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The scope of application of cerium dioxide and its special physical
and chemical properties are considered in the work. The effect of the size
factor on the properties of nanodispersed cerium dioxide determines the
biological activity of the material, low toxicity and high oxygen non-stoi-
chiometry. Specific properties of CeO, include the ability to regenerate
oxygen non-stoichiometry, which is expressed in the ability of cerium
dioxide nanoparticles to return to their initial state after participating in
the redox process in a relatively short period of time, which enables their
repeated use.

Nanoparticles, due to their small size, easily penetrate into the body
through the respiratory, digestive, and skin organs and exhibit more pro-
nounced biological activity due to the large surface area per unit mass. The
change in the physical and chemical mechanisms of action of nanoparti-
cles is due to the fact that most of the atoms are on the surface. Such
an arrangement changes the physical, chemical, biological, toxicological
properties of the substance and facilitates the interaction of nanoparticles
with a living organism. Once inside a biological system, nanoparticles
come into contact with a number of physical and chemical features of
the organism, which affect their properties and can change the response.
These features are largely due to the ability to pass through the redox cy-
cle between two natural oxidation states (Ce** and Ce*").

The influence of cerium dioxide nanoparticles on metabolic process-
es in the body of broiler chickens has been established. Their introduction
contributed to an increase in the content of total lipids in the blood by
24.6-31.3 %, albumins — by 16-22 %, and a decrease in the content of
uric acid to the level of 63—67 % of the control. Non-toxicity of poultry
meat treated with nano-cerium for consumers was established.

The high degree of biocompatibility, low toxicity and catalytic activ-
ity of nanodispersed cerium dioxide make it possible to consider it as a
promising nanobiomaterial for use in biology, medicine and agriculture.

Key words: nanobiotechnologies, nanoparticles, ceriumdioxide, lay-
inghens, lipids.

Problem statement and analysis of recent
research. In the list of ten priority nanomaterials,
experts of the interdepartmental program on the cor-
rect management of chemical preparations (IOMC)
included nanodispersed cerium dioxide [13]. Ceri-
um is the most common rare earth metal and is an
element of industrial importance. Cerium dioxide

(Ce02), which is also called cerium, is the most
famous compound of the element, due to its redox
properties and ability to guarantee excellent oxygen
mobility [22]. It is a powerful oxidizing agent used
in catalysis, biology, and medicine. Nanodispersed
cerium dioxide is a promising material that is wide-
ly used in modern high-tech industries [1].
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Considerable interest in the study of cerium
dioxide is due to the fact that upon transitioning
to the nanocrystalline state, this compound signifi-
cantly changes its physicochemical properties in a
rather unusual way [1]. In particular, as the parti-
cle size decreases, the unit cell parameter of CeO,
increases. At the same time, there is a change in
the oxygen non-stoichiometry of cerium dioxide
due to an increase in the proportion of atoms lo-
cated on the surface of the particles, which caus-
es a change in its electronic and electrophysical
properties.

The pronounced influence of the size factor on
the physical and chemical properties of nanodis-
persed cerium dioxide determines the unique bi-
ological activity of the material, low toxicity and
high oxygen non-stoichiometry. The first factor
ensures the comparative safety of using cerium
dioxide nanoparticles in vivo. The second deter-
mines the activity of nanodispersed CeO, in re-
dox processes in a living cell, especially in the
case of inactivation of active forms of oxygen
[19, 27]. Specific properties of CeO, include the
ability to regenerate oxygen non-stoichiometry,
which is expressed in the ability of cerium diox-
ide nanoparticles to return to their initial state after
participating in the redox process in a relatively
short period of time, which provides the possibili-
ty of their multiple use [12, 18].

Nanoparticles, due to their small size, easily
penetrate into the body through the respiratory,
digestive, and skin organs and exhibit more pro-
nounced biological activity due to the large sur-
face area per unit mass. The change in the physical
and chemical mechanisms of action of nanoparti-
cles is due to the fact that most of the atoms are on
the surface. This arrangement changes the physi-
cal, chemical, biological, toxicological properties
of the substance and facilitates the interaction of
nanoparticles with a living organism [11, 19].

Engineered nanoparticles (from 1 to 100 nm)
may have different physical and chemical prop-
erties than those found in nature, their impact on
human health should be evaluated depending on
their size and shape [16]. The modern strategy
for obtaining nanoparticles of cerium dioxide in-
volves the use of the principles and approaches of
"ereen chemistry" [3, 29].

Once inside the biological system, nanoparti-
cles come into contact with a number of physical
and chemical features of the body, which affect
their properties and can change the response [2,
21, 23]. These features are largely due to the abil-
ity to pass through the redox cycle between two
natural oxidation states (Ce** and Ce*"). However,
CeO, nanoparticles were previously thought to be

stablia and sparingly soluble [15] or insoluble in

environmental conditions, depending on the car-
rier, pH, and particle size [16]. The dissolution of
nanoparticles depends on the ratio between Ce**
and Ce* on their surface layer [2]. As the size of
the nanoparticles decreases, oxygen vacancies in
the lattice are increasingly freed, which leads to a
local decrease in the amount of Ce*".

In recent years, there have been reports in the
literature about the use of metal nanoparticles, in
particular cerium, in animal husbandry, since the
use of antibiotics as growth promoters is prohibit-
ed in the European Union. It is reported that rare
earth elements (REEs) can be successfully used as
new natural feed additives to increase animal pro-
ductivity [5, 7].

REE can activate the metabolism of proteins
and other nutrients by stimulating the activity of
hormones (growth hormone and T,), induce the
synthesis of metallothioneins and increase the
content of glutathione in the liver. The antimicro-
bial and antioxidant effects of REE for animals
have been established. In the case of their use in
the diet of pigs (100 mg/kg), a positive effect on
the feed conversion ratio and growth indicators
was found.

Changes in the pro-oxidant-oxidant status of
the blood of cows with hypogonadism and after
their treatment when using the drug caplaestrol,
which contains CeO, (cerium dioxide) nanoparti-
cles, were established. The efficiency of ovarian
repair and restoration of reproductive capacity
of cows was also determined. The use of cerium
nanoparticles in combination with drugs makes it
possible to normalize the structure and function of
the mammary gland and increase the level of co-
lostralimmunoglobulins [25].

The use of REE had positive results for poultry
[5, 13, 28], contributing to a significant increase in
egg production, egg weight and fertilization rate
of hatching eggs of 6-month-old laying hens and
significantly improving egg production rate and
egg weight.

Addition of REE citrate to the diet helps to in-
crease the productivity of broilers [5]. One of the
mechanisms of influence is increased secretion of
digestive juices. The addition of REE to the diet
contributed to a significant increase in SOD activ-
ity in the blood of fish and chickens.

Addition of different amounts of cerium diox-
ide to laying hens did not have a significant effect
on feed consumption and egg weight, however,
the feed conversion ratio improved and egg pro-
duction increased (p<0.05). Egg quality criteria,
with the exception of shell breaking strength, did
not change. In particular, the addition of 200 and
300 mg/kg of cerium dioxide to the feed of laying
hens led to a significant (p<<0.01) increase in the
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breaking strength of the eggshell. The concentra-
tion of Calcium and Phosphorus in blood serum
increased significantly (p<0.05) after the admin-
istration of 100 mg/kg of cerium oxide [5]. It was
also noted that the superoxide dismutase activity
and concentration of malondialdehyde (MDA)
in blood serum significantly decreased with the
addition of cerium dioxide. Different doses of
cerium dioxide addition had no significant effect
on the activity of aminotransferases, the content
of glucose, triglycerides, total cholesterol, high
and low density lipoproteins in blood serum [7].
When cerium dioxide was included in the diet of
chickens, a significant decrease in the content of
TBC-AP in egg yolk was observed. At the same
time, the addition of cerium dioxide improves the
oxidative stability of eggs, and this may have a
favorable effect on their shelf life. In the applied
dose, nanocrystalline cerium dioxide does not
accumulate in eggs and parenchymal organs of
poultry [29].

Drinking nanocrystalline cerium dioxide to
quail has a positive effect on egg productivity.
When using nanocerium in a dose of 1 mM/l of
drinking water, the laying capacity of quails in-
creased by 7.8 %, the mass of eggs — by 16.9 %,
and the intensity of laying — by 6.7 %. In doses of
0.1-10 mM/I of drinking water, nanocerium does
not accumulate in eggs and parenchymal organs of
poultry [26, 20]. The influence on the intensity of
growth and feed consumption of young quails was
revealed [29, 30].

The effect of nanocrystalline cerium dioxide
was studied and lethal and semi-lethal doses of
the drug were determined. The Ld,; of nanocrys-
talline cerium dioxide is greater than 2000 mg/kg,
which confirms that this compound belongs to the
V class of toxicity and indicates very low toxicity
[29]. The positive antibacterial potential of CeO,
nanoparticles against poultry pathogens, namely
Klebsiella sp., E. coli, Staphylococcus sp. and Sal-
monella sp.was revealed. [9].

The high degree of biocompatibility, low tox-
icity and catalytic activity of nanodispersed ce-
rium dioxide makes it possible to consider it as
a promising nanobiomaterial for use in biology,
medicine and agriculture. However, currently all
possible mechanisms of its biological activity are
poorly studied and require further research [4].

Target organs and reaction-response devel-
opment mechanisms differ for different metal
nanoparticles. They are able to induce reactive ox-
ygen species, disrupt membrane structures, pene-
trate tissue barriers, enter cells and interact with
intracellular components [6, 8, 16]. The issue of
researching the positive effect and toxicity of met-
al nanoparticles is ambiguous and multifaceted,

requiring a complex approach. This especially ap-
plies to nanoparticles that are used in pharmacolo-
gy, medicine and agriculture, which contributes to
their direct entry into the human body.

The aim of the research — to study of the ef-
fect of cerium dioxide nanoparticles on metabolic
processes in the body of broiler chickens and the
non-toxicity of the obtained poultry meat.

Material and methods of research. The syn-
thesis of nanodispersed cerium dioxide was per-
formed at the Department of Interferon and Im-
munomodulators of the D.K. Zabolotny Institute
of Microbiology and Virology National Academy
of Sciences of Ukraine. In the case of studying the
effect on the body of nanodispersed cerium diox-
ide in the conditions of the educational research
center of the Ukrainian National Academy of Sci-
ences, 3 groups of broiler chickens of the Ross
308 cross were formed — control and 2 experimen-
tal groups of 100 heads each. Broilers were kept
in BKN-3 cage batteries with free access to feed
and water. The main parameters of the microcli-
mate corresponded to zootechnical standards. De-
termination of live weight of broilers was carried
out weekly by individual weighing. For 58 days,
the research groups were given the preparation of
nanodispersed cerium dioxide orally with drink-
ing water at a dose of 8.6 mg/dm3 during the first
14 days, after the 7* (2"Nanocerium group) and
14™ (3<Nanocerium group) day break, the course
was repeated.

Blood stabilized with EDTA was used for he-
matological studies, and blood serum was used for
biochemical studies. In blood serum, the following
were determined: total protein, activity of enzymes
(AIAT, AsAT, LDH), urea, total lipids, total cho-
lesterol, calcium and phosphorus content with the
help of a semi-automatic biochemical analyzer-
HumaLyzer 3000 using standard sets of the com-
pany Human.

The biological value and toxicity of poultry
meat was evaluated in the research laboratory
"Veterinary and sanitary examination of live-
stock products" by the express method on the test
culture 7Tetraximena Piriformis, laboratory strain
WH-14.This test culture reacts to the action of
chemical and biological factors adequately to
higher animals, which makes it possible to quick-
ly obtain reliable information. Toxicity was as-
sessed by the express method, by detecting dead
ciliates or altered forms, by motility and growth
inhibition of Tetrachimena Piriformis ciliates
[30]. The criterion of relative biological value
was the number of ciliate cells, expressed as a
percentage, which grew in three days on the stud-
ied object in relation to the cells in the control
product [30].
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Results and discussion. The study of the pos-
itive effect and toxic effect of metal nanoparticles
is ambiguous and multifaceted, requiring a complex
approach [1, 14, 17, 24]. This especially applies to
nanoparticles used in agriculture, which contributes
to their direct entry into the human body [10].

The results of the study show that blood in-
dicators of broilers, which characterize the main
types of metabolism (protein, lipid, mineral)
during the period of the experiment, were within
the physiological norm. The morpho-functional
development of animals and poultry and the adap-
tive capabilities of their organism at an early age
depend significantly on the intensity of synthesis
and the degree of use of structural lipids (phos-
pholipids, cholesterol) and reserve lipids (tria-
cylglycerols) in energetic tissue processes [10].
Therefore, the tendency to a higher level of these
indicators of lipid metabolism in the blood serum
of chickens under the influence of the studied ad-
ditive characterizes the intensive growth of young
broilers. During the study of the indicators, no
significant differences between the groups were
found, but throughout the experiment there was a
tendency to increase the content of total lipids and
cholesterol in the experimental groups of chick-
ens (Fig. 1). Thus, in the case of the introduction
of cerium dioxide nanoparticles for 14 days with
a seven-day break, the content of total lipids in-
creased by 24.6 %, and in the case of a 14-day
break — by 31.3 %.

During the study of the total protein content,
no significant differences between the groups were
found, but a significant increase in the albumin
content in the blood of the broilers of the exper-
imental groups was observed — inthe first group
by 16 %, in the second — by 22 %. Regarding the
content of uric acid, this content was lower in the
experimental groups and amounted to 63 and 67
% of the control, respectively (Fig. 2).

It can be stated that in the case of the intro-
duction of nanoparticles of cerium dioxide into the
bird's body, activation of protein metabolism was
observed, which contributed to assimilation pro-
cesses and a decrease in the number of catabolism
products.

In clinical studies, the activity of transami-
nases, in particular, alanine and aspartate amino-
transferases, which characterize the degree of liv-
er damage, are determined as marker enzymes. It
was found that the birds of the 2" research group
showed a tendency to decrease the activity of
AsAT in blood serum (Fig. 3). Such a change in
the activity of aminotransferases is due to a cer-
tain hepatoprotective effect of cerium dioxide
nanoparticles.

Fig. 1. Content of total lipids and cholesterol in the
blood serum of ROSS 308 broiler chickens after

the addition of cerium dioxide nanoparticles.

Fig. 2. Content of total proteins, albumin and uric

acid in the blood serum of ROSS 308 broiler chick-

ens with the addition of cerium dioxide nanoparti-
cles.

Fig. 3. Activity of blood serum transaminases of
ROSS 308 broiler chickens with the addition of
cerium dioxide nanoparticles.
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It has been proven that a specific property of
nanocerium is the ability to return to its original
state after participating in the redox process in a
relatively short period of time, which provides the
possibility of its repeated use [6, 8, 13, 19]. Proba-
bly, such a unique property of nanocerium caused
certain changes in the exchange of proteins and
lipids.

As a result of the conducted research, an in-
crease in the ratio of Calcium to Phosphorus was
established, which makes it possible to assert the
positive effect of cerium dioxide nanoparticles on
mineral metabolism in the bird's body (Fig. 4).

Fig. 4. Calcium and Phosphorus content in the
blood serum of ROSS 308 broiler chickens with
the addition of cerium dioxide nanoparticles.

The introduction of the drug into the diet of
broilers from 1 day to 58 days of age with different
intervals provides a tendency to a stable increase
in their growth intensity, while the introduction of
the supplement at an interval of 14 days probably
(p<0.05) affected the increase in body weight.

Biochemical indicators of blood reflect meta-
bolic processes, and also characterize the effect on
the body of feed additives, antioxidants and oth-
er biologically active substances [19]. In further
research, it is advisable to study the effect of the
addition of cerium dioxide nanoparticles on the
quality of poultry products.

The final stage of checking the use of any ad-
ditive in animal husbandry and poultry farming is
checking the product's quality. The main product
of broiler chickens is meat. Studies were conduct-
ed to determine the toxicity and biological value
of the meat of broiler chickens of different exper-
imental groups. 0.56 % sea salt solution and glu-
cose-peptone medium were used as controls.

Toxicity assessment was carried out by an ex-
press method, by detecting dead or changed forms,
by mobility and inhibition of growth of Tetraxime-
na Piriformis ciliates.

Tetraximena Piriformis ciliates in the 1* con-
trol group, which contained a 0.56 % sea salt solu-
tion, were active, but their growth was inhibited,
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which is explained by the neutrality of the medi-
um. In the 2" control group, the ability of ciliates
to active movement and reproduction was noted.
In all experimental groups, Tetraximena Piriform-
is cilia were mobile, reproduced well, pathological
and dead cilia were absent. The obtained results
indicate the non-toxicity of the meat of broiler
chickens under the conditions of exposure to ceri-
um dioxide nanoparticles.

The criterion of relative biological value was the
number of ciliate cells, expressed as a percentage,
which grew in three days at the studied object in re-
lation to the cells in the control product (Tablel).

Table 1 — Results of the express method on the test
culture of the ciliate Tetraximena Piriformis
on the relative biological value of broiler
chicken meat, %; M+m; n=10

. Meat of broiler chickens
Indicators
1% group 2Mgroup 3rgroup

The number

6
of cells, x10° | ¢3.0.18 | 2,78+0,13 | 2,75+021
in 1 cm?® of
medium
Relative bio-
logical value, 100 98,2 97,2
% of control

The relative biological value of the meat of
broiler chickens of the experimental groups was
at the same level as that of intact birds. The not-
ed decrease in biological value is insignificant
(1.8-2.8 %) and is not probable.

Conclusion. The paper examines the effect
of cerium dioxide nanoparticles on metabolic
processes in the body of broiler chickens. Their
introduction contributed to an increase in the con-
tent of total lipids in the blood by 24.6-31.3 %,
albumins — by 16-22 %, and a decrease in the
content of uric acid to the level of 63-67 % of the
control, which indicates the activation of protein
metabolism. Non-toxicity of poultry meat treated
with nano-cerium for consumers was established.
In the future, it is appropriate to study the effect
of the drug in the diet of poultry on economic in-
dicators.
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BnuimB HAHOYACTHHOK TiOKCHIY Lepil0 Ha Me-
TaboJiyHi Mpouecu B opraxisMi kypuar-opoiiiepis

HexmicTtpenko O.C., BiTrousknii B.C., Hexmi-
crpenko C.I., lemuenko O.A., CniBak M.S1.

Y poboTti po3misiHyTO cepy 3acTOCYBaHHS AIOKCH-
Iy Tepiro Ta Horo ocoOnuBi (i3WKO-XiMiUHI BIaCTHBO-
cTi. BumuB po3mipHOTO (pakTOpy Ha BIaCTHBOCTI HAHO-
JUCTIEPCHOTO TIOKCHUIY LIEPiIF0 00YMOBITIOE OI0TOTTUHY
AKTHBHICTh Marepiaiy, HU3bKy TOKCHUYHICTh i BHCOKY
KHCHEBY Hecrexiomerpio. CrneuudiyHUMHU BIacTH-
BocTamMu CeO, € i 30aTHICTh 10 pereHeparii KHCHEBO1
HECTeXiOMeTpii, sIKa BHPAKa€ThCA Yy 3MaTHOCTI HAaHO-

Copyright: Tsekhmistrenko O. et al. © This is an open-access article
distributed under the terms of the Creative Commons Attribution License,
which permits unrestricted use, distribution, and reproduction in any

YaCTHHOK IIOKCHIY LEpito MICNISA y9acTi B OKHCHO-Bi-
HOBHOMY TIPOIIECi 3a MOPIBHAHO HEBEIUKUH TIPOMIXKOK
Yacy MOBEPTATUCS 10 BUXIJHOTO CTaHy, IO 3a0e3neuye
MOXKJIMBICTb X 6aratopazoBOro BUKOPHCTAHHSI.

HaHouacTHHKM 3aBHSIKM MaJeHBKHM pO3Mipam
JIETKO TIPOHHUKAIOTh Y OPraHi3M 4epe3 OpraHu ANXaH-
HS1, TPABJICHHS, MIKIPYy Ta MPOSBISIOTH OLIBII BUpaXKe-
Hy O10JIOTIYHY aKTHBHICTH BHACJIIOK BEIMKOI ILTOIII
MOBEPXHI Ha OJMHUIIIO Macu. 3MiHa (i3HKO-XIMIYHUX
MeXaHI3MIB i HaHOYAaCTWHOK 3yMOBJICHa THM, LIO
OUTBIICTh aTOMIB 3HAXOAWUTHCS HAa IMOBEpXHi. Take
po3TamryBaHHS 3MiHIOE€ (i3WYHI, XiMidHi, Oiomoriu-
Hi, TOKCHKOJIOTIYHI BIIACTHBOCTI PEYOBHHH Ta CIIPH-
€ TIOJICTIIICHHIO B3a€MOJIii HAHOYACTUHOK 3 JYKHBHUM
opranizMoM. [lorpanuBui y Oi0JIOTIYHY CHCTEMY,
HaHOYACTHHKU CTHKAIOTHCSl 3 HU3KOIO (I3UYHMX 1 Xi-
MIYHUX OCOOJMBOCTEH OpraHi3My, sIKi BIIMBAIOTH Ha
iX BJIACTHBOCTI Ta 37aTHI 3MIHUTH BiamoBiab. 11i oco-
OIMBOCTI 3HAYHOIO Mipo0 OOYMOBIIEHI 3IATHICTIO IO
MIPOXO/PKEHHS Y OKMCHO-BITHOBHOMY LIUKJII MiX JBOMa
npuponHuME craHamu okucHenHst (Ce* i Ce*).

BcraHoBneHuit BIUIMB HAHOYACTHHOK  JIIOKCH-
Iy 1iepito Ha MeTadoJIiyHI IPOLECH B OpraHi3Mi Kyp-
yar-GpoiinepiB. IX BBeIEHHS CIPHATIO MiIBHUIIEHHIO y
KpOBI1 BMIiCTy 3arainpHHX JimiaiB Ha 24,6-31,3 %, anb-
OyMmiHiB — Ha 1622 % Ta 3HIKEHHIO BMICTY CE4OBOT
KHCIJIOTH 110 piBHS 63—67 % Bij KoHTpoir0. BeTanos-
JIeHa He TOKCHYHICTh M’sca MTHL, 10 OTpUMYyBaJla Ha-
HO-TIEpiH, IUTS CIIOYKUBaYiB.

Bucoxkuii cTymiabk 6i0CyMiCHOCTI, HU3bKa TOKCHY-
HICTh 1 KaTaJiTUYHA aKTUBHICTb HAHOIMCIIEPCHOTO
JTIOKCHIY Tepiro J1a€ 3MOry HOro po3misjgarH siK mep-
CIIEKTHBHUI HaHoOiOMarepiayl JIs 3acTOCYBaHHS Yy
Giosiorii, MEAMIIMHI Ta CUILCHKOMY TOCIIOAAPCTBI.

KnwuoBi ciaoBa: HaHOOIOTEXHOJOrII, HaHOYAC-
THUHKH, TIOKCH] IEPif0, KypHU-HECYyUKH, JIITi/IH.
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In dairy cattle breeding, much attention is paid to indicators of the
milk quality and technological properties. These indicators are signifi-
cantly influenced by milk proteins. Therefore, the goal of our research
is to evaluate the effectiveness of creating dairy herds of domestic dairy
cattle breeds that are characterized by the desired beta- and kappa-casein
genotypes. To fulfill these tasks, the genotyping of cows of the Ukrainian
Brown dairy, Sumy intrabreed type of the Ukrainian Black-and-White
dairy, Simmental and Lebedyn breeds was carried out. The beta- and kap-
pa-casein gene polymorphism was determined in the genetic laboratory of
the Bogomoletz Institute of Physiology of the National Academy of Sci-
ences of Ukraine using real-time molecular biological analysis of allele
recognition by polymerase chain reaction (PCR).

As a result of the conducted studies, it is found that cattle of Lebedyn
and Ukrainian Brown dairy breeds have a higher frequency of the desired
kappa-casein BB genotype. As a result, they are also characterized by a
higher frequency of the B allele. More than 50 % of cattle of Simmental
breed have a heterozygous AB genotype. Cattle of the Sumy intrabreed
type of the Ukrainian Black-and-White dairy breed have a higher fre-
quency of the homozygous AA genotype and the A allele. Cattle of the
Ukrainian Brown dairy breed are characterized by the highest frequency
of the A2A2 genotype and the A2 allele of beta-casein. Cattle of the Sim-
mental breed, which are also characterized by the highest frequency of the
A1A2 heterozygous genotype, have a slightly lower frequency. Homo-
zygous A1Algenotype is more common in cattle of the Sumy intrabreed
type of the Ukrainian Black-and-White dairy breed.

Using the principles of the model for creating a herd with the desired
genotype, which is proposed by Mencarini IR et all, it is found that when
testing the entire breeding stock, inseminating it with semen of homozy-
gous stud bulls with the A2A2 genotype, random cow disposal at the level
of 22 %, it takes 9—10 years to create herds with the desired genotypes of
the Ukrainian Brown dairy, Simmental and Lebedyn breeds, respective-
ly. To reduce the period for creating herds, it is essential to increase the
percentage of cow disposal and simultaneously disposecattle with unde-
sirable genotypes.

Key words: genotype, casein, stud bull, breeding, allele.

Problem statement and analysis of recent
research. High-quality and technological indica-
tors of milk are given great attention in dairy cattle
breeding. The composition of milk proteins sig-
nificantly affects the physical and chemical prop-
erties of milk and, as a result, its technological
indicators.

In cheese manufacture, much attention is paid
to the quality of dairy raw materials, namely the
type of kappa-casein that is part of these raw ma-
terials. The kappa-casein gene polymorphism has
been studied for more than 40 years. To date, thir-
teen genetic variants of bovine kappa-casein have
been described. The most common genetic vari-
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ants are A and B [6]. It is found that the B allele is
associated with the production of milk that is most
suitable for cheese manufacture in terms of tech-
nological properties. This explains the fact that
cattle with the homozygous BB genotype have
better cheese making of milk [4, 5, 20].

Different breeds of cattle and the same breed
differ significantly in the frequency of kappa-ca-
sein genotypes and alleles. The Jersey cattle are
characterized by a high frequency of the B allele
(0.69) and BB genotype (0.45) [9, 13]. The Hol-
stein breed is characterized by significant differen-
tiation on this basis, depending on the country of
origin (breeding). The frequency of the desired B
allele, depending on the country of origin, was 41—
49 % (Serbia, Iraq) and 14-17 % (Poland, China).
Accordingly, the BB genotype was more common
in the Serbian population — 23 %, the least — in the
Canadian population (2.7 %) [1, 2, 8, 12, 15].

Recently, beta-casein polymorphism has at-
tracted great interest from both the scientific com-
munity and the dairy sector due to its impact on
milk quality. The two main subvariants of beta-ca-
sein (Al and A2) are encoded by the CSN2 gene.
It is found that the consumption of A1l variant, in
comparison with A2 variant, potentially negative-
ly affects human health after its digestion, but at
the same time its availability improves the techno-
logical properties of milk [7, 16, 18].

The researchers have concluded that the ami-
no acid content, fatty acid content, and milk color
may be affected by the CSN2 A1A1, A1A2, and
A2A2 genotypes. As a result of selective breeding
of genotypes with the desired qualities, milk and
dairy products can be improved [19].

The researchers state that the simplest process
for creating a herd of cattle with the A2A2 genotype
is to use bull semen with the A2A2 genotype by be-
ta-casein. However, the transformation function is
curved and asymptotic, and this strategy itself can-
not achieve herd purity. The conversion rate can be
significantly increased by genotyping calves and/
or cows. This is required for completing the con-
version process. The mating of heifers with semen
with the A2A2 genotype by beta-casein can have
a significant impact, especially in connection with
an increase in the level of cow disposal. Combin-
ing these strategies can lead to pure herds with the
A2A2 genotype within 5-8 years, depending on the
initial structure of the herd. The use of sexed semen
can further accelerate the conversion period [14].

The results of studies to estimate the frequency
of beta-casein variants in the offspring of pre-gen-
otyped cows inseminated with homozygous A2A2
semen indicate that the frequency of cattle with
the A2A2 genotype has almost doubled — from
37t0 69 % [17].
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Similar work may be carried out on the cre-
ation of dairy herds with the BB genotype by kap-
pa-casein.

The goal of the research is to evaluate the
prospect of creating dairy herds with the desired
genotypes by beta- and kappa-casein of domestic
dairy cattle breeds.

Material and methods of research. The ge-
notyping of cows of the Ukrainian Brown Dairy
breed (n=44), Sumy intra-breed type of the
Ukrainian Black-and-White Dairy breed (n=26),
Simmental (n=30), Lebedyn (n=59) breeds was
carried out.

The kappa-casein gene polymorphism was de-
termined in the genetic laboratory of the Bogomo-
letz Institute of Physiology of the National Academy
of Sciences of Ukraine using real-time molecular
biological analysis of allele recognition by poly-
merase chain reaction (PCR). Blood samples were
taken to the 2.7 ml Monovette (Sarstedt, Germany),
followed by freezing the samples and storing them
at -20°C. DNA for genotyping was obtained from
samples using the Monarch® New England BioLa-
bGenomic DNA Purification Kit (USA) in accor-
dance with the manufacturer’s protocol.

Allele frequencies were calculated taking into
account the number of homozygotes and hetero-
zygotes found for the corresponding allele using
the formula:

ZN1+NZ
P(A)= Zn
where N, and N, are the number of homozygotes and
heterozygotes for the allele under study, respectively;
n is the sample number.

In order to assess the statistical reliability of
the discrepancy between the distributions of the
obtained results, the Pearson criterion was used as
follows:

_ E(A-T)?
X —3
T

where: A is the actual number of genotypes;
T is the theoretical number of genotypes.

Theactual (available) heterozygosity was de-
termined by direct calculation using the formula:
N2

H=""

The expected heterozygosity was determined
by the formula:
2
H.=1- ; p;

where p, p,,....p,are allele frequencies.
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The research results were processed us-
ing mathematical statistics using the Statisti-
ca-6.1Package in the Windows PC environment.

Results and discussion. According to the fre-
quency of the desired genotype of BB kappa-ca-
sein, cattle of the Lebedyn and Ukrainian Brown
dairy breeds have an advantage. They also pre-
dominate among representatives of other breeds
in terms of the frequency of the B allele. The
Simmental breed has a higher frequency of het-
erozygous (AB) genotypes, in which it is almost
50 %. Cattle of the Sumy intrabreed type of the
Ukrainian Black-and-White Dairy breed have the
highest frequency of the homozygous AA geno-
type and Aallele. In all the studied breeds, except
Simmental, there is an advantage of the expected
heterozygosity over the actual one (Table 1).

Studying the beta-casein polymorphism, it is
found that the highest frequency of both the A2A2
genotype and the A2 allele is found in cattle of
the Ukrainian Brown Dairy breed. Half of them
have this genotype. Cattle of the Simmental breed
have a slightly lower frequency of the A2A2 ge-

notype (40 %). At the same time, cattle of this breed
have the highest frequency of heterozygous A1A2
genotype (57 %). Cattle of the Sumy intrabreed
type of the Ukrainian Black-and-White Dairy
breed have the highest frequency of homozygous
AlAltype (38 %). They are also characterized by
the advantage of the expected heterozygosity over
the actual one (Table 2).

The number of cattle with the desired homo-
zygous A2A2 genotype by beta-casein and BB
genotype by kappa-caseincan be increased by
selecting parent pairs. Complete penetrance, i.e.
100 % of the frequency and probability of pheno-
typic gene expression, can be achieved if:

3

A2A2 x A2A2 =100 % penetrance;
A2A2 x A1A2 =50-70 % penetrance;
ATA2x A2A2 = 50-70 % penetrance;
A2A2 x ATA1 =50-70 % penetrance;
ATA2 x ATA2 =25-50 % penetrance;
ATA1 x A1A2=25-50 % penetrance;
ATA2 xA1A1=25-50 % penetrance.

Table 1 — Frequency of alleles and genotypes by kappa-casein genelocus

C Genotypes, % Allele,pcs. 5
Distribution AA | AB BB A | B X
Ukrainian Brown Dairy
Actual 30 40 30
Theoretical 25 50 25 0,500 0,500 1,455
Ukrainian Black-and-White Dairy
Actual 58 27 15
Theoretical 51 41 8 0,712 0,288 3,079
Simmental
Actual 43 47 10
Theoretical 44 44 11 0,667 0,333 0,075
Lebedyn
Actual 15 36 49
Theoretical 11 44 45 0,328 0,672 2,014
Table 2 — Frequency of alleles and genotypes by beta-casein genelocus
o Genotypes, % Allele, pcs. 5
Distribution AIAl | AlA2 | A2A2 Al | A2 X
Ukrainian Brown Dairy
Actual 7 43 50
Theoretical 8 41 51 0,284 0,716 0,167
Ukrainian Black-and-White Dairy
Actual 38 35 27
Theoretical 31 49 20 0,558 0,442 2,314
Simmental
Actual 3 57 40
Theoretical 10 43 47 0,317 0,683 2,871
Lebedyn
Actual 19 51 30
Theoretical 20 49 31 0,447 0,553 0,048
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An individual approach to the issues of se-
lection, control of the processes of gene transfer
from parents to offspring using DNA diagnostics
methods will make it possible to replenish herds
with carriers of the A2 or B gene in a relatively
short time [10, 11].Taking into account the initial
frequency of genotypes and alleles of the studied
casein fractions in the studied breeds, using the
principles of the herd creation model with the de-
sired genotype [14], it is found that when using
bull semen with the BB or A2A2 genotype on a
number of cows and heifers without testing them,
random cow disposal at the level of 22 % to cre-
ate herds with the desired genotypes takes more
than 15 years. Similar results will be obtained
when using cow testing. It is possible to reduce
the time required to create a herd by using gen-
otype testing of heifers or cows and heifers. The
best indicators regarding the timing of herd cre-
ation can be obtained by testing cows and heifers
in combination with the use of sexed semen of
stud bulls with the A2A2, BB genotypes. At the
same time, over a 10-year period, such a herd can
be created using genetic testing of heifers. In the
case of using genetic testing of cows and heifers,
such a herd can be created in nine years. Thus,

in 9 years it is possible to create a herd of cattle
of the Lebedyn breed with the BB genotype by
kappa-casein and cattle of the Ukrainian Brown
dairy and Simmental breeds with the A2A2 gen-
otype by beta-casein. More time is needed to cre-
ate similar herds of cattle of other studied breeds
(Table 3).

It should be note that it is possible to reduce
the time required to create such herds by increas-
ing the percentage of accidental cow disposal and
disposal of cattle with undesirable genotypes.

Conclusion. Results of the conducted studies
indicate prospects for creating dairy herds with
cattle of the desired genotypes by kappa-casein
(BB) and beta-casein (A2A2). Given that the fre-
quency of desired genotypes is higher in cattle of
the Lebedyn and Ukrainian Brown Dairy breeds,
this work is more promising with these breeds. In
9 years, the breeders can create a herd of cattle of
the Lebedyn breed with the BB genotype by kap-
pa-casein and cattle of the Ukrainian Brown Dairy
and Simmental breeds with the A2A2 genotype by
beta-casein. To reduce the time frame for creating
herds, it is essential to increase the percentage of
cow disposal and simultaneously dispose cattle
with undesirable genotypes.

Table 3 — Analysis of mechanisms for creating herds with the desired genotype

Genotype fractionin 10 years . .
in thI:le of the mainhgrd Requl.red time, years
Optionsforcarryingoutthework CSN2 CSN3 for creating a herd of cows
with a genotype
CSN2
A2A2 BB (A2A2) CSN3 (BB)
Ukrainian Brown Dairy
Lack of testing of cows and calves 0,78 0,66 >15 >15
Genetictestingofcows 0.85 0,71 >15 >15
Genetictestingofcalves 1,00 0,99 10 12
Genet@c testing og COWS an(cii callves A 1,00 1,00 9 10
Genetic testing of cows and calves and the
use of sexed semen (A2A2) or (BB) 1,00 1,00 9 10
Ukrainian Black-and-White Dairy
Lack of testing of cows and calves 0,66 0,54 >15 >15
Genetic testingofcows 0,71 0,57 >15 >15
Genetic testingofcalves 0,99 0.93 12 14
Genetjc testing olg COWS an(cli callves R 1,00 0,95 10 11
Genetic testing of cows and calves and the
use of sexed semen (A2A2) or (BB) 1,00 1,00 10 10
Simmental
Lack of testing of cows and calves 0,78 0,54 >15 >15
Genetic testingofcows 0,85 0,57 >15 >15
Genetic testingofcalves 1,00 0,93 10 14
Genetic testing of cows and calves 1,00 0,95 9 11
Genetic testing of cows and calves and the
use of sexed semen (A2A2) or (BB) 1,00 1,00 9 10
Lebedyn
Lack of testing of cows and calves 0,71 0,78 >15 >15
Genetic testingofcows 0,99 0,85 >15 >15
Genetic testingofcalves 1,00 1,00 12 10
genet@c testin,q 0§ COWS an((ii callves R 1,00 1,00 10 9
enetic testing of cows and calves and the
use of sexed semen (A2A2) or (BB) 1,00 1,00 10 ?
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OcobauBocTti ¢opmyBaHHsi cTaa 3a 0era- Ta
Kana-Ka3eiHoM MOJIOYHOI XyAo0H pi3HHMX mopix

Jaguka B. 1., IlaBirenko FO.M., CkasipeH-
ko 0.1

Y MOJIOYHOMY CKOTapCTBi BEJHKY yBary IpHAiIs-
I0Th MMOKAa3HUKAM SIKOCTI Ta TEXHOJOTIYHOCTI MOJIOKA.
Ha ui noxa3sHHUKM iCTOTHUI BIUJIMB MarOTh OLJIKH MOJIO-
ka. ToMy MeTOI0 IIUX JOCHTIPKEHb € OILliHKa e(eKTHB-
HOCTI CTBOPEHHSI MOJIOYHUX CTaJ BITYMU3HSIHUX TOPIJ
MOJIOYHOT XyHOOH, SIKi XapaKTepU3YIOThCSI Oa’kaHIMH
TEHOTHIAMU 3a OeTa- Ta Kara-Ka3eiHoM. J{J11 BUKOHAH-
HS TIOCTABJICHUX 3aBJaHb MPOBEICHO T'€HOTUITYBaHHS
KOpIiB yKpaiHChbKOi Oypoi MOJIOYHOI, CyMCBKOTO BHY-
TPILIHBOIIOPOHOTO THITY YKPaiHCHKOi 4YOPHO-pS00i
MOJIOYHOI, CHMEHTAIIbChKOI Ta IJICOCAMHCHKOI MOPi.
BusnaueHnHs momimMopdisMy TeHy Kama-OeTa-Ka3eiHy
MIPOBOIIIIN B T€HETHUHIiH maboparopii [HetuTyTy i-
3ioorii iM. Boromonsis HAH 3a mormomMororo moire-
KYJISIPHO-010JIOT1YHOTO aHaji3y pO3Ii3HaBaHHS aleliB
METOJIOM ToJiMepasHoi JaHiroroBoi peakuii (ITJIP) y
peasbHOMYy Yaci.

V pesyabrari IPOBEJCHUX AOCIIHKCHb BCTAHOBIIE-
HO, III0 TBapHUHH JIeOSTMHCHKOI Ta YKpaiHChKOi Oypoi Mo-
JIOYHOT TIOPiJ] MAFOTh BHII 3HAYSHHS YaCTOTH 0aKaHOTO
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resorurry BB kama-kxaseiny. Sk Hacmimox, s HUX Xa-
pakTepHa i Bumia yactota anens B. [Tonan 50 % TBapun
CUMEHTAJIbCHKOI IOPOAY MAaKOTh I'€TEPO3UTOTHUI I'€HO-
tun AB. Bijblry 4acToTy roMO3UTOTHOTO TreHOTHITy AA
Ta ajens A MaroTh TBAPHHH CYMCBKOTO BHYTPIIIHBOIIO-
POIHOTO THUITY YKPaiHCHKOi YOPHO-PsI001 MOJIOYHOI ITT0-
pomu. [l TBapuH yKpaiHCBKOI Oypoi MOJIOYHOI OpO-
JIM XapakTepHa Haioinbia yacrora reHotuny A2A2 Ta
anenst A2 Oera-kaseiHy. Jlelo HIKYY 4acTOTy MaroTh
TBapUHU CUMEHTAJIbCHKOI MOPOJHY, VI IKUX TaKOXK Xa-
pakTepHa HaAMOUIBbIIA YacTOTa IeTepO3UTOTHOTO T'€HO-
tuy A1A2. TomosurotHmid reHoTnn AlAl wacrimie
3yCTpidaeThCs Y TBAPHH CYMCHKOTO BHYTPIITHBOIIOPO-
HOTO THUITYy YKPaiHCbKOi YOPHO-PsI001 MOIOYHOT TOPOIH.

Copyright: Ladyka V., Pavlenko Yu., Skliarenko Yu. © This is an open-
access article distributed under the terms of the Creative Commons
Attribution License, which permits unrestricted use, distribution, and E

BUKOpPUCTOBYIOUM TPUHIWITN MOJAETI CTBOPEHHS
cTajga 3 Oa)yKaHUM TEHOTHUIIOM, SIKYy 3allpONOHOBAHO
Mencarini [Retall, BcTaHOBJIEHO, 1110 TPH TECTYBaHHI
BCHOTO MAaTOYHOT'O IOTOJIB’sI, OCIMEHIHHS HOro crep-
MOIO TOMO3WIOTHHUX ILTITHHKIB 3 TeHOTHIIOM A2A?2,
BUIIaJJKOBOMY BHOpaKyBaHHI KOpiB Ha piBHI 22 % ms
CTBOPEHHS cTaj 3 0a)kaHUMH T€HOTUIAaMH YKPaiHCHKO1
Oypoi MOJIOYHOI, CHMEHTAIBCHKOI Ta JIeOEAUHCHKOI
opi, BiAmOBigHO HeoOXigHo 9—10 pokis. J{ist ckopo-
YEeHHSI CTPOKIB CTBOPEHHS CTaJ HEOOXiTHO 30LTBIINTH
BIZICOTOK BHOpaKyBaHHs KOpIiB Ta IapajeibHO BUOpa-
KOBYBATH TBapHH 3 HeOAKaHUMU T€HOTHUIIAMH.

KarouoBi caoBa: reHoTmn, KaselH, IUIIIHHK,
CEJIEKILis, alleIb.
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A comparative assessment of the significance of various indicators
of the breeding value of breeding bulls for predicting milk yield in the
highly productive herd of the farm economy "Alfa" was carried out. The
milk yield of cows, whose bulls-fathers were evaluated in Ukraine and
abroad, was studied. It was established that in the period from 2009 to
2014, the milk yield of first-calf heifers increased by 23.9 % and reached
5894.3 kg. Accordingly, during the specified period, most of the quanti-
tative indicators of the breeding value and milk productivity of the bulls'
daughters also increased: the breeding value of the parent bulls in terms
of milk yield increased from +245.3 kg in 2009 to +540.4 kg in 2014;
the breeding value of parent bulls in terms of the total amount of milk
fat per lactation increased from +10.2 kg to +29.7 kg. A correlation anal-
ysis of the relationships between various indicators of breeding value of
parent bulls and the milk yield of their daughters was carried out. It was
established that the actual milk yield of first-calf heifers in FE "Alfa"
most (correlation coefficients r higher than 0.8) and most significantly
(p<0.001) depended on the average milk yield and amount of milk fat
yield of bull's daughters in the herds where the breeding value of these
bulls was evaluated. The breeding value of the sire bulls by the amount
of milk fat yield was also characterized by high (r=0.675) and significant
(p<0.01) relationship with the actual milk yield of the first-calf heifers
(daughters of these sires). The variance analysis of the influence of the
breeding value estimation method of breeder bulls (BV, ETA, ZW, DRV,
RPC) on the actual milk yield of their daughters during the first lactation
established that this influence was significant (p=0.001), and the power
of influence was 1?=0,59. Significant differences were mostly observed
between milk yields of first-calf heifers whose parent bulls were evaluat-
ed abroad and in Ukraine. The biggest difference in terms of actual milk
yield was revealed between the daughters of bulls evaluated by the ETA
method (Canada) and by the "daughter-of-the-same-age (DRV)" method
(Ukraine). This difference was 2640 kg of milk (p<0.01) in favor of first-
calf heifers from Canadian bulls.

Key words: breeding bulls, breeding value, milk productivity, daugh-
ters of bulls, milk yield, selection index, evaluation method.

Problem statement and analysis of recent re-
search. Ukrainian catalogs of breeder bulls list more
than a dozen different indicators of their breeding
value in terms of milk productivity. Each of these
indicators characterizes quantitative, qualitative or
complex aspects of evaluation [1-4]. In particular,
among the breeding value indicators there is a block
of indicators that evaluate exactly breeding value
by milk productivity, i.e. the potential advantage of

the assessed bull's daughters compared to daughters
of other bulls (for example, plus-minus according
to the milk yield of daughters).

The second block of indicators is character-
istics of average milk productivity of daughters,
by which the sire was evaluated (for example, the
average milk yield of his daughters per lactation).

Each block usually includes 5 indicators.
Based on them, it is possible to additionally deter-
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mine several more complex characteristics of milk
productivity.

In addition, the catalogs have certain indexes
and categories of breeding value, which charac-
terize sires simultaneously by several breeding
traits. They act as integral criteria for assessing the
breeding value. In countries where breeding work
is carried out at a high level, the calculation of the
breeding value index is carried out simultaneously
based on 4—6 economic and 17-18 breeding indi-
cators. Usually such indicators in numerical form
characterize the genetic potential of livestock from
the point of view of its influence on the complex
of economic and useful traits of offspring [4—11].

Breeding indexes mostly include the most sig-
nificant indicators of productivity, reproductive
capacity, technological, genomic and other char-
acteristics of animals in a certain ratio in the way
that it is convenient to achieve breeding goals with
their help [12-18].

It should be noted that all indicators of breed-
ing value, which are given in the catalogs, were
determined on animals that are kept in certain con-
ditions. And these conditions do not always corre-
spond to the level that occurs in a specific domes-
tic farm [19-21]. So, today most of the sperm of
parent bulls used in Ukrainian farms have foreign
origin. In particular, the cows on which the breed-
ing value of sires was evaluated are characterized
by milk yield of 7-12 thousand kg per lactation.
And this implies the appropriate level and qual-
ity of feeding and comfort for animals. The vast
majority of Ukrainian farms have not yet reached
this level.

Thus, the comparative assessment of the sig-
nificance of various indicators of breeding value
for predicting milk yield of cows in low-yielding
herds simultaneously faces several methodologi-
cal obstacles regarding the correctness of such an
assessment. First of all, we are talking about the
additional impact of the non-compliance of farm
conditions with those that took place during the
evaluation of bulls.

In view of this, the goal of the conducted
research is quite relevant. It consists in a com-
parative assessment of the significance of bull's
breeding value indicators for predicting the milk
yield of their daughters in such Ukrainian farms,
the level of milk yield in which corresponds to for-
eign ones, and the quality of feeding and comfort
of keeping can be compared with those that took
place in the process of evaluating bulls abroad.

Material and methods of research. The
research was conducted on the basis of data ob-
tained at the farming economy "Alfa" (FE "Alfa")
of Zolochiv District, Kharkiv Region. In this farm,
the milk productivity of cows was increasing sig-
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nificantly for a long time. In 20102021, milk pro-
ductivity of cows in FE "Alfa" reached the level
that occurred when assessing the breeding value
of most breeding bulls used in this farm.

FE "Alfa" is a dairy cattle breeding specializ-
es farm. Ukrainian Black-And-White dairy cattle
are bred here. They use tethered and untethered
keeping of animals. The technologies of keeping
different sex-age groups of animals, as well as
keeping them in different seasons of the year, are
somewhat different.

About 300 dairy cows were kept in the farm.
The milk yield of dairy cows in the period 2007—
2009 was 5545-6497 kg (an average of 6062 kg).
In the period of 2012-2014, milk yield was 7503—
8010 kg, that is, it increased on average to 7838
kg. Milk yield per cow during these controlled pe-
riods is significantly different (p = 0.005).

The average daily growth of heifer's mass
during the considered years of research ranged
from 616 to 872 g. This is a fairly high level. In
this regard, and in view of the results of our pre-
vious studies [22], the level of daily growth of
heifer's mass unlikely effects significantly on the
results of evaluating of various breeding value
characteristics of sires.

The material for the research was the data
on the milk yield (MY) of the first-calf heifers,
born from the use of sperm production of differ-
ent breeder bulls in different periods. In addition,
available indicators of breeding value of sires used
in FE "Alfa" were selected from breeding bull's
catalogs, 1-mol cards and other sources. In partic-
ular, the following indicators of breeding value of
sires were monitored:

* Selection index of bull (SI), points;

e Pedigree index of bull (PI), points;

* Breeding value of bull by milk yield per
lactation (BVMY), kg;

* Breeding value of bull by fat content in
milk (BV%F), %;

* Breeding value of bull by amount of milk
fat per lactation (BVFat), kg;

* Breeding value of bull by protein content in
milk (BV%P), %;

* Breeding value of the bull by amount of
milk protein per lactation (BVProt), kg;

* Average milk yield of bull's daughters per
lactation in herds where the breeding value evalu-
ation of the sire was carried out (ADMY), kg;

* Average fat content in milk of bull's daugh-
ters in the herds where the breeding value evalua-
tion of the sire was carried out (AD%F), %;

* Average amount of milk fat per lactation
of bull's daughters in the herds where the breed-
ing value evaluation of the sire was carried out
(ADMF), kg;
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* Average protein content in the milk of bull's
daughters in the herds where the breeding value
evaluation of the sire was carried out (AD%P), %;

* Average amount of milk protein per lac-
tation of bull's daughters in the herds where the
breeding value evaluation of the sire was carried
out (ADMP), kg.

In addition, two more complex indicators
were calculated on the basis of these breeding val-
ue indicators:

* Breeding value of bulls by total amount of
milk fat and milk protein per lactation (BVFatPr),
kg;

* The average total amount of milk fat and
milk protein per lactation of bull's daughters in the
herds where the breeding value evaluation of the
sire was carried out (ADMFP), kg.

The dynamics of indicators of breeding value
and milk yield of first-calf heifers in FE "Alfa" at
2009 and 2014 were analyzed.

The relationships between the above parame-
ters of breeding value of sires and the milk yield of
first-calf heifers were investigated using correla-
tion analysis. Statistical processing was carried
out in three variants:

—using data for the entire period of research;

— with the involvement in the processing of
only indicators determined as of 2009;

— with the involvement in the processing of
only indicators determined as of 2014;

The package of applied computer statistical
programs SPSS-22, the procedures "Correlation
— Pairwise" and "General linear model — Univari-
ate" were responsible for software support.

The correlation coefficients between various
indicators of breeding value of sires and the actual
milk yield of first-calf heifers (their daughters) in FE
"Alfa" was compared. At the same time, the most
significant and most important correlations were
highlighted. This made it possible to determine the
characteristics of breeding value of sires, which are
most significant for predicting future milk yields.

In addition, trends of changing these correla-
tion coefficients over time were monitored. At
the same time, significant trends in the validity of
the use of bulls' semen with certain indicators of
breeding value were highlighted.

Results and discussion. It was established
that the average milk yield of first-calf heifers in
FE "Alfa" (table 1) during the entire period of re-
search was M = 5306.7 kg. The mean square (stan-
dard) deviation of milk yields between daughters
of different sires was 6 = 1023.0 kg. At the same
time, it should be noted that as of 2009, this av-
erage milk yield was significantly lower (M =
4759.1 kg) and less variable (o = 694.0 kg). At
2014 it had increased by 23.9 % to 5894.3 kg.

Milk yield variability between daughters of dif-
ferent bulls in 2014 is significantly higher com-
pared to 2009: mean square (standard) deviation
increased by 45.5 %.

Accordingly, most of the quantitative indica-
tors of breeding value of sires and milk produc-
tivity of their daughters increased during the spec-
ified period. In particular, the breeding value of
bulls by milk yield in 2014 reached +540.4 kg, by
the total amount of milk fat per lactation of their
daughters +29.7 kg, against +245.3 kg and +10.2
kg, respectively, in 2009.

The average milk yield of bulls' daughters
per lactation in the herds, where the evaluation
of breeding value of the sire was carried out, in-
creased from 2009 to 2014 by 2582.3 kg, reach-
ing 7487.6 kg. Accordingly, the average amount
of milk fat per lactation of bulls' daughters in
the herds where breeding value was evaluated
increased by 59.9 % over the same period and
reached 286.3 kg in 2014.

A correlation analysis of the relationships be-
tween the characteristics of the breeding value of
bulls and the milk yield of first-calf heifers (their
daughters in FE "Alfa") was carried out (table 2).
It was established that the actual milk yield of
first-calf heifers in FE "Alfa" most (correlation co-
efficients r higher than 0.8) and most significantly
(p<0.001) depended on the average milk produc-
tivity (milk yield and amounts of milk fat) of their
parent bull's daughters in the herds where the eval-
uation of the bulls' breeding value was carried out.

From the direct indicators of the breeding val-
ue of bulls, the breeding value of the sire bull by the
amount of milk fat was characterized by a slightly
lower (r=0.675), but also significant (p<0.01) rela-
tion with the actual milk yield of first-calf heifers
(daughters of these sires) in FE "Alfa".

In addition, a considerable and significant re-
lationship between the actual milk yield of first-
calf heifers and the values of the selection indexes
of parent bulls SI and PI was revealed.

All the given regularities are fully consistent
with the conclusion we made earlier in the studies
conducted on the database, which consisted of an-
imals from many breeding farms of Ukraine [16].

If we analyze the correlations between differ-
ent indicators of the breeding value, it is worth
paying attention to the positive and significant
relationships between the direct indicators of the
breeding value of the sires and the average milk
productivity of their daughters in the herds where
the breeding value of these bulls was assessed.
This indicates a parallel improvement over time in
both the sires' breeding values of the themselves
and the milk productivity of the dams on which
these sires are tested.
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Table 1 — Characteristics of the variability of breeding value indicators of bulls-fathers in FE "Alfa"

. Mean, Standard Number of
Indicators M deviation assessed
VIAHOR O bulls, heads
Breeding value of bull by milk yield per lactation (BVMY), kg +436,2 428,5 17
Breeding value of bull by fat content in milk (BV%F), % +0,071 0,211 17
Breeding value of bull by amount of milk fat per lactation (BVFat), kg| +22,8 23,5 17
Breeding value of bull by protein content in milk (BV%P), % +0,099 0,127 7
Breeding value of the bull by amount of milk protein per lactation 4337 1.1 7
(BVProt), kg ’ ’
Breeding value of bulls by total amount of milk fat and milk protein per
lactation (BVFatPr), kg +77,0 24,0 7
Average milk yield of bull's daughters per lactation in herds where the 6576.2 2329.0 17
breeding value of the sire evaluation was carried out (ADMY), kg ’ ’
Average fat content in milk of bull's daughters in the herds where the 3771 0.246 17
breeding value evaluation of the sire was carried out (AD%F), % ’ ’
Average amount of milk fat per lactation of bull's daughters in the
herds where the breeding value evaluation of the sire was carried out| 2484 95,2 17
(ADMF), kg
Average protein content in the milk of bull's daughters in the herds where 3341 0.220 7
the breeding value evaluation of the sire was carried out (AD%P), % ’ ’
Average amount of milk protein per lactation of bull's daughters in the
herds where the breeding value evaluation of the sire was carried out| 300,9 28,9 7
(ADMP), kg
The average total amount of milk fat and milk protein per lactation of
bull's daughters in the herds where the breeding value evaluation of the | 652,7 66,6 7
sire was carried out (ADMFP), kg
Selection (SI) or pedigree (PI) index of bull, points; 639,4 479,0 15

A dispersion analysis of the effect of the breed-
ing value estimation method of breeder bulls (BV,
ETA, ZW, DRV, RPC) on the actual milk yield of
their daughters during the first lactation in FE "Alfa"
was carried out. It was found that this effect was sig-
nificant (p=0.001), and the power of influence was 1>
=0.59. Significant differences were mostly observed
between milk yields of first-calf heifers whose par-
ent bulls were evaluated abroad and in Ukraine.

Thus, the biggest difference by milk yields was
recorded between the daughters of bulls evaluated
by the ETA method (Canada) and by the "daughter-
of-the-same-age (DRV)" method (Ukraine). This
difference was 2640 kg of milk (p<0.01) in favor
of first-calf heifers from Canadian bulls. In FE
"Alfa" the average milk yield of first-calf heifers
from Canadian sires evaluated by the ETA method
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was 7,503 kg against the milk yield of 4,863 kg in
first-calf heifers that were daughters of bull sires
evaluated in Ukraine by the DRV method.

In the rest of the researched options, first-calf
heifers obtained from sires who were evaluated
abroad prevailed in terms of milk yield of first-calf
heifers, whose parents were evaluated in Ukraine,
by 11732245 kg. All but one of these differences
at milk yields were significant.

A comparison of the milk yield of the first-calf
heifers of FE "Alfa" obtained from bulls of dif-
ferent breeding value categories was carried out.
A significant (p<0.05) difference was established
between the milk yields of first-calf heifers whose
parent bulls had "P5" and "H+" breeding value
categories. This difference was 1571 kg in favor
of the "P5" category.
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Table 2 — Correlation between the milk yields of first-calf heifers and indicators of breeding value
of their parent bulls for the entire monitored period

Indicators
BVMY
BV%F
BVFat
BV%P
BVProt

BVFatPr
ADMY
AD%F
ADMF
AD%P
ADMP

ADMFP

SI/PI
MY

BV r 1,00 |-0,27| 0,47 |-0,60 | 0,46 |-0,37|0,49" |-0,03| 0,45 |-0,52|-0,35|-0,52| 0,26 | 0,38

MY | p 0,29 | 0,06 | 0,15 | 0,29 | 0,41 | 0,05 | 0,91 | 0,07 | 0,23 | 0,45 | 0,23 | 0,34 | 0,13

BV r |-0,27| 1,00 |0,71"| 0,67 |-0,26| 0,67 | 0,38 0,66 0,50" | 0,28 | 0,56 | 0,73 | 0,50 | 0,43

%F p | 0,29 0,00 | 0,10 | 0,57 | 0,10 | 0,14 | 0,00 | 0,04 | 0,54 | 0,20 | 0,06 | 0,06 | 0,09

BV r 0,47 |0,71*| 1,00 | 0,65 | 0,03 |0,89*|0,70""| 0,56 | 0,78"| 0,00 | 0,61 | 0,78" | 0,67 |0,68"

Fat p | 0,06 | 0,00 0,12 { 0,95 | 0,01 | 0,00 | 0,02 | 0,00 | 1,00 | 0,15 | 0,04 | 0,01 | 0,00

BV | r |-0,60] 0,67 | 0,65 | 1,00 | 0,42 | 0,76" | -0,15| 0,75 | 0,43 | 0,67 | 0,26 | 0,37 | 0,77" | 0,60

%P p | 015 0,10 | 0,12 0,34 | 0,05 | 0,75 | 0,05 | 0,34 | 0,10 | 0,58 | 0,42 | 0,05 | 0,16

BV | r |046|-026 003|042 1,00 0,49 0,07 -0,10|-0,15| 0,08 |-0,03|-0,10| 0,24 | 0,43

Prot | p |0,29 | 0,57 | 0,95 | 0,34 0,27 | 0,88 | 0,83 | 0,76 | 0,87 | 0,96 | 0,84 | 0,60 | 0,34

BV r |-0,37| 0,67 [0,89"| 0,76" | 0,49 | 1,00 | 0,39 | 0,28 | 0,69 | 0,03 | 0,52 | 0,63 | 0,50 | 0,58

FatPr| p | 041 0,10 | 0,01 | 0,05 | 0,27 0,39 | 0,55 | 0,09 | 0,94 | 0,23 | 0,13 | 0,25 | 0,18

AD r |049" 0,38 [0,70™|-0,15/-0,07| 0,39 | 1,00 | 0,33 |0,98"|-0,66| 0,86 | 0,82" | 0,61" | 0,81

MY | p 0,05 | 0,14 | 0,00 | 0,75 | 0,88 | 0,39 0,20 | 0,00 | 0,11 | 0,01 | 0,02 | 0,02 | 0,00

AD r |-0,03]/0,66"|0,56"| 0,75 |-0,10| 0,28 | 0,33 | 1,00 | 0,52 | 0,85 | -0,15| 0,02 | 0,67"| 0,43

%F | p |091 000|002 005 083 055|020 0,03 | 0,02 | 0,74 | 0,97 | 0,01 | 0,09

AD r | 0450,50|0,78"| 0,43 |-0,15| 0,69 10,98 0,52" | 1,00 |-0,11 0,907 0,98 0,71" | 0,83

MF | p | 0,07 | 0,04 | 0,00 | 0,34 | 0,76 | 0,09 | 0,00 | 0,03 0,82 | 0,01 | 0,00 | 0,00 | 0,00

AD r |-0,52] 0,28 | 0,00 | 0,67 | 0,08 | 0,03 |-0,66|0,85" |-0,11| 1,00 |-0,19|-0,15| 0,61 | 0,26

%P p | 023} 0,54 | 1,00 | 0,10 | 0,87 | 0,94 | 0,11 | 0,02 | 0,82 0,69 | 0,75 | 0,15 | 0,57

AD r |-0,35] 0,56 | 0,61 | 0,26 |-0,03| 0,52 | 0,86" |-0,15/0,90" | -0,19| 1,00 | 0,97"|-0,15| 0,77

MP p | 045020 0,15 0,58 | 0,96 | 0,23 | 0,01 | 0,74 | 0,01 | 0,69 0,00 | 0,76 | 0,04

AD r |-0,52]0,73 0,78 | 0,37 |-0,10| 0,63 | 0,82" | 0,02 [0,98""|-0,15|0,97" | 1,00 |-0,03 | 0,71

MFP| p | 0,23 | 0,06 | 0,04 | 0,42 | 0,84 | 0,13 | 0,02 | 0,97 | 0,00 | 0,75 | 0,00 0,96 | 0,07

SI/ | r | 026050 0,677 0,77 | 0,24 | 0,50 | 0,61°|0,67|0,71""| 0,61 |-0,15|-0,03| 1,00 | 0,62"

PI p | 034 0,06 | 0,01 | 0,05 060 025 0,02 | 0,01 | 0,00 0,15 0,76 | 0,96 0,02

r | 038|043 /0,68"| 0,60 | 0,43 | 0,58 0,81 0,43 [0,83™| 0,26 | 0,77" | 0,71 | 0,62" | 1,00
MY

p | 0,131 0,09 0,00 | 0,16 | 0,34 | 0,18 | 0,00 | 0,09 | 0,00 | 0,57 | 0,04 | 0,07 | 0,02

* — p<0,05; ** — p<0,01.
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Conclusions. 1. It was established that in
the period from 2009 to 2014, in FE "Alfa" the
average milk yield of first-calf heifers increased
by 23.9 % and reached 5894.3 kg. Accordingly,
during the specified period, mean square (stan-
dard) deviation increased by 45.5 %.

2. Most of the quantitative indicators of the
breeding value and milk productivity of the bulls'
daughters from 2009 to 2014 also increased: the
breeding value of the parent bulls in terms of milk
yield increased from +245.3 kg in 2009 to +540.4
kg in 2014; the breeding value of parent bulls in
terms of the total amount of milk fat per lactation
increased from +10.2 kg to +29.7 kg.

3. The actual milk yield of first-calf heifers in
FE "Alfa" most (correlation coefficients r higher
than 0.8) and most significantly (p<0.001) depend-
ed on the average milk yield and amount of milk
fat yield of bull's daughters in the herds where the
breeding value of these bulls was evaluated.

4. The breeding value of the sire bulls by the
amount of milk fat yield was characterized by high
(r=0.675) and significant (p<0.01) relationship
with the actual milk yield of the first-calf heifers
(daughters of these sires).

5. The variance analysis of the influence of
the breeding value estimation method of breeder
bulls (BV, ETA, ZW, DRV, RPC) on the actual
milk yield of their daughters during the first lacta-
tion established that this influence was significant
(p=0.001), and the power of influence was > = 0,
59. Significant differences were mostly observed
between milk yields of first-calf heifers whose
parent bulls were evaluated abroad and in Ukraine.

6. The biggest difference in terms of actual
milk yield was revealed between the daughters of
bulls evaluated by the ETA method (Canada) and
by the "daughter-of-the-same-age (DRV)" meth-
od (Ukraine). This difference was 2640 kg of milk
(p<0.01) in favor of first-calf heifers from Cana-
dian bulls.
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3HauyllicTh NMOKA3HUKIB MJIeMiHHOI HiHHOCTI
IJIsl MPOTHO3YBAHHS HAI0IB

a6ns B.I1., Yaauii O.1., Janinosa T.M., 3ago-
poxna LIO., Kpurina H.B.

[MpoBeneHO MOPIBHSUIEHE OLIHIOBAHHS 3HAYYIIOCTI
PI3HHX ITOKAa3HUKIB TUIEMIHHOI IIIHHOCTI OyTraiB-IuTiTHU-
KiB JIJIsl IPOTHO3YBAHHSI HAJI0IB Y BUCOKOIIPOAYKTUBHO-
My BITYM3HSHOMY CTaji (hDepMEepChbKOrO TOCIOAapCTBa
«Anbday. JlocmimkeHo Hanoi KOpiB, OaTbKaMH SKUX
Oynu Oyrai, onineni B YkpaiHi Ta 3a kopaoHoM. Bera-
HOBJIEHO, 110 32 nepion 3 2009 no 2014 pix Hagoi nepsi-

Copyright: Shablia V. et al. © This is an open-access article distributed
under the terms of the Creative Commons Attribution License, which
permits unrestricted use, distribution, and reproduction in any medium,

cToK 30utpImHCs Ha 23,9 % i caraynu 5894,3 kr. 3poc-
Jla TAKOK OUTBIIICTh KITBKICHUX IMMOKA3HUKIB IIEMIHHOT
I[IHHOCTI Ta MOJIOYHOI MPOAYKTHBHOCTI JI0YOK Oyrais:
IUIeMiHHa LiHHICTH OyraiB-0aThbKiB 3a HaJ0eM 3pocia 3i
+245,3 xr y 2009 pomni g0 +540,4 xr y 2014 poui; me-
MiHHA I[IHHICTb OyTaiB-0aThKiB 32 CYMapHOIO KUTBKICTIO
MOJIOYHOTO XHPY 3a JaKTaliro — 30inpmmracs 3 +10,2
Kr 10 +29,7 xr. 3aificHeHO KOpeIAIiHUI aHai3 3B’ 513~
KiB M) Pi3HUMH [TOKa3HUKaMH IUIEMIHHOT LIHHOCTI Oy-
raiB-0arbKiB 1 HaJOSIMH IXHIX JOYOK. BeraHoBeHO, 1110
¢axtiuni Hagoi nepBicTok y ®I' «Anbda» HaibinbIIe
(xoedimienTn xopemsmii r Bumi 3a 0,8) 1 HalBipOTioHI-
mre (p<<0,001) 3axexan Bix cepeaHix HaTOIB i KITBKOCTI
MOJIOYHOTO XKHPY JIOUOK OyraiB y cTajax, Ha sIKHX MPo-
BOJIWJIM OI[IHFOBAaHHS IUICMIHHOI IIIHHOCTI IUX OyraiB.
CytreBum (1=0,675) i Biporigaum (p<0,01) 3B’s13k0M i3
(haKTHYHUM HAJIOEM TIEPBICTOK (AOYOK IMX TLTiTHHUKIB)
y @I «Anbda» xapakTepu3yBaiacs TaKOX IDICMiHHA
LiHHICTH Oyrasg-0aThKa 3a KUTBKICTIO MOJIOYHOTO JKUY.
JlucriepciiHUM aHaNi30M BIUIMBY METOMY OIiHIOBaHHS
IUIEMIHHOI IIiHHOCTI OyraiB-mutigaukiB (BV, ETA, ZW,
JPB, PIII]) Ha dbakTuyHi HAAOI IXHIX JTOYOK 32 HEPIIY
JIAKTAI[iF0 BCTAHOBIICHO, IO IIeH BIUTHB OYB BipOTiMHIM
(p=0,001), a ctymius BruMBY cranoBuB 1> = 0,59. Cra-
TUCTUYHO 3HAYYII Pi3HMII 34e01IBIIOr0 CriocTepirain
MIX HAJIOSIMH TIEPBICTOK, OaThKH SKHX OI[IHEHI 3a KOPIO0-
HOM 1 B YkpaiHi. HaiiOinbiny pisHuio 3a pakTHYHUMU
HaJ0sIMU 3a(iKCOBaHO MiX JJOYKaMH OyraiB, OLIIHEHHUX
3a mepenaBaibHO0 3naTHICTIO MeTogoM ETA (Kanana) i
MeTonoM «aouku-poBecHuti (JIPB)» B Ykpaini. s piz-
HUIA craHoBmia 2640 kr momnoka (p<0,01) Ha KopucTh
MIepBICTOK BiJ] KaHAACHKHUX OyraiB.

KurouoBi cioBa: Oyrai-rutiTHUKY, TUIEMIHHA ITiH-
HICTb, MOJIOYHA MPOJYKTHBHICTb, I0UYKH OyraiB, Hamii,
CEeJICKI[IHHUI 1HIeKC, METOJT OI[iHFOBAaHHS.
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The application of specialized premixes containing all the necessary
elements for effective ration enrichment is the main direction of normaliz-
ing the mineral and vitamin nutrition of cows. The introduction of biolog-
ically active substances into animal diets in the form of premixes helps to
increase the efficiency and productivity of the feed application.

The purpose of our study was to investigate the effect of the miner-
al-vitamin premix Biomix on milk productivity and hematological blood
parameters of cows. The experiment was carried out on Ukrainian Black-
and-White Dairy cows. Two groups were formed for experiment; each
group contains 10 heads. The animals of the experimental group were fed
by premix Biomix at the rate of 50 g per 1 head per day as a part of the
main diet. The control group was fed by the equivalent amount of mono-
calcium phosphate.

The introduction of the Biomix premix into the diet of the research
group made it possible to eliminate the deficiency of phosphorus, copper,
zing, cobalt, and iodine, and to bring the level of vitamin D, to normal.

Optimizing of the cows’ mineral and vitamin nutrition through the
application of Biomix premix ensured the dairy productivity and the milk
quality increase. The average daily milk yield of the experimental cows
increased by 5.9 % for 90 experimental days. The fat and protein content
increased by 0.05 and 0.07 %, respectively. Cows of the experimental
group surpassed the control ones by 153.1 kg in gross milk yield, and
by 1.71 kg in average daily yield in terms of 4 percent milk; it is 7.4 %
relative to the control (P<0.05). The level of dry matter, calcium, phos-
phorus, and lactose have increased in milk; its total energy value has also
increased.

Feed consumption per 1 kg of milk decreased by 5.1 % and 5.4 % in
terms of energy and digestible protein.

Feeding Biomix premix did not have a negative effect on hemato-
logical changes in the body. Morphological and biochemical blood pa-
rameters of cows corresponded to physiological norms. An increase in
total protein (P<0.95), hemoglobin (P<0.95), and creatinine (P<0.95) was
noted. There was a tendency to increase the level of erythrocytes, glucose,
urea, and calcium in the blood.

Key words: cows, premix Biomix, vitamins, minerals, milk, fat, pro-
tein, blood, erythrocytes, hemoglobin.

Problem statement and analysis of recent
research. The practical experience of cattle breed-
ing shows the relationship between biologically
complete feeding of cows, metabolic process-
es in their bodies, milk productivity and quality,
and preservation of reproductive functions, health
and viability of newborn calves. Realization of
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the genetic potential of milk productivity can be
achieved only by providing cows with the neces-
sary amount of energy, nutrients and biologically
active substances in accordance with physiologi-
cal needs [1, 2].

The key to achieving the feed maximum ef-
ficiency is the creation of a feeding system that
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would provide the most optimal conditions for
the intensification of anabolism processes. The
vitamin-mineral factor occupies one of the lead-
ing places because it affects energy, protein, car-
bohydrate, and lipid metabolism and participates
in almost all links of decay and synthesis, redox
reactions as catalysts [3, 4].

The level of providing livestock with miner-
al elements and vitamins at the farms of the for-
est-steppe zone of Ukraine is characterized by its
shortage in water, soil, and feed. Therefore, cattle
rations without the inclusion of special feed addi-
tives do not provide full mineral and vitamin nu-
trition [5].

Due attention should be paid to the mineral
nutrition of cowsbecause trace elements take an
active part in the metabolism and affect the con-
version of feed nutrients into livestock products
[6]. According to scientific publications [7-9], a
lack, excess or violation of the ratio of trace ele-
ments in the body of cows, metabolic processes
are first disrupted, then various diseases develop,
the productivity of animals decreases and their
life expectancy decreases, too. The optimal con-
tent and ratio of trace elements in the tissues lead
to a stable metabolism ensuring a normal state of
health and high productivity.

The application of specialized premixes is an
effective option for normalizing the mineral nu-
trition of cows, because premixes contain all the
necessary elements for effective ration enrichment
[10, 11]. Premixes are dosed to coarse and juicy
feeds, enriching the diet with minerals and vita-
mins [12].

It has been proven that the complex introduc-
tion of biologically active substances into animal
diets in the form of premixes balances and con-
tributes to increasing the efficiency of feed ap-
plication. Therefore, the productivity of animals,
their state of health and reproductive capacity in-
creases [13, 14].

The action of premixes is due to the presence
of vitamins (A, D,, E, K, C, group B), trace el-
ements (iron, manganese, copper, cobalt, iodine,
and selenium), macroelements (magnesium, and
sulfur), amino acids, enzymes, antioxidants, anti-
microbial drugs in optimal amounts and ratios [15,
16].

Mineral compounds can be introduced into
premixes and compound feeds in inorganic and or-
ganic form. Inorganic forms such as oxides or sul-
fates are cheap and available. However, they have
low bioavailability due to the antagonism of some
metals in the intestine because they limit their as-
similation. In organic forms, the trace element is
chemically linked to amino acids or to small pep-
tides. These minerals are much more available and

bioactive. They interact less than inorganic ones in
the digestion processeasily reaching the intestinal
wall where they are absorbed into the blood. Or-
ganic minerals were created to maximize biologi-
cal availability, the basis of their production tech-
nology is the process of chelates formation [17,
18]. Trace elements, in particular zinc, copper,
manganese, associated with amino acids, have the
same properties as natural organic trace elements
found in plants.

Lots of studies have proven better assimilation
of trace elements from their chelated compounds
than from inorganic forms. Milk productivity in-
creased by 14.9 % when using a premix with che-
lated forms of such trace elements as zinc, manga-
nese, cobalt in the diet of dairy cows for the first
100 days of lactation. The increase in average dai-
ly milk yield, compared to the control, was 9.82
% due to the use of zinc, manganese, cobalt and
copper sulfates in the premix [19].

The use of premixes increased feed digestibil-
ity, the balance of nitrogen, manganese, and cobalt
[20, 21, 22, 23]. The experimental cows gave birth
better and there were no cases of placental reten-
tion [24].

In the summer, the introduction of mineral
premix Intermix into the diet of dairy cows had a
positive effect on the processes of the intensity of
ruminal metabolism, as evidenced by the increase
in the concentration of raw biomass of microflora
and volatile fatty acids [25].

The range of premixes, mineral and vitamin
supplements is increasing every year due to the
introduction of new biologically active additives
into their composition, i.e., prebiotics, probiotics,
and phytobiotics. Phytogenic supplements include
extracts and essential oils obtained from herbs or
spices. The presence of carotenoids, flavonoids,
and steroid glycosides has a nutritional effect on
the digestion and assimilation of feed nutrients.

This type of mineral and vitamin concentrates
includes premix Biomix. It contains oregano ex-
tract; its biological effect is to inhibit pathogenic
microflora and stimulate the development of lac-
tobacilli.

The purpose of our study was to investigate
the effect of the mineral-vitamin premix Biomix
on milk productivity and hematological blood pa-
rameters of cows.

Material and methods of research. The sci-
entific experiment was conducted to study the ef-
fectiveness of the mineral-vitamin premix Biomix-
application in feeding dairy cows in the conditions
of'the Zolotyy Kolos farm in the Vinnytsia district.
Two groups of Ukrainian Black-and-White Dairy
cows according were formed, each group had 10
cows (Table 1). Cows of 2-3 lactations were se-
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lected for the experiment in the third-fourth week
after calving with a weight of about 600 kg, the
average daily yield of milk of natural fat content
was 25 kg with a fat content of 3.67 %.

The animals were fed the main ration fodder
twice a day, in particular, bulk fodder was fed in
the form of a feed mixture, concentrated fodder
was fed twice a day during morning and evening
milking. The control group received monocalcium
phosphate (50 g/head per day) as part of the main
diet. The monocalcium phosphate was replaced by
an equivalent amount of the premix Biomix Stan-
dard in the diet of the experimental group.

The studied mineral-vitamin complex included
such fat-soluble vitamins as 830 thousand IU/1kg
of retinol (A), 220 thousand 1U/1kg of calciferol
(D,), 11,600 mg of tocopherol; macroelements (18
% of calcium and 37 % of phosphorus) and such
trace elements as 9,000 mg of zinc, 6,000 mg of
manganese, 2,000 mg of copper, 120 g of cobalt,
300 g of iodine, 60 mg of selenium, antioxidants,
andorigano extract. Wheat bran, saponite flour,

Table 1 — Feeding pattens

chalk were used as fillers. The total energy content
of 1 kg of premix was 7.2 MJ of exchangeable en-
ergy and 79 g of crude protein.

The calculation of milk productivity was car-
ried out with the help of the Ekomilk ultrasonic
analyzer based on the results of the decennial con-
trol milking.

Blood samples were taken from 5 animals
from each group to analyze hematological indi-
cators. Blood was collected from the jugular vein
in the morning in 0.5 hours before feeding and 2
hours after feeding. Blood parameters (morpho-
logical and biochemical) were studied according
to the methods of the Institute of Animal Biology
of the National Academy of Sciences (Vlizlo et al.
2012).

Results and discussion. The introduction of
Biomix premix in the amount of 50 g to the diet of
the experimental groupmade it possible to balance
the mineral and vitamin composition of the diet.
The nutritional value of the diets of the control and
experimental groups are shown in Table 2.

Group Number of animals, _ Cows feeding ’
heads Egalitarian, 15 days Main, 90 days
1 — control 10 BD BD
2 — experimental 10 BD B(]_TS) O—;Efﬁl;e}:?gix
Table 2 — Nutritional value of the control and experimental groups diets

Indicator Animal group . + control According to the

control experimental norm
Dry matter, g 21.8 21.84 0.04 20.5
Exchange energy, MJ 200.14 200.51 0.37 200
EFU 20.02 20.05 0.03 20.0
Crude protein, g 2668.2 2672.8 4.6 2810
Digestive protein, g 1830.3 1834.2 3.9 1825
Crude fiber, g 4542.8 4546.3 3.5 4510
Crude fat, g 640.5 641.9 1.4 625
Starch, g 2674.6 2674.6 — 2740
Sugar, g 1412.4 1214.3 3.9 1825
Calcium, g 121.86 125.75 0.49 126
Phosphorus, g 73.22 84.62 7.4 85
Magnesium, g 36.17 36.38 0.31 32
Potassium, g 284.18 284.30 0.12 132
Sulfur, g 34.01 34.10 0.09 42
Ferum, mg 4318.5 4327.0 17 1390
Cuprum, mg 100.3 200.8 100.5 175
Zinc, mg 562.7 1122.7 460 1130
Cobalt, mg 10.22 16.22 6.0 13.9
Manganese, mg 847.83 1247.57 399.7 1130
lodine, mg 6.05 21.05 15.0 15.7
Carotene, mg 837.49 837.49 — 785
Vitamin E, mg 2075.2 2655.2 680 695
Vitamin D, thousand TU 4.67 15.67 11.0 17.4
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The introduction of the Biomix premix into
the diet of the research group made it possible to
eliminate the deficiency of phosphorus, copper,
zinc, cobalt, and iodine, and to bring the level of
vitamin D, to normal (15.67 thousand IU against
17.4). The deficiency of phosphorus was 13.9 %,
copper was 42.8 %, zinc was 50.2 %, cobalt was
26.5 %, manganese was 25 %, iodine was 61.5 %,
vitamin D3 was 73.2 % in the diet of the control
group. All indicators are within the normal range,
the deviation does not exceed 1 % except for vita-
min D,, its deficiency was at the level of 4.5 % in
the experimental group.

It has been established that optimizing the
mineral and vitamin nutrition of cows by Biomix
premix ensures an increase in milk productivity of
cows. Data on the productivity of cows and indica-
tors of milk quality premix are shown in Table 3.

The milk yield (natural fat content) of the ex-
perimental cows was 2412.5 kg for 90 days of the
main period. It is by 135 kg (5.9 %) more than the
productivity of the control cows of the group. The
average daily yield of the experimental cows fed
the Biomix premix increased by 1.5 kg (P<0.05).

Table 3 — Milk productivity of cows, M+m, n=10

The share of fat and protein in milk increased
by 0.05 % and 0.07 %, but the difference is un-
likely.

In terms of 4.0 % milk, the cows of the experi-
mental group exceeded their counterparts from the
control group by 153.1 kg in gross milk yield, and
by 1.71 kg in average daily milk yield, it is 7.4 %
relative to the control (P<0,05).

The amount of milk fat was higher in the ex-
perimental group by 6.12 kg or 7.38 %. The cows
of the experimental group surpassed the control
animals by 5.9 kg and 8.3 % in terms of milk pro-
tein obtained.

The chemical composition of the experimental
cows’ milk is presented in Table 4.

According to Table 4, the higher energy value
of milk was noted in the experimental group. Its
indicator exceeds the control group by 0.7 %. The
density of milk depends on the temperature and
the content of its components. In the experimental
group this indicator did not differ significantly and
was in the range of 29.15-29.40 A.

Group
Indicator

control experimental
Gross yield for the accounting period (90 2077 4445 .49 24125434 65%
days) of the experiment, kg
Average daily yield of milk with natural fat 2534043 26.840 36
content, kg
Mass fraction of fat, % 3.64+0.04 3.69+0.03
Amount of milk fat, kg 82.90+1.08 89.02+1.44*
Mass fraction of protein, % 3.12+0.05 3.19+0.06
Amount of milk protein, kg 71.06+1.52 76.96+2.31
Milk yield for 90 days of the accounting *
period in terms of 4 % fat milk, ke 2072.4 +£43.18 2225.5+13.42
Average daily yield of 4 % fat milk, kg 23.02 £0.41 24.73 £0.35*

* — P<005.
Table 4 — Chemical composition and quality indicators of milk, M+m, n=10
Group

Indicator

control experimental
Energy value, MJ 2.85+0.07 2.87+0.06
Density, A 29.15+0.37 29.40+0.35
Acidity, T 17.4+0.02 17.6+£0.03
MSNEF, % 8.85+0.10 8.91+0.10
Dry matter, % 12.67+0.19 12.7840.18
Lactose, % 4.60+0.05 4.64+0.05
Ash, % 0.69+0.03 0.71 +£0.03
Calcium, g 1.2540.01 1.26+0.02
Phosphorus, g 1.03+0.03 1.04+0.02
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Milk solids include all components determin-
ing its nutritional and technological properties.
The content of dry matter in the milk of the exper-
imental cows was by 0,9 % higher than that of the
control animals. The share of dry skimmed milk
residue is also higher by 0.7 % in the experimental
group than in the control one.

The level of lactose was 4.64 % in the milk
of the experimental group cows, it is by 0.90 %
more than in the control group. Milk sugar is part
of enzymes-coenzymes involved in the synthesis
of proteins, fats, vitamins, and it is necessary for
normal intracellular metabolism in the body.

The calcium content was higher by 0.8 % and
phosphorus content was higher by 1.0 % in the
milk of the experimental cows than the control
ones. According to the indicators of titrated acid-
ity and density, the milk of cows of both groups

Table 5 — Nutrient consumption per 1 kg of milk

meets the requirements of the first class, no devia-
tions between the groups were recorded.

The consumption of nutrients for milk produc-
tion is an important indicator for evaluating the ef-
fectiveness of feed nutrients utilization (Table 5).

Thus, the experimental cows had a higher
feedconsumption. They spent 0.75 EFU per 1 kg
of milk, it is by 5.1 % lower than in the control
group, and it is by 3.9 g or 5.4 % lower than in the
control group in terms of digestible protein.

According to the research results on the mor-
phological and biochemical composition of the
blood of the experimental and control cows con-
ducted on the 30th day of the experiment, the he-
matological changes in the animals’ bodies after
the application of the mineral-vitamin premix had
no pathological changes and were within physio-
logical limits (Table 6).

Group
Indicator

control experimental
Mil.k obtained during the main period of the ex- 2077 4+45.49 2412 5434.65%
periment, kg
Feed consumed for milk production:
energy feed units (EFU) 1801.8 1804.5
digestible protein, kg 164.73 165.08
Feed consumption per 1 kg of milk:
EFU 0.79 0.75
digestible protein, g 72.3 68.4

Table 6 — Hematological parameters of the cow blood (n=3)
Group
Indicator
1 — control 2 — experimental

Erythrocytes, T/1 5.76+0.11 6.15+0.26
Leukocytes, g/l 8.35+1.12 9.17+0.53
Basophils 0.63+0.16 0.85+0.23
Eosinophils 6.89+0.11 6.22+0.23*
Neutrophils:
stab 7.24+0.52 7.84+0.19
segmented 24.09+0.31 23.67+0.21
Lymphocytes 60.08+0.09 60.29+0.08*
Monocytes 3.71+0.26 4.23+0.31
Hemoglobin, g/l 111.74+2.17 122.46+3.75*
Total protein, g/l 72.56+1.73 78.49+2.31*
Immunoglobulins, mg/ml 23.76+0.59 23.44+1.85
Glucose, mmol/l 2.42+0.1 2.64+0.27
Cholesterol, g/l 2.14+0.25 2.35+0.33
Urea, mmol/l 3.14+0.25 3.52+0.33
Creatinine, pumol/l 107.0+£6.76 123.9+4.08*
Calcium, mmol/l 1.17+0.09 1.37+0.18
Carotene, mg % 0.51+0.01 0.58+0.05
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Erythropoiesis is one of the important indica-
tors of the hematopoietic organs functional state-
and the trace elements exchange. The number
of erythrocytes in the blood of the experimental
group increased by 5.76 % relative to the control,
and the hemoglobin level was by 9.6 % higher
(P<0.95). The leukocyte formula of both groups’
animals corresponded to the limits of homeostasis.
A slight increase in basophils in the blood of the
cows of the experimental group was accompanied
by a decrease in eosinophils. The difference in
the number of leukocytes was improbable. An in-
crease in total protein and creatinine (P<0.95) was
also noted, it may indicate an increase in protein
metabolism in the body.

The results ofour research are in line with the
data obtained by Gading (2020) and Cavallini
(2020), they confirm that the use of mineral pre-
mixes with phytobiotics increased the growth in-
dicators of calves and milk productivity of cows.
No significant changes in the hematological pa-
rameters were noted.

Conclusion. The introduction of Biomix pre-
mix into the diet of dairy cows at the rate of 50
g per head per day made it possible to optimize
the mineral and vitamin nutrition of animals and
increase the productive feed effect.

The average daily yield of milk of the experi-
mental cows fed the Biomix premix increased by
5.9 %, and the fat and protein content of the milk
increased by 0.05 % and 0.07 %. The energy value
of milk, the level of lactose, calcium and phospho-
rus increased. Feed consumption in terms of EFU
per 1 kg of milk decreased by 5.1 %.

The system of control group cow homeostasis
was in a state of equilibrium, i.e., hematological
indicators remained at the level of the physiolog-
ical norm. An increase in total protein (P<0.95),
hemoglobin (P<0.95), creatinine (P<0.95) was
noted. There was a tendency to increase the level
of erythrocytes, leukocytes, glucose, urea, and cal-
cium in the blood.
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BniiuB minepaiabHO-BiTaMiHHOTO mpemikcy Ha
MOJIOYHY NMPOAYKTHBHICTH Ta reMaToJIOTiYHi moKka3-
HHUKH KOpiB

CupoBarko K.M.

OCHOBHIM HampsIMOM HOpMaJli3allii MiHepaJIbHOTO
Ta BITAMIHHOTO >KHBJICHHS KOPIB € 3aCTOCYBaHHS CIle-
iaTi30BaHUX MPEMIKCIB, SKi Y CBOEMY CKJIaJi MICTATh
BCi HEOOXiIHI eneMeHTH 11 e(peKTHBHOTO 30aradeHHs
pamiony. BBenmeHHs mo pamioHiB TBapuH O0i0JIOTi9HO
AKTHUBHHUX PEYOBHH y BUIIISAL MPEMIKCIB CHpHUSE Tia-
BHIIICHHIO €()eKTUBHOCTI BUKOPHUCTAaHHI KOPMIB, Y pe-
3yJABTaTi 9YOTO 3pOCTA€E MPOTYKTUBHICTb.

Mertoro mocmikeHb OylI0 BUBYMTH BIUIUB 3TOMO-
ByBaHHS MiHEpabHO-BITAMIHHOTO TmpeMikcy «bio-
MIKC» Ha MOJIOYHY MPOXYKTHBHICTH Ta T€MaTOJOTIdHI
MTOKAa3HUKH KOpiB. JloCia mpoBeneHo Ha ABOX Tpymax
KOpiB yKpaiHCBHKOI YOPHO-PI00i MOJIOYHOI TOPOIH TIO
10 roxiB B kokHINA. TBapHHM ZOCTITHOI TPYIH Y CKIIAl
OCHOBHOTO paIfioHy OTpUMYBaJIH peMikc «bioMikey i3
po3paxyHky 50r Ha 1 ro0By 3a 100y, 2 KOHTPOIBHOI —
PIBHOLIHHY KiJIBKICTh MOHOKaNbLiH(pochary.

BBenenHs mo ckiIagy pamioHy AOCITITHOI TPYIH
npemMikcy «bioMike)» aio 3Mory JiKBiTyBaTh AeQiluT
¢docdopy, Kyrpymy, IIHHKY, K0OAIbTy, HOIy, Maike 10
HOPMH JIOBECTH PiBeHb BiTaminy /[1,.

OnruMizanis MiHEpaIbHOTO Ta BITaAMIHHOTO KH-
BJICHHS KOPiB, IUISIXOM BHKOPHCTAaHHS TmpeMikcy bi-
OMiKC, 3a0e3ednia IiIBUIIEHHS MOJIOYHOI TPOIyK-
THBHOCTI KOPiB Ta AKOCTi MoJoka. CepeqHp0n000BHiA
HaJiil KOpiB AOCHiAHOI Tpynu mpoTsirom 90 mHIB oc-
HOBHOTO Iepioay Aocmixy 3pic Ha 5,9 %. Bmict xupy
Ta Oinky B Mouomi 30insmmics Ha 0,05 ta 0,07 %
BIAMOBiAHO. Y mepepaxyHKy Ha 4-BiICOTKOBE MOJIO-
KO KOPOBH JOCTIAHOI TpynH NEpeBEpIIyBajll CBOIX
aHAJIOTIB 3 KOHTPOJIHOI TPYIH 32 BAJIOBHM HAJ0€EM
Ha 153,1 k1, Ta 3a cepenHpomoboBUM — Ha 1,71 kT,
mo ctaHoBuTh 7,4 % BigHOCHO KoHTpOmio (P<0,05).
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'Y MoITo1Ii miABUIIUBCS PiBEHB CYyX01 pEYOBHHU, KaJlb-
ito, pocdopy, TaKTo3u, 3pociia HOoro 3arajbHa eHep-
TeTHYHA IiHHICTb.

Burparu kopmiB Ha 1 KT MoJIOKa 3a piBHEM eHeprii
Ta MepeTpaBHOTO MPOTeiHy 3HM3WINCH Ha 5,1 Ta 5,4 %.

3romoByBaHHS npemikcy «biomike» HEe Mano Hera-
TUBHOTO BIUIMBY Ha T€MaTOJIOTIUHI 3MiHM B OpTaHi3Mi.
Mopdosmoriyai Ta OioXiMiuHI MOKa3HUKH KPOBi KO-

Copyright: Syrovatko K. © This is an open-access article distributed
under the terms of the Creative Commons Attribution License, which
permits unrestricted use, distribution, and reproduction in any medium,

piB BigmoBigamu ¢iziomorivHUM HOpMaM. BimmiueHo
30iIpImeHHs 3aranpHOro Oinka (P<0,95), remornobiny
(P<0,95), xpearuniny (P<0,95). Cnocrepiramace TeH-
JEHIiSs 10 30UTBIIEHHS B KPOBI PiBHS €PUTPOINTIB,
[IIOKO3H, CEYOBUHH, KaJIBIIIIO.
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The effect of different amount of nettle hay meal replacing concen-
trated feed on the development of replacement pig stock in terms of live
weight and external measurements are studied. Indicators of growth pat-
terns, nutrient consumption per 1 kg of pigs under test are cinsidered as
well. Hematological indicators were researched. The main group of pigs
was fed with the basic diet in the comparative and main periods of the
experiment. (barley, wheat, pea and corn grits and sunflower meal). Nettle
hay meal was added to the diet of the second group under test. It replaced
12.5 % of the protein of the above-mentioned diet. The third diet of pigs
under test included 25 % nettle hay meal to replace the protein in concen-
trated feed. A mixture of micro- and macroelements was used as a mineral
additive. The meal was given as dry form twice a day. Nettle hay meal was
dried when nettle grass in the budding phase. Nettle hay was ground with
a mill of 2 mm grid diameter. Long-term feeding with nettle hay meal in
the amount between 12.5 % and 25 % of protein in the concentrated feed
diet does not reduce the growth index of the pigs under test and does not
increase the consumption of feed units, metabolism and protein per 1 kg
of their growth compared to stock fed with concentrated feed rations. The
growth indicator analysis demonstrates that the assessing stabable growth
of piglets under test is higher than in the rest of groups under test. A sim-
ilar tendency is observed in the growth tension index assessment. When
growing the proportions of piglets’ body structure change, it depends not
only on changes in their live weight. So at 8 months of age the pigs that
comsumped 12.5 and 25 % nettle hay meal had the highest linear growth
rates compared to the other group under test. The results of hematological
studies proved the replacement of concentrated fodder protein with nettle
hay meal contributed to the increase in the erythrocyte amount, hemoglo-
bin and total protein in the blood.

Key words: pigs, young stock, nettle, hay meal, concentrated feed,
average daily, absolute, relative growth, mineral elements, feed consump-
tion, formation intensity, stress index, hematological indicators.

Problem statement and analysis of recent
research. Pigs are a kind of dangerous for peo-
ple as they consumpt grain and its products. The
grain on the food market is constantly increasing.
Therefore, the researches on the maximum using
of cheap non-grain feed for pigs is of great impor-
tance [6, 11, 14]. Scientists: P.S. Avramenko, I.G.
Brushinin, V.G. Golubev, V.. Yaremenko have
made a significant contribution to the study of is-
sues of feeding pigs with minimal grain consump-
tion [1, 5, 7, 18]. A valuable non-cereal component
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in pig diets can be nettle, which takes the leading
place among green fodder because of its nutrition-
al qualities and beneficial effects on the body.
There are 10 types of nettles growing in
Ukraine. It grows everywhere in darkened places
or ravines, around houses, on the banks of reser-
voirs, on wastelands. Urticadioica, a perennial
root plant with a four-sided hollow stem 50-150
cm high, densely covered with a kind stinging fur,
has the greatest fodder value. The leaves of dicot-
yledonous nettle are egg-shaped, heart-shaped,
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and coarsely toothed. Its leaves and shoots con-
tain 140-300 mcg of carotene, 1000—2000 mcg
of carotene, 10002000 mcg of vitamin C, 20-20
mcg of vitamin B2, 24-25 mcg of vitamin K per
1 kg of dry matter. Nettle significantly exceeded
many other and wild plants in terms of content
mineral substances. So, there is three times more
iron and manganese and five times more copper
and zinc in nettle than in alfalfa. In addition, it
contains tannins, organic acids and a number of
other biologically active substances. However, a
restraining factor for pig feeding is the high rate
of fiber and some biologically active substances
[17]. Dried nettle is a good fodder and is eaten
with appetite by every farm animal. If mowed be-
fore flowering and thoroughly dried, nettles turn
into good hay, containing as much protein as alfal-
fa or clover. The plant accumulates iron, calcium,
magnesium, zinc, iodine, selenium, cobalt, water
and fat-soluble vitamins thanks to its medicinal
properties [29]. Research by Nepali scientists has
proved the beneficial effect of annual productivity
in pig farming, grain crops are less and grow in
excess, which would otherwise be lost throughout
the hilly region of the country. In spite of the fact
that there is no proves in gemativ and antiparasitic
effects, the nettle obtains non-specific to the mam-
mals. So the pigs under test appeared to be very
healthy despite of the low energy diet and low dry
matter content compared to other groups [16, 19,
20, 22]. Nettle is a good source of vitamins and
minerals. It regulates the digestive system and
stimulates appetite, it makes a positive effect on
immune system and has some antibacterial activ-
ity. Nettle improves biochemical, hematological
and immunological indicators of rabbits [19]. Net-
tle powder can replace the antibiotic in pig feed,
as its amount is 3.0-7.5 % of the total weight of
the feed [27].

Good results obtained when feeding rabbit
with nettle hay meal provokes some experiments
to test its effect on pigs [10, 16, 20]. The efficiency
decrease in pig farming in many complexes has
been caused by the low pig productivity, the slow
growth of young stock and a death significant rate.
This has been caused by poor-quality feed with
insufficient content of vital vitamins, mineral el-
ements, other biologically active substances and
their absence. Mineral elements are the structural
material of the animal body, they participate in the
digestion of feed nutrients, absorption, synthesis,
decay and excretion of metabolic products from
the body. They create conditions for normal func-
tion of vitamins, enzymes, hormones, stabilize
acid-alkaline balance and osmotic pressure [2, 4,
8, 15]. Grain feed satisfies only 50-85 % of min-
eral element need. Their lack is compensated by

mineral additives, hay meal as part of compound
feed, feed mixtures. The use of hay meal is one of
the increasing productivity elements for pigs. Its
composition includes more than 40 different mi-
cro-ingredients, namely: trace elements, vitamins,
amino acids and other substances. Recently many
countries there the pig farming is developed have
been conducting research on revising and clar-
ifying the rules for introducing hay meal out of
legumes, cereals, and other types of plants (net-
tle). Their inpact as thesources of energy, protein,
macro- and microelements, sorbents of toxins,
substances that contribute to the removal of heavy
metals from the body, and their therapeutic effect
on diarrhea in pigs have not yet been fully studies
[9, 12,13, 19].

The lack of nutrients in pig’s diet effects neg-
ative not only on their productivity, but on the
process of maturation of cells responsible for
immune reactions as well. Deficiency of protein,
amino acids, vitamins, macro- and microelements
in rations adversely affects the productivity and
reproductive functions of pigs. Their sources are
grain, animal feed, waste from various industries,
hay meal [13, 21, 24]. Scientists [23, 25, 26, 28]
believe that one of the reasons for the unsatisfac-
tory state of pig farming is the lack of high-qual-
ity fodder, a deficiency in the rations of protein
and biologically active substances, including vita-
min and mineral supplements. This stimulates the
search for additional feed additives.

The aim of the research is to analyse the ef-
fect of feeding different doses of nettle hay meal
replacing concentrated feed on the growth and
development of young pig stock in terms of live
weight and external measurements, parameters for
evaluating the patterns of growth of piglets, con-
sumption of nutrients per 1 kg of experimental an-
imals, hematological indicators.

Material and methods of research. The sci-
entific and economic experiment has been con-
ducted on of the Large White pigs. For the exper-
iment, according to the principle of analogues, 54
piglets of 5-6 months of age were selected, one
main and two groups under test (10 sows and 8
piglets in each group) were formed. The experi-
ment lasted 146 days. During this period, piglets
of the main group were kept on diets containing
barley, wheat, pea and corn grits and sunflower
meal. In the diet of the second group under test,
hay mealcontained nettle, replacing 12.5 % of the
protein of the above-mentioned feeds. The diet of
the pigs of the third group included 25 % nettle
hay meal protein instead of concentrated feed. A
mixture of micro- and macroelements was used as
a mineral supplement. Feed was given in the form
of dry feed twice a day. Nettle hay meal was pre-
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pared from dried nettle grass in the budding phase.
Nettle hay was ground with a special mill of grid
diameter of 2 mm.

Intensive growth and development of the pigs
under test was calculated in absolute values of
weight gain and linear indicators. For this, the av-
erage daily increase in live weight was determined
according to the generally accepted formula.

The absolute increase in live weight was cal-
culated according to the formula:

A=W,-W,

A is the absolute increase in the live weight, kg;
W1, W2 - live weight, at the beginning and at the end
of the period, kg.

Average daily growth was determined by the
formula:

SP is the average daily increase, g
t — period between two weighings, days.

To select the criteria for evaluating the patterns
of growth of pigs in early ontogeny, the following
indicators were determined:

— relative growth according to the formula:

W1 is the live weight of animals at the beginning of
the period;
W2 — live weight of animals at the end of the period.

— the intensity of the formation of animals (At)
was determined by the formula:

Af = WG_W4 _ WB_Wé
05x(Ws+W,) 05+W,+W)

W4, W6, W8 are the live weight of pigs at 4, 6, and 8
months of age.

Indices of stress (In) and uniformity of growth
according to V.P. Kovalenko’s method:

where CII is the average daily increase, g
BII — relative growth, %

Hematological studies were carrieed out with
5 animals from each group. Blood from pigs under
test was taken from the lateral branch of the auric-
ular veins by puncturing it. The following blood
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parameters were studied: the number of erythro-
cytes according to the generally accepted method,
by counting in the Goryaev chamber; hemoglo-
bin content — according to the generally accept-
ed method with the help of Sali'shemometer; the
content of total protein in blood serum — by the
refractometric method.

Calculation of feed costs per 1 kg of live
weight gain (3k) in feed units according to the for-
mula:

3k — feed consumption per 1 kg of live weight gain,
feed units;

K, — the amount of fodder fed during the accounting
period, fodder units;

IT — gross increase in live weight, kg.

Biometric processing of the results was car-
ried out by generally accepted methods of varia-
tional statistics using the program MS Excel 2010

Results and discussion. Feeds that were
available on the farm were included in the rations:
barley, wheat, pea, corn grits, sunflower meal,
nettle hay meal in accordance with the experi-
ment scheme, and mineral supplements. The re-
placement of concentrated feed protein with nettle
hay meal protein in the diets of the experimental
groups was excluded. of them protein-rich feed:
sunflower meal and pea grits, and also changed the
ratio of other components.

The rations for the groups under test were cal-
culated to obtain average daily gains of 450-600
g. During the main period of the experiment, the
pigs of the first and second experiments used four
doses of feed, composed, respectively, of live
weight (40, 60, 80 and 100-120 kg).

The nettle hay meal in the diets of the pigs of
the second experimental group, depending on their
age and weight, was 0.120—0.240 kg. The share of
nettle protein from the total amount of it in the
diet was 12.5 %. From 0.240 to 0.410 kg of nettle
hay meal (25 % protein) was added to the rations
of the pigs of the third group. The introduction of
nettle hay meal into the rations of pigs reduced
the need for additional doses of mineral fertilizers,
especially calcium and manganese.

For 1 kg of gain, pigs of the main group of the
first spent 6.46 feed units, 4.72 dry matter, 69.2 MJ
of exchangeable energy, 0.60 kg of digestible pro-
tein. The indicated parameters of the pigs of the
groups under test differed little from the indicated
parameters of the pigs of the control group (Table 1).

He—pigs of the main group increased their
weight by 72.9 kg in 146 days, and pigs by 72.8 kg,
their average daily weight gain was 499 and 497 g
(Table 1). The introduction of 12.5 % nettle hay
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meal protein into the diet of experimental pigs (the
second research group) did not negatively affect
their weight gain. The total weight gain of piglets
was 72.1 kg, and gilts — 72.5 kg, the average daily
weight gain was 493 and 496 grams, in parallel.
When the amount of nettle hay meal in the rations
of pigs (the third group) was increased to 25 % by
protein, a decrease in growth indicators was not
observed.

During the experiment, it was established that
he-pigs and she-pigs had different growth rates de-
pending on the period of the experiment (Table 2).

At the beginning of the experiment, at the
age of 5 months, the animals of all groups had
almost the same live weight, but at the age of 6
months he-pigs and she-pigs of the main group
exceeded the counterparts of the main group
by 1.3 kg according to this indicator (P>0.99).
Subsequently, the process of equalizing the live
weight of young stock was stated, and at the
age of 9 months, the pigs of the 2nd group un-
der test weighed 131.4 kg, which is 2.3 kg more
(P>0.99) compared to the main group (129.1 kg)
(Table 3).

Table 1 — Nutrient Consumption per 1 kg of growth of the pigs under test

Groups under test
Measures :
main 1 tested group 2 tested group
Fodder unit 6,46 6,53 6,68
Dry matter, kg 4,72 4,81 5,14
Matabiloc energy, MJ 69,2 71,3 73,8
Protein, kg 0,78 0,79 0,82
Soddenprotein, kg 0,60 0,61 0,63
Table 2 — Weight increase (n=18)
Groups under test
Measures :
main | 1 tested group 2 tested group
he-pig, n=9
Starting life weight, kg 57,7+0,84 57,8+0,93 57,7+0,81
Result life weight, kg 130,6+3,20 129,9+3,21 129,1+3,23
Body weight increase, kg 72,9+2.16 72,1+£2,78 71,4+£2,42
Daily avarege body 499+12.4 493+133 489+17.5
weight increase, g
she-pig, n=9
Starting life weight, kg 56,4+1,29 56,2+1,21 56,6+1,18
Result life weight, kg 129,0+4,84 128,7+4,42 130,1£7,03
Body weight increase, kg 72,6+3,13 72,5+3,13 73,5+2,92
Da¥1y avarege body 4974247 4964214 503+17,3
weight increase, g
Table 3 — Life weight of he- and she- pigs,kg (n=18)
Groupd under test
Age (months) main | 1 tested group 2 tested group
he-pigs
5 57,7+0,64 57,8+0,73 57,7+0,71
6 69,9+0,73 72,2%%4+0,74 71,4+0,64
7 84,1+0,64 85,6+0,44 85,1+0,63
8 109,3+0,88 110,4+0,77 109,1+0,58
9 130,6+3,10 129,9+3,31 129,1+3,49
she-pigs
5 56,4+1,39 56,2+1,31 56,6+1,28
6 71,242,13 72,5%%+£]1,25 71,6+1,64
7 84,9+3,14 85,8+2,21 85,9+3,18
8 106,1£1,68 107,3£2,17 106,8+1,69
9 129,1+4,64 128,7+4,24 131,4%%+6,05

Note: **(P<0,01).
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The of growth pattern assessment of pigs
based on average daily growth, relative growth,
formation intensity, growth stress index, growth
uniformity is presented in Table 4. The index of the
formation of animals was greater in main group by
0.142 than for pigs of group 2 and by 0.088 in par-
allel with main group. The growth stress index of
young stock in the main and 1-2 groups under test
was: 1.018; 0.697; 0.499. The growth uniformity
index of gilts for group 2 was 0.427, and the main
group was 0.368. There was almost no difference
in the growth of group 1 gilts (0.369) compared to
the main group.

The index of the pigs’ formation was greater
in main group by 0.137 than in piglets of group
2 and by 0.089 in parallel of experimental group
1. The growth stress index of young stock in the
main and 1-2 groups under test, respectively, was:
1.028; 0.699; 0.497. The growth index of piglets
in group 2 was 0.423, and the main group was
0.367. There was almost no difference in the uni-
formity of growth of piglets of experimental group
1 (0.368) compared to the main group.

While growing the proportions of pigs’ body
structure change depending not only on changes
in live weight. Characteristics of the growth and
development of young animals based on linear
body measurements are more complete and accu-
rate. Linear growth is determined by measuring
animals. In the process of rearing repair pigs with

different doses of nettle feeding, some difference
in changes in the linear diameters of the animals
was established (Table 5).

It was proved 6 month old animals of groups
1 and 2 were characterized by higher indicators of
body length. At this age, it was 111.6 and 111.4 cm
in parallel. This is 1.9—1.7 cm more than that of the
piglets of the main group. By breast girth 6 month
old pigs of the main group prevailed over peers of
the 2 other group by 11.4 cm (P>0.999). Some dif-
ference in height at the shoulder was established.
According to these indicators, the animals of the
main group were inferior to the analogues of the 1st
experimental group by 0.9 cm and the 2nd by 1.3
cm. When 8—month old the piglets with 12.5 % and
25 % nettles hay meal had the highest indicators of
linear growth, in comparison with the main group.

Productivity of pigs depends on the amount
of total protein in blood serum: with an increase
in the level of productivity, the amount of protein
also increases. The hematological parameters of
the pigs under test are shown in the Table 6.

The results of hematological studies have
proved that replacing the protein of concentrated
feeds with nettle hay meal (12.5 % and 25 % by
protein) contributed to the increasing rate in the
blood: the content of erythrocytes by 1.30 and
1.42 mg % (P>0.999) and the hemoglobin content,
respectively, by 1.37 and 1.49 g % (P>0.999), total
protein content by 0.25 and 0.47 g % (P>0.999).

Table 4 — Indicators of evaluation of patterns of growth of piglets

Groups under test
Measures
main 1 tested group 2 tested group
Avarige per day, g 497 496 503
Relative growth, % 129.,4 129,1 132,4
Intensivity (At) 0,283 0,194 0,146
Growth power index (In) 1,028 0,699 0,497
Growth Constancy (Ip) 0,367 0,368 0,423

Table 5 — Age-related changes in linear diameters of pigs under test,cm X +5 + (0=9)

Group Body length Chest girth Height at the shoulder

6 month old pigs

Main 109,8+0,09 110,3+0,014*** 59,9+0,07

1 group under test 111,7+0,06 112,1+£0,08*** 60,4+0,06

2 group under test 111,5+0,07 98,9+0,08*** 60,3+0,05
8 month old pigs

Main 117,940,06 119,4+40,07%** 65,5+0,03

1 group under test 119,4+0,07 124,9+0,08*** 66,4+0,06

2 group under test 118,3+0,08 121,8+0,07*** 66,7+0,04

Note: ***P>(,999.
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Table 6 — Hematological rates of pigs under test X + 5_(n=5)

Groups under test

Measures
main 1 tested group 2 tested group
Erythrocytes, mg % 4,05+0,03 5,35+0,009*** 5.47+0,008***
Hemoglobin, T % 10,47+0,03 11,84+0,08*** 11,96+0,06***
Notal protein, r % 10,58+0,04 10,93+0,03*** 10,95+0,06%***

Note:***P>(,999.

Wide use of nettle hay meal in pig diet is rec-
ommended by Ukrainian and foreign scientists [1,
5,7, 18, 23, 27, 28]. Nettle is a fairly high-ener-
gy feed. The nutritional value of nettle herbage
ranges from 0.18 to 0.22 k.o., and the digestible
protein content is from 24 to 29 g per 1 kg and
depends on the vegetation phase and dry matter
content. In nettle hay meal, the concentration of
the indicated indicators increases 3—4 times [17,
22, 26]. As a result of the conducted research, it
is possible to speak with high reliability about
the expediency of using nettle in feeding pigs as
a valuable non-cereal component, which due to
its nutritional qualities and favorable influence on
the body occupies one of the first places among
plants. age of nettle hay meal in a scientific and
economic experiment that lasted 146 days, the live
weight of animals at the beginning of the experi-
ment was: 57.7-57.8 kg in boars and 56.2-56.6 in
gilts. At the end of the research, the increase in the
live weight of he-pigs was 130.6 kg in the main
group and in the 2nd group under test was 129.9,
where the level of protein replacement of concen-
trated feed with hay meal increased to 12.5 %, and
in the 3rd group to 129.1 kg, where the level of
protein replacement of concentrated feed with hay
meal was 25 %. At the same time, the dose of min-
eral feeding was reduced to balance the diet. Live
weight of pigs in the main group at the beginning
of the research was 56.4 kg, at the end — 129.1 kg,
and in the second group — 56.2 kg. After replac-
ing protein concentrate feed with nettle protein,
their live weight increased to 128.7 kg, and when
replacing 25 % of protein in the 3rd group from
56.6 kg to 131.4 kg, which exceeded the results
of the second group and the main group. At the
same time, the consumption of nutrients was as
follows: c.0.d. — 6.46 main group, 6.53 — 2 group
and 6.68 — 3 group. Dry matter: 4.72 kg — main
group, 4.81 kg — 2 group under test and 5.14 —
3 group. Protein 0.78 kg — main group, 0.79 — 2
group and 0.82 kg — 3 group. The following indi-
cators were obtained for digestible protein: in the
main group, the consumption was 0.60 kg, in the
2" group — 0.61 kg, and in the 3™ group — 0.63 kg.
Therefore, the introduction of nettle hay meal into

the diets of repair pigs in the amount of 12.5 up to
25 % protein, replacing it with cereal protein, does
not affect the indicators of feed payment and the
consumption of basic nutrients. According to our
data, the average daily gain of piglets of the main
group was 6g less than that of the analogues of the
second group and 1g more compared to animals
the main group. The relative increase in young an-
imals of the second group reached 132.4 %, and
in the main and first groups: 129.4 and 129.1 %,
respectively. The index of animal formation was
greater in the sows of the main group than in the
counterparts of the first and second groups under
test. The uniformity of the growth of piglets of the
main group was almost not different compared to
the other groups. The characteristics of the growth
and development of young stock according to the
data of linear body diameters are more complete
and accurate. In the process of raising pigs with
different doses of nettle feeding, some difference
in the linear measurements of the animals was es-
tablished. We found that at the age of 6 months,
the animals of the first and second experimental
groups were characterized by higher body length
indicators, and in terms of breast girth, at the spec-
ified age, the animals of the main group exceed-
ed the peers of the second experimental group by
11.4 cm (P>0.999). A certain difference in height
at the shoulders was established: according to this
indicator, the animals of the main group were in-
ferior to the analogues of the group 1 to 0.9 cm
and the group 2 to 1.3 cm. By the end of 8 months,
piglets that received 12.5 % and 25 % nettle hay
meal by protein, had the highest linear growth
rates compared to the control group. Thus, the
obtained data testify to the positive effect of pro-
tein replacement of concentrated feeds with nettle
protein on age-related changes in the exterior of
pigs, hematological indicators and coincide with
the results of research by Ukrainian and foreign
scientists [11, 13, 15, 18, 19, 25, 27, 29].
Conclusion. Nettle hay can be a highly nutri-
tious feed not only for poultry, but also for pigs. In
terms of protein and essential amino acids in the
dry matter, nettle is not worse to such widely used
forages in pig feeding as leguminous meal and
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sunflower meal, it is rich in minerals and vitamins.
Long-term feeding of hay meal to pigs with nettles
in the amount of 12.5 % and 25 % of the protein
in the diet instead of concentrated feed does not
reduce the intensity of their growth. Raising pigs
on rations with nettle hay meal does not lead to
an increase in the consumption of feed units, ex-
changeable energy and protein per 1 kg of their
growth compared to animals kept on concentrated
rations. The analysis of indicators of of the reg-
ular growth assessment of piglets shows that the
index of formation of animals is higher amoung
the young stock of the main group than in parallel
of the experimental groups. A similar terndency is
observed in the assessment of the growth tension
index. During the growth of pigs, the proportions
of their body structure change, which depend not
only on the change in live weight, so at 8 month
old pigs receiving 12.5 % and 25 % nettle hay
meal had the highest linear growth rates compared
to the main group. The results of hematological
studies showed that the replacement of concentrat-
ed feed protein with nettle hay meal increased the
erythrocytes, hemoglobin and total protein rates in
the blood.
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BrnuiuB 3ronoByBaHHs CiHHOTO 0OPOLIHA KPONMBU
Ha picT i pO3BUTOK PEMOHTHOTO MOJIOTHSIKY CBHHEI

®ecenko B.®., Kapkau II.M., Mamkin 10.0.,
Ky3sbmenko ILI.

JlocimipkeHO BIJIMB 3rOJOBYBAaHHS Pi3HUX JI03 CiH-
HOTO OOpOIIHA KPOIHMBH MPH 3aMiHi HUIM KOHIICHTPO-
BaHUX KOPMiB Ha PiCT Ta pO3BUTOK MOJIOAHAKY CBHHEH
3a )KMBOIO MAcoI0 Ta eKCTep €pHIUMH IpOoMipamHu, IMo-
Ka3HUKaMM OI[IHKM 3aKOHOMIPHOCTEl POCTY CBHHOK,
BUTpATaMH MOKUBHUX PEYOBUH Ha 1Kr MiAI0CITITHUX
TBapWH, TEMATOJIOTIYHUMH TOKa3HUKaMu. KOHTpoib-
Ha TpyIa CBUHEH y 3piBHAIBHUNA i OCHOBHHUH TIepionn
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JOCIIiAYy OTpUMYyBasia OCHOBHHM panioH (OP: saMiHHY,
TMIIEHHYHY, TOPOXOBY Ta KYKYPYIA3sSHY JI€PTb i COHSII-
HUKOBHUH mpoT). J{o ckinamy pamioHy Apyroi J0CiiaHOT
IpYIY BBOAMJIM CiHHE OOPOIIHO KPOITMBY IILUISIXOM 3a-
MiHH 12,5 % mporeiHy 3a3HaueHHX BHIIE KopMmiB. 1o
pamioHy MiJIOCTIIHUX CBHHEH TPeThol (IOCIiTHOT)
TpyI BKIOYann 25 % 3a mpoTeiHOM CIHHOTO OOopoII-
Ha KPOIMBH 3aMiCTh KOHIICHTPOBaHHUX KOPMiB. Sk Mi-
HepaJibHy J100aBKY BHKOPHCTOBYBAJIM CYMIIll MiKpO-i
MakpoesieMeHTiB. Kopmu 3aiaBanucst y BUDIISI CyXo-
TO KOpMy /B2 pasu Ha 100y. CiHHe OOpOIIHO KPOIMBU
TOTYBAJIM i3 BHCYIICHOI TPaBH KPONHMBH, CKOLICHOI Y
¢azi O6yTonizarmii. CiHO i3 KponMBH NOAPIOHIOBAIN 32
JIOTIOMOTOIO CIeliajbHOTO MJIMHA 3 IaMeTPpOM pelili-
ToK 2 MM. TpuBasie 3rofoByBaHHS CBUHSIM CIHHOTO 00-
polIHa KponuBH B KibKkocTi 12,5 Ta 25 % mpoteiny
palioHy 3aMiCTh KOHIIEHTPOBAHMX KOPMIB HE 3HMKYE
IHTEHCHBHOCTI iX pOCTYy, HE TNPHU3BOIAUTH OO IIiJIBU-
IICHHS BUTPAT KOPMOBHUX OAMHUIH, OOMiIHHOI €Heprii
Ta mpoTeiny Ha 1 Kr iX MPUPOCTY MOPIBHSHO 3 TBa-
pUHaMU, 10 YTPUMYBAJIUCH Ha KOHICHTPOBAHUX pa-
mioHaX. AHaTi3 IMOKa3HUKIB 3aKOHOMIPHOCTI POCTY
CBUHOK CBIIYHUTH, IO iHAEKC IHTEHCHBHOCTI (opMy-
BaHHsS TBapWH € BHIIMM Yy MOJIOAHSKY KOHTPOJBHOI
TPyIH, HDK y aHAJIOTIB JOCHITHUX Tpyd. AHaIOTid-
Ha TEHJCHIlIS CITIOCTEPIraeThCs 3a OI[IHKOI 1HIEKCY
HAMPYTH POCTy. Y IPOIECi POCTY CBUHEH 3MiHIOHOTh-
sl IPOTOpIIiT OyIOBH IX Tija, sIKi 3aJieXarh HE TIITBKU
BiI 3MiHM XuBoi Macu. Tak, y 8-MicsgyHOMY Billi
CBUHKH, 110 oTpuMyBanu 12,5 Ta 25 % cinHoro 6o0-
pOIIHa KPOMUBM MalHM HAWBHIN TMOKA3HUKH JiHIH-
HOTO POCTY Y TOpIBHSIHHI 3 KOHTPOJIHOIO TPYIIOH0.
PesynbraTti reMaToyioriyHUX JOCIHIIKEHb MOKa3aiH,
10 3aMiHa POTETHY KOHIIEHTPOBAHUX KOPMIB CIHHUM
OOpOITHOM KpOTMBH CHpHsuIa 30UIBIIEHHIO B KpO-
Bi BMICTy EpPHUTPOILHUTIB, TEMOTIO0IHY Ta 3aralbHOTO
Oinka.

KJiro4oBi cjioBa: cBHHI, MOJOIHSK, KPOIIHBA, CiH-
He OOpOIIHO, KOHIIEHTPOBaHI KOPMH, CepeaHboa000-
BUH, a0COJIOTHUH, BIAHOCHUH INpHpICT, MiHEpaIbHI
€JIEMEHTH, BUTpPATH KOPMIB, IHTCHCHUBHICTH (OpMY-
BaHHS, IHACKC HAIIPYTH, TEMATOIOT19HI TOKa3HUKH.
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The application of nanotechnological innovations to increase the
effectiveness of the bioflavonoid quercetin is considered. The ability to
functionalize with specific ligands that target specific organs or cells is
very important because it is possible to increase the concentration of quer-
cetin at the desired target level while reducing side effects. Quercetin,
as a flavonoid antioxidant, is widely used to reduce oxidative stress and
activate important signalling pathways in cells. However, poor solubility
in water, intensive first-pass metabolism limits its use. A strategy for the
development of nanocomposites is presented, which involves combining
quercetin obtained from agricultural waste with selenium nanoparticles.
In vitro results demonstrated that quercetin-nanoselenium has high water
solubility compared to individual flavonoids. It has been proven that quer-
cetin-nano-selenium nanoparticles are capable of reducing 1,1-dipheny
1-2-picrylhydrazyl (DPPH) radicals and are characterized by high anti-
oxidant activity. The ability to functionalize nanoparticles with specific
ligands that target the modulation of specific signaling pathways (Keap1/
Nrf2/ARE, Nf-kB, mTOR) in individual cells is very important, as it al-
lows increasing the concentration of quercetin to the desired level while
reducing side effects.

Considering the beneficial effects of quercetin, a strategy has been
developed that involves the use of selenium nanoparticles to deliver quer-
cetin in a specific and controlled manner. Research in this direction is
promising, as it will contribute to clarifying the expediency of using such
nanosystems, which have not yet been widely used. The use of onion
waste and its extracts in biotechnology, biomedicine, pharmaceuticals and
the agro-industrial sector can be an optimal solution for reducing environ-
mental damage. In addition, it will provide an economically determined
alternative for the production of feed additives for animals and poultry.
Compounds of quercetin with nanoselenium should take a worthy place
in clinical medical practice, biology and agriculture. The beneficial effects
of quercetin can be further enhanced with the help of nanotechnology,
which will contribute to the effective use of this compound with such great
biological potential.

Key words: nanobiotechnologies, waste, onion peel, 1,1-dipheny I-
2-picrylhydrazyl, antiradical activity.
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Introduction. Bionanotechnology emerged
as an integration of biotechnology and nano-
technology for the development of biosynthetic
and environmentally safe technologies for the
synthesis of nanomaterials, and "green" synthe-
sis and surface modification of nanoparticles are
crucial in this field [34]. Nanoparticles (NPs),
synthesized using plant extracts or phytocompo-
nents, are of great importance in the development
of various therapeutic and diagnostic tools [30].
Biogenic, "green" synthesis of metal nanoparti-
cles, metal oxides and metalloids with the partic-
ipation of plants and microorganisms combines
biological principles with biochemical approach-
es to obtain nano-sized functional particles with
the necessary properties. Environmental cleanli-
ness of the production of nanostructures, the use
of which is growing at a significant rate, is an
urgent problem today. The advantages of further
synthesis by biological means, i.e. using micro-
organisms (yeast, fungi, bacteria) and plant parts
(stem, root, leaves, bark, flowers, etc) include
non-toxicity, easy reproducibility and economic
efficiency [5, 40, 41].

Various strategies and biomodifiers are used
for surface modifications/functionalization of
these nanomaterials, in particular with the partic-
ipation of flavonoids. Flavonoids are one of the
most widespread classes of compounds found in
vegetables and fruits. Flavonoids are divided into
classes, and although structurally unique, they
share a common core structure formed by three
rings known as the flavan core. The position of
the hydroxyl group (—OH) in one of the rings de-
termines the mechanisms of action of flavonoids
and reveals complex multifunctional activity. Fla-
vonoids are widely used as antioxidants, analge-
sics, and anti-inflammatory agents, showing safe
preclinical and clinical profiles [16]. Flavonoids
are divided into classes: flavones (flavone, apigen-
in, and luteolin), flavonols (quercetin, kaempferol,
myricetin, and fisetin), and flavanones (flavanone,
hesperetin, and naringenin).

Quercetin  (Q) (3,3'.4',5,7-pentahydroxyfla-
vone) is a flavonol found in various types of fruits,
vegetables, and plants, including: berries, apples,
tomatoes, cocoa, onions, and certain medicinal
plants [17, 27].

The properties of quercetin as a dual-acting
antioxidant are due to its ability to act as a direct
antioxidant, removing active forms of oxygen and
nitrogen. These highly reactive ions are formed
during metabolic processes or come from exog-
enous sources such as pollution, radiation, etc In
addition, quercetin may act as an indirect antioxi-
dant by activating the Nrf2 signaling pathway and
the transcription of antioxidant enzymes.

Quercetin is an antioxidant flavonoid that ex-
hibits anti-inflammatory activity due to the inhibi-
tion of pro-inflammatory cytokines [18], oxidative
stress [6, 7, 9, 42], NLRP3 inflammasome activity
in macrophages [13], activation of p65 NF-kB [19,
26], MAP kinase signaling in macrophages [26],
p50 NF-kB activation in primary human keratino-
cytes [44], and TNF-a, IL-1B, and IL-6 produc-
tion in LPS-stimulated cells [10]. In addition to
the inhibition of the above-mentioned pro-inflam-
matory signaling pathways, part of this effect is
carried out due to the activation of the Nrf2/ HO-1
pathway [7, 19]. Quercetin can activate the AMPK
pathway to modulate mTOR in a dose-dependent
manner and contribute to the reduction of nuclear
translocation of NF-«B to inhibit pro-inflammato-
ry processes [8].

However, poor water solubility and intensive
first-pass metabolism limit the clinical use of
quercetin. It was found that selenium nanoparti-
cles conjugated with quercetin inhibit the aggre-
gation of amyloid-f structures, which are a sign of
Alzheimer's disease, and exhibit antioxidant prop-
erties. Such nanocomposite carriers significantly
increase water solubility and bioavailability of
quercetin (QNPSe) [37].

Biological synthesis is one of the most en-
vironmentally friendly methods of synthesis of
nanostructures. Moreover, if the synthesis is car-
ried out with the help of waste, in particular plants,
then the synthesis process not only becomes green,
but also environmentally friendly. Onion husks
are one of these vegetable wastes. In the case of
onion processing at the domestic or industrial lev-
el, a large amount of waste is generated, including
unfit for food: the upper and lower parts, the outer
skin and two outer layers [12]. It is reported that
among all producers, only European countries can
generate almost 0.6 million tons of onion waste
annually [23]. In addition, these wastes can have a
harmful effect on the environment if not properly
disposed of, as they are not suitable for making
feed, nor can they be used as fertilizer [2]. There-
fore, onion waste remains underutilized even af-
ter establishing the fact that it is a rich source of
bioactive compounds such as phenols, flavonoids,
and flavanols. Thus, increasing the value of onion
waste and its extracts in the field of biotechnology,
biomedicine, pharmaceuticals and the agro-indus-
trial sector can be an optimal solution to reduce
environmental damage and provide an economi-
cal, inexpensive alternative for the production of
medical supplements or drugs [24].

Onion husks are considered to be waste, which
is detected 20 times more quercetin and glycosides
of quercetin than the edible part [25]. It is believed
that onions have numerous phytochemicals, flavo-
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noids and enzymes that help in the synthesis of
nanoparticles [24].

Despite the differences in varieties or ex-
traction methods, the main phenolic compound
identified in onions is quercetin. The identified
compounds included quercetin 4'-o-glucoside and
quercetin, as well as other quercetin glycosides,
cyanidine 3-O-glucoside and a number of degra-
dation products and oxidation of quercetin [24].

Quercetin has a protective effect on cancer
and cardiovascular diseases, chronic inflamma-
tion, oxidative stress and neurodegenerative pa-
thology due to its anti-radical and anti-inflamma-
tory properties, however, its poor bioavailability
inhibits the potential beneficial effects of this fla-
vonoid. In this sense, different types of nanosis
have been developed to improve quercetin solu-
bility, as well as to develop fabric-specific deliv-
ery systems. These studies allow you to improve
the bioavailability of quercetin and increase its
concentration in the right places. Thus, querce-
tin can become a promising compound if you use
nanotechnology as a tool for improving its thera-
peutic efficacy [33].

Instead of using commercially affordable but
expensive quercetin, as a stopping agent for the
synthesis of gold nanoparticles, researchers [38]
used onion husks as a cheap quercetin source,
which can act as a strong reducing agent, as
well as a calculating agent, and its synergistic.
In this work, giving priority to the rational use
of natural resources, all the crude onion extract
was cleaned up to four fractions, namely: ethyl
acetate (EA), butanol, methanol and water [31].
Unlike the use of organic extractants, studies [1]
used aqueous onion husk extract in case of green
synthesis of silver nanoparticles. Among the var-
ious nanostructures of selenium nanoparticles are
characterized by unique properties, such as high
catalytic and biological activity, and biogenic se-
lenium nanoparticles obtained by "green" chem-
istry methods, affect the redox-sensitive Keap1/
NRF2/are different stressful effects by activating
transcription and synthesis of a number of anti-
oxidant and detoximizing enzymes [4]. Querce-
tin has been proven to counteract neuro-steam-
ing by activating NRF2/HO-1 and inhibiting the
transmission of NF-KB signals [39]. Thus, the
functionalization of selenium nanoparticles can
contribute to the effects of nanocomposition on
transcription factors NRF2 and NF-KB, key path-
ways that regulate the subtle balance of cellular
oxidative status and response to stress and in-
flammation. Our studies are aimed at synthesis
of nanobioconjugates selenium with quercetin for
the use of water extract of onion husk, which is a
waste of agro-industrial production.
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The aim of the research is studying the pro-
cess of synthesis of functionalized flavonoids of
selenium nanoparticles for the use of water extract
of onion husk, research of radical-absorbent activ-
ity of nanobioconjiangists of selenium.

Material and methods of research. Onion
(Allium cepa L), widely known as common on-
ion, belongs to the Amaryllidaceae family. Onion
husks were used as a source of flavonoids for the
preparation of functionalized selenium nanoparti-
cles. The onion husks were washed several times
with distilled water to remove dust and dirt on it,
and dried in the air. The dried vegetable raw ma-
terial was crushed and sifted through a sieve and
placed in the extractor. The extraction was carried
out in the ratio of raw materials: extractant - 1:25
at extraction temperatures 90 °C for 15 minutes.
Water was purified as extractants. In the event of
extraction, the extracts were filtered through filter
paper. For the preparation of selenium nanoparti-
cles as a stabilizing factor and the reducing agent
used fresh extract made from onion husk. 50 ml
of filtrate was taken for synthesis of nanoparticles
(NPs). Selenium nanoparticles (SeNPs) were per-
formed as follows: 200 ml of 10 mm of sodium
selenite (Na,SeO,) were dissolved by the precur-
sor in distilled water and added drops of onion
husk extract with constant mixing to change the
color of the reaction mixture. The solution was left
in mixing conditions for 3 hours after the incuba-
tion time confirmed the synthesis of the SeNPs.
UV- and visible spectra of functionalized selenium
nanoparticles were recorded in various chrono-
logical intervals (1 hour, 2, 3 hours). Antioxidant
(radical-absorbent) activity of synthesized nanos-
lenium compounds was determined by the method
based on the ability of antioxidant molecules of
the test substance to restore free radical radicals
2.2-dipheny 1-1-1-pyxilhydrazil (DPPH). DPPH is
a stable free radical, the solution of which is pur-
ple. The DPPH solution (0.4 mm in 80 vol. The
absorption was measured at 517 nm using a spec-
trophotometer [46].

Results and discussion. Selenium nanoparti-
cles obtained from onion husks, which were dis-
carded as biowaste in landfills, were used as the
object for this study.

The reduction of sodium selenite to zero-va-
lent selenium was monitored using a UV-visible
spectrophotometer, and the presence of a strong
surface plasmon resonance, a characteristic phe-
nomenon exhibited by selenium nanoparticles,
confirmed the presence of nanoselenium in the
medium.

Visual coloring is the first stage of research
into the process of selenium nanoparticle forma-
tion. At the first stage of the reaction, the color of
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the mixture was yellow, which gradually changed
to red-brown over time (Fig.1). After 3 hours of in-
cubation, no further color changes were observed.
The appearance of a red-brown color is caused by
the excitation of plasma resonance surface oscil-
lations by selenium nanoparticles, which provides
spectroscopic evidence of their formation. Analy-
sis of the spectrum showed an absorption peak at
A=370 nm, which confirms the formation of sele-
nium nanoparticles.

The acquired color can also reveal the mor-
phology of the nanoparticles, as red solutions tend
to be monocyclic or amorphous (spherical), while
dark and black solutions tend to be triangular,
linear, or rod shaped [14, 22]. The height of the
absorption peak increased with time, but no fur-
ther increase in its intensity was observed after 3
hours of reaction, which indicates the maximum
transformation of SeO.? into Se’. (Fig. 2). As a re-

3
sult of the conducted research, a pronounced rad-

Onion peel

ical-absorbing effect of nanoselenium conjugates
with phenolic compounds from aqueous extracts
of the husk was established, compared to the stan-
dard — a quercetin solution. Quercetin showed
its properties as a reducing agent by 72,4 %, and
nanoselenium conjugates reduced DPPH radicals
by DPPH on 86,7 %.

DPPH is a compound that contains a nitrogen
radical in the centre and has a deep purple colour
in ethanol solution. It was established that in the
presence of conjugated selenium nanoparticles
with flavonoids (QSeNPs) from onion peel, the
color of the DPPH solution gradually changes
from intense purple to light yellow, which corre-
sponds to the transition of DPPH into a non-radi-
cal form (Fig. 3). The evolution of the reaction was
observed by analysing the UV-visible spectrosco-
py at the absorption peak at A=517 nm (character-
istic UV-visible peak of DPPH) in the presence of
the QSeNPs catalyst.

Extract QSeNPs

Fig.1. Synthesis of nanobioconjugates of selenium and quercetin using
aqueous onion peel extract.

Fig. 2. Absorption spectra of selenium nanoparticles and conjugates
of nanoselenium with quercetin (QSeNPs).
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Fig. 3. Conversion of 1,1-diphenyl-2-picrylhydrazyl
(DPPH¥) to 1,1-diphenyl-2-picrylhydrazine DPPN-H by
quercetin-nanoselenium (QSeNP) conjugates and color

change from purple to light yellow.

The colour change occurs due to the conver-
sion of 1,1-diphenyl-2-picrylhydrazyl (DPPH¥*)
into 1,1-diphenyl-2-picrylhydrazine DPPN-H by
quercetin-nanoselenium conjugates (QSeNPs).
The reaction proceeds according to the scheme:

* 1“) ()
1,1-diphenyl-2-picrylhydrazyl (DPPH*)
H'/e @ QSeHY
= ( |\ O

0 A A i)
N N

) (8]

1,1-diphenyl-2-picrylhydrazine DPPN-H

Thus, the obtained selenium nanoconjugates
show high anti-radical activity against DPPH*
due to their hydrogen/electron transfer ability.

Numerous studies, conducted mainly in vitro,
show that flavonoids can be classified as non-enzy-
matic antioxidants capable of directly or indirectly
attenuating or preventing cell damage caused by
free radicals [36].The antioxidant properties of
many flavonoids are much stronger than those of
vitamins C and E [35].

Flavonoids can prevent cell damage caused by
free radicals by various mechanisms (Fig. 4).

The mechanism of free radical binding by fla-
vonoids was proposed and supported by a number
of researchers for the first time in the form of a
hypothesis [32, 36]. The proposed hypothesis in-
cludes three main targets (Fig. 5).

Fig. 4. Main metabolic pathways of flavonoids action.
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Fig. 5. Main targets in the flavonoid molecule
(using the chemical structure of quercetin as an
example) that ensure the binding of free radicals

(adapted from [6]).

1) Hydroxyl groups 3’and 4" associated with
ring B (catechal structure) are the main character-
istic of flavonoids, necessary for "quenching" free
radicals. At the same time, the hydroxyl groups
in the B-ring probably play the most important
role in the sequencing of reactive oxygen species
(ROS), while similar substituents in the A rings
have a much lower antioxidant effect.

2) The double bond 2, 3 in conjugation with
the 4-oxo-(ketone)-group in ring C provides elec-
tron delocalization from ring B. Electron delocal-
ization of aromatic rings is known to stabilize the
formed radicals (probably due to resonance) when
flavonoid interacts with RFK.

3) Hydroxyl groups connected to rings A and
C in the 3rd, 5th and 7th positions, together with
the 4-oxo group, also increase the antioxidant ac-
tivity of flavonoids, probably ensuring hydrogen
bonding with the oxo group.

In vitro experiments have established that fla-
vonoids, which are characterized by all the not-
ed features of the chemical structure, have the
greatest ability to inactivate free radicals. Such
polyphenols include the flavonols quercetin and
myricetin, as well as flavan-3-oleepicatechinaga-
late, epigallocatechin and, especially, epigallocat-
echin gallate. At the same time, a significant role
in increasing antiradical activity is played by the
hydroxyl group in position 3, which brings addi-
tional activity to flavonols and flavan-3-ols [36].

Conclusion. The paper presents an innova-
tive "green" synthesis of quercetin-functionalized
selenium nanoparticles using onion peel extract,
which allows the use of biological waste for the
preparation of environmentally friendly nano-
conjugates. The presented bionanotechnology
is effective, environmentally safe, economically
attractive and allows obtaining stable composite

selenium nanoparticles. Selenium nanoparticles,
functionalized with quercetin, synthesized from
agricultural waste (onion husks), are biocompat-
ible, have antioxidant / antiradical properties and
can be included in feed additives for animals and

poultry.
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Bukopucranus BigxoniB ciibchkorocmomap-
CbKOro BUPOOHULTBA Y 0I0HAHOTEXHOJIOTil CHHTEe3y
(yHknioHaTi30BAHUX HAHOYACTHHOK CeJIeHY

Bitioubkuii B.C., Hexmicrpenko C.I., lemuen-
ko O.A., HexmicTtpenko O.C., Meabunuenko O.M.,
Ouaemko O.A., Meabanuenko F0.0.

Po3misiHyTO 3aCTOCYBaHHS HAHOTEXHOJIOTIYHUX iH-
HOBAIlI{ 1100 MiABHIIECHHS e()eKTUBHOCTI Aiibiodiia-
BOHOI/J]a KBEPIETHHY. 3MaTHICTh 10 (QyHKIiOHAMI3aII]
3a JIOMOMOTOI0 CrHenu(iYHUX JIraHJIiB, SKi HaIICHI
Ha MeBHi opranu abo KJIITHHH, YK€ BaXXIJIUBA, OCKiTb-
KM MOXKHA 30UTBITUTH KOHIIEHTPAIII0 KBEPICTUHY Ha
O0a)kaHOMY LIJTFOBOMY PiBHI, OJHOYACHO 3MEHIIYIOUH
no6iuHi edexru.KBepuernH, sk (raBOHOIAHUIA aHTH-
OKCHJIAHT, LIIMPOKO BUKOPUCTOBYETHCS YISl 3MEHILICH-
HSl OKCHJATHBHOTO CTpPECy Ta aKTHBAllil Ba)KIMBUX
CHUTHAJBHUX HUISAXIB y KiIiTHHaX. OMHaK 1moraHa pos-
YUHHICTh Y BOMi, IHTCHCHBHHHA MeTa0OJi3M IepIIo-
TO MPOXOIKEHHS OOMEXKYIOTh HOIro 3acTOCYBaHHS.
IIpencraBneHa cTpaTerisi po3pOOKH HAHOKOMITO3HTIB,
sKa rependavyae MmoeHAHHS KBEPIETHUHY, OAEPIKAHOTO
3 BIIXOAIB CIJIbCHKOTOCIIOAAPCHKOTO BHPOOHUIITBA, 3
HaHOYACTHHKaMH celeHy. Pesynbrar invitro mpoze-
MOHCTPYBAJIH, IO KBEPLETHH-HAHOCEIICH MAa€ BHCOKY
PO3YMHHICTB y BOJI MOPIiBHSHO 3 OKPEMUMH (IIaBOHO-
inamu. JloBeneHO, 110 HAHOYACTHMHKHM KBEPLIETUH-HA-
HOCeJIEHY 3/1aTHi JIOBITHOBIJICHHS paaukaiiB 1,1-nmude-
Hin-2-nikpuiriapasuiny (DPPH) Ta xapakrepusyroTbest
BHCOKOIO aHTHOKCHJAHTHOIO aKTHUBHICTIO. 3IaTHICTh
(yHKIIOHATI3AIli] HAHOYACTHHOK 32 JIOTIOMOTOIO CIIe-
nu(IYHAX JITaHAIB, SKi HAIUIEHI HA MOXYIALIIO CIe-
uudivaux curHaapHux nusixie  (Keapl/Nrf2/ARE,
Nf-kB, mTOR) y okpeMux KiiTHHaX, JyXe BaKJINBa,
OCKUIBKH JTO3BOJISIE 30UTBIIMTH KOHIICHTPAILII0 KBEp-
LETHHY Ha OaXaHOMY pPiBHI, OJHOYACHO 3MEHIIYIOUH
mo0ivHi eexTH.

3BaXalouM Ha CHPHUATINBHN BIUIMB KBEPLETHHY,
po3po0ieHa cTparerisi, ska rnepeadayae BUKOPHCTaH-
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HSl HAHOYAaCTHHOK CEJIeHY ULl JOCTaBKH KBEpPLETHHY
crenudivHUM 1 KOHTPOJILOBaHUM criocodom. [lepcrek-
TUBHHUM € JIOCJTIJDKEHHS y LIbOMY HAIlpsIMKY, TaK SIK
CIIPUATHMYTD 3’SICYBaHHIO JIOIIJIBHOCTI BUKOPUCTAHHS
TaKMX HAHOCHCTEM, SKi HE OIEpKaslk e LIMPOKOTO
3aCcTOCYBaHHS. BukoprcTaHHS BigxomiB muOymi Ta ii
eKCTpakTiB y OioTexHomorii, OGiomenuiuHi, (apma-
LEBTHIIl Ta arpolpOMHCIOBOMY CEKTOPI MOXE CTaTh
OIITUMAJIBHUM piI_HeHHﬂM JUIA 3MCHUIICHHSA IIKOAUW Ha-
BKOJIMIIHBOMY cepenoBuiy. OkpiM Toro ne 3abesmne-
YHUTh EKOHOMIYHO OOYMOBIICHY albTEepHATHUBY JUISl BHU-

Copyright: Bityutskyy V. et al. © This is an open-access article distributed
under the terms of the Creative Commons Attribution License, which
permits unrestricted use, distribution, and reproduction in any medium,

pOOHHMIITBA KOPMOBHUX HO0ABOK Ui TBAPWH Ta IITHIII.
CIosyku KBEpIETHHY 13 HAHOCEJICHOM ITOBHHHI 3aiHsI-
TH OCTOWHE MICIC Y KITIHIYHIA MEIUUYHIN MPaKTHIIL,
6iosorii Ta ciibebkoMy rocronapctsi. KopucHi edexrn
KBEPIICTUHY MOXKYTh OyTH JTOJaTKOBO MOCHJICHI 3a JI0-
MOMOTOK) HAHOTEXHOJIOTIH, M0 CpUiTHMEe e(heKTHB-
HOMY 3aCTOCYBAHHIO I[i€i CIIOJYKH 3 TAKUM BEIHKUM
010JIOrTYHMM TIOTEHIIAJIOM.
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Significant accumulations of poultry droppings near large poultry
enterprises are a problem both in Ukraine and abroad. An urgent issue
is the search for rational methods of disposal of these wastes with the in-
volvement of natural, ecologically safe methods such as composting with
the use of microorganisms and vermiculture. The use of microorganisms
during the fermentation of broiler chicken droppings with litter (in the
form of sawdust of non-coniferous trees) leads to a reduction of time for
preparation of organic biomass for vermiculture. However, it is of scien-
tific and practical interest to establish the effectiveness of growing worms
on a substrate containing broiler chicken droppings fermented with var-
ious doses of microorganism preparations compared to the option where
the droppings were fermented in the traditional way during 18 months.

During the research, 4 groups were formed with 4 micro-beds
in each. The weight of the compost and the volume of the micro-beds
were identical. In the control version, the compost contained 92.0 % (by
weight) of broiler chicken manure fermented during 18 months and 8.0 %
of shredded wheat straw. In the experimental micro-beds, the ratio of ma-
nure to straw was identical by mass, however, the manure was fermented
during 180 days using 143, 1430 and 2860 mg of bio-destructors per ton
of biomass. The influence of broiler chicken droppings on the number of
sexually mature and immature worms, their mass and the number of laid
cocoons was studied for 100 days. The content of protein, biotic metals,
and toxic metals in vermiculture biomass was studied.

It was proven experimentally that the inclusion of broiler chicken
droppings with a litter of fermented droppings in the amount of 2860 mg/t
of bio-destructors leads to an increase in the number of sexually mature
and immature worms in the micro-bed and their mass by 45.5 and 29.3 %
respectively, and 63.9 and 56.7 % relatively to the control where the litter
was fermented during 18 months. Cultivation of vermiculture on compost
with manure fermented for 180 days (III experimental group) makes it
possible to obtain 41.4 % more cocoons and 17.1 % more cocoons com-
pared to the control group. The biomass of worms grown on compost
containing manure fermented with the highest dose of bio-destructors
probably did not differ by the content of biotic metals and toxic metals.

Key words: worm cocoons, protein, biotic metals, toxic metals,
bio-destructors, vermiculture, compost.

Problem statement and analysis of recent
researche. The dynamic development of poultry
farming in most countries of the world leads to
the accumulation of significant volumes of litter
with and without bedding in limited areas [1, 2]. In
Ukraine, the issue of the accumulation of poultry
droppings in limited areas is also quite relevant.

Poultry droppings, especially of broiler chickens,
are a source of soil, air and water pollution, while
at the same time it contains a significant amount
of nutrients for microorganisms, invertebrates,
insects and plants. Among the nutrients of poul-
try droppings there is a certain concentration of
proteins, carbohydrates, lipids, macroelements
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and microelements [3, 4]. Promising methods of
rational disposal of broiler chicken droppings are
its active composting under the action of a con-
glomerate of microorganisms and vermiculture
[5-7]. Therefore, conducting research aimed at
accelerating biotechnological methods of dispos-
al of broiler chicken droppings with the use of
bio-destructors and vermiculture is of important
scientific and practical importance.

For the implementation of vermiculture, dung
worms or a hybrid of the red California worm are
used. Worms (vermiculture) belong to the oligo-
chaete group and are hermaphrodites. The alimen-
tary canal of worms runs throughout the body.
Worms breathe takes place through the skin, which
has a large number of blood capillaries. The mass
of a sexually mature individual is from 0.35 to 1.4
g. Sexual maturity of worms occurs in 90-95 days.
After mating, each individual forms a cocoon with
eggs in the middle (up to 15-22 eggs), and after
15-24 days a new generation appears. Under opti-
mal conditions, worms mate every 89 days. The
substrate for vermiculture is pre-prepared organic
mass [4, 7, 8].

Various prepared (composted) organic wastes
are used for the cultivation of vermiculture: crop
production (straw, chaff, spoiled hay, spoiled hay,
silage, etc), livestock production (poultry drop-
pings, animal manure, and waste from slaughter-
houses), industrial and food waste [7, 9, 10, 11].

Vermicomposting involves mesophilic bioo-
xidation of organic waste [12]. The use of worms
contributes to the active improvement of soil fer-
tility, increasing the content of humus in them, and
increasing the yield of agricultural crops. This is
achieved due to the ingress of worm coprolites
(biohumus) into the soil. Vermiculture coprolites
are an effective organic fertilizer. With coprolites,
the soil is enriched with humic, fulvic acids, use-
ful microorganisms, polysaccharides, proteins and
nitrogenous substances. The greater the number of
earthworms per unit area of the soil, the higher its
aeration and fertility is. Water penetration into com-
pacted soils increases. As a result of the action of
worms, the mineralization of Nitrogen, Phosphorus
and other chemical elements is accelerated, thereby
increasing bioavailability for plants [13—16].

It is forbidden to use fresh manure of cattle,
horses, pigs, and especially poultry droppings for
vermiculture. Before using manure and droppings
for worms, it is necessary to ferment them. Tradi-
tional fermentation of poultry droppings lasts up
to 12—18 months. The use of bio-destructors ac-
celerates the processes of manure fermentation by
2 times [17].

During vermicomposting, worms and micro-
organisms simultaneously act on organic waste
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[12, 18]. Studying the possibilities of reducing the
production time of organic fertilizer from poultry
droppings and increasing the biomass of worms
by combining vermicomposting with composting
under the action of a conglomerate of microorgan-
isms has economic, ecological and practical sig-
nificance.

The aim of the study is to establish the effec-
tiveness of growing vermiculture on compost con-
taining broiler chicken droppings fermented with
different doses of bio-destructors.

Material and methods of research. The
study of the influence of the substrate containing
broiler chicken droppings with litter (sawdust
of non-coniferous trees) fermented under differ-
ent conditions was carried out in the vivarium
of the Biological and Technological Faculty of
Bila Tserkva National Agrarian University. The
air temperature in the room was maintained at
the level of 22-23 °C. Both in the control and
in the experimental groups, 4 micro-beds were
formed. For the experiment, sexually mature
worms (hybrid red California worms) were used,
the average weight of which was 0.724+0.01 g.
After mixing the litter of broiler chickens with
straw, the humidity of the substrate in all groups
was adjusted to 67+0.5 %. Once every two days,
aeration of the substrate was carried out in mi-
cro-beds. The duration of the experiment was 100
days. At the end of the experiment, sexually ma-
ture worms, young and cocoons were counted in
each micro-bed (Table 1).

Before determining the content of protein
and trace elements in the biomass of vermicul-
ture, worms were cleaned of compost, washed
with distilled water and placed in desiccators with
crushed, moistened filter paper for 36 hours in or-
der to clean the gastrointestinal tract from humus
and coprolites.

The protein content in the biomass of worms
was determined by the method of O. Lowry. For
this, a homogenate was made from worms [19].
The content of biotic metals (Copper, Zinc, and
Ferrum) and toxic metals (Plumbum and Cad-
mium) in vermiculture biomass was determined
using atomic absorption spectroscopy [20]. The
mass of worms and their cocoons was determined
using techno-chemical and analytical scales.

The obtained research data were processed us-
ing standard methods of variation statistics using
the Statistica program.

Results and discussion. On the hundredth
day of the experiment, it was established that there
were an average of 132 sexually mature worms in
the control micro-beds. This means that in the first
10 days after settlement, only 3—4 cocoons were
formed. Worms hardly mated during this peri-
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od. When using the litter of broiler chickens fer-
mented with the use of 143 mg/t of bio-destructors
for 6 months (I experimental group-micro-beds),
the number of sexually mature individuals was
13.6 % higher than in the control one. The fastest
adaptation of worms was found in the III experi-
mental group. During the first 10 days, the most
cocoons were formed there. Therefore, the num-
ber of sexually mature worms was 45.5 % higher
than in the control one (Table 2).

The average weight of one sexually mature
worm in the control group is 0.71 g. In the first ex-
perimental group, this indicator was 5.6 % higher
than the control value. The weight of one individ-
ual in the II and III experimental groups was the
same and amounted to 0.8 g each, which is 12.7 %
more than in the control group.

Analyzing the number of worms that had not
reached sexual maturity, it was found that the low-
est rate was recorded in the control group. Under
the cultivation of vermiculture on a substrate fer-
mented with the use of a bio-destructors in the
amount of 1430 mg/t (II experimental group), the

Table 1 — Study scheme

number of worms was greater than in the control
group by 25.4 %. In the III experimental group,
the growth of the population was established. The
number of immature individuals was 29.3 % high-
er compared to the data in the control group.

The average weight of worms in the control
group that had not reached sexual maturity was
0.033 g. When growing worms on compost fer-
mented with the use of a bio-destructors (I exper-
imental group), the average weight of one indi-
vidual increases by 12.1 %. The highest average
weight of one immature worm was recorded in the
IIT experimental group. The difference with the
control one constituted 21.2 %.

Based on the obtained indicators of the num-
ber of sexually mature and immature individuals
for 100 days of the experiment, it was calculated
that for the processing of 1 ton of compost in the
control group, it is possible to obtain 41.5 kg of
worm biomass. It was calculated that the use of
compost obtained by the accelerated method (II1
experimental group) makes it possible to obtain
28.6 % more of vermiculture biomass.

The number of The mass of the
Group of mi- iptroduch worms subsj[rate in one Characteristic of the substrate
cro-beds in one micro-bed, micro-bed,
units kg
Control Fermented litter of broiler chickens for 18 months
100 15,0 without the addition of bio-destructors (92.0 % by

group weight) + crushed wheat straw (8.0 % by weight)
Fermented litter of broiler chickens for 180 days

I experimental 100 15.0 with the addition of bio-destructors — 143 mg/t

group ’ (92.0 % by weight) + crushed wheat straw (8.0 %
by weight)
Fermented litter of broiler chickens for 180 days

II experimental 100 15.0 with the addition of bio-destructors — 1430 mg/t

group ’ (92.0 % by weight) + crushed wheat straw (8.0 %
by weight)
Fermented litter of broiler chickens for 180 days

IIT experimental 100 15.0 with the addition of bio-destructors — 2860 mg/t

group ’ (92.0 % by weight) + crushed wheat straw (8.0 %
by weight)

Table 2 — Indicators of growth and development of worms on the 100th day of the experiment, M+m, n=6

Mature worms in the micro- | Immature worms in one micro- Mass of worms,

Group-micro- bed bed which is grown under

beds quantity, quantity, processing a ton of the

units. mass, g units. mass, studied substrate, kg
Control group 132423 93,7+0,86 3866+56,3 127,6+3,77 41,5
I experimental 15043,5 112,540,69 4799742 177,6+5,18 455

group

Iglr(fﬁge“memal 185+2,8 148,0+0,74 4850+65,5 194,0+7,33 50,2
Iglrlofl’;pe“memal 19245 153,65133 | 5000£70,7 | 200,0:4,11 53.4
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It is possible to judge the intensity of mating
of sexually mature worms by the number of co-
coons. The lowest number of mating was observed
in the control group, where worms were grown
on compost containing fermented broiler chicken
droppings, for 18 months, on the 100th day of the
experiment, the number of cocoons constituted
145 units. The established pattern was that the
higher the concentration of the bio-destructors in
the litter of broiler chickens, the greater number of
cocoons in the micro-bed was. In the III experimen-
tal group, the number of cocoons was greater by
41.4 % compared to the control indicators (Fig. 1).

The mass of cocoons correlates with the num-
ber of individuals that develop in them. The aver-

age mass of cocoons in the 1st experimental group
was 7.8 % greater than in the control one. The
largest mass of one cocoon was in the III experi-
mental group. The difference with the control one
constituted 17.1 % (Fig. 2).

In addition to the influence of different com-
post on the technological parameters of vermicul-
ture, the chemical composition of worm biomass
was also studied. In vermiculture biomass from
the control group, the protein content constitut-
ed 683 g/kg of dry matter (Fig. 3). Cultivation
of worms on compost containing broiler chicken
droppings probably did not affect the increase of
protein in their biomass. The difference with the
control group was within 0.4-1.0 %.

Fig. 1. Number of cocoons, units.

Fig. 2. Mass of cocoons, mg.
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Fig. 3. Protein content in vermiculture biomass, g/kg of dry matter.

Among biotic metals, the content of Ferrum,
Copper and Zinc in the biomass of worms was de-
termined. The content of copper in worms from
the control group was 7.9 mg/kg of dry matter.
The lowest metal content was found in vermicul-
ture biomass from the 1st experimental group. The
indicator was 12.6 % lower than in the control
group, but it was not significantly different from
the control. In worms from the II and III experi-
mental groups, the copper content was lower than
in the control one by 5.1-7.6 %. The difference
had the nature of a trend (Table 3).

Investigating the content of Zinc in the bio-
mass of worms, it was established that the highest
rate was recorded in the control group. It has been
observed a pattern in the research groups that with
an increase in the content of the bio-destructors in
the litter of broiler chickens, the content of zinc in
worms increases.

The content of Ferrum in vermiculture bio-
mass from the control group constituted 875.5 mg/
kg of dry matter. When growing worms on com-

post with broiler chicken droppings, which was
fermented with the highest dose of bio-destructors
(IIT experimental group), the content of Ferrum
was lower than in the control group by 1.63 %.
The difference was within the margin of error.

Studying the content of Lead it was found that
the highest concentration of this toxic metal was in
vermiculture biomass from the control group. The
lowest content of Lead was recorded in worms
from the 1st experimental group. The difference
with the control group was 11.6 % and was not
probable. It was revealed that with the increase of
the destructor during the fermentation of broiler
chicken droppings, which is the part of the com-
post, the metal content increases within the margin
of error (Fig. 4).

Cadmium content in the biomass of worms
from the control group was at the level of 0.15 mg/
kg. In the worms from the experimental groups,
the metal content was lower by 6.7-13.3 % com-
pared to the control group. The difference was
with in the margin of error.

Table 3 — The content of biotic metals in the biomass of worms, mg/kg of dry matter

Metals
Group-micro-beds
Copper Zinc Ferrum
Control group 7,9+0,48 75,1+£2,55 875,5+18,12
I experimental group 6,9+0,52 73,4+3,45 845,2+22.45
II experimental group 7,3+0,39 74,2+1,99 857,4435,53
III experimental group 7,5+0,37 74,7+4,15 861,2+17,69
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Fig. 4. Content of toxic metals, mg/kg of dry matter.

Conclusion. 1. The use of 92.0 % by mass
of broiler chicken droppings fermented for 180
days with the use of bio-destructors at the rate
of 2860 mg/t as a substrate makes it possible to
increase the productivity of vermiculture. This
regularity is confirmed by an increase in the
number of sexually mature worms and worms
that have not reached sexual maturity and their
mass, respectively, by 45.5 and 29.3 % and 63.9
and 56.7 % relatively to the technology where
poultry droppings, which was fermented for 18
months, were used.

2. Broiler chicken droppings fermented with
the highest dose of bio-destructors in the compo-
sition of compost contributes to an increase in the
number of formed cocoons of worms and their
weight, respectively, by 41.4 and 17.1 % com-
pared to the control group.

3. The use of broiler chicken droppings fer-
mented with the use ofbio-destructors in the com-
position of compost revealed an increase within
the margin of error of protein and a decrease in
biotic metals and toxic metals in vermiculture bio-
mass.
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Bupomysanns yepB’siKkiB Ha cy0cTpari 3 Bmic-
TOM nocJaixy nruni ¢pepMeHTOBAHOIO 3a y4acTi 0io-
JAeCTPYKTOpiB

Mep3saos C.B., Ocinenko I.C., Mep3aosa I'.B.

3Ha4HI HAKOIMMYEHHS OCTiTy ITUII OiIs BEMUKAX
MITAaXOIIIIIPUEMCTB € TPOOJIEMOIO K B YKpaiHi, Tak i
32 KOPAOHOM. AKTyaJbHUM MHUTaHHAM € TMOIIYyK pali-
OHAJIPHUX METOMIB YTHJII3aIll IIMX BIAXOMIB i3 3amy-
YCHHSM IMPHUPOIHUX, CKOJOTIUHO OE3MEeUYHUX METOJIB,
TaKUX SK KOMIIOCTYBaHHS 3a y4acTi MiKpOOpraHi3MiB
Ta BEPMHKYIBTYpH. 3aCTOCYBaHHS IiJ ac (hepMeHTa-
mii mociigy Kypuar-OpoiiepiB i3 migcTHiIKow (Y BH-
DI THPCH HEXBOMHUX ZIEPEB) MIKpPOOPTaHi3MiB IpH-
3BOJIUTH 10 CKOPOYEHHS 4acy IiATOTOBKH OpraHiuHOi
Oiomacu JuIs BEpPMHUKYIbTUBYyBaHHs. HaykoBo-mpak-
THUYHHI 1HTEpeC MPEJICTaBIIsE BCTAHOBJICHHS e(heKTHB-
HOCTI BUPOIILyBaHHS YepB’SKiB Ha CyOCTpari 3 yMicToM
MOCITIAY Kyp4ar-OpoinepiB pepMEeHTOBAaHOTO Pi3HIMH
JI03aMH TIperapary MiKpOoOpraHi3MiB y ITOPIiBHSHI 3 Ba-
piaHTOM, 1€ nociig GpepMeHTyBaIN TPaIULiiHUM CIIO-
coboM BIpoaoBK 18 MicsIIiB.

[1ix gac mpoBeaeHHS JOCHiIKEHb (hopMyBau 4 rpy-
i 110 4 MIKpOJIOXKiB KOXKHIH. Maca xoMnocTy i 00’em
MIKpONIOK OynmH iIeHTHYHHUMH. B KOHTpOIBHOMY Bapi-
aHTi KoMmnoct MictuB 92,0 % (3a Macoro) mociiay Kyp-
yar-OpoiiepiB, pepMenTOBaHOrO 18 Micsis, 1 8,0 % mo-
JPpiOHEHOT COIOMHM MIICHMIT. Y TOCTITHAX MIKPOJIOXKaX
CIIBBIHOLICHHSI MOCITIY 0 COIOMH OYIT0 iICHTHYHE 32
Macoro, mpote mocinia gepmentyanu 180 nib, 3actoco-
Bytoun 143, 1430 ta 2860 Mr GiomecTpyKTOopa Ha TOHHY
6iomacu. [JlocmipkyBanu BB ynponosxk 100 16 mo-
CHily Kypuar-OpoinepiB Ha KUIbKICTH CTaTeBO3PLIMX,
HECTaTEeBO3PLINX YepB’sIKIB, iX Macy 1 KUIbKICTb BiJKIIa-
JICHUX KOKOHIB. BHBUaIK BMICT y 6ioMaci BEpMUKYJIBTY-
pu OinKa, MeTaiB-0i0THKIB Ta METATiB-TOKCHKAHTIB.

Byno noBemeHO, 1m0 BKIFOYEHHS Y KOMIIOCT IIO-
CIIiTy Kyp4aT-OpoiiepiB i3 miACTIIIKOIO (hepMEHTOBa-
HOTO MOCHiIy 3a y4acTi OiofecTpykropa B KiJIBKOCTI
2860 Mr/T MPU3BOAKUTH IO MMiABUIICHHS KUTBKOCTI CTa-
TEBO3PIIMX Ta HECTATCBO3PLIMX YEPB’SKIB Y MIiKpO-
JIOXKI Ta iX MacH BianoBigHo Ha 45,5 1 29,3 % ta 63,9
i 56,7 % BIAHOCHO KOHTPOIIO, JI¢ TMOCIia (GepMeHTy-
BaBcs 18 wmicsauiB. BupomnryBanHs BepMUKYIbTYpH Ha
KOMIIOCTI 3 OCHIJIOM, ()epMEHTOBaHUM BITpoJoBX 180
ni6 (III mocnimHa rpyma), 1a€ MOXIMBICTh OTPHUMaTH
Ha, 41,4 % OinpiIy KiTbKICTh KOKOHIB Ta Ha 17,1 % iXx
Macy y TIOpiBHSIHI 3 KOHTposieM. biomaca depB’sikiB,
BHPOIICHUX HA KOMIIOCTI, 3 YMICTOM TOCIiAY (epMeH-
TOBAaHOTO HAWOUIBIIOW H03010 OiogecTpyKTOpa Bipo-
TIJIHO HE BiJIPi3HsIIACh 32 BMICTOM METaTiB-010THKIB Ta
METaliB-TOKCUKaHTIB.

KJiro4uoBi cyioBa: KOKOHH 4YepB’siKiB, OiJI0K, MeTa-
TTU-010THKH, METAIN-TOKCUKAHTH, 0101eCTPYKTOP, BEp-

MHKYIIBTYPa, KOMIOCT.
E %
i,
E .
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There is no doubt in the fact that preparations containing Trichoder-
ma as the main component are currently a real alternative to synthetic
agrochemicals as antagonists of soil-borne plant diseases and growth
stimulators. The use of this kind of drugs does not always give suffi-
ciently stable results. In addition, technological problems can often arise,
which are associated with the short shelf life of liquid preparations based
on Trichoderma. The use of the solid form of the drug often causes the
problem of self-inhibition of conidia germination. And therefore a more
careful calculation of the optimal dose for each specific strain is required.
The development of multifunctional bio-preparations that are more stable
in their effectiveness, especially preparations that include Trichoderma, is
one of the most important tasks in the system of biotechnology develop-
ment, which determined the relevance of the research.

The aim of the work is to establish the optimal carrier for the immo-
bilization of Trichoderma viride cells and the effect of immobilization
on the stability of drugs. It has been experimentally established that the
growth and development of the immobilized fungus Trichoderma viride
is influenced by the nature and method of modification of the carrier. It
was established that when the fungus immobilized on native and mod-
ified carriers (particle size 0.5 um — 2.5 mm) was seeded on a sterile
nutrient medium, a decrease in the growth rate of Trichoderma viride
was found, compared to the control one where the native fungus was
used. It has been proven that the optimal amount of grinding of both
native and modified media is — 150 um — 1.5 mm. It has been found
that saponite modified with starch is the optimal carrier for 7richoderma
viride immobilization.

It has been proven that upon immobilization of the fungus Trichoder-
ma viride, the latter becomes more resistant to the negative factors of the
growth environment (antagonistic action of the natural conglomerate of
microorganisms residing on spoiled alfalfa hay).

Key words: fungi, cell immobilization, carriers, modified starch, hu-
mic acids, saponite, zeolite, zeolite-containing basalt tuff.

Problem statement and analysis of recent
research. Native culture or preparations of Trich-
oderma viride are widely used in agriculture. The
fungus as the main component of the drug is used
to struggle against a number of soil diseases, in-
crease the yield of grain and leguminous crops.
Preparations containing fungi are used for the
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disposal of crop production waste, unfit for use as
feed of plant origin, etc [3, 21]. The use of Tricho-
derma viride together with arbuscular mycorrhizal
fungi makes it possible to replace chemical fertil-
izers and stimulate an increase in crop yields [16].
Stimulation of plant growth can be manifested
taking into account a number of limiting factors
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such as seeding rate, type of formulation, grow-
ing conditions [4, 17]. Fungi are used in the form
of preparations in the form of liquid and powder.
However, with different technologies that use
preparations containing Trichoderma, various dif-
ficulties arise, under which the effectiveness of the
fungi decreases. The use of native preparations of
Trichoderma in technologies of crop production
or utilization of organic waste does not always
give stable results [21]. These phenomena are
due to the fact that the liquid form of preparations
containing fungi has a short shelf life. When us-
ing loose form of fungi preparations, the feature
of autoinhibition of the process of conidia germi-
nation is manifested. Therefore, this phenomenon
requires careful calculations of the necessary dose
of the drug for each particular strain of fungi [21].
In addition, there is a problem of the lack of local
fungal delivery systems to reduce diseases caused
by soil bacterial pathogens [19].

The multi-vector use of Trichoderma viride in
agriculture requires the development of technolo-
gies for the production of fungi preparations that
are stable in their effectiveness. The issue of the
effectiveness of immobilization (stabilization) of
the fungi on domestic natural minerals — saponins,
zeolites and zeolite-containing basalt tuffs is un-
explored.

Trichoderma refers to filamentous spore fungi.
These fungi produce ascomycetes and belong to
the large class Deuteromycetes. These fungi are
one of the types of mold that is found in almost all
types of soil. Trichoderma viride is the most com-
mon and cultivated fungus. These fungi are widely
used in the national economy [7, 20].

In world practice, a number of methods of
their immobilization have been developed for
more effective use of microorganisms, including
fungi. Immobilization of cells of microorganisms,
their parts and enzymes is a physical limitation
or localization in a certain spatial location. The
latest involves restricting their free movement to
demonstrate hydrodynamic characteristics that
differ from those of the external environment,
while preserving their biological and catalytic
properties. Immobilization allows repeated and
continuous use of cells of microorganisms. De-
pending on the method and method of immobili-
zation of microbial cells, it is possible to prolong
their viability and improve their growth in adverse
conditions [5, 8, 18].

The selection of a suitable carrier (matrix) for
the immobilization of cells of microorganisms
is an important process for obtaining a finished
product with the desired biological properties. The
carriers had to be accessible, have a large surface
area, which would later provide an opportunity for

the growth of microorganisms (satisfactory inter-
stitial space). Under certain technological condi-
tions, the matrix should be easily regenerated and
reusable, not exhibit toxic effects in relation to the
cells of microorganisms, and promote the mani-
festation of catalytic activity. Carriers should have
mechanical and thermal resistance, biological and
chemical stability [9, 11, 12, 14].

Immobilization of cells of microorganisms is
carried out using physical and chemical methods,
including the use of adsorption, encapsulation,
and encapsulation in a gel [15]

To maintain the stability of Trichoderma in the
soil during the warm season, materials (as a ma-
trix) with sorption properties and are a source of
nutrition for the culture are introduced into the soil
together with fungi preparations: peat, cereal bran,
tree bark, compost obtained from the manure of
farm animals, substrates after seafood cultivation
[10, 13].

Biotechnologies of fungi spore encapsulation
with starch borate, starch xanthan or carrageenan
gel have been developed to stabilize drugs.

Technologies for manufacturing alginate gran-
ules with microorganisms and alginate granules
with pyrophyllite clay filler are used [13].

Immobilization of Trichoderma conidia and
chlamydiospores was carried out on wheat bran
and kaolin clay in alginate gel [13]. Both organic
and inorganic carriers are also used for the immobi-
lization of microorganisms. Among organic carri-
ers, starch, pectin, cellulose, gelatin and their forms
modified by physical and chemical methods are
used [1, 2, 6]. As a matrix, calcium alginate, modi-
fied coal from animal bones is used [5, 12, 18].

The aim of the study is to establish the op-
timal carrier and the size of its grinding for the
immobilization of Trichoderma viride fungi cells
and its growth stability in non-sterile conditions.

Materials and methods of research. The
growth of Trichoderma viride fungi was checked
using the PDA medium — potato dextrose agar with
the content of antibacterial drugs (sterile benzyl-
penicillin sodium salt (1000000 units) 0.5 g/dm?
and streptomycin sulfate 0.4 g/dm®). Before using
the medium, it was thermally treated — autoclaved
(25 minutes at a temperature of 121-123 °C).

The native culture of Trichoderma viride
(control) and its immobilized forms were sown on
PDA containing antibiotics. In addition, spoiled
alfalfa hay was treated with native and immobi-
lized drugs. Hay with a moisture content of 64.5 %
was not subjected to heat treatment and treatment
with antimicrobial drugs (non-sterile conditions).
After 14 days of cultivation of hay treated with na-
tive and immobilized preparations of Trichoderma
viride at a temperature of 25-26 °C, the investigat-
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ed fungus was isolated from its samples on pota-
to-dextrose agar.

The prepared PDA nutrient medium was
poured into Petri dishes of 15 cm3 each. Each Pe-
tri dish was numbered, taking into account the ex-
perimental group.

Incubation of cultures of native and immo-
bilized Trichoderma viride on the medium and
cultures of alfalfa silage treated with these fungi
was carried out in a thermostat at a temperature of
26+0.5 °C.

For the immobilization of Trichoderma vir-
ide, such natural minerals were used as carriers:
saponite of the Tashkiv region, gray zeolite, and
zeolite-containing basalt tuff with different levels
of grinding (Table 1). The same grinding was used
for modified saponite, modified gray zeolite and
modified zeolite-containing basalt tuff. Natural
carriers were modified with starch, humic acids
using calcium chloride.

Table 1 — Carrier characteristics

The amount of grinding of the

Carrier native and modified form
From 0,5 up to 150 um
Saponite From 150 umup to 1,5 mm

From 1,5 mm up to 2,5 mm
From 0,5 up to 150 um

From 150 pmup to 1,5 mm
From 1,5 mm up to 2,5 mm
From 0,5 up to 150 um

From150 pm up to 1,5 mm
From 1,5 mm up to 2,5 mm

Gray zeolite

Zeolite-contain-
ing basalt tuff

Immobilization of spores and mycelium of
Trichoderma viride on native and modified carri-
ers was carried out by a physical method. Viridin
preparations were the source of fungi biomaterial.
A carrier was added to the solution of 7richoderma
viride in the presence of 0.05 M calcium chloride
and incubated for 20—22 hours at a temperature of
4.0-4.5 °C, periodically subjecting the mixture to
thorough mixing every 1.5-2.0 hours.

Results and discussion. It was established
that the CFU index in the control (native form of
the fungus) was 3.1x109. Investigating the growth
and development of immobilized Trichoderma
viride fungi, it has been established that these pro-
cesses are influenced by the nature and method of
carrier modification.

After sowing the fungi immobilized on native
saponite (particle size 0.5-150 um), the growth
rate of Trichoderma viride on the nutrient medium
the decrease was found by 238 times compared to
the control. Compared with the options where sa-
ponite modified with starch and humic acids was
used, the growth of the fungus was also lower, re-
spectively, by 8.4 and 4.2 times compared to the
control (Table 2).

The lowest rate of growth of the immobilized
fungus on native saponite was recorded in the
variant where the size of the carrier was crushed —
1.5-2.5 mm compared to the control and variants
where the modified carrier was used.

Under using modified saponite (particle size
1.5-2.5 mm) with starch and humic acids, the
CFU indicator of Trichoderma viride decreases
compared to the option where saponite with a par-
ticle size of 150 um — 1.5 mm was used, respec-
tively, in 8.8 and 23, 7 times.

Table 2 — The Growth of Trichoderma viride on PDA nutrient medium

Indicator Native carrier Carrier modified | Carrier modified

with starch with humic acids
Control 3,2x10° 3,1x10° 3,3x10°
The drug immobilized on saponite (0,5-150 um) 1,3 x107 1,1 x108 5,5 x107
The drug immobilized on saponite (150 pm — 1,5 mm) 5,3 x107 4,7 x108 9,5 x10’
The drug immobilized on saponite (1,5-2,5 mm) 6,9 x10° 5,3 x107 0,4 x107
The drug immobilized on zeolite (0,5-150 um) 0,9 x10° 0,5 x107 6,2 x10°
The drug immobilized on zeolite (150 pm — 1,5 mm) 8,5 x10° 7,3 x107 3,8 x107
The drug immobilized on zeolite (1,5-2,5 mm) 7,7 x10° 6,1 x10° 2,0 x108
The drug immobilized on zeolite-containing basalt o ; p
tuff (0,5-150 um) 1,7 x10 1,0 x10 6,0 x10
The drug immobilized on zeolite-containing basalt o 7 ;
ff (150 ym — 1,5 mm) 9,3 x10 8,2 x10 4,3 x10
The drug immobilized on zeolite-containing basalt 5 ; ;
il (1,5-2,5 mm) 4,5x10 5,2x10 1,5x10
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Comparing the effects of saponite modification
methods, it was proven that upon immobilization
of Trichoderma viride on starch-modified saponite
with a particle size of 150 um — 1.5 mm, the CFU
index of the fungus was higher than when using
native saponite and modified with humic acids,
respectively, by 8.8 and 4 ,9 times. It was found
that the optimal grinding value of both native and
modified saponite is — 150 microns — 1.5 mm.
Thus, when using starch-modified saponite with a
particle size of 150 pum to 1.5 mm, the growth of
fungi on the medium was 4.2 times higher than
when using such a medium with a particle size of
0.5-150 pm.

Sowing of Trichoderma viride immobilized on
native zeolite (particle size 0.5-150 um) showed
that the number of CFU of the fungus was 3444
times less compared to the control. Relative to
variants with a similar particle size of zeolite mod-
ified with starch and humic acids, it was found
that the growth of Trichoderma viride was lower,
respectively, by 55.5 and 65.9 times. The great-
est growth and development of the fungus was
recorded in the variant where the culture immo-
bilized on starch-modified zeolite (150 um — 1.5
mm) was used, compared to other experimental
samples. The indicator was higher in comparison
with the option where the immobilization of the
fungus was carried out on the native carrier and
the carrier modified with humic acids, respective-
ly, by 8.6 times and by 92.1 %.

Studying the growth intensity of Trichoder-
ma viride immobilized on zeolite-containing ba-

salt tuff revealed a decrease in CFU indicators
compared to the control. Comparing between the
immobilized fungi, it was established that the
greatest culture growth was on the medium where
zeolite-containing basalt tuff with a particle size of
150 um — 1.5 mm modified with starch was used.

Comparing the effect of carriers on the growth
of the fungus, it has been found that immobiliza-
tion on saponite, zeolite, and zeolite-containing
basalt tuff leads to a significant decrease in the
CFU index of Trichoderma viride compared to the
control. Saponite modified with starch was found
to be the most effective carrier for immobilization
of the fungus. The most optimal particle size of
natural minerals, both native and modified, was
150 um — 1.5 mm.

During the treatment of spoiled hay with the
native preparation (control) Trichoderma viride,
it was established that during 14 days of cultiva-
tion, the CFU indicator was 4.4x103. It was found
that the growth indicators of the immobilized fun-
gi on the hay were influenced by the carrier and
the size of the particles of the carrier. During the
treatment of spoiled alfalfa silage with a fungus
immobilized on saponite, it was found that the
growth of fungi was 75 times greater than in the
control when using preparations with native sa-
ponite with a particle size of 0.5-150 um. When
using Trichoderma viride immobilized on sa-
ponite modified with starch with a similar size of
particles, the growth of the fungus was 3.9 times
greater compared to the version where native sa-
ponite was used (Table 3).

Table 3 — The Growth of Trichoderma viride on spoiled hay

Indicator Native carrier Carrier modified Carrier modified
with starch with humic acids

Control 4.4x10° 4,0x10? 3,9x10°
The drug immobilized on saponite § 6 s
(0.5-150 ym) 3,3x10 1,3 x10 4,4 x10
The drug immobilized on saponite 9.7 x10° 43 x10° 0.8 x10°
(150 pm — 1,5 mm)

The drug immobilized on saponite 7.8 x10* 6.7 x10° 9.9 x10*
(1,5-2,5 mm)

The drug immobilized on zeolite 4 5 4
(0.5-150 ym) 2,8 x10 5,8 x10 3,9 x10
The drug immobilized on zeolite 7.9 x10* 9.9 x10° 8.9 x10°
(150 pm — 1,5 mm)

The drug immobilized on zeolite 9.7 x10° 8.9 x10* 0.7 x10*
(1,5-2,5 mm)

The drug immobilized on zeolite-contain- 4 s 4
ing basalt tuff (0,5-150 pm) 0,8 x10 2,9x10 2.8x10
The drug immobilized on zeolite-contain- 4 5 "
ing basalt tuff (150 um — 1,5 mm) 7,5x10 9,6 x10 8.8x10
The drug immobilized on zeolite-contain- 4 s 4
ing basalt tuff (1,5-2,5 mm) 3,5 x10 2,9 x10 6,2x10
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Comparing the growth of the fungus immo-
bilized on saponite with different sizes of parti-
cles and different methods of modification, it was
found that the highest growth of Trichoderma vir-
ide on spoiled alfalfa hay was recorded in the vari-
ant where the fungus was immobilized on saponite
modified with starch with a particle size of 150
pm — 1.5 mm.

When hay was treated with preparations of a
fungus immobilized on native zeolite with a parti-
cle size of 0.5-150 um, the growth of the latter was
6.3 times greater than in the control. When using
a fungus immobilized on both native and modified
zeolite, the whitest growth of microorganisms was
recorded when using carriers with a particle size of
150 um — 1.5 mm. Comparing the effect of immo-
bilization of Trichoderma viride on different media
on the growth of the fungus, it was established that
the highest CFU indicators were recorded on treat-
ed hay in the variant where drugs immobilized on
zeolite modified with starch were used.

The growth of the fungus immobilized on na-
tive zeolite-containing basalt tuff with a particle
size of 0.5-150 pm on the hay was more intense
than in the control. The difference according to the
CFU indicator was 1.8 times. Immobilization of
the fungus on zeolite-containing basalt tuff (par-
ticle size 150 pm — 1.5 mm) modified with starch
and humic acids allows to obtain preparations with
better growth on alfalfa hay compared to prepara-
tions immobilized on the native mineral, respec-
tively, by 12.8 times and by 17.3 %. Comparing
the growth indicators of Trichoderma viride im-
mobilized on native and modified zeolite-contain-
ing basalt tuff on alfalfa hay, it was established
that the most intense growth was obtained with the
use of the fungus immobilized on a natural miner-
al modified with starch.

Analyzing the growth of native and immobi-
lized preparations of Trichoderma viride on alfal-
fa hay it has been revealed that the highest rates of
CFU of the fungus were obtained using prepara-
tions immobilized on modified saponite (particle
size 150 um — 1.5 mm).

Thus, we have proved that with the help of
immobilization, the fungus 7richoderma viride
becomes more resistant to negative factors of the
external environment (the antagonistic effect of
the natural conglomerate of microorganisms of
spoiled alfalfa hay), which confirms the data of
researchers [5, 13].

Conclusion. 1. When Trichoderma viride is
immobilized on modified saponite with a parti-
cle size of 150 pm — 1.5 mm, the growth intensity
of the fungus on a sterile nutrient medium PDA
decreases by 238 times compared to the native
preparation.
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2. Among natural minerals (saponite, gray ze-
olite and zeolite-containing basalt tuff) and their
modified forms, saponite modified with starch is
the optimal carrier for immobilization of Tricho-
derma viride fungus.

3. Immobilization of Trichoderma viride on
starch-modified saponite with the participation of
calcium ions allows to maintain 977 times greater
growth of the fungus in an environment with unfa-
vorable external conditions compared to its native
form.
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3actocyBaHH  MiHepaJlbHHUX  HOCIIB
iMmmobinizauii 7richoderma viride

MirtioJio JI., Mep3aos C.B., Mep3aosa I.B., Oci-
nenko I.C.

[penaparn, mwo wictats Trichoderma sk oc-
HOBHUI KOMITOHEHT, HHHI € PeaIbHOIO aJIbTEPHATUBOIO
CHHTETHYHHUM arpoximikaram SIK aHTaroHiCTH I'PYHTO-
BUX XBOPOO POCIHH il CTUMYISTOPH POCTY. 3acTOCy-
BaHHS TAaKHX IIPEMapariB HE 3aBKAH JAafOTh CTaOLIBHI
pesymnbrati. OKpiM TOTO, 9acTO MOXYTh BHHHKATH
TEXHOJIOTIUHI MpoOJeMH, SKi TMOB's3aHi i3 KOPOTKHM
TEPMIHOM TMPHUAATHOCTI PiAKoi GopMH MpemapariB Ha
ocHOBI Trichoderma. 3acrocyBaHHs TBepmoi (opmu
npernapary 4acto BHKJIHMKae NpoOiieMy camorajibMy-
BaHHS MPOPOCTaHHs KOHIAIK. | ToMy NOTpiOHMIA O1TbII
peTeNbHIH PO3paxyHOK ONTHMAIIBHOT 103U /IS KOXKHO-
ro KOHKpeTHOro mramy. Po3pobnenns Ounbin ctadiib-
HUX 32 CBOEIO E€(EKTHBHICTIO IOJi(YHKIIOHATBHUX
GiompemnapariB, 0COOIMBO MPENapaTiB, A0 CKIATLY SKHX
BXOIuTh Trichoderma, € oqHUM 13 HAHBaXKIUBIIINX 3a-
BIaHb O0I0TEXHOJIOTII, [0 3yMOBWIIO aKTyaJbHICTh I10-
CJTiJPKEHHS.

MeToro po0OOTH € BCTaHOBIIEHHS ONTHMAJIbHOIO
HoCIs Ut iIMmoOuTi3amil KimtuH Trichoderma viride ta
BILIMBY IMMOO1Ti3a11ii Ha cTaOLIBHICTB Mpenaparis. Exc-
MEPUMEHTAJIbHO BCTAHOBJICHO, 1110 HA PICT 1 PO3BUTOK
iMMoOinizoBaHoro rpubda Trichoderma viride BrnBae
npupona i croci6 Momudikarii Hocis. 3a ociBy Ha cTe-
PHIBHOMY MO)KUBHOMY CEPEIOBHILI iIMMOO1J1I30BaHOTO
Ha HaTUBHHX 1 MO (]IKOBaHUX HOCIAX Tpuda (BeIH4H-
Ha 9yacTo4yok 0,5 MKM-2,5 MM) BUSIBICHO 3HH)KCHHS I10-
Ka3HHKa pocty Trichoderma viride mopiBHSHO 3 KOHTP-
oJIeM, e BUKOPHUCTOBYBAIM HATUBHUMU Ipud. JloBeneHo,
110 ONTHMAJIEHOIO BETMIHHOIO TTOJPiOHEHHS K HATHB-
HUX TaK i MomudikoBaHUX HOCIiB € 150 MM — 1,5 MM.
Bussieno, 1mo onTuMaabHAM HOCIEM IS iMMOOI1Ii3a-
uii Trichoderma viride € MmonudikoBaHUN KpoXMaaeM
CAIlOHIT.

JHoseneHo, 110 3a iMmobinizanii rpuba Trichoderma
viride ocTaHili cTa€ CTIMKIIINM JI0 HETaTHBHUX (haKkTo-
piB cepeloBuIia POCTY (aHTArOHICTHYHA i MPUPOJ-
HBOTO KOHITIOMETapy MIKpOOpTraHi3MiB, 110 nepedyBae
Ha 31IICOBAaHOMY CiHai JIFOIIEPHN).

Karwuosi cioBa: rpubu, iMMo0ii3amis KIiTHH, HO-
cii, MmogudikoBaHUH KPOXMajb, TYMIHOBI KHCIOTH, Ca-
TIOHIT, IIEOJTIT, ICONITOBMICHUH 0a3aIbTOBUHA Ty ().
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A modern approach to nutrition requires the creation and further de-
velopment of new types of ice cream that are more beneficial for health
in comparison with the traditional ones. The solution to this issue lies in
the creation of the low-calorie ice cream. It gets its distinctive properties
and features due to the reduction of fat and sugar content along with the
mixing of various functional components.

The aim of the research was to study the effects of milk process-
ing products and plant ingredients on the quality of low-calorie milk ice
cream.

The organoleptic, physical, chemical and microbiological indicators
of low-calorie milk ice cream were examined. It was established that
according to taste profiles, experimental samples of ice cream had good
indicators of smell and color in the absence of extraneous odors. Ac-
cording to physical, chemical and microbiological indicators, samples of
low-calorie milk ice cream met the requirements of the State Standard of
Ukraine (DSTU) 4733:2007.Studies of the microstructure of low-calorie
milk ice cream have shown that there is a tendency to increase the dis-
persion of the air phase in its samples. It is proven that the new low-cal-
orie ice cream components possess properties of the moisture-binding
components. The amount of sugar was reduced by a third comparing to
the traditional composition of ice cream precisely due to the utilization
of the components.

The composition of low-calorie milk ice cream in which the protein
and vegetable components was substantiated, and the organoleptic, phys-
ical, chemical and microbiological parameters were studied. The expedi-
ency of the protein and plant components usage in low-calorie milk ice
cream recipes has been proven.

Key words: low-calorie milk ice cream, quality, organoleptic indi-
cators, physical and chemical indicators, microbiological indicators, mi-
crostructure, whey processing products.

Problem statement and analysis of recent re-
search. Ice cream is the most popular dessert and is
in steady demand among the population, especial-
ly children. A variety of raw materials are used in
mixtures to produce ice cream. The main raw ma-
terial used for the production of ice cream is milk
and dairy products. Sucrose and other sweeteners,
stabilizers, etc are also used in the recipes, while
fruits, berries, vegetables, etc diversify the overall
assortment of ice cream [ 1]. The composition of ice
cream includes fats, proteins, carbohydrates, min-
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erals, etc, which come in the form of true and col-
loidal solutions and emulsions. True solutions are
formed by salts, lactose and sucrose, whilst emul-
sions are formed by fats. Milk proteins, stabilizers
and a certain amount of calcium phosphate are in
ice cream structure in the form of colloidal solu-
tions [2]. The ice cream composition after freez-
ing predominantly consists of ice crystals, in some
cases it includes small amount of lactose crystals,
agglomerated particles of fat, protein, stabilizer,
which are all distributed in the plasma [3, 4].
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In Ukraine, ice cream has been produced on
an industrial scale for a long time [5]. To with-
stand the competition, manufacturers try to con-
stantly improve and expand their range of vari-
eties, however, the quality of ice cream itself is
not always the center of the attention. The range
of domestic ice cream variants consists mainly of
products with a high fat content, but the demand
for low-calorie ice cream, sour milk ice cream and
ice cream enriched with functional ingredients is
growing every year in the world [5, 6].

In recent years, the dairy products and nutri-
tion department of the Institute of Food Resourc-
es of NAAS of Ukraine has been studying whey
processing products obtained using membrane
technologies [7, 8]. Nevertheless, the test usage of
such ingredients as a component of ice cream reci-
pes was not carried out, although there are already
data available on the improvement of organoleptic
characteristics as well as structural and mechani-
cal properties of food products. [9, 10]. In addition,
various structuring agents with fillers are used to se-
cure a certain structure of the dessert. The final con-
sumer properties of the finished product are formed
due to the fillers and their features. Such structure
formers include inulin and rice flour, which have a
high moisture-binding capacity. They can be used
as natural thickeners during the production of dairy
products, in particular, ice cream [11, 12].

Therefore, it is relevant to carry out research
on the substantiation of the composition and de-
velopment of the technology of low-calorie milk
ice cream, which has functional ingredients in its
composition, in particular from milk processing
products.

The aim of the research was to study the
influence of milk processing products and plant
ingredients on the quality of low-calorie milk ice
cream.

Material and methods of research. The sub-
jects of research were: Dairy raw materials (whole
and skimmed milk, cream, skimmed milk powder,
butter), vegetable ingredients (inulin, rice and ses-
ame flour, apple powder), milk processing prod-
ucts (dry concentrate of whey proteins obtained by
ultrafiltration, with a mass fraction of protein 80 %
and whey dry demineralized with a demineraliza-
tion level of 90 %, and a mass fraction of protein
of 27 %), the finished product (low-calorie milk
ice cream).

The selection of organoleptic indicators was
carried out on the basis of literature data and a list
of parameters was selected that play an import-
ant role when evaluating the quality of ice cream,
namely: color, taste, smell, consistency, aftertaste.
Each of the listed indicators was evaluated based
on the maximum score of 5 points [13]. To com-

pare organoleptic indicators of low-calorie milk
ice cream, a quantitative descriptive (profile) test
was used, which allows you to visually compare
taste characteristics [14].

Physical, chemical and microbiological indi-
cators of ice cream samples were determined ac-
cording to DSTU 4733:2007 [15].

The microstructure of ice cream samples was
determined using a Motic (Fischer Bioblock) light
microscope with a video camera. A thin layer of
the ice cream sample was applied to a glass slide
where it was dried. Observations were carried out
at a 400-fold magnification [16, 17].

Results and discussion. We developed the
technology of low-calorie ice cream production,
in which whey protein concentrate (WPC) and de-
mineralized whey powder (DWP) were used for
protein enrichment and as an emulsifier; inulin as
a natural polysaccharide, stabilizer and prebiotic;
apple powder, rice and sesame flour as a thickener.

As a check control, milk ice cream was used,
its content as follows: fat is 4.0 % and dry matter is
29.1 %, including 15.5 % of sugar. The following
was added to the experimental samples of low-cal-
orie dairy ice cream: 1 — apple powder and DWP;
2 —sesame flour and DWP; 3 — rice flour and WPC.

The generalized results of the ice cream or-
ganoleptic evaluation are depicted in Figure 1.

According to the analysis of organoleptic data
by taste profiles (Figure 1) all ice cream samples
had good smell and color indicators following in
the absence of extraneous odors. According to all
organoleptic indicators the best sample was the
ice cream with rice flour and WPC, which differed
from the others in its vivid creamy flavor, dense
consistency, absence of protein lumps and ice
crystals (Figure 1).

It should be noted that the control checks and
samples of ice cream with sesame flour or apple
powder and DWP showed an intermediate value
of the taste profile (Figurel). At the same time, the
consistency of the control ice cream sample was
rated at 4 points and was characterized as exces-
sively "fluffy" with palpable ice crystals.

The results of low-calorie ice cream samples
research according to physical, chemical and mi-
crobiological indicators are presented in table 1.

Analysis of the data obtained along the re-
search (Table 1) shows that the value of the a
indicator in all ice cream samples lies in a nar-
row range — from 0.957 to 0.962, as well as the
cryoscopic temperature (negative (4.00—4.42 °C),
which is associated with quantitative composi-
tion of carbohydrates."Water activity" (a ) is an
important parameter that must be taken into ac-
count during the development of dairy products
with new composition and properties, to ensure
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the production of high-quality products [18]. In
the case of its decrease, the possibility of using
moisture for the metabolism of microorganisms
decreases whilst the energy of the connection be-
tween the moisture and the material increases. At
the same time, as a rule, it becomes more difficult
for microorganisms to use the available moisture
for their biological needs [19].

As a result of studies of physical, chemical
and microbiological indicators of low-calorie
milk ice cream, it was established that the mass
fraction of dry substances, titrated acidity, the
number of mesophilic aerobic and facultatively
anaerobic microorganisms and bacteria of co-
liform group in the experimental samples were
within the acceptable range according to DSTU
4733:2007 (Table 1).

Freezing is as important during the production
of ice cream, as the parameters which affect the
microstructure of the finished product [20]. Ice

cream is frozen in two stages: the first defines a
rapid but partial freezing in the freezer to a tem-
perature of negative 4-5 °C with simultaneous air
saturation of the mixture with intensive stirring,
and the second is hardening, during which the
partially frozen product is hardened without stir-
ring in low-temperature chambers. During hard-
ening and subsequent storage, already formed ice
crystals and air bubbles increase in size, but new
structural elements are no longer formed [20, 21].
The dispersion of structural elements of ice cream
is determined mainly by their shape and size: the
smaller and more evenly distributed they are in
the total mass of ice cream, the better is the qual-
ity [21]. The shape and size of ice crystals and air
bubbles largely depend on the speed of freezing
and the degree of mechanical impact on the prod-
uct. Therefore, the microstructure of the control
and experimental ice cream samples during hard-
ening was investigated (Figure 2).

Fig. 1. Organoleptic indicators of low-calorie milk ice cream.

Table 1 — Physical, chemical and microbiological indicators of low-calorie milk ice cream

Ice cream with
. DSTU .
Indicator 47332007 apple powder sesame flour rice flour and
' and DWP and DWP WPC

Titrated acidity, °T 22 23+1 21+1 22+1
Active acidity, units of pH - 6,622+0,043 6,982+0,026 7,012+0,013
oMags frac.tlon of dry substances, 2.0 29,540.3 30,940.5 29.840,2
%, including
Fat, % 4,0 4,3 4,3 43
DSMR, % — 15,4 15,1 15,8
Sugar mass fraction, % 15,5 8,4 8,4 8,4
Water activity (a ) - 0,962+0,003 0,958+0,002 0,957+0,001
Cryoscopic temperature (t_), °C - —4,00+0,33 —4,42+0,16 —4,21+0,11
The amount of mesophilic aerobic
and facultative anaerobic microor- 1*10° 4,5*%10* 5,0%10% 4,0*%10*
ganisms, CFU in 1 g of ice cream
Bacterlaiof the coliform group in Not allowed Not detected
0.1 g of ice cream
Yeasts and mold fungi Not normalized Not detected
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Fig. 2. Microstructure of ice cream samples: 1 — control; 2 — with apple powder and DWP;
3 — with sesame flour and DWP; 4 — with rice flour andWPC.

Study of the microstructure of control and
experimental ice cream samples (Fig. 2) made it
possible to conclude that the test samples are more
saturated with air, and, therefore, their knockdown
is higher compared to the control. The membranes
of'the air cells are not disturbed. The outer air bub-
bles are covered with a fat emulsion. Air bubbles
in the test samples are homogeneous and evenly
distributed over the entire surface of the ice cream.
It should be noted that the weak stabilization of
the fat globules of the control sample of ice cream
due to the lower mass fraction of dry substances
in the serum phase allows the liquid fat phase to
penetrate into the space between them, forming
clusters of milk fat (Fig. 2).

It is known that the size of air bubbles affects
the consistency of ice cream [22]. It should be not-
ed that the dimensions of the structural elements
of ice cream are not directly regulated in regula-
tory documents. However, the size of air bubbles,
in particular, is indirectly taken into account when
evaluating the state of the structure and consis-
tency of ice cream [20, 22]. However, the size of
air bubbles, in particular, is indirectly taken into
account when evaluating the state of the structure
and consistency of ice cream [20, 22]. Therefore,
the distribution of the air phase in the control and
experimental ice cream samples was analyzed

(Fig. 3).

Fig. 3. Air phase distribution in ice cream.
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Figure 3 shows that the content of finely dis-
persed air bubbles in samples of ice cream with rice
flour and WPC, with sizes from 1 to 30 um reaches
60 %, and bubbles with sizes larger than 60 um are
absent in the field of the studied microphotographs.
Moreover, in experimental samples of ice cream
with DWP and vegetable components (apple pow-
der or sesame flour), the content of air bubbles with
sizes from 30 to 60 umis within 50-55 %, from 1 to
30 um — within 4045 %, At the same time, in the
control sample of ice cream, the share of coarsely
dispersed bubbles (D>60 um) is about 30 %, finely
dispersed bubbles (up to 30 pm) is only 25 %.

Therefore, the replacement of traditional sta-
bilizers with WPC, DWP, rice flour and inulin in
low-calorie milk ice cream does not increase the
value of the water activity indicator, but, on the
contrary, lowers this indicator. Moreover, the new
components of low-calorie ice cream are good
moisture-binding components, due to the use of
which the amount of sugar has been reduced by a
third in comparison with the traditional composi-
tion of ice cream. Based on the results of the micro-
structural analysis of low-calorie milk ice cream
using milk processing products and vegetable in-
gredients, it can be stated that there is a tendency to
increase the dispersion of the air phase in it.

Conclusion. The composition of low-calo-
rie milk ice cream with the usage of protein and
vegetable components was substantiated, and the
organoleptic, physical, chemical and microbio-
logical parameters were examined throughout the
research. The expediency of using protein and
plant components in recipes of low-calorie milk
ice cream has been proven. It was established
that the indicators of flavor, color and consisten-
cy of low-calorie milk ice cream, as well as mass
fractions of dry substances and dry defatted sub-
stances, titrated and active acidity, the number
of mesophilic aerobic and facultative-anaerobic
microorganisms and the coliform bacteria were
within the acceptable range according to DSTU
4733:2007. Studies of the low-calorie milk ice
cream microstructure showed that its samples are
more saturated with air, the membranes of air cells
are not disturbed, the air bubbles are homogeneous
and evenly distributed over the entire surface of
the ice cream, and they are covered with a fat
emulsion on the outside.
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JocaigKkeHHs AKOCTI HU3BKOKAJIOPIHHOrO MoO-
JIOYHOTO MOPO3HBA

Hapixuuii C.A., JlomoBa H.M., Pynaxosa T.B.,
MinopoBa A.B.

CyuacHHM{ MIIXiT IO XapuyBaHHs mepeadavae He-
00XiJTHICTh CTBOPCHHS HOBUX BHJIIB MOPO3HBa, KOPHC-
HIAX JJIs 3[0POB'S, HDXK TpaauiiiiHi. BupimeHHsM

Copyright: Narizhniy S. et al. © This is an open-access article distributed
under the terms of the Creative Commons Attribution License, which
permits unrestricted use, distribution, and reproduction in any medium,
provided the original author and source are credited.

L[FOTO TMUTAHHSA € CTBOPEHHS MOPO3HBA, 110 MA€E HU3b-
Ky KaJIOPifHICTh BHACIIIOK 3HIKECHHSI BMICTY JKHUDY Ta
LYKpY 1 J0JaBaHHs Pi3HOMaHITHUX (PyHKIIOHAJIBHUX
KOMIIOHEHTIB.

Mertoto poboTH Oyno IOCTiUKEHHS BIUIHBY IPO-
IYKTiB IepepoOKH MOJIOKA Ta POCIMHHUX iHTPEIiEHTIB
Ha SIKICTh HU3bKOKAJIOPIHOTO MOJIOYHOTO MOPO3HUBA.

JlocmimKkeHo OpraHoJIenTUYHi, (Hi3HMKO-XIMIYHI i
MIiKpOO10JIOTiYHI TOKa3HUKH HHU3BKOKAJIOPIIHOTO MO-
JIOYHOTO MOpO3uBa. BcTaHOBNIEHO, 1110 32 CMaKOBUMHU
poLISIMHU TOCITITHI 3pa3Ku MOPO3HMBA MaJIv TApHi MO-
Ka3HUKH 3araxy i KOJbopy 3a BiICyTHOCTI CTOPOHHIX
3amaxiB. 3a (i3UKO-XIMIYHUMH 1 MiKpOOiOIOTiHHHIMHA
MMOKa3HUKAaMH 3pa3Ki HU3bKOKAJOPIHHOTO MOJIOYHOTO
Mopo3suBa BianoBinaau Bumoram JICTY 4733:2007.
JlocipkeHHsT MIKpOCTPYKTYPH HHU3BKOKAJIOPiHHOTO
MOJIOYHOTO MOpO3MBa IOKa3alld, 10 iCHY€ TEHICH-
i IO TiIBUIICHHS TUCTIEPCHOCTI NOBITPSHOT (a3u B
roro 3paskax. [lokazaHo, M0 HOBiI CKIIATHUKUA HU3b-
KOKaJIOPIIfHOr0 MOpO3HMBa € TapHHUMH BOJIOTO3B’SI3y-
BaJIbHUMH KOMIIOHEHTAaMH, 332 paXyHOK BUKOPUCTAHHS
SIKMX, 3MEHIICHO Ha TPETHHY KUIBKICTH I[YKpY Yy IIO-
PIBHSIHHI 13 TPAJAMIIHHAM CKJIaJIOM MOPO3HBA.

OOTpyHTOBaHO CKJIaJ HA3HKOKAIOPIHHOTO MOJIOY-
HOTO MOpPO3UBA 3 BUKOPUCTAHHSAM O1IKOBHX 1 POCIHH-
HUX KOMIIOHEHTIB Ta AOCIIIXKEHO OpraHoJIenTHYHi, }i-
3MKO-XIMIuHI 1 MiKpoOioJI0oTiyHI HOKa3HUKHU. JoBeneHo
JOLUIBHICTh BUKOPUCTAHHSI OUTKOBHX Ta POCIMHHHUX
KOMIIOHEHTIB y pelenTypax HHU3bKOKaJOpiHHOTO MO-
JIOYHOTO MOPO3HBA.

KuarouoBi cjioBa: HH3BKOKANOpiiiHE MOIIOYHE
MOpPO3UBO, SIKICTh, OPTaHOJICNITHYHI ITOKa3HUKH,
(hi3MKO-XiIMiYHI MOKAa3HUKH, MIKPOOIOJIOTIYHI ITOKa3-
HUKH, MIKPOCTPYKTYpa, IMPOAYKTH NepepoOseHHs

CHUPOBATKH.
%
3
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Biodiversity has a great importance on agroecosystems, since it de-
termines their actual and potential productivity. Bees provide crucial eco-
logical service in the agricultural landscape in most geographical regions
because they are considered to be predominant and most economically
important group of pollinators. The objective of the study was the assess-
ment of bees (domestic, wild, bumblebees) diversity in different types of
habitats in agroecosystems of Central Forest-Steppe zone of Ukraine. Bee
communities were investigated in agrocenosis, semi-natural habitats and
ecotones between on territories of 6 farms. In total were sampled 1131
individuals of bees that were presented by 60 species. Species composi-
tion, density and richness of bees were investigated. Indexes of Shannon,
Simpson and Sorensen were used for biodiversity analysis. The results
indicated that the species richness of bees grows by gradient: agrocenosis
— semi-natural habitat — ecotone. The most common and spread species
were Apis mellifera L., Bombus lapidarius L., B. terrestris L., Halictus
simplex Bliithgen, Systropha curvicornis Scopoli, Lasioglossum leucozo-
nium Schrank. Density of Apidae increases in agrocenosis and falls in
semi-natural habitats. Forming of bees’ fauna in agrocenosis depends on
bees fauna of semi-natural habitats. Availability of ecotones promotes
increasing of bee diversity in agroecosystems because it performs pres-
ervation function for biota and improves the spreading of bees and other
species. The presented results could be used to predict changes in the
formation of bee entomocomplexes in order to preserve their biodiversity.

Key words: agroecosystems, habitats, bees diversity, species rich-
ness, species density.

Introduction. The development of agriculture
takes on a variety of forms, among which exten-
sive land use tends to land transformation through
the destruction and fragmentation of habitats.
Such an approach can lead to a reduction of the
biodiversity in agroecosystems. Over the past 50
years, intensification of agriculture has led to the
disappearance of many wild plant and animal spe-
cies both at the regional and national levels and
has led to profound changes in the functioning of
agroecosystems [8, 12].

Reducing the species diversity due to the in-
tensification of agriculture can affect the sensitiv-
ity of agroecosystems to exogenous changes in
the environment. The consequences of these pro-
cesses are currently poorly investigated, but bio-
diversity is known to be of great importance for
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agroecosystems, since it determines their actual
and potential productivity [6]. Unfortunately, the
definition of an optimal level of biodiversity is
very complicated, because the removal of pests,
competitor species and pathogens can positively
affect the productivity of agriculture, but at the
same time reduce the resistance of agroecosys-
tem to the impact of external environmental fac-
tors.

Preservation of biodiversity is one of the pri-
orities of the state ecological policy in many coun-
tries, among which the relevance of implementa-
tion of continuous monitoring of quantitative and
qualitative indicators of natural resources, as well
as the creation of a system of scientifically based
assessment of biodiversity objects using the eco-
system approach are indicated.
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Considering the importance of invertebrate for
continental ecosystems in the schemes of biomon-
itoring special attention is paid to insects. Accord-
ing to various scientific estimates, the percentage
of insects in biota is from 53 to 75 %, and their
total biomass exceeds the biomass of all other
animals. Therefore, insects provide a significant
portion of the biotic cycle of matter, energy and
information in the biosphere, which determines
the maintenance of environmental equilibrium.
It is insects, such as cicadas [24], ants [17], but-
terflies [10], earthen bugs [16], locust [1], spiders
[5], etc, are the most commonly used bioindicators
of a satisfactory state of biota in general and of its
zonal peculiarities in particular.

Bees (4pidae, Sphecidae, Eumenidae, Pomp-
ilidae) occupy a special place among entomoindi-
cators. They are characterized by complex life his-
tories and have specific requirements for foraging
and nesting recourses [15]. They need habitats rich
in flowering plants [3], as a large proportion of the
species only collect pollen from certain plants. In
addition, bees have specific nesting sites, such as
dead wood, bare soil, plant stems or small rock
cavities which should be close to feeding sites.

Bees provide crucial ecological service in the
agricultural landscape in most geographical re-
gions because they are considered to be predom-
inant and most economically important group of
pollinators [14]. A decline in bee diversity will
affect the pollination of many insect-pollinated
crops and wild plant species. Although the hon-
eybee (Apis mellifera L.) is generally regarded as
the most important bee pollinator [25], wild bees
are also relevant [22]. There has been growing
concern about suspected declines in wild bee pop-
ulations and the implications for agricultural and
natural ecosystems [11]. The role of the landscape
context and of the land-use change on pollination
has been comprehensively synthesized by Kremen
et al. [13]. There is also a greater likely hood of
toxicological effects of insecticides in agricultur-
ally dominated landscapes [21].

With respect to farming systems, Holzschuh
et al. (2010) demonstrated that organic farming
increases bee diversity by enhancing flower avail-
ability. In addition, bee diversity was influenced
by the landscape context and the interaction of
both, organic farming being more effective in ho-
mogeneous landscapes [9].

Since 1962, the bee has increasingly been
employed to monitor environmental pollution by
heavy metals in territorial and urban surveys, pes-
ticides in rural areas and radionuclide presence in
the environment [4].

As a result of a number of studies, several
features associated with agriculture management

make farm poor habitat for bees and other polli-
nators. Intensification of agriculture has led to a
more homogenous landscape, characterized by
large crop fields and fewer non cultivated habi-
tats. Loss of complex landscape elements between
farmland and adjacent ecosystems, as well as the
increased use of agrochemicals, has been linked
to the reducing in richness of bee speciesin agro-
ecosystems.

Locally, species richness and abundance de-
pend on plant species richness and cover as well
as on the habitat composition and diversity in the
surrounding landscape [9, 22]. Furthermore, Sch-
weiger et al. [19] showed in an extensive sampling
across Europe that wild bee communities are first
influenced by the land use intensity in a region,
then by the landscape structure, i.e., the proportion
of semi-natural elements in the landscape. Other
investigations demonstrated a response of bees
to field margins and boundaries, which suggests
that they may be good indicators of agri-environ-
mental schemes [6, 23]. By observed the decline
in species richness and crop visitation rate for pol-
lination in response to the distance to natural hab-
itats for several crops worldwide, Ricketts et al.
[18] emphasized the importance of conserving and
managing sufficient resources for wild pollinators
within the agricultural landscape to maintain the
pollination services.

The bee thus enables us to throw light on a
situation of environmental change and risk that
otherwise would have remained hidden in shadow.

The aim of the study was the assessment of
bees (domestic, wild, bumblebees) diversity in
different types of habitats in agroecosystems of
Central Forest-Steppe zone of Ukraine.

Materials and methods of recearch. Our
study sites were located in Dniester-Dnipro prov-
ince of Central Forest-Step of Podilska and Prid-
neprovska hills. The study sites were situated in
Kiev region (villages Yablunivka, Bloschintsi,
Terezine, Matyushi, Bugayivka, Karapishi) (Fig-
ure 1).

The habitat mapping method is based on ge-
neric system of habitat definitions “General Hab-
itat Categories” [7]. We applied QGIS tool (GNU
General Public License, http://qgis.org) for creat-
ing digital maps of surveyed habitats. Data valida-
tion was carried out in a field conditions.

At each farm, studied habitats were divid-
ed into 3 groups: agrocenoses — fields of winter
wheat, soybeans, corn, barley, buckwheat; ec-
otones—ecotone between agrocenosis and sin-
gle-row wind-protection trees, ecotone between
agrocenosis and forest band, a grass band on a
field road between agrocenoses; semi-natural ter-
ritories — grasslands (Figures 2, 3).
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Fig. 1. Location of the case study area (scale: 1:288980 m): 1 — Karapishi, 2 — Matyushi,
3 — Terezine, 4 — Bloschintsi,5 — Yablunivka, 6 — Bugayivka.

Fig. 2. Agrocenosis and semi-natural habitats: A — winter wheat, B — soybean, C — corn,
D — barley, E — buckwheat, I — grassland (pasture).

Fig. 3. Ecotones: F — between agrocenosis and single-row wind-protection trees,
G —between agrocenosis and forest band, H — grassband on a field road between agrocenoses.
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The management was rather similar at all
farms. Agro-chemicals are not applied on the
grasslands, stocking rates are very low (0.15—
1.75 LU/ha grassland). Zero or low inputs of
fertilizers (15-50 t/4 year solid cattle manure or
20-30 kg N/ha/year inorganic fertilizer) and one
or two pesticide applications are usual on the ar-
able fields.

Bees were captured with an insect net. The
aerial net method along transect (“belt”) walks
has been used for years in ecological studies
[2]. Slow walks along 100 meters long surveyed
each habitat/field plot and 2-meter-wide transect
crossing the middle of the location of the vege-
tation. In case of shorter plots than 100 m, 2 x
50 m transects were surveyed. The transect walk
lasted 15 minutes (the speed of walking was of
about 6-7 m per minute). While walking, the col-
lector caught all individual bees seen within the
2 m wide “belt” with a standard entomological
aerial net.

Captured specimens were transferred into a
vial with ether. Then samples of bees were pierced
with an entomologic needle, brought to the lab-
oratory and then accumulated before dispatch to
a taxonomist for identification. Each sample was
labeled with date, habitat name, conditions and
place of sampling. When bees could be identified
in the field (for example, domestic bees), they
were registered and released. Particular attention
was put on bee species of Anthophoridae and to a
less extent Megachilidae because they are wasp-
like in appearance.

Sampling was carried out only between 10.00
and 19.00 hours on days that are sunny, not too
windy and a temperature higher than 15° C.

During the agriculture season, each plot of the
farms was surveyed three times — in May, July
and September. Transect walks were carried out in
habitats when vegetation was present. One habitat
was surveyed at different times of the day for each
of three sampling dates (the start point of the route
was changed for each survey). In agrocenosis tran-
sect walks were made during the growing season
of the cultivated plant, in natural and semi-natural
habitats — when vegetation height was >15 cm.

Species composition, density and richness
of bees were investigated. Indexes of Shannon,
Simpson and Sorensen were used for biodiversity
analysis [20].

Results and discussion. Bee communities
were investigated in agrocenosis, semi-natural
habitats and ecotones between. In total were sam-
pled 1131 individuals of bees that were presented
by 60 species (Table 1).

The species richness of bees grows by gradi-
ent: agrocenosis — semi-natural habitat — ecotone.

Increasing of species’ richness was established in
grass stripes on an agrocenosis edge close to forest
bands, one-row wind-protection trees and mead-
ows. In total 40 species were sampled in ecotones.
The lowest number of bee species was found in
agrocenosis (18 species), and medium species
number — in semi-natural habitats (28).

The dominant speciesin agrocenosis, semi-nat-
ural habitats and ecotones was Apis mellifera L.
with the highest density in agrocenosis (7.9 samples
per 100 m?) during blooming period. Other species
were rare in fields. Some of them could be observed
on specific plant species only. Andrena pilipes,
Megachile centuncularis were found in soya ceno-
sis only, likewise Evylaeus leucopus, Lasioglossum
sexnotatum, L. xanthopus — could be seen in barley,
and Osmia cerinthidis, Sphecodes sp. — in cenosis
of buckwheat and alfalfa. At the same time Osmia
cerinthidis is typical for South regions, it is not often
found in north regions of Ukraine.

Ecotones on the edge of agrocenosis close to
forest bands and meadows were presented by 40
species of bees. The most spread and common
species were Apis mellifera (4.5 samples/100 m?),
Bombus lapidarius (0.8 samples/100 m?), B. ter-
restris (0.8 samples/100 m?), Halictus simplex (0.7
samples/100 m?). We have found Bombus argilla-
ceus (0.03 samples/100 m?) from the Red List of
Ukraine in grass stripes between agrocenosis and
wind-protection trees.

Ecotones between agrocenosis were not rich
for bee species and were presented by 5 species
only. The most spread were Systropha curvicornis
(0.5 samples/100 m?), Lasioglossum leucozoni-
um (0.3 samples/100 m?). The same species were
common for other types of ecotones.

Density of Apidae increases in agrocenosis
and decreases in semi-natural habitats. The aver-
age density of Apidae was 1.0+£0.21 samples/100
m?Zin agrosenosis, 0.9=0.20 — in ecotones and
2.4+0.38 — in semi-natural habitats.

The comparative analysis showed the strong
correlation between abundance of bees species
and habitat affiliation to semi-naturalterritories
(biotopes) (r=0.59). We have found the highest
average numbers of bee species diversity in mead-
ows and pastures (0.8 species per 100 m?) that
could be explained by the diversity of flowering
plants (Fig. 4).

The lower level of average bee species diver-
sity (0.2 species/100 m?) and density (1.0 indi-
vidual/100 m?) were noticed in agrocenosis that
linked to monoculture and agromanagement treats
(mineral fertilizing, pesticides applying etc). At
the same time, we have found the strong correla-
tion between numbers of bee species and sizes of
agrocenosis plots.
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Table 1 — Species composition of bees and bumblebees

Ne

Species

Samples

Ammobatoides abdominalis (Eversmann, 1852)

2

Andrena dorsata (Kirby, 1802)

3

Andrena flavipes Panzer, 1799

—_
]

Andrena gelriae van der Vecht, 1927

Andrena haemorrhoa (Fabricius, 1781)

Andrena nanaeformis Noskiewicz, 1925

Andrena ovatula (Kirby, 1802)

Andrena pilipes Fabricius 1781

O (00 ([N [N ||| —

Andrena polita Smith, 1847

1
1
1
2
2
5
10 | Andrena subopaca Nylander, 1848 1
11 | Apis mellifera L. 766
12 | Bombus muscorum (Linnaeus, 1758) 1
13 | Bombus (Psithyrus) rupestris (Fabricius, 1793) 1
14 | Bombus argillaceus (Scopoli, 1763) 1
15 | Bombus lapidarius (Linnaeus, 1758) 28
16 | Bombus pascuorum (Scopoli, 1763) 9
17 | Bombus sylvarum (Linnaeus, 1761) 5
18 | Bombus terrestris (Linnaeus, 1758) 56
19 | Dasypoda altercator (Harris, 1780) 1
20 | Eucera chrysopyga Pérez, 1879 1
21 | Evylaeus calceatus (Scopoli, 1763) 5
22 | Evylaeus laticeps (Schenck, 1869) 8
23 | Evylaeus leucopus (Kirby, 1802) 1
24 | Evylaeus malachurus (Kirby, 1802) 1
25 | Evylaeus politus (Schenck, 1853) 4
26 | Evylaeus sexstrigatus (Schenck, 1870[", 1869"]) 2
27 | Halictus maculatus Smith, 1848 3
28 | Halictus quadricinctus (Fabricius, 1776) 15
29 | Halictus sajoi Bliithgen, 1923 10
30 | Halictus sexcinctus (Fabricius, 1775) 3
31 | Halictus simplex Bliithgen, 1923 43
32 | Halictus tetrazonius (Klug, 1817) 1
33 | Hoplosmia spinulosa (Kirby, 1802) 1
34 | Lasioglossum discum (Smith, 1853) 14
35 | Lasioglossum laterale (Brullé, 1832) 1
36 | Lasioglossum leucozonium (Schrank, 1781) 8
37 | Lasioglossum majus (Nylander, 1852) 2
38 | Lasioglossum sexnotatum (Kirby, 1802) 1
39 | Lasioglossum sp. 1
40 | Lasioglossum xanthopus (Kirby, 1802) 1
41 | Lasioglossum zonulum (Smith, 1848) 5
42 | Lithurgus cornutus (Fabricius, 1787) 2
43 | Megachile centuncularis (Linnaeus, 1758) 1
44 | Megachile melanopyga Costa, 1863 1
45 | Melitta tricincta Kirby, 1802 6
46 | Osmia cerinthidis F.Morawitz, 1876 4
47 | Panurgus calcaratus (Scopoli, 1763) 2
48 | Pseudoanthidium nanum (Mocsary, 1879) 2
49 | Rophites algirus Pérez, 1895 5
50 | Rophites hartmanni Friese, 1902 11
51 | Seladonia confusa (Smith, 1853) 2
52 | Seladonia kessleri (Bramson, 1879) 1
53 | Seladonia semitecta (Morawitz, 1874) 2
54 | Seladonia subaurata (Rossi, 1792) 3
55 | Seladonia tumulorum (Linnaeus, 1758) 3
56 | Sphecodes albilabris (Fabricius, 1793) 1
57 | Sphecodes sp. 2
58 | Systropha curvicornis (Scopoli, 1770) 33
59 | Systropha planidens Giraud, 1861 13
60 | Tetralonia malvae (Rossi, 1790) 1
Total 1131
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Fig. 4. Species diversity and density of bees in different types of habitats.

The average numbers of bee species diversi-
ty and density were about 0.5 species/100 m? and
0.9 individuals/100 m? in ecotones. Giving this,
availabilityof ecotones promote increasing of bee
diversity in agroecosystems because it performs
preservation function for biota and improves the
spreading of bees and other species.

In total 28 species of Apidae were found in
semi-natural biotopes (habitats). The dominant spe-
cies were Apis mellifera L. (12.1 individuals/100
m?), Bombus terrestris Linnaeus (2.1 individuals/100
m?), Systropha curvicornis Scopoli (1.3 individu-
als/100 m?), Halictus quadricinctus Fabricius (0.9
individuals/100 m?), H. simplex Blithgen (0.8 indi-
viduals/100 m?). Most of them we have also found in
ecotones on the edge of fields close to forest bands,
meadows and in gross stripes between fields.

The highest numbers of Shannon index for bees
diversity were established in grass stripes between
agrocenosis and forest bands, meadows (H=2.12).
The species evenness in ecotones was J=0.76. Lower
level of species diversity and higher level of even-
ness were found in agrocenosis (H=1.73, J=0.97).
The lowest numbers of species diversity and even-
ness were noticed in semi-natural habitats (H=1.45,
J=0.75).

The highest similarity of bees species were
found in both agrocenosis and semi-natural hab-
itats (Sorensen similarity index — 0.50).That
points toward dependents of bees fauna forming
in agrocenosis from fauna of semi-natural habi-
tats. The decreasing of Sorensen index was estab-
lished for semi-natural habitats and ecotones be-
tween them and agrocenosis (down to 0.3). The
lowest similarities were observed in ecotones and
agrocenosis.

The results obtained make it possible to assume
that bees respond to changes in their environment
and in particular to increased intensiveness of ag-
riculture management. That makes them a reliable
indicator and allows their use in biomonitoring of
the environment.

Conclusion. The species richness of bees
grows by gradient: agrocenosis — semi-natural
habitat — ecotone and presented by 60 species in
the observed farm territory of Kiev region (Dni-
ester-Dnipro province of Central Forest-Step of
Podilska and Pridneprovska hills). The most com-
mon and spread species are Apis mellifera L., Bom-
bus lapidarius L., B. terrestris L., Halictus simplex
Bliithgen, Systropha curvicornis Scopoli, Lasio-
glossum leucozonium Schrank.

Density of Apidae increases in agrocenosis
and falls in semi-natural habitats. Forming of
bees fauna in agrocenosis depends from fauna
of semi-natural habitats. Availability of ecotones
promotes increasing of bee diversity in agroeco-
systems because it performs preservation function
for biota and improves the spreading of bees and
other species.

The presented results could be usedto predict
changes in the formation of bee entomocomplexes
in order to preserve their biodiversity.

Acknowledgments. Authors are much obliged
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arporeHo03ax, HaMBIPUPOTHHUX OioTOmax Ta EKOTO-
Hax MK HAMH Ha TepUTOpisix 6 rocnonapcTs. Beboro
Oyno Bimibpano 1131 ocobun Omkin, siki Oyino mpea-
craBiaeHo 60 Bumamu. J[OCHIIKEHO BHUIOBHMH CKJIaj,
IITBHICTE 1 BUIOBE OararcTBo Omkin. s aHamily
Oiopi3HOMaHITTS BHKOpHCTOBYBanu iHAekcHu lllenHo-
Ha, Cimncona ta CopeHceHa. PesymsraTé mokazanw,
10 BUJOBE 0ararcTBO OMKLN 3pOCTae 3a rpagi€HTOM:
arporeHO3 — HaMIBIPUPOHE OCENuIIe — eKoTOH. Haii-
OuIBII TOMMPeHUMHU Buaamu Oynu Apis mellifera L.,
Bombus lapidarius L., B. terrestris L., Halictus simplex
Bliithgen, Systropha curvicornis Scopoli, Lasioglossum
leucozonium Schrank. 1imsHicTe Apidae 3poctae B

Copyright: Dyman T. et al. © This is an open-access article distributed
under the terms of the Creative Commons Attribution License, which
permits unrestricted use, distribution, and reproduction in any medium,

arporeHo3ax 1 3MEHIIY€EThCSI B HAIIBIPHPOIHUX OCe-
numax. dopmyBaHHS ¢ayHH OIKIT B arporeHo3ax
3aJIKUTh B iX PIZHOMAHITTS B HAaIIBIPHUPOIHUX
ocenumiax. HasBHICTh €KOTOHIB cIpusi€ 30UIbIIECHHIO
PI3HOMAHITTS OJUKIJ B arpOEKOCUCTEMAax, OCKIJIbKH BH-
KOHYy€ (YHKIIIFO 30epeKeHHsT 010TH Ta MOKPAIy€e PO3-
MTOBCIOIPKEHHS OKin Ta iHmmx BuniB. [IpeacrasneHi
pe3yabTaTH MOXKYTh OyTH BUKOPHCTaHI JUIs IIPOTHO3Y-
BaHHS 3MiH y (pOpMyBaHHI €eHTOMOKOMILIEKCIB 0K 3
METOI0 30epeKeHHS TX O10pi3HOMaHITTSL.

KuarwuoBi ciaoBa: arpoekocucremMu, OCeIHUIIA,
PI3HOMAHITTA OIUKiN, BHAOBE 0ararcTBo, MIITHHICTH
OCOOWH.
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Due recent years, humanity has faced the problem of lack of clean
water for its needs, so the main goals of science are to increase the ef-
ficiency of natural resources that would not impair the quality of water.
Chemical and biological methods have traditionally been used to assess
water quality, but biological methods are more efficient because they are
less costly and more informative. Biological control of water quality has
a number of advantages over chemical and physical methods, since the
grouping of living organisms mirrors all changes in the ecological state
of the aquatic environment, while responding to a complex of various
factors and pollutants. The method makes it possible to assess the conse-
quences of both permanent and volley contamination. One of the most im-
portant biological methods for assessing the ecological state of reservoirs
is the assessment of water quality by microbiological indicators, which
is the first and most informative component of biota that responds to the
allochthonous introduction of organic substances. Microorganisms are in-
volved in optimizing the conditions of the aquatic environment, namely
in the building of hydrological and gas regimes and in the self-cleaning
of reservoirs, which ultimately determines the quality of water. Therefore,
the assessment of the mechanisms of microbiocenosis formation makes
it possible to determine the sanitary state of reservoirs by ensuring the
functioning of the ecosystem with a bacterial link. The introduction of
new technologies should not bring or form any threats to the environment,
health and safety of human life, which is why an important task today is
to study the impact of microorganisms on the formation of the ecological
and sanitary state of aquatic ecosystems.

Key words: microorganisms, aquatic environment, water classes,
bioindication, sapidity zones, heterotrophic bacteria.

Problem statement and analysis of recent
research. It is known that the disposal and trans-
formation of organic matter formed in the process
of photosynthesis are carried out by microorgan-
isms. They adapt quickly to the environment, and
their short life cycle allows to trace the change in
the structure of the population and its dynamics
and the deviation of some metabolic processes
under the influence of organic matter. One of the
most important biological methods for assessing
the ecological state of reservoirs [24, 26-30] is
the assessment of water quality by microbiologi-
cal indicators, since they are the first to respond to
the alochtone of the introduction of organic sub-
stances [1].
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As we know, water pollution is the cause of
various diseases, so today the main goal is to deter-
mine the sanitary and epidemiological threats and
the risks associated with them. The main source
of pathogenic microorganisms of the aquatic en-
vironment is the inflow of wastewater [25]. The
factors of changes in the aquatic environment can
be anthropogenic or natural. Today, it is difficult
to find a reservoir that does not suffer pollution
as a result of human activity. The deterioration of
the water quality of natural water bodies is an ex-
tremely serious problem for Ukraine. In the most
of rivers and lakes receive insufficiently treated
effluents from industrial enterprises, domestic
effluents from cities and villages, effluents from
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livestock farms, etc And here's the result: not only
can we not drink water from most of our reser-
voirs without prior multi-stage water preparation,
but swimming in them is sometimes dangerous to
health. This is necessary not only to state the fact
that water is clean or polluted, but also to develop
a set of measures by local authorities and commu-
nities to improve the environmental situation on
water bodies [2, 23].

For today, it is extremely important to increase
the efficiency of natural resources without deteri-
orating the quality of the aquatic environment as
a complex of abiotic and biotic factors necessary
to obtain a high-quality food resource, namely, the
microbial population is involved in optimizing the
conditions of the aquatic environment, namely in
the formation of hydrological, gas regimes and in
the self-cleaning of reservoirs, which ultimately
determines the quality of water [3, 21, 25].

The aim of the study is to analyze the role of
microorganisms of the aquatic environment in the
formation of the ecological and sanitary state of
reservoirs.

Material and methods of research. Chem-
ical and biological methods are used to assess
water quality, the latter being more widely used
because they are less costly and more informative.

Sanitary and microbiological assessment of
water is carried out according to the following in-
dicators: oxidability — the amount of oxygen dis-
solved in water; the total number of microorgan-
isms is the number of colonies that grew by MPA
with 1 ml of water at a temperature of 37 °C for
24 hours; coli-titer is the smallest volume of water
(in milliliters), in which one E. coli is found; co-
li-index is the number of E. coli per 1 liter of wa-
ter. Normal values for drinking water:Coli index
<3 (in 1 liter); Coli titer >300; Microbial number
<100 [4].

When determining water quality by microbi-
ological indicators, the coli-titre and coli-index
are calculated. The coli-titer of water is measured
by the minimum amount of water (ml), in which
Escherichia coli bacteria are found, and the co-
li-index by the number of these bacteria contained
in 1 liter of the test water. These indicators are
determined by the titration (fermentation) method
or by the method of membrane filters. With the
titration method, the isolation and identification
of bacteria on nutrient media is carried out. When
using the membrane filter method, water is first fil-
tered using a Bunsen flask with a Seitz funnel with
a membrane filter mounted in it and water is run
through filters using a vacuum pump, which are
then placed on the surface of the nutrient medium
in Petri dishes and, after incubation in a thermostat,
the number of colonies that have grown, typical of

E. coli bacteria, is counted, and then identified us-
ing biochemical tests. Sanitary and microbiologi-
cal control of drinking water quality. Sanitary and
microbiological study of drinking water consists
of determination of total microbial count (TMC),
the number of Enterobacteria, spores of sulfite-re-
ducing Clostridia and Coliphages [5, 6].

The presence of Coliphages (bacteriophages
that parasite on E.coli) is determined in the wa-
ter of surface sources and drinking water prepared
from it, as well as in wastewater. They are indica-
tors of the effectiveness of groundwater protection
and drinking water treatment. The study is carried
out using the Grazia agar layers method. To titrate
the Coliphages, the test water is mixed with mol-
ten and cooled feed agar, where the E.coli indi-
cator strain is also introduced. The resulting mix-
ture is poured with a second layer onto a nutrient
agar in a Petri dish and after solidification of the
medium, the dish is incubated at 37 °C for 24 h.
As a result, the indicator culture forms a uniform
solid growth, and in the presence of Coliphages,
transparent colonies are formed. The result of the
study is expressed in colony-forming units (CFU/
ml). Standards for drinking water: the number of
microorganisms in 1 ml of water — no more than
50, coli-index — no more than 3 bacteria in 1 li-
ter of water. Enterobacteriaceae and thermophilic
bacteria should be absent in 300 ml of drinking
water, spores of sulfite-reducing clostridia should
be absent in 20 ml of water, and coliphages — in
100 ml of water.

Total microbial count (TMC) is the number of
mesophilic aerobic and facultative anaerobic bac-
teria in 1 cc (1 ml) of water, which is determined
in all types of water.

1 ml of the test water is introduced into two
sterile Petri dishes and poured with molten and
cooled feed agar (depth inoculation method). In-
cubate at 37 °C for 24 h, then at room temperature
for another 24 h. Calculate the number of colo-
nies on 2 plates (on the surface and in the depth
of nutrient agar) and calculate the arithmetic mean
value [8].

To detect mold and yeast fungi, the test water
is seeded with 0.5 ml per Sabouraud medium and
incubated at room temperature for 3—4 days. The
number of colonies is calculated and the arithme-
tic mean is also calculated. The result of the to-
tal microbial number is calculated by summing
the average arithmetic number of bacteria, yeasts
and molds and expressed in colony-forming units
(CFU/ml).

The total microbial count allows to estimate
the level of microbial contamination of water,
complementing the indicator of faecal contamina-
tion, and at the same time to detect pollution from
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other sources, for example, industrial emissions. A
sharp increase in TMC, even within the norm, de-
tected repeatedly, is a signal for finding the cause
of pollution. Also, this indicator is indispensable
for the urgent detection of massive microbial con-
tamination of unknown origin in drinking water.

When assessing the quality of water, the num-
ber of Enterobacteriais determined. The presence
of Enterobacteria (coliform bacteria) is also de-
termined in all types of water. The term "coliform
bacteria" includes bacteria of the Enterobacteria-
ceae family and thermotolerant coliform bacteria.

Enterobacteriaceae bacteria include
gram-negative asporogenic sticks that do not have
oxidase activity and ferment lactose to form acid
and gas at 37 °C for 2448 hours (or ferment glu-
cose to form acid and gas at 37 °C for 24 hours).
Detection of Enterobacteriaceae in drinking water
indicates a potential epidemic hazard of water use.
The presence of bacteria of the genus Escherich-
ia in food, water, soil, on the equipment indicates
fresh faecal contamination of great sanitary and
epidemiological importance. Citrobacter and En-
terobacter are believed to be indicators of older
(several weeks) faecal contamination and there-
fore have a lower sanitary and indicative value
compared to Escherichia.

Thermotolerant coliform bacteria have the
same characteristics, but additionally ferment the
lactose to form acid and gas at 44.5 °C after 24
h. Thermotolerant coliform bacteria quickly die in
the external environment, so their detection indi-
cates fresh faecal contamination of water [9].

To determine the presence of Enterobacteriain
drinking water, the method of membrane filters
is used. The test water (3 samples of 100 ml) is
passed through 3 bacterial filters of nitrocellulose,
which are then placed on Endo medium and in-
cubated at 37 °C for 24 h. Count the number of
lactose-positive colonies identified as coliform
bacteria grown on the filters. From 2-3 colonies
of red color, swabs are prepared, stained according
to Gram and oxidase activity is determined. For
this purpose, the filter with the bacterial colonies
grown on it is transferred with tweezers, without
overturning, onto a patch of filter paper moistened
with dimethyl-phenyldiamine. When oxidase is
present, the indicator stains the colony blue. 2-3
colonies that did not change the original color-
ation are seeded in a semi-liquid medium with 0.5
% glucose solution. The crops are incubated for 24
hours at 37 °C. In the presence of gas formation,
the number of red colonies on the filter is counted
and the circle-index is determined.

Enterococcus bacteria are normal intestinal
residents, but are excreted in the external environ-
ment in a smaller amount than E. coli. Enterococci
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are more likely to die in water and soil. As a rule,
they do not reproduce in these objects, which al-
lows them to be considered as an indicator of fresh
faecal contamination. The presence of enterococci
is considered an additional indicator of faecal con-
tamination of water and other objects. However,
their isolation requires more complex media in
preparation and they grow more slowly.

Proteus bacteria live in both human and ani-
mal gut (Pmirabilis) and rotting residues (P.vul-
garis). The presence of proteins in environmental
objects indicates their contamination with decom-
posing substrates and extremely unfavorable sani-
tary conditions [10].

Also, in the environmental assessment of wa-
ter, studies are carried out to identify spores of sul-
fite-reducing clostridia. Spores of sulfite-reducing
clostridia are more resistant to decontamination
and adverse environmental factors than other in-
dicator bacteria. This feature is of particular im-
portance in the evaluation of primary chlorination,
since it inactivates almost all indicator bacteria.
Detection of clostridia in water before entering the
distribution network indicates insufficient purifi-
cation and that decontamination-resistant patho-
genic microorganisms are not likely to have died
during purification. To determine the clostridium,
the water under study is introduced into the molten
and cooled medium of Wilson-Blair. The medium
contains thiosulfate (hyposulfite) and a colourless
iron salt. As a result of the germination of spores,
the reproduction of clostridia and their reduction
of sulfite, iron sulfide is formed, which gives the
environment a black color [11].

Results and discussion. Traditionally, quali-
tyof water is determined by chemical and bacte-
riological methods. Biological control of water
quality has a number of advantages over chem-
ical and physical methods, since the groups of
living organisms mirror all changes in the eco-
logical state of the aquatic environment, while
responding to a complex of various factors and
pollutants [12]. The method allows to assess the
consequences of both permanent and salvo con-
tamination, since it averages the "contamination
effect” in time. The most common is the system of
assessment of the ecological state of the reservoir
and water quality, which is based on the study of
the qualitative and quantitative composition of the
types of indicators, that is, bioindication of fresh
water. During biomonitoring, information about
the state of the ecosystem ofthe water body is ac-
cumulated, changes occurring in it are detected,
and measures are developed to improve its eco-
logical state. To bioindicate the quality of the en-
vironment, those types of bioindicators living in a
rather small range of environmental conditions are
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selected. In the case of organizing and conduct-
ing environmental monitoring of the state of the
reservoir, the use of bioindicators usually provides
more valuable information than the assessment of
pollution by chemical methods or special devices
that determine only individual factors of pollution.
Instead, bioindicator species respond to a complex
of pollutants or general changes in external con-
ditions. Various hydrobionts are used for biotest-
ing — algae, microorganisms, invertebrates, fish.
The most popular objects are juvenile forms of
planktonic crustacean filters Daphnia magna, Ce-
riodaphnia affinis. For example, a seven-day test
on daily young ceriodaphnia Ceriodaphnia affinis
allows for a shorter period of time (7 days) than
on Daphnia magna (21 days) to give a conclusion
about chronic water toxicity [13, 14].

An important condition for the correct con-
duct of biotesting is the use of genetically homo-
geneous laboratory cultures, because they undergo
sensitivity testing, are held in special laboratory
conditions provided by the standards, which en-
sure the necessary reproducibility of research
results, as well as maximum sensitivity to toxic
substances.

Each group of organisms can be used as bio-
indicators of the state of the environment, but it is
very important that the method is relatively cheap
and fast. Therefore, the most extensive use is made
of microbiological studies, since the earliest and
most effective indicator that responds to the intro-
duction of organic matter into the aquatic environ-
ment is the number of heterotrophic microorgan-
isms Natural reservoirs are very different in terms
of the quality of water, which is conventionally
divided into several classes. I class of water qual-
ity — very clean, water of similar quality is mainly
noted in mountain rivers and lakes, where the im-
pact of humans on nature is still extremely small.
II class of water quality — pure, the amount of nu-
trients in the water increases, but the oxygen re-
gime remains quite favorable. There is a high spe-
cies diversity of algae, clams, crustaceans, larvae
and insects. The overgrowth of immersed plants
is predominant, which are spread over significant
areas of the water area. III class of water quali-
ty — contaminated. In such waters, the content of
biogenic elements, organic matter, is significantly
increased, as a result of which the bioproductivity
of the reservoir increases dramatically. The con-
sequence of this is the emergence of such a phe-
nomenon as the "flowering" of water due to the
mass development of microscopic algae, first of
all blue-green. Class IV water quality — dirty, this
class includes very silt water with poor oxygen
regime, frequent phenomena of suffocation and
low transparency of water. V class of water quali-

ty — very dirty. Determined in reservoirs where the
concentration of dissolved oxygen is extremely
low (less than 10 %), and the bottom sediments
contain hydrogen sulfide. Aquatic plants and bot-
tom macroinvertebrates are usually absent or very
rare [15].

Water is not an environment conducive to the
reproduction of pathogenic microbes, for which
natural biotopes are human and animal organisms.
The viability of pathogenic bacteria is affected by
concomitant, competitive flora (antagonist mi-
crobes, phages, the simplest, algae), as well as
temperature, insolation, various chemicals, etc
[16, 17].

However quantitative and qualitative ratios in
biocenoses are unstable and change under the in-
fluence of various factors, that is, they change in
sapidity. The term "saprosity" (from Greek Sapros
— rotten) denote a set of features of the reservoir,
including the composition and amount of microor-
ganisms in the water, which contains organic and
inorganic substances in certain concentrations. As
you know, sapidity is the ability of aquatic organ-
isms to live in water containing different amounts
of organic substances. The processes of self-puri-
fication of water in reservoirs occur sequentially
and continuously, with a gradual change in bio-
cenoses. Polysaprobic, mesosaprobic and oli-
gosaprobic zones are distinguished. The probabil-
ity zones are also determined by microbiological
indicators:

Polysaprobic zones (heavily polluted areas)
contain large amounts of organic substances that
are easily decomposed, and are almost completely
devoid of oxygen. Microbial biocenosis of similar
zones is especially rich, but the species composi-
tion is limited by anaerobic bacteria, fungi, actino-
mycetes. The number of bacteria in 1 ml of water
in the polysaprobic zone reaches a million or more.
Very many saprophytic microflora, well-devel-
oped heterotrophic organisms: filamentous bacte-
ria (Sphaerotilus); sulfurous bacteria (Beggiatoa,
Thiothris); bacterial zoogles (Zoogloearamig era);
the simplest — infusorias (Paramecium putrinum,
Vorticella putrina); colorless hookworms; oligo-
chaetes (Tubifex tubifex, Polytomauvella water).

Mesosaprobic zones (zones of moderate pol-
lution) are characterized by the dominance of
oxidative and nitrification processes. The quality
composition is varied. These are mainly nitrify-
ing, obligate aerobic bacteria, as well as species
Clostridium,  Pseudomonas,  Mycobacterium,
Streptomyces, Candida, etc The total number of
microorganisms is hundreds of thousands in 1 ml.
Alpha mesosaprobe zone — aerobic decomposition
of organic substances begins, ammonia, carbon
dioxide is formed, oxygen is scarce, hydrogen sul-
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fide and methane are absent, the number of sapro-
phytic bacteria is determined by tens and hundreds
of 1 ml, individual organisms develop in the mass
such as bacterial zooglions; filamentous bacteria;
fungi; from algae — oscillatorium, stigeoclonium,
chlamydomonas, euglena. Beta mesosaprobe zone
— there are no unstable organic substances, there
is complete mineralization, saprophytes are thou-
sands of cells in 1 ml, and their number sharply
increases during the period of plant death, the con-
tent of oxygen and carbon dioxide fluctuates de-
pending on the time of day, during the day excess
of oxygen, carbon dioxide deficiency and at night
vice versa.

Oligosaprobic zones (clean water zones) are
characterized by a finished self-cleaning process,
a small content of organic compounds and the
end of the mineralization process. Water is distin-
guished by a high degree of purity. The number of
bacteria is from 10 to 1000 in 1 ml of water [88].
These are practically pure water bodies. There is
no flowering, the content of oxygen and carbon
dioxide does not fluctuate.

Pathogenic microorganisms entering reser-
voirs are quite abundant in polysaprobic zones,
gradually die in mesosaprobic zones and are prac-
tically not detected in oligosaprobic zones [18].

Our previous studies have shown that when
assessing the water quality of fish ponds according
to the ecological and sanitary classification when
applying fertilizers, the water quality ranged from
the class "clean", the discharge "sufficiently clean"
to the class "contaminated", the discharge "con-
ditionally contaminated — very contaminated",
which corresponds to the B-oligosaprobic — A-me-
sosaprobic zone. A comparative analysis of the av-
erage seasonal numbers of heterotrophic bacteria
when fertilizing showed an increase of 42 % and
37 % compared to the control. Significant fluctu-
ations in environmental and sanitary indicators of
water quality when applying fertilizers indicate
that microflora is a highly informative biological
component of the aquatic ecosystem, which quick-
ly responds to the application of both traditional
and new fertilizers in fish farming. The assessment
of the water quality of fish ponds according to the
ecological and sanitary classification showed that
fertilizers lead to the intensification of the devel-
opment of bacterioflora and heterotrophic micro-
organisms, but does not lead to a deterioration in
water quality [19].

Therefore, the sanitary and microbiological
assessment of water is conditional and mandato-
ry. Basic sanitary and microbiological methods
are aimed at determining the total microbial con-
tamination (total microbial count), detection of
pathogenic microorganisms and their metabolites
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in the studied objects, determining the degree of
water pollution. Practical sanitary microbiology
uses two main methods of assessing the sanitary
and epidemic state of the external environment:
direct detection of pathogenic microorganisms
and detection of indirect signs of pathogens in the
external environment. According to the current
regulatory documents, the following are subject to
sanitary and microbiological supervision: drink-
ing water (centralized and local water supply, i.e.
from water supply, wells, springs and wells); pool
water; open water (rivers, reservoirs); wastewater
(domestic and fecal, industrial, melt and runoff);
purified water for the preparation of medicines;
medical and domestic ice.

The microflora of reservoirs are formed by
two groups of microorganisms: autochthonous
(constantly live and multiply in the reservoir) and
allochthonous (get in from outside when contam-
inated with various sources). Microorganisms
that have adapted to living conditions in the wa-
ter and are regularly found in it can be considered
water-specific flora. These include aerobic coca:
micrococa, sarcins, Serratiamarcescens, Bacillus
cereus, Bacillus mycoides, bacteria of the genera
Pseudomonas, Proteus, Leptospira. The number
of microorganisms in open water bodies varies
widely: from several tens, hundreds to millions in
1 ml, which depends on the type of water body,
the degree of its pollution, the seasons, etc The mi-
croflora of reservoirs depends on the substances
contained in them and on biocenosis, that is, the
species composition and abundance of other liv-
ing creatures. Yes, phages and the simplest ones in
the water destroy bacteria. Microorganisms capa-
ble of forming antibiotics cause the death of other
bacteria sensitive to these substances.

Water microorganisms play a significant role
in the circulation of substances in nature. They
break down organic matter to form substrates that
use other aqueous microorganisms in food. Bio-
logical activity in reservoirs is maximum in the
summer-autumn period.

The number of microorganisms in the water of
surface runoff in the spring flood period increases
to 2.8-3 million in 1 ml. During the flood period,
secondary contamination of the water supply net-
work is possible. The microflora of economic and
faecal wastewater consists of microorganisms iso-
lated from the intestines of humans and animals,
among which there are representatives of normal
and opportunistic flora (Escherichia, enterococci,
klebsiels, clostridia, fungi of the genus Candida,
the simplest, etc), but can also be pathogenic —
pathogens of intestinal infections (salmonella,
shigel, vibrio, yersinia, leptospira, polio, hepatitis
A, E viruses, etc). The danger of infection with
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the latter is particularly great if insufficiently de-
contaminated wastewater from infectious diseases
hospitals enters the reservoirs [20].

Conclusion. To assess the state of water bod-
ies, it is the biological analysis that can be consid-
ered the most accurate and convenient. One of the
most important biological methods for assessing
the ecological state of reservoirs is to assess the
quality of water precisely by microbiological indi-
cators, since microorganisms are the first and most
informative component of biota that responds to
pollution. Maintaining this vector of studying and
assessing the sanitary status of water bodies and
solving problems regarding the purification of wa-
ter bodies is the main task of the present.
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Poap mikpoopranizMiB BOIHOIO cepeloBHINA Y
¢opmyBaHHi €K0JIOT0-CAHITAPHOIO CTaHY BOAOHM

Casenxo H.M., IIpucs:xuiox H. M.

[TpoTsiroM OCTaHHIX POKIB JIIOICTBO CTHKHYJIOCS
3 pobieMor0 Opaky YMCTOi BOJAH JUIS CBOIX MOTpeEO,
TOMY OCHOBHHMHM 3aBIAQHHSMH HAayKH € MiJBUIICHHS
e(heKTUBHOCTI MPHUPOTHHUX PecypciB, sKi 6 He morip-
ITyBalid AKiCTh BOAM. [[sl OILIHIOBaHHS SIKOCTiI BOAM
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TpaJWIiiHO BUKOPHCTOBYIOTECS XiMiuHI Ta Giomoriusi
METO/IH, MTPOTe OI0JIOTIUHI METOJM € e(PEeKTHUBHIIINMH,
OCKUJIbKM BOHHM MEHIN 3aTpaTHi Ta OuIbm iHGopmMaTHB-
Hi. BiooriyHuii KOHTPOJIB SIKOCTI BOIM Ma€ Psiji mepe-
Bar repej XiMiYHUMHU 1 Pi3UMIHUME METOIaMH, OCKLTb-
KA YTPYIyBaHHSA J>KUBUX OpPTaHi3MiB BiII3epKaIIOE
yCi 3MiHH €KOJIOTIYHOTO CTaHy BOJHOTO CEpEIOBHIIA,
OJJHOYACHO pearyio4d Ha KOMIUIEKC Pi3HOMaHITHHX
YHUHHUKIB 1 320pyIHIOBaYiB. MeTO 1a€ 3MOTY OI[IHUTH
HACJIIJIKU SIK TIOCTIHOTO0, TaK i 3aJIMOBOTO 3a0pyIHEH-
Hia. OgHAM 13 HaWBaKIUBIMIMX OlOJIOTIYHUX METOIIB
OIIIHFOBAHHS €KOJIOTIYHOTO CTaHy BOJONM € OI[iHIOBaH-
HS SIKOCTi BOAM 32 MIKPOOiOIIOTIYHUMH ITOKa3HUKAMH,
IO € HaifnepmM 1 HaliHPOPMATHBHIIINM KOMIIOHEH-
TOM 0i0TH, KM pearye Ha ajJOXTOHHE BHECEHHS Op-
TaHIYHUX pedoBUH. MiKkpoopraHizMu OepyTh ydacTh
Y ONTHMI3allii yMOB BOZHOTO CEPEIOBHIIA, 30KpeMa y
(hopMyBaHHI TiIPONOTIYHOTO Ta Ta30BOTO PEKHUMIB Ta
B CaMOOYMIIEHHI BOAOIM, IO B KiHIIEBOMY pe3yNbTarTi
1 BU3HAYAE SIKICTh BOAH. TOMY OILIIHIOBAaHHS MEXaHI3MiB
(dhopMyBaHHs MiKpOOIOIICHO3Y A€ MOXKJIMBICTh BH3HA-
YaTH CaHITapHUH CTaH BOAOWM 3abe3nedeHHs OaKkTepi-
QJIFHOIO JIAHKOIO (DYHKITIOHYBaHHS eKocucTeMu. Bripo-
BaJPKEHHS HOBHUX TEXHOJIOTiIH HE TIOBUHHO MPHHOCHUTH
gn (opMyBaTu OyIb SKUX 3arpo3 JTOBKILTIO, 3TOPOB'T0
Ta Oe3Mmell JKUTTEAISUTbHOCTI JTIFOIMHU, CaME TOMY BaK-
JIMBMM 3aBJIaHHSIM ChOTOJICHHS € BUBYCHHSI BIUIUBY Mi-
KpPOOpraHi3MiB Ha CT@HOBJIEHHSI €KOJIOTO-CaHITapHOTO
CTaHy BOJIHUX €KOCHCTEM.

KurouoBi cjioBa: MikpoopraHi3Mu, BOZHE CEpeIo-
BHIIE, KJIACH BOAM, OioiHIEKaIlis, 30HH campoOHOCTI,
rerepoTpodHi 6akrepii.

any medium, provided the original author and source are credited.
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