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Abstract

The article considers the problems of creating an optimal microclimate, which directly affects
the body's resistance, productivity and reproductive functions in conditions of high livestock
concentration and dense placement of animals on farms. It is shown that ozone disinfection is a
promising and environmentally safe method of ensuring sanitary well-being in livestock farming. One
of the most important properties of ozone is its ability to inhibit the development of microorganisms
up to their complete inactivation. Regular air ozonation reduces the risk of bronchopulmonary
diseases in animals, reduces the negative impact of mycotoxins in feed and contributes to an increase
in live weight gains. One of the directions of scientific work is the search for inexpensive,
environmentally safe disinfectants that do not require the use of water. Such agents include ozone,
which is an unstable substance, the molecules of which independently decompose into oxygen and a
free oxygen atom. It is the presence of this atom that provides ozone with powerful oxidizing,
disinfecting and deodorizing properties. The ozonation process requires small doses of the substance,
is easy to use and economically beneficial. An important advantage of this method is that ozone is
formed directly at the place of application from oxygen in the atmospheric air, and after disinfection
is completed, it quickly decomposes without harming the environment.
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Introduction

At the present stage, issues of hygiene, sanitation, and are becoming increasingly
important in the production of high-quality and safe food products. After Ukraine
joined the World Trade Organization (WTO), the requirements for the competitiveness
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of domestic milk and dairy products on both domestic and international markets
significantly increased.

Analysis of recent studies and publications

One of the main conditions for the entry of Ukrainian dairy products into the
markets of the European Union and WTO member countries is compliance with
international safety and quality standards [1-5].

Modern livestock farms and complexes that use industrial production
technologies are characterized by a complex interaction between animals and the
environment. Under conditions of high livestock concentration and dense housing, the
creation of a favorable microclimate becomes especially important, as it directly affects
the immunity, productivity, and reproductive performance of animals. The amount of
waste products, the level of bacterial contamination of the air, and other unfavorable
factors directly depend on the number of animals kept in the facility. The negative
influence of microclimatic factors causes changes in blood circulation, respiration,
thermoregulation, gas exchange, and metabolic processes, which ultimately affect the
health and productivity of animals [6, 7, §].

Ozone can exist in all states of matter. Unlike ordinary oxygen, whose molecule
consists of two atoms (O;), ozone has a triatomic structure (Oz). Under normal
conditions, ozone is a blue-colored gas. The mass of 1 liter of ozone is 2.1445 g. Its
solubility in water at 0 °C 1s 0.394 g/L, which is approximately 15 times higher than
the solubility of oxygen. Unlike O,, ozone is unstable and can spontaneously
decompose at high concentrations; the rate of this process increases with rising
concentration and temperature. Ozone is considered one of the most powerful natural
oxidizing agents. Ozone actively reacts with aromatic compounds, destroying their
aromatic ring. These properties form the basis of technologies used for deodorizing
rooms, various environments, and wastewater. In reactions with saturated
hydrocarbons, ozone decomposes with the formation of atomic oxygen, which initiates
chain oxidation processes.

At moderate concentrations, ozone affects the membrane of microorganisms by
reacting with the double bonds of lipids. In addition, it disrupts the activity of cellular
dehydrogenases, negatively affecting respiratory processes. Changes in cell membrane
permeability and the conversion of closed DNA into an open form reduce the ability
of bacteria to reproduce.

The sterilizing efficiency of ozone depends on its concentration, exposure time,
temperature, humidity, type of microorganism, pH level, and the initial degree of
microbial contamination. Low ozone concentrations (around 0.2 mg/m?) are
insufficient for complete bacterial destruction, as bacteria may recover after treatment.
Under such conditions, ozone mainly affects the cell surface and hardly penetrates
inside. Complete inactivation of microflora requires higher concentrations and longer
contact times. The bactericidal effect of ozone is enhanced by nitrogen oxides and
strongly depends on air humidity: at humidity below 45%, its effectiveness is almost
absent, while the best results are observed within the range of 60—-80%.
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Under the influence of ozone, microbial contamination of air and equipment is
significantly reduced. Ozone completely destroys Escherichia coli, Salmonella,
staphylococci, and dysentery pathogens. In addition to disinfection, ozone eliminates
unpleasant odors and enriches the air with oxygen [9, 10].

It has been proven that ozonation of premises, technological equipment,
containers, and packaging in dairy enterprises improves sanitary and hygienic
production conditions and extends the shelf life of products. Ozonation of refrigeration
chambers also contributes to the longer preservation of freshness and nutritional value
of food products. Ozone demonstrates the highest efficiency during the lag phase of
bacterial development in the production and storage of products. Treatment of meat
with ozone reduces moisture loss, improves sanitary conditions, and enhances the
commercial appearance of products. The use of an ozone atmosphere combines well
with other technological processes and is characterized by high efficiency. During the
storage of semi-smoked sausages, changes in the lipid ratio are especially noticeable
under ozonation conditions at ozone concentrations of 15-20 mg/m?.

The use of artificial air ozonation in livestock farming significantly reduces the
spread of bronchopulmonary diseases. In animals kept in an ozonated environment,
spontaneous pneumonia was practically not observed, whereas under normal
conditions it occurred in approximately 40% of cases and could cause mortality in up
to 20% of animals. Studies have also shown that ozonated air increases the body's
resistance to sapronotic microflora and reduces the negative effects of mycotoxins in
feed, contributing to a 5-10% increase in daily weight gain (Luchinkin S. P., 1986;
Molochnikov V. V.,1980). During a two-hour daily treatment of pigsties with an
ozone-air mixture containing 0.8 mg/m? of ozone, microbial contamination decreased
from 246,000 to 50,000 CFU/m?, while ammonia concentration dropped from 12 to 4
mg/m?. Long-term use of ozone at concentrations of 0.06—0.08 mg/m? positively
affected piglet growth: their live weight was 24% higher compared to the control group.
The use of ozonated air also contributed to lower ammonia levels, improved growth,
and reduced morbidity among young animals (Storchevoi V.F., 2010; Roschyna V.V.,
2005). In poultry farming, ozone is used for disinfecting incubation and table eggs.
Such treatment effectively disinfects eggshells from various types of microflora,
including Salmonella. Unlike formalin, which is carcinogenic, or chlorine-containing
agents that may cause side effects, ozone is considered one of the safest and most
effective methods of egg disinfection (Ksenz N. V., 2010).

Ozone 1s widely used in drinking water treatment. The ozonation of
contaminated water is a complex chemical and technological process that requires
careful consideration of all factors influencing the efficient design of the treatment
system. These factors include the nature of chemical reactions, the possibility of
undesirable side effects, the transportation of the required amount of reactive
substances, flow rates and retention time in the reaction zone, hydrodynamic conditions
within different units of the technological scheme, as well as the energy parameters of
individual system components.

Due to its strong oxidizing properties, ozone is considered one of the most

effective agents for wastewater purification and disinfection. However, ozonation
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should not be regarded as a universal standalone method capable of removing all
possible contaminants. Instead, it represents only one stage of the overall water
treatment process. Industrial-scale ozone treatment enables rapid and efficient
purification regardless of the initial condition of the water. Worldwide, ozone-based
water purification is recognized as one of the most environmentally friendly and
versatile treatment methods. In addition, ozonation effectively neutralizes viral and
spore-forming contaminants in both water and air.

This reliable and comprehensive method is also widely applied for the removal
of iron and manganese from artesian well water. Ozonation is considered one of the
most effective techniques for iron removal. Moreover, when iron and manganese are
present in the form of organic compounds or colloidal particles (0.1-0.01 pum in size),
water purification is possible only through ozone treatment, since preliminary
oxidation of the organic compounds is required. In terms of disinfecting properties,
ozone surpasses chlorine, chloramine, and chlorine dioxide.

The aim of this study was the search for affordable and environmentally safe
disinfectants that do not require large amounts of water. Ozone is one such agent widely
used in dairy production and animal husbandry.

Materials and Methods

The microclimate varies in different parts of a room. Usually, the microclimate
is monitored 3—4 times per month. During the studies, three measurements are taken at
6:00, 14:00, and 22:00. Measurements are carried out diagonally at three points: 1
meter away from the wall and in the center of the room. Measurements are also taken
at three height levels: at the level of a lying animal, a standing animal, and 0.6 m below
the ceiling. Different animals have different requirements for the indoor microclimate.
This depends both on the species of the animal and on its stage of development.
Currently, in Ukraine, the effectiveness of disinfection is assessed through visual
sanitary inspection and bacteriological control. Veterinary laboratories analyze surface
swabs to determine the total number of microorganisms, coliform titer, and the
presence of pathogenic bacteria such as salmonella, enteropathogenic strains of
Escherichia coli, and anaerobic microorganisms.

Presentation of the main research material

The microclimate plays an important hygienic role and can affect the organism
both directly and indirectly. Excessively high air temperatures may lead to overheating
and reduced productivity due to excessive stress on the thermoregulation system. Low
temperatures, on the contrary, contribute to the development of colds, especially in
young animals, and may also cause frostbite. Increased air humidity creates favorable
conditions for respiratory diseases, intensifies heat loss during the cold season, and
complicates body cooling in summer. Under such conditions, feed energy is mainly
used to maintain body temperature rather than for growth and productivity. Permissible
temperature and relative humidity of air in animal housing facilities are shown in the
table 1.
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Table 1
Permissible temperature and relative humidity of air in animal housing facilities
- Temperature, Relative
Facility °C Humidity, %
Barns for tethered and loose-box cattle housing 10 (8-12) 70
Barns for loose housing on deep litter 6 (5-8) 50-85
Maternity wards 16 (14-18) 70 (50-85)
Calf prophylactoriums (preventive care units) 18 (16-20) 70 (50-80)

Air pollution caused by dust and harmful gases also negatively affects animal
health. High dust concentration often leads to bronchitis and other respiratory diseases.
Excessive levels of ammonia, carbon dioxide, hydrogen sulfide, or carbon monoxide
may cause intoxication of the organism. Special attention should be paid to seasonal
climate changes and their impact on animals and the indoor microclimate, particularly
when managing reproductive herds. Microclimatic parameters may differ significantly
in various areas of livestock buildings; therefore, their monitoring is carried out several
times a month. Measurements are usually taken at three points along the diagonal of
the building — near the walls and in the central area — at different height levels: in
the zones where animals lie and stand, as well as near the ceiling. Indicators are
recorded at different times of the day to obtain an objective assessment of
environmental conditions. Requirements for housing conditions vary depending on the
animal species and stage of development.

An important component of the microclimate is the air microflora.
Microorganisms contained in dust particles can remain suspended in the air for a long
time and settle on surfaces. In livestock buildings, the concentration of bacteria is
significantly higher than in atmospheric air. For example, in cowsheds, one cubic meter
of air may contain from 12 to 86 thousand bacteria. Among them are saprophytic and
opportunistic microorganisms, cocci, and mold spores. Through contaminated air,
animals may become infected with dangerous diseases such as tuberculosis,
brucellosis, anthrax, foot-and-mouth disease and others. These microclimate
parameters are shown in the table 2.

Table 2
Microclimate parameters in the animal room
. . Number of Dust
. Tempera Relafuye Alr. Microbial Concentration,
Type of Animal N Humidity, | Velocity, .
ture, °C o, m/s Units per r‘ng/m3 (season)
I m® of Air | Winter | Summer
Cows, heifers, 8-12 40-85 0,3-0,5 70 0,8-1 | 1,2-1,5
older young stock
Calves: 14-18 40-85 | 0,3-0,5 30 0,5 1,5
Newborns
Calves: 12-18 40-75 | 0,1-0,5 50 0,5 1,5
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1-4 months
Calves: 8-16 40-75 0,3-1,0 50 0,8 1,5
4-12 months

According to numerous researchers, the quality of livestock products, especially
milk, directly depends on the sanitary and hygienic conditions of animal housing and
feeding [11, 12, 13].

Various disinfectants are used for air decontamination in livestock and poultry
facilities, including chlorine-based products, hydrogen peroxide, organic acids, and
other oxidizing agents. These substances are mainly applied through aerosol spraying.
However, due to the high cost and certain disadvantages of chemical disinfectants,
ozonation is becoming increasingly popular as an alternative method of disinfection
[14].

Ozone is an unstable compound whose molecule decomposes into oxygen and a
free oxygen atom. Due to this property, ozone acts as a powerful oxidizing agent with
strong disinfecting and deodorizing effects. Ozone is produced from atmospheric
oxygen using special ozone generators through the process of electrosynthesis.
Ozonation is the treatment of air aimed at disinfection and elimination of unpleasant
odors. In terms of oxidative capacity, ozone surpasses most disinfectants and is second
only to fluorine and some free radicals. It rapidly destroys organic and inorganic
contaminants, converting them into harmless substances.

One of the most important properties of ozone is its ability to inhibit the
development of microorganisms up to their complete inactivation. Therefore, ozone is
widely used for the purification of drinking water, food processing, and sanitary
treatment of premises and equipment. In animal husbandry, ozone is used to disinfect
buildings, equipment, containers, pipelines, animal skin, manure, and to eliminate
unpleasant odors. In poultry farming, ozonation is applied to incubating and table eggs,
which helps destroy pathogenic microflora and improve hatchability.

Despite its advantages, ozone must be handled carefully because excessive
concentrations are toxic to humans and animals. In addition, ozone may cause
corrosion of metal surfaces and oxidation of fats. In occupied premises, ozone
concentration should not exceed 0.1 mg/m*. Before ozonation, the room must be
sealed, and after treatment it should be thoroughly ventilated. Microclimate conditions
also play a major role in animal health. Long-term exposure to favorable environmental
factors promotes adaptation of the animal organism: thermoregulation mechanisms
improve, the cardiovascular and nervous systems function more efficiently, and
metabolism becomes normalized. Such adaptation increases disease resistance and
positively affects productivity. Research has shown that milk productivity in dairy
cows depends approximately 70% on housing conditions and only 30% on hereditary
traits.

Modern livestock production requires effective disinfection systems because
keeping animals in enclosed spaces leads to the accumulation of bioaerosols containing
dust, organic particles, and pathogenic microorganisms. Disinfection methods are
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generally divided into chemical and physical ones. Chemical agents possess strong
bactericidal properties; however, they may pollute the environment, damage
equipment, and contribute to the development of microbial resistance. For this reason,
physical disinfection methods, particularly ozone and cold plasma technologies, are
becoming increasingly important. Ozone destroys microorganisms by oxidizing
proteins and lipids in the cell membrane. Cold plasma generates active radicals and
photons that damage bacterial DNA and cell membranes. Ozone is also effectively used
for grain and feed preservation to prevent the growth of bacteria, fungi, and mold. This
improves product quality and reduces the risk of toxic substance formation. Studies
indicate that ozone is capable of destroying up to 99% of bacteria and viruses, as well
as effectively eliminating mold fungi and their spores.

Conclusions and future research perspectives

Practical studies confirm that regular air ozonation reduces the risk of
bronchopulmonary diseases in animals, decreases the harmful effects of mycotoxins in
feed, and contributes to increased live weight gain. The use of ozone-air mixtures
significantly lowers microbial contamination and ammonia concentration in livestock
buildings. Thus, ozone disinfection is considered a modern, effective, and
environmentally friendly method of ensuring sanitary safety in livestock and poultry
farming. Its application contributes to maintaining animal health, improving product
quality, and reducing production losses.
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OBIPYHTYBAHHS 3ACTOCYBAHHS O30HY JJI51 ®OPMYBAHHS
OIITUMAJIBHOT'O MIKPOKJVIIMATY HA TBAPUHHULIBKUX ®PEPMAX

Anomauin

Y cmammi pozenanymo npobremu cmeopeHHs ONMUMATbHO20 MIKPOKIIMamy, SAKull
be3nocepeOHbo 8NIUBAE HA CMIUKICMb OP2aHizMy, NPOOYKMUBHICMb | penpoOyKmMusHi QyHKYii 6
YMOBAX BUCOKOI KOHYEHMPAayii no2oié s ma winbHo20 po3miujents meapur Ha gepmax. Ilokasano,
Wo 030H06a O0e3iHGheKYis € NepCneKMUSHUM 1 eKON02IYHO Oe3NeyHUM MemooOM 3a0e3neyeHHs
canimapnozco 6nazononyuus y meapunnuymei. OOHIEI0 3 HAUBANCIUBIUUX 81ACMUBOCIIEN 030HY €
11020 30aMHICMb NPUSHIYYB8AMU PO3BUMOK MIKPOOP2AHI3MI6 axc 00 ix nosHoi inakmusayii. Pecynsaphe
O30HYBAHH MNOGIMPs 3HUNCYE PUSUK OPOHXO-]Ie2eHesUX 3AaX60PH6AHb Y MEAPUH, 3MEHULYE
He2amuHUll 8NIUE MIKOMOKCUHIB Y KOPMAX i Cnpuse 30inbuieHHI0 npupocmis dxcugoi macu. OOHum i3
Hanpsmié HayKkogoi pobomu € NOulyk Heoopo2cux, eKol02iYHO-0e3neuHux Oe3iHhekmanmia, wo He
nompeoyiomes GUKOPUCMAHHA 800U. [0 maxux 3acobié Hanexdcumov O030H, SAKUU € HeCcmiuKow
PeYOoBUHOI0, MOJIEKYIU AKOI CAMOCMINHO PO3KIA0AOMbCA HA KUCeHb | 8inbHull amom Kuchwo. Came
HAABHICMb Yb020 AMomMa 3a6e3neuye 0301y NOMYIHCHI OKUCHIOBANbHI, 0e3IHDIKYI0UI ma 0e3000pYioUi
gnacmusocmi. IIpoyec 030Hy8anHs nompebye HeBeIUKUX 003 Pe4O0GUHU, € NPOCMUM Y BUKOPUCTNAHHIT
ma eKoHOMIuHO eu2iOHum. Baowcnueoro nepesazoro yboco memody € me, wjo 030H YMEOPIOEMbCS
be3nocepeOHbO HA Micyi 3aCMOCYBAHHA 3 KUCHIO AMMOCEHEpHO20 NOGIMps, a NiCAA 3A6ePUIEHHS.
Oe3inghexyii weUoKo po3nadacmvcs, He 3a80ayu WKOOU HABKOIUUHbOMY CEPedo8UU).
Knrwuoei cnosa: 006pobym meapun, Mikpokaimam, Mikpogiopa, 030, 030Hy8aHH, 300085
meapum
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