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Purpose. To reveal the influence of the substrate compositions on technical indicators and the chemical composition
of the fruiting bodies of the golden oyster mushroom and poplar mushroom. Methods. The experimental design included
cultivation of two species of wood-decay fungi Pleurotus citrinopileatus Singer (strain 2161 IVK) and Cyclocybe aegerita
(V.Brig.) Vizzini (strain 2230 IVK) on three variants of substrate composition. Laboratory, laboratory-production methods
for evaluating the effectiveness of growing technology, chemical composition of the obtained raw materials, statistical
methods of analysis were applied. Results. The structure and composition of substrates affect the technological charac-
teristics of the culture, physical and chemical properties of fruiting bodies. The shortest fruiting cycle of 35.2 + 1.7 days
was determined for C. aegerita under growing conditions on SC1 substrate which formula included «straw, husks, pellet,
rapeseed, corn, and CaC0,» in the ratio of 30: 40: 70: 20: 20: 1. The highest yield (170.5 + 15.2 g per 1 kg of substrate) in
the experiment was determined for P. citrinopileatus on the SC1 substrate composed of «straw / pellets / rapeseed / corn/
CaCo0,» in the ratio 40: 90: 20: 25: 1. Fruiting bodies of P. citrinopileatus obtained from the SC3 substrate composed of
«pellets / rapeseed / corn / CaC0,» in the ratio 60: 110: 20: 30: 1 had the highest protein content — 22.47 + 0.19%, and
fruiting bodies from the SC1 substrate had the least amount of proteins — 17.38 + 2.60%. Fruiting bodies of C. aegerita
contained more lipids than those of P. citrinopileatus, but the factor of the influence of the substrate composition on the
total amount of lipids for some cultivars was insignificant. The largest amount of endopolysaccharides was isolated from
the fruiting bodies of C. aegerita (6.81 + 0.41%) cultivated on SC3 substrate, and the smallest in the SC1 variant (1.38 +
0.25%). The content of endopolysaccharides in the fruiting bodies of P. citrinopileatus had less variability from 2.54 + 0.54
(SC3) to 4.72 + 0.61% (SC1). Conclusion. Substrate compositions significantly affect the biological efficiency of cultivars
and the content of nutrients in fruiting bodies of the studied species. The obtained results enable producers of mushrooms
to predict the production efficiency and quality of grown mushrooms in accordance with the use of available raw materials.
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specific light and pleasant aroma of seafood,
which appears after a short thermal treatment
[3]. Fruiting bodies of this fungus contain
22.10 = 2.03% of protein, and in the biomass
obtained by submerged cultivation, protein con-
tent reaches 36.2 = 1.2% [3, 4]. According to
published data [5], the amount of lipids varies
from 1.32 to 3.37%, but does not exceed 5%.
Such interesting dietary features of P. citrino-
pileatus are complemented by the content of sub-
stances with high medicinal potential, for exam-
ple, the nonlectin glycoprotein (PCP-3A) found
in fresh fruiting bodies [6]. Researchers [7, 8]
emphasize the high antitumor ability of glyco-
proteins of this species of oyster mushroom, as
well as their antioxidant and hypoglycemic pro-
perties.

The poplar mushroom is firm in texture and
keeps the shape and structure of fruiting bo-
dies after boiling; mushrooms remain dense and
crisp, retaining the dark color of the cap [9].
But in addition to high nutrition indicators,
the fruiting bodies of poplar mushroom con-
tain unique ceramides with proven antitumor
potential [10]. The antioxidant properties of
the extracted polysaccharides and their ability
to stabilize skin collagen were discovered. That
reveals the prospects for the use of these sub-
stances as natural agents or food additives in
gerontological practice and for combating age-
related complications [11].

Bright and rich colors of fruiting bodies of
golden oyster mushrooms and poplar mushrooms
always attract consumers. On the other hand,
these species have repeatedly proven nutritional
and medicinal value, which makes them an
integral part of health food in Asia and Eu-
rope [1—4]. The price of these mushrooms is an
order of magnitude higher in comparison with
the already known button mushroom champig-
nons and oyster mushrooms, what determines
the interest of mushroom producers in gro-
wing these species. The domestic adaptation of
the known regulations for the cultivation of
golden oyster mushrooms and poplar mush-
room is significantly slowed down in the ab-
sence of information about the possibility of
using available agricultural by-products and
its effect on the quality of mushroom products.
Researchers emphasize the significant influ-
ence of substrate compositions and methods of
their preparation on the technical indicators of
growing mushroom culture, on the content of
organic and mineral substances in mushrooms,
which, accordingly, changes their taste and
aroma [3, 4]. In particular, scientists from
Kenya determined that the formation of P. cit-
rinopileatus primordia began on the 13th day
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from the moment of inoculation on bean straw
substrate, while on the sawdust substrate — on
the 31st; the biological efficiency of the culture
was 149% from the bean straw substrate and
decreased to less than 1% when sawdust was
used [4]. Enrichment of wheat straw substrates
with poultry litter and millet grains allowed
researchers from the United States to increase
the biological efficiency of C. aegerita cultiva-
tion fivefold. In the same experiment, the op-
timal ratio of 70 : 10 : 20 components in the
substrate formula «straw / litter / millet» contri-
buted to the increased protein content in the
fruiting bodies of C. aegerita to 37.6%, while on
the substrate made of wheat straw this indica-
tor was 27.1% [12-14].

The main components of substrates for artifi-
cial cultivation of P. citrinopileatus and C. aege-
rita are cereal straw and sunflower husk, which
cost increases annually and significantly de-
pends on logistics. Previous studies showed
the possibility of using fuel pellets made from
sunflower husks to increase the efficiency of
growing wood-decay fungi [15]. But the high
density of such raw materials leads to a de-
crease in the aeration characteristics of the
substrates, which can affect the physiological
and biochemical parameters of the culture.

The purpose of the study is to reveal the ef-
fect of substrate composition content on the tech-
nical and chemical parameters of fresh fruiting
bodies of golden oyster mushroom (P. citrinopi-
leatus) and poplar mushroom (C. aegerita).

Materials and methods

The cultures of the studied species — strains
of P. citrinopileatus 2161 IVK and C. aegerita
2230 IVK, were obtained from the collection of
cap mushrooms cultures of the M. G. Kholodny
Institute of Botany and maintained on a nutri-
ent medium of the following composition: 20 g
agar-agar, 20 g malt-dextrose, 2 g dry yeast
extract, up to 1 liter water. The pH of the me-
dium was adjusted to 6.7 = 0.2 with 0.1N KOH
solution and sterilized for 35 min at 121 °C [16].

For the manufacture of substrate composi-
tions, the following components were used:
local raw materials — barley straw and sun-
flower husks crushed to 5—7 mm, as well as
fuel pellets from husk. The composition of the
substrate compositions was calculated so as to
achieve a carbon to nitrogen (C : N) ratio of
20 : 1, in accordance with published data [17].
Rapeseed was added to the formula to provide
the required lipid content [18]. Also, the for-
mulas of the compositions were calculated so
as to achieve the optimal values of moisture
indicators (63—65%) and substrate density
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from 350 to 550 kg/m [15]. The required water
content was calculated taking into account the

initial moisture content of the raw material
(Table 1).

Table 1
The ratio of the components of the substrate compositions (SC) by weight (kg)
Composition code | Straw | Husks | Pellets | Rapeseed | Corn | Chalk (CaC0,) | Water
SC1 30 40 70 20 20 1 263
SC2 40 0 90 20 25 1 325
SC3 0 60 110 20 30 1 288
Moisture, % 11.5 | 8.8 7.5 10.5 7.8 12.3 100

Straw, husks and rape plant seeds were soa-
ked with an excess of cold water for 8-10 hours.
The moistened raw materials were put into
mixing containers. Pallets were prepared sepa-
rately: warm water (30—40 °C) was added, the
moist components were mixed adding ground
corn and chalk. The finished compositions were
packed in polypropylene bags 580 x 480 mm,
with four filters in the upper part measuring
20 x 480 mm, 3250 = 50 g each. The substrates
were sterilized in an industrial autoclave at
121 = 3 °C for 120 min. The substrates, cooled
to a temperature of 26 = 1 °C, were inoculated
under aseptic conditions with mycelium-cove-
red cereal at 3% by weight (100 = 15 g per bag).
For each variant of the experiment, 30 bags
were made. Substrate samples were taken after
inoculation (from five bags of 50 g each) and
mixed. The averaged sample was used for ana-
lysis.

The density of the substrate was determined
by the formula:

p=m/YV,

where p — density of the substrate, kg/m3;
m — mass of the substrate, kg; V — volume of
a unit of the substrate, m3.

The volume of the substrate block was deter-
mined by the formula:

V=nxaxbxh,

where © — 3.14; a — the semi-major axis of
the package after installation on the shelf had
the shape of an ellipse, m; b — semi-minor axis,
m; h — substrate height, m.

The moisture content of plant raw materials
and manufactured substrates was determined
gravimetrically at a temperature of 102 = 1 °C,
but the samples of fruiting bodies were first
dried at a temperature of 45 °C, taking into
account the characteristics of the mushroom
raw material, and then dried to an absolutely
dry mass at 92 = 2 °C.

The concentration of hydrogen ions (pH) of the
substrate was determined according to national
standard DSTU ISO 10390: 2007 Soil quality.
Determination of pH (ISO 10390: 2007, IDT).

The ash content was determined as follows:
3 g of absolutely dry powder of the fruiting
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body were weighed in ceramic crucibles of
known weight, burned in a muffle furnace at
a temperature of 550 = 10 °C for three hours,
and the samples were cooled in a desiccator.
The ratio of the residual mass to the original
mass of the sample in percent was calculated.

The total nitrogen content was determined by
the chloramine method according to Pochinok.

The C/N ratio was determined by the formula
C/N = 0.5 (100 - a) / N, where a — the ash
content, %; 0.5 — coefficient of carbohydrate
content, adjusted for the biochemical charac-
teristics of raw materials; N — the content of
total nitrogen in the substrate [20].

The analysis of the technical parameters of
the substrates and the chemical analysis of the
fungi were carried out in triple repetition for
each cultivation cycle.

The substrates were incubated at a temperatu-
re of 23 = 3 °C and a humidity of 65% indoors.
Lighting was used only to control the develop-
ment of a culture.

Fruiting was initiated from the 20th day.
The packages were placed in a growing cham-
ber with appropriate microclimatic conditions:
air temperature 14 = 1 °C, relative air humidity
91 + 5%; carbon dioxide content 1250 = 150 ppm
(0.12%). Illumination was maintained at 150—
200 lux for 8 = 1 hour per day. Taking into
account the different level of shelves on rackes
regarding the floor and the possible difference
in microclimatic conditions, the packages were
installed randomly. Two 100 = 20 mm cuts we-
re made on the bags with P. citrinopileatus
culture, but the substrate was not freed from the
film. On the bags with the C. aegerita culture, a
cut was made in the upper part and a polypro-
pylene film was peeked back to the side (Fig. 1).
The crop was harvested at the stage of technical
maturity before the onset of sporulation.

Fresh fruiting bodies for biochemical analy-
sis were collected from different blocks in ac-
cordance with the variant of the experiment,
dried at a temperature of 55 += 3 °C for 8-10
hours and ground into flour. Before analysis,
the sample was additionally dried at a tempera-
ture of 102 = 2 °C and cooled in a desiccator.
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The moisture content, the amount of total
nitrogen and ash were determined by the above
methods in triplicate repetition. Lipid content
was determined by extraction of mushroom
samples (absolutely dry weight) in petroleum
ether as a solvent using a Soxhlet extractor.

The total nitrogen content per crude protein
content was calculated using a coefficient of
4.38 in terms of the amount digested in the
human body [16].

Fig. 1. Types of holes on polypropylene bags
for fruiting stimulation:
a) two cuts 100 + 20 mm for P. citrinopileatus;
b) one large incision for S. aegerita

Endopolysaccharides (endoPS) were extracted
from dry matter according to the following pro-
cedure: 2 g of fruiting bodies powder were ad-
ded to 10 ml of distilled water and thoroughly
mixed; for 16 hours kept in an oven at a tem-
perature of 98 = 0.1 °C; the obtained extract
was added with 96% ethyl alcohol in a ratio of
1 : 2 (by volume) to precipitate polysaccharides
and settled for 24 hours at a temperature of
4 °C. The precipitate was separated by centrifu-
gation at 5000 RPM for 25 minutes. The pre-
cipitate was dissolved by adding 20-30 ml of
hot deionized water (90 = 1 °C). The suspended
endopolysaccharide fraction was dried at 60 °C
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for 8 hours. The amount of endopolysaccha-
rides in dry matter was determined gravimet-
rically and calculated by the formula: weight
of endopolysaccharide | weight of sample x
100% [19].

The percentage of carbohydrates, excluding
endopolysaccharides, was calculated using the
formula: 100 — the amount of proteins (%) —
the amount of lipids (%) — the amount of ash
elements (%) — the amount of endopolysaccha-
rides (%). The C/N ratio in the substrate was
determined by the formula:

C/N = 0.52 (100 - a) / N,

where a — ash content, %; 0.52 — averaged
coefficient of carbon content; N — total nitro-
gen content, % [20].

The yield from each separate bag was calcu-
lated by the ratio of the mass of the harvested
mushrooms in grams per kilogram of the pre-
pared substrate mass.

The biological efficiency (BE) of cultivars
was calculated using the formula:

BE = ﬂx 100 %
Mdm

where M 4, — Inass of raw fruit bodies; M, -
mass of the substrate dry matter [21].

Statistical analysis of the obtained results
was carried out using the Microsoft Office Ex-
cel 2016 MSO package and the built-in QI Mac-
ros 2020 program. One and two-factor ANOVA
analysis was performed («a» is the highest in-
dicator in the experiment), to compare the
mean in the groups, the U-test (Mann—Whit-
ney). The smallest significant difference was
found using the significance level = 0.05.

Results and discussion

Based on the results of the analysis of the
content of the prepared substrate compositions,
the differences in the indicators of the content
of ash elements and density were determined
(Table 2).

In SC1 and SC2 substrates, which included
straw, high ash content was determined in
comparison with SC3, where only sunflower
waste was used. The latter corresponds to the
literature data on the composition of raw ma-
terials [22]. Also, the SC3 substrate signifi-
cantly differed from others in terms of density
(568 = 21 kg/m?3), which is associated with the
absence of a sufficiently large fraction of straw.
The indicators of moisture content and the con-
tent of the main nutrients in the calculated
compositions did not differ, which indicates
the possibility of theoretical calculation of the
substrate formula based on the results of the
analysis of raw materials. According to the
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Table 2

Characteristic of substrate compositions in the experiment
(mean = standard error)

Code | Moisture (%) | Total nitrogen (%) | Ash (%) C/Nratio | Density (kg/mi)
SC1 63.4+1.8 2.25+0.21 |4.6a+0.4|21.2+0.8/1| 337b+29
SC2 65.9+1.7 2.38+0.15 |4.8a+0.7]20.0+1.3/1| 315b+42
SC3 63.9+2.1 2.29+0.29 |3.6b+0.5]/21.1+1.0/1| 568a+21
LSD, s 1.9 0.25 0.93 1.7 75

results of statistical analysis, a significant
effect of the substrate composition content on
the term of vegetative development of crops
in the substrate (its end was determined by

the date of the first primordia formation), as
well as on the indicators of the total yield and
biological efficiency of cultivars was proved
(Table 3).

Table 3
Indicators of cultivation of C. aegerita and P. citrinopileatus
(average over 3 growing cycles + standard error) (2019-2020)

Culture SC for;rzlgg;daay) Harvesting (day) | Total yield (g/kg) efgl?claﬁgi(l‘l’/o)
1 25.3c+1.45 | 35.22b+1.66 | 122.7a+23.1 | 31.46b +5.92
C. aegerita 2 | 28.2b+0.80 |38.20ab+1.36| 123.3a+22.7 |35.27ab+6.48
3 | 29.8ab+0.41 |38.58ab +0.35| 132.1a+11.5 |33.87ab+2.95
1 | 26.3bc+1.62 | 41.18a+2.43 | 167.5a+27.2 |42.95ab +6.96
P. citrinopileatus | 2 | 24.8c+1.02 | 40.00a+2.51 | 170.5a+15.2 | 48.71a + 4.35
3 32.0a+0.95 |39.60ab+1.25| 45.5b+4.6 11.66c +1.18

LSD, - 3.2 4.51 58.9 15.22

p - 0.001 0.156 0.013 0.007

The shortest terms of primordia formation
in the experiment were recorded when P. cit-
rinopileatus was grown on the SC2 substrate
composition, and the longest, also for this cul-
ture, on the SC3 substrate (24.80 = 1.02 and
32.00 = 0.95 days, respectively).

The cultures colonized the substrates and
began to form primordia at different times.
The fastest development of C. aegerita was de-
termined on SC1 substrate (25.33 = 1.45 days),
while the P. citrinopileatus culture was more
active on SC2 (24.80 = 1.02 days). It should be
noted that primordia appeared on SC3 sub-
strate in both cultures much later: C. aegerita
on 29.84 + 0.41 day, and P. citrinopileatus on
32.00 = 0.95 day.

There was no significant difference between
the end of the harvest for grown crops by two-
factor analysis of ANOVA data (p = 0.156), but
after comparing means of the groups by the
Mann—Whitney U-Test method, a significantly
longer duration of fruiting (p < 0.05) was deter-
mined for P. citrinopileatus culture. The shor-
test cycle in the experiment had C. aegerita cul-
ture grown on SC1 substrate (35.22 = 1.66 days).

The substrate composition significantly (p =
0.013) influenced the yield of the studied spe-
cies. In the experiment, the largest mass of
fruiting bodies was collected on P. citrinopilea-
tus culture on SC1 and SC2 (167.5 = 27.2 and
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170.5 = 15.2 g per 1 kg of substrate, respec-
tively). The lowest yield in the experiment
(45.5 = 4.6 g/kg) was also determined for this
crop on SC3 substrate.

The overall yield of C. aegerita cultivar in the
experiment (122.7 ... 132.1 g/kg) was lower than
the known scientific data. For example, when
using a composition of wheat straw, chicken lit-
ter and millet seeds in a ratio of 70 : 20 : 10,
researchers received up to 770.5 = 118.4 g of
fresh mushrooms from 5000 g of substrate [12].
But the results obtained in the experiment sig-
nificantly exceed the yield indicators for C. aege-
rita, grown on birch sawdust (87 g/kg) [13].
The obtained indicators of P. citrinopileatus
productivity confirm the results [4] with the
definition of low efficiency of this species when
using substrates with high density. Also, the
yield indicators practically coincided when
grown on similar plant residues: on straw —
109.6 g, sugar cane — 177.1 g.

According to the results of statistical analy-
sis, a significant effect of the composition of
the substrate on the biological efficiency (BE)
of P. citrinopileatus culture (p = 0.006) was
determined, while for C. aegerita culture, no
significant difference was found in this indica-
tor between the experimental options (p = 0.877).
The highest BE in the experiment was obtained
under the conditions of P. citrinopileatus cultiva-
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tion on SC2 substrate (48.71 = 4.35%), and the
lowest (11.66 = 1.18%) — on the SC3 substrate
for the same culture. The BE index of C. aege-
rita in the experiment varied slightly from
31.46 = 5.92% (SC1) to 35.27 = 6.48% (SC2).
It should be noted that the results of the anal-
ysis were higher compared to the indicators of
BE of C. aegerita, obtained by American scien-

tists [12] when using substrates with a low ra-
tio of carbon to nitrogen (C/N), where BE was
6.3 = 2.4% for C/N = 13/1 and 9.4 = 4.1% for
C/N = 30/1. As a result of the analysis of the
obtained data, a significant influence of sub-
strates on the chemical composition of the
fruiting bodies of the studied species was de-
termined (Table 4).

Table 4
Chemical parameters of fruiting bodies of C. aegerita and P. citrinopileatus according to experimental variants
. Crude protein 1o Endopolysaccharides Other o o
Species SC (%) Lipids (%) (%) polysaccharides (%) Ash (%) Dry matter (%)
1 19.62ab +0.30| 2.59a + 0.08 3.38bc +0.89 72.79 £ 1.15 1.64b + 0.55 | 8.67b + 0.49
C. aegerita 2 | 20.53ab+0.6 | 2.77a +0.56 1.38c +0.25 73.86+0.83 | 1.47b+0.35 |10.52a + 0.15
3] 21.78a+0.52 |2.30ab +0.10 6.81a + 0.41 61.45+1.12 7.47a+£0.17 |10.11a +0.23
1]17.38b+2.60 | 1.41b +0.19 4.72b +0.61 67.38 + 1.64 9.12a + 1.42 |10.33a+0.29
P. citrinopileatus | 2 |20.45ab +0.90| 1.41b+0.05 | 3.12bc+0.95 64.90 +1.80 |10.14a+1.19| 8.87b +0.05
3122.47a+0.19 | 1.63b +0.41 2.54c + 0.54 65.90 + 1.63 7.65a+0.26 | 8.22b +0.03
LSD, 3.63 0.93 2.03 - 2.76 0.80
p 0.111 0.021 0.001 - 0.0001 0.0001

The highest protein content in the experi-
ment (22.47 = 0.19%) was found in the fruiting
bodies of P. citrinopileatus, grown on SC3 sub-
strate, and the lowest for the same species
(17.38 = 2.60%) when SC1 was used. It should
be noted that in both cultivars, fruiting bodies
obtained from SC3 had the highest amount of
proteins, while those grown on SC1 had the
least.

The lipid content in the fruiting bodies of
C. aegerita was significantly higher (p = 0.021)
compared to that in P. citrinopileatus, but the
factor of the influence of the substrate compo-
sition on the total amount of fats for individu-
al cultivars was insignificant. The maximum
amount of lipids (2.77 = 0.56%) was contained
in the fruiting bodies of C. aegerita obtained
from SC2, and the lowest in the fruiting bodies
of P. citrinopileatus on substrates SC1 and SC2
(1.41%).

According to the results of statistical analy-
sis of the data, significant differences were
proved in terms of the content of endopolysac-
charides in fruiting bodies of cultivars obtained
on different substrates (p = 0.001). In parti-
cular, a high amount of endopolysaccharides
(6.81 = 0.41%) was isolated from the fruiting
bodies of C. aegerita, grown on SC3, and the
smallest (1.838 += 0.25%) on SC1. The content
of endopolysaccharides in the fruiting bodies
of P. citrinopileatus had less variability from
2.54 = 0.54 (SC3) to 4.72 = 0.61% (SC1). Indi-
cators of the content of other polysaccharides
were calculated, but their greatest value was
recorded in the fruiting bodies of C. aegerita
on SC2 substrate (73.86 = 0.83%), the smallest
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value also for this cultivar, on SC3 substrate
(61.45 += 1.12%).

As a result of comparing the means by the
Mann—Whitney U-Test method, a significant
difference was determined between the studied
crops in terms of ash content. The highest in-
dex was observed for the fruiting bodies of
P. citrinopileatus obtained from SC2 substrate
(10.14 = 1.19%), the lowest — for the fruiting
bodies of C. aegerita from substrates of the
same composition (1.47 = 0.35%).

Based on the results of two-factor statistical
analysis, a significant effect of the content of
substrate compositions on the content of dry
matter (DM) in the fruiting bodies of cultivars
was determined. The highest DM content was ob-
served in C. aegerita mushrooms from SC2 sub-
strate (10.52 = 0.15%), the lowest — in P. citri-
nopileatus from SC3 (8.22 = 0.03%). Accor-
ding to univariate analysis, the fruiting bo-
dies of P. citrinopileatus grown on SC1 substrate
had the highest DM content (10.33 *= 0.29%),
while the fruiting bodies of C. aegerita on the
same substrate had the lowest one (8,67 = 0.49%).

The chemical composition of the obtained frui-
ting bodies coincides with the results of previ-
ous researchers [23]. For example, under the con-
ditions of C. aegerita cultivation on substrates
with the addition of fermented chicken manure,
the lipid content in the fruiting bodies varied
from 1.02 to 2.28%, while the content of crude
proteins varied from 27.1 to 37.6% when using
the composition «straw / waste / millet» in the
ratio 70 : 10 : 20 [12]. According to Musieba
[24], the fruiting bodies of the golden oyster
mushroom contained 22.10 = 2.03% crude pro-

135



PocnuHHuymso

teins on substrates containing straw. So, the
investigated substrate compositions make it
possible to obtain the fruiting bodies of P. cit-
rinopileatus and C. aegerita with satisfactory
indicators of nutritional value.

Conclusions

The possibility of using agricultural by-
products for the effective cultivation of wood-
decay fungi P. citrinopileatus and C. aegerita
was investigated. The significant influence of
the composition of substrates on technological
and chemical parameters of the studied crops
was determined. The efficiency of using a sub-
strate composition from barley straw, fuel pel-
lets from sunflower husk, rapeseed, corn flour,
and CaCO, in a ratio of 40 : 90 : 20 : 25 : 1 by
mass fractions was proven. The obtained re-
sults made it possible to assess positively nu-
tritional value of fruit bodies by the content of
crude proteins in terms of the amount digested
in the human body — from 17.38 to 22.47% in
dry matter in P. citrinopileatus and from 19.62
to 21.78% in C. aegerita. The presence of endo-
polysaccharides in the fruiting bodies of P. citri-
nopileatus (2.54-4.72%) and C. aegerita (1.38—
6.81%) indicates the possibility of their use as
a source of functional substances in therapeu-
tic nutrition.

References

1. Prasad, S., Rathore, H., Sharma, S., & Yaday, A. S. (2015). Me-
dicinal mushrooms as a source of novel functional food. Int. J.
Food Sci. Nutr. Diet., 04(5), 221-225. doi: 10.19070/2326-3350-
1500040

2. Royse, D. J., Baars, J., & Tan, Q. (2017). Current overview of
mushroom production in the world. In C. Zied Diego, & A. Par-
do-Giménez (Eds.), Edible and medicinal mushrooms: technology
and applications (pp. 5-13). New York, NY: John Wiley & Sons.
doi: 10.1002/9781119149446.ch2

3. Miyazawa, M., Dejima, Y., Takahashi, T., Matsuda, N., & Ishikawa, R.
(2011). Characteristic Odor Components of Essential Oil from
Dried Fruiting Bodies of Golden Oyster Mushroom (Pleurotus
citrinopileatus). J. Essent. Oil Res., 23(3), 58-63. doi: 10.1080/
10412905.2011.9700459

4. Musieba, F., & Okoth, S. (2011). First record of the occurrence of
Pleurotus citrinopileatus Singer on new hosts in Kenya. Agric. Biol. J.
NorthAm.,2(9),1304-1309.doi:10.5251/abjna.2011.2.9.1304.1309

5. Tarnopol'skaya, V. V., Alaudinova, E. V., Savolaynen, A. S., & Rop-
topulo, S. I. (2014). Chemical composition of Pleurotus xylo-
troph basidiomycetes in submerged culture. Hvojnye boreal'noj
zony [Conifers of the Boreal Area], 32(1-2), 78-80. [in Russian]

6. Chen, P. H., Weng, Y. M., Lin, S. M., Yu, Z. R., & Wang, B. J. (2017).
Molecular weight affected antioxidant, hypoglycemic and hypo-
tensive activities of cold-water extract from Pleurotus citrino-
pileatus. J. Food Sci., 82(10), 2456-2461. doi: 10.1111/1750-
3841.13851

7. Minato, K. I. (2008). Imnmunomodulation activity of a polysaccha-
ride fraction of a culinary-medicinal mushroom, Pleurotus citrino-
pileatus Singer (Agaricomycetideae), in vitro. Int. J. Med. Mush-
rooms, 10(3), 235-244. doi: 10.1615/IntIMedMushr.v10.i3.40

8. Sheng, Y., Zhao, C., Zheng, S., Mei, X., Huang, K., Wang, G., & He, X.
(2019). Anti-obesity and hypolipidemic effect of water extract

from Pleurotus citrinopileatus in C57 BL/6J mice. Food Sci. Nutr.,
7(4), 1295-1301. doi: 10.1002/fsn3.962

9. Bandura, I. I., Kulyk, A. S., & Koliadenko, V. V. (2020). Xylo-

10

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

trophic mushrooms as a source of bioactive substances for
functional nutrition. Praci Tavrijs'’kogo derzavnogo agrotehno-
logicénogo universitetu [Proceedings of the Tavria State Agro-
technological University], 20(2), 132-140. doi: 10.31388/2078-
0877-20-2-132-141 [in Ukrainian]

. Diyabalanage, T., Mulabagal, V., Mills, G. L., DeWitt, D. L., &

Nair, M. G. (2008). Health-beneficial qualities of the edible
mushroom, Agrocybe aegerita. Food Chem., 108(1), 97-102.
doi: 10.1016/j.foodchem.2007.10.049

Jing, H., Li, J., Zhang, J., Wang, W., Li, S., Ren, Z., ... Jia, L.
(2018). The antioxidative and anti-aging effects of acidic-
and alkalic-extractable mycelium polysaccharides by Agrocybe
aegerita (Brig.) Sing. Int. J. Biol. Macromol., 106, 1270-1278.
doi: 10.1016/j.ijbiomac.2017.08.138

Isikhuemhen, 0. S., Mikiashvili, N. A., & Kelkar, V. (2009). Appli-
cation of solid waste from anaerobic digestion of poultry litter
in Agrocybe aegerita cultivation: mushroom production, ligno-
cellulolytic enzymes activity and substrate utilization. Biodeg-
radation, 20(3), 351-361. doi: 10.1007/510532-008-9226-y
Jasinska, A., Siwulski, M., & Sobieralski, K. (2012). Mycelium
growth and yielding of black poplar mushroom — Agrocybe aege-
rita (Brig.) Sing. on different substrates. J. Agric. Sci. Technol.,
2(9), 1040-1047.

Kleofas, V., Sommer, L., Fraatz, M. A., Zorn, H., & Rihl, M. (2014).
Fruiting body production and aroma profile analysis of Agro-
cybe aegerita cultivated on different substrates. Nat. Res., 5(6),
233-240. doi: 10.4236/nr.2014.56022

Bandura, I., Kulyk, A., Chausov, S., & Tsyz, 0. (2020). Influence of
plant substrate composition on the efficiency of edible mush-
rooms cultivation Cyclocybe aegerita (V.Brig.), Pleurotus eryn-
gii (DC.) Quel., Pleurotus citrinopileatus Singer and Flammulina
velutipes (Curtis) Singer. Visnik agrarnoi nauki Pricornomor’a
[Ukrainian Black Sea Region Agrarian Science], 3, 62-71.
doi: 10.31521/2313-092X/2020-3(107)-8 [in Ukrainian]
Bukhalo, A. S., & Dudka, I. A. (1988). Vysshiye syedobnyye ba-
zidiomitsety v chistoy kulture [Higher edible basidiomycetes in
pure culture]. Kyiv: Naukova dumka. [in Ukrainian]
Wanzenbéck, E., Apprich, S., Tirpanalan, O., Zitz, U., Kracher, D.,
Schedle, K., & Kneifel, W. (2017). Wheat bran biodegradation
by edible Pleurotus fungi — A sustainable perspective for food
and feed. LWT — Food Science and Technology, 86, 123-131.
doi: 10.1016/j.lwt.2017.07.051

Pardo-Giménez, A., Catalan, L., Carrasco, J., Alvarez-Orti, M., Zied,
D., & Pardo, J. (2016). Effect of supplementing crop substrate
with defatted pistachio meal on Agaricus bisporus and Pleu-
rotus ostreatus production. J. Sci. Food Agric., 96(11), 3838-
3845. doi: 10.1002/jsfa.7579

Boromenskyi, D. 0., & Bisko, N. A. (2020). Influence of cultivation
conditions on hiomass and endopolysaccharide production by
species of the genus Ganoderma (Ganodermataceae). Ukr. Bot. J.,
77(2),117-124. doi: 10.15407/ukrbotj77.02.117 [in Ukrainian]
Zenova, G. M., Stepanov, A. L., Likhacheva, A. A., & Manucha-
rova, N. A. (2002). Praktikum po biologii pochv [Soil Biology
Workshop]. Moscow: Izdatel'stvo Moskovskogo universiteta.
[in Russian]

Chang, S. T., & Hayes, W. A. (Eds.). (2013). The biology and culti-
vation of edible mushrooms. New York, NY: Academic Press.
Harkov, V. V., Tuncev, D. V., & Kuznecov, M. G. (2018). Ther-
mochemical processing of sunflower husk. Vestnik Kazans-
kogo gosudarstvennogo agrarnogo universiteta [Vestnik of
Kazan State Agrarian University], 4, 130-134. doi: 10.12737/
article_5c3de39d111083.70940804 [in Russian]

Shevale, S. B., & Deshmukh, H. V. (2016). Yield performance
and nutritional analysis of Pleurotus species on different agro
wastes and vegetable wastes. Int. J. Plant Prot., 9(1), 162-167.
doi: 10.15740/HAS/1IPP/9.1/162-167

136 ISSN 2513-1017 PLANT VARIETIES STUDYING AND PROTECTION, 2021, T. 17, Ne2



Plant production

24. Musieba, F., Okoth, S., Mibey, R. K., Wanjiku, S., & Moraa, K. (2013).

Proximate composition, amino acids and vitamins profile of

Chem. 2008. Vol. 108, Iss. 1. P. 97-102. doi: 10.1016/j.food-
chem.2007.10.049

11. Jing H., Lij., Zhang J. et al. The antioxidative and anti-aging ef-
fects of acidic-and alkalic-extractable mycelium polysaccharides

YIK 635.89/577.11

by Agrocybe aegerita (Brig.) Sing. Int. J. Biol. Macromol. 2018.
Vol. 106. P. 1270-1278. doi: 10.1016/j.ijbiomac.2017.08.138

Pleurotus citrinopileatus Singer: an indigenous mushroom in 12, Isikhuemhen 0. S., Mikiashvili N. A., Kelkar V. Application of sol-
Kenya. Am. J. Food Technol., 8(3), 200-206. doi: 10.3923/ id waste from anaerobic digestion of poultry litter in Agrocybe
ajft.2013.200.206 aegerita cultivation: mushroom production, lignocellulolytic en-
. zymes activity and substrate utilization. Biodegradation. 2009.
BVIKOpVICTaHa miTeparypa Vol. 20, Iss. 3. P. 351-361. doi: 10.1007/510532-008-9226-y

. Prasad S., Rathore H., Sharma S., Yadav A. S. Medicinal mush- 13- Jasinska A., Siwulski M., Sobieralski K. Mycelium growth and
rooms as a source of novel functional food. Int. J. Food Sci. Nutr. yielding of black poplar mushroom — Agrocybe aegerita (Brig.)
Diet. 2015. Vol. 04, Iss. 5. P. 221-225. doi: 10.19070/2326- Sing. on different substrates. J. Agric. Sci. Technol. 2012. Vol. 2,
3350-1500040 Iss. 9. P. 1040-1047.

. Royse D. J., Baars J., Tan Q. Current overview of mushroom pro- ~ 4. Kleofas V., Sommer L., Fraatz M. A. et al. Fruiting body pro-
duction in the world. Edible and medicinal mushrooms: Techno- duction and aroma profile analysis of Agrocybe aegerita cul-
logy and applications / C. Zied Diego, A. Pardo-Giménez (Eds.). tivated on d1ff§rent substrates. Nat. Res. 2014. Vol. 5, Iss. 6.
New York, NY : John Wiley & Sons, 2017. P. 5-13. P. 233-240. doi: 10.4236/nr.2014.56022
doi: 10.1002/9781119149446.ch2 15. bangypa L. L., Kynuk A. C., HYaycos C. B., Lu3b 0. M. Bnaue cknapy

. Miyazawa M., Dejima Y., Takahashi T. et al. Characteristic Odor POC/MHHMX CYOCTPATIB Ha eEKTUBHICTb KYNLTUBYBAHHA TCTIBHMX
Components of Essential Oil from Dried Fruiting Bodies of rpubie Cyclocybe aegerita (V.Brig.), Pleurotus eryngii (DC.) Quel.,
Golden Oyster Mushroom (Pleurotus citrinopileatus). J. Essent. Pleurotus citrinopileatus Singer Ta Flammulina velutipes (Curtis)
0il Res. 2011. Vol. 43, Iss. 3. P. 58-63. doi: 10.1080/10412905. Singer. BicH. aepap. Hayku lTpudopromop’s. 2020. N2 3. C. 62-71.
2011.9700459 doi: 10.31521/2313-092X/2020-3(107)-8

. Musieba F., Okoth S. First record of the occurrence of Pleurotus ~ 16. byxano A. C., flyaka W. A. Beicwue coepobHble 6asnanomuuets
citrinopileatus Singer on new hosts in Kenya. Agric. Biol. J. B yuctoit kynetype. Knes : Haykosa pymka, 1988. 144 c.

North Am. 2011. Vol. 2, Iss. 9. P. 1304-1309. doi: 10.5251/abj-  17. Wanzenbdckab E., Apprichab S., Tirpanalanab O. et al. Wheat
na.2011.2.9.1304.1309 bran biodegradation by edible Pleurotus fungi — A sustainable

. TapHononbckas B. B., Anayaunosa E. B., CasonaitveH A. C., Pon- perspective for food and feed. LWT - Food Sci. Technol. 2017.
Tonyno C. W. XuMuyeckuit coctas ray6UHHON KyNbTYpbl KCUNO- Vol. 86. P. 123-131. doi: 10.1016/].lwt.2017.07.051
TpoHbIx  BasupuomuueTos  popa  Pleurotus.  Xsotinwie — 18. Pardo-Giménez A., Catalan L., Carrasco J. et al. Effect of supple-
6opeanbHoii 30Hb1. 2014. T. 32, Ne 1-2. C. 78-80. menting crop substrate with defatted pistachio meal on Agaricus

. Chen P. H., Weng Y. M., Lin S. M. et al. Molecular weight affected bisporus and Pleurotus ostreatus production. J. Sci. Food Agric.
antioxidant, hypoglycemic and hypotensive activities of cold- 2016. Vol. 96, Iss. 11. P. 3838-3845. doi: 10.1002/jsfa.7579
water extract from Pleurotus citrinopileatus. J. Food Sci. 2017.  19. bopomencbkuii [l. 0., bicbko H. A. Bnnns ymoB KynbTuByBaHHA
Vol. 82, Iss. 10. P. 2456-2461. doi: 10.1111/1750-3841.13851 Ha HaKonuueHHa 6iomacu Ta engononicaxapuais rpubamm pogy

. Minato K. I. Immunomodulation activity of a polysaccharide Ganoderma (Ganodermataceae). Ukr. Bot. J. 2020. T. 77, Ne 2.
fraction of a culinary-medicinal mushroom, Pleurotus citrino- C. 117-123. doi: 10.15407/ukrbotj77.02.117
pileatus Singer (Agaricomycetideae), in vitro. Int. J. Med. Mush-  20. 3exosa I. M., CrenaHos A. J1., Jinxauyesa A. A., Manyyaposa H. A.
rooms. 2008. Vol. 10, Iss. 3. P. 235-244. doi: 10.1615/IntIMed- MpakTtukym no 6ronorum noys. Mocksa : U3a-so MY, 2002. 120 c.
Mushr.v10.i3.40 21. The biology and cultivation of edible mushrooms / S. T. Chang,

. Sheng Y., Zhao C., Zheng S. et al. Anti-obesity and hypolipi- & W. A. Hayes (Eds.). New York, NY : Academic press, 2013.
demic effect of water extract from Pleurotus citrinopileatus in 842 p.

(57 BL/6J mice. Food Sci. Nutr. 2019. Vol. 7, Iss. 4. P. 1295—  22. XapbkoBs B. B., TyHues [l. B., Ky3Heuos M. I. Tepmoxumnyec-
1301. doi: 10.1002/fsn3.962 Kas nepepaboTka Ny3rM NOACONHeYHWKA. BecmHuk Kasa-

. banpypa L. L., Kynuk A. C., KonageHko B. B. KcunotpodHi rpubu ckozo [AY. 2018. Ne 4. C. 130-134. doi: 10.12737/article_
AK AXepeno 6i0aKTUBHUX PeyoBUH ANA  (YHKLIOHANbHOMO 5c3de39d111083.70940804
xapuyBaHHs. [lpaui Taspilickkozo Oepx. azpomexHon. yH-my.  23. Shevale S. B., Deshmukh H. V. Yield performance and nutri-
2020. T. 2, Bun. 20. C. 132-140. doi: 10.31388/2078-0877-20-2- tional analysis of Pleurotus species on different agro wastes
132-141 and vegetable wastes. Int. J. Plant Prot. 2016. Vol. 9, Iss. 1.

10. Diyabalanage T., Mulabagal V., Mills G. et al. Health-beneficial P. 162-167. doi: 10.15740/HAS/1JPP/9.1/162-167
qualities of the edible mushroom, Agrocybe aegerita. Food  24. Musieba F., Okoth S., Mibey R. K. et al. Proximate composi-

tion, amino acids and vitamins profile of Pleurotus citrino-
pileatus Singer: an indigenous mushroom in Kenya. Am. J.
Food Technol. 2013. Vol. 8, Iss. 3. P. 200-206. doi: 10.3923/
ajft.2013.200.206

banpypa I. L., Kynuk A. C.!, MakoroH C. B.!, Xape6a 0. B.?, Xape6a B. B.2 Bnius cknagy cy6cTpaty Ha

BPOXaNHICTb 1 MOKA3HUKM XapyoBOi LiiHHOCTI NaoAoBux Tin icTiBHUX rpubis Pleurotus citrinopileatus Ta Cyclocybe
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Taspilicokuli depxasHuli aepomexHonoiyHuli yHisepcumem imeHi mumpa MomopHoezo, np-m b. XmensHuyskozo, 18, M. Menimonosns,
3anopisbka 0651., 72312, Ykpaiua, “e-mail: irabandura@gmail.com

2HayioHanbHa akademis azpapHux Hayk Yepaiu, syn. M. OmensaHosuya-lasnenka, 9, m. Kuis, 01010, Yxkpaina

MeTa. YctaHoBUTM BnAMB cknagy cy6ctpatHux komno- 2161 IBK) ta Cyclocybe aegerita (V.Brig.) Vizzini (wtam
3ULIM HA TEXHIYHI-OKA3HMKM Ta XiMiyHui cknag niogoeux 2230 IBK) Ha Tpbox BapiaHTax cyOCTpaTHUX KOMMO3ULiM.
TiN FKUBM 30/10TOT Ta ONeHbKa Tononesoro. Metogu. Cxema  3actocoBaHo nabopatopHi, n1abGopaTopHO-BUPOOHUYT Me-
eKCNepuMeHTy BKJlOYana BUPOLLYBaHHA ABOX BUAiB AEPEBO- TOAM OLiHKM e(dEeKTUBHOCTI TexHoNorii BMPOLLYBaHHA, Xi-
pyiiHiBHUX TpuUGiB Pleurotus citrinopileatus Singer (wTam  MiYyHOro cknagy OTPUMAHOT CUPOBUHM, CTAaTUCTUYHI METOL[M
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PocnuHHuymso

aHanisy. Pesynbtatu. CTpyKTypa Ta cknap cyobcTparis BNAM-
BalOTb Ha TEXHO/IOMYHI XapaKTePUCTUKU KynbTypw, (i3nyHi
Ta XimMiyHi BnacTMBOCTi niofoBux Tin. HallkopoTwmii Lukn
NAOJOHOWEHHA Y 35,2 + 1,7 06W BU3HAYEHO ANS KYNbTYPU
C. aegerita 3a ymoB BMUpOLYBaHHA Ha cybcTpati CK1 3 dhop-
MyJI0l0 «COIOMa / NyWNUHHA / rpaHynu / pinak / KyKypy-
A3a / kpeipa» y cniBigHoweHHi 30 : 40 : 70 : 20 : 20 : 1.
HaitBuwy BpoxaiHicte (170,5 + 15,2 1 Ha 1 Kr cy6cTparty)
y DOCnigi BU3HauyeHo ans P. citrinopileatus Ha cy6GcTpari
CK2 3 dopmynoto «conoma / rpaHynu / pinak / Kykypyasa /
Kpeiiga» y cniBBigHoweHHi 40 : 90 : 20 : 25 : 1. Mnoposi
Tina P. citrinopileatus, oTpumani i3 cybctpary CK3 3 dop-
MyJol0 «rpaHynu / pinak / Kykypyasa / Kpeiga» y cnieeig-
HoweHHi 60 : 110 : 20 : 30 : 1, Mmanu HanBUWMI y pocnigi
BMicT 6inkiB — 22,47 + 0,19%, a HailMeHWy KinbkicTb 6in-
KiB — 17,38 + 2,60% — manu nnofosi Tina i3 cyberpary CK1.
Mnogoegi Tina C. aegerita mictunu 6inblwe ninigie nopisHAHO
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3 NnoAoBMMM Tinamu P. citrinopileatus, ane YNHHUK BNAKUBY
cknapy cybcTpaty Ha 3arafibHy KinbKicTb NinigiB ans geskux
KYNbTUBAPiB BUABMUBCA HecyTTeBUM. HailiBuuy KinbKicTb eHpo-
nonicaxapugis BugineHo 3 nnoposux Tin C. aegerita (6,81
+ 0,41%), oTpumaHux i3 cybetpaty CK3, a HaitmMeHwy — vy Ba-
pianTi CK1 (1,38 + 0,25%). YmicT engononicaxapupais y nno-
noBux Tinax P. citrinopileatus maB MeHly BapiaTUBHiCTb: Bif,
2,54 + 0,54 (CK3) po 4,72 + 0,61% (CK1). BucHoBKku. Cknap
cy6CTpaTHUX KOMNO3WLiNA CYTTEBO BMNAMBAE Ha GionoriyHy
eheKTUBHICTb KynbTUBapiB Ta BMiCT HYTPi€HTIB y niopo-
BUX Tiflax gocnigxeHux suais. OTpumaHi pesynstatv fawTb
3Mory rpubiBHMKAM CnporHo3yBath edeKTUBHICTb BUPOO-
HULTBA Ta AKICTb OTPMMaHMX rpubiB BignoBigHO A0 BUMKO-
PUCTaHHA AOCTYNHOT CUPOBUHMU.

Knto4osi cnosa: kynsmusysanHa 2pubis; enusa 30ioma;
0NneHbOoK monosesuli; 6i0n021YHa epeKmuBHICMb, XIMIYHUL
CKNao.
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