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Goal. To determine the effectiveness of different doses of the biological preparation Meganit Nirbator on
the emission of greenhouse gases (CH4, CO2) from chicken manure under the mesophilic regime of anaerobic
fermentation (in vitro). Methods. The study was conducted using laboratory, analytical and mathematical
methods. Laboratory methods — to establish the level of greenhouse gas emissions from chicken manure
when using different doses of the biological preparation Meganit Nirbator; analytical — to analyze and justify
the results; mathematical and statistical — to assess the reliability of research results. Results. Based on the
results obtained during the study, it was found that the use of the biological product Meganit Nirbator e-in
chicken manure, regardless of the dose activated the process of methanogenesis during the study period,
which was confirmed by increasing pH to 9.2 units. Simultaneously with the higher pH value in the studied
substrate, the introduction of the biological product Meganit Nirbator into chicken manure during anaerobic
fermentation (in vitro) under the mesophilic regime caused a higher yield of methane and carbon dioxide: in
the variant | — by 11.8%, in the variant Il — by 22.9%, in the variant lll — by 27.9%, compared with the control.
Conclusions. The effective influence of the biological preparation Meganit Nirbator on the emission of
greenhouse gases — methane and carbon dioxide from chicken manure under the mesophilic regime of
anaerobic fermentation (in vitro) has been experimentally proved and scientifically substantiated. According to
the results of research, the most effective influence on the emission of CH4 and CO2 has a biological product
Meganit Nirbator in a dose of 50 ml (16.7%), which increases their quantitative indicators by 22.9%, while
increasing the dose of this drug does not significantly affect the yield of the tested gases. Therefore, the
biological product Meganit Nirbator can be used as a stimulant to intensify the yield of biogas from chicken
manure during processing in biogas plants, thereby minimizing the negative impact of agriculture, in particular
poultry, on the environment.
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The branch of poultry farming is one of the most developed and progressive branches of agriculture as
evidenced by the growing every year the number of poultry of all species the last decade in the world, and in
Ukraine, in particular [1-3]. In the main, the most among all different species structures in poultry farming there
is a growth in the number of hens. High annual growth rates production of meat poultry in the world are on
average 4-6 %, and production of eggs — 1,5-2 % [4]. Domestic producers also constantly increasing their
production of eggs and meat poultry, confirmation of what is that Ukraine in 2013 years was included into world
top ten producers countries of poultry farming of products [5]. In particular, Ukraine is in the 9th place in the
world for production meat of poultry and on 8th for the production of food chicken eggs [6]. The key reasons
for the increased production of poultry farming of products are that the last contains the most complete fledged
protein as a component part of the ration for the population and represent dietary products and, secondly, the
that the branch of poultry farming is characterized by the fastest return with relatively insignificant labor input
and forages on a unit of products in comparison with other branches of livestock industries [1, 2, 5, 7, 8]. It is
scientifically proved that for receiving one kilojoules of energy in eggs and meat of poultry necessary to spend
twice less fodder units, than by production of milk, and in three times less, than by production of pork and beef
[2].

Constant development of the agrarian sector of economy, and branch of poultry farming in particular, leads
to an increase in the number of poultry farms which in turn in addition to the main products are meat and eggs,
produce also by-products is manure, and in quantities considerably larger, than the main products [1, 3, 9]. At
the accumulation of considerable volumes of a chicken manure there are intensive processes of fermentation
which cause receipts to the environment of harmful gases (methane, ammonia, hydrogen sulfide etc.) that
pose a serious threat to the natural environment, its ecosystems, and also promote global warming [1, 5, 7].
Such negative tendency is the main reason for the deterioration of the conditions for growth and development
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of flora and fauna, of the surrounding the animal world, and ultimately for ecological wellbeing as a whole [10].
Thus, the average anthropogenic load in the territory of Ukraine from waste of poultry farming is 0,22 million
t/km? and on each one thousand population is 3000 tons [11].

The problem of reliable protection of the natural environment from pollutant of manure and other wastes of
poultry farms is an extremely relevant task of the present in modern conditions for all regions of Ukraine, due
to the active development of agro-industrial complex, that directly related with growth of waste of the branch
[1, 5]. Taking into account the above, a deep interest in the technology of production of poultry farming of
products is the development of new ways of overcoming a problem utilization of chicken manure, which has
high energy potential, in particular, by fermentative digestion on alternative energy sources (biogas) [3, 12, 13,
14]. The development of alternative bio-energetics prevents atmospheric pollutions, minimizes the negative
influence of agriculture on the environment and provides the non-wastes of production, that is, it receiving
high-quality organic fertilizers, energy production, and the neutralization of harmful gases [12, 14-16]. Thus,
based on the literature sources and the above, it should be noted that such sector of the economy as
agriculture, and poultry farming in particular, are at the same time both a producer of environmental pollution
and a potential donor of alternative energy from biomass, that is, it allows to convert a manure from harmful to
the environment into profitable and useful product that will give an opportunity to provide high competitiveness
of the branch [15, 17].

Due to the accumulation of a significant amount of waste in the agro-industrial complex, there is a need to
introduce biogas plants, and therefore, the search for ways to intensify the process of methane fermentation
[15, 18]. The research questions of fermentation processes of agricultural wastes is devoted to scientific
researchs of a number of scientists, in which highlights the features of biogas production technologies that
based on the use of different temperatures, humidity, microbial mass concentration, duration of reaction, etc.
[15, 18, 19, 20]. One of the most promising ways of intensification the methane fermentation process is the
addition of biostimulants, the use of which even in insignificant quantities increases the growth rate of bacteria
and the intensity of anaerobic fermentation, that, in turn, increases the efficiency of biogas plants [18, 20]. In
the available literature sources provides information on the influence of syntropic association of
microorganisms - Sarcina maxima, Sarcina ventriculi, Methanosarcina majei and Methanobacterium
thermoautotrophicum on increasing methane output in the processing of agricultural waste, however it is
insignificant, that is probably due to the suboptimal selection of bacterial cultures in the proposed association
[21]. It is also known that as co-substrates in the bioconversion of waste can be used additives containing
trace elements, but the increase in biogas was temporary and insignificant [22, 23]. In the sources of reference
and scientific-patent literature it is noted that to intensify the process of methanogenesis used a preparation
represented by a complex of trace elements and enzymes, but its broad component composition requires
significant costs and time when using it [24]. So, taking into account the above and the importance of solving
the problem of chicken manure utilization, the urgent task is to find effective means to stimulate the production
of biogas in the processing of waste poultry farms by anaerobic fermentation, which will make it possible to
increase the production of additional energy resources — biogas, thereby ensuring the preservation a clean
environment for future generations. Therefore, the researches of the processes of anaerobic digestion of
chicken manure (in vitro) under mesophilic regime, and also establishing the influence of different doses of
biopreparation «Meganit Nirbator» on the volume release of greenhouse gases (CH4, COz2), taking into the pH
of level has important scientific and practical importance.

The purpose of the researches is to determine efficiency of the influence of different doses of
biopreparation «Meganit Nirbator» on emission of greenhouse gases (CHa, CO.) with chicken manure under
mesophilic regime of anaerobic digestion (in vitro).

Materials and methods of the researches. The researches was conducted in the laboratory of ecology
of the Institute of agriculture of the Carpathian region NAAS using laboratory — to establish the level of
greenhouse gas emissions from chicken manure using different doses of biopreparation «Meganit Nirbatory;
analytical — for analysis and substantiation of the obtained results and mathematical-statistical methods — to
assess the reliability of research results. For determining efficiency of the influence of different doses of
biopreparation «Meganit Nirbator» on emission of greenhouse gases (CH4, CO2) carried out selection the
samples of chicken manure of in the FE «West-Bird» of Pustomytiv region of Lviv oblast. Researche was
presented in triple repeated in such variants: control — without the introduction of preparation; | variant — with
the use of biopreparation «Meganit Nirbator», in dose 25 ml (8,3 %); Il variant — with the introduction of
biopreparation «Meganit Nirbator», in dose 50 ml (16,7 %); 1l variant — with the addition of biopreparation
«Meganit Nirbator», in dose 75 ml (25 %).

Biopreparation «Meganit Nirbator» (PC "Eximinvest") consists of composition of 4 bacterial strains are:
Azotobacter chroococcum (nitrogen-fixing aerobic bacteria, optimum pH of 7,0-7,5), Azospirillum Lipoferum
(rhizospheric nitrogen-fixing bacterium with an optimum pH of 7,0-7,5 and temperature of 20-30 °C)
10x10° CFU/cm?®; Bacillus subtillis (spore-forming bacterium, which owns an amylolytic property is capable of
hydrolyzing polysaccharides to simple carbohydrates, is effective against fusarium, aspergillosis, rhizctonia,
phytopathogenic pseudomonas), Bacillus megatherium (rod-shaped bacterium with an optimum pH of 6,5-7,5
and with the temperature of 28-35 °C, has an amylolytic activity, immobilizes phosphorus from complex
compounds in the form of P20s, has antifungal properties) 10x10” CFU/cm?.
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The process of methane digestion was conducted in vitro at the optimal indexes of digestion according to
the method of V. Shatskyy, O. Sklyar, R. Sklyar, A. Solodka [20]. Biomass (chicken manure) diluted with water
in corellation of 1:1, was introduced into an experimental a capacity using the flasks closed by stoppers to
maintain tightness and providing of anaerobic conditions. During an experiment carried out mixing of the
investigated substrate by intensive shaking of the capacities. Identical conditions during the process of
methanogenesis were as in the control variant, where the anaerobic digestion of the substrate was due to the
natural microflora of chicken manure, as and in the experimental of analogues with the use different doses of
biopreparation «Meganit Nirbator».

The acidity was determined using a device pH-Meter Type N5170 (production of Poland). In the investigate
substrate the determination of the content of CH4 and CO2 was carried out using a signaling device analyzer
of gases — a portable Dozor of C-M-5 (certificate of check of the device type UA.TR.001 212-18 and certificate
of conformity No. UA.TR.002.CB.1234-19).

The statistical analysis of the obtained results of researches was conducted using variation statistics
methods with the help a standard package Microsoft Excel and AtteStat application programs. The arithmetic
averages value (M) and an error of arithmetic averages (m) were calculated. The difference between the
arithmetic averages values was considered statistically probable at: *P<0,05; **P<0,01; ***P<0,001.

Research results and their discussion. The intensity of the anaerobic digestion process depends on the
providing of optimal conditions, in particular on the temperature and pH level etc. Therefore, during in the
experiment at every stage of methanogenesis (hydrolysis, oxidation, acetogenesis, methanogenesis) in the
investigate material an optimal temperature regime was supported and control of the pH level of the
environment. It is known that the process of methanogenesis can occur in a wide range of temperatures and
begins at temperature of 6 °C, whereas at at lower temperature of methane emissions ceases [19], [25]. The
research was conducted under a mesophilic regime of fermentation while maintaining the temperature within
33 °C, since given the value of temperature corresponds to the highest metabolic activities of the mesophilic
regime, which is the most widespread in spite of the fact that the process of decomposition in the thermophilic
conditions is more intensively and the amount of biogas received of 25-30 % higher than in the mesophilic,
however thermophilic processes have smaller stability and admissible fluctuations of temperature are
significantly reduced [26]. The stability of the process of methanogenesis substantially depends from pH of the
environment, since it is known that when the pH is reduced to 6,5, the biogas yield deteriorates by 30—40%,
and at pH 6,0 the development of methane microflora is almost completely inhibited [20, 25-27].

At the beginning of formation of methane (the 17th day) at pH of level 8,35 units in the investigated substrate
(chicken manure) was introduced of biopreparation «Meganit Nirbator» in the amount of 25 ml (8,3 %), 50
(16,7 %) and 75 ml (25%). During realization an experiment in the conditions of in vitro, on 17th day and
through each three days, carried out determination emission of greenhouse gases (CHs and COz2) with chicken
manure in the control and in the experimental analogues with the use of biopreparation «Meganit Nirbator» in
different doses.

On the basis of the received results of research, it was established that in the further after introduction in
chicken manure of the investigated biopreparation «Meganit Nirbator» growth pH of level to 9,05-9,2 units
was observed depending on the dose, in contrast to the control analogue, that indicates considerable activity
of preparation (Fig. 1).

PiBens kucmotHocTi, pH

-
- P
-
-
-
-
-
-
-
-
-
-
b
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
re
-

==
e
>
-
-
-»
k3
-+
>
-
>
-
‘b
‘b
-

[epiox mocmimy, noou
& KOHTPOJIb B BapianT ® || BapiaHT W |1l BapiaHT
Fig. 1. Change the level of acidity in variants with use of biopreparation «Meganit Nirbator» in

different doses (I — 25 ml (8,3 %), Il - 50 ml (16,7 %), lll — 75 ml (25 %)) in the process of
methanogenesis



Analyzing results the experimental of researches it was established that in the investigated variants with
use of biopreparation «Meganit Nirbator», at the same time with increase pH of the environment in chicken
manure at anaerobic digestion (in vitro) under mesophilic regime was observed the growth of an output of
greenhouse gases is methane and carbonic gas.

According to the results of the conducted researches it was established that use of biopreparation «Meganit
Nirbator» in different doses 25 ml (8,3 %), 50 (16,7 %) and 75 ml (25 %), activation the process of

methanogenesis, causes a higher output of methane and carbonic gas, in comparison with the control by
11,8 %, 22,9 and 27,9 % (Fig. 2, 3).
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Fig. 2. Quantity of methane selected in variants with use of biopreparation «Meganit Nirbator» in
different doses (I — 25 ml (8,3 %), Il — 50 ml (16,7 %), lll — 75 ml (25 %)) in the process of
methanogenesis
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Fig. 3.
Quantity of carbonic gas selected in variants with use of biopreparation «Meganit Nirbator» in
different doses (I — 25 ml (8,3 %), Il — 50 ml (16,7 %), lll — 75 ml (25 %)) in the process of
methanogenesis

Therefore, experimentally it is proved that the introduction of biopreparation «Meganit Nirbator» in chicken
manure under mesophilic regime digestion in the anaerobic conditions regardless of a dose (25 ml (8,3 %), 50
(16,7 %) and 75 ml (25 %)) increases of output CH4 and CO: during in the investigated period and after 26
days the level at emission of the above gases became stable. In particular, at the increased dose of the
investigated preparation twice (50 ml (16,7 %)) quantitative indexes of methane and carbonic gas were
growing by 11,1 % whereas triple increase in the dose of preparation (75 ml (25 %)) causes higher level of the
investigated gases by only 5 % at anaerobic digestion in chicken manure, that is has no significant effect and
is not economically expedient.
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Growth of the content of CHs and CO: for the addition of biopreparation «Meganit Nirbator» indicates on
the efficiency of its use for the activation of anaerobic fermentative activity. Therefore, of biopreparation
«Meganit Nirbator» can be used as a stimulator the intensification the output of biogas at processing by-
products of animal origin for efficient functioning biogas plants, thereby preventing pollution of the natural
environment.

Conclusions

Efficiency action on the process of methanogenesis and emission of greenhouse gases (CH4 and COz) with
chicken manure of biopreparation «Meganit Nirbator» under mesophilic regime in the anaerobic conditions
was established. The use in the investigated substratum of such preparation in a dose 25 ml (8,3 %) are
caused by growth in the level of CHs and CO2 by 11,8 %, and at introduction of 50 ml (16,7 %) and 75 ml (25 %)
an output of the investigated gases was higher, respectively, by 22,9 % and 27,9 % in comparison with control.
Therefore, it is advisable to use of biopreparation «Meganit Nirbator» for activation the process of
methanogenesis in chicken manure in biogas plants for the purpose increase an output of biogas.

In future, it is planned to conduct experimental research of the process of anaerobic digestion of chicken
manure (in vivo) at the use of biopreparation «Meganit Nirbator» and to search for effective means and
methods for reducing pollution of the environmental by waste of poultry farming, that will minimize the negative
of the influence activity enterprises of the agro-industrial complex.
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