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poultry litter (in vitro). In particular, it was determined that vermiculite,
which most effectively affects greenhouse gas emissions from poultry litter
from natural sorbents, reduces the level of CH, and CO, by 10.5-14.4%,
and NO - 9.6-11.2%. The biological product of Kapeliukhiv Yarok more
effectively reduces the emission of CH, and CO, from the test substrate
by 12.9-17.3%, and Scarabei - NO by 11.8-13.3%. The introduction of
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to reduce the level of CH, and CO, release by 14.8-18.7% and 14.0-17.4%,
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reducing greenhouse gas emissions from poultry litter (in vitro) indicates the
prospects of their use to prevent environmental pollution in the intensive
management of the poultry industry
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INTRODUCTION

The agricultural sector with its basic component, agri-
culture, is system-forming in the national economy and
provides stability, food independence, and security of the
state [1; 2]. The most dynamic branch of agriculture, which
began to revive one of the first and has already achieved
high technological and economic results is the poultry
industry, which provides high-quality food to the popu-
lation of Ukraine and allows exporting some products
abroad [3]. It is known that one kilojoule of energy from
eggs and poultry requires twice less energy than milk
production and three times less than pork and beef [4].
Intensive development of the poultry industry faces
the problem of excessive environmental pollution, as
along with the main products (meat, eggs, products of
slaughter and processing, down, feathers, etc.) there is
an accumulation of considerable by-products of animal
origin, including large quantities of poultry litter [5; 6].
Thus,the average anthropogenic load from poultry waste
on the territory of Ukraine is 0.22 million tonnes/km?, that
is, 3000 tonnes for every thousand of population [4; 7].

The accumulation of considerable amounts of waste
causes various types of atmospheric pollutions, including
greenhouse gases such as methane, carbon dioxide, nitro-
gen oxide, etc., which serve as a source of air, soil, and
water pollution and thus lead to air temperature in-
crease on the planet, emergence of acid rain, droughts,
floods, declining of drinking water supplies, formation
of atmospheric aerosols [8; 9]. Greenhouse gases are the
driving factors of climate change that have befallen hu-
manity over the last century [8]. According to the Food
and Agriculture Organisation of the United Nations (FAO),
greenhouse gas emissions from agriculture, forestry and
fisheries have almost doubled over the past 50 years and
tend to increase by 30% by 2050 if a number of effec-
tive measures will not be implemented to improve en-
vironmental situation [10]. In terms of the greenhouse
gas emissions scale, agriculture, although inferior to
energy and industry, is still a powerful source of pollu-
tion both in Ukraine and worldwide [11; 12]. Agriculture,
which often suffers from climate change, is simultane-
ously one of the reasons for this change [13]. Given the
above, a necessary condition for the development of
the poultry industry is maintaining a balance between
increasing production and effective rational disposal of
waste, which will minimise the negative effect of agricul-
ture on the environment [14-16]. The research of many sci-
entists has been devoted to the problems of environmental
pollution caused by the activities of poultry farms [17-19].
However, the available literature provides information
mainly on reducing emissions of certain gases from the
waste, in particular,ammonia or hydrogen sulfide [20-22].
The task of developing measures to reduce the emission
of greenhouse gases — methane, carbon dioxide, nitrogen
oxide from animal by-products remains unsolved.

Thus, minimising greenhouse gas emissions from
poultry litter is an extremely important task today due to
the active development of the poultry farming and the
intensive accumulation of a considerable amount of waste.
Therefore, the search for effective means and ways to
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reduce greenhouse gas emissions from poultry litter
without harming the environment is an important scien-
tific and practical issue to solve.

The purpose of the study was to establish the ef-
fect of inorganic and biologically active substances on
the emission of greenhouse gases from poultry litter -
CH,, CO,, NO during anaerobic fermentation (in vitro) to
prevent their entry into the environment.

MATERIALS AND METHODS

Research for establishing the effectiveness of inorganic
and biologically active substances on the level of such
greenhouse gases emission as methane, carbon dioxide,
nitrogen oxide from poultry litter was carried out using
experimental-laboratory, statistical-mathematical,and
analytical methods. To conduct the experiment, samples of
poultry litter without additions were taken at the farm
“Zahid-Ptytsia” in Pustomyty district, Lviv region. The
study was performed in vitro according to the method of
0.G. Skliar et al. [23]. Closed tanks were used in the ex-
periment for anaerobic conditions. To stabilise the pro-
cess of anaerobic fermentation, poultry litter was dilut-
ed with water and the substrate humidity was adjusted
to 92%. Each option of the experiment was repeated
three times. During the experimental studies, the sub-
strate was periodically shaken. Similar conditions of the
biofermentation process were in the control option of
the study, where anaerobic fermentation of the substrate
occurred due to the natural microflora of litter, as well
as in experimental analogues using the studied inorganic
and biologically active substances. In the experiment,
at each stage of biofermentation (hydrolysis, oxidation,
acetogenesis,methanogenesis),the temperature regime
was maintained. The study was conducted under the
mesophilic regime at a temperature within 33°C since
the mesophilic regime is characterised by the highest
stability of the biofermentation process and small tem-
perature fluctuations are allowed without disrupting
fermentation. It is known that biofermentation can be
carried out in a wide range of temperatures, but not be-
low 6°Cssince there is a cessation of the microorganisms’
activity at this temperature [24]. One of the important
factors is also the time of biomass fermentation. Depend-
ing on the temperature, the fermentation exposure is
set in the following intervals: at 10-25°C up to 30 days,
at 25-40°C - from 10 to 20 days, at 45-55°C - from 4 to
8 days [25].In this experiment, the exposure to biomass
fermentation was 17 days.

To achieve the reduction of greenhouse gas emis-
sions from poultry litter, on the 17 day from the begin-
ning of anaerobic fermentation, inorganic and biolog-
ically active substances were added to the fermented
substrate in optimal pre-established and economically
substantiated doses: Option | — control (without sub-
stances); Option Il - perlite, 3%; Option Il — glauconite,
3%; Option IV - saponite, 3%; OptionV - vermiculite, 3%,;
Option VI - Kapeliukhiv Yarok, 150 g/m3; Option VII -
Scarabei, 40 g/m?; Option VIII - magnesium acetate,
3%; Option IX - superphosphate, 3%. In addition, the
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level of greenhouse gases — methane, carbon dioxide,
nitrogen oxide in the control and experimental variants
was measured. Subsequently, during the experiment,
every three days, the measurement of greenhouse gases
level was performed using a portable alarm-analyser
Dozor (-M-5 (certificate of the device verification
type UA.TR.001 212-18 and certificate of conformity
UA.TR.002.CB.1234-19). The key factor determining the
area of anaerobic fermentation is the hydrogen index (pH).
That is why the experiment also determined the acid of
the test substrate (at the beginning of the experimental
studies and their completion) using a pH-meter Tour N5170.
Statistical and mathematical analysis of the obtained
research results was performed using the methods of
variation statistics and Student’s t-test standard package
Microsoft EXCEL and AtteStat. Arithmetic mean values (M)
and arithmetic mean errors (m) were calculated. Differences
between arithmetic means were considered statistically
significant by: *P<0.05; **P<0.01; ***P<0.001.

RESULTS AND DISCUSSION
Based on the studies, it was established that the pH

of poultry litter in hydrogen substrates in the control
options (without the introduction of substances) before
and at the end of the study (in vitro) was in the range
of 8.35-8.55 units (Fig. 1), that is, had an alkaline reac-
tion. After the introduction of inorganic and biologically
active substances into the fermented poultry litter, the
processes of anaerobic fermentation decreased and at
the end of the study, there was a change in the hydro-
gen substrates of poultry litter in pH to the acidic side
with the use of perlite = up to 7.38 units, glauconite -
7.3, saponite - 7.6, vermiculite - 7.15, biologically active
substances - Kapeliukhiv Yarok — 6.55, Scarabei - 6.7,
magnesium acetate - 6.65, superphosphate - 6.75 units,
compared with the control - 8.55 units, which indicates
inhibition of the activity of microorganisms due to in-
creasing concentrations of H* ions.

The obtained experimental data indicate that
the studied substances, which caused the greatest de-
crease in pH, were at the same time the most effective
in reducing the emission of studied greenhouse gases -
CH, (Fig. 2), CO,, NO from the substrate of poultry litter
(in vitro).
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Figure 1. Acidity level in options using inorganic and biologically active substances
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Figure 2. The level of methane emission in options using inorganic and biologically active substances
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Analysis of the results showed that the intensity
of anaerobic fermentation and the processes of green-
house gases emission in the substrate of poultry litter
depend on the duration of the experiment. The introduc-
tion of natural sorbents into the fermented poultry litter -
perlite, glauconite, saponite, and vermiculite helps to
reduce the level of methane and carbon dioxide (Fig. 3).
In particular, when perlite is added to the studied sub-
strate, methane and carbon dioxide emissions are re-
duced by 20-26™ days, respectively, by 22-39 |/m? and
15-28 |/m3,that is 3.9-7.1% (P<0.05-0.001) regarding con-
trol. The use of glauconite causes a decrease in the level
of CH, and CO, from fermented poultry litter,depending
on the day of the experiment, respectively, by 33 |/m?
and 24 /m?* - 6.2% (P<0.01-0.001) - 20t day; by 47 |/m?
and 33 |/m®or 8.5% (P<0.01-0.001) - 23 day; by 61 l/m?
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and 44 |/m?3,that is 11.1% (P<0.001) - 26 day, compared
to the control options. It was also established that in the
options with the addition of saponite there is a decrease
in methane and carbon dioxide emissions from the studied
substrate, namely: on the 20" day - 25 I/m?® and 18 I/m? -
4.6% (P<0.01); on the 23" day - 37 |/m3 and 26 |/m? or
6.7% (P<0.05-0.001); on the 26" day - 48 |/m>* and 34.5 /m’,
that is 8.7% (P<0.001), relative to control. During the same
study period (20-26 days), the level of CH, and CO, emis-
sions from fermented poultry litter when using vermiculite
was lower than the control, respectively, by 57-79 |/m?
and 41-57 |/m?, which was the percentage - 10.5-14.4%
(P<0.01-0.001). Thus, the natural sorbent - vermiculite -
had the most pronounced effect on reducing the emission
of methane and carbon dioxide from the substrate of poul-
try litter in the above period.
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Figure 3. The level of carbon dioxide emission in options using inorganic and biologically active substances

The use of biological products - Kapeliukhiv Yarok
and Scarabei - also have a positive effect on the emis-
sion of greenhouse gases from the substrate of poultry
litter. The application of the biological product Kapeli-
ukhivYarok to the substrates helps to reduce the level of
methane and carbon dioxide from the studied substrate
during anaerobic fermentation, respectively, on the
20" day - 70 IYm? and 50 l/m3, that is 12.9-13.1% (P<0.05-
0.001), compared to control; on the 23 day - 82 |/m* and
58 |/m? or 14.9-15.1% (P<0.001) and on the 26™ day -
95 |/m?® and 68.5 I/m? - 17.3% (P<0.001). The use of the
biological product Scarabei reduces the emission of CH,
and CO, from fermented poultry litter by 20-26 days, re-
spectively, by 65-87 |/m3and 47-62.5 |/m? relative to the
control, which in percentage was 12.1-15.8% (P<0.001).

According to the obtained research results, it was
established that the introduction of magnesium acetate
into the studied substrate helps to reduce the level of
methane and carbon dioxide emissions, depending on the
day of the study, respectively: on the 20" day - 79 |/m? and

59 I/m3 or 14.8% and 15.2% (P<0.001); on the 23" day -
98 I/m* and 73 I/m? - 18.0% and 18.7% (P<0.001), and
on the 26™ day of the study - 97 |/m?® and 74 |/m?, that
is 17.6% and 18.7% (p<0.001).

In the options using superphosphate, the emission
of CH, and CO, from fermented poultry litter is reduced
on 20-26™" days of the study, respectively, by 75-84 |/m>
and 58-68 l/m?3, which in terms of percentage was 14.0-
15.3% and 14.9-17.4% (P<0.001). Thus, analysing the
obtained results, it should be noted that the lowest level
of methane and carbon dioxide emissions from poultry
litter substrate in all experimental options using inor-
ganic and biologically active substances was observed
on the 26 day of the experiment - 7.1-18.7%.

The obtained results testify that at the introduc-
tion of perlite in the investigated substrate there was a
decrease in emission of nitrogen oxide (Fig. 4), depending
on days of the experiment,accordingly: on the 20t day -
12.5 mg/m?, that is 9.9%; on the 23 day - 8.7 mg/m® -
8.3% (P<0.01), and on the 26" day - 6.7 mg/m?® or
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8.2% (P<0.05) relative to control. The use of glauconite helps
to reduce the level of NO emission from fermented poul-
try litter, respectively, by 14.6 mg/m?or 11.5% (P<0.01) -
20% day; by 10.9 mg/m3, that is 10.4% (P<0.01) - 23 day;
by 8.0 mg/m?® - 9.7% - 26th day, compared to the control
analogue. The introduction of saponite into the studied
substrate causes a decrease in nitrogen oxide emission by

20t day - 9.1 mg/m® - 7.2%; on the 23 day - 6.2 mg/m>
or 5.9% (P<0.05),and on the 26th day - 4.3 mg/m?,that is
5.2%. The level of NO emission from fermented poultry
litter was lower in the options with vermiculite, relative to
control, respectively, by 14.2 mg/m?® - 11.2% (P<0.05) -
20% day; by 11.1 mg/m?, that is 10.6% (P<0.05) - 23" day
and by 7.9 mg/m3 or 9.6% (P<0.05) - 26" day.
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Figure 4. The level of nitrogen oxide emission in options using inorganic and biologically active substances

Reduction of nitrogen oxide emission from the
studied substrate is also observed by the use of biological
products Kapeliukhiv Yarok and Scarabei, respectively,
on the 20" day - 13.3 mg/m? and 15.8 mg/m?>, that is
10.5% and 12.5% (P<0.05); on the 23“day - 11.8 mg/m?
and 13.9 mg/m> or 11.3% and 13.3%; on the 26" day -
8.1 mg/m?* and 9.7 mg/m® - 9.9% and 11.8% (P<0.05),
compared to the control options.

When magnesium acetate and superphosphate
were added to the fermented poultry litter, the level of
NO emission was lower, respectively, by 19.5 mg/m3,that
is 15.4% (P<0.05) and 15.7 mg/m? - 12.4% (P<0.05) -
20™ day; by 16.9 mg/m? or 16.1% (P<0.001) and 15.4 mg/m?* -
14.7% (P<0.01) - 23 day; by 12.6 mg/m® or 15.3% (P<0.01)
and 11.4 mg/m?® that is 13.9% (P<0.001) - 26™ day.

The most effective in reducing nitrogen oxide
emissions in the process of biofermentation of the studied
substrate using natural sorbents - perlite, glauconite,
saponite and vermiculite were set on the 20™ day, and
biological products - Kapeliukhiv Yarok and Scarabei;
magnesium acetate and superphosphate - on the 23 day
of research. The obtained research of results in reducing
the level of greenhouse gases emission from chicken
manure is consistent with studies of W. Qasim et al. who
used aluminum sulfate and ferric chloride blend in different
ratios in vitro, which caused a pH decrease of the tested
substrate and hence a decrease in gas emissions [26].
Researchers K.Anderson et al.[27], B. Eugene et al. [28],
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J.Sims et al.[29], M. Spiehs et al.[30] also obtained sim-
ilar results in reducing the level of greenhouse gases
emission from litter of the poultry industry using various
substances of organic and inorganic origin. Thus, it is
experimentally proved that the studied substances -
perlite, glauconite, saponite, vermiculite, biological prod-
ucts - Kapeliukhiv Yarok and Scarabei, magnesium acetate
and superphosphate have an effect on reducing the level
of greenhouse gases - CH,,CO, and NO from the substrate
of poultry litter during mesophilic fermentation.

The most effective of natural sorbents (perlite,
glauconite, saponite, vermiculite) in reducing the level
of greenhouse gases - methane, carbon dioxide and ni-
trogen oxide from the studied substrate in anaerobic
fermentation is vermiculite (9.6-14.4%), and from bio-
logical products (Kapeliukhiv Yarok, Scarabei) - Kapeli-
ukhivYarok - on CH,, CO,,and Scarabei - on NO, respec-
tively, by 12.9-17.3% and 11.8-13.3%. The introduction
of magnesium acetate and superphosphate in the fer-
mented poultry litter helps to reduce the emissions of
the studied gases - CH,, CO, and NO, respectively, by
14.8-18.7% and 12.4-17.4%.

Therefore, out of the studied inorganic and biolog-
ically active substances, the most effective in reducing
the emission level of greenhouse gases - CH,, CO, and
NO from the substrate of poultry litter was found in the
options using magnesium acetate. The effectiveness of
others decreases in the following sequence: magnesium




acetate - superphosphate - biological product Kapeli-
ukhivYarok - biological product Scarabei - vermiculite -
glauconite - saponite - perlite.

CONCLUSIONS

The study theoretically substantiated the effectiveness
of the use of inorganic and biologically active substances,
in particular natural sorbents (perlite, glauconite, saponite,
vermiculite), biopreparations (Kapeliukhiv Yarok, Scarabei),
as well as magnesium acetate and superphosphate in
reducing the emission of the studied greenhouse gases -
CH,, CO,, and NO from poultry litter (in vitro) due to
changes in substrate pH. It was experimentally proved
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that the most effective substances in reducing the level
of methane, carbon dioxide and nitrogen oxide from
poultry litter (9.6-18.7%) are magnesium acetate, su-
perphosphate, biopreparation Kapeliukhiv Yarok, and
vermiculite, which indicates the feasibility of their use
to prevent environmental pollution in the intensive
management of the poultry farming. A promising area
of further research is establishing the influence of stud-
ied substances on reducing greenhouse gases emission
directly in the premises where poultry are kept and in
manure storages (lagoons) during keeping animal by-
products, which is important for solving environmental
problems of the agro-industrial complex.
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3MeHLUEeHHS eMicii NTapHUKOBUX rasiB 3 Kypsuoro nocniny 3a BAKOPUCTaHHS
HeopraHiYHUX Ta 6ionoriyHo aKTUBHUX Pe4YOBUH

Mapis IropisHa Bopo6enb!, Bacunb Bacunbosuu Kannincbkuitl, Oner ipocnasosuu Knum?,
Banepiit OnekcanapoBuu lMiHuyk?, AHapisHa IBaHiBHa OMuTpoual

HcTUTyT cinbebkoro rocnoagapctea Kapnatcbkoro periony HAAH
81115, Byn. [pyweBcbkoro, 5, c. 06polumnHe, YkpaiHa

2|HcTuTYT arpoekonorii i npupoaokopuctyBaHHs HAAH
03143, Byn. MeTponoriyHa, 12, M. Kuis, YkpaiHa

AHoTauis. lpoBiaHe Micue y cTpyKTypi BUpOOHULTBA NPOAYKLIi TBAPUHHULITBA 3aiiMa€e NTaxiBHULTBO. IHTEHCUBHUIA
PO3BUTOK L€l rany3i CTaHOBWUTb NpobaeMy LLOA0 36epexeHHs YUNCTOTH LOBKINNS, OCKibKM KPiM OCHOBHOI NPOAYyKL,ii
HaKOMUYYETbCS 3HAUHUIM 06car BiaxoaiB. OCTaHHI CNYrytoTb AXKEPENOM HAAXOXKEHHS B aTMOChEPY NapHUKOBUX rasis,
AKi € OJHI€I0 i3 OCHOBHMX MPUYMH HEFAaTUBHUX 3MiH Y KNiMaTUYHOMY BanaHci nnaHeTu. TOMy, BCTAHOBNEHHS PiBHS
eMicii MapHMKOBMX rasiB 3a BM/MBY HEOPraHiYHMX i BIONOrIYHO AaKTUBHUX PEYOBUH OYAM OCHOBOK 3amnaaHOBAHUX
[ocnigxeHb.Y pesynstaTi npoBeAeHNX AOCNIAXKEHb BCTAHOBAEHO eDeKTUBHICTb A4iT AOCNIAXKYBAHUX PEYOBUH — NEPAITY,
rNayKoHiTY, CanoHiTy, BepMUKyniTy, bionpenapatis Kanentoxis Slpok # Ckapabein, auetaTy marHito Ta cynepdocdary
Ha 3MEHLWEeHH: piBHA BuaineHHa metany (CH,), syrekucnoro rasy (CO,) i okenay asoty (NO) i3 kypsayoro nocnigy
(in vitro). 30Kpema, BU3HAYEHO, L0 HanedeKTUBHILLE HA 3HWXKEHHS eMicii MAapHMKOBKX rasiB i3 Kypavoro nocnigy 3
NPUPOAHMX COPOEHTIB B/IMBA€E BEPMUKYNIT, AKMIA 3MEHLWYE piBeHb BuaineHHa CH, i CO, Ha 10,5-14,4 %, a NO -
9,6-11,2 %. bionpenapat Kanentoxie flpok 6inbw ehekTUBHO 0OYMOBIOE 3HUKEHHS €MiCii 3 LOCNIAXKYBAHOIO
cyberpary CH,1a CO, Ha 12,9-17,3 %,a Ckapaber - NO Ha 11,8-13,3 %. BHeceHHs aueTaTy MarHito Ta cynepgpocgary
B 30pOMKEHMI KypSUunid NOCAIL, CMPUSIE 3MEHLLEHHIO PiBHS BUIINEHHS CH, Ta COZ, BianoBiaHo Ha 14,8-18,7 % Ta
14,0-17,4 %,a NO - Ha 15,3-16,1 % i1 12,4-14,7 %. LocnipKyBaHi pe4oBUHU, SKi B HANOINbLLIIA Mipi 3MEHLWYOTb
eMiCito MapHWMKOBUX rasiB (in vitro) — aueTaT MarHito, cynepdocdar, 6ionpenapat Kanentoxie fpok Ta Ckapabei,
BEPMUKYNIT i3 LOCNIAKYBAHOIO CybCTpaTy, 3abe3nevytoTb BOAHOYAC | HaiMeHLWwuit pieHb pH - 6,55-7,15 oa. Omxe,
BCTaHOB/EHHS eeKTUBHOCTI BNAMBY AOCTIAXKEHUX HEOPraHiYHMX Ta Bi0N0OriYHO aKTUBHUX PEYOBUH HA 3HUXKEHHS
eMicii napHMKOBMX rasis 3 Kyps4oro nocnigy (in vitro) BKa3yroTb Ha NEPCNEKTUBHICTb iX 33CTOCYBAHHA 418 3an06iraHHs
3abpyLHEHHS AOBKINAS NpU IHTEHCMBHOMY BeLEeHHi ranysi nTaxiBHALTBA

KniouoBi cnoBa: nTaxiBHMUTBO, BiAXOAM, METAH, BYIMEKMUCNIA Ta3, OKCU, a30Ty
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