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Abstract. Demand for chicken meat has been growing in recent years, requiring 
prominent production levels and efficient feed conversion. The purpose of this 
study was to determine the productivity, preservation, and slaughter performance of 
broiler chickens, feed conversion on the background of feeding with additives with 
chelated forms of trace minerals. Poultry growth intensity was determined according 
to zootechnical methods, slaughter indicators – according to morphological methods, 
and statistical analysis of the results was used. By the end of the rearing period, the 
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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. Kwiecień 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 organic acids 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. 

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 



Razanova et al.

Scientific Horizons, 2023, Vol. 26, No. 10

71

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).

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

Poultry age
Group

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±5.9 557.5±6.3*** 561.5±7.9***

Absolute live weight gain during the period of feeding starter feed  
(days 3-15), g 434.2±5.9 485.2±15.1** 489.7±7.8***

Relative live weight gain during the period of feeding starter feed  
(days 3-15), % 149.1±0.7 154.0±0.8*** 154.6±0.6***

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±45.5**

Absolute live weight gain during the period of feeding “Grover” feed 
(days 15-36), g 1538±30.5 1590±22.3 1633±46.9

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 during the period of feeding starter feed (days 
36-42), g 533.3±33.7 605.0±35.2* 742.3±43.4***

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  
(days 3-42), g 2,506.2±51.4 2,680.2±25.3** 2,865.8±34.2***

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 40.2±1.1 46.0±1.1*** 46.0±1.1***

15-22 68.4±1.4 74.1±1.6 75.7±1.7

22-29 81.6±1.5 90.9±1.3*** 97.3±1.4***

29-36 62.7±2.8 62.1±2.3 67.4±2.6

36-42 83.2±2.1 86.4±1.4 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 

 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 live weight 
gain in 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. 
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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 

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

Poultry age
Group

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 68.4±3.0* 68.2±2.2*

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. Villagómez-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 

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 
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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 

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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Анотація. Попит на куряче м’ясо останніми роками зростає, що вимагає високого рівня виробництва та 
ефективної конверсії кормів. Метою даного дослідження було визначення продуктивності, збереженості та 
забійних показників курчат-бройлерів, конверсії корму на фоні годівлі добавками з хелатними формами 
мікромінералів. Визначення інтенсивності росту птиці проводили за зоотехнічними методами, показників 
забою – за морфологічними, при цьому використовували статистичний аналіз результатів. До кінця періоду 
вирощування жива маса курчат-бройлерів у групах, де вводили до раціону та досліджувана добавка з 
хелатними мікромінералами (друга група) та хелатний комплекс міді (третя група), достовірно вища за дані 
контрольної групи – на 6,9 % і 13,8 % та відносний приріст – на 4,5 п.п. і 8,5 п.п. відповідно. Швидкість росту 
бройлерів за середньодобовим приростом вища у зазначених групах відповідно на 6,8 % і 14,2 %. Збереженість 
поголів’я птиці у дослідних групах краща на 4 % щодо контролю. Конверсія корму раціону з хелатними 
мікроелементними добавками вища. Витрата кормів у дослідних групах знижувалась за згодовування обраної 
добавки на 2,8 % і з хелатним комплексом міді – на 9,7 %. За результатами балансових досліджень виявлено 
підвищення перетравності поживних речовин раціону курчат-бройлерів. Добавки з хелатами мікромінералів 
ефективні у підвищенні забійного виходу, м’ясистості стегон та гомілки, грудних м’язів – на 5,3-6,2 п.п. Бройлери 
дослідних груп мали вищу м’ясистість стегон та гомілки. Найвищий темп росту виявлено у бройлерів, яким у 
раціоні вводився хелатний комплекс міді. Нижча конверсія корму у контрольній групі пов’язано з нижчою масою 
тіла цих курчат. На підставі отриманих даних досліджень встановлено можливість ефективного введення до 
раціону курчат-бройлерів добавок з хелатними мікромінералами, що дозволило підвищити інтенсивність росту 
та вихід м’яса. Результати можуть бути використані у фермерських птахівничих господарствах для отримання 
більшої кількості продукції та здешевити виробництво курятини

Ключові слова: інтенсивність росту; птиця; м’ясна продуктивність; показники забою; конверсія корму; витрати 
корму; прирости живої маси

https://orcid.org/0000-0001-5552-9356
https://orcid.org/0000-0002-9008-4927
https://orcid.org/0000-0002-0706-2445
https://orcid.org/0000-0003-1332-5579
https://orcid.org/0000-0002-9794-319X

