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Abstract. To increase productivity and reduce the negative impact on the environment, it is
necessary to investigate the most optimal ratios of organic trace elements in the diets of cows
involved in the production cycle, considering their physiological state and lactation stage. The
purpose of the study was to determine the economic profitability of using mixed complexes of zinc,
manganese, and cobalt in the diets of dairy cows. The experiment was carried out under production
conditions on Holstein cows. 100 cows were divided into two groups. Cows of the control and
experimental groups consumed feed mixtures made according to the same recipes, supplemented
with mixed ligand complexes of zinc, manganese, and cobalt. It was found that with the optimal
content of mixed ligand complexes of zinc, manganese, and cobalt in cows of the experimental
group, body weight loss during the first hundred days of lactation was 16.4 kg or 2.88% less than in
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the control. Analysis of performance indicators of cows during the dry period and the first hundred
days of lactation showed that in animals of the experimental group, whose diet contained mixed
ligand complexes of trace elements at the rate of 54.7 mg of zinc and manganese and 0.7 mg of
cobalt per 1 kg of dry matter, milk yields of natural fat content increased by 4.1 kg or 9.2%, the
fat content in milk — by 0.02% compared to cows of the control group, whose diets provided the
content of zinc and manganese at the level of 60.8 mg, cobalt — 0.78 mg/kg of dry matter due to
mixed ligand complexes. There was also a decrease in the duration of the service period by 9 days
and the insemination index by 0.17 semen doses. The cost of production remained unchanged,
and the additional profit with a reduced concentration of these elements in the diet of cows of
the experimental group amounted to EUR 27.24 or 9.7%. Thus, optimisation of mineral nutrition
of cows by introducing mixed ligand complexes of zinc, manganese, and cobalt to achieve the
concentration of trace elements of zinc and manganese — 54.7 mg each, and cobalt — 0.7 mg per
1 kg of dry matter of the feed mixture will improve milk production and reproductive capacity of
cows and allow obtaining additional profit

Keywords: organic compounds of trace elements; dry cows; dairy cows; milk yield; milk fat

content; economic efficiency

Introduction

According to researchers, in particular
P.S. Erickson & K.F. Kalscheur (2020), in order
to achieve full genetic potential, modern dairy
cattle breeds need appropriate biologically
complete feeding, which will ensure the resto-
ration of the cow’s body’s production costs.

Zinc, iodine, cobalt, cuprum, manganese,
and selenium play a significant role in increas-
ing the biological usefulness of feeding cows.
According to J. Batra et al. (2022) and R. Duffy
et al. (2023) focus on the properties of zinc to
enhance the activity of rumen microbial en-
zymes. [.M.T. Fadlalla et al. (2022) argue that
a significant number of pathological changes
that develop in the body of cattle are somehow
associated with manganese deficiency. Atten-
tion is paid to the extremely low digestibility
of this trace element from inorganic salts. The
researchers note the exceptional role of cobalt
in the synthesis of vitamin B , by rumen micro-
organisms and also focus on the absorption of
this trace element from organic and inorganic
sources.

The important role of trace elements, and
the importance of the source of their entry
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into the body of ruminants, was described by
N.F. Suttle (2022), J. Arthington & J. Ranches.
(2021) and R.A. Palomares (2022). They noted
that the health and productivity of high-yield-
ing cows depend on the availability of key mi-
cronutrients in their bodies. Animals can adapt
to deficiencies in minerals, especially trace ele-
ments such as copper, cobalt, zinc, iodine, man-
ganese, etc., but this can lead to abnormalities
in protein metabolism and synthesis, reduced
health, loss of reproductive ability, and reduced
genetic productivity, which is determined by
breed characteristics. P.K. Gupta (2021) em-
phasises that such changes develop both in the
mother and in the offspring’s body.

R.B. Corbett (2023) also notes that the ab-
sorption of trace elements in the gastrointes-
tinal tract depends on their interaction with
other nutrients and biologically active sub-
stances of feed and the synthesis of new forms
of complex compounds in the body, which are
significantly different from the forms of com-
pounds in which they were contained in feed.
The researcher also focuses on the physiolog-
ical significance of the degree of stability and
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solubility of the resulting compounds. The in-
troduction of trace elements into the diets of
cows in the form of inorganic salts due to their
low digestibility in the body leads to environ-
mental pollution with heavy metals, which is
described by B. Mion et al. (2023). This group
of researchers as well as J.W. Spears (2023) note
that only 5-30% of trace elements obtained
from salts in the form of sulphate or chloride
compounds are absorbed by the animal body.
However, the introduction of organic minerals
in the diets of cows increases their absorption
by the body up to 70-98%.

M.A. Abu El-Hamd et al. (2023) conduct-
ed a comparative assessment of the use of or-
ganic and inorganic sources of zinc, cuprum,
and manganese and found a positive effect on
the productivity, milk quality and reproduc-
tion qualities of cows of organic compounds of
these trace elements. The optimal level of biotic
trace elements contributes to the stable flow of
metabolic processes in animals, supports their
health, and ensures high productivity. Based on
the findings of B. Mion et al. (2023), the best re-
sults are found when using complex metal com-
pounds with amino acids, organic acids, etc.,
including metal compounds from amino acids,
their derivatives, peptides, proteins, nucleic ac-
ids, nucleotides, carbohydrates, and carboxylic
acids, which are complexons.

Metal ions show their activity when they
enter into a complex with ligands, they are easi-
ly adsorbed into the bloodstream and penetrate
through the cell membrane to the places of their
localisation. Chelates move freely through the
animal body, ensuring optimal metal transfer to
the cell, and therefore, the need for ligands and
carrier proteins disappears, which contributes
to a more pronounced action of trace elements
and determines their corresponding biochem-
ical and physiological activity at significantly
lower concentrations than when using trace el-
ements in the ionic state.

Currently, it is recommended that 1 kg of
dry matter in the diet of high-yielding cows

should be: 60-80 mg of zinc; 60-80 mg of man-
ganese; 10-12 mg of cuprum; 1-1.5 mg of co-
balt; 0.8-1.4 mg of iodine; 0.3 mg of selenium;
0.5-1 mg (Suttle,2022). According to the recom-
mendations of Ukrainian researchers, the con-
centration of zinc and manganese in 1 kg of dry
matter in the diets of high-yielding cows with
an average daily yield of 35 kg of milk or more
should be 70 mg; cobalt - 0.9, cuprum - 11, io-
dine - 1, and selenium - 0.3 mg. However, the
researchers found that the addition of mixed li-
gand complexes of zinc, manganese, and cobalt
to the diets of dairy cows during the first 100
days of lactation to ensure the concentration
of these trace elements in 1 kg of dry matter,
respectively, 54.7 mg; 54.7, and 0.7 mg had a
positive effect on their productivity per con-
centration (Bomko et al., 2019).

The purpose of the study was to investigate
the economic efficiency of using mixed ligand
complexes of zinc, manganese, and cobalt in
feeding dairy cows.

Materials and Methods
According to the experimental design, a produc-
tion test was carried out at the “Terezyne” ad-
ditional liability company in Kyiv oblast to de-
termine the economic efficiency of using mixed
ligand complexes of zinc, manganese, cobalt
using 0.3 mg/kg organic selenium against the
background of balancing rations for copper and
iodine according to existing standards (12 mg
and 1.1 mg/kg dry matter, respectively) at the
expense of copper sulphate and potassium io-
dide. A production experiment in the feeding
of German-bred Holstein cows using mixed li-
gand complexes of zinc, manganese, cobalt and
Suplex Se was conducted during the dry period
and the first 100 days of lactation. In total, the
duration of the production test was 160 days.

Complete feed mixtures were used as cow
feed, the nutritional value of which met the
established requirements for the weight, phys-
iological condition, and productivity of the an-
imals. Cows of the control and experimental
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groups consumed the same basic feed mixture,
but the supply of zinc, manganese, and cobalt

was different and corresponded to the scheme
of the experimental design (Table 1).

Table 1. Design of the production experiment

Animal group Number of animals

Feeding conditions

Feed mixture + mixed ligand complexes of zinc, manganese, and

Control 50 cobalt. 1 kg of dry matter contains, mg: zinc - 60.8;
manganese — 60.8; cobalt — 0.78.
Feed mixture + mixed ligand complexes of zinc, manganese, and
Experimental 50 cobalt. 1 kg of dry matter contains, mg: zinc - 54.7;

manganese — 54.7; cobalt — 0.7.

Source: developed by the authors

Cows were kept loose with free access to
a complete feed mixture, which was distribut-
ed twice a day to the feed table. In addition to
feed, the animals had free access to clean drink-
ing water around the clock. The microclimate
parameters met the established requirements.
The animals were divided into sections: 1 group
of 50 cows was kept in one section During the
first 100 days of lactation, dairy cows were
milked three times a day in the milking parlour.
Cows of each group were milked separately, tak-
ing average milk samples to analyse the fat con-
tent of milk. Since the production test occurred
during the insemination period, the cows were
fitted with a sensor around their necks to deter-
mine their heat and monitor their health. This
helped to determine the period of heat even in
the absence of external signs, which is charac-
teristic of animals of this breed. Insemination
of cows was carried out no earlier than the 50th
day (free waiting period) after calving. Stimu-
lation or synchronisation of heat was not used.
During the production test, the live weight,
productivity of cows, the duration of the ser-
vice period, and the insemination index were
recorded, and the economic efficiency of the
proposed changes in animal feeding was calcu-
lated. For this purpose, the following methods
were used:
live weight — determined by weighing
animals on a scale on the day following the
start-up (beginning of the dry period), 6 weeks
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after start-up (end of the dry period), on the 5th
day after calving (beginning of lactation), on
the 100" day after calving (end of the first 100
days of lactation);
cow productivity — determined by record-
ing the daily milk yield from each cow separate-
ly, using software from the milking parlour;
milk fat content — measured in an aver-
age milk sample from each group of cows using
the Ecomilk device after each milking;
milk yield of 4% fat content — calculated
by multiplying the average daily milk yield of
natural fat content by the fat content in milk
and dividing by 4;
milk yield of basic fat content — cal-
culated by multiplying the average daily milk
yield of natural fat content by the fat content in
milk and dividing by 3.4;
duration of the service period — meas-
ured by the time from calving to the first fertile
insemination;
insemination index - calculated the
number of semen doses spent on one fertil-
isation. Studies on animals were conducted
in compliance with the requirements of the
“General ethical principles for conducting an-
imal experiments”, approved by the 1st Na-
tional Congress on Bioethics (Law of Ukraine
No. 3447-1V, 2006), and the provisions of the
“European Convention for the Protection of
Vertebrate Animals used for Experimental and
other Scientific Purposes” (1986).
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Results and Discussion
The dry period, both early and late, is an impor-
tant stage of the cow’s production cycle, as it lays
the foundations for future lactation. Any tech-
nological methods used during this period will
have a certain impact on its success. However, it
is difficult to control the course of this period —
there are no criteria for daily assessment. But
during the first 100 days of lactation, both the
amount of milk received and its qualitative com-
position can be evaluated daily. This greatly fa-

cilitates the comparative assessment of the im-
pact of the feed factor on the cow’s productivity.

In the course of the production experiment,
live weight was assessed, as this is one of the
few criteria for assessing the dry period of dairy
cows. During the dry period, cows of the control
group increased their live weight by 49.6 kg or
8.2%, and in the experimental group — by 53.3 kg
or 8.9% relative to the weight at the beginning of
the experiment (Fig. 1).
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Figure 1. Dynamics of live weight, kg

Source: developed by the authors

After calving and before the start of la-
ctation, cows of both groups lost live weight:
control animals reduced their weight by
43.6 kg or 6.7%, and experimental animals —
by 49.5 kg or 7.6%.
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Loss of live weight

During the first 100 days of lactation,
the animals of the control group lost another
28.9 kg or 4.7% of their weight, while the cows
of the experimental group reduced their weight
by only 12.5 kg or 2.1% (Fig. 2).

m Control group

Experimental group

4.99

2.11

Loss of live weight,% from initial

Figure 2. Dynamics of live weight loss, kg

Source: developed by the authors
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Weight loss after calving is a natural pro-
cess. It is typical for highly productive cows,
since the animal is not able to consume enough
feed during this period. In this case, the increase
in productivity (divisions) is genetically deter-
mined. Thus, for a certain time, the cow gives up
the reserves of its own body to ensure produc-
tivity. However, along with an increase in pro-
ductivity, rumen development also occurs and
animals recover quickly, including body weight.

The main production indicator in dairy cat-
tle breeding is the average daily milk yield of
natural fat content and directly the fat content

55

48.9

40
Average daily yield of milk
of natural fat content, kg

m Control group

Average daily yield of milk
with a fat content of 4%, kg

of milk. From the data obtained as a result of the
experiment, it can be seen that during the first
100 days of lactation, cows of the experimental
group that consumed the feed mixture includ-
ed mixed ligand complexes of zinc, manganese,
and cobalt to ensure the content of these trace
elements at the level of 54.7 mg, 54.7 mg, and
0.7 mg/kg of dry matter, on average synthesised
4.1 kg or 9.2% more natural fat milk per day
compared to animals of the control group, the
content of zinc, manganese, and cobalt in the dry
matter of the diet which amounted to 60.8 mg,
60.8 mg, and 0.78 mg, respectively (Fig. 3).

53.2
48.5
50
44.8 45.2
45
41.2

Average daily yield of milk
of basic fat content, kg

Experimental group

Figure 3. Milk productivity of cows

Source: developed by the authors

In addition to the increase in the average
daily milk yield, an increase in the fat content in
the milk of cows of the experimental group by
0.02% compared to control animals was record-
ed (Fig. 4). It can be assumed that the reason
for this was the positive effect of the optimal
content of these trace elements on the cellulo-
lytic bacteria of the rumen. Normalisation of
their vital activity directly affected the fibre
digestibility, and accordingly, the fat content
in milk. Since the difference in fat content in
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milk between the groups is quite large, convert-
ing the productivity of animals to fat content
of 4% noted an increase in milk productivity
of this fat content in cows of the experimental
group by 4.0 kg or 9.7% relative to the control. A
similar difference between the groups, namely
4.7 kg or 9.7%, occurred in terms of milk yield
of basic fat content, which is a technological in-
dicator. When selling milk, such recalculation
is carried out by the milk processing enterprise
and directly affects the profit.
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Figure 4. Fat content of cow milk, %

Source: developed by the authors

The first 100 days of lactation are the peri-
od of heat and insemination in cows. In highly
productive cows, the manifestation of heat can
be visually invisible, so special sensors placed
on the animal’s neck were used to record this
physiological phenomenon. Insemination was
carried out no earlier than 50 days after calving.

Studying the reproductive performance of
cows of both groups, it was noted that with a
lower concentration of zinc, manganese, and
cobalt, the service period was reduced by 9 days,

100
98
96
94
92
90

88

Service period durationt, days

= Control group

and the insemination index decreased by 0.17
(Fig. 5). The duration of the service period is a
very important indicator, since the duration of
lactation depends on it. The longer the service
period lasts, the longer the lactation decline
phase will be, which will lead to an increase in
the cost of milk production. Admittedly, this in-
dicator depends on the insemination effective-
ness, since infertile insemination increases the
duration of the service period, and accordingly
lactation of the cow, by an average of 19-22 days.

1.45

1.5

1.4

1.3

1.2

Insemination index

Experimental group

Figure 5. Reproductive indicators of cows

Source: developed by the authors
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During the first 100 days of lactation,
cows of the experimental group who con-
sumed a mixture with mixed ligand complexes
of zinc, manganese, and cobalt, and the con-
tent of these elements in 1 kg of dry matter
was 54.7 mg, 54.7 mg, and 0.7 mg, provided
9.7% more milk of basic fat content, compared
to control animals, in the mixture of which
there were also mixed ligand complexes, but
they supplied zinc at the level of 60.8 mg;

manganese — 60.8; cobalt — 0.78 mg/kg of dry
matter. At the same selling price, revenue from
milk sales in the experimental group was also
9.7% higher, but production costs also exceed-
ed the control indicator by 9.7%. Thus, the cost
of production was the same in both groups.
However, due to the increase in cow produc-
tivity, the additional profit per animal was EUR
31.04, which is 9.7% more than in the control
(Table 2).

Table 2. Economic efficiency

Group
Indicator
control experimental
Gross milk yield of basic fat content, hwt 2,425.0 2,660.0
Sales price of 1 metric centner of basic fat milk, EUR 23.7 23.7
Cost of gross output, thousand EUR 57.52 63.10
Total production costs, thousand EUR 41.5 45.5
including: salary 8.92 9.79
feed 25.40 27.86
other direct costs 4.63 5.05
overhead costs 2.57 2.82
Cost of 1 metric centner of basic fat milk, EUR 17.116 17.116
Profit, thousand EUR 16.02 17.57
Overall economic effect, EUR - 1,552.09
Economic effect per 1 animal, EUR - 31.04

Source: compiled by the authors

Thus, the results of the production test
showed that the amount of pure trace elements
per 1 kg of the feed mixture is important when
using chelated compounds of zinc, manganese,
and cobalt. With a reduced amount of them,
namely 54.7 mg/kg of dry matter of zinc and
manganese mixed with 0.7 mg of cobalt com-
pared to the currently recommended dry matter
concentration of 60.8 mg/kg of zinc and manga-
nese and 0.78 mg/kg of cobalt, milk productiv-
ity, quality composition of milk, reproduction
indicators, and economic efficiency in Holstein
cows were the best.

The positive impact on the health and pro-
ductivity of cows when feeding mixed ligand
complexes of trace elements is described in
numerous studies. Thus, G.M. El Ashry et al.

Animal Science and Food Technology. 2024. Vol. 15, No. 1

(2016) noted that the replacement of inorganic
salts of zinc, manganese, and copper with their
methionates at the same concentration of these
trace elements in the diets of dry cows had a
positive effect on their milk productivity and
fat content in milk during subsequent lactation.
During the experiment on dairy cows, compar-
ing the action of chelated compounds of trace
elements (Co, Cr, Cu, Fe, Mn, Se, Zn) and ami-
no acid complexes, M.D. Banadaky et al. (2021)
found that the introduction of a combination
of these trace elements produced using chelat-
ed compound technology to the diet of dairy
cows helps to increase milk productivity and
fat content.

According to J. Illek et al. (2023), feeding
cows chelated complexes of trace elements
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during the late dry period and the first 98 days
of lactation resulted in a significant increase
in milk productivity, fat and protein content in
milk, and a decrease in the number of somatic
cells in it. In this case, the effect of additives
on udder health can be confirmed. The positive
effect on the productivity of beef cows using
organic sources of trace elements in diets was
described in the monograph by R.A. Hill (2012).
However, R. Marques et al. (2016) also noted an
increased body weight of calves during wean-
ing after feeding cows with diets containing
chelated compounds of trace elements. A meta-
analysis of 20 research papers on the amount of
milk yield, composition and yield of milk com-
ponents, and the reproductive function of cows
with the consumption of organic sources of
trace elements, conducted by A.R. Rabiee et al.
(2010), concluded that organic micromineral
supplements can improve the productivity and
reproduction of dairy cows during lactation.
Ukrainian researchers, namely M. Dolgaya
et al. (2016), according to the results of exper-
imental studies, noted a positive effect of a
50% reduced concentration of zinc, cobalt, and
manganese introduced into the diet in the form
of chelated compounds in the dry matter of a
complete cow feed mixture. During the experi-
ment, an increase in milk yield during the first
100 days of lactation and an increase in the pro-
portion of fat in it with a reduced concentration
of zinc, manganese, and cobalt were recorded.
A similar trend was observed in the course of
this study. It is obvious that the norms of trace
elements recommended for feeding animals, in
particular cows, are based on the use of inor-
ganic compounds of trace elements. Automatic
recalculation of the required amount of chelat-
ed compound by the number of pure trace ele-
ments is erroneous, since with better digestibil-
ity of trace elements from organic sources, the
animal needs a lower concentration of them.
Therefore, when using a lower concentration
of zinc, manganese, and cobalt in their chelat-
ed compounds in feed, productivity results are

improved. Under such conditions, another side
effect is a reduction in ecosystem pollution.

S. Kulibaba et al. (2017), according to the
balance of cuprum, zinc, and manganese in
the body of dairy cows, proposed to use mi-
croelement chelates in concentrations below
the norm of their introduction in the form of
sulphuric acid salts by 25% for Cu, 50% for Zn,
and 65% for Mn. Thus, it can be assumed that
improving the functioning of the scar microflo-
ra due to the optimal content of certain trace
elements (cuprum, zinc, manganese, cobalt)
contributes to positive changes in the digestion
of nutrients, as mentioned by Y. Kropyvka et al.
(2022) and milk synthesis, as discussed above.

In the course of the current experiment,
the dynamics of changes in live weight of cows
from start-up to the end of the first 100 days
of lactation was investigated. During this pe-
riod, cows lost and gained body weight, which
is physiologically natural. However, in cows
whose diet contained reduced amounts of
zinc, manganese, and cobalt, body weight loss
during lactation was significantly less than in
control animals. The effect on the meat quali-
ties of livestock was also reported by R. Raths
et al. (2023). As for dairy cows, reducing body
weight loss during the period of active in-
crease in milk secretion in their body (energy
pit) is very relevant. This will affect the further
productivity of the animal, its achievement of
the peak of lactation, timely heat, and success-
ful insemination.

The researchers found a significant de-
crease in the duration of the service period in
cows (by 9 days) and an improvement in the in-
semination index (by 0.17). Similar results were
obtained in a study by a group of researchers
led by K. Uchida et al. (2001), when feeding cows
organic compounds of trace elements. They
noted a reduction in the service period and an
increase in the insemination rate of cows, but
there were no changes in productivity and fat
and protein content in milk. It can be assumed
that improving reproductive functions in cows

Animal Science and Food Technology. 2024. Vol. 15, No. 1
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is the body’s response to normalising the dose
of zinc, since it directly affects the reproductive
function of animals - oocyte maturation and
fertilisation (Spears, 2023). Thus, an increase
in the fertilisation rate of cows of the experi-
mental group leads to a decrease in the number
of semen doses for successful insemination and
the duration of the service period and lactation
in general. This can be considered a significant
production achievement as it helps to reduce
the duration of the least productive phase of
lactation of the cow.

The goal of most changes in animal feeding
is to make a profit. The calculation of economic
efficiency showed that with a reduced dose of
zinc, manganese, and cobalt, total production
costs increased, but productivity also increased.
When these factors were combined, it was found
that the cost of milk production was the same
in both groups. With increased productivity,
additional profit was also recorded, which is an
obvious fact. For each cow that consumed a diet
containing 54.7 mg of zinc and manganese, and
0.7 mg of cobalt/kg of dry matter, an addition-
al profit of EUR 31.04 was obtained. However,
it is worth noting that these calculations apply
only to the first 100 days of lactation. Reducing
the duration of the service period by 9 days will
automatically reduce the duration of the lacta-
tion decline stage, which occurs after 200 days
of lactation and is the least productive period
in the cow’s production cycle. This will reduce
the cost of feeding an animal of relatively low
productivity and provide additional profit, but
the calculation of this amount was not part of
the design of this study.

Thus, it was established that under the
conditions of the same sales prices for products,
the use of mixed feeds with zinc and manga-
nese levels of 54.7 mg and cobalt of 0.7 mg/kg of
dry matter in feeding German-bred high-yield-
ing Holstein cows contributes to an increase
in the level of profitability of milk production
compared to the option with the levels of zinc,
manganese 60.8 mg and cobalt 0.78 mg/kg of

Animal Science and Food Technology. 2024. Vol. 15, No. 1

dry matter due to their mixed ligand complex-
es. Such data are consistent with the results
obtained by numerous Ukrainian and foreign
researchers.

Conclusions

A number of studies on the use of various types
of chelated complexes of trace elements in ani-
mal feeding, in particular zinc, manganese, and
cobalt, have shown that their optimal doses
are slightly lower than recommended. Obvi-
ously, this is due to better absorption of trace
elements from organic sources. Similar results
were obtained in the course of this research.
Analysing changes in the productivity of cows,
the composition and quality of their milk, the
preservation of reproductive ability with the
introduction of mixed ligand complexes of zinc,
manganese, and cobalt, it can be argued that
their optimal content in feeding high-yielding
Holstein cows of German selection is slight-
ly lower than currently recommended. It was
found that feeding cows during the dry period
and during the first 100 days of lactation of
complete feed mixtures containing 54.7 mg of
zinc and manganese and 0.7 mg of cobalt per
1 kg of dry matter compared to the recommend-
ed level (zinc — 60.8 mg, manganese — 60.8, co-
balt — 0.78 mg/kg of dry matter) contributes to
an increase in the daily yield of natural milk by
9.2%, and its fat content by 0.02%. When cal-
culating the average daily milk yield with a fat
content of 4%, the advantage of animals of the
experimental group over the control group by
4.0 kg or 9.7% was established.

Analysis of body weight dynamics showed
that when 1 kg of dry matter in the diet contains
54.7 mg of zinc and manganese and 0.7 mg of
cobalt instead of 60.8 mg and 0.78 mg/kg of
dry matter, respectively, the weight loss after
calving was 12.5 kg or 2.1%. A decrease in the
concentration of zinc, manganese, and cobalt
in chelated compounds also contributed to a
reduction in the service period by 9 days, and a
decrease in the insemination index by 0.17. This
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result helps to reduce the least productive phase it is important to continue experiments on an-
of lactation, which affects the cost of milk pro-  imals of other species and groups, especially
duction. The economic effect of using this level  those that will participate in herd reproduction.
of feeding was EUR 31.04 per animal during the

experiment period. The results obtained com- Acknowledgements

plement the previously suggested assumptions  None.

that the use of organic compounds of trace ele-

ments in animal feed requires a number of stud- Conflict of Interest

ies to determine their optimal level. Therefore, = None.
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AHoTanig. [ng TigBUINEHHS MPOAYKTMBHOCTI Ta 3MEHIIEHHS HEraTMBHOIO BIUIUBY
Ha HaABKOJMIIHE CEpemoBUINE HEOOXiIHO HAyKOBO MOCTIIKYBAaTM HAMOIIbII ONTUMAaIbHI
CITiBBiTHOIIIEHHS OPTraHiYHMX MiKpOeJEeMEHTIB Y pallioHaX KOpiB, 0 6epyTh yUYacTh Y BUPOOHMYOMY
LMK/, BpaxoByioun ixX disiomoriunmit ctaH Ta crafiioo Jakraiii. MeTa AOCTiIKeHHS MoJsrana y
BM3HAUEHHI €KOHOMIYHOI BUTIJHOCTI BMKOPMCTAHHSI 3MillIaHMX KOMIUIEKCIB LIMHKY, MapraHIiiio
Ta KOOanbTy y palioHax HiifHMX KopiB. JOCIiI MPOBOAMIM Y BUPOOHMYMX YMOBax Ha KOPOBax
TomurtmHebkoi nopoau. 100 kopiB mopinuay Ha ABi rpynyu. KopoBM KOHTPOJIBHOI Ta AOCIIAHOI
IPYIT CIIOKMBAIM KOPMOCYMillli, BUTOTOBJIEHI 3a OFHAKOBMMM DeleNTaMu, y SIKMX Oyau momaHi
3MilllaHosTiranaHi Komrutekcu IIuMHKy, MaHrany, Ko6anbTy. BcTaHOB/IEHO, IO 3@ OINTMMAaJIbHOTO
BMiCTy 3MillTAaHOJMIraHIHNX KOMIUIEKCIB I[MHKY, MaHTaHy Ta KOOAIbTy y KOPiB AOCTIIHOI Tpymu
BTpaTa Macy Tijia 3a mepiri cro Ai6 jakraiii 6yna Ha 16,4 Kr a6o 2,88 % MeHIIO0, Hi3K Y KOHTPOTI.
AHasti3 MOKa3HMKIB ITPOAYKTMBHOCTI KOPIiB YIIPOJOBX CYXOCTifHOrO Tepiomy Ta MepIiux CTO
[IHIB jaKTallii 3acBiluMB, 110 y TBApMH AOCTIAHOI TPYIM, PalliOH SKMUX MICTUB 3MilllaHOMiraHAHI
KOMIUIEKCM MiKpOeleMeHTiB 3 po3paxyHKy mo 54,7 mr Luaky i Manrany ta 0,7 mr KobanbTy Ha
1 Kr cyxoi pe4oBMHM HaJili MOIOKA HATYpaIbHOI SKMPHOCTI 36inbuIMBCs Ha 4,1 kT a60o 9,2 %, BMicT
kupy B mosoni — Ha 0,02 % TOpiBHSHO 3 KOpOBaMM KOHTPOJBHOI TPyIy, B pallioHaxX SIKMX 3a
PaxXyHOK 3MillIaHOJiTaHAHNX KOMITIEKCiB 3a6e3mneuyBamu BMicT LiyHKy i MaHraHy Ha piBHi 60,8 Mr,
Ko6anbTy — 0,78 Mr/Kr cyxoi peuoBuHM. Takoxk 6yo 3adikcoBaHO 3MEHIIIEHHST TPUBAIOCTI CepBic-
nepiomy Ha 9 1i6 Ta iHmekcy ocimeHiHHs — Ha 0,17 criepmomo3u. ITpu iboMy co6iBapTicTh BUpOGIeHOT
MPOAyKIii 3anuinanacs 6e3 3MiH, a JOJATKOBUI MPUOYTOK 3a 3HIKEHOI KOHLIEHTpAIlii BKa3aHMX
€JIeMEHTIB y pallioHi KOpiB JOCTiIHOI rpymny cTaHOBUB €27,24 a60 9,7 %. TaKMM YMHOM, OIITMMi3allist
MiHepaJbHOTO KMBJIEHHS KOPiB IIVISIXOM YBeZleHHS 3MilllaHO/iraHIHUX KOMILJIEKCiB LIMHKY, MaHTaHy
Ta KOGalbTy ISl JOCSITHEHHST KOHIIEHTpaIlii MiKpoeJeMeHTiB y 1 KT CyX0i pe4oBMHM KOPMOCYMilli
[Inuky Ta MaHrany — 1o 54,7 mr, Ko6anbry — 0,7 MT 1acTb MOXIMBIiCTh MOKPAIIUTY MOKA3HUKYU
MOJIOYHO1 MTPOAYKTUBHOCTI Ta BiATBOPHOI 3IaTHOCTi KOPiB, a TAKOXK OTPUMATH TOJATKOBMI MPUOYTOK

Knro4oBi ciioBa: opraHiuHi CIIOTYKM MiKpOeJieMeHTiB; CyXOCTiliHi KOPOBU; iliHi KOPOBM; HaAil
MOJIOKA; JKMPHICTb MOJIOKAa; eKOHOMiuHa e(peKTUBHICTh
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