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Abstract. Nowadays, organic forms of trace elements, which have a high
bioavailability, and, as a consequence, have a beneficial effect on the body
of animals and birds, are increasingly used in feeding. In this area, quite a
lot of research has been carried out on the use of chelates in poultry
feeding, but mainly for broiler chickens and laying hens. Therefore, the
purpose of our study was the use of organic forms of trace elements such
as iron, manganese, copper, zinc, and selenium in the diets of rearing stock
of the parent flock of the ROSS cross. The experiment was carried out in
the production conditions of the Novosafonovskaya poultry farm of
Kuzbasskiy Broiler LLC and at the Small animal science department of the
Altai State Agrarian University in 2020. The results of the experiment
indicate that replacing 50% of the need for inorganic forms of iron,
manganese, copper, zinc and selenium with organic analogs contributed to
an increase in live weight, absolute and average daily gains of rearing
stock. There was an increase in the uniformity of the flock in terms of live
weight, both males and females. The crop percent of poultry in the
experimental group was 3.2-4.6% higher due to a decrease not only in
mortality, but also in culled chickens.

1 Introduction

Feeding is a key indicator influencing the growth and development of young birds.
Nowadays, at a sufficiently high level of feeding, a search is underway for means to grow
strong young birds, from which healthy offspring can be obtained in the future throughout
the entire period of use.

Most studies on the inclusion of organic forms of trace elements were carried out on
broiler chickens [1-6] and laying hens [7-9]. The positive effect of chelates on growth,
development, productivity and product quality has been proven [10-14]. There are almost
no studies on the inclusion of chelated forms of trace elements in the diets of rearing stock
of broiler breeders, which is relevant.
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2 Materials and Methods

Therefore, the purpose of the study was the use of organic forms of trace elements such as
iron, manganese, copper, zinc, and selenium in the diets of rearing stock of broiler breeders.

Experiments on the inclusion of chelated forms of trace elements in the composition of
feed for rearing stock were carried out in the production conditions of a separate
subdivision “Novosafonovskaya poultry farm” of Kuzbasskiy Broiler LLC and at the Small
animal science department of the Altai State Agrarian University in 2020.

The object of the study was the rearing stock of the parent flock of the ROSS cross
(hens and cockerels) from one day old to the age of 155 days, when they are transferred to
the parent flock.

The subject of research is chelated forms of trace elements (iron, manganese, copper,
zine, selenium).

The experiment was carried out according to the scheme shown in Table 1.

Table 1. Scheme of the experiment.

Group Feeding features
control The usual diet, incl. premix (100% inorganic trace elements)
experimental | The usual diet, incl. premix (50% inorganic trace elements + 50% organic
trace elements)

Table 1 shows that the hens and cockerels of the control group received compound feed
in accordance with the age of the bird with a standard premix containing all the necessary
biologically active substances in accordance with the recommendations for growing the
ROSS cross. In the experimental group, salts of such trace elements as iron, manganese,
copper, zinc, and selenium were replaced by their organic analogs in the amount of 50% of
their requirement for this trace element.

All other conditions of feeding and keeping were identical and corresponded to the
zootechnical requirements and recommendations for keeping the ROSS cross.

During the experiment, the birds were weighed weekly. Based on these data, the
uniformity of the herd, absolute and average daily gains were calculated.

The mortality and culling of birds with an indication of the reasons for leaving were
carried out daily.

The research results were subjected to statistical data processing using Microsoft Excel
software.

3 Results

Changes in feeding conditions are primarily reflected in live weight, which is a key
indicator for rearing stock. The influence of chelated forms of trace elements on the live
weight of hens is shown in Table 2.

The data in Table 2 indicate that, when tested, the hens of both groups were almost the
same, weighed 39 g, on average, and were slightly below normal (by 1 g or 2.5%). In the
future, starting from the first week, there is a tendency for more intensive growth of hens in
the experimental group by 16-302 g or by 5.1-12.8% (p<0.001) compared to the control
group. At the end of the experiment, i.e. when transferred to the parent flock, the average
live weight of hens receiving chelated forms of microelements in their diet was 2996 g,
which is 6.8% more (p<0.001) and 12.8% more than in the control group and the group
recommended for the ROSS cross, respectively.

Comparing the live weight of the experimental bird with the one recommended for the
ROSS cross, it can be concluded that throughout the entire study period, the hens from the
experimental group exceeded the norm by 7.6-15.8%, while they were only 4.0 -12.0% in
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the control group, and even lagged behind in growth from the recommended by 0.1-4.0% in
the period from 19 to 21 weeks.

Table 2. Live weight and uniformity of chicken flock.

Live weight, g Uniformity, %
Age, - -
weeks Norm Control group Experimental Control group Experimenta
group 1 group

0 40 39+0.3 3940.2 69.2 70.2
1 125 141£3.5 157+3.1° 70.4 76.5
2 240 263+4.8 285+4.07 56.4 66.8
3 360 395+6.1 426+5.97 54.1 67.7
4 480 533+7.2 573469 542 64.8
5 600 655+7.8 723+£7.1 59.6 66.0
6 740 776+8.3 869+7,9° 68.4 70.6
7 870 920+10.8 999+1137 71.4 69.3
8 990 1038+12.5 1126£15.7 72.7 67.7
9 1100 1157+11.3 1244+13.87 77.2 68.8
10 1200 1277+16.6 1352+17.97 77.4 73.3
11 1300 1400£16.9 1474+15.9 76.5 83.3
12 1400 1509+16.3 1600+16.17 773 82.5
13 1505 1620+17.1 1703+17.07 79.6 80.7
14 1610 1727+15.3 1824+15.0" 80.2 84.9
15 1715 1827+16.9 194541687 80.0 87.2
16 1825 1926+21.8 2048+20.6 76.0 84.9
17 1945 20224204 2170+19.97 79.6 83.5
18 2070 2121x17.7 2289+19.97 81.5 79.7
19 2200 2111+18.8 23914205 79.0 71.0
20 2340 2312+20.2 25171837 73.0 79.0
21 2495 2492419 4 279442197 75.0 70.0
22 2655 2805+20.4 2996+20.17 81.0 83.0
On 72.8 75.3

average

— the difference in comparison with the control group is reliable: *- p<0.05, **- p<0.01, ***-

p<0.001

The uniformity in live weight characterizes the uniformity of the bird. The higher the
uniformity, the higher the productivity, the easier it is to create optimal feeding and keeping
conditions for most individuals, and the easier it is to work with such a herd [15, 16]. Thus,
the uniformity of hens in the control group ranged from 54.1-81.5%, and in the
experimental group - 64.8-87.2%. On average, according to this indicator, the rearing stock
in the experimental group exceeded their peers by 2.5%, which indicates a positive effect of
the inclusion of chelates of microelements in the feed on the chickens.

The change in the growth rate of the experimental bird is shown in Table 3.

The analysis of table 3 showed that the most intensive growth of rearing stock was
observed before the 7th week of life at the level of 14.6-20.6 g of average daily gain in the
control group and at the level of 18.3-21.0 g in the experimental group. Further, there was a
moderate growth of hens up to 20 weeks of age. At the same time, the absolute increase in
the control and experimental groups ranged from 90-123 g and 102-127 g, respectively. At
the end of the experiment (at the age of 21-22 weeks), the absolute and average daily gains
were maximum both in the control and in the experimental group. This tendency is typical
for rearing stock and contributes to the correct development and formation of chickens.

The use of organic forms of trace elements contributed to the more intensive growth of
chickens. Thus, the hens of the experimental group surpassed their peers in absolute and
average daily gain by 191 g or 6.9% and by 1.2 g or 6.9%, respectively.
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Table 3. Growth rate of hens.

Absolute gain, g Average daily gain, g
Age, weeks Control group Experimental Control group Experimental
group group
1 102 118 14.6 16.9
2 122 128 17.4 18.3
3 132 141 18.9 20.1
4 138 147 19.7 21.0
5 122 150 174 214
6 121 146 17.3 20,9
7 144 130 20.6 18.6
8 118 127 16.9 18.1
9 119 118 17.0 16.9
10 120 108 17.1 154
11 123 122 17.6 174
12 109 126 15.6 18.0
13 111 103 15.9 14.7
14 107 121 153 17.3
15 100 121 143 17.3
16 99 103 14.1 14.7
17 96 122 13.7 174
18 99 119 14.1 17.0
19 90 102 12.9 14.6
20 101 126 144 18.0
21 180 277 25.7 39.6
22 313 202 44.7 28.9
Total 2766 2957
On average 18.0 19.2

The dynamics of live weight and uniformity of a flock of cockerels under the influence
of chelated forms of trace elements is presented in Table 4.

Analyzing table 4, we came to the conclusion that cockerels of the control group up to 7
weeks of age lagged behind by 0.2-4.4% in live weight, and then exceeded the
recommended norm by 3.3-13.1%. Throughout the study, cockerels from the experimental
group had a live weight higher than the recommended one for the ROSS cross by 10.0-
24.3%, with the greatest relative difference observed in the first 10 weeks of life, which
decreased with age.

The inclusion of chelates of trace elements in the diet of rearing cockerels contributed to
an increase in the live weight of the bird by 3.9-27.2% in comparison with analogs from the
control group. When transferred to the parent flock at 155 days of age, the cockerels of the
experimental group exceeded the norm and their peers from the control group by 567 g or
17.0% and by 281 g or 7.7%, respectively.

The use of organic trace elements in the feeding of rearing cockerels affected the
uniformity of the flock. Thus, the uniformity of the flock of cockerels in the experimental
group and at the end of the experiment was 85.0%, while it was only 76.0% in the control
group. At the same time, this indicator, on average for the entire period of the study, was
higher in the experimental group by 6.1% compared to the control one.

For a more detailed assessment of the growth rate, the absolute and average daily gain
of cockerels was calculated (Table 5).
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Table 4. Live weight and uniformity of a flock of cockerels.
Live weight, g Uniformity, %
Age, Experimental Experimental
weeks Norm Control group Control group
group group
0 40 40+0.3 40+0.3 85.0 84.7
1 150 147+3.8 165+3.6" 72.3 76.0
2 310 36045.1 400+4.9™ 67.6 70.5
3 505 511+8.7 649+8.3"" 51.5 67.1
4 720 698+9.2 856+8.8" 50.7 542
5 900 860+11.5 1084+10.4™" 46.4 542
6 1075 1050+10.8 1336+12.7 61.4 53.3
7 1230 1227+12.5 1529+11.9™ 64.8 61.5
8 1375 1421+13.4 1669+12.6™ 66.6 58.8
9 1510 1566%15.0 1847+14.17 62.7 67.8
10 1640 1760+17.2 | 2006+18.9™" 66.6 72.8
11 1770 1912+21.1 2162+19.4™ 71.6 76.9
12 1900 20354207 | 2268+18.3"" 69.9 78.6
13 2030 2226+21.2 2410+20.2"" 73.3 724
14 2160 2442420.7 2539421.5" 63.5 84.2
15 2290 25594255 | 2686+26.7 70.9 75.4
16 2430 26744242 28134222 72.6 80.5
17 2575 2836+33.3 2970+29.4™ 59.4 79.6
18 2725 2990+28.2 | 3106+27.7"" 71.7 743
19 2880 31304304 | 3301+28.8" 66.0 73.3
20 3035 32344327 | 3408+29.17" 65.0 73.0
21 3195 3385+33.2 | 3686+30.6" 65.0 75.0
22 3345 3631+30.5 3912428.5 76.0 85.0
On
average 66.1 72.2

— the difference in comparison with the control group is reliable: *- p<0.05, **- p<0.01, ***- p<0.001

Based on the data in Table 5, it can be concluded that the most intensive growth of
cockerels in the control group was observed up to 8 weeks of life at the level 0f21.6-30.4 g
of average daily gain, and in the experimental group up to 7 weeks of age - at the level of
27, 6-35.6 g. Further, there was a slowdown in the growth of young birds in the
experimental groups until 21-22 weeks of life, which is associated with the peculiarities of
growing rearing stock.

On average, over the experiment, the cockerels of the control group were inferior to
their counterparts from the experimental group, which were fed organic trace elements in
the composition of compound feeds, in absolute and average daily gain by 281 g or 8.1%
and 1.8 g or 8.1%, respectively.

An important indicator when raising poultry is the livability of poultry, which
determines the crop percent of young birds and, consequently, the number of parent flock.
Fig. 1 shows the crop percent of hens, and Fig. 2 shows the crop percent of cockerels.

Fig. 1 shows that throughout the experiment, the crop percent of rearing stock of
chickens in the experimental group, in which the bird received trace elements in organic
form along with the feed, was 0.1-1.8% higher than in the control group. At the end of the
experiment, the difference between the control and experimental groups for this indicator
was 3.3% in favor of the experimental one.
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Table 5. Growth rate of cockerels.

Absolute gain, g Average daily gain, g
Age, - >
weeks Control group Experimental Control group Experimental
group group
1 107 125 15.3 17.9
2 213 235 30.4 33.6
3 151 249 21.6 35.6
4 187 207 26.7 29.6
5 162 228 23.1 32.6
6 190 252 27.1 36.0
7 177 193 253 27.6
8 194 140 27.7 20.0
9 145 178 20.7 254
10 194 159 27.7 22.7
11 152 156 21.7 22.3
12 123 106 17.6 15.1
13 191 142 273 20.3
14 216 129 30.9 18.4
15 117 147 16.7 21.0
16 115 127 16.4 18.1
17 162 157 23.1 22.4
18 154 136 22.0 19.4
19 140 195 20.0 27.9
20 104 107 14.9 15.3
21 151 278 21.6 39.7
22 246 226 35.1 32.3
Total 3591 3872
On 233 25.1
average
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Fig. 1. Crop percent of hens by rearing periods, %.
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Fig. 2. Crop percent of cockerels by rearing periods, %.

The analysis of Fig. 2 showed that a sharp decrease in the number of cockerels was
observed at the age of 13-14 weeks, at 18 weeks (only in control group), and when
transferred to the parent flock, which is associated with the culling of young birds. Up to 18
weeks of age, the difference between the control and experimental group in terms of the
crop percent of young birds was insignificant (up to 1.1%). When transferred to a parent
flock, there were 4.5% more cockerels in the experimental group.

The percentage of disposed birds due to mortality and culling can be seen in Table 6.

Table 6. Disposal of rearing stock, %.

Indicator Control group Experimental group
hens cockerels hens cockerels
Mortality during rearing 3.7 7.0 1.5 3.7
Culling during rearing 5.4 12.7 4.3 114
Total disposal 9.0 19.7 5.8 15.1
Livability 91.0 80.3 94.2 84.9

From table 5 it can be concluded that during the rearing period under the influence of
chelated forms of trace elements, the mortality of hens and cockerels decreased by 2.2%
and 3.3%, culling decreased by 1.1% and 1.3%, which contributed to an increase in
livability by 3.2% and 4.6%, respectively.

4 Conclusions

Thus, 50% replacement of inorganic forms of trace elements with organic ones contributed
to a more intensive growth of rearing stock of broiler breeders, an increase in the
uniformity of the flock, and an increase in livability due to a decrease in the number of dead
and culled poultry.
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