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Article’s History: Abstract. Demand for chicken meat has been growing in recent years, requiring
Received: 7.05.2023 prominent production levels and efficient feed conversion. The purpose of this
Revised: 22.08.2023 study was to determine the productivity, preservation, and slaughter performance of
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live weight of broiler chickens in the groups where the dietary supplement with chelated trace minerals (second
group) and copper chelate complex (third group) was significantly higher than in the control group - by 6.9 and
13.8%, and the relative increase was 4.5 percentage points and 8.5 percentage points, respectively. The growth
rate of broilers in terms of average daily weight gain is higher in these groups by 6.8% and 14.2%, respectively.
The safety of poultry in the experimental groups is 4% better than in the control group. The feed conversion of a
diet with chelated trace element additives is higher. Feed consumption in the experimental groups was reduced
by 2.8% when feeding the selected additive and by 9.7% when feeding the copper chelate complex. The results
of balance studies revealed an increase in the digestibility of nutrients in the diet of broiler chickens. Additives
with micronutrient chelates are effective in increasing slaughter yield, meatiness of the thighs and shins, and
pectoral muscles by 5.3-6.2 percentage points. The broilers of the experimental groups had a higher meatiness
of the thighs and shins. The highest growth rate was found in broilers fed a copper chelate complex in their diet.
The lower feed conversion in the control group is due to the lower body weight of these chickens. Based on the
research data obtained, the possibility of effective introduction of additives with chelated microminerals into the
diet of broiler chickens was established, which helped to increase the growth rate and meat yield. The results can
be used in farm poultry farms to produce more products and reduce the cost of chicken production

Keywords: growth intensity; poultry; meat productivity; slaughter performance; feed conversion; feed consumption;

live weight gain

INTRODUCTION

To ensure high growth and development of broiler
chickens, it is important to provide trace elements that
play an essential role in poultry metabolism, health,
and bone mineralisation. During periods of intensive
growth, a low supply of essential micronutrients leads
to the development of micronutrient deficiencies. The
bioavailability and assimilation of trace elements by
the poultry body is important, depending on the feed
composition, chemical form of the element, age, and
physiological state of the bird. In poultry farming, trace
elements are used to supplement the composition of
feed, which allows poultry to reach their genetic growth
potential and prevents various diseases.

The genetic base of broilers is constantly changing
in the poultry industry, and poultry farmers are working
to develop new diets to provide micronutrients to birds
that grow intensively and are highly productive for
meat. S. Zamany et al. (2023) confirm that broilers fed
with micronutrient supplements have a higher average
daily live weight gain and a lower feed conversion rate.

Most often, trace elements are added to poultry
diets in the form of inorganic salts, which have low
availability, although Z.Zhu et al. (2019) found that sup-
plemental feeding of inorganic micronutrients ensures
that poultry diets have sufficient amounts of each min-
eral to support normal growth, health, and reproduc-
tion. M. Kwiecien et al. (2017) argue that poor poultry
housing conditions combined with high levels of min-
eral additives and low bioavailability of inorganic trace
elements lead to an excess of them in poultry manure,
and eventually they accumulate in the soil, which leads
to environmental pollution. R. Vieira et al. (2020) rec-
ommend that to reduce the excretion of trace elements
in the manure, it is necessary, first of all, to make them
more accessible to the poultry body. Better availability
of micronutrients can be achieved by feeding poultry

and animals minerals in chelated form so that they
can be fed in smaller doses. J. Chen et al. (2023) note
that coccidiosis reduces poultry growth rate, and the
addition of chelated trace elements can overcome this
problem.

Trace elements based on organicacids have a higher
bioavailability, which has been confirmed in studies us-
ing trace elements (manganese, zinc, selenium, iron,
and copper). A study by J. Kong et al. (2022) investigated
the feasibility of reducing the addition of copper, iron,
zinc, and manganese in the form of glycine metal che-
late hydrate or amino acid, which does not have a neg-
ative impact on poultry growth. A mineral chelate sup-
plement based on organic acid that improves not only
broiler performance but also bone structure and blood
parameters. F. Faghih-Mohammadi et al. (2022), using
copper, iron, zinc, manganese, and selenium chelates in
the feeding of broiler chickens, found that blood chem-
istry did not change, but cholesterol and triglyceride
levels decreased, as well as the bird’s immune system
increased and egg quality improved. Due to the anti-
oxidant effect of copper, zinc, iron, and feeding these
trace elements in a chelated, easily digestible form, the
antioxidant status of broiler thigh meat changes.

The addition of methionine chelates, yeast protein
forms of copper, iron, manganese, and zinc to broilers
increases poultry growth, feed conversion, and reduces
the release of trace elements into the environment.
A. Winiarska-Mieczan et al. (2021) recommend that to
increase the antioxidant resistance of chicken meat,
glycine chelated copper should be added to the diet in
an amount of 25% of the requirement for this element.
Copper is widely used in poultry farming as a growth
stimulant, antimicrobial agent and to support the im-
mune system. A. Forouzandeh et al. (2021) argue that
the addition of copper oxide and sulphate to the diet
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results in changes in the gut microbiota by regulating
the bacterial population in the ileum, which had a pos-
itive effect on the growth rate of broilers. Copper plays
an important role in the antioxidant system and lipid
peroxidation.

Thus, the realisation of the genetic growth poten-
tial is possible through the provision of trace elements
to broiler chickens, especially chelated amino acids,
which will improve metabolic processes in the body
and increase live weight gain and slaughter yield. That
is why the purpose of this study was to find out the
impact of chelated micronutrient supplements on the
growth rate of broiler chickens, feed conversion, and
meat productivity of poultry.

MATERIALS AND METHODS

The study was conducted in the vivarium of Vinnytsia
National Agrarian University (Ukraine) during 2023 on
broiler chickens of the Cobb-500 cross. The study used
day-old chickens that were evenly distributed between
the groups. For this purpose, three groups of poultry
were formed using the analogue group method, with
25 birds in each group. The studies followed the re-
quirements for the care and maintenance of poultry.
Broiler chickens were kept in three-tiered cages. Each
cage had a water drinker and a hanging feeder. Water
was supplied to each cage through a nipple drinker sys-
tem. The vivarium room where the birds were kept was
preheated to 27°C 2 days before the study. The room
temperature at the beginning of the experiment was
32°C,and during the experiment it was lowered by 2°C
every week. The temperature was lowered to 26°C on
day 14, to 24°C on day 21 and to 21°C on day 24, and
then maintained at 21°C until the end of the fattening
period. Throughout the research period, the authors of
this study also monitored compliance with the light re-
gime in the vivarium. During the first week, the broilers
were provided with lighting for 23 hours. From day 8
to day 39, the light period was gradually reduced to 20
hours, and from day 40 to the end of the experiment it
was increased again to 23 hours per day.

During the rearing of broiler chickens, a three-phase
feeding programme was used, depending on the age of
the birds: the initial phase lasted from day 1 to 15, the
growth phase began from day 16 and lasted until day
35, and the final phase from day 36 to 42. During the
scientific, economic and physiological experiments, the
broiler chickens were fed with dry, nutrient-balanced
feed. The feed used for poultry feeding was based on
the age of the broiler chickens, and therefore the ap-
propriate feed was used for each phase. At the begin-
ning of the experiment, up to 15 days of age, the starter
feed “Starter PK5-1" was fed, from 16 days to 35 days -
growth feed “Grover”, from 36 to 42 days - finishing
feed “Finisher”. The feeds met the current age-specific
nutrient requirements for growing broilers and were
free of antibiotics and growth stimulants.
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According to the task of this study, broiler chickens
in the control group were fed the basic diet without
mineral additives, the second experimental group was
fed an additional supplement “Kronocid-L" at the rate of
2.5 ml per 10 litres of water, and the third experimen-
tal group was fed a copper-glycine chelate complex at
the rate of 3.0 ml per 10 litres of water. Copper chelate
complex contains 5% copper and 20% glycine. The Kro-
nocid-L additive contains chelates of copper, iron, zinc,
manganese, and 19% acids. The test additives were ad-
ministered to the poultry diet by watering with water.
Throughout the experiment, broiler chickens had free
access to feed and water.

To analyse the effect of the copper chelate com-
plex and the additive under study on the growth rate of
broiler chickens, the birds were weighed every 7 days,
from 3-day-old age until the end of the experimental
period (42 days). Broilers were paid for feed gain by the
amount of feed consumed, which was recorded during
the periods from days 1 to 15, 16 to 35, 36 to 42, by the
periods of feeding the respective feed. Daily live weight
gain and daily feed intake per bird were calculated for
each week, for the periods: days 1-7, 8-14, 15-21, 22-
28, 29-35, 3-42. The average daily weight gain and av-
erage daily feed intake were calculated at the end of
each phase and on a weekly basis. Chicken mortality
was also recorded to determine the percentage of poul-
try survival. Poultry mortality was checked twice a day,
and the weight of dead chickens was used to adjust the
feed conversion rate. Each bird was weighed separately
on an electronic scale.

On day 42, 5 birds from each group were selected
close to the average weight of the group for slaugh-
ter to take tissue samples and investigate the effect
of additives on meat performance. Control slaughter
of broiler chickens was conducted following the DSTU
3136-2017 (2019). Based on the results of poultry
slaughter, the live weight of uneviscerated, eviscerated,
half-eviscerated poultry,the weight of breast, thigh,and
leg muscles, the weight of internal organs were deter-
mined, and the percentage of carcass yield, percentage
of breast, thigh and leg muscles were calculated. After
the chickens were slaughtered, their organs and tis-
sues were examined, and samples were taken for fur-
ther research. All experimental studies were conducted
per the modern methodological approaches and cor-
responding requirements and standards that follow
DSTU ISO/IEC 17025:2005 (2006). Animal husbandry
and all manipulations were performed according to the
provisions of the Procedure for conducting tests and
experiments on animals by scientific institutions (Law
of Ukraine No. 249, 2012) of the European convention
for the protection of vertebrates used for experimental
and other scientific purposes (1986).

Statistical analyses of the results were performed
using Statistica software package. The arithmetic mean
and standard deviation were calculated. Results are




expressed as mean * SD (standard deviation). One-way
ANOVA was used to calculate statistically significant
(P<0.05) differences between the mean values for the
respective groups of broilers. For comparisons, statis-
tically significant differences between the mean val-
ues for the respective groups of broiler chickens were
calculated. The results were statistically significant at
(p<0.05), (p<0.01), (p<0.001).
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RESULTS AND DISCUSSION

Growth parameters are usually used to assess the
growth rate of poultry. The study found differences in
the growth of broiler chickens treated with mineral
supplements (copper chelate complex and Kronocid-L).
The effect of the additives under study on the perfor-
mance characteristics (live weight, absolute and rela-
tive weight gain, and survival) of chickens is presented
in Table 1.

Table 1. Growth intensity of broiler chickens after introduction of additives
with chelated microminerals to the diet, x*SD, n=25

Group
Poultry age
control (MD) experimental (SK) experimental (CC)
Live weight at the beginning of the experiment, day 3, g 72.0%1.0 72.3%1.1 71.7+0.8
Live weight on day 8, feeding of starter feed, g 230.2+3.9 235.3%4 3 239.5%3.2
Live weight at day 15, feeding of starter feed, g 508.2+59 557.5%6.3™ 561.5£7.9™
Absolute live weight gain during the period of feeding starter feed 4342459 485.2£15.1" 489.7+7.8"
(days 3-15),g
Relative live weight gain during the peoriod of feeding starter feed 149.10.7 154.0£0.8™ 154.6+0.6™
(days 3-15), %
Live weight at day 22, feeding with Grover feed, g 987.2%£26.6 1,076.5+25.5™ 1,091.1£27.3"
Live weight at day 29, feeding with Grover feed, g 1,558.6+30.2 1,712.8+18.9™ 1,772.3+28.7"
Live weight at day 36, feeding with Grover feed, g 2,046.8+29.0 2,147.5+22.2" 2,195.2+455"
Absolute live weight gain during the period of feeding “Grover” feed 1538+30.5 1590223 1633+46.9
(days 15-36),9
Relative gain over the period of feeding Grover feed (days 15-36), % 120.3%1.2 117.5%0.9 118.2%1.7
Live weight at day 42, feeding Finisher feed, g 2,580.1£51.9 2,752.5%¥25.2" 2,937.5¥34.0™
Absolute live weight gain duringzgjzzr;egriod of feeding starter feed (days 53334337 605.0£35.2° 742 3243 4™
Relative growth during the period of feeding Finisher feed (days 36-42), % 22.9%2.6 24.7%1.4 29.1+1.8"
Absolute live weight gain during the period of feeding starter feed 2,506.2¢51.4 2,680.2425.3" 2,865.8434.2"
(days 3-42),g
Relative growth during the growing period (3-42 days), % 188.8+0.2 189.7+0.2" 190.4+0.2"
Poultry safety, % 92 96 96

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

diet, SK - supplement Kronocid-L, CC - copper chelate
Source: compiled by the authors of this study

The live weight of broiler chickens on day 8 in all
three groups was almost the same at 230.2-239.5 g.
Over the next week, after the introduction of the ad-
ditives under study into the diet, the poultry began to
grow more intensively and in the second group the
live weight of chickens was 97% higher (at p<0.001),
in the third group - by 10.5%. The absolute increase
in live weight during the period of feeding the starter
feed (days 3-15) was 11.7% higher in the second group
(p<0.01),and 12.7% higher in the third group (p<0.001)
compared to the data in the control group. The relative
increase in live weight, which characterises the growth
rate, during this period of poultry rearing with the

introduction of the additive “Kronocid-L" to the diet is
3.3 p.p. higher (p<0.001), under the influence of copper
chelate complex - by 3.7 p.p. (p<0.01). In the next peri-
od, the broilers of the experimental groups maintained
their growth rate. At the end of the third week of rearing,
live weight in chickens of the second group increased
by 9.0% (p<0.01), and in the third group - by 10.5%
(p<0.01). In the following period (days 29-36), both sup-
plements showed a higher increase in live weight than
in the group without supplementation. The difference
was 9.9 and 13.7% (p<0.001), respectively, compared to
the data of the control group. On day 36, broilers of the
second group showed a trend of more intensive growth
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(p<0.01) and outperformed the control group by 4.9%,
and the third group by 7.3%.

At the end of the second growing period, the ab-
solute increase in live weight was 3.4% higher when
feeding Grover feed and the introduction of the addi-
tive Kronocid-L into the diet, and the increase in cop-
per chelate complex was 6.1%. In the final period of
rearing, broiler chickens (36-42 days) fed Finisher con-
tinued to grow intensively. However, during the last
phase of poultry rearing, with the introduction of the
additive “Kronocid-L, the live weight of chickens was
6.9% higher (p<0.01) and the copper chelate complex -
13.8% (p<0.001),the relative increase - 7.9 and 27.0 p.p.
(p<0.001), respectively. The absolute increase in live
weight over the entire period of poultry rearing in the
second group was 6.9% higher (p<0.01), and when the

chelated copper-glycine complex was introduced into
the diet, it was 14.3% higher (p<0.001) compared to the
control group. The relative growth during this period in
broilers fed with mineral supplements was 4.5 (p<0.01)
and 8.5 p.p. (p<0.001) higher, respectively. The introduc-
tion of the additives under study into the poultry diet
had a positive effect on health, which accordingly af-
fected the safety of the livestock. In the experimental
groups, this figure is the same and 4% higher than in
the control group. Average daily live weight gain is the
main indicator of poultry growth intensity. As Table 2
suggests, the average daily weight gain at different age
periods in all groups of broiler chickens differed. The
best live weight gains were obtained in broilers when
mineral supplements were used in the diet starting
from the day 8 of rearing.

Table 2. Average daily live weight gain of broiler chickens during the period of feeding supplements
with chelated microminerals, g

Rearing period

Group

control (MD) experimental (SK) experimental (CC)
3-8 25.5%0.7 27.2*0.8 28.0%0.6

8-15 40.21.1 46.0x1.1™ 46.0x1.1™

15-22 68.4%1.4 74.1%1.6 75.7¢1.7

22-29 81.6%1.5 90.9+1.3™ 97.31.4™

29-36 62.7£2.8 62.1£23 67.4%2.6

36-42 83.2%2.1 86.4x1.4 98.9£2.2™
Average for the period of the experiment 62.7%¥1.3 67.0£0.6" 71.6%0.9™

Feed consumption per weight gain, g 2,197 2,136 1,983

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

diet, SK - supplement Kronocid-L, CC - copper chelate
Source: compiled by the authors of this study

The advantage in average daily weight gain in
poultry of the second and third groups during days
8-15 was the same and amounted to 14.4% (p<0.001).
In the subsequent periods of rearing, the greatest ad-
vantage in this indicator was found in chickens that
were supplemented with a copper chelate complex.
The increase in the average daily live weight gain
was 10.7% during days 15-22, 19.2% (p<0.001) dur-
ing days 22-29, 7.5% (p<0.01) during days 29-36, and
18.8% (p<0.001) in the final period of rearing. The
supplementation of the diet also resulted in lower
scores than in the third group, but still higher than
in the first control group. The advantage in these pe-
riods, starting from day 15 of rearing, for two weeks
was 8.3 (p<0.01) and 1.4%, for days 29-36, chickens
of the second group were slightly behind in daily live
weight gain (by 0.9%). In the next period (days 36-42),
broilers retained their growth advantage over control
birds and the difference between the groups was 3.8%
(p<0.01). On average, over the entire period of the
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experiment, the highest average daily live weight gain
was found in the third group of chickens fed a copper
chelate complex. The birds of this group outperformed
the control group by 14.2% (p<0.001). In addition, the
broiler chickens of the second group, which were fed
the supplement, had better average daily live weight
gain compared to the control group, with a difference
of 6.8% (p<0.01). However, they were 6.4% lower than
the third group.

The study demonstrates the benefits of mineral
supplements in the poultry diet to pay for feed gain in
broilers. Less feed was consumed per unit of Llive weight
gainin chickens fed a copper chelate complex. The birds
of the control group were 9.7% lower in this indicator,
and those of the second group were 7.2% lower. How-
ever, the broilers fed the supplement consumed 2.8%
less feed per unit of live weight gain compared to the
control. The results of the balance studies revealed an
improvement in feed conversion, i.e., an increase in the
digestibility of nutrients in the diet of broiler chickens.




The introduction of a copper chelate complex into the
broiler diet increased the digestibility of dry matter by
20 p.p. (p<0.01), organic matter - by 3.7 p.p. (p<0.001),
protein — by 4.1 p.p. (p<0.001), fat - by 3.1 p.p. (p<0.001),
fibre - by 11.7 p.p. (p<0.001) and roentgen equivalent
man (REM) - by 2.3 p.p. (p<0.001). In the second group
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of poultry, a similar trend is observed to increase the di-
gestibility of nutrient components of the feed. Thus, an
increase in the conversion of dry matter by 1.0 pp, or-
ganic matter - by 3.1 p.p. (p<0.001), protein - by 2.7 p.p.
(p<0.001), fat - by 1.4 p.p. (p<0.01), fibre - by 7.0 p.p.
(p<0.01), and REM - by 1.3 p.p. (p<0.01) (Table 3).

Table 3. Digestibility of feed nutrients by broiler chickens with the introduction of additives with chelated
microminerals into the diet, %

Indicator Group
control (MD) experimental (SK) experimental (CC)
Dry matter 80.5+0.3 81.3%0.2° 82.1+0.2"
Organic matter 81.2%0.3 83.7£0.4™ 84.2%0.6™
Protein 83.1+0.4 85.3%0.3™ 86.5%0.7™"
Fat 78.3%0.3 79.4%0.2" 80.7£0.2™
Fibre 12.8+0.08 13.7%0.11™ 14.3+0.09™
REM 82.7%0.2 83.8+0.3" 84.6%0.3™

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

diet, SK - supplement Kronocid-L, CC - copper chelate
Source: compiled by the authors of this study

Supplementation of the broiler chickens’ diet also
had a positive impact on slaughter rates, carcass, meat,
and internal organ yields. The carcass yield of broilers
fed the copper chelate complex and the additive under
study was higher than that of the control group. Com-
paring the pectoral muscle yield in the third group with
the control group, it is 6.2 percentage points higher

(p<0.01). The second group of chickens also obtained
more (p<0.05) pectoral muscles (by 5.3 p.p.) than chick-
ens that were not fed mineral supplements. Birds of the
second and third groups had higher thigh meatiness. In
these groups, the number of thigh muscles was slightly
higher, but the number of lower leg muscles was lower
(by 2.1 and 2.7 p.p., respectively) (Table 4).

Table 4. Indicators of slaughter of broiler chickens under the influence of additives with chelated trace minerals

Group
Poultry age
control (MD) experimental (SK) experimental (CC)

Pre-slaughter weight, g 2,690.0£37.8 2,893£18™ 2,911+ 34™
Weight of half-eviscerated carcass, g 2,193.0+43.7 2,390+31™ 2,513+39™
Weight of eviscerated carcass, g 2,009.7+34.5 2,146%£19™ 2,189+28™

Slaughter yield, % 74.6*0.2 75.0+0.4 75.2%0.2°
Weight of pectoral muscles, g 610.3+32.9 695.0£19.1° 708.0£20.0°
in % of eviscerated carcass 30.4+0.4 32.0£0.3° 32.3%0.5"
Weight of thigh muscles, g 237.7%5.0 257.3%4.9° 262.3¥4.9"
in % of eviscerated carcass 11.83+0.07 11.87%0.03 11.98+0.09
Lower leg muscle mass, g 192+3.4 202.6*4.4 203.3£4.3"

in % of eviscerated carcass 9.55%0.07 9.35%0.2 9.29%0.08

Weight, g: liver 57.3+3.3 68.4x3.0° 68.2+2.7°

hearts 14.7+0.1 13.8+0.2" 14.2%0.2

muscular stomach 18.6%0.2 18.3%0.2 17.8+0.1"

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

diet, SK - supplement Kronocid-L, CC - copper chelate
Source: compiled by the authors of this study
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There were changes in the weight of internal or-
gans after the introduction of mineral additives into
the poultry diet. In the second group of broiler chick-
ens, 19.4 and 19.0% more liver weight was obtained
(p<0.05). The heart weight of the second group was
6.1% lower (p<0.01). There was no significant effect
of the mineral supplements on stomach muscle mass.
The studies confirmed that the use of feed additives
containing chelated trace elements for broiler chickens
had a positive effect on economic traits, which contrib-
uted to an increase in live weight, slaughter yield, and
conversion of feed nutrients.

According to researchers who have investigated this
subject,mineral additives are among the products that re-
duce feed costs for production, improve feed conversion,
and increase live weight (Fotina et al., 2021). Recently,
chelated micronutrient additives have been increasingly
used in livestock production as growth stimulants that
improve the general condition of animals and poultry,
increase productivity, which helps livestock, including
poultry, to develop economically (Bhagwat et al., 2021).
S. Villagémez-Estrada et al. (2020) managed to increase
the productivity and mineral status of pigs by adding
copper to their diet at the permissible levels of the
European Union. Mineral copper supplementation can
be effective for more intensive growth if poultry are fed
above the minimum requirements. O. Olukosi et al.(2018)
found an increase in the growth performance of broiler
chickens and meat yield under the influence of zinc and
copper hydroxychloride. M. Hamdi et al. (2018) confirmed
the increase in live weight of poultry with the intro-
duction of chelated copper supplements into the diet.

Copper is often used in combination with amino
acids, particularly glycine. V. Sakara & A. Melnyk (2019)
also confirm the higher efficiency of the use of vita-
min-amino acid chelates of zinc and manganese in
poultry feeding, which contributed to an increase in live
weight and improved blood counts. The conclusions
of the study on the impact of the effectiveness of the
use of additives with chelated forms of trace minerals
in the feeding of broiler chickens coincided with the
previous results of scientists. The effect of the intro-
duction of chelated trace element additives with free
access to feed into the poultry diet affected live weight,
absolute and average daily weight gain. Studies have
revealed differences in the growth of broiler chickens
fed supplements containing chelated trace elements.
The diet containing additives containing chelated trace
elements (chelated copper complex with glycine and
Kronocid-L) improved the live weight and growth rate
of chickens compared to the diet without additives.

Chelated forms of trace elements improve the over-
all health of broilers, which subsequently has a positive
impact on poultry safety. Higher mineral digestibility,
a positive effect on growth rate, bone mineralisation,
slaughter performance, and organoleptic properties of
meat were obtained by using chelated forms of trace
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elements in poultry feeding, as described by H. Ghasemi
et al. (2020). Comparable results were obtained in the
current study on broiler chickens. By the end of rearing,
the introduction of chelated micronutrients increased
the safety of poultry in these groups. The evaluation of
the economic and useful properties of broiler chickens
under the influence of additives with chelated micro-
minerals (copper chelate complex, the additive under
study) in the free access was assessed by the results of
a control slaughter carried out at the age of 42 days.
Slaughter rates can reflect the meat productivity of
animals and poultry, which is a key indicator that af-
fects the economic performance of livestock farming.
Adjustment of animal diets with mineral premixes im-
proves not only slaughter yield, but also increases the
yield of quality meat (Yaremchuk et al., 2022; Farionik
et al.,2023).The studies by S.Van Kuijk et al. (2021) and
T.Santos et al. (2021) confirm the current results on the
positive impact of mineral supplements on slaughter
performance and carcass characteristics.

Raising broilers on feed with chelated trace el-
ements reduces feed costs per unit of growth (Fotina
et al., 2021). The feed consumption of poultry in the
three groups was almost the same, but there was a dif-
ference in feed consumption for live weight gain. Feed
costs per unit of weight gain in broilers fed a copper
chelate complex and a supplement with free-access
chelated trace minerals were significantly lower. In live-
stock and poultry farming, the nutrient balance method
is used to determine the nutrient absorption potential
of the diet. The inclusion of additives with chelated
trace elements in the diet of broiler chickens had a
positive effect on the absorption of feed nutrients. In
the studies conducted, the chickens’ diets were formed
according to the three-phase feeding system and con-
tained all the necessary components for successful de-
velopment.When copper chelate complex and additives
are introduced into the chicken diet, the digestibility of
nutrient components of feed increases. The digestibility
coefficients of feed nutrients in these groups of poultry
were significantly higher than in the control group. The
data obtained from studies on broiler chickens are con-
sistent with the findings of R. Tymoshenko et al. (2018),
who confirmed that chelated forms of trace elements
have a greater ability to be absorbed by the body, which
contributes to an increase in poultry productivity. Based
on the data from the study, it can be concluded that ad-
ditives with chelated forms of micronutrients are effec-
tive in increasing growth performance, improving feed
nutrient absorption and increasing meat yield.

CONCLUSIONS

It was found that the live weight of broiler chickens
consuming a diet with additives containing chelated
forms of trace minerals) at the age of 7, 14, 21, 28, 35,
and 42 days was higher than that of broilers without
additives. Live weight was 13.8% higher at 42 days of




age with the introduction of copper chelate complex
and 6.9% higher with the supplementation, while the
growth rate of broilers in terms of relative live weight
gain at the end of the experiment in these groups was
8.5 and 4.5 percentage points higher, respectively.

Chickens grew more intensively when supple-
mented with chelated micronutrients, which increased
the average daily live weight gain in the group where
copper chelate complex was introduced into the diet by
14.2% and the supplement by 6.8%. Better availability
of trace elements of the additives under study had a
positive effect on poultry performance.

The survival rate of young animals where chelated
micronutrients were used in feeding was 4% higher.The
introduction of additives with chelated trace elements
to the broiler diet increased the digestibility of organic
matter by 3.1-3.7 p.p., protein by - 2.7-4.1 p.p., fat - by
1.4-3.1 p.p., and fibre - by 7.0-11.7 p.p., which led to
a reduction in feed costs in these groups. Feed costs
per unit of weight gain were lower in the broiler group
with the addition of Kronocid-L to the diet by 2.8% and
copper chelate complex by 9.7%, which will help reduce
the total cost of raising poultry and increase profitabil-
ity in the poultry industry.

Growing broiler chickens on feed with chelated
forms of microminerals increases the slaughter yield by
1.6 p.p. and significantly increases the yield of breast

Razanova et al.

muscles by 5.3-6.2%. The yield of thigh muscles in the
group of poultry administered copper chelate complex
was 10.3% higher.

The findings of this study strongly suggest that the
use of copper chelate complex and additives as part
of an intensive broiler rearing strategy contributes to
better availability of micronutrients, which increases
growth intensity and slaughter yield while reducing
costs per unit of growth and, as a result, reduces overall
production costs. Future research may include studying
a wider range of micronutrients, determining optimal
doses and ratios of micronutrients in the diet to max-
imise performance, and investigating different forms of
chelates to maximise bioavailability.
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AHoTauis. [TonuT Ha Kypsiye MACO OCTaHHIMM pOKaMM 3pOCTaE, WO BMMArae BMCOKOrO piBHS BMPOOHMUTBA Ta
edeKTMBHOI KOHBepCii KopMiB. MeTOK AaHOro AOCNILKEHHS OYN0 BM3HAYEHHS NMPOAYKTUBHOCTI, 36epexeHoCTi Ta
3abiliHMX NoKa3HWKiB KypyaT-bpoinepis, KoHBepcCii kopMy Ha GoHi roaieni fobaBkamu 3 xenaTHMMKM GopmMamm
MiKpOMiHepaniB. BU3HaYeHHs iHTEHCMBHOCTI pOCTYy NTWLiI NMPOBOAWMAM 33 300TEXHIYHMMM METOAAMM, NMOKA3HMKIB
3ab0t0 - 33 MOp(ONOriYHUMHU, NPU LLbOMY BUKOPUCTOBYBAM CTAaTUCTUYHUI aHani3 pe3ynbTatie. [lo KiHUs nepiogy
BMPOLLYBAHHS XMBa Maca KypuyaT-6poinepis y rpynax, fe BBOAMAM LO paLiOHy Ta AOCNigKyBaHa nobaBka 3
XeNnaTHUMK MiKpOMiHepanamu (gpyra rpyna) Ta XenaTHuMi KOMMNAekc Midi (TpeTa rpyna), LOCTOBIPHO BULIA 33 AaHi
KOHTPOJIbHOI rpynu — Ha 6,9 % i 13,8 % Ta BigHOCHWIA npupicT — Ha 4,5 n.n.i 8,5 n.n. BignosigHo. LLBnakicte pocty
6polinepis 3a cepefHbOA0060BMM NPUPOCTOM BUMLLA Y 3a3HAYEHUX FPYNax BianosiaHO Ha 6,8 % i 14,2 %.36epexeHicTb
noronis’a NTUUi y OOCAIAHWMX rpynax Kpawa Ha 4 % wono KoHTpont. KoHBepcis KOpMY paLioHy 3 XenaTHUMM
MiKpoeneMeHTHUMK f,o006aBKaMM BULLA. BUTpaTa KOPMIB y LOCNIAHMX rPynax 3HUXKYBaNach 3a 3rof0BYBaHHS 06paHoi
n06aBKM Ha 2,8 % i 3 XenaTHMM KOMMNNEKCOM Mifi — Ha 9,7 %. 3a pe3ynbTataMu 6anaHCOBMX AOCHIAKEHD BUSBIEHO
NiABULLEHHS NEPETPABHOCTI MOXMBHMUX PEYOBMH paLioHy KypyaT-6poiinepis. [lobaBku 3 xenataMu MikpoMiHepanis
eeKTMBHI Y NiABULLEHHI 3a6iMHOr0 BUXOAY, MICUCTOCTI CTErOH Ta rOMI/IKW, TPyAHUX M93iB — Ha 5,3-6,2 n.n.bpoiinepu
[OCNIAHUX TPYN Manu BULLY MACUCTICTb CTEFOH Ta rOMINKW. HaMBuLKMA TeMN pocTy BUSBNEHO Y Bpoiinepis, SKUM y
paLioHi BBOAMBCS XeNaTHMM KOMIAEKC Miai. HxK4a KOHBEpPCi KOPMY Y KOHTPObHIM Fpyni NOBM3aHO 3 HUXKYOK MACcoH0
Tina umx Kypyat. Ha niacrasi oTpyMaHUX JaHUX AOCAIAXEHb BCTAHOBMEHO MOXIUBICTb eheKTMBHOrO BBEAEHHS A0
paLioHy KypyaT-6porinepis L06ABOK 3 XxeNaTHUMU MiKpOMiHepanamu, Lo J03BOIMIIO0 MiABULNTM IHTEHCUBHICTb pOCTY
Ta BMXig MAca. Pe3ynstat MoXyTb ByTM BUKOPUCTaHI Y pepMepCbKnX NTaxiBHUYMX rOCNOAAPCTBAX AN OTPUMAHHSA
6inbLWOT KiNbKOCTI NpOAYKLii Ta 34elweBUTU BUPOBHULTBO KYPSTUHM

KniouoBi cnoBa: iHTEHCMBHICTb POCTY; NTULSA; MICHA NPOAYKTUBHICTb; MOKa3HMKM 3a6010; KOHBEPCis KOPMY; BUTPATK
KOpMY; MPUPOCTM XMBOT Macu
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