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Abstract

The impact of different levels and sources of coppermixedligand on productivity and its metabolism 
in young rabbits of California breed in combination with sulfates was investigated in experiment. 
For rabbits of the 1st control group 7.81 g/t of copper sulfate was injected into the mixed fodder, 
of the 2nd experimental group – 7.81 g/t of coppermixedligand, of the 3rd, 4th and 5th experimental 
groups, respectively, g/t: 5.86; 3.91 and 1.95. As a  result, the rabbits of the 1st control group and 
the 2nd experimental group deficit of copper was eliminated by 100% to the existing norm, and the 
rabbits of the 3rd, 4th and 5th experimental groups – by 75, 50 and 25%.
Studies have shown that during the main period of the experiment, the increase in live weight in 
all experimental groups exceeded the indicator of the control group. In particular, in rabbits of the 
2nd experimental group this exceeding was 9.0% (p < 0.05), 3rd – 13.2% (p < 0.05), 4th –14.0% (p < 0.001) 
and 5th – by 4.9%. Among all the experimental groups, the best indicators of nutrient digestibility of 
feed were the rabbits of the 4th experimental group, which in the composition of the mixed fodder 
fed coppermixedligand, which covered a deficiency of this element by 50% in metal chelate from the 
amount of Copper of the 2nd experimental group. Compared to control group the digestibility rate of 
organic feed matter in these animals increased by 3.7%. This increase was due to an increase in the 
digestibility of crude protein – by 4.5%, crude fat – 0.5, crude fiber – 4.6 and nitrogen-free extractives 
– 3.7%. According to the results of the experiment, the rabbits of the experimental group 4 ate 5.0% 
less feed than the counterparts of the 1st control group, and the feed costs were 3.9% lower. The use 
of the organic form of copper in the form of mixed-ligand complex in mixfeed for rabbits of breeding 
on meat in the amount of 3.91 g/t or 50% of metalchelate promoted an increase in the growth of 
animals, nutrient digestibility of feed and reduced feed conversion.

Keywords: young rabbits, trace elements, copper sulfate, coppermixedligand, productivity, 
digestibility

INTRODUCTION
As biological characteristics of rabbits include 

intensive breeding and high maturity of young 

animals, these animals place high demands on 
feeding, which should be complete. Complete feeding 
of rabbits in most farms in Ukraine is provided with 
complete mixed fodder (Darmohray et al., 2015).
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In order to live a  rabbit requires proteins, fats, 
carbohydrates, vitamins, macro- and trace elements 
and even aromatic substances (Johnson-Delaney, 
2006; Mateos et al., 2020). The lack of any element 
of nutrition in the body adversely affects its growth 
and development. It is necessary that the nutrient 
supply to the body should be combined with the 
digestion and be within the physiological norm 
(Maertens et al., 2006; Predieri et al., 2005).

The trace elements are known to belong to 
a  group of biologically active substances that 
affect the growth, productivity and reproduction 
of animals. The trace elements cannot be replaced 
by other substances, and their deficiency must be 
eliminated at the expense of basic feeds and various 
additives (Beshkenadze et  al., 2016). In addition, 
the traditional sources of trace elements in the 
mixedfodder for rabbits are mineral salts in the 
form of sulfate and chloride compounds and their 
bioavailability is 12–35%. The content of sulfates 
and chlorides leads to environmental pollution by 
heavy metals, and the crystallized water contained 
in the premix sulfate molecules destroys vitamins 
and other biologically active substances (Cobanova 
et al., 2018; Tchounwou et al., 2012).

Today, detailed feeding standards for rabbits 
include the introduction of such trace elements as 
Ferrum, Copper, Zinc and Manganese into the diet. 
The daily requirement for young rabbits should 
be: Ferrum – 32–55 mg, Zinc – 10–14 mg, Copper– 
2–2.3 mg and Manganese – 6–8 mg (Mateos et  al., 
2020). However, detailed standards of European 
standards provide for a  20–50% higher level of 
trace elements in the diets of rabbits, especially of 
organic origin.

Previous studies on the bioavailability of chelates 
have shown that аt the use of feed additives with 
trace elements of organic origin, the degree of 
absorption of trace elements increases (Paik, 2001; 
Zhu et  al., 2019). Representatives of such feed 

additives are mixed ligand complexes of trace 
elements (chelates).

Thus, the study of the action of coppermixedligand 
in the mixed fodder for young rabbits grown 
for meat, determining the optimal amount of 
this supplement is important scientifically and 
practically.

MATERIALS AND METHODS
To evaluate the productive effect of mixed-ligand 

complex of Copper and to establish the optimal 
feeding dose, a scientific and economic experiment 
was conducted in the conditions of the Bila Tserkva 
National Agrarian University (Ukraine) vivarium.

The scheme of scientific economic experiment is 
presented in the Tab. I.

To conduct scientific and economic experiment 
50  heads of rabbits of the Californian breed aged 
45  days were selected. 5  groups were formed by 
the method of groups (analog pairs), each of which 
consisted of 3  females and 7 males. Animals were 
housed in mesh cages that were housed in a single-
tier type. The rabbits had access to water and feed 
daily.

For experimental animals feeding a  complete 
mixed fodder was used, balanced according to 
the detailed feeding standards of young rabbits 
according to their age (45–60, 61–90, 91–120 days). 
The difference in feeding in the experimental 
period was that within 15  days the control group 
was fed a premix of the preparatory period, which 
contained sulfates of Ferrum, Zinc, Manganese 
and Copper, and the rabbits of the experimental 
groups – instead of Copper sulphate were fed 
coppermixedligand. In terms of the pure element, 
the experimental rabbits of the 2nd  experimental 
group received the same amount of pure Copper 
as the rabbits of the 1st control group, and in the 
3rd 4th and 5th experimental groups of rabbits, the 
coppermixedligand covered the deficiency of this 

I: The scheme of conducting the scientific economic experiment

Group
The number 

of heads 
in the group 

Period of the experiment

Comparative 
(15 days) Main (75 days)

1 control 10 CF*
Сomplete mixed fodder with sulfates: Ferum 179.2 g/t, Zinc 44.1 g/t, 
Copper 5.4 g/t and Manganese 8.4 g/t (100% of the need provided to 
sulfates)

2 experimental 10 CF CF with sulfates and chelate of Copper 7.81 g/t (100% of the need 
of copper provided to coppermixedligand)

3 experimental 10 CF CF with sulfates and chelate of Copper 5.86 g/t (75% of the need of copper 
provided to coppermixedligand)

4 experimental 10 CF CF with sulfates and chelate of Copper 3.91 g/t (50% of the need of copper 
provided to coppermixedligand)

5 experimental 10 CF CF with sulfates and chelate of Copper 1.95 g/t (25% of the need of copper 
provided to coppermixedligand)

Note: *CF – complete mixed fodder
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element at 75, 50 and 25% by metal chelate from 
the amount of Copper of the 2nd  experimental 
group, which was 7.81 g/t for the 2nd experimental 
group, 5.86 g/t for the 3rd experimental group, 
for the 4th experimental group 3.91 g/t and the 
5th experimental group – 1.95 g/t of mixed fodder.

The composition of mixed fodder is shown in Fig. 1.
The premix composition was designed to fully 

meet the animal's need for biologically active 
substances. Rabbits from 45- to 120-days-old were 
fed a mixed fodder which consisted of the following 
components: grain – 84.3%; meal – 13%; mineral 
supplements and vitamin preparations – 2.7%. 
Compound feeds fully provided the need for rabbits 
for nutrients.

The content of nutrients and biologically active 
substances in 1 kg of mixed fodder for young 
rabbits of experimental groups grown for meat 
was the same and met the guidelines for nutrition 
normalization of young rabbits approved by the 
VIII International Rabbit Husbandry Congress 
(Maertes et al., 2002).

In the experiment, we studied the live weight of 
rabbits, kept records of the safety and mass of the 
consumed mixed fodder. Absolute, average daily 
and relative gains in live weight and feed costs per 
1 kg of weight gain were also calculated.

At the age of 90 days a physiological experiment 
to study the digestibility of nutrients was conducted. 
For this purpose, from each group on the principle 
of analogues 3 heads (2 males and 1 female) were 
selected. Rabbits were housed individually in 
specially equipped cages for nutrient digestion 
experiments. During the preparatory period of 
three days, rabbits were accustomed to changing 
conditions of confinement. During the accounting 
period of six days, the amount of mixed fodder 
and excreted feces and urine was calculated daily 
for each animal. Feces were harvested once a day 

– in the evening, urine – twice – in the morning 
and in the evening. After weighing the feces, a 10% 
hydrochloric acid solution was preserved at a rate of 
1.5 ml per 100 g of feces. Samples of missed fodder 
were sealed in plastic bags. Prior to the zootechnical 
analysis, feces and urine samples were stored in 
a refrigerated chamber in a tightly closed container. 
Traditional methods of zootechnical analysis 
were used for research. The amount of digestible 
nutrients of the feed (protein, fat, fiber, nitrogen 
free extractives substances) was determined by the 
difference between the nutrient content of the feed 
consumed and the allocated feces.

RESULTS
The main indicator by which the performance 

of rabbits can be evaluated is the dynamics of live 
weight and the nutrient digestibility of feed. Along 
with this, an indicator such as feed costs is equally 
important. These indicators give a  more complete 
assessment of the feasibility of using Copper 
sulphate and coppermixedligand in the mixed 
fodder for rabbits grown for meat.

Feeding of young rabbits of experimental groups 
mixed fodder with coppermixedligand affected 
their growth (Tab. II).

The results of weighing rabbits at the age of 
60  days give grounds to claim that the animals 
selected for the experiment were as similar in 
performance as possible. Control weighing of 
rabbits at the age of 90 days showed that different 
sources of Copper did not have the same result on 
productivity of young rabbits.

After 30  days from the beginning of the 
consumption of mixed fodder with different contents 
of coppermixedligand, animals of all experimental 
groups dominated analogues of the control group in 
live weight. The largest intergroup difference was 

 

 
 
 

  

1: The composition of mixed fodder rabbits
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observed in animals of the 4th experimental group 
– 6.8% (p < 0.05). The live weight of rabbits of the 
2nd and 3rd experimental groups was higher than 
the control by 6.1% (p < 0.05) and 5.3% (p < 0.05), 
respectively. The lowest indicator in this group was 
in the group 5 – only 3.6% compared to controls.

At the age of 120 days, the weight gain of rabbits 
of the 2nd experimental group over the rabbits 
of the control group by live weight decreased 
slightly and was 5.5%, the difference was not 
reliable. Indicators of the 3rd experimental group 
were significantly improved, the live weight of 
rabbits exceeded the weight of the animals of 
the control by 8.1% (p  <  0.05). The rabbits of the 
4th  experimental group maintained the leadership, 
and their live weight exceeded the control by 8.7% 
(p < 0.01). Prolonged feeding of coppermixedligand 
to rabbits of the 5th experimental group had less 
significant effect on the live weight. Their live 
weight exceeded control by only 3.0%. Obviously, 
the dose of the coppermixedligand was somewhat 
low, which impeded the growth of animals of the 

5th experimental group compared with the rabbits 
of the 3rd and 4th experimental groups.

For the entire main period of the experiment, 
which coincides with the 61–120-days age of the 
experimental rabbits (Fig.  2), the total increase 
in their live weight in all experimental groups 
exceeded this indicator compared to the control. In 
particular, in rabbits of the 2nd experimental group 
this excess was 9.0% (p < 0.05), 3rd – 13.2% (p < 0.05), 
4th –14.0% (p < 0.01) and 5th – by 4.9%.

Addition of coppermixedligand the mixed fodder 
for young rabbits in the amount of 100%, 75, 50 and 
25% at metal chelate contributed to the increase and 
their daily average gains. In particular, during the 
main experimental period (61–120 days), advantage 
of the animals from the 2, 3, 4 and 5 experimental 
groups in compare with the control group animals 
were 8.8% (p  <  0.05); 13.3% (p  <  0.01); 13.9% 
(p < 0.001) and 4.7%.

Data about the influence of organic form of 
Copper in the form of a mixed ligand complex for 
the digestibility of nutrients of feed in the rabbits of 
the experimental groups are shown in Tab. III.

II: Dynamics of live weight of experimental rabbits, g

Indicator 

Group

Control Experimental 

1 2 3 4 5

Live weight at the age:

60 days 1110.9 ± 15.32 1105.5 ± 19.34 1104.3 ± 16.45 1106.2 ± 15.73 1109.0 ± 14.37

90 days 2131.5 ± 32.56 2261.7 ± 34.24* 2245.2 ± 22.57* 2276.6 ± 31.74* 2208.3 ± 28.62

120 days 3005.8 ± 48.33 3170.9 ± 46.27 3250.1 ± 54.39* 3267.1 ± 37.44** 3096.4 ± 39.18

Average daily weight gain during the period:

61–120 days 31.6 ± 0.76 34.4 ± 0.84* 35.8 ± 0.92** 36.0 ± 0.88*** 33.1 ± 0.67
Note: *р < 0.05; **р < 0.01; ***р < 0.001 in compare with control group
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The table shows that the feeding of the organic 
form of Coper in the feed for young rabbits grown 
for meat has contributed to the improvement of the 
digestibility of organic matter, crude protein, crude 
fiber and nitrogen free extractives substances. 
Among all the experimental groups, the best 
indices of nutrient digestibility of feed were in the 
rabbits of the 4th experimental group, which in the 
composition of the feed fed coppermixedligand, 
which covered a  deficit of this element by 50% 
metal chelate from the amount of Cuprum of the 
2nd experimental group.

Compared to the control group, the digestibility 
rate of organic feed matter in these animals 
increased by 3.7%. This increase was due to an 
increase in the digestibility of crude protein – by 
4.5%, crude fat – 0.5, crude fiber – 4.6 and nitrogen-
free extractives substances – 3.7%. Animals in 
the other experimental groups also increased the 
control group by 0.5–5.0% in nutrient digestibility.

Along with the live weight of rabbits, a significant 
indicator of the efficiency of balanced feeding of 
animals is the feed consumption per 1 kg of live 
weight gain (Fig. 3).

According to the results of the experiment, 
rabbits of the 2nd  experimental group during the 
whole period of the experiment ate 4.0% less feed 
than the counterparts of the 1st  control group. The 
difference in this indicator between animals of the 
3rd, 4th and 5th experimental groups and control was 
4.6; 5.0 and 1.8%. The analysis of the data on the 
consumption of mixed fodder with Cuprum sulfate 
and chelate in experimental rabbits per 1  head 
differs slightly, however, if we calculate the costs 
of feed per unit of weight gain, we observe that the 
use of organic form of coppermixedligand impact 
on the productive effect of feed.

Feed costs per 1 kg of body weight gain in animals 
of the 3rd and 4th  experimental groups decreased 
compared to the control group by 5.8% and 6.3%. 
For rabbits of the 2nd and 5th experimental groups, 
this indicator was lower than in the control group 
by 3.9% and 2.3% respectively.

DISCUSSION
Inorganic salts of transition metals (Zinc, 

Copper, Iron, Manganese) due to low digestibility 
pass through the intestine and in combination 

III: Digestive nutrient coefficients of feed (n = 3, M ± m), %

Indicator

Group

Control Experimental

1 2 3 4 5

Organic substance 69.5 ± 0.46 70.7 ± 0.52 71.4 ± 0.77 72.1 ± 0.82 70.1 ± 0.69

Crude protein 70.7 ± 0.63 72.8 ± 0.44 73.4 ± 1.12 73.9 ± 0.64* 72.1 ± 1.21

Crude fat 80.5 ± 1.02 80.6 ± 0.68 80.7 ± 1.03 80.9 ± 1.24 79.5 ± 0.82

Crude cellulose 30.1 ± 0.75 30.5 ± 1.08 31.4 ± 1.17 31.5 ± 1.05 30.5 ± 0.76

Nitrogen free extractives substances 78.8 ± 0.86 79.9 ± 1.20 80.8 ± 0.88 81.7 ± 1.07 79.3 ± 0.93
Note: * р < 0.05 in compare with the control group
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with associated salts of heavy metals pollute the 
environment. Copper is an important component 
of metalloproteins that regulate redox processes of 
cellular respiration, photosynthesis, assimilation of 
molecular nitrogen (Darmohray et al., 2015).

For a long time, inorganic salts of microelements 
(chlorides, nitrates, sulfates, carbonates), which 
are characterized by low bioavailability and are 
absorbed by the body of animals by 15–25%, 
were used to balance the diets of animals by 
micronutrients. In addition, the balancing of animal 
feed due to inorganic salts leads to environmental 
pollution. Studies have shown that the body absorbs 
the best trace elements of organic origin by 85–90%, 
so they are needed to ensure the optimal rate of 
animals much less than inorganic salts (Smetanina 
et  al., 2017). Meanwhile, organic compounds of 
trace elements, especially chelate complexes are 
characterized by high bioavailability. They are 
easily absorbed in the intestine, enter the blood 
and lymph and enter all organs where they interact 
(Paik, 2001; Dębski, 2016).

Analysis of domestic and foreign studies shows 
that the problem of better absorption of nutrients 
from feed, especially minerals in the form of 
organic compounds, is being studied by a number 
of scientists. Livestock experts are developing 
various ways to reduce the level of heavy metals 
in animal diets, excretion with metabolic products 
and their entry into the environment, increase the 
degree of assimilation, which offer to use trace 
element compounds with amino acids, is chelate 
complexes (Eren et  al., 2012; Mamchenko et  al., 
2013). Therefore, most studies are currently aimed 
at studying the effect of metal chelates on the 
productivity of cattle and pigs, less often - poultry.

Studies have shown that chelating compounds 
have a  positive effect on productivity, metabolism 
in animals (Beshkenadze et  al., 2016). To date, an 
effective source of enrichment of copper rations 

is carbonate, chloride and sulfate of this element, 
which have good solubility in water. Therefore, 
they are rapidly excreted from the body and have 
a  low level of assimilation (Bondar et  al., 2017). 
When they are introduced into the premixes, the 
crystalline water contained in the sulfate molecules 
can be released during storage under the influence 
of various factors, resulting in an intensification of 
the destruction of both vitamins and trace elements. 
Therefore, sulfates are dangerous than mixed 
ligand complexes (Makartsev et al., 2013).

The use of basal feed supplemented with copper in 
organic form has minimized egg loss. However, the 
best results (lower egg loss, higher specific weight 
and higher weight of eggs) were obtained with 
the basal feed supplemented with microminerals 
Zn + Mn + Cu in organic form (Maciel et al., 2010).

Studies have shown that the highest average 
daily milk yield of natural fat had cows of the 
3rd experimental group, which consumed as part of 
the feed mixed ligand cobalt complex in the amount 
of 75% metal concentration, which exceeded the 
control group by 4.4 kg, respectively (p ≤ 0.01), or 9.7% 
(Smetanina et  al., 2017). Unfortunately, inorganic 
sources are poorly assimilated and ionize easily, 
yielding low bioavailability. Found manganese sulfate 
(32.5% elemental Mn) in corn/soy diet had 1–6% 
bioavailability, providing only 2% of the manganese 
to be utilized. Minerals found in food are bound 
to proteins. In a  similar fashion, amino acids are 
protected by the ring structure in a mineral chelate 
(Dayyani et  al., 2013). According to scientists 
(Xu  et  al., 2013) both excessive and insufficient 
amounts of trace elements of inorganic or organic 
origin can cause metabolic disorders. The absence 
or lack of these components in the diet of animals 
causes significant disorders and functional changes 
in the body and, consequently, a number of diseases 
that lead to reduced productivity, reproductive 
function and preservation of young animals.

CONCLUSION
The use of the organic form of coppermixedligand in the mixed fodder for young rabbits grown for 
meat in the amount of 3.91 g/t or 50% at metal chelate helped increase the average daily growth of 
these animals by 4.7–13.9% and resulted the increase in the live weight of the experimental animals 
by 4.9–8.7%. The use of mixed fodder with coppermixedligand helped to reduce feed costs per 1 kg 
of body weight gain of these animals by 2.3–6.3%, and the nutrient digestibility of feed by 0.5–4.6%, 
which was one of the factors increasing the live weight gain of rabbits of the experimental groups.
Due to the fact that in Ukraine today there are no norms of mineral nutrition of all sex and age 
groups of rabbits, it is necessary to conduct a number of deep studies in order to determine the 
optimal doses of copper in the diet and sources of its receipt.
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