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The article presents a study of the possibility of using animal husbandry pro-
cessing waste as a nutrient additive to compositions of synthetic fermented substrate for
the cultivation of oyster mushrooms. Wastes that are of low value for use in other
branches of agriculture and industry and are mainly disposed of as solid waste by buri-
al were investigated.

In modern economic conditions, it is important to reduce the cost of the sub-
strate, one of the possible ways to achieve this goal is the use of cheaper raw materials.
Meals and bran are traditionally used to balance the substrate in terms of nitrogen con-
tent. These products are waste products from the processing of agricultural crops and
are also classically used to balance the rations of farm animals and poultry. This cre-
ates competition between industries and increases the price of raw materials, which ul-
timately causes an increase in product prices. Therefore, the search and research of
alternative balancing components for the preparation of oyster mushroom substrate,
which are not competitive for animal husbandry, is relevant. The analysis of the ob-
tained results made it possible to form the following conclusions: their use as additives
for the preparation of the substrate will allow them to be used in further processing,
with the obtaining of additional products of mushroom production, the study of the
growth of colonies of oyster mushrooms using the selected additives made it possible to
determine the best options: yes, the addition of skin shavings and the addition of pores
It does not inhibit the colonization of these additives, but, on the contrary, increases the
growth rate of colonies compared to colonies developed without additional nutrition;
the obtained data of the laboratory experiment can be considered primary and those
that require further research, including when using other methods of preparation of ad-
ditives (sterilization, solid-state fermentation), as well as verification in scientific and
economic experiments on the determination of technological properties in substrate
compositions and the calculation of biological effectiveness and productivity of oyster
mushrooms and other saprophytes.

Key words: waste, leather, feathers, animal husbandry, technology, mushrooms,
oyster mushroom.

BUKOPUCTAHHS BIIXO/AIB MNEPEPOBKHU MPOAYKLII
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B cmammi nasedeno 00cniodiceHHss MONCIUBOCMI BUKOPUCTIAHHS 8I0X0018 nepe-
POOKU NPOOYKYIT MEAPUHHUYMBA 8 AKOCII NOHCUBHOT 000ABKU 00 KOMNO3UYIU CUHme-
MUYHO20 (PepMeHmosanozo cyocmpamy O0Jis 8UPOWYEAHHA 2nuu 38udainoi. /locii-
02ICYBANUCH BIOXO0U, WO NPeOCMABIAIOMb HU3LKY YIHHICMb 0Ji1 GUKOPUCTNAHHS 8 THULUX
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2aNy35X CilbCbKO20 20CN00APCmMead ma NPOMUCI080CMI [ 8 OCHOBHOMY YMUNIZVIOMbCA AK
meepoi 8i0X00U WIAXOM NOXOBAHHSL.

B cyuacnux exonomiunux ymosax eaxciusum € 3amenuients cobisapmocmi cyoc-
mpamy, 0OHUM 3 MONCTUBUX ULTIAXI8 OOCACHEHHS Yici Memu € GUKOPUCMAaHHA Oinblu Oe-
wesoi cuposuHu. J{na 6anancysanHs cyocmpamy 3a 6MiCMom a30my mpaouyitiHo GUKo-
pucmosyroms wpomu ma eucieku. Lli npooykmu € gioxooamu nepepoOKu CilbCbKO20C-
HOOAPCLKUX KYIbMYP | MAKONHC KIACUYHO BUKOPUCTOBYIOMbCA OISl OANAHCYBAHHS payi-
OHIB CINbCbKO2OCNOOApChKUX meaput i nmuyi. Lle cmeoproe Koukypenyilo mioc 2any-
39MU BUPOOHUYMBA | NIOBUWYE YIHY HA CUPOBUHY, WO 8 KIHYEBOMY pe3yabmami cnpu-
yyHAE picm yin Ha npooyKkyiro. Tomy nowyk i 00CHiONCeHHs anbMepHAMUBHUX OANAH-
CYIOYUX KOMNOHEHMI8 Ol NPULOMYBAHHS CyOCMpamy 2nusU, makux, ujo He € KOHKype-
HMHUMU O ME8APUHHUYMBA € AKMYATbHUM. AHANI3 OMPUMAHUX pe3yIbmamié 00360-
U8 cghopmysamu HACMYNHI BUCHOBKU: GUKOPUCMAHHS 8 AKOCMI 000a80K OJisi Npu2omy-
8aHHA cyOcmpamy 003601UMb GUKOPUCAMU iX 8 NOOANbULill nepepodyi, 3 OMpPUMAaH-
HAM 000amK080i NpooyKyii epubosupoOHUYMEa, OOCAIONCEHH POCMY KOJOHIU 2Iusu
36UYAUHOI 3 BUKOPUCMAHHAM 00paHux 000a80K 003801U8 GUHAYUMU HAUKpawi eapia-
HMU: max, 000A8aHHA CIMPYHCKU WKIPU MA 000ABAHHS NP s He 2albMYE KOJIOHI3AYII0
yux 0006asoK, a, Hagnaxu, 30LIbULYE WBUOKICMb POCHY KONOHIU 6 NOPIGHAHHI 3 KOJIOHIs-
MU, WO PO3BUBATUCL De3 000AMKOB020 HCUBLEHHS, OMPUMAHI 0aHi 1aOOPAmMopHo2o 00-
Ci0Y MOJNCHA 868AMCAMU 3d NEPBUHHI MA MAKi, Wo nompeoyoms nooaibulo2o 00Cii-
0JICEeHHS, 8 MOMY YUCII NPU BUKOPUCMAHHI THUUUX CNOCO0I8 Ni020MOBKU 000a8oK (cme-
punizayii, meepoominbHoi hepmenmayii), a MAKONC NEPeSIPKU 8  HAYKOBO-
20CN00apCcbKUX 00CHIi0ax 3 BUHAYEHHS MEXHONIO02IUHUX B]1ACMUBOCMEl 8 KOMNOZUYIAX
cybcmpamy ma po3paxyHKy 0ion02iuHOol pe3yibmamueHoCmi i YpOoICatiHOCmi 2iusu ma
iHwux canpocghimis.

Knrouosi cnosa: 6ioxoou, wikipa, nip’s, meapunHuymeo, mexuonocis, epudu,
2nuea.

The processing of agricultural products involves the complex use of raw materi-
als without the generation of production waste and the introduction of technologies for
the use of generated waste to obtain additional products (Kirylenko 1.V., 2020; Kovtu-
nyuk Z.1., 2021).

Today, oyster mushroom production is one of the most intensively developing
industries. The consumption of artificially grown mushrooms is constantly increasing.
This is connected, on the one hand, with the increase in the production of mushrooms
and their transformation into an independent branch of agriculture, on the other hand,
with the collection of mushrooms, which annually decreases in the places of their natu-
ral growth (Simakhina, 2023; Bandura 1.1., 2020 , 2021)

According to I.I. Bandura (2020, 2019), the intensive development of industrial
cultivation of edible mushrooms is due to a number of factors:

» High productivity of mushrooms, which is the highest yielding agricultural
crop (the average yield of oyster mushrooms is 20-25% of the weight of the substrate).

* Mushrooms are a source of protein, vitamins, trace elements and medicinal
substances.

» To grow edible mushrooms, agricultural, forestry and processing industry
wastes are used, which are transformed by mushrooms into food and medicinal sub-
stances; that is, the problem of production of food and medicinal substances and the
ecological problem of waste disposal are simultaneously solved.

* Mushroom cultivation technology is environmentally friendly, it can be fully
mechanized, and in some cases automated.
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» Mushroom cultivation is a zero-waste production, as the substrates after har-
vesting the mushrooms can be used as a protein-fortified additive for livestock feed or
as fertilizers. Thus, today oyster mushroom production is a promising and profitable
branch of agriculture (Bandura, I.1., Kulyk, A.S., et al., 2020; Shcherbak O.V., 2022;
Shovdra V., 2023)

The oyster mushroom is very technological, has a high growth rate and signifi-
cant competitiveness in relation to strange microflora. The mushroom grows on various
cellulose- and lignin-rich plant wastes from agriculture, food and wood processing in-
dustries. In general, the oyster mushroom has no equal in terms of the number of sub-
strates on which it is cultivated. The simplest substrate for intensive cultivation is wheat
straw (Mykhaylova O. et al., 2011; Vdovenko S., 2020).

In our country, the following lignin- and cellulose-rich wastes of agricultural
production are the main components of substrates for growing boletus fruit bodies:
straw of cereal crops: wheat, rye, barley, oats, millet, rice; shredded leaves, corn stalks
and cobs, waste from the cotton processing industry, sunflower and buckwheat husks,
sawdust and shavings of deciduous trees (Yuskov D.S., 2020; Vlasenko K.M. et al.,
2022). These wastes contain the main components of the energy supply of the oyster
mushroom, as a wood-destroying saprophytic fungus: cellulose and lignin.

To achieve the optimal physical and chemical composition of the substrate, dif-
ferent compositions of the initial components are used. Thus, it is necessary to take into
account the technology of thermal preparation of the substrate, since the physical and
chemical properties of the components and the finished composition may change with
different technologies.

In modern economic conditions, it is important to reduce the cost of the sub-
strate, one of the possible ways to achieve this goal is the use of cheaper raw materials.
Meals and bran are classically used to balance the substrate in terms of nitrogen content.
These products are waste products from the processing of agricultural crops and are also
classically used to balance the rations of farm animals and poultry. This creates compe-
tition between the branches of production and increases the price of raw materials,
which ultimately causes an increase in product prices (Kovalyov M.M. et al., 2020).
Therefore, the search and research of alternative balancing components for the prepara-
tion of oyster mushroom substrate, which are not competitive for animal husbandry, is
relevant.

The analysis of numerous literary sources and Internet publications indicated the
main requirements for the components of the substrate:

- the component should not impair the physical composition of the substrate: air
permeability, absorption and retention of moisture, should not emit harmful substances
that impair the growth and development of mycelium;

- the component must not contain harmful substances, which can deteriorate the
quality and affect the safety of food products (commercial oyster mushroom);

- the component should be easily accessible for procurement (purchase) and use,
not requiring technological complications when using it;

- the component should easily and evenly mix with other components of the sub-
strate, without forming lumps and without interfering with the operation of the equip-
ment for forming the substrate;

- the component must be cheap and distributed throughout the country, not re-
quiring special and expensive storage conditions;

- the use of the component should improve the ecological situation and prevent
environmental pollution (principle 5R). It is desirable that this is one of the production
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wastes that can be used for further processing production (Recycle principle) (Cher-
nyshov 1., 2022).

Taking into account the specified requirements, among a large number of possi-
ble options, we chose the following possible alternative components:

- leather shavings - leather production waste,

- waste of the fur industry - substandard hides, furs and trimmings,

- remnants of feathers - waste from poultry slaughter.

The use of the selected components is used in the production technology of pro-
tein supplements to balance the rations of farm animals and poultry, but, taking into ac-
count the complexity of processing and the energy intensity of the technology, it is ad-
visable to find other areas of use, in particular, as components of substrates in industrial
mushroom cultivation.

The purpose of the study. The purpose of the work is the study of animal hus-
bandry waste (leather shavings, fur industry waste, feather remnants) as substrate com-
ponents for the cultivation of saprophytic mushrooms (oyster mushrooms).

To fulfil the set goal, the following tasks were expected to be performed:

- to investigate the nutritional and technological value of livestock waste as addi-
tives to the substrate;

- calculate the biochemical and technological indicators of waste as components
of the substrate;

- to investigate the features of oyster mushroom mycelium growth on the pro-
posed supplements.

The scientific novelty of the obtained results: new data were obtained on the
possibility of using livestock waste for balancing substrates for growing oyster mush-
rooms.

The practical significance of the work lies in the possibility of introducing new
balancing additives based on livestock waste into the production of substrates for sapro-
phytic mushrooms.

Research materials and methods. The scientific work was carried out in the
conditions of the laboratory complex of the department of technologies of processing
and storage of agricultural products of the Kherson State Agrarian and Economic Uni-
versity.

The work was an integral part of the scientific and research work of the Depart-
ment of Technologies for Processing and Storage of Agricultural Products of the Bio-
logical and Technological Faculty "Development and improvement of technologies for
the production, processing, examination and quality control of livestock products using
the best domestic and global gene pool in the farms of the Southern region of Ukraine"
during 2021- 2022.

The selection and preparation of substrate samples was carried out according to
the method of agrochemical examination of greenhouse soils and substrates

Samples were weighed on VLTK-500 quadrant laboratory scales with an accu-
racy of 0.01 g.

The preparation of the nutrient medium (potato agar) and the actual technique of
oyster mushroom mycelium sowing were performed according to generally accepted
methods (V.V. Yevlash et al., 2020).

To evaluate the growth of the mushroom culture, a method based on the study
and analysis of the dynamics of the increase in the radius of the colonies from the time
of cultivation was used. The radial growth rate (\Vr) was calculated according to formula

(2):
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Vr = a-® (1)

t1—e0

where: a is colony radius at the end of growth, mm;

b is radius of the colony at the beginning of the phase of linear growth, mm;

ti—to is duration of linear growth, days.

The modified growth coefficient (GCj) was calculated according to formula (2)
(Bukhalo A.S., 1988):

PKj=d-h-g-j/t 2

where, d is the diameter of the colony, mm;

h is colony height, mm;

g is colony density in points;

J is homogeneity of the colony in points;

t is the age of the colony, days.

The study of morphological and cultural features on different substrates was car-
ried out using the criteria described by A.S. Bukhalo (1988).

The effect of the additive on the growth rate of mycelium was determined by
sowing two growth points on one Petri dish, one of which remained without additional
nutrition until the end of the experiment, and one of the selected additives was placed
next to the other. The repetition of samples is threefold.

The average samples for conducting experiments were taken:

- leather shavings — from industrial waste dumps of PE "Novik V.P", Kherson,
in the form of shavings after milling of leather;

- fur industry waste - from industrial waste of PE “Plishko T.O.”, Kherson, in
the form of fur flaps of rabbit leather after cutting;

- feathers - from industrial waste dumps of "Avangard” LLC, Kherson, in the
form of a wet mixture of cover feathers after processing chicken carcasses on beating
machines.

The average sample of each sample was dried to a constant weight of the sam-
ple, after which it was crushed in a laboratory disintegrator to a fine fibrous mass. The
obtained mass was pasteurized at 80 °C for 15 min, imitating the temperature regime of
substrate pasteurization according to the author's hydrothermal treatment technology?.

Research results. After forming the experiment, Petri dishes with nutrient me-
dium, mycelium and additives were placed in a thermostat with a constant temperature
of 18 °C. During the first two days, the mycelium adapted to the changed conditions of
growth and nutrition. At the end of the second day (after 40 hours from seeding), mi-
croscopy of the experimental samples was carried out. The growth rate of oyster mush-
room mycelium at this, initial, stage was the same, since the conditions of nutrition and
growth were the same, which was required by the conditions of the experiment. During
the further development of the mycelium, the hyphae approached the dosage of the ad-
ditive, penetrated inside and colonized with assimilation of nutrients. The development
of mycelium on the opposite side of the Petri dish occurred with a lack of nutrients on
the depleted potato agar medium.

1 pPat. 138577 Ukraina, MPC (2006) B09B 3/00 B01J 2/22 (2006.01) Sposib utylizatsii vidkhodiv
silskohospodarskoho vyrobnytstva [The method of disposal of agricultural production waste] Zayavl.
10.12.2019 ; Opubl. 13.03.2019, Bul. Ne 23. 4 ¢. (in Ukrainan).
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By changing the intensity of hyphae growth, it is possible to draw conclusions
about the ability of the oyster mushroom enzyme system to break down the nutrients of
additives; or, in the case of the same intensity of growth with the control point of
growth, the impossibility of splitting and consumption of additional nutrients; or the
slowing down of hyphal growth compared to the control point in the case of toxic ef-
fects of additive substances.

At the initial stages of the experiment, the mycelium of the mushrooms adapted
and began active growth on the supplements of leather shavings and feathers. So, in the
variant with fur production waste, mycelial growth stopped at the border with the addi-
tive and did not progress further. Obviously, the decomposition products of the raw
leather had a toxic effect on the growth and development of the mycelium. This as-
sumption was proven on the 5th day, when we observed the death of two out of three
repetitions of this version of the experiment. The mycelial samples died at both growth
points, and the agar had a distinct smell of hydrogen sulphide and ammonia. This
proves that the use of fur processing waste in its raw form as additives to the oyster
mushroom substrate is impossible with this method of processing the substrate (pasteur-
ization).

The detailed analysis of the stages of colonization of the selected supplements
with oyster mushroom mycelium at the initial stages of growth is given in previous pub-
lications (Chernyshov 1.V., 2021, 2022).

In the course of research, we found that the densest mycelium of the mushroom
with high aerial hyphae was observed in the variant with the addition of leather shav-
ings. On this supplement, the oyster mushroom mycelium had a fluffy white colony
with a clear and even edge, a dense opaque layer. The height of the aerial mycelium was
at the level of 3-5 mm with well-developed hyphae. The smell is pleasant, mushroomy
(Fig. 1).

On the feather supplement, the mycelium formed loose white colonies with
weak radial zonation. The density of the colonies was somewhat lower, but the height of
the aerial mycelium was higher (5-6 mm). The growth rate was the highest, at the end of
the experiment the culture colonized most of the area of the nutrient medium. The smell
is pleasant, mushroomy (Fig. 2).

The culture colony in the version of the experiment with fur waste had a clear
demarcation line from the additive, predominant growth in the opposite direction, re-
duced growth intensity, dense hyphae. Two of the three repetitions of the experiment at
the end of the experiment were affected by bacterial colonies, a sharp smell of ammonia
and hydrogen sulphide was observed (Fig. 3).

The photos (Figs. 1, 2, 3) show bacterial colonies that developed parallel to the
inoculated oyster mushroom, but this is explained by the fact that the experiment was
not conducted in sterile conditions, the development of mycelium was close to produc-
tion conditions.

To analyze the growth intensity of oyster mushroom mycelium in different ver-
sions of the experiment, according to the methodology, the size of the colonies was
measured and compared with control points of growth. Measurements were performed
on the 7th day from the beginning of the experiment.
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Fig. 1. Colony size of oyster mushroom with the addition of leather shavings (top)
and growth control points on the 7th day of growth

‘ed

Fig. 2. Colony size of the oyster mushroom with the addition of feathers (top) and
growth control points on the 7th day of growth

Fig. 3. Colony size of oyster mushroom with addition of fur processing waste (top)
and control point on the 7th day of growth

The experiment was considered complete after colonization of half of the area of
the nutrient medium of the Petri dish on the 7th day after inoculation. We measured the
diameter of the colonies in the experimental variants and calculated the radial growth
rate and growth coefficients. The appropriate indicators of the growth of colonies in
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dishes with cultures were taken as the control variant. The calculations are shown in
Table 1.

Table 1
The speed of radial growth of colonies and growth coefficients of the oyster

mushroom using different animal husbandry and aquaculture wastes

Type of supplement

Rate of radial growth of
colonies Vr, mm/day

Growth coefficient GCj,

Control (no additive) 0.8+0.1 28.4+1.5

Leather shavings 5.0+0.7 57.7£2.1%

Fur production waste 0.7+0.1 27.3+1.4
Feathers 6.4+1.2 156.0+£12.2%*

Note: * statistically significant difference compared to control, P<0.05

Therefore, the growth rate of oyster mushroom mycelium clearly reflects the
ability of the mushroom enzyme system to break down complex organic compounds,
using the breakdown products as additional nutrients. The highest growth rate was
found for the variant of the experiment with bird feathers. The growth rate was
1.4 mm/day higher than in the variant with the addition of leather shavings and
5.7 mm/day higher than with the addition of fur industry waste.

The calculation of the growth rate of the mycelium colonies proved the results of
the observation of the growth and development of the colonies and the characterization
of the morphological signs of the growth of the colonies. The colonies grew almost as
well as the no supplemented controls, but the photographs indicated that the growth was
directed along the fur supplement and in the opposite direction, proving the toxic effect
of this supplement.

Calculations of the growth coefficient, which additionally takes into account the
growth of colonies in height, generally confirm the data obtained during observation
and calculations of the growth rate. Thus, colonies with additional nutrition from leather
shavings occupied an intermediate value, more than the control option and less than the
option with the addition of feathers. Colonies with added fur waste had slightly lower
growth rates, but the difference was not significant.

Colonies supplemented with feather supplements not only had greater radial col-
ony growth, occupying a larger area of the Petri dishes, but also had larger colonies in
height. Despite the lower density of mycelial hyphae growth, the significant area of cap-
ture of the nutrient medium in recalculation gave the value of the growth coefficient by
127.6 points more than in the control variant.

Discussion. The results of the conducted experiment as a whole prove the data
obtained in the studies (Bandura I.1. et al., 2021, 2020).

The biological disposal of leather waste with the production of additional food
products is undoubtedly the best option compared to the burial of these wastes, as it was
outlined in the research of M.K. Kolyada et al. (2014). The use of enzymatic methods of
processing has a number of advantages over chemical ones. Considering that the assimi-
lation of nutrients from leather shavings in our experiments occurs under the influence
of the enzyme system of the mycelium of mushrooms, it can be assumed that this is an
enzymatic method of disposal.

The use of feathers in their natural form as a feed component of animal and
poultry diets is limited by the low digestibility of keratin. According to V.S. Bomko et
al. (2023), the structural protein of feathers (keratin) can be digested in the digestive
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tract of animals only after hydrothermal hydrolysis. After that, the digestibility of raw
protein increases significantly (75-80%). Meanwhile, the amino acid composition of
feather protein is rather unbalanced, due to the low content of lysine, histidine and me-
thionine and high content of cystine. This drawback significantly limits the use of feath-
er meal in animal feeding. In addition, the technology for the production of feather flour
Is energy- and material-intensive. The use of native feathers without complex hydrolysis
technology as a balancing additive in substrates for growing mushrooms can have a
greater economic effect.

Therefore, higher mushrooms have an enzyme system that allows them to break
down and consume the proteins of processed leather (leather shavings) and the biologi-
cally stable keratin of bird feathers. The use of such additives without additional indus-
trial splitting, in their natural form, will theoretically increase the yield of mushrooms,
but this requires additional scientific and economic experiments.

Conclusions. Thus, analyzing the development of oyster mushroom colonies grown
with additives based on livestock waste, the following conclusions can be drawn:

- the study of the nutritional and technological value of livestock waste as addi-
tives to the substrate indicates a great potential in their use as balancing additives in the
composition of substrate compositions for growing mushrooms, especially to supple-
ment the lack of nitrogen in the main components of the composition;

- the analysis of the requirements for the substrate components made it possible
to identify promising alternative additives, the use of which can reduce the cost of the
substrate composition, since their use is not competitive with the animal feed base, and
the selected additives are livestock waste;

- the use of selected additives will reduce the amount of waste that is not used or
is used to a limited extent and is usually disposed of as solid industrial waste. The use as
additives for the preparation of the substrate will allow to use them in further pro-
cessing, with obtaining additional oyster mushroom production, which corresponds to
the concept of waste management "5R";

- the most essentials growth and manifestation of cultural signs was observed in
variants with the addition of leather shavings and feathers. Colonies that received addi-
tional nutrition from the specified additives in the first hours after contact with the addi-
tive colonized it and, as a result, had the largest sizes compared to the growth control
points;

- the worst variant of development was observed with fur production waste. The
biological availability of the protein of unwashed leather and the possibility of repro-
duction of microorganisms led to the rotting and decomposition of proteins with the re-
lease of hydrogen sulphide and ammonia, which inhibited the growth of the mycelium,
and subsequently caused its death. Therefore, it can be concluded that with the selected
method of preparation of additives (pasteurization), inoculation and incubation of myce-
lium, it is impractical to use these processing wastes as additives. But the use of these
additives during sterile cultivation remains relevant and requires further research;

- the obtained data of the laboratory experiment can be considered primary and
those that require further research, including when using other methods of preparation
of additives (sterilization, solid-state fermentation), as well as verification in scientific
and economic experiments on the determination of technological properties in substrate
compositions and calculation of biological effectiveness and productivity of oyster
mushrooms and other saprophytes.
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