.

Table 1 - Amino acid composition of Sparassis nemecii, Laetiporus sulphureus, Polyporus umbellatus and Hericium
erinaceus mushrooms.

AAs Mushroom

S. nemecii L. sulphureus P. umbellatus H. erinaceus
Lysine* 1.7440.065* 1.10+0.028° 1.47+0.1072 0.22+0.011°¢
Histidine* 0.50+0.046° 0.27+0.033 0.42+0.021° 0.06+0.002°¢
Arginine 1.29+0.0612 0.75+0.054 1.23+0.037* 0.14+0.019¢
Aspartic acid 2.374+0.058* 1.53+0.102° 2.01+0.116* 0.37+0.044¢
Threonine* 1.184+0.041? 0.67+0.037° 0.97+0.124* 0.14+0.023¢
Serine 1.074+0.085% 0.68+0.058° 0.87+0.112° 0.15+0.037¢
Glutamic acid 3.15+0.0732 2.02+0.016° 2.98+0.212° 0.53+0.071¢
Proline 0.99+0.066* 0.54+0.048" 0.84+0.131? 0.27+0.012¢
Glycine 1.1240.078* 0.71£0.069¢ 0.97+0.086° 0.18+0.017¢
Alanine 1.544+0.083¢ 1.09+0.099° 1.34+0.089* 0.24+0.031¢
Cystine 0.47+0.049° 0.29+0.032° 0.23+0.041¢ 0.07+0.009¢
Valine* 1.15+0.120° 0.81+0.062° 1.06+0.105* 0.17+£0.041¢
Methionine* 0.22+0.014* 0.15+0.011° 0.10£0.009¢ 0.09+0.005¢
Isoleucine* 2.1240.113* 1.08+0.071° 1.934£0.141* 0.77+0.066°
Leucine* 1.90+0.077* 1.15+0.027¢ 1.64+0.096° 0.31+£0.014¢
Tyrosine 0.51+0.047° 0.14+0.011¢ 0.35+0.073% 0.09+0.011¢
Phenylalanine* 1.06+0.056% 0.55+0.048" 0.90+0.0942 0.16+0.012¢
Gamma-Aminobutyric Acid (GABA)  0.04+0.006¢ 0.49+0.0522 0.23+0.019° 0.09+0.011¢
TAA, total amino acid 22.41 14.01 19.52 4.06
EAA/TAA 44.00 % 41.25% 43,49 % 47.30 %
HAA/TAA 40.00 % 38.19 % 40.00 % 49.50 %

Notes — All values are means + SD of three determinations (in g/100 g protein). Means with the same letter across a row
are not significantly different at 0.05 probability level. *Essential amino acids (EAA); TAA, total amino acid; HAA,
hydrophobic amino acids.

Based on the results of this study, the four mushroom species can be ranked in order of decreasing
amino acid content: S. nemecii > P. umbellatus > L. sulphureus > H. erinaceus. In addition, studies
have shown that content of amino acids such as aspartic acid and glutamic acids is in maximum
quantities, while the lowest content is methionine, tyrosine, histidine and cystine. The glutamic acid
content varied from 3.15 g/100 g in S. nemecii to 0.53 g/100 g in H. erinaceus, while the methionine
content varied from 0.22 g/100 g in S. nemecii to 0.09 g/100 g in H. erinaceus. Laetiporus sulphureus
is enriched in GABA (0.49 g/100 g) compared to other studied mushroom species.
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The studied species of mushrooms contain all essential amino acids. The fraction of essential
amino acids in mushrooms was 44.00%, 41.25%, 43.49%, and 47.30% in S. nemecii, L. sulphureus,
P. umbellatus, and H. erinaceus, respectively. At the same time, leucine and isoleucine predominate
among essential amino acids in all studied mushrooms. The proportion of hydrophobic amino acids
(Ala, Pro, Val, Met, Phe, Ile, and Leu) ranged from 38.19% in L. sulphureus to 49.50% in H. erinaceus.

Discussion

Currently, the issue of finding natural sources of antioxidants that can be used to correct various
pathological conditions accompanied by the intensification of free radical processes remains
relevant. Therefore, the demand for discovering novel compounds with good antioxidant activity is
understandable (Zhou et al., 2010). In the context of this problem, mushrooms are increasingly being
considered as potential producers of antioxidants. Mushrooms are also important as a nutraceutical and
dietary support (Turfan et al., 2020). In this study, we evaluated/analyzed the amino acid composition,
total phenolic compounds, total flavonoid content, B-carotene and antioxidant activity of ethanol
extracts of four mushroom species S. nemecii, L. sulphureus, P. umbellatus and H. erinaceus. Ethanol
as an extractant was chosen for the reason established by Jiang et al. (2016); anhydrous ethanol
appears to be the most efficient extraction solvent that can be used to extract the effective antioxidant
compounds in the pharmaceutical and food industries.

A number of studies have demonstrated the close association between the prevention of reactive
oxygen species-associated diseases (ROS-associated diseases) and intake of food rich in antioxidants,
including mushrooms (Abdullah et al., 2012). A vast body of evidence indicates that wild edible
mushrooms contain many biologically active compounds disclosing antioxidant and other properties
(Sun et al., 2017). Among the components of mushrooms that exhibit high antioxidant activity, it is
worth noting carotenoids, in particular B-carotenes, polyphenols, including flavonoids (Podkowa et
al., 2021).

Carotenoids protect fungi from oxidative stress and non-ionizing irradiation such as UV light
(Lin and Xu, 2020). Therefore, they act as photoprotectors against the lethal combination of light
and as antioxidants (Ribeiro et al., 2011). Carotenoids are known as singlet oxygen quenchers and
lipid peroxidation chain breakers (Robaszkiewicz et al., 2010). Additionally, carotenoids are among
the bioactive products with significant medical value (Mata-Goémez et al., 2014). In 1976, Valadon
reported the carotenoids are additional taxonomic characters in fungi. In a number of cases, they are
very good taxonomic markers. According to Zhang et al. (2018), the content of the carotenoids is one
of the indicators of the quality of commercial basidiomata, for example Cordyceps militaris (L.) Fr.
Information on carotenoids in mushrooms is fragmentary. Robaszkiewicz et al. (2010) reported the
content of B-carotene differed considerably between the thirteen analyzed edible mushroom species
from 0.233 (Tuber mesentericum Vittad.) to 18.649 g g' (Tricholoma equestre (L.) P. Kumm.) of
dried body. For dried vegetables, for examples carrot and pumpkin B-carotene reveals 26.57 and
773.66 ng g' dw (Piyarach et al., 2020). The content of B-carotene in extracts of the fungi in our study
showed that basidiomata of the mushrooms ranged from 2.1 to 3.1 pug g! dw. These indexes are higher
than, for example, indexes of B-carotene methanolic extract of Boletus edulis Bull. estimated by the
same method (Robaszkiewicz et al., 2010).

The high content of phenolic compounds in ethanol extracts of L. sulphureus and H. erinaceus,
along with the high content of flavonoids and B-carotene, can be considered as an indicator of their
potential antioxidant activity. This probably explains the high hydroxyl inhibitory activity of H.
erinaceus mushroom ethanol extracts. The hydroxyl radical is the most reactive among ROS due to
its high oxidizing activity. Therefore, the neutralization of hydroxyl radicals is considered as the most
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effective way to protect against oxidative damage to cell biomolecules. Antioxidants of fungi can
exert their effect in two ways: the first consists in the direct absorption of hydroxyl radicals, while
the second is in the suppression of their generation (Zhang et al., 2011). The antioxidant activity of
mushrooms is directly proportional to the amount of bioactive compounds (Elbatrawy et al., 2015).
Antioxidant activity is mainly associated with the content of phenol, but the carotenoids, vitamins,
and polysaccharides present in the extracts enhance the antioxidant effects (Palacios et al., 2011). The
antioxidant activity of phenolic compounds depends on the number of functional groups and location.
It is believed that an important factor affecting the antioxidant activity of phenolic compounds is the
number of hydroxyl groups, because their ability to chelate metal ions depends on this (Hussain et
al., 2016). The main mechanism of antioxidant action of phenolic compounds consists either in direct
inhibition of free radicals or in strengthening of endogenous antioxidant activity. In addition, some
phenolic compounds stimulate the synthesis of endogenous antioxidants through the activation of the
Nrf/ARE pathway (Scalbert et al., 2005). The reaction of cells to these compounds is implemented
through direct interaction with enzymes or receptors involved in signal transmission, which leads to
modification of the redox state of the cell and can cause a number of redox-dependent reactions. As
antioxidants, polyphenols increase the probability of cell survival, but under the conditions of their
excessive intake, they can show pro-oxidant properties (Kozarski et al., 2011).

The mechanisms of antioxidant action of flavonoids include direct scavenging of free radicals,
chelation of metal ions involved in free radical formation, inhibition of enzymes such as xanthooxidases
and lipoxygenases involved in free radical production, and regeneration of membrane-bound
antioxidants. such as a-tocopherol (Kozarski et al., 2011). It is asserted that the main mechanism of
action of flavonoids on the absorption of radicals is the donation of a hydrogen atom (Amic et al.,
2007). The ability of flavonoids to inhibit ROS depends on the location and number of hydroxyl groups
in the molecule. The double bond and carbonyl function in the heterocycle or polymerization of the
nuclear structure increases activity by affording a more stable flavonoid radical through conjugation
and electron delocalization (Heim et al., 2002). Pan et al. (2016) show that flavonoids are powerful
scavengers of hydroxyl and superoxide radicals and actively chelate transition metals. However,
despite the high content of phenolic compounds, flavonoids and B-carotenes in L. sulphureus, we
found low hydroxyl inhibitory activity for alcohol extracts of this fungus. Probably, the antioxidant
compounds of this mushroom are involved in the process of neutralization of other ROS.

The high antioxidant capacity can be confirmed by the results of our amino acid analysis. Some
studies have shown that hydrophobic amino acids (HAA) play an important role in the manifestation
of antioxidant activity (Sun et al., 2017). A high content of HAA could enhance their antioxidant
activity (Zhuang et al., 2009). Thus, it is possible to expect a high antioxidant activity of the studied
mushrooms, especially mushrooms of the H. erinaceus species, which have the highest content of
hydrophobic amino acids. The amino acid composition of mushrooms is a reliable indicator of the
nutritional value of food (Sun et al., 2017). At the same time, the results of the amino acid analysis
obtained by us do not provide grounds for asserting the high nutritional value of the H. erinaceus
mushroom, since the samples of the basidiomata of this mushroom are characterized by a low total
content of amino acids compared to other studied mushroom samples. With regard to the species
S. nemecii and P. umbellatus, which are characterized by a low content of phenolic compounds,
flavonoids and B-carotenes and a lower hydroxyl inhibitory activity compared to H. erinaceus, but
we can state their high nutritional value based on the amino acid analysis based on our study. These
mushrooms are characterized by a high total content of amino acids with a significant proportion of
all essential amino acids.
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Conclusion

Therefore, H. erinaceus, which ethanol extracts showed the highest content of antioxidant compounds
and the highest hydroxyl inhibitory activity, can be used as a source of compounds with high
antioxidant potential. Its antioxidant compounds may be prospective protective agents that will help
prevent and treat oxidative stress-associated diseases. Sparassis nemecii and P. umbellatus can be
recommended for use as a potential source of amino acids, including essential ones, as well as for the
development of nutritional supplements for people with various metabolic disorders and/or specific
dietary nutrition.
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