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the quality of pork. the following methods are used to fulfil the purpose of the study: zootechnical (live weight
dynamics, determination of average daily and relative gains), biochemical (analysis of chemical composition
and microelement content in muscles, indicators of pork quality: moisture content, tenderness, marbling, colour
intensity), morphological (slaughter yield parameters determination), and statistical (identification of substantial
differences between values). The effectiveness of the chelated copper complex with glycine on the growth intensity
of pigs, slaughter parameters, chemical and microelement composition of muscles, and pork quality indicators
after cold storage is investigated. It is established that the additional introduction of a chelated copper complex
into the diet increased the intensity of average daily weight gain of pigs by 9.1% and relative live weight gain
by 4.5 percentage points. From pigs of this group, heavier carcasses were obtained by 4.5 percentage points with
a smaller fat thickness over the 6-7 thoracic vertebra by 10.6% and an internal fat mass of 7.5%, and 9.7% more
internal organs. Pork was obtained from animals of the experimental group with a lower fat content by 10.0
percentage points, a higher protein content - by 3.9 percentage points, and ash - by 12.1 percentage points. The
diet with a chelated copper complex increased the moisture capacity and tenderness of pork after cold ageing,
and helped reduce the caloric content of meat. The concentration of minerals in muscle tissue in the experimental
group was higher in terms of copper, manganese, cobalt, iron, and zinc. Based on the obtained data, the possibility
of effective feeding of the copper chelate complex with glycine to fattening pigs was established

Keywords: young pigs; live weight; microelement additive; chelated copper; slaughter yield; internal organ yield;

meat quality

INTRODUCTION

It is necessary to provide proper feeding for the young
animals, ensuring that they receive all the necessary
nutrients to achieve the full genetic potential of meat
breed pigs. This problem can be solved by using feed
additives of various origins and therefore the diets of
animals are determined depending on their physio-
logical state and level of productivity, which proves the
relevance of the chosen subject. The studies conducted
by Ukrainian and foreign researchers A. Hutsol et al.
(2018) and O. Skoromna et al. (2019) show that the use
of feed with a sufficient amount of all the necessary
nutrients contributes to the achievement of high rates
in the reproduction, growth, development, and fat-
tening of pigs. A variety of feed additives are used to
improve feed consumption and increase the efficiency
of its use, achieve maximum productivity, and obtain
better quality products. Among feed additives, enzyme
preparations, protein, amino acid, mineral and vitamin
supplements, probiotics, prebiotics, and acidifiers are
often used. Feed additives with antibacterial and im-
munostimulating properties, such as acidifiers, copper,
and zinc, are added to the diets of pigs to maintain a
balanced microbiota in the gastrointestinal tract and
to control pathogens. Betaine and the trace element
chromium, have a positive effect on energy and lipid
metabolism in the pig body, which is described in the
study by R.Fu et al. (2021). Animals are fed supplements
containing enzymes to improve the absorption of nutri-
ents and have a positive effect on the state of the gas-
trointestinal tract. However, the data obtained on the
use of these additives and their impact on pig growth
productivity vary from one researcher to another. They
explain such discrepancies in the results obtained by
the physiological state of development of animals, the
period of their rearing and fattening.
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O.Skoromna et al. (2019) noted that the importance
of micronutrient supplements to the animal diet lies in
the fact that they are involved in the formation of cells,
tissues, organs, physiological, catalytic and regulatory
functions in animals, and accordingly their inclusion in
the animal diet is necessary. Mineral supplements are
added to the pig’s diet to improve health, digestion, and
productivity (Myronenko & Usachova, 2022). Depend-
ing on the phase of pork production, a different amount
of each mineral element is required in the animals’
diet. The results of the study by N. Grushanska et al.
(2018) and S. Villagémez-Estrada et al. (2020) confirm
the positive effect of mineral supplements to improve
the mineral status of piglets in rearing. They also es-
tablished that in the case of excessive accumulation of
these elements in the tissues, they are removed from
the body. Maintaining 50% of the need for copper, iron,
manganese, and zinc in a diet based on corn and soy
meal is justified. A decrease in the content of certain
trace elements (zinc, copper, manganese and iron) in
the diets of pigs does not negatively affect the produc-
tivity of animals, but it causes a substantial decrease in
the release of these minerals from the faeces. The main
factor affecting the elimination of mineral elements
is their concentration in feed and does not depend on
the source of origin.J. Faccin et al. (2023) confirmed an
increase in the use of alternative sources of chelated
minerals, such as copper, manganese, selenium, and
zinc. Feeding diets with organic trace elements included
leads to an improvement in meat quality indicators.
X.Bo et al.(2022) explain this by greater enzyme activi-
ty and protein biosynthesis. Under such conditions, pork
is more resistant to protein oxidation, pork belly has
a greater moisture-retaining ability. The concentration
of complex minerals (calcium, zinc, copper, magnesium,
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manganese, iron) in the diet of pigs improves the effi-
ciency of feed use and meat quality, while not affecting
the percentage of lean meat.

Copper is a component of metalloenzyme systems,
and it can activate enzymes to better function in various
biochemical processes. C.Espinosa & H. Stein (2021) ar-
gue that the growth-stimulating effect of copper occurs
in pigs of different ages due to a decrease in the fre-
quency of diarrhea and an increase in the efficiency of
feed use by the body. They attribute this improvement
to the effect of copper on enzymes involved in diges-
tion and lipid metabolism. A number of authors, such as
X. Li et al. (2022) state that the quality of meat is not
affected by the dose of copper in the diet of animals.

After analysing the above studies, it was determined
that the problem of proper feeding of young pigs has not
been sufficiently examined, so the purpose of the study is
to investigate the effect of copper chelate on the growth
rate of pigs, slaughter indicators, and pork quality.

MATERIALS AND METHODS

The scientific-economic study was conducted at the “Ple-
banivskyi Sad” farm in Vinnytsia region, Ukraine, during
2022-2023, focusing on the hybrid piglets F1 (Velyka
BilaxLandras). For this purpose, 24 pig heads with an av-
erage initial live weight of at least 32 kg were selected,
which were divided into various feeding rations and
raised to a final live weight of approximately 110-120 kg.
The selected hybrid piglets were divided into 2 groups
of 12 heads each. Groups of experimental animals were
formed by the method of analogue groups, considering
such factors as origin, age, gender, and live weight. The
piglets involved in the study were obtained from sows of
the Velyka Bila x Landras breed. In the course of studies
related to feeding fattening pigs, a complete mixed feed
was used that met the nutritional requirements for pigs
and provided them with all the nutrients.

Piglets aged 75 days were selected for testing. At
the beginning of the experiment, the pigs were given
mixed feed “Grower”, in the second period of fatten-
ing - mixed feed “Finisher”. The period of feeding mixed
feed “Grower” lasted 35 days, “Finisher” - 55 days. In the
first period of fattening, piglets were fed mixed feed
“Grower” until they reached a live weight of 65 kg. The
composition of mixed feed “Grower” included: corn -
25%, wheat - 25%, barley — 23%, sunflower meal - 12%,
wheat bran - 7%, soy cake - 3%, protein mineral vita-
min supplements (PMVS) - 5%. The nutritional value of
such a diet was 2173 Kcal in terms of metabolic energy,
157 g of digested protein. During the second fattening
period, the pigs were fed mixed feed “Finisher” until they
reached a live weight of 110 kg. The composition of this
mixed feed included: barley - 38%, wheat - 24%, wheat
bran - 12%, corn - 9%, sunflower meal - 9%, PMVS -
4%. In terms of nutritional value, mixed feed provided
the body of pigs with 2051 kcal of metabolic energy,
and 148 g of digestible protein. Pigs of the control and
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experimental groups were fed the main diet. Addition-
ally, a mineral supplement was added to the diet of ex-
perimental pigs of the second group chelate complex
copper, which contains 5% copper, 20% glycine. The test
additive was given to pigs together with water, at the
rate of 0.3 kg/ton of water. During the entire fattening
period, pigs had arbitrary access to feed and water.

Pig growth was monitored by individual weigh-
ing at the beginning and end of each fattening period.
Based on the results of weighing, the live weight of
animals, average daily, absolute and relative weight
gains during the experiment were determined. In the
experiments, the consumed feed was recorded and the
consumption of mixed feed per 1 kg of pork growth was
calculated. Growth efficiency was evaluated by the av-
erage daily and relative live weight gain.

At the end of the experiment (day 110), 4 pigs were
selected from each group that were not fed for 12
hours, and then slaughtered by electric shock (250 V,
0.5 A, for 5-6 seconds) to assess the effect of the copper
chelate complex on slaughtering and pork quality. The
long back muscle and internal organs (liver, spleen, kid-
neys, heart) were removed and weighed on an electric
scale. In the muscle tissue of pigs, the physico-chem-
ical parameters of the longest back muscle were deter-
mined: the level of initial moisture - by drying samples
at a temperature of 60-65°C; hygroscopic moisture -
by drying the suspension in a drying cabinet at a tem-
perature of 103%2°C; protein content - by Kjeldahl's
method; moisture retention capacity and tenderness-by
pressing; caloric content-by mathematical calculation
method based on chemical composition; acidity (ph) -
by potentiometric method using a pH meter; colour in-
tensity — using a photoelectrocolourimeter. Qualitative
indicators of pork in terms of mineral content were de-
termined by atomic absorption spectrometry on PRK-1M.

Data analysis was performed using variance analysis
(ANOVA) using Excel 2010 software. The data is expressed
as the average value of x*SD. Differences between the
groups were considered statistically substantial at P<0.05
(adjusted for Bonferroni), comparisons were classified as
substantial (P<0.05) or insubstantial (p>0.10). ALl experi-
mental studies were conducted in accordance with mod-
ern methodological approaches and in compliance with
the relevant requirements and standards, in particular,
they meet the requirements of DSTU ISO/IEC 17025:2005
(2006). The keep of animals and all manipulations were
conducted in accordance with the Order by the HCM of
Ukraine No.416/20729 on the “Approval of the Procedure
of Animal Tests in Research Institutes” (Law of Ukraine
No. 249, 2012), the European Convention for the Protec-
tion of Vertebrate Animals used for Experimental and
other Scientific Purposes (European convention..., 1986).

RESULTS AND DISCUSSION

Studies conducted with additional administration of
copper chelate complex show a positive effect on the
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growth dynamics of pigs, slaughter indicators, and the
quality of the resulting pork.The use of a chelated copper
complex in the diet of fattening pigs (the second group)

increased their live weight by 5.6% (p<0.05) in 110 days
and by 6.5% (p<0.05) at 165 days in comparison with

the indicators of animals of the control group (Table 1).

Table 1. Growth rate of fattening pigs and feed payment for the introduction
of a chelated copper complex into the diet, xxSD, n=12

Indicator

Group

control (MD) experimental (CC)

Live weight of pigs at the beginning of the feeding period of mixed feed “Grower” (75 days), kg 32.5%0.9 32.6x0.7
Live weight of pigs at the end of the feeding period of mixed feed “Grower” (110 days), kg 62.6%2.2 66.1%+1.5
Absolute increase 30.1¢1.1 33.5+0.96'

Average daily increase in live weight of pigs during the period of feeding mixed feed “Grower”, g 860+24 957+22"
Relative increase in live weight of pigs during the period of feeding mixed feed “Grower”, % 63.3%1.2 67.9+1.3
Live weight of pigs at the end of the Finisher’s mixed feed period (165 days), kg 112.5+8.4 119.8+7.9
Absolute increase 49.9+1.0 53.7#1.1

Average daily increase in live weight of pigs' during the period of feeding mixed feed to the 90817 976423

Finisher, g

Relative increase in live weight of Pigs during the period of feeding mixed feed to the Finisher, % 57.0%2.1 57.8%£1.9°
Average daily live weight gain for the study fattening period 888+19 969+25"

Note: * - P<0.05; ™ - P<0.01; ™ - P<0.001 differences between the control and experimental groups; MD - the main

diet, CC - copper chelate
Source: compiled by the authors

Additional feeding of the copper chelate complex
with mixed feed “Grower” increased the average daily
growth in pigs by 11.3% (p<0.01), and during the period
of feeding mixed feed “Finisher” - by 7.5% (p<0.05). For
the entire study period of fattening animals, the aver-
age daily weight gain was higher in the second group
by 9.1% (p<0.01). This accordingly had a positive ef-
fect on the relative increase in live weight of pigs. The
supplement contributed to an increase in this indi-
cator during the fattening period by 4.5 percentage
points. Slaughter rates in pigs of both groups differed
depending on the feeding diet. The use of a copper

chelate complex in feeding fattening pigs increased
the slaughter yield by 4.5 percentage points (p<0.05)
compared to the animals of the control group. Pigs of
the experimental group had a smaller fat thickness
over the 6-7 thoracic vertebra by 10.6% (p<0.001). Ac-
cording to the indicator of the area of the “muscle eye”,
the best results were obtained in pigs for feeding the
copper chelate complex, in which the advantage was
6.3% (p<0.05). Under the influence of a mineral sup-
plement in the second group, the weight of internal
fat decreased by 7.5% (p<0.05), the weight of the front
legs increased by 4.2% (Table 2).

Table 2. Indicators of pig slaughter with additional introduction
of a chelated copper complex into their diet, xxSD, n=4

i Group
Indicator .
control (MD) experimental (CC)
Pre-slaughter weight, kg 111.2+3.8 115.63.2
Slaughter weight, kg 81.3£2.4 88.4£2.9
Slaughter yield, % 73.1%1.2 76.4x1.1
Lard thickness over 6-7 thoracic vertebra, mm 32.1+0.9 28.7+0.8™"
Internal fat, kg 1.74*0.06 1.61%0.04
Area of the “muscle eye”, cm? 44.3%0.8 47.1+0.9°
Head weight, kg 4.2%0.07 4.7%0.03
Leg weight, g:
front 76324 795%28
rear 804£23 803.5¥1.97

Note: * - P<0.05; ™ - P<0.01; ™ - P<0.001 differences between the control and experimental groups; MD - the main

diet, CC - copper chelate
Source: compiled by the authors
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The effect of a mineral supplement on the mass
of internal organs was determined from the conduct-
ed studies. Under the influence of the test drug, liver
weight increases by 12.7% (p<0.001), hearts - by 10.0%
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(p<0.01), lungs - by 10.0% (p<0.001). There was also a
slight increase in kidney mass by 4.4% and a decrease
in spleen mass by 4.3% compared to the control data
(Table 3).

Table 3. Weight (g) and slaughter yield (%) of internal organs of pigs with additional introduction
of a chelated copper complex into their diet, g, x * SD, n=4

. Group
Indicator
control (MD) experimental (CC)
Liver, g 1832+46 2064+48™
% 1.65+0.08 1.78+0.05
Heart, g 378%17 416+19”
% 0.34%0.02 0.36%0.03
Lungs 485+12 542+18™
% 0.44%0.07 0.47%0.06
Kidneys 33937 354%23
% 0.30+0.02 0.31£0.03
Spleen 188+34 161£27
% 0.17+0.01 0.14%0.02
Mass of internal organs, g 322647 3539+93"

Note: * - P<0.05; ** - P<0.01; *** - P<0.001 differences between the control and experimental groups; MD - the main

diet, CC - copper chelate
Source: compiled by the authors

In general,9.7% more internal organs were received
from pigs of the experimental group (p<0.01). Feeding
pigs a chelated copper complex in the diet increases
not only the total slaughter yield but also the slaughter
yield of internal organs. Correction of diets with trace
elements increases the yield of the liver and heart by 7.8
percentage points and 5.9 percentage points, lungs -
by 6.8 percentage points. There was a slight increase
in renal yield by 3.3 percentage points and a decrease
in spleen yield by 17.6 percentage points compared to
the control data. Important indicators for fattening pigs
are meat qualities, in particular, chemical composition,

caloric content, marbling, and tenderness of meat. The
nutritional value of meat depends on the quantitative
ratio of moisture, protein, fat, mineral elements, and in-
dicators of pork. The use of a copper chelate complex
in pig feeding slightly increases the level of dry matter
in meat of the second group. In meat samples of this
group, the protein content and ash residue increased
by 3.9 percentage points and 12.1 percentage points,
respectively (p<0.001). Therewith, there is a decrease in
the fat content in the meat of pigs that were fed the ex-
amined mineral preparation by 10.0 percentage points
(p<0.01) (Table 4).

Table 4. Chemical composition of pig meat with additional introduction
of a chelated copper complex into their diet, % (x£SD, n=4)

Grou,
Indicator P -
control (MD) experimental (CC)
dry matter, % 91.6%£2.4 92.3%2.7
Protein, % 64.82.6 67.3%2.4
Fat, % 22.8+0.7 20.5%0.9
Ash 3.3+0.1 3.7%0.1"

Note: * - P<0.05; ** - P<0.01; *** - P<0.001 differences between the control and experimental groups; MD - the main

diet, CC - copper chelate
Source: compiled by the authors

The moisture-retaining properties of meat affect
its technological characteristics, namely, juiciness and
tenderness. When storing pork, these indicators vary
depending on the shelf life and feeding factor of pigs.
Moisture capacity is a substantial characteristic of meat

and is determined by the amount of bound moisture in
it. The more bound water contained in meat, the higher
its technological properties will be. The action of the
copper chelate complex leads to an increase in bound
moisture in the muscles of pigs, which indicates an
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increase in the juiciness of muscle fibres. When using
the copper chelate complex, no changes were identi-
fied in the acidity, colour intensity, and tenderness of
pig meat compared to the control sample. Marbling
indicates the ratio of muscle to adipose tissue and is
an important indicator that affects the taste and level

of intramuscular fat in pork. It was established that
feeding a mineral additive of the copper chelate com-
plex led to a slight increase in the content of total and
bound moisture in pig meat after daily exposure. The
mineral supplement examined did not affect the active
acidity value of the pH of meat (Table 5).

Table 5. Indicators of pork quality after ageing with the additional introduction
of a chelated copper complex into their diet, xSD, n=4

Daily exposure time

30-day exposure time

Indicator Group
control (MD) experimental (CC) control (MD) experimental (CC)
Total humidity, % 74.8%2.1 75.1%2.4 74.3%1.8 74.9+1.7
incl. bound, % 42.5%0.9 43.4+0.9 42.1+0.8 43.3+0.6
ph 5.6%0.2 5.6%0.2 5.4%0.2 5.4%0.2

colour intensity, E-0° 14.6+0.18 15.1+0.13 11.7+x0.4 11.3+0.5

Tenderness, cm?/g 287%12 328+13° 238+14 282+11°

Marbling 11.8+0.2 10.1+04™ 9.6%0.2 8.2+0.3™
Caloric content, KJ 4818+43 4727%39° 4442+3) 4193+64™

Note: * - P<0.05; ** - P<0.01; *** - P<0.001 differences between the control and experimental groups; MD - the main

diet, CC - copper chelate
Source: compiled by the authors

The presence of adipose tissue gives pork tender-
ness and increased caloric content. However, a large
amount of fat in meat leads to a decrease in protein
levels, which in turn reduces its nutritional value. Due
to the action of the copper chelate complex, there is an
increase in the tenderness of meat by 14.3% (p<0.05)
and a decrease in the level of marbling - by 14.4%
(p<0.001) compared to the corresponding indicators in
the control. According to the results of the calculation,
it was identified that a decrease in the fat content in
the meat of pigs of the experimental group affected a
decrease in its caloric content by 1.9%.

Long-term storage of pork in a frozen state for 30
days has made some changes in its quality indicators.
It has reduced the level of total and bound moisture.
In addition, during the 30-day ageing of frozen pork,
there was a decrease in its colour intensity in the con-
trol group by 19.8%, in the experimental group - by
25.1%, marbling - by 18.6% and 18.8%, respectively.
In addition, long-term storage of pork made changes

in the caloric content of meat, this indicator decreased
in the control by 7.8%, in the experimental group - by
11.3%. Slightly better indicators were obtained in the
experimental group, where a chelated copper complex
was introduced into the diet of pigs. In terms of col-
our intensity in the samples of this group, compared
with pork of animals that were fed the main diet, the
decrease was by 21.2 percentage points, marbling -
almost at the same level. The copper chelation com-
plex also made changes in the caloric content of pork.
Higher-calorie pork was obtained in the control group
of animals.

Analysis of the chemical composition of pork iden-
tified changes in the selected samples depending on
the diet of pigs. The additional introduction of a che-
lated copper complex into the diet of animals led to an
increase in the content of zinc in the muscles of pigs by
7.7% (p<0.001), manganese - by 13.2% (p<0.001), cop-
per - by 18.6% (p<0.001), cobalt - by 22.8% (p<0.01),
and iron - by 8.4% (p<0.001) (Table 6).

Table 6. Microelement composition of pig muscles with additional introduction
of a chelated copper complex into the diet of animals (xSD, n=4)

Group
Indicator X
control (MD) experimental (CC)

Zinc, mg/kg 138.7%2.3 149.4£2.6™
Manganese, mg/kg 0.83+0.01 0.94+0.02™
Sulfur, mg/kg 7.78%0.11 9.23%0.12™
Cobalt, mg/kg 2.02+0.11 2.48+0.14"

Iron, mg/kg 72.5%1.4 78.6%1.5"

Note: * - P<0.05; ** - P<0.01; *** - P<0.001 differences between the control and experimental groups; MD - the main

diet, CC - copper chelate
Source: compiled by the authors
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Thus, high-quality pork in terms of the content of
trace elements (zinc, copper, manganese, and cobalt) was
established in the group of pigs that were additionally
injected with a chelated copper complex in the diet.
Pig breeding in Ukraine has been expanding in the area
of industrial production in recent years and is becoming
competitive on the world market. For this purpose, sub-
stantial efforts are being made to increase production
volumes and improve the quality of pork. These data are
consistent with other researchers who believe that che-
lated forms of trace elements are effective in feeding an-
imals. According to the results of the study, it was estab-
lished that the chelated complex of copper with glycine
affects the growth rate of pigs, slaughter indicators, and
pork quality. Indicators of animal growth intensity are in-
fluenced by a number of factors,among which the breed
and feeding factors (Garmatyuk et al.,, 2020). Interbreed-
ing substantially increases the average daily live weight
gain of pigs (Karpenko, 2020). In the conducted studies
on examining the effect of additional administration of a
copper chelate complex, hybrid young animals of Velyka
BilaxLandras were used. Copper is used in pig feeding
as an additive to stimulate animal productivityVarious
sources of copper can alter the composition of the gut
microbiota and improve gut health (Xiong et al, 2023).
The use of unconventional natural mineral additives in
diets for fattening young pigs led to more efficient use
of minerals in diets, which contributed to more intensive
growth of animals and reduced feed costs per unit of
production (Bomko & Baranyuk, 2017; Verbelchuk et al,,
2021). Given the limited amount of copper supplements
in pigs’ diets, the use of chelated copper may be an alter-
native to maintain the effect of stimulating growth and
reducing exposure to the environment.

Mineral supplement based on chelated trace el-
ements (copper, zinc, iron, manganese), examined by
M. Chorny et al. (2018) on young pigs, allowed for higher
average daily gains with lower feed costs, which con-
tributed to additional profits. The use of biomicroele-
ment complexes in feeding enhances the metabolic
processes and stimulates the growth rate of young
pigs. Complexes containing copper and cobalt in com-
bination with tryptophan have a more noticeable stim-
ulating effect on the clinical and physiological state
of animals (Espinosa et al, 2019). The use of organic
copper and zinc in pig feeding does not have a last-
ing effect on growth productivity. These trace elements
can maintain their serum concentrations and substan-
tially reduce the faecal excretion of these elements.
The wide spectrum of action of chelated compounds
of trace elements causes an increase in multiple preg-
nancies, nest weight, improved pig viability, increased
pig weight, improved slaughter yield and physical and
chemical properties of meat. Accordig to M. Chorny
et al. (2018), additional levels of microminerals (copper,
iron, and manganese) do not affect the activity of liver
enzymes, but severe intoxication with copper and zinc
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compounds leads to metabolic disorders and irrevers-
ible pathological processes in the liver. The use of a
chelated form of copper with glycine in our studies is
confirmed by other data from researchers on the stim-
ulating effect of micromineral supplementation on the
growth rate of fattening pigs.J.Zhao et al. (2014) inves-
tigated the feasibility of replacing CuSO, on chelated
copper as a growth stimulator in pigs. They established
that pigs fed chelated copper were 6.0% heavier at the
end of the experiment, they used feed more efficiently
and obtained heavier carcasses from them.The authors’
study confirms the data of previous researchers on the
positive effect of the copper chelate complex on the
increased yield of carcasses and internal organs.

The use of mineral supplements containing various
forms of trace elements increases the growth and devel-
opment of young animals, which further increases the
profitability of pork production (Korobka et al., 2018).
Therewith, the introduction of carbon dioxide and che-
lated forms of salts into the diet of pigs has substan-
tially better indicators. The introduction of copper, even
in low doses, into the diet of pigs contributes to healthy
changes in the composition of intestinal bacteria and
increases growth productivity (Li et al, 2021). Enrich-
ing the diets of pigs with mineral additives of natural
origin contributes to better preservation of livestock,
increases the mineral content in slaughter products,
ensuring high-quality pork. The use of mineral supple-
ments in feeding improves the quality and biological
value of meat (Razanova et al, 2022). With the intro-
duction of the protein-vitamin-mineral supplement
“Minactivit”, the slaughter yield of pigs increased, and
the physico-chemical parameters of muscle tissue
(water retention capacity, protein content) improved,
the yield of fat in the carcass decreased (Suprovych
et al., 2019). Similar results were obtained for feeding
LG-MAX and Sal-Plex additives in feeding pigs during
rearing and fattening, but in this study, the fat content
of pork (Tkachik & Tkachuk, 2019). The results of this
study also showed that a chelated copper complex can
improve the chemical and mineral composition of pork,
and its quality indicators after cold ageing. Studies of
the feeding factor of introducing a chelated copper
complex into the diet of fattening pigs contributed to
more intensive growth of animals, obtaining a higher
slaughter yield of carcasses and high-quality pork.

CONCLUSIONS

In the course of the study, the intensity of pig growth
was determined and indicators of slaughter and quality
of pork with the additional introduction of a chelated
copper complex into the diet were measured and deter-
mined. The results fully fulfil the set goal of the study.
Additional feeding of the copper chelate complex in-
creased the live weight of pigs in 110 days by 5.6%, 165
days - by 6.5% compared to the control, increased the
average daily weight gain for the study fattening period
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by 9.1%, and the relative increase in live weight - by 4.5
percentage points.

Under the influence of the examined drug in the
experimental group, the slaughter yield is higher by 4.5
percentile points and the area of the “muscle eye” - by
6.3%, the thickness of lard over the 6-7 thoracic ver-
tebra is smaller by 10.6%, the mass of internal fat is
increased by 7.5%, the mass of internal organs (liver,
heart, lungs, and kidneys) increases by 9.7%. In the
meat samples of the second group, the protein and ash
residue content was increased by 3.9 percentage points
and 12.1 percentage points, respectively, and the fat
content was reduced by 10.0 percentage points. Under
the action of the copper chelate complex, there is an in-
crease in meat tenderness by 14.3%, a decrease in mar-
bling - by 14.4%, and caloric content - by 1.9%. Long-
term storage of pork made some changes in its quality
indicators and the best indicators were obtained in the
experimental group, where a chelated copper complex
was introduced into the diet of pigs. The additional in-
troduction of a chelated copper complex into the diet
of animals led to an increase in the content of zinc in
pig muscles by 7.7%, manganese - by 13.2%, copper -
by 18.6%, cobalt — by 22.8%, and iron - by 8.4%.

Future research in this area should be aimed to fur-
ther improve understanding of the effects of the copper
chelate complex on pork growth rate, slaughter rates,
and quality. It is important to conduct a more detailed
study of the molecular and biochemical mechanisms
underlying improved feed growth and conversion using
this complex. The research may also include an analysis
of the effects of the copper chelate complex on pig me-
tabolism and hormone levels to better understand the
underlying mechanisms.
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AHotauif. EdekTMBHICTb BeaeHHS MPOMMCIOBOrO KOHKYPEHTOCMPOMOXHOMO CBMHApCTBA B YKpaiHi 3anexuTb
BiA piBHS ropisni i 3abe3neveHoCTi TBapMH HEOOXigHMMMK BiONOrYHO AKTMBHWMMM peyvoBMHAMW. HemocCTaTHICTb
MiHEpaNbHUX PEYOBUH CMIPUUYMHSAE 3HUXKEHHS TEMMIB POCTY, 36iNblUIEHHS TPMBANOCTi Nepioay BiAroAiBAi, HAAMIpHe
CMOXMBAHHS KOPMIB i, BiANOBIAHO, NiABULLEHHS BAPTOCTI CBMHMHMU, LLO 3YMOBJIHOE aKTyasbHiCTb 00paHoi TeMu. MeToto
LOCNiKeHHS O6yno BUSBWUTM BM/IMB MiHEpaNbHOI [0DABKM XENaTHOro KOMMeKCy Mifi Ha MSICHY MpOAyKTUBHICTb
ribpuaHUX CBUHEN Ta AKiCTb CBUHUHW. [IN BUKOHAHHS METU J0CNIAXKEHb BUKOPUCTAHI HACTYMHI METOAM: 300TEXHIYHI
(OMHaMika XMBOi MacW, BU3HAYEHHS CepefHbOAO0OOBMX i BiAHOCHWMX MPUPOCTiB), BioXiMiyHi (aHani3 XiMiyHoro
CKNagy Ta BMICTY MIiKpOENeMEHTIB Y M3aX, MOKA3HUKIB SIKOCTI CBMHUHWU: BMICT BOJIOTU, HiIXHICTb, MapMypOBICTb,
iHTEHCMBHICTb 3abapBieHHs), MOPPONOriYHi (BU3HAUYEHHS MOKA3HUKIB 3a0010), CTAaTUCTUYHI (BU3HAYEHHS JOCTOBIPHOI
pi3HMLI MiX 3HauyeHHaMM). [locnigkeHo ePeKTUBHICTb XeNaTHOro KOMMIEKCY Midi 3 MiLMHOM Ha iHTEHCMBHICTb
POCTY CBMHEN, MOKA3HWKM 330010, XiMIYHMI Ta MiKpOENEMEHTHUI CKNag, M93iB, MOKA3HMKM SKOCTi CBMHWMHM Micns
XONOAHOI BUTPUMKMK. BCTaHOBNEHO, WO AOAATKOBE BBEAEHHS A0 PaLiOHY XeNaTHOro KOMMAeKCy Midi nifBuLLyBano
{HTEHCMBHICTb CepeaHbOA000BUX NPUPOCTIB CBMHEN Ha 9,1 % Ta BIAHOCHOrO NpPUPOCTY XMBOI MacK Ha 4,5 n.n. Big
CBMHEN JaHOT rpynu OTPUMAHO Bax4i TywWi Ha 4,5 n.n. 3 MEHLIOW TOBLUMHOK WNKKY Hag, 6-7 rpyLHUM XpebueMm Ha
10,6 % Ta Macot BHYTPILWHbOIO XMUpY Ha 7,5 %, a Takox Ha 9,7 % 6inblue BHYTPIiLWHiX opraHis. Big TBapuH gocnigHoi
rpynu OTPUMaHO CBUHMHY 3 MeHWMM Ha 10,0 n.n. BMicTOM xupy, 6inbwmm BMicToM Binky — Ha 3,9 n.n Ta 301 — Ha
12,1 n.n. PauioH 3 xenaTHMM KOMMIEKCOM Mifi NiABULLYBaB MiCNS XONOAHOI BUTPUMKM BOMIOTOEMHICTb TA HiXKHICTb
CBMHWHM, CNPUAB 3HMKEHHIO KaNOPiMHOCTI MAca. KOHLLeHTpaL,is MiHepanbHUX PEYOBMH Y MA30Bi TKaHWUHI Y AOCAIAHIN
rpyni 6yna BMLLOK 33 BMICTOM Mifi, MapraHuo, Ko6anbTy, 3ani3a, LMHKY. Ha niacTaBi oTpUMaHUX AaHUX LOCTIAKEHD
BCTAHOB/IEHO MOX/IMBICTb e(PEKTUBHOMO 3rofA0BYBAHHS XeNaTHOrO KOMMAEKCY MiAi 3 MiLMHOM CBMHSAM Ha BiAroAisni

KniouoBi cnoBa: MONOAHSK CBUMHEN; XXMBA Maca; MiKpoenieMeHTHa [00aBKa; xenatHa Migp; 3abiiHuin BUXig,; BUXIA
BHYTPILUHIX OPraHiB; gKiCTb MICa
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