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Antioxidant properties of edible mushrooms occurring in Slovakia

ZDENKA BEDLOVICOVA - TATIANA HRUSKOVA - PETER TAKAC -
IMRICH STRAPAC - PETRA KOBULARCIKOVA

Summary

Edible mushrooms are appreciated as a valuable food due to their nutritional qualities. They contain biologically active
compounds, e.g. polyphenols, flavonoids, proteins, saccharides and vitamins with antioxidant activity that are known
to protect cells from damage and apoptosis. This study was focused on the antioxidant properties of ten selected
edible mushrooms occuring in Slovakia, namely, Agaricus arvensis, Boletus edulis (Bull.), Cantharellus cibarius (Fr.),
Imleria badia (Fr.), Lactarius volemus (Fr.), Leccinum pseudoscabrum, Lentinula edodes, Lepista nuda (Bull.), Morchella
esculenta (L.) and Pleurotus ostreatus. Free radical-scavenging activity (RSA) using 2,2-diphenyl-1-picrylhydrazyl
(DPPH), total phenolics content, total flavonoids content and ascorbic acid, the latter determined using ultra-high per-
formance liquid chromatography, were studied in methanolic and aqueous extracts obtained from the above-mentioned
mushrooms. All the extracts exhibited RSA (in the range of 14.2-88.2 % for methanolic extracts and 48.9-91.4 % for
water extracts) due to the presence of phenolics. These were contained in methanolic extracts at 398.9-4 455.4 mg-kg-!
dry weight (DW) and in aqueous extracts at 2314.9-15171.9 mg-kg! DW (expressed as gallic acid equivalents).
Flavonoid compounds were contained in methanolic extracts at 1136.7-1332.0 mg-kg'! DW and in aqueous extracts
at 1247.3-1735.0 mg'kg'! DW (expressed as quercetin equivalents). Ascorbic acid was contained in the methanolic

extracts at 525.42-2752.75 mg-kg'l DW and in aqueous extracts at 26.89-2178.96 mg-kg-l DW.
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There is a wide spectrum of mushroom species
that are rich in proteins, minerals, vitamins and
antioxidants. Mushrooms represent a very small
portion of human diet but their consumption in-
creases due to their pleasant taste, texture and
aroma. Their functional benefits are due to the
presence of bioactive compounds [1, 2].

Due to the content of functional proteins,
mushrooms are used as unconventional meat al-
ternatives [2]. Polyunsaturated fatty acids and vita-
mins that are contained at nutritionally significant
levels (B1, B2, B12, C, D and E) are also signifi-
cant assets [3, 4]. The low glycemic index (GI) and
high mannitol content make mushrooms suitable
for the people with diabetes, while the low con-
tent of sodium make them appropriate for indivi-
duals suffering from hypertension. The contents

of magnesium, calcium, zinc, sodium, potassium
and phosphorus enhance their health benefits as
these are considered vital ions and co-factors of
enzymes [5, 6].

Mushrooms are widely used in the food indus-
try, for example to produce fermented meal or
as food dyes [7]. In addition to their rich chemi-
cal composition, some compounds in mushrooms
have a high antioxidant potential and thus reduce
the level of oxidative stress [8]. Oxidative stress is
caused by many generally known factors, including
chemical (e.g. toxic chemicals presented in ciga-
rette smoke or in fried foods), physical (UV irra-
diation) or biological ones (aging) [9, 10]. It often
causes damage to biologically important molecules
and cells in the body, potentially leading to many
diseases [11]. Several studies indicated a correla-
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tion between the oxidative stress and the diseases.
Free radicals causing oxidative stress can partici-
pate in the processes leading to the development
of chronic non-infectious diseases (Down’s syn-
drome, schizophrenia, manic-depressive psychosis,
cystic fibrosis of the lungs, and others) [11]. Oxi-
dative stress is considered to be one of the initia-
tion factors of atherosclerosis [12], cardiovascular
diseases [12, 13] and stroke [14, 15]. It is also in-
volved in the development and progression of
Alzheimer’s disease [16] and Parkinson’s disease
[17]. Due to the excessive formation of free radi-
cals, especially reactive forms of oxygen (hydroxyl
*OH, superoxide ion O2°- and nitrogen (NO°,
NO2*), oxidative stress causes premature skin
aging [18]. The antioxidant defence is activated by
in vivo processes by intracellular enzymes, such as
superoxide dismutases, glutathione peroxidases,
catalases or by extracellular compounds, for
example transferrin, coenzyme Q, uric acid and
by supplying the non-enzymatic substances with
antioxidant effects (A, C, D and E vitamins, B-ca-
rotene, amino acids, elements Se, Zn, Fe, Mg and
others) from the diet [19].

In the present study, ten aqueous and
methanolic extracts from mushrooms (Agaricus ar-
vensis, Boletus edulis (Bull.), Cantharellus cibarius
(Fr.), Imleria badia (Fr.), Lactarius volemus (Fr.),
Leccinum pseudoscabrum, Lentinula edodes, Lepis-
ta nuda (Bull.), Morchella esculenta (L.) and Pleu-
rotus ostreatus) were screened for their antioxidant
properties.

MATERIALS AND METHODS

Mushrooms

Edible mushrooms were purchased in local
markets in KoSice (Slovakia). The cultivated ones
were only shiitake and oyster mushrooms, while
the remaining mushrooms were wild. Amounts of
100 g of mushrooms were immediately sliced and
dried at room temperature (approximately 25 °C).
Then they were milled by a grinder TSM6A013B
(Bosch, Munich, Germany) to obtain the pow-
dered form. The samples were stored in dark at
room temperature (% 25 °C) and used for analyses
within two weeks.

Chemicals

2,2-Diphenyl-1-picrylhydrazyl radical (DPPH),
gallic acid, Folin-Ciocalteu’s reagent, quercetin,
formic acid and methanol for high performance
liquid chromatography (HPLC) were obtained
from Sigma Aldrich (St. Louis, Missouri, USA).
L-ascorbic acid was obtained from Lachner (Nera-

tovice, Czech Republic) and sodium carbonate,
aluminium (III+) chloride, sodium nitrite, sodium
hydroxide and methanol for extraction were ob-
tained from Mikrochem (Pezinok, Slovakia). All
chemicals were of p.a. or HPLC grade.

Equipment

For determination of antioxidant activity, total
phenolics content (7PC) and total flavonoids con-
tent (TFC), UV-Vis spectrophotometer Cary 60
(Agilent Technologies, Santa Clara, California,
USA) was used. Ultra-high performance liquid
chromatography (UHPLC) was performed using
Dionex Ultimate 3000 chromatograph (Thermo
Fisher Scientific, Waltham, Massachusetts, USA)
with a diode array detector (DAD) using the oc-
tadecylsilyl (ODS) Hypersil column (250 mm x
4.6 mm, particle size 3 um; Thermo Fisher Scien-
tific).

Sample preparation

Extracts were prepared by suspending 100 mg
of mushroom powder in 2 ml of distilled water
or methanol. Extractions proceeded at 8 °C
with stirring on a magnetic stirrer (Heidolph
MR HEI-TEC, Schwabach, Germany) for 24 h.
After that, they were heated up to a room tem-
perature (approximately 25 °C) and the extracts
were filtered through Whatman 1 filter (Whatman,
Maidstone, United Kingdom). The filtrates were
stored at 8 °C for a maximum of 3 days until analy-
sis.

Radical-scavenging activity determination

A volume of 2 ml of 2 mmolll methanolic
solution of DPPH radical were added to 250 ul
of an extract. The mixtures were incubated for
30 min in the dark at room temperature (approxi-
mately 25 °C). Subsequently, the decrease in ab-
sorbance at 517 nm was measured spectrophoto-
metrically. The control sample was a solution of
2 mmol-1! DPPH radical with 250 ul of methanol.
L-ascorbic acid calibration solutions of 10, 20, 40,
60, 80, 100, 200 and 400 wg-ml-! in methanol were
used as reference standards for the evaluation of
ascorbic acid equivalents (AAE). The radical-
scavenging activity (RS4) was determined using
the Brand-Williams method [20] as a percentage
of DPPH radical inhibition with respect to a de-
crease in absorption of the control sample using
Eq. 1,

Rsa = Ao =40 400 (1)

Ay

where Ay is absorbance of the sample solution and
Ao is absorbance of the control sample.
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RSA values were expressed as L-ascorbic acid
equivalents in milligrams per litre of extract.
The results were obtained from calibration curve

(Eq. 2).
y = —0.0189x + 2.0082; R? = 0.9990 (2)

Total phenolics content determination

TPC was determined using spectrophotometry,
by applying a modified Waterhouse method [21]
with Folin-Ciocalteu reagent. Standard solutions
of gallic acid were prepared at concentrations of
50, 100, 150, 250, 500, 750 and 1000 mg-1-! in dis-
tilled water. Distilled water was used as a blank
sample. A volume of 1.6 ml of distilled water and
100 wul of Folin-Ciocalteu reagent were added
to 20 ul of the standard solution or the extract
sample. After mixing, 300 pl of 100 gl sodium
carbonate was added. The solutions were incu-
bated in the dark at room temperature (approxi-
mately 25 °C) for 2 h. Absorbance at 765 nm was
measured spectrophotometrically. The data ob-
tained from standard solutions were used for the
construction of the calibration line. Results were
expressed as milligrams of gallic acid equivalents
(GAE) per kilogram of dry weight (DW) of mush-
rooms.

Total flavonoids content determination

TFC was determined using spectrophotometry,
using a modified method developed by Do et al.
[22]. Standard solutions of quercetin were pre-
pared at concentrations of 50, 100, 150, 250, 500,
750 and 1000 mgl-! in distilled water. Distilled
water was used as a blank sample. A volume of
50 ul of 50 g1’ NaNO2 were added to 1 ml of
the standard solution. Subsequently, solutions
were incubated for 6 min at room temperature
(approximately 25 °C). In the next step, 300 ul of
10 g1t AICI3 were added and the reaction mix-
ture was incubated for further 5 min at room tem-
perature (approximately 25 °C). Finally, 2 ml of
1 moll't NaOH was added. The solutions were
filtered through Whatman 1 filter and absorbance
was measured at 410 nm. The data obtained from
standard solutions were used for the construction
of the calibration line. Results were expressed as
milligrams of quercetin equivalents (QE) per kilo-
gram DW of mushrooms.

L-ascorbic acid determination

For determination of L-ascorbic acid,
an UHPLC analysis used with gradient elution
using methanol as eluent A and 0.2 % (v/v) formic
acid in demineralized water as eluent B with the
elution mode of 0-20 min, 0-75 % A; 20-29 min,

75 % A; 29-29.2 min, 75-0 % A; and 29.2-35 min,
0 % A. The injection volume was 10 ul. The
column temperature was maintained at 25 °C.
The analysis was controlled by Chromeleon 7 soft-
ware (Thermo Fisher Scientific) and the detection
wavelength was 240 nm. During the chromato-
graphic separation, a flow rate of the mobile phase
was 0.8 ml'minl. The repeatability of sample
measurements was ensured by using three repli-
cates of the same sample, and it was expressed as
relative standard deviation (RSD). The calibration
line of L-ascorbic acid was constructed for the con-
centration range of 0.005-1.0 mg-ml-l. Limit of de-
tection (LOD) and limit of quantification (LOQ)
were defined as the signal-to-noise ratios (S/N) of
3.3 and 10, respectively.

RSA values were expressed as L-ascorbic acid
equivalent in milligrams per litre of extract. The
results were obtained from calibration curve
(Eq. 2) of ascorbic acid as well, and are in correla-
tion with RSA (Tab. 1).

Statistical analysis

All analyses were performed in triplicate. The
results were analysed using one-way analysis of
variance (ANOVA) and Tukey’s post-hoc test
using SPSS 26.0 software (SPSS, Chicago, Illinois,
USA). The level of p < 0.001 was used.

RESULTS AND DISCUSSION

Radical-scavenging activity

Data on the scavenging effects of the extracts
on DPPH free radicals are shown in Tab. 1. As can
be seen, the highest RSA for both extract types
were observed for cep mushroom (B. edulis) —
91.4 % and 88.2 % (water and methanol extract,
respectively). Generally, better RSA was observed
for water extracts. To compare methanolic and
aqueous extracts of mushrooms, statistically sig-
nificant differences were observed for C. cibar-
ius, L. volemus, L. edodes, L. nuda, M. esculenta
and P ostreatus. Additionally, methanolic extract
of L. volemus showed better RSA than the wa-
ter extract (84.1 % vs 58.7 %). Statistically not
significant was RSA of I. badia, where the aque-
ous extract also showed lower RSA (84.6 %)
than the methanolic one (85.6 %). As we com-
pare cultivated shiitake and oyster mushrooms
with wild ones, methanolic extracts of wild fungi
showed generally better antioxidant effects. Both
types of extract of oyster mushroom showed the
lowest RSA (aqueous extract 49.0 % and me-
thanolic extract 14.2 %). We mean that the cul-
tivation conditions are important for the content
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Tab. 1. Antioxidant properties of fungal extracts.

Common name Latin name RSA [%] AAE [mg-I1] TPC [mg-kg] TFC [mg-kg]
Water extracts
Horse mushroom Agaricus arvensis 86.8+0.9 94.27 + 0.81 8349.8 = 394.0 1387.3x2.9
Cep Boletus edulis 91.4+0.1 98.48 +0.10 15171.9+810.5* 1735.0+95.3
Chanterelle mushroom | Cantharellus cibarius 624+x15* | 7221 +1.33* 2314.9+198.4 1261.7 +£26.0
Bay bolete Imleria badia 846+15 92.30+1.33 6663.3 = 286.5 1247.7+x11.2
Weeping milk cap Lactarius volemus 58.7+2.6* | 68.84+240* 4907.2+114.5 1320.3+5.5
Hazel bolete mushroom | Leccinum pseudoscabrum | 83.7 1.3 91.50 = 1.22 12708.8 +1838.4* | 1247.3+11.7
Shiitake Lentinula edodes 89.3+0.3* | 96.55+0.31* | 7462.8+718.9 1289.0 =441
Wood blewit Lepista nuda 77.9+17* | 86.23=1.51* | 92245+7252 1446.3 +23.0
Morel mushroom Morchella esculenta 853+1.8* | 9295+1.62* | 11205.1 +1051.0 1345.7 +£40.2
Oyster mushroom Pleurotus ostreatus 489=+22* | 60.01x2.04* 6251.0+313.6 1281.3+33.2
Methanolic extracts
Horse mushroom Agaricus arvensis 84.2+02 93.20 £0.18 2419.6 £216.2 1167.3+x23
Cep Boletus edulis 88.2+0.1 96.47 = 0.08 4455.4+677.6* | 1260.0+7.6
Chanterelle mushroom | Cantharellus cibarius 152+123*| 36.16 =10.20* 398.9 +228.9 1163.3+6.4
Bay bolete Imleria badia 85.6+1.0 94.34 + 0.81 2467.0+432.2 1248.0+10.6
Weeping milk cap Lactarius volemus 84.1+x59* | 93.11+4.84* 2747.8 +291.9 1168.0+2.0
Hazel bolete mushroom | Leccinum pseudoscabrum | 78.8 = 3.6 88.71 £2.99 3053.1 =88.8* 1184.7+5.0
Shiitake Lentinula edodes 15.4+09* | 36.37=0.76* 903.7 + 169.8 1249.3+7.6
Wood blewit Lepista nuda 299+28* | 4830+2.29* 1285.3+85.6 1332.0+10.4
Morel mushroom Morchella esculenta 56.9+6.0* | 70.65+4.92* 238231121 1136.7x1.2
Oyster mushroom Pleurotus ostreatus 142+03* | 35.32x0.21* 561.0 £26.5 1281.3 +33.8

Comparisons between groups were performed using one-way ANOVA. All results are shown as mean + standard deviation.

* — significant difference between methanolic and water extracts at p < 0.001 level.
RSA - radical scavenging activity, AAE — ascorbic acid equivalents, TPC — total phenolics content (expressed as milligrams of
gallic acid equivalents per kilogram of dry weight), TFC — total flavonoids content (expressed as milligrams of quercetin equiva-

lents per kilogram of dry weight).

of antioxidants and a study on that topic would be
interesting. RSA values were in correlation with
ascorbic acid content (Tab. 1).

Total phenolics content

Phenolic compounds are secondary metabo-
lites, generally considered as antioxidants blocking
free radicals activated by oxidative stress or envi-
ronmental pollution. They also have protective
effects on living organisms [23]. Tab. 1 presents
TPC as milligrams of gallic acid equivalents per
kilogram DW of mushrooms. The amounts of
gallic acid equivalents were calculated using the
line equation (Eq. 3)

y = 1.1966x + 0.0093; R? = 0.9994 (3)

Higher total phenolics content values
were generally observed in water extracts
(2314.9-15171.9 mgkg!) in comparison to me-
thanolicsamples(398.9-4 455.4mg-kg-1). Thehighest
TPC was identified in B. edulis (15171.9 mg-kg1),

followed by L. pseudoscabrum (12708.8 mgkg1)
and M. esculenta (11205.1 mgkgl), whereas
the lowest content was observed for C. cibarius
(2314.9 mgkgl). Similarly, the highest TPC in
a methanolic extract was observed for B. edulis
(4455.9 mgkg1), followed by L. pseudoscabrum
(3053.1 mg-kg!) and L. volemus (2747.8 mg-kg1).
The lowest content was determined for C. cibarius
(398.9 mg-kg1). These results confirm the fact that
the content of phenolic compounds depends on
the analysed mushroom species and origin of the
mushrooms (wherher cultivated or wild). For the
cultivated ones, the cultivation substrate or medi-
um is also important, along with the polarity of the
solvent used for extraction [24]. Statistically signi-
ficant results if we compare water and methanolic
extracts were observed for B. edulis and L. pseudo-
scabrum (p < 0.001).

According to other authors, TPC in the
cep mushroom methanolic extract were of
31640 mg-kg! DW [25], in the weeping milk cap
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it was 2331.11 mg'kg'! DW [26], in morel mush-
room it was 3.5 mgkgl DW [27], for Agaricus
arvensis the value was 170 mg-kg'l DW, for wood
blewit it was 70 mgkgl [28], for oyster mush-
room it was 2488 mg-kgl DW [29], and for chan-
terelle it was 1750 mgkg! DW [28]. Values of
2390 mg-kgl DW [30] and 36 190 mg-kgl DW [31]
were identified in the water extract of the chan-
terelle mushroom while B. edulis exhibited a TPC
of 2670 mg-kg1[32].

Total flavonoids content

Flavonoids represent a broad spectrum of
secondary metabolites structurally based on the
flavan ring. The applied determination method
was based on the formation of a stable complex of
A3+ ion with the carbonyl and hydroxyl groups of
flavones. Aluminium chloride reacts with querce-
tin to form a stable yellow-coloured complex [33].
Tab. 1 shows TFC values as quercetin equivalents
in milligrams per kilogram DW of mushrooms.
The contents of quercetin equivalents were calcu-
lated using the line equation (Eq. 4)

y = 175.4x — 9.67; R? = 0.9999 4)

Higher TFC values were determined in wa-
ter extracts (1247.3-1735.0 mgkgl) than in
methanolic extracts (1136.7-1281.3 mgkg1)
The values were in correlation with 7PC.
No statistically significant differences between
methanolic and aqueous extracts were ob-
served. As for aqueous extracts of the inves-
tigated mushrooms, the highest TFC was ob-
served for B. edulis (1735.0 mgkg?), followed
by L. nuda (1446.3 mgkgl) and A. arvensis
(1387.3 mgkgl). The lowest content was ob-
served for I badia and L. pseudoscabrum

(1247.7 mgkg! and 1247.3 mg'kg!). Similarly in
methanolic extracts, the highest TFC was observed
for L. nuda (1332.0 mg'kg!), followed by oyster
(1281.3 mgkg!) and B. edulis (1260.0 mgkg1).
The lowest content was observed for M. esculenta
(1136.7 mg-kg1). When comparing TPC and TFC,
content of phenolics was higher than that of flavo-
noids, which is in agreement with literature data.
Flavonoid contents presented by other authors
were 28.4 mg'kg'l DW for oyster mushroom and
3750 mg-kg! DW for a water extract of Lenti-
nus edodes [31]. JAWORSKA et al. [32] determined
total flavonoids of B. edulis at 260 mg-kg'! DW of
raw mushrooms.

L-ascorbic acid content

Contents of L-ascorbic acid in aqueous and
methanolic extracts are presented in Tab. 2. In
general, higher amounts of ascorbic acid were
detected in methanolic extracts. The calibration
curve of ascorbic acid was linear in a relatively
wide concentration range (0.005-1.000 mg-ml-1).
Linear regression exhibited a high correlation
(R% = 0.9968) while RSD was 1.2 %. According to
the calculation, LOD and LOQ values of L-ascor-
bic acid were 0.0171 mg'ml-! and 0.0519 mg'ml-,
respectively. The determined content of ascorbic
acid was expressed in milligrams per kilogram of
dry weight (dried mushrooms).

IGILE et al. [34] determined ascorbic acid con-
tents in oyster mushrooms, which were cultivated
in laboratory (278.8 = 0.05 mg-kg1). Fresh B. edu-
lis mushrooms contained of 10.1 mg-kg! of ascor-
bic acid [32]. We determined higher content of
ascorbic acid in water extracts for these mentioned
mushrooms, ie. 1682.36 = 90.55 mgkg! DW
(oyster) and 103.72 = 9.62 mg'kg! DW. When

Tab. 2. Content of ascorbic acid in extracts.

Common name Latin name

Water extract* [mg-kg-']

Methanolic extract * [mg-kg-1]

Horse mushroom Agaricus arvensis
Cep Boletus edulis
Chanterelle mushroom | Cantharellus cibarius
Bay bolete Imleria badia
Weeping milk cap Lactarius volemus

Hazel bolete mushroom | Leccinum pseudoscabrum
Shiitake
Wood blewit

Morel mushroom

Lentinula edodes
Lepista nuda
Morchella esculenta

Pleurotus ostreatus

Oyster mushroom

ND ND
103.72 £9.62 2752.75 +23.77
ND ND
2178.96 + 52.63 1052.90 + 66.21
26.89 +2.83 1970.87 £ 65.08
190.33 £20.69 1976.49 +£79.89
ND 1012.45 +60.03
ND 2559.11 +£130.21
563.15 + 25.52 525.42 + 24.54
1682.36 = 90.55 2428.26 + 88.28

Content of ascorbic acid is expressed per kilogram of dry weight. Comparisons between groups were performed using one-way

ANOVA. All data are shown as mean =+ standard deviation.

* — significant difference between methanolic and water extracts at p < 0.001 level, ND — not detected.
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comparing methanolic and aqueous extracts, sig-
nificant differences between them could be seen.
The content of ascorbic acid in methanolic ex-
tracts was generally higher, except for morel,
where no significant difference between both
types of extracts was determined. In bay bolete
mushroom, determined higher content of ascor-
bic acid was determined in the aqueous extract
(2178.96 = 52.63 mg-kg!) than in the methanolic
one (1052.9 + 66.21 mgkg1) (Tab. 2). The differ-
ences between contents in aqueous and metha-
nolic extracts may be due to the fact that the re-
lease of ascorbic acid from the complex structures
of the mushrooms was easier into the less polar
solvent.

CONCLUSIONS

This study was focused on antioxidant proper-
ties of extracts from various mushrooms, which
originate in the content of complex of various
chemical compounds with properties leading to
inhibit free radicals, for example phenolics, flavo-
noids, vitamins or polysaccharides, peptides, amino
acids and micronutrients. We confirmed that each
of the studied mushrooms contained substances
with antioxidant activity. Phenolic substances
and flavonoids were found in each sample of the
studied mushrooms and each sample exhibited the
scavenging activity against DPPH radicals. The
best RSA was observed for Boletus edulis aqueous
extract (91.4 %). The results obtained for the indi-
vidual extracts indicate that it is more appropriate
to use water for the extraction when determining
contents of phenolic substances and flavonoids.
Out of all the investigated mushrooms, the one
with the highest TPC (15171.4 mgkg'! DW) and
TFC (1735.0 mgkg'! DW) was the cep mushroom
(B. edulis). The highest amount of ascorbic acid
was observed in the methanolic extract of B. edulis
(2752.75 mgkg'l DW). As we look at the species
of Boletaceae, for all the studied mushrooms we
observed good antioxidant properties in all tested
parameters including ascorbic acid content. Sur-
prisingly, the lowest antioxidant activity was shown
by Pleurotus ostreatus (a member of Agaricaceae)
in which no ascorbic acid was detected using our
method. This suggested that high RSA originated
in high TPC and TFC. A wide range of potential
applications of mushrooms and their extracts in
the food industry, medicine, pharmacy, as well as
other sectors substantiates further research into
this commodity.

REFERENCES

1. Colosimo, R.—Warren, F.J.— Edwards, C. H.— Ryden,
P. — Dyer, P. S. — Finnigan, T. J. A. — Wilde, P. J.:
Comparison of the behavior of fungal and plant cell
wall during gastrointestinal digestion and resulting
health effects: A review. Trends in Food Science and
Technology, 110, 2021, pp. 132-141. DOI: 10.1016/j.
tifs.2021.02.001.

2. Zhang, Y. — Wang, D. — Chen, Y. — Liu, T -
Zhang, S. — Fan, H. - Liu, H. - Li, Y.: Healthy func-
tion and high valued utilization of edible fungi. Food
Science and Human Wellness, 10, 2021, pp. 408-420.
DOI: 10.1016/j.fshw.2021.04.003.

3.Sun, Y. - Zhang, M. — Fang, Z.: Efficient physi-
cal extraction of active constituents from edible
fungi and their potential bioactivities: A review.
Trends in Food Science and Technology, 105, 2020,
pp- 468-482. DOLI: 10.1016/j.tifs.2019.02.026.

4. Sun, L. — Bao, L. — Phurbu, D. — Qiao, S. — Sun, S. —
Perma, Y. — Liu, H.: Amelioration of metabolic
disorders by a mushroom-derived polyphenols corre-
lates with the reduction of Ruminococcaceae in gut
of DIO mice. Food Science and Human Wellness, 10,
2021, pp. 442-451. DOI: 10.1016/j.fshw.2021.04.006.

5. Wang, X. M. — Zhang, J. - Wu, L. H. - Zhao, Y. L. -
Li, T - Li, J. Q. - Wang, Y. Z. - Liu, H. G.: A mini-
review of chemical composition and nutritional value
of edible wild-grown mushroom from China. Food
Chemistry, 157, 2014, pp. 279-285. DOI: 10.1016/;.
foodchem.2013.11.062.

6. Falandysz, J. — Borovicka, J.: Macro and trace mineral
constituents and radionuclides in mushrooms:
health benefits and risks. Applied Microbiology and
Biotechnology, 97, 2013, pp. 477-501. DOI: 10.1007/
s00253-012-4552-8.

7. Alam, A. — Agrawal, K. — Verma, P:: Fungi and its
by-products in food industry: an unexplored area
Ansar. In: Arora, N. K. (Ed.): Microbial products
for health, environment and agriculture. Singapore :
Springer, 2021, pp. 103-120. ISBN: 9789811619465.
DOI: 10.1007/978-981-16-1947-2 5.

8. Kozarski, M. — Klaus, A. — Jakovljevic, D. —
Todorovic, N.— Vunduk, J. —Niksic, M.— Vrvic, M. M. -
van Griensven, L.: Antioxidants of edible mush-
rooms. Molecules, 20, 2015, pp. 19489-19525. DOI:
10.3390/molecules201019489.

9. Bedlovi¢ovd, Z. - Strapa¢, 1. — Baldaz, M. -
Salayovd, A.: A brief overview on antioxidant activity
determination of silver nanoparticles. Molecules, 25,
2020, article 3191. DOI: 10.3390/molecules25143191.

10. Dubois-Deruy, E. — Peugnet, V. — Turkieh, A. —
Pinet, E: Oxidative stress in cardiovascular diseases.
Antioxidants, 9, 2020, article 864. DOI: 10.3390/
antiox9090864.

11. Ligouri, I. — Russo, G. — Curcio, F. — Bulli, G. —
Aran, L. — Della-Morte, D. — Testa, G. — Caccia-
tore, F. — Bonaduce, D. — Abete, P.: Oxidative stress,
aging, and diseases. Clinical Intervention in Aging,
13,2018, pp. 757-772. DOI: 10.2147/CIA.S158513.

12. Forstermann, U.: Nitric oxide and oxidative stress
in vascular disease. Pfliigers Archiv — European


https://doi.org/10.1016/j.tifs.2021.02.001
https://doi.org/10.1016/j.tifs.2021.02.001
https://doi.org/10.1016/j.fshw.2021.04.003
https://doi.org/10.1016/j.tifs.2019.02.026
https://doi.org/10.1016/j.fshw.2021.04.006
https://doi.org/10.1016/j.foodchem.2013.11.062
https://doi.org/10.1016/j.foodchem.2013.11.062
https://doi.org/10.1007/s00253-012-4552-8
https://doi.org/10.1007/s00253-012-4552-8
https://doi.org/10.1007/978-981-16-1947-2_5
https://doi.org/10.3390/molecules201019489
https://doi.org/10.3390/molecules25143191
https://doi.org/10.3390/antiox9090864
https://doi.org/10.3390/antiox9090864
https://doi.org/10.2147/CIA.S158513

Antioxidant properties of edible mushrooms in Slovakia

13.

14

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

Journal of Physiology, 459, 2010, pp. 923-939. DOI:
10.1007/s00424-010-0808-2.

Izzo, C. — Vitillo, P. — di Pietro, P. — Visco, V. —
Strianese, A. — Virtuoso, N. — Ciccarelli, M. —
Galasso, G. — Carrizzo, A. — Vecchione, C.: The
role of oxidative stress in cardiovascular aging and
cardiovascular diseases. Life, 71, 2021, article 60.
DOI: 10.3390/1ife11010060.

. Jelinek, M. - Jurajda, M. — Duris, K.: Oxidative

stress in the brain: basic concepts and treatment
strategies in stroke. Antioxidants, /0, 2021, article
1886. DOI: 10.3390/antiox10121886.

Shao, A. — Lin, D. — Wang, L. — Tu, S. — Lenahan, C.:
Oxidative stress at the crossroads of aging, stroke
and depression. Aging and Disease, 11, 2020,
pp. 1537-1566. DOI: 10.14336/AD.2020.0225.
Jiang, T. — Sun, Q. — Chen, S.: Oxidative stress:
A major pathogenesis and potential therapeutic
target of antioxidative agents in Parkinson’s disease
and Alzheimer’s disease. Progress in Neurobiology,

147, 2016, pp. 1-19. DOI: 10.1016/j.pneuro-
bi0.2016.07.005.
Dorszewska, J. — Kowalska, M. — Prendecki, M. —

Piekut, T. — Koztowska, J. — Kozubski, W.: Oxidative
stress factors in Parkinson’s disease. Neural
Regeneration Research, 16, 2021, pp. 1383-1391.
DOI: 10.4103/1673-5374.300980.

Lephart, E. D.: Skin aging and oxidative stress:
Equol’s anti-aging effects via biochemical and
molecular mechanisms. Ageing Research Reviews,
31, 2016, pp. 36-54. DOI: 10.1016/j.arr.2016.08.001.
Halliwell, B. — Gutteridge, J. M. C.: Free radicals
in biology and medicine. 5th ed. Oxford : Oxford
University Press, 2015. ISBN: 9780198717485.
Brand-Williams, W. - Cuvelier, M. E. - Berset, C.: Use
of a free radical method to evaluate antioxidant activ-
ity. LWT — Food Science and Technology, 28, 1995,
pp. 25-30. DOI: 10.1016/S0023-6438(95)80008-5.
Waterhouse, A. L.: Determination of total phenolics.
Current Protocols in Food and Analytical Chemistry,
6, 2002, pp. 11.1.1-11.1.8. DOI: 10.1002/0471142913.
fai0101s06.

Do, Q.D. - Angkawijaya, A. E. - Tran-Nguyen, P. L. -
Huynh, L. H. — Soetaredjo, F. E. — Ismadji, S. —
Ju, Y. H.: Effect of extraction solvent on total phenol
content, total flavonoid content, and antioxidant
activity of Limnophila aromatica. Journal of Food
and Drug Analysis, 22, 2014, pp. 296-302. DOI:
10.1016/j.jfda.2013.11.001.

Rice-Evans, C. A. — Miller, N. J. — Bolwell, P. G. -
Bramley, P. M. — Pridham, J. B.: The relative antioxi-
dant activities of plant-derived polyphenolic flavo-
noids. Free Radicals Research, 22, 1995, pp. 375-383.
DOI: 10.3109/10715769509145649.

Oyetayo, O. V. — Ariyo, O. O.: Micro and macronu-
trient properties of Pleurotus ostreatus (Jacq: Fries)
cultivated on different wood substrates. Jordan
Journal of Biological Science, 6, 2013, pp. 223-226.
DOI: 10.12816/0001537.

Sarikurkcu, C. — Tepe, B. — Yamac, M.: Evaluation
of the antioxidant activity of four edible mush-

26.

217.

28.

29.

30.

31.

32.

33.

34.

rooms from the Central Anatolia, Eskisehir —
Turkey: Lactarius deterrimus, Suillus collitinus,
Boletus edulis, Xerocomus chrysenteron. Bioresource
Technology, 99, 2008, pp. 6651-6655. DOI: 10.1016/j.
biortech.2007.11.062.

Keles, A. — Koca, I. — Gengcelep, H.: Antioxidant
properties of wild edible mushrooms. Journal of
Food Processing and Technology, 2, 2011, article
1000130. DOI: 10.4172/2157-7110.1000130.

Heleno, S. A. - Stojkovi¢, D. — Barros, L. —
Glamoclija, J. — Sokovié, M. — Martins, A. —
Queiroz, M. J. R. P. — Ferreira, I. C. E R.: A com-
parative study of chemical composition, antioxidant
and antimicrobial properties of Morchella esculenta
(L.) Pers. from Portugal and Serbia. Food Research
International, 57, 2013, pp. 236-243. DOI: 10.1016/].
foodres.2012.12.020.
Ferreira,l.—Barros,L.—Abreu, R.: Antioxidantsinwild
mushrooms. Current Medicinal Chemistry, 16, 2009,
pp- 1543-1560. DOI: 10.2174/092986709787909587.
Tsai, S.-Y. — Tsai, H.-L. — Mau, J.-L.: Antioxidant
properties of Agaricus blazei, Agrocybe cylindra-
cea, and Boletus edulis. LWT — Food Science and
Technology, 40, 2007, pp. 1392-1402. DOI: 10.1016/j.
Iwt.2006.10.001.

Robaszkiewicz, A. — Bartosz, G. — Lawrynowicz, M. —
Soszyniski, M.: The role of polyphenols, B-carotene,
and lycopene in the antioxidative action of the
extracts of dried, edible mushrooms. Journal of
Nutrition and Metabolism, 2010, 2010, article ID
173274. DOI: 10.1155/2010/173274.

Boonsong, S. — Klaypradit, W. — Wilaipun, P:
Antioxidant activities of extracts from five edible
mushrooms using different extractants. Agriculture
and Natural Resouces, 50, 2016, pp. 89-97. DOI:
10.1016/j.anres.2015.07.002.

Jaworska, G. — Pogon, K. - Skrzypczak, A. -
Bernas, E.: Composition and antioxidant properties
of wild mushrooms Boletus edulis and Xerocomus
badius prepared for consumption. Journal of Food
Science and Technology, 52, 2015, pp. 7944-7953.
DOI: 10.1007/s13197-015-1933-x.

Pontis, J. A.—da Costa, L. A. M. A.-daSilva,S.J.R. -
Flach, A.: Color, phenolic and flavonoid content,
and antioxidant activity of honey from Roraima,
Brazil. Food Science and Technology, 34, 2014,
pp- 69-73. DOI: 10.1590/S0101-20612014005000015.
Igile, G. O. — Bassey, S. O. — Ekpe, O. O. -
Essien, N. M. — Assim-Ita, E. A.: Nutrient com-
position of oyster mushroom (Pleurotus ostrea-
tus), grown on rubber wood sawdust in Calabar,
Nigeria, and the nutrient variability between har-
vest times. European Journal of Food Science and
Technology, 8, 2020, pp. 46-61. ISSN: 2056-5798
(print), 2056-5801 (online). <https://www.eajour-
nals.org/wp-content/uploads/Nutrient-Composition-
of-Oyster-Mushroom-Pleurotus-ostreatus-Grown-
on-Rubber-Wood-Sawdust-in-Calabar-Nigeria.pdf>

Received 6 June 2023; 1strevised 15 September2023; accept-
ed 29 September 2023; published online 18 January 2024.


https://doi.org/10.1007/s00424-010-0808-2
https://doi.org/10.3390/life11010060
https://doi.org/10.3390/antiox10121886
https://doi.org/10.14336/AD.2020.0225
https://doi.org/10.1016/j.pneurobio.2016.07.005
https://doi.org/10.1016/j.pneurobio.2016.07.005
https://doi.org/10.4103/1673-5374.300980
https://doi.org/10.1016/j.arr.2016.08.001
https://doi.org/10.1016/S0023-6438(95)80008-5
https://doi.org/10.1002/0471142913.fai0101s06
https://doi.org/10.1002/0471142913.fai0101s06
https://doi.org/10.1016/j.jfda.2013.11.001
https://doi.org/10.3109/10715769509145649
https://doi.org/10.12816/0001537
https://doi.org/10.1016/j.biortech.2007.11.062
https://doi.org/10.1016/j.biortech.2007.11.062
https://doi.org/10.4172/2157-7110.1000130
https://doi.org/10.1016/j.foodres.2012.12.020
https://doi.org/10.1016/j.foodres.2012.12.020
https://doi.org/10.2174/092986709787909587
https://doi.org/10.1016/j.lwt.2006.10.001
https://doi.org/10.1016/j.lwt.2006.10.001
https://doi.org/10.1155/2010/173274
https://doi.org/10.1016/j.anres.2015.07.002
https://doi.org/10.1007/s13197-015-1933-x
https://doi.org/10.1590/S0101-20612014005000015
https://www.eajournals.org/wp-content/uploads/Nutrient-Composition-of-Oyster-Mushroom-Pleurotus-ostreatus-Grown-on-Rubber-Wood-Sawdust-in-Calabar-Nigeria.pdf
https://www.eajournals.org/wp-content/uploads/Nutrient-Composition-of-Oyster-Mushroom-Pleurotus-ostreatus-Grown-on-Rubber-Wood-Sawdust-in-Calabar-Nigeria.pdf
https://www.eajournals.org/wp-content/uploads/Nutrient-Composition-of-Oyster-Mushroom-Pleurotus-ostreatus-Grown-on-Rubber-Wood-Sawdust-in-Calabar-Nigeria.pdf
https://www.eajournals.org/wp-content/uploads/Nutrient-Composition-of-Oyster-Mushroom-Pleurotus-ostreatus-Grown-on-Rubber-Wood-Sawdust-in-Calabar-Nigeria.pdf

