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Introduction

Ponomarenko, G. V., Kovalenko, V. L., Balatskiy, Y. O., Ponomarenko, O. V., Paliy, A. P., & Shulyak, S. V. (2021). Bac-
tericidal efficiency of preparation based on essential oils used in aerosol disinfection in the presence of poultry. Regulatory
Mechanisms in Biosystems, 12(4), 635-641. doi:10.15421/022187

A disinfectant was created for aerosol disinfection of premises in the presence of poultry, which will help reduce micro-
bial contamination of premises, increase survival, weight of poultry and economic efficiency of meat production in general.
The preparation based on essential oils can be used for disinfection in the presence of poultry and at the same time exhibits a
therapeutic and prophylactic effect on respiratory infections. This disinfectant has a colloidal solution of silver (Ag), benzalko-
nium chloride and essential oils of thyme, fir and eucalyptus. The preparation based on essential oils contains (per 100 g):
benzalkonium chloride — 16.0 g; thyme oil — up to 2.0 g; eucalyptus oil —up to 2.0 g; fir oil —up to 2.0 g; colloidal solution of
silver (Ag) —20-30 mg; distilled water - up to 100 cm’. Aerosol sanitation of indoor air was carried out with 0.3% solution of
preparation in the period before housing poultry and once a day from the 20th to the 35th day of growing broilers with aerosol
cold mist generator Dyna-Fog Tornado (model 2897, construction type — ULV-electric spray gnerator, manufacturer — Curtis
Dyna-Fog, Ltd., USA) at a dose of 50.0 cm’ per 1 m’ at an exposure of 60 minutes. The size of the acrosol particles is 20 um.
On days 1, 4, 8, 11, 15, 28, 37, and 42, the chickens were weighed, and the blood was taken for examination. Blood was
examined to study the number of red blood cells, hemoglobin content, the bactericidal activity of blood serum, phagocyte
activity of leukocytes, lysozyme activity of blood serum. According to the results of the research, the technological modes of
air disinfection of poultry premises in the presence of broiler chickens were substantiated during the use of preparation, which
contains nanoparticles (NP) of silver, benzalkonium chloride and essential oils. The optimal mode of aerosol treatment of
poultry houses using a 0.3% solution preparation based on essential oils is 50 mL/m’ of a room with a 60-minute exposure.
The use of air disinfection in the presence of chickens during broiler rearing and one treatment per day from 20 to 35 days of
the chickens’ growth reduced the microbial pollution of indoor air. Thus, the concentration of microbial cells in the room
where the chickens were kept was 230.2 + 15.6 thousand microbial cell/m’. Sixty minutes after disinfection, the concentration
decreased to 1.4 = 0.4 thousand microbial cell/m’. In addition, the bodyweight of chickens at 6 weeks increased by 449.4 +
16.3 g (15.9%) compared with the controls. The method and mode of air treatment did not adversely affect the development
of the internal organs of the poultry and their physiological state, which is confirmed by studies of the morphological parame-
ters of the chicken blood. The data obtained indicate a positive effect of the developed methods and modes of aerosol air
treatment with the preparation based on essential oils on the growth and development of broilers.

Keywords: essential oils; aerosol disinfection; broiler chickens; indoor air.

in poultry (Alvarez et al., 2019; Borges et al., 2019; Rawson et al., 2019).
Therefore, conducting high-quality disinfection of poultry facilities (in-

The growth of the world’s population requires the production of qual-
ity food. Poultry meat (broiler) is extremely nutritious, has high cooking
characteristics and dietary properties. Broiler production is developing
rapidly enough today. Due to the problem of African swine fever in
Ukraine, Europe and Asia (Ben Sassi et al., 2016; Biesek et al., 2020), the
number of pigs and the share of pork in the consumer market are rapidly
decreasing. Indeed, among 440 million pigs in China (almost half the
number of pigs in the world), at the end of 2019, less than half remained.
Poultry meat, including broiler chicken meat, will more actively substitute
pork in the consumer market. However, broiler chickens are affected by a
large number of infectious pathogens that circulate in poultry facilities and
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cluding in the presence of poultry) is an important task. The reliable disin-
fection of production facilities for keeping poultry is a condition of effec-
tive industrial poultry farming. The most significant parameter of disinfec-
tion efficiency is the reduction of microbial contamination of the air in
poultry farms (Diadychkyna, 2011; Buckmaster, 2012; Addie et al.,
2015). Disinfectants used in premises have a different focus and mecha-
nism of action on microbial cells (Jiang et al., 2018; Maertens et al., 2018;
Paliy et al., 2018; Zazharskyi et al., 2020). Currently, preparations of am-
monium compounds and colloidal silver are widely used for disinfection
(Park et al., 2009; Ding et al., 2019; Diaz et al., 2019). Although the anti-
bacterial properties of silver have been known for many centuries, the
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exact mechanism of this action remains the subject of discussion. Silver
nanoparticles, AgNP, have the ability to attach to the cell wall of bacteria
and eventually penetrate into it, thereby causing structural changes in the
cell membrane (Sondi & Salopek-Sondi, 2004; Morones et al., 2005; Kim
et al., 2007). Sondi & Salopek-Sondi (2004) indicated that silver-treated
Escherichia coli cells were significantly damaged, and the cell membrane
of such bacteria was deeply pitted. Moreover, AgNP penetrated into the
cell walls, accumulated in the membrane and partially penetrated into the
cell itself. Fewtrell et al. (2014) indicates that AgNP can cause the genera-
tion of free radicals (such as with ionic silver), and subsequently leads to
further damage to bacterial cells. It was also suggested that nanoparticles
could secrete silver ions (Liau et al., 1997; Feng et al., 2000), and these
ions can interact with thiol groups of many vital enzymes (Matsumura
etal., 2003).

Inhibition of bacterial functions is associated with the formation of
complexes with sulthydryl groups and inactivation of enzymes on the
surface of the bacterial cell, resulting in altered respiratory processes in the
cell membrane. In addition, DNA-bound silver ions block transcription,
and ions bound to cell surface components stop bacterial respiration and
adenine triphosphate synthesis. Interaction with external peptidoglycans of
bacteria leads to blocking of their ability to transfer oxygen inside the cell
of the bacteria leading to the death of the microorganism. There is a gene-
ration of reactive oxygen modifications, which are formed possibly due to
the suppression of the respiratory enzyme by silver ions, and attack the cell
itself. According to the classification of Hard and Soft Acids and Bases,
silver, as a soft acid, has a natural tendency to react with a soft base (Mo-
rones et al., 2005). Cells are predominantly composed of sulfur and phos-
phorus, which are also soft bases. The effect of these nanoparticles on the
cell can cause a reaction and subsequently lead to cell death. DNA con-
tains the main component of sulfur and phosphorus; nanoparticles act on
these soft bases and destroy DNA, which certainly leads to cell death.
Active interaction of particles with bacterial cells leads to a rapid loss of
bactericidal potential (Hatchett & White, 1996). To increase the duration
of exposure to silver (Ag) nanoparticles, they are used in combination with
essential oils of fir tree and eucalyptus (Kovalenko et al., 2018). Such
essential oils, in addition to stabilizing the aerosol, are active against vari-
ous bacteria themselves. So, essential oils of cinnamon, thyme, garden
savory, common balm, lavender, mint, rosemary, marjoram, thyme, clo-
ves, geranium, lemon, lime, orange are active against Streptococcus, Acti-
nobacillus, Bordetella, Haemophilus, Pasteurella, Salmonchoma,
Schmonizoma, Schmonizoma, Escherichia, Staphylococcus, Listeria even
in small concentrations (Das et al., 2019; Lagha et al., 2019; Olaimat et al.,
2019), oils from spruce needles have a bactericidal effect on Pseudomo-
nas, Enterococcus, Candida, Staphylococcus, Bacillus cereus, Salmonella
(Fyhrquist et al., 2017) and also destroy the biofilms of bacteria (Wojnicz
et al, 2012; Kim & Park, 2013). Essential oils affect the multidrug-
resistant forms of these pathogens. The mechanisms of action of bacteri-
cidal doses of essential oils are the destruction of the membrane structures
of microbial cells with subsequent disruption of intracellular metabolism
and bacteria death (Soliman et al., 2017; Taiwo & Adebayo, 2017; Vasi-
reddy et al., 2018). Thus, essential oils, exhibiting bactericidal properties
against bacteria in the body of animals already sick with respiratory dise-
ases can be useful components of antibacterial preparations enhancing
their effect (Man et al., 2019).

All quaternary ammonium compounds (QAC), in particular benzal-
konium chloride, are effective and low toxic disinfectants. The abovemen-
tioned compounds penetrate the walls of bacteria, interact with the cytop-
lasmic membrane, and autolytic enzymes lead to the lysis of wall structu-
res (McDonnell & Russell, 1999). QACs do not have high corrosivity at
low working concentrations and retain their activity well. Such disinfec-
tants affect a wide range of microorganisms; they do not have significant
toxicity at recommended concentrations, and are stable during storage.
The preparations affect Escherichia coli and Staphylococcus aureus in low
concentrations and with short contact (Suchomel et al.,, 2019), they are effec-
tive against bacteria that form biofilms (Baranowska et al., 2014). Benzalko-
nium chloride is quite active against multidrug-resistant gram-negative bac-
teria (MDR-GNB) (K6hler et al.,, 2019). Moreover, despite their relatively
mild effect, researchers recommend the use of preparations of this group for
the disinfection of fruits and vegetables (Chaidez et al., 2007).
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With a significant number of poultry in limited areas, birds are capa-
ble of excreting viruses and bacteria thorugh secretions and excrement
creating an aerosol of pathogens in the air of the poultry house, which can
be harmful to other poultry, people, and the environment (Petkov et al.,
1987; Just et al., 2011). This implies that it is necessary to influence such
bacterial and viral aerosols using aerosol disinfection methods and prepa-
rations intended for this purpose. Indeed, such preparations have insignifi-
cant corrosion activity and at the same time are quite active against these
biological aerosols (Carvalho et al., 2015; Saklou et al., 2016).

The resistance of pathogenic microorganisms and their ability to
adapt to disinfecting preparations is an urgent issue. Therefore, it is neces-
sary to carry out the rotation and timely change of disinfectants, taking into
account their various active substances. When determining the rotation
pattern of disinfectants, it is necessary to take into account their effective-
ness against specific pathogens, as well as methods of application in vari-
ous industrial situations (Kim et al., 2016; Richards et al., 2016; Ponoma-
renko et al., 2017). In addition to high efficiency, the acrosol method, in
comparison with wet methods of disinfection reduces the cost of disinfec-
tants and human labour several times. Aerosol disinfection can be carried
out in the presence of animals and poultry, but this method of sanitation
has high requirements for the safety of the agent’s effect on the body of
both humans and animals (Diadychkyna, 2011; Souza et al., 2015; Lopes
etal., 2016).

In previous studies, we successfully used the Geocid preparation
based on QACs, which we developed for aerosol disinfection of pig and
livestock breeding farms, and which showed good sanitary and hygienic
characteristics and turmed out to be an extremely effective tool to combat
Staphylococcus spp., Streptococcus spp., Salmonella spp., Klebsiella
pneumonica, Escherichia coli, Pseudomonas aeruginos, Mycobacterium
Sfortuitum, Campylobacter jejuni, Proteus vulgaris and other bacteria,
showed sporicidal (microorganisms of the genus Bacillus), fungicidal
(Aspergillus flavaus, Candidida albicans), virucidal, insecticidal and aca-
ricidal properties. The Geocid disinfectant has been successfully used for
disinfection of premises in the presence of animals (Kovalenko etal.,
2018). Subsequently, we obtained the Sriblobenz disinfectant, which
consists of a colloidal solution with silver nanoparticles and benzalkonium
chloride. In this preparation, silver nanoparticles are coated with a layer of
benzalkonium chloride surfactant. The application of this colloidal mix-
ture makes it possible to prolong the effect of the Sriblobenz preparation as
a result of the sequential effect of the components: first benzalkonium
chloride, then silver nanoparticles.

In this study, we developed a new, environmentally fiiendly, highly
effective antibacterial preparation based on essential oils using a benzal-
konium chloride, thyme, eucalyptus, fir tree oil and silver (Ag) colloidal
solution. All these components allow one, in a short time, to effectively
carry out a comprehensive sanitization of livestock facilities in the pre-
sence of animals. In production conditions, disinfectant solutions in addi-
tion to microorganisms come into contact with various organic and inor-
ganic compounds causing disinfectants to partially lose their activity.
Therefore, there is a need to investigate the preparation during exposure to
environmental factors, using proteins (protein load) in the form of inacti-
vated serum. Working solutions are effective at high protein load (when
processing objects heavily contaminated with organic matter) (Kovalenko
etal., 2018).

To develop a preparation with properties of disinfectant and deter-
gent, it is recommended to mix quaternary ammonium compounds with
nonionic surfactants. Before disinfection, it is necessary to remove fats,
feeds, etc., as in their presence, these substances lose their effectiveness
(Rodionova et al., 2021). The presence of nonionic surfactants in the de-
tergent improves the disinfectant properties of such preparations.

The ability to break down protein and the cleansing effect allow the
use of preparation for disinfection combined with cleaning. Thus, the
disinfection procedure is simplified and the need for additional costs for
the purchase of a separate preparation for cleaning and disinfection is
eliminated. The preparation based on essential oils in 0.3% concentration
was successfully tested in a pig growing industrial complex using the
aerosol method. The disinfectant was used for three consecutive days at an
exposure of 30 minutes daily. Two hundred animals underwent disinfec-
tion. Both during and after treatment, no harmful effects of the preparation
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on the organism of experimental animals were observed. However, com-
pared with the control (200 animals), in experimental animals 9-10 days
after the last treatment, a sharp decrease in the number of animals with
bronchial pneumonia was observed (decrease to 1% among the experi-
mental animals and 35% in control, that is, in non-treated animals), and
the total number of bacteria in the air of the room where the experimental
animals were kept, after a 3-time aerosol treatment, decreased from 231 to
16 thousand/m® (Kovalenko et al., 2018) (the norm for growing piglets is
50 thousand/m). In addition, a three-time aerosol treatment using prepara-
tion based on essential oils 0.3% spray material for 30 min during three
consecutive days at the growing site of a 200 animal pig farm ensured the
safety of 98% of piglets over a 30-day period with the use of 2.0 kg of
feed for 1 kg of weight gain. At the same time, in the control groups of
animals, the preservation of piglets was 91% using 2.8 kg of feed for
receiving 1 kg of weight gain. After obtaining such positive results in pig
breeding, it was decided to use the preparation in poultry farming,
The preparation based on essential oils was used in the form of 0.3%
aerosol for air sanitation of a poultry farm in the presence of poultry.

Materials and methods

The experiments on animals were performed in compliance with mo-
dem bioethical requirements (Guide for the Care and Use of Laboratory
Animals. 8th edition, 2011). All interventions and slaughtering of poultry
were carried out in compliance with the requirements and with the per-
mission of the Bioethics Commission of the State Scientific and Control
Institute of Biotechnology and Microorganisms (Kyiv).

The studies were carried out during 42 days and were aimed at inves-
tigating the effect of various modes of disinfection with disinfectant using
the aerosol method (Patent Ukraine 125935) in the presence of poultry.
A disinfectant was created for aerosol disinfection of premises in the pre-
sence of animals. The basis of the procedure is a synergistic combination
of disinfectants with preparations having a sanitizing and therapeutic ef-
fect. The preparation can be used for disinfection in the presence of ani-
mals and at the same time exhibits a therapeutic and prophylactic effect for
respiratory infections. This disinfectant has a colloidal solution of silver
(Ag), benzalkonium chloride and essential oils of thyme, fir and eucalyp-
tus. The preparation is based on essential oils contains (per 100 g): benzal-
konium chloride — 16.0 g; thyme oil — up to 2.0 g; eucalyptus oil — up to
2.0 g; fir oil — up to 2.0 g; colloidal solution of silver (Ag) — 20-30 mg;
distilled water — up to 100 cm’. Benzalkonium chloride produced by
Wauhan Glory Co., Ltd, colloidal silver solution of Jiangsu XFNANO
Materials Tech Co., Ltd, pharmaceutical oils of Ukrainian production
were used.

The positive characteristics of the preparation include its versatility.
Itcan be used for washing, wetting, dipping, rubbing and spraying. It is
used for preventive and forced disinfection in animal husbandry, beekee-
ping, and poultry farming. It is used when disinfecting equipment for
slaughtering animals, processing meat, dairy and processing other pro-
ducts of animal origin, trading, laboratory premises and devices, means for
transporting animals and animal products, premises for keeping animals,
sanitation in the presence of animals and partially for their treatment.
The specified preparation exhibits high bactericidal, virucidal and fungi-
cidal properties. Vegetative forms of bacteria are inactivated when the
concentration of the disinfectant is 0.3—1.0% in the solution for 30 minu-
tes, viruses — 0.5-1.5% — for 15 minutes.

The positive characteristics of the disinfectant should be its versatility
and simplicity of production. Indeed, distilled water (instead of deionized)
is successfully used as a solvent since it that makes the preparation more
accessible and cheaper. The spray material of this preparation is prepared
by mixing it with tap water. An important detail is the preparation of the
solution on the day of the aerosol treatment. To obtain spray material, S0—
60 e’ of the preparation are dissolved in 10 L of tap water. The chemical
mechanism of the preparation allows preparation of the spray material in
enameled, glass or plastic dishes. In this case, the water should be at room
temperature. The preparation has low toxicity and high bactericidal pro-
perties due to the combination of the effect of the essential oils of thyme,
fir and eucalyptus with silver (Ag) nanoparticles and benzalkonium chlo-
ride. Aerosol sanitation of indoor air was carried out with 0.3% solution of
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preparation in the period before housing poultry and once a day from the
20th to the 35th day of the broilers’ growth using aerosol cold mist genera-
tor Dyna-Fog Tomado (model 2897, construction type — ULV-electric
spray gnerator, manufacturer — Curtis Dyna-Fog, Ltd., USA) at a dose of
50.0 cm’ per 1 nn° at an exposure of 60 minutes. The size of the aerosol
particles is 20 pm.

The research on broiler chickens was carried out in separate vivarium
premises on the basis of the agricultural company Radiks LLC (Kyiv
oblast). Groups of broiler chickens were formed by the method of groups
of analogues. Two groups were formed from the selected chickens (con-
trol and experimental), 50 birds each. During the studies, the state and
behaviour of chickens, as well as the main zoocultural and hygienic indi-
cators of their maintenance, were monitored. Cross broiler chickens
COBB-500 were kept in vivarium premises. The birds were placed in
such a way that there was a maximum of 14 birds per 1 m’. The premises
were kept clean. The walls and floors were well washed and disinfected
before placing the chickens. Feeders, drinking bowls, lighting devices,
thermometers were also disinfected before placing. Poultry house litter of
sawdust was used on the floor. The feed ration was standard for the broiler
depending on age. Microbial air pollution in the poultry houses was stu-
died throughout the research. Aerosol disinfection of premises was carried
out in the form of aerosol with a particle size of 5 to 25 pm. The quality
control of disinfection was carried out by sedimentation method. Plating
was carried out on open Petri dishes with meat peptone agar (to determine
the number of bacteria) and separately with Saburo agar (to determine the
number of micromycetes). Plating incubation was carried out in a ther-
mostat at 37 °C for 24 hours, and after those colonies of microorganisms
were counted. Plating on Saburo agar was incubated at a temperature of
27 °C for 5 days (Vandepitte et al., 2003; Kovalenko et al., 2011).

On days 1, 4, 8, 11, 15, 28, 37, and 42, the chickens were weighed,
and the blood was taken for examination. Blood was examined to study
the number of red blood cells, hemoglobin content, the bactericidal activi-
ty of blood serum, phagocyte activity of leukocytes, lysozyme activity of
blood serum. Hematological, biochemical and immunological parameters
of the blood were studied by conventional methods. The hemoglobin
content in the blood was determined by the hemoglobin cyanide method,
the number of red blood cells and white blood cells — by the tube test, in a
hemocytometer, hemoglobin — using a FEK-M device. To determine the
bactericidal activity of blood serum, a daily broth culture of E. coli, serovar
O 26, grown on Hottinger broth according to the method of A. V. Smir-
nova, T. A. Kuzmina was used. Determination of lysozyme activity of
blood serum was performed by photonephelometric method according to
V. H. Dorofeichuk. Micrococcus lysodeikticus strain 2665 was taken for
research. The phagocytic activity of blood leukocytes was investigated in
blood stabilized with heparin using a daily broth culture of E. coli (strain
VKM) according to the Gostev method (Vandepitte et al., 2003).

During the growing period of the chickens, we paid attention to body
weight, death, development of intemal organs, hematological parameters
according to standard methods, as well as feed consumption (Kotsiumbas
etal., 2006; Ibragimov, 2007).

Statistical analysis of the obtained experimental data was performed
using ANOVA with the Tukey test (P < 0.05) with Bonferroni correction.

Results

During 4 weeks of rearing, the survival of broilers in both groups was
the same and amounted to 98%. The bodyweight of chickens up to
3 weeks of age also did not differ significantly between the groups. Howe-
ver, on the 20th day after the start of the air treatment, the broilers of the
experimental group began to grow better and were ahead of the control
group in terms of the body weight. The average bodyweight of the broilers
of the experimental group (Fig. 1) at 6 weeks of age was 4494 + 163 g
(P< 0.01 compared with the control group) more than in the control
group, which confirms the safety of the preparation based on essential oils
for chicken homeostasis.

The studies showed that the broiler body weight on the 28th day in
the experimental group was 965.4 + 20.1 g against 945.0 + 6.0 g in the
control group; on the 37th day — 2236.0 + 24.9 against 1804.0 + 15.6 g,
respectively; on the 42nd day of raising — 2840.0 £ 11.5 g in the experi-
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mental group against 2,390.6 £ 27.8 g in the control group. It should also
be noted that feed consumption per 1 kg of broiler body weight gain also
decreased. To obtain 1 kg of weight gain in the control group, 2,134 +
88 g of feed was used, and in the experimental one — 1,789 + 27 g.
The difference was 345 g or 16.2%. The slaughter yield of pure meat in
the experimental group was 2,1584 + 74.2 g, in the control group —
1,864.6 + 52.2 g and the difference was 293.8 + 194 g in this case.
The pure meat output in percentage did not differ significantly and
amounted, in the control group — 782 + 5.4% and in the experimental
group—76.1 £4.7%.

The data in Table 1 show a significant increase in the weight of the
heart, liver, bursa, thymus of poultry after treatment of the premises with
preparation in their presence. Especially important is the fact of a signifi-
cant increase in the weight of lymphoid organs - bursa and thymus, be-
cause these organs affect the formation of the immune system of poultry
and its ability to resist the effects of microorganisms.

Blood samples were taken to assess the state of the natural resistance
in broilers of the control and experimental groups on 1, 4, 8, 11, 15, 28, 37
and 42 days of raising. Blood test results revealed a slight increase in the
number of red blood cells and a decrease in the level of leukocytes in
broilers of the experimental group, which indicated a decrease in the effect

of conditionally pathogenic microflora on the bird organism constantly
present in the poultry house (Table 2).

B ontrol group

2000
1000
]

Chickenbody Chickenbody Chickenbody
weight, 28 days weight, 37 days weight, 42 days

BEzxperim ertal group

Foultry bodyweight, g
=
=
=

Dynamics of bird body weight, day

Fig. 1. Indicators of broiler raising using the preparation based
on essential oils, 0.3%, after disinfection of indoor air

Normal indicators in chickens: red blood cells — 3—4 thousand L; leu-

kocytes — 20-40 g/L; hemoglobin — 80120 g/L; phagocytic activity —
40-60%,; lysozyme activity — 30-55; bactericidal activity —40-60%.

Table 1
Dynamics of weight of the internal organs when using preparation based on essential oils (x = SD, n= 100)
Indicators 28 days 37 days 42 days
control group experiment group control group experiment group control group experiment group
Heart 4934028 537+033" 798+037 850+0.77 1021 +£048° 10.80+1.01°
Liver 24.65+1.66" 28.53+2.02° 3563+£2.11° 4851 £1.60% 4450+ 1.65% 61.69+1.89°
Spleen 1.00+0.12* 1.14+0.05 2.14+025° 2494039 270+031% 3.00+0.19°
Bursa of Fabricius 1374022 153032 1.77£030® 1.98+027° 233+023° 2834026
Thymus 4.19+0.66" 433+0.70" 7.77+0.69 1061 £043% 945+039" 13.50+0.36°
Note: differences between the indicators were taken into account according to the results of the Tukey test (P < 0.05) with Bonferroni correction.
Table 2
Age-related dynamics of hemoglobin, lysozyme blood activity, leukocyte and red blood cell counts
in the blood of broiler chickens of both control and experimental groups (x = SD, n= 100)
. . Age of chickens, days
Indicator, units of measurement 1 4 8 11 15 3 37 D
Hemoglobin, g1 A 9190+082° 9149+080° 9231+£039" 89.15+1.02° 89.15+ 1.06ab 89.80+ 1.493b 90.12+ 1.84“b 90.96 + 1.60‘*b
B 8800+126° 90.71+058" 9254+025 9522+143" 101.71+139° 105.11+2.10° 10661+158 10834209
Lysozyme activity, % A 3793+089° 3813+£100° 38.69+088" 3890+155  39.00+072° 4090+ 1.552 4113+ 1.592 4173+ 1.592
> B 3813+090° 3946+091° 3970+099" 4031+1.52° 4190+143" 5135+161° 5252+191° 5274+2.11
Bactericidal activiy, % A 3824+070° 38.14+076' 3793+100° 3781+1.60° 40.13+187 43.2012.04:6 4518+141°  46.13+187
’ B 3770+108 38.12+041° 3836+0.82° 40.17+201° 41.10+143" 4833+121% 5766+124° 5827+158
Phagocytic activity, % A 4179+067 43.10+065  44.11+£093° 4490+158  4670+125°  4690+126° 47.16+151° 4731+1.79°
’ B 4056+101° 43224068 4522+121° 4537+159° 4710+145° 4870+125% 4990+1.62% 5127+235°
Leukocytes, gl A 2135+£095 2000+033"  22.80+1.02° 23.58:t0.71: 2514+ 1.44z 2035+ 1.57:c 19.15+ 1.59; 2270+ 143
> B 22764072 2221+061° 2242+135° 2390+£060° 2590+09%° 2762+157F 29.01+091®  3790+139°
Red blood cells thousand L. > 333+043  3.18+066" 3294038  3.15+050"  3.19+048  328+042°  345+039"  3.56+0.88"
> B 328+022° 3314069  338+032° 3244044  3.17+£066°  3.56+040°  380+£055°  390+071°

Note: A — control group; B — experiment group; differences between the indicators were taken into account according to the results of the Tukey test (P < 0.05) with Bonferroni

correction.

We also observed a significant increase in the amount of hemoglobin
(10834 +2.09 vs 90.96 + 1.60 /L), which correlates with red blood cell
counts in the experimental group compared with the control group.
The study also showed a significant increase in lysozyme (52.74 + 2.11 vs
41.73 £ 1.59%) and bactericidal activities of the serum (5827 + 2.35 vs
46.13 £ 1.87%). All of these indicators show an increase in poultry resistance
to infectious diseases. After all, lysozyme is secreted by phagocytes and is a
non-specific effector of the immune system. The indicator of the bactericidal
activity of the blood serum of the experimental group increased proportional-
ly along with this observation. The bactericidal activity of blood serum is an
integral indicator of the state of the humoral link of the non-specific body
resistance, an indicator of the ability to suppress and neutralize microbial
agents. The bactericidal activity of blood serum varied significantly over
the growing periods, but at the final stage, its activity was more than the
results of a study of the research group of chickens, where the disinfectant
was used. Evaluation of slaughter qualities and internal organs in 7-week-
old broilers showed a higher slaughter yield of the experimental group of
chickens by 4% when using the evisceration technique.
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Discussion

Aerosol disinfection with 0.3% preparation based on essential oils
provided reliable sanitation of the air in the poultry house. Before the start
of the study, the total bacterial contamination of the room air in control and
experimental groups was 230.2 £ 15.6 thousand microbial cells/m’. After
60 minutes after disinfection, the number of microbial cells decreased to
1.4 % 0.4 thousand microbial cells/m’. The efficiency was 99%. The 0.3%
disinfectant showed high antibacterial activity against microorganisms
indoors in the presence of chickens from the 20th to 35th day and until the
end of the study. The latter was confirmed by the lack of growth of micro-
organisms on nutrient media (meat peptone agar and Saburo agar), which
were in the premises after disinfection. Consequently, this concentration is
sufficient for effective aerosol disinfection of poultry house premises.
Separate disinfectants are used in poultry farming for aerosol disinfection
in the presence of birds (Nikolaenko, 2016; Petrova et al., 2016), and
some — directly in broiler production (Nikolaenko et al., 2017). However,
preparation based on essential oils is a unique formula using disinfectant
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agents and essential oils and can be used effectively as an aerosol against
microorganisms in the air.

For aerosol disinfectants, the following requirements are taken into
account: not to be toxic, not to irritate mucous membranes, to be invisible,
not to smell, not to cause corrosion of metals, not to inflame, to dissolve
well in water, not to oxidize, and to saturate air in small quantities. Disin-
fectants used for aerosol disinfection can be divided into groups: glycols,
organic acids, phenolic preparations, chlorine-containing preparations, es-
sential oils, fumes. Thus, the action of ultraviolet light to enhance the bac-
tericidal action of bioaerosol without the addition of disinfectant substan-
ces was insufficient for reliable disinfection, but the addition of titanium
dioxide (TiO, P25) and zinc oxide (ZnO) significantly increased the effec-
tiveness of the aerosol (Rodrigues-Silva et al., 2017). These are the essen-
tial oils that guarantee high activity of complex preparations against gram-
positive and gram-negative bacteria, multi-resistant forms of pathogens
(MRSA), biofilms, and yeast (Haapakorva et al., 2018). Complexes of
metal nanoparticles with essential oils are promising disinfectants and
bactericides. The mechanism of their action is based on blocking the ami-
no acid groups of the protein coat and enzyme systems of microorga-
nisms. At the first stage of disinfection, associates of microorganisms with
nanoparticles are formed, then the ligand is replaced by an amino acid
group of the protein, which leads to complete blocking of metabolic pro-
cesses in the microorganism and, accordingly, to its death. Silver reacts
with the bacterial cell membrane, which is a structure of special proteins —
peptidoglycans, linked by amino acids to provide mechanical strength and
stability. The action of nanosilver is specific not for infection agent, as in
antibiotics, but for cell structure. Therefore, the toxic effect on the body of
humans and animals of the proposed disinfectant is almost safe.

Currently, a number of multicomponent environmentally friendly dis-
infectants are used for disinfection in livestock and poultry farming.
The most common disinfectants are those based on quarter-ammonium
compounds (Ito et al., 2018), and mainly with aldehydes and oxygen-con-
taining oxidation agents. However, the preparations are not effective
enough and have a high cost (Dorozhkin et al., 2017). The preparation
based on essential oils in contrast to these preparations is quite active and
relatively cheap.

The results of our study on the preparation showed the possibility of
solving another important problem. Indeed, now antibiotic resistance of
bacteria and the prohibition of the use of antibiotics in poultry farming is a
reality. To combat intestinal pathogens in this area, formaldehyde is suc-
cessfully used in appropriate (harmless to the body) concentrations with
feed (Khan et al., 2006; Yakhkeshi et al., 2011; Ricke et al., 2019). Indeed,
Salmonella, Campylobacter, Escherichia coli and other pathogenic and
conditionally pathogenic microorganisms constantly circulate in the air of
a poultry house during broiler rearing (Venter et al., 2004; Chinivasagam
et al,, 2009). The use of our preparation contributes to a significant reduc-
tion in the concentration of microorganisms in the air of the poultry house
and microbial pressure on the body of poultry. This naturally implies the
increase in body weight, its slaughter yield, the increase in physiological
parameters and resistance.

The results of our research generally coincide with the data presented
in the scientific works of other authors who conducted experiments and
analyzed the effect of silver nanoparticles on various pathogens and ani-
mal and human bodies. This is especially true of sources that emphasize
the need to use drugs based on nanotechnology to combat a large number
of antibiotic-resistant microorganisms (Tang & Zheng, 2018; Shi et al.,
2018; Ipe et al, 2020). Our results confirm the data on a wide range of
applications of silver nanoparticles and their highly effective antimicrobial
properties against gram-positive and gram-negative microorganisms, in-
cluding pathogens with significant resistance to therapeutic and disinfec-
tant drugs (Durén et al., 2016; Prasher et al., 2018; Coriolano, 2021). Thus,
silver nanoparticles are a potential alternative to generally accepted sub-
stances used as components of disinfectants.

In addition, the results of studies of the effectiveness of the use of es-
sential oils in the preparation based on essential oils developed by us con-
firm the data provided in the professional literature that essential oils exhi-
bit a wide range of antibacterial, antifungal, and even antiviral activity,
affect drug-resistant microbial strains. They also have antioxidant, anti-
inflammatory, antimycotoxigenic properties (Tariq et al., 2019; Falleh

etal., 2020; Mutlu-Ingok et al., 2020), protistocidal, nematicidal and insec-
ticidal activity (Martynov et al., 2019; Boyko & Brygadyrenko, 2021; Boy-
koetal., 2021).

Thus, the data obtained indicate a positive effect of the developed me-
thods and modes of aerosol air treatment with the preparation on the
growth and development of broilers.

Conclusions

The preparation based on essential oils at a concentration of 0.3% at a
dose of 50 e’ per 1 m® of air with an exposure of 60 minutes shows high
bactericidal activity and provides reliable sanitation of indoor air and is not
toxic to chickens when disinfecting in their presence. Treatment with this
preparation leads to a significant increase in the amount of hemoglobin, as
well as increasing the levels of lysozyme and bactericidal activities.
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