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Abstract. The paper summarizes and analyzes the results of practical studies on the cultivation of Agaricus
bisporus champignon mushrooms on a synthetic substrate with the introduction of organic additives into it —
food and processing wastes: brewing waste, soybean and sunflower meal semolina. A yield analysis was
carried out; indicators characterizing the quality of Agaricus bisporus mushrooms were studied; dependence
of yield and quality of mushrooms on flush was demonstrated. It was noted that the preparation time of the
substrate affects the number of flushes, respectively, and, correspondingly, on the yield of mushrooms:
when growing mushrooms on a synthetic substrate prepared in the spring-summer period, two flushes are
noted and, as a result, a higher yield is noted compared to mushrooms grown on a substrate prepared in the
autumn-winter period. The study of the quality of fruit bodies showed that the use of additives increased the
content of protein, fiber, fat and ash elements (potassium, phosphorus, calcium, sodium and magnesium).
The results showed that the brewing waste is the best organic additive, which contributes not only to the
growth of yield, but also to the improvement of the quality of cultured mushrooms. The study demonstrated
that the quality of mushrooms obtained in the first flush exceeds the qualitative indicators of mushrooms
grown in the second flush. The authors concluded that it is advisable to use organic waste (brewing waste,
sunflower meal) as a substrate element when growing mushrooms in industrial conditions.

reducing the substrate growing time and the removal of
1 Introduction fruit bodies are the main reserves of growth in
mushroom production [6, 7]. As a rule, the wastes of
agriculture, processing of agricultural raw materials and
the food industry contain an organic (free) substance
with great raw material value, therefore, the issues of
harmonizing the methods of their full utilization in the
conditions of the technological process of cultivation of
mushrooms on an industrial basis are particularly
relevant.

The purpose of this study is to analyze the effect of
the type and method of applying organic additives
(production waste) on the yield and quality of
mushrooms grown in industrial conditions.

The issues of recycling by-products and production
waste are relevant for almost all enterprises. Agro-
industrial enterprises are not an exception. For example,
crop producers experience a problem in the disposal of
straw, livestock and poultry manure and litter. The
wastes of alcohol and brewing production are significant
in volume and amount to about 10 million tons per year,
while only a tenth of them will be processed. The main
volume of brewing by-products, up to 85%, accounts for
spent grain — brewing waste. Many brewing enterprises
try to avoid waste disposal by transferring the entire
volume of by-products for secondary use, including for
agriculture [1, 2]. The search for directions of secondary
use of waste from food and processing industries and 2 Materials and methods
maximizing the economic effect of such use
predetermined the main directions of research.

The industrial production of mushrooms in Russia is
dynamically developing, which is supported by the
state’s interest in the development of this sub-sector,
high demand of the population for mushroom products,
possibility of its year-round production [3-5]. The
studies showed that the availability of compost raw
materials, the use of intensive technologies aimed at

The influence of the type and method of applying
additives in the cultivation of mushrooms was studied in
the university laboratories of the Department of
Production Technology and Expertise of Products from
Plant Raw Materials of the Faculty of Technology of
Samara State University. The factor model of
experiments is shown in Figure 1.
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Fig. 1. Experimental scheme to assess the degree of influence of the type and method of additives application in the cultivation of
mushrooms (Agaricus bisporus) on their productivity.

The conditions and features of the experiments
corresponded to the following technological parameters:
cultured mushroom — Agaricus bisporus A-15 (white);
replication of experiments — quadruple; spawning rate —
5% of raw substrate weight; substrate composition —
50% wheat straw, 50% bird droppings, gypsum at a rate
of 60 kg per 1 ton of prepared substrate; substrate
preparation period — winter (February-March), summer
(August-September); substrate height — 15 cm; substrate
manufacturer — Orix LLC; nitrogen content in a substrate
on a dry basis — from 2.1 to 2.4% organic, not more than
0.02% ammonium; active acidity (pH) — from 6.7 to 7.4.

3 Results

Earlier studies prove that the period of fruiting and yield
of Agaricus bisporus mushrooms directly depends on the
time of substrate preparation — in a substrate prepared in
winter, the main yield of mushrooms was recorded at the
first flush, while on a substrate prepared in summer the
yield of products and yield of the first two flushes were
at a fairly high level [8, 9].

The data given in Table 1 show that the addition of
the studied organic additives (soybean semolina,
brewing waste, sunflower meal) by various methods (in
the casing soil, on the 14" day in a substrate)
significantly increased the yield of mushrooms.

The studied terms and methods of applying soybean
semolina had a positive effect on the yield of Agaricus
bisporus mushrooms and, on average, increased the yield
of mushrooms compared to the control version by 69-
71%.

As shown by the experimental data systematized in
Table 2, the introduction of all kinds of organic additives
has increased the yield of mushrooms.

In the process of analyzing yields from the flushes of
mushrooms grown on a substrate prepared in summer it

was noted that most of the crop — about 2/3 falls on the
1% flush.

The yield of Agaricus bisporus mushrooms grown on
a substrate without the use of additives was 7.71 kg/m?,
which is the minimum value under the conditions of the
experiment.

The brewing waste has the most effect on the yield,
and its introduction into the casing soil is more effective
than on the 14% day in a substrate. When the brewing
waste was introduced on the 14" day in a substrate, the
yield of mushrooms for both flushes was 16.04 kg/m?,
while when it was introduced into the casing soil it was
3.06 kg/m? more.

The introduction of soybean semolina showed
relatively good results, just as in the previous version it
is preferable to add it to the casing soil — 16.55 kg/m? of
mushrooms were collected for both flushes.

The addition of sunflower meal gave the lowest yield
compared to organic additives. According to this version
of the experiment, the maximum yield was obtained
when the additive was placed in a casing soil — 16.18
kg/m2, while on the 14" day in a substrate — 1.19 kg/m?2
less.

Thus, the largest collection of mushrooms when
grown on a substrate prepared in summer over two
flushes may be stimulated by using the brewing waste as
an organic additive and introducing it into the casing
soil.

Organic additives are characterized by their high
content of easily digestible nutrients, and therefore may
serve as an additional source of “saturation” of a
substrate and, accordingly, fruit bodies [10, 11].

Table 3 systematizes data on the effect of the type
and method of applying organic additives on the
chemical composition of fruit bodies of Agaricus
bisporus.

The crude protein content of the fruit body of
champignons cultivated without organic additives was
on average 28.82% per absolute dry matter (Table 3).
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Table 1. Yield of Agaricus bisporus mushrooms grown on a synthetic substrate prepared in winter, kg/m?.

Type of organic additive Terms and methods of application
in a substrate on the 14" day in a substrate in the casing soil
Without additives (control) 5.77 - -
Soybean semolina - 9.86 9.74
Brewing waste - 10.75 11.21
Sunflower meal - 9.86 11.27
Table 2. Yield of Agaricus bisporus mushrooms grown on a synthetic substrate prepared in summer, kg/m?2.
Terms and methods of application
Type of Qrganic Flush in a substrate on the. 14 in the casing
additive day in a .
soil
substrate
. .. 1% flush 5.36 - -
Xgﬁ?gﬁ additives % flush 235 . ;
Total 7.71 - -
Soybean semolina 1% flush - 10.31 11.35
2™ flush - 4.67 5.20
Total - 14.98 16.55
1% flush - 10.96 12.53
Brewing waste 2™ flush - 5.08 6.57
Total - 16.04 19.10
1% flush - 1041 11.22
Sunflower meal 2™ flush - 4.58 4.96
Total - 14.99 16.18

Table 3. Chemical composition of mushrooms grown on a synthetic substrate prepared in winter, % absolute dry matter

Type of organic Terms and methods Chemical composition of mushroom fruit bodies
additive of application nitrogen protein fiber fat
Without additives - 4.61 28.82 7.33 1.63
(control)
on the 14" day in a
Soybean semolina substrate 4.90 3062 749 1.64
in a casing soil 4.92 30.75 7.41 1.73
th :
onthe 14%dayina |4 gq 3098 8.45 1.44
Brewing waste substrate
in a casing soil 4.89 30.57 8.31 1.49
on the 14" day in a
Sunflower meal substrate 4.90 30.60 8.58 1.88
in a casing soil 4.90 30.62 7.98 1.81

The use of organic additives had a positive effect and
stimulated the increase in the amount of crude protein in
the mushrooms from 6.2 to 7.5% compared to the value
recorded in the control version.

The largest content of crude protein in the
mushrooms was noted when introduced on the 14" day
into the brewing waste substrate and amounted to
30.98% per absolute dry matter.

The smallest fiber content is noted in mushrooms
grown on a substrate without the use of organic
additives, and the largest was observed in versions with
the introduction of sunflower meal into a substrate on the
14® day.

The largest content of crude fat in the dry matter of
the fruit bodies of champignon was noted when they
were grown on a substrate using sunflower meal
according to the studied terms and methods of their
application.

For all methods of brewing waste application, the
content of crude fat in dry matter of mushrooms remains
minimum within 1.44-1.49% per absolute dry matter.

The protein, fiber and fat content of Agaricus
bisporus mushrooms collected from the substrate
prepared during summer is greater than that of the
mushrooms prepared during winter (Table 4).

The largest amount of crude protein was contained in
the mushrooms of the first flush using the organic
additive of the brewing waste by the studied methods
and ranged from 31.14 to 31.29% per dry matter and the
second flush — from 30.92 to 30.94% per dry matter.
High crude protein content was observed in the dry
matter of mushrooms obtained in all variants of the
experiment using additives compared to the control.

High fat content was noted in mushrooms grown on a
substrate using sunflower meal by all methods of its
application, and the values obtained in mushrooms of the
second flush exceed the values of the first flush by an
average of 5%.

The analysis of the chemical composition of
mushrooms grown in the first flush on a substrate using
organic additives showed that it exceeds the values
(nitrogen and protein content) noted in the second flush,
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as well as similar values obtained in both flushes on a
substrate sample without additives [12, 13].

The influence of organic additives on the level of
mineral substances in mushrooms grown on a substrate

prepared in winter was analyzed based on the data
shown in Table 5.

Table 4. Chemical composition of Agaricus bisporus grown on a synthetic substrate prepared in summer, % absolute dry matter

Chemical composition of mushroom fruit bodies
. Terms and - - -
Type of organic nitrogen | protein | fiber | fat
. methods of
additive application flush
PP 1| 2 1 2 1 [ 2 [ 1 [2
Without additives . 474 | 478 2958 | 2986 | 720 | 7.26 | 1.65 | 1.60
(control)
on the 14"
dayina 4.87 | 479 | 3043 | 2993 | 792 | 7.64 | 1.63 | 1.57
Soybean
. substrate
semolina 0 2 casin
soil g 491 | 481 | 3066 | 3005 | 7.82 | 799 | 1.70 | 1.81
on the 14"
dayina 5.01 | 495 | 3129 |3092 | 858 | 897 | 154 | 1.44
Brewing waste substrate
lsr(‘)i‘;casmg 498 | 495 | 31.14 | 3094 | 826 |8.78 | 1.37 | 1.50
on the 14"
dayin a 490 | 489 | 30.59 | 3054 | 7.97 | 793 | 1.84 | 1.90
Sunflower meal | substrate
lsr(‘)i‘;casmg 487 | 4.87 | 3043 | 3045 | 7.67 | 8.29 | 1.74 | 1.86

Table 5. Content of mineral substances in Agaricus bisporus grown on a synthetic substrate prepared in winter, % absolute dry

matter
. Terms and Mineral compposition of mushroom fruit bodies
Type of organic methods of Potass | Phosph: M i
additive L Ash . PO | Calcium 42N 1 Sodium
application ium rus um
Without -
additives
(control) 5.82 3.29 0.79 0.051 0.13 0.069
on the 14"
dayin a 6.08 3.56 0.71 0.053 0.10 0.073
Soybean
. substrate
semolina - -
oy PR 589 331 | 076 0.060 0.13 0.061
on the 14"
dayin a 6.34 3.66 0.78 0.057 0.13 0.073
Brewing waste substrate
oy PR 630 | 362 | 078 0.059 0.14 0.074
on the 14
dayina 5.93 3.35 0.72 0.057 0.13 0.071
Sunflower meal | substrate
‘S‘c‘)ﬂ a csmel 612 | 351 0.74 0.061 0.11 0.061

The experimental data show that the addition of the
studied organic additives to the substrate contributes to
an increase in the level of ash, potassium and sodium
(with the exception of the addition of soybean semolina
and sunflower meal to the casing soil) in the dry matter
of fruit bodies compared to the level of their content in
fruit bodies grown in the control version.

High crude ash content (from 6.30% per absolute dry
matter up to 6.34% per absolute dry matter) and
potassium (from 3.62% per absolute dry matter up to
3.66% per absolute dry matter) are typical for
mushrooms grown using a brewing waste, which is on

average 8.6% and 10.6% higher than the levels recorded
for reference mushrooms.

The amount of phosphorus decreases on average for
all test samples to 0.75% per absolute dry matter.

The weight fraction of magnesium and sodium
remains at almost the same level as without the use of
additives.

In the mushrooms obtained on a substrate prepared in
summer, the mineral content was significantly
influenced not only by the kind of organic additive and
the method of its application, but also by a certain
relationship to the champignon flush (Table 6).
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Table 6. Content of mineral substances in Agaricus bisporus grown on synthetic substrate prepared in summer, % absolute dry

matter
Type of Terms and Flush Mineral compposition of mushroom fruit bodies
organic methods of Ash Potass Phospho | Calciu | Magnesi Sodium
additive application ium rus m um
Without 1flush | 5.6 | 3.34 072 | 0051 | 0.12 0.061
additives - 2flush | 5.8 | 3.42 062 | 0041 | 0.07 0.046
(control)
on the 14% 1flush | 6.06 | 3.51 064 | 0057 | 0.1 0.058
Soybean dag na 2flush | 586 | 354 | 062 | 0041 | 007 0.048
lina substrate
semo in a casing | 1flush | 5.72 | 3.26 063 | 0057 | 0.2 0.060
soil 2flush | 597 | 348 062 | 0037 | 007 0.046
on the 14" 1flush | 6.08 | 3.50 076 | 0.061 | 0.12 0.071
Brewing | d&/ina 2flush | 634 | 372 | 071 | 0045 | 0.08 0.058
e substrate
was in a casing | 1flush | 643 | 3.62 079 | 0059 | o0.14 0.069
soil 2flush | 631 | 3.63 074 | 0.048 | 0.1 0.058
on the 14" 1flush | 5.85 | 3.51 063 | 0055 | 0.12 0.059
Sunflowe | 48N @ 2flush | 586 | 354 | 065 | 0042 | 0.8 0.042
| substrate
fmea in a casing | 1flush | 6.02 | 3.48 062 | 0.060 | 0.10 0.063
soil 2flush | 581 | 3.50 063 | 0.041 | 0.08 0.044

Table 6 makes it possible to conclude that compared
to mushrooms of the second flush yield both in the
control version and in samples using soybean semolina
added to a substrate on the 14" day, brewing waste into
casing soil and sunflower meal into casing soil, the dry
matter of mushrooms of the first flush contains more
crude ash, phosphorus, calcium, magnesium and sodium,
but, at the same time, they have lower potassium content.

The maximum content of crude ash in the dry matter
of the fruit bodies of Agaricus bisporus grown on a
substrate prepared in summer is observed in versions
where brewing waste is used as an organic additive.
Higher content of ash elements in mushrooms of the first
and second flush using a brewing waste is caused by the
fact that it contains more potassium, phosphorus,
calcium, magnesium and sodium than other organic
additives.

4 Discussion

The results of the experiment show that organic additives
are effective in increasing yields and improving the
quality of mushrooms grown on synthetic substrates
used in industrial environments. It is noted that the
number of flushes depends on the time of substrate
preparation, which in turn affects the volume of
production. Stimulation of yield growth is possible by
using the test additives, but the best results are typical
for mushrooms grown using a brewing waste. The
addition of organic additives to the substrate positively
affects the product quality [14, 15].

The introduction of brewing waste contributes to the
increase of protein, fiber, fat and ash elements of fruit
bodies. The production of the highest quality mushrooms
was recorded under the conditions of an experiment
carried out on a substrate prepared in the first flush in
summer. It was experimentally proved that organic
additives contribute to both the increase in yield and the
nutritional value of mushrooms. Besides, the use of food

additives — agricultural and processing wastes as part of
a substrate for growing mushrooms provides for
environmentally safe and economically efficient disposal
of waste.

5 Conclusion

In modern conditions the environmental greening is
particularly important. For example, alcohol and brewing
waste amounts to 10 million tons per year, with only
10% to be processed. The main volume of brewing by-
products, up to 85%, accounts for spent grain — brewing
waste [1, 2, 16, 17]. Many brewing enterprises try to
avoid waste disposal by transferring the entire volume of
by-products for secondary use, including for agriculture
[2, 18-20]. Focusing on the secondary use of waste
without damaging the environment and maximizing the
economic effect predetermined the main directions of the
study. The obtained experimental data confirmed the
potential of the proposed method of waste utilization —
their use in mushroom farming as a biologically active
substance that enriches a synthetic substrate and
stimulates mushroom yield growth. The obtained data
made it possible to conclude that the addition of brewing
waste to the synthetic substrate (in comparison with
other organic additives) allows achieving the maximum
economic effect — to increase the yield and quality of
mushrooms.
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