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ABSTRACT

Main task of feed production is to provide farm animals with nutrients. Insufficient or excessive intake of these ele-
ments can lead to undesirable consequences. For instance, a deficiency in mineral elements reduces the protective
function of the animal’s body against various diseases and disrupts the functional activity of organs. Conversely,
an excess of any element contributes to the expenditure of a significant amount of energy for its removal and, in
some cases, leads to poisoning. Imbalanced animal feeding results in decreased productivity and a deterioration in
the quality of products, leading to the production of non-viable offspring and a disruption of reproductive capacity.
Our calculations have shown that increasing the energy concentration in the diet from 490 to 600 EFU/kg DM,
combined with an increase in feed intake by 4.4 kg, ensures proportional energy consumption based on their pro-
ductivity difference. In our research, we concluded that it is economically advantageous to use the planned norms
of the nutrient requirements for cattle in feed planning.

Keywords: fodder production, nutrient content of feeds, productivity, ration, efficiency, mineral compounds, protein.

INTRODUCTION

Feed production, as intensification based on
increased fertilizer application, new high-yield-
ing varieties of fodder crops, chemical plant pro-
tection agents, irrigation, modern feed prepara-
tion technologies, and the provision of technical
equipment for farms, allows for increasing bal-
anced feed production per unit area. However, a
significant increase in their production is not al-
ways accompanied by a corresponding increase
in the volume of livestock products. The main
reason for this situation is the underestimation
of feeds with qualitative properties [Kovalenko,
2017; Kovalenko and Kovalenko, 2019; Averche-
va, 2021; Hryhoriv et al., 2022; Karbivska et al.,
2023]. Improving the quality of these basic feeds
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is one of the important and urgent tasks of feed
production, and solving it allows increasing live-
stock production by 20-25%.

Nutrient content, mineral compounds, and vi-
tamins in the dry matter of green crops is closely
related to the cultivation technology and weather
conditions. In the case of post-harvest cultivation,
it is important to ensure not only high productiv-
ity of green mass but also an increased content of
dry matter. Accumulation of dry matter depends
on biological characteristics, environmental con-
ditions, and the vegetation period when cultivat-
ing perennial leguminous plants (soil moisture, air
temperatures). Within a single soil-climatic zone,
the quality of cultivated fodder can significantly
differ depending on the conditions of forming the
productivity of fodder crops.
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Changes in the dry matter content depending
on the air temperature regime, soil moisture, and
during the cultivation of sainfoin and alfalfa can
be traced based on the data provided in the study.

Analysis of studies dedicated to the men-
tioned problem in the works of Averchenko
[2021], Kovalenko [2021], Korniychuk [2021],
Petrichenko [2020, 2021], and others allows us
to conclude that approaches to determining the
economic efficiency of creating high-produc-
tivity agrocenoses of perennial legumes should
have a systematic nature. Scientists assert that
the chemical composition and quality of green
mass of perennial legumes (leguminous) in the
conditions of the Right-Bank Forest-Steppe of
Ukraine provide an objective understanding of
the researched elements of technology and the
influence of weather conditions on them. The
analysis of feeds was conducted based on the
content of dry matter, crude protein, crude fiber,
crude fat, non-nitrogen extractive substances
(NNES), and crude ash [Petrichenko and Anti-
pova, 2018; Kovalenko and Kovalenko, 2018;
Hryhoriv et al., 2023]. Nutritional value of green
fodder in feed units was calculated based on the
analysis and digestibility coefficients of the de-
termined components.

Effective use of feed for animals is deter-
mined by the level of protein supply. An excess
of protein in animal diets indicates its irrational
use and a disruption of metabolism, while its
deficiency significantly increases feed costs per
unit of produced output. Determining the optimal
protein requirements for animals is a primary fac-
tor in achieving high productivity in the livestock
industry. Fats also play a significant role in the
animal’s body. They are essential for the normal
functioning of digestive glands, milk formation,
and serve as a source of energy.

According to data from Polischuk [2021] and
Segeda [2020], a fat content within the range of
3-5% of the dry matter of the feed is sufficient for
maintaining the balance to meet the needs of cows.
Dietary fiber, along with NDF (neutral detergent fi-
ber), is a complex carbohydrate that is challenging
to digest. Elevated fiber content in feeds negatively
affects their nutritional value. In the animal’s body,
fiber is used for fat formation. The quantity of fiber
in plants is associated with the vegetation period
and their species composition [Kokovikhin et al.,
2020; Radchenko et al., 2023].

The recommended content of fiber in the
dry matter of the ration for cows with an annual

milk yield of 7000 kg should be 20-25%, and for
8000 kg — 15-20%.

Balancing high-nutrient diets by nutrient con-
tent can reduce the proportion of concentrates and
ensure a substantial milk yield from cows. This
can be achieved by obtaining high-quality feed,
both roughage and succulent. Fiber content is
largely influenced by the botanical composition
of crops, the composition of the forage mixture,
and the density of the stand. Therefore, increas-
ing the density of plants per unit area leads to a
decrease in fiber content.

Ash content characterizes the overall con-
tent of all mineral elements present in a plant
(phosphorus, sodium, potassium, calcium, etc.).
Raw ash content on a dry matter basis ranges
from 5 to 11%. The composition of elements in
raw ash and their ratios depend on various fac-
tors of plant growth and developmental phases.
In certain plant organs, ash is distributed un-
evenly, with stems and leaves containing ap-
proximately 1.5-2 times more than seeds and
roots [Lavruk, 2017].

Macroelements (phosphorus, calcium, potas-
sium, magnesium, sodium) that enter the animal’s
body through feed play a crucial role as plastic
elements, participating in the structure-building
of the organism, especially the skeleton. They are
components of cells, tissues, and organs, and ac-
tivate enzymatic systems. In optimal quantities,
ash elements ensure the normal functioning of the
organism. Deficiency or excess of these elements
in the body can lead to severe diseases and sig-
nificant reduction in animal productivity.

Phosphorus is one of the most important
physiologically active elements, essential for
maintaining the normal functioning of the ani-
mal’s organism. It participates in all energy func-
tions of the body, as well as in the metabolism of
fats, proteins, and carbohydrates, and is involved
in enzyme synthesis.

The highest amount of phosphorus is found in
the bones of animals (almost 87% in adult cows,
63% in young animals). Of the total phosphorus
in the body, approximately 10% is found in mus-
cles, and up to 1% in nervous tissue. In the bodies
of dairy cows, the phosphorus content can reach
4.1 kg [Yatsiv and Temnenko, 2020]. A potassium
deficiency (less than 0.11%) sharply reduces the
efficiency of consumed feed, while increasing its
content in the ration from 0.66% to 1.08% im-
proves feed palatability and increases milk yield
in cows [Petrichenko et al., 2018].
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MATERIAL AND METHODS

The new economic relations, where feeds
from crop production and feed production become
commodities and are sold to animal husbandry at
agreed-upon prices, eliminate impersonal transac-
tions and the transfer of crops without consider-
ing their quality. Such relations stimulate produc-
tion, labor productivity, improve product quality,
and reduce costs. The comprehensive application
of this system involves justifying the selection of
feed crops, reducing losses during conservation
and storage of feeds, implementing optimal ag-
ronomic practices, and applying commercial and
monetary relations between feed production and
animal husbandry. It is crucial that the sale at dif-
ferentiated prices mandates accurate accounting
for the quality and quantity of feeds.

The main quality criteria for feeds include the
dry matter content, digestibility of energy, digest-
ible protein, energy concentration, and protein—to—
energy ratio. Thus, the concept of feed quality is
broadened in a new perspective. Some complexity
in understanding may arise from the new concept of
energy feed units, introduced instead of starch equiv-
alents. Concerning the conversion into oat feed units,
it is advisable to use conversion coefficients by Hoft-
mann [Lavruk, 2017; Provatorov, 2019; Karpenko et
al., 2022], which seems quite sufficient.

The production value of a feed is determined
by the totality of all its nutritional properties.
Properties that can be quantitatively determined
play a significant role as indicators.

RESULTS AND DISCUSSION

During the organization of the production pro-
cess for growing fodder crops like clover, alfalfa,

and sainfoin, it is crucial to consider the chemical
composition of the feeds to provide animals with
well-balanced nutrition.

In the new system of feed evaluation, all es-
sential indicators for satisfying the nutritional
and energy needs of animals and the content of
energy and nutrients in feeds have been prepared
and formulated for use in the agricultural sector
(Table 1).

The energy value and the content of protein
with digestible protein amino acids like lysine
and methionine + cystine are key indicators that
primarily reflect the nutritional value of feed.
Therefore, the new feed evaluation system fo-
cuses on these two indicators of feed value be-
cause meeting the protein and energy needs of
animals forms the essential prerequisites for high
and sustainable productivity with increased feed
efficiency [Long et al., 2018; Hutsol et al., 2021].

In animal husbandry, planned tasks can be
successfully accomplished only if feed produc-
tion is carried out in a scientifically justified
manner, taking into account the quantitative and
qualitative requirements of respective animal
groups. Only with a qualitatively developed com-
prehensive system for the new evaluation of feeds
can successful cooperation between specialized
production sectors be achieved. This cooperation
would objectively align feed requirements with
their supply over a specific period and effectively
influence the stability and predictable increase
in production. Therefore, the implementation of
industrial feed production methods in the assess-
ment of new feeds brings forth new requirements
and challenges [Petrichenko and Antipova, 2019;
Li et al., 2019; Guo et al., 2023].

The new feed evaluation should be considered
as a unifying link that connects the vital interests
and goals of crop production, feed production, and

Table 1. Nutritional content of feeds and diets, as well as the energy and nutrient requirements of animals

Energy and nutrient requirements
of animals

Nutritional value of feeds and diets.

Special name Unit of measurement

Energy requirement matter (DM)

Energy content per 1 kg of dry

Digestibility of energy (DE)

Energy feed unit (EFU)
Digestible energy * 100
Gross energy

Energy concentration
(EC)

Requirement in:

Content:

Protein concentration

Rumen protein

rumen protein (RP) — at 1 kg DM

(PC)

Protein content unit, g/kg DM

Essential amino acids lysine (lys.)
methionine + cysteine (met. + cys.)

essential amino acids lysine (lys.)
methionine + cysteine (met. + cys.)

Units of mass

Mineral compounds

mineral compounds

Microelements, vitamins

microelements, vitamins
microelements, vitamins
Protein-energy ratio (PER)

RP to EFU
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animal husbandry. Analyzing the feed base us-
ing methods and indicators for feed evaluation is
an important step in decision-making. Therefore,
knowledge of the fundamentals of feed evaluation
is equally necessary both when obtaining feeds and
during the process of animal feeding. Learning and
purposeful application of feed evaluation in pro-
duction should be regarded as a priority measure
for the intensification of feed production and ani-
mal husbandry, which are increasingly specializing.
The main scale of energy value is the chain
of net energy — fat. Net energy — fat (NEF) indi-
cates the level of energy deposition in the body
of adult animals due to feed. As different types of
animals respond differently to the energy in feed
(especially ruminants and non-ruminants differ in
this regard), the energy value of feed should be
determined separately for each type of animal.
Practically applying new scientific knowl-
edge to assess the energy of feed in the produc-
tion sector, it has been found impractical for sev-
eral reasons to use the basic scale of net energy
— fat. Therefore, as a measure of energy value,
the energy feed unit has been utilized. The energy
feed unit (EFU) for cattle (C), pigs (P), and poul-
try (Po) is quantitatively expressed as follows:
e 1 EFUc = 2.5 kcal net energy — fat for cattle
(NEFc);
e 1 EFUp = 3.5 kcal net energy — fat for pigs
(NEFp);
e 1 EFUpo = 3.5 kcal net energy — fat for poultry

(NEFpo).

The different values of the energy feed unit
for pigs and poultry (3.5 kcal) compared to cattle
(2.5 kcal) are well justified. Enzymatic digestion
predominates in pigs and poultry, they utilize
feed energy more efficiently than sheep and cat-
tle, where substantial energy losses occur during
the microbiological transformations of nutrients
in the rumen. An average of 40% higher energy
utilization has been considered in determining
the values of EFU for pigs (EFUp) and chickens
(EFUpo). Therefore, the energy feed units for the
three types of animals become comparable. In
other words, when creating balances and plan-
ning, they can be summed up because for feeds
that are equally well digested by all three types
of animals, the energy nutritive value per unit of
feed mass, expressed in EFUc (for cattle), EFUp,
and EFUpo, is almost the same.

Deviation from the main trend plays a sec-
ondary role in feeding balancing and planning,

as typically, it involves not individual feed but
the available planned or actual supply of feeds—
meaning a large variety of feed types. Hence, dif-
ferences in the energy value of various feeds for
different types of animals are leveled out. To pre-
vent errors in assessing feeds for the balance and
planning of rations, energy feed units are selected
by animal types [Kovalenko et al., 2021], espe-
cially for those that form the basis in the feeding
of ruminants, pigs, and poultry.

Primarily, due to the different digestibility of
nutrients in individual feeds by cattle, pigs, and
poultry, the energy nutritive value expressed in
EFUc (for cattle), EFUp, and EFUpo, turns out
to be more or less diverse. Therefore, for evalu-
ating energy nutritive value and formulating ra-
tions, relevant units specific to each animal type
are necessary. Comparing the energy nutritive
value of feed for animals of different types allows
a more rational use of the feed supply in terms of
providing animals with energy (Table 2).

The energy nutritive value of feeds in EFU
(Energy Feed Units) is calculated based on the
content of digestible nutrients using the follow-
ing equations: EFUc = 0.68 g RP + 3.01 g RCF
+ 0.80 g RC; EFUp = 0.73 g RP + 2.44 g RCF
+ 0.85 g RC; EFUpo = 0.74 g RP + 2.28 g RCF
+ 0.91 g RC, RP stands for rumen protein. RCF
stands for rumen crude fat.

RC stands for rumen carbohydrates (the sum
of the rumen digestibility of raw fiber (RF) and
rumen digestible non—nitrogenous extractive sub-
stances (NNES). The value can be determined by
subtracting raw fat and rumen protein from or-
ganic matter. When calculating the energy nutri-
tive value for pigs and chickens, it is essential to
consider certain characteristics. For feeds rich in
sugar, milk, and dairy products, due to the low
heat of combustion of sugar (mainly sucrose) and
milk fat and the higher heat of combustion of ca-
sein, the following adjustments are made to the
calculated feed value:

For every 1 gram of sugar, 0.043 EFU (Energy
Feed Unit) for poultry (EFUpo) or pigs (EFUp) is
added. For every 1 gram of milk fat, 0.286 EFU for
poultry (EFUpo) or pigs (EFUp) is added. For every
1 gram of milk protein, an additional 0.286 EFU for
for poultry (EFUpo) or pigs (EFUp) is added.

For herbaceous green feeds and the silage ob-
tained from them, as well as dry green feed for
pigs and chickens, 10% is subtracted from the de-
termined energy nutritive value. This adjustment is
made because these feeds are digested by bacteria
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Table 2. Energy nutritional value of feeds, important in terms of energy supply, ME (Metabolizable Energy) per

1 kg of dry matter

Feed EFUc EFUp | EFUpo
Perennial leguminous green forage crops
Alfalfa, first cutting, pre-budding stage 555 463 385
Sainfoin, first cutting, budding stage 533 449 362
Cockshead, first cutting, pre-budding stage
Dry green forage from perennial leguminous crops

Alfalfa, first cutting, pre-budding stage 516 415 337
Sainfoin, first cutting, budding stage 529 409 319
Cockshead, first cutting, pre-budding stage

only in the colon of pigs and in the ceca of chick-
ens. Part of the energy is expended on the vital
functions of bacteria and the formation of a certain
amount of methane, as well as on the increased ex-
cretion of energy-rich substances with feces.

The procedure for calculating the energy
nutritive value of feeds based on the content of
digestible nutrients, including the determination
of raw protein, is illustrated in Table 3. To assess
the energy nutritive value of feeds depending on
different stages of plant development and forms
of harvesting and preservation, one can make use
of systematically and comprehensively compiled
tables. When obtaining tabular values, it is prefer-
able for them to accurately correspond to the spe-
cific characteristics of the particular feed. Addi-
tional conditions mentioned in the tables, such as
harvesting period, fertilizer dosage, conservation
efficiency, etc., should be considered [Kovalenko
et al., 2020; Tryhuba et al., 2022].

Therefore, the task of calculating and for-
mulating rations is resolved only during feeding.
However, there are certain aspects that need to be
taken into account in feed preparation to under-
stand the implications of the new energy assess-
ment of feeds.

For poultry and pigs, the energy nutritive
value of feeds in diets can be summed up. There-
fore, the energy nutritive value of diets for these
animal types is determined as the sum of the

energy values of the feeds that constitute the ani-
mal’s diet. This rule holds true for both pigs and
chickens.

In ruminants, ruminal digestion precedes in-
terdigestive metabolism. This significantly affects
energy metabolism and is a consequence of high
energy losses caused by microbial processes in
the rumen. The extent of energy losses in the ru-
men during fermentation varies depending on the
diet structure. The digestibility of nutrients in the
diet for ruminants allows quantifying the impact
of diet structure on energy nutritive value.

The energy feed unit, given its relatively
small value, is less practical for planning and
balancing purposes in feed production on the
farm, especially when dealing with the produc-
tion of feeds and calculating the energy needs for
the entire available livestock. Additionally, when
feeding different animal types, such as chickens
and lactating cows, the daily energy requirements
vary so much that introducing larger energy units
is advisable to limit the size of numbers. Using
the decimal numbering system, the following
units are obtained: 1000 EFU = 1 kEFU (kilo-
EFU); 1000 kEFU = 1 MEFU (mega-EFU); 1000
MEFU = 1 GEFU (giga-EFU).

The choice of a specific unit depends on the
purpose of its application. In feeding, EFU and
kEFU are the most appropriate, while in plan-
ning and balancing feed production on the farm,

Table 3. Calculation of the energy content of 1 kg of meadow hay for cattle (large ruminants)

: Digestibility ) . .
. Analysis data, : Digestible Conversion
Nutrients g/kg DM (acctc;rbdlg\)g ;f)’ the nutrients, g/kg DM coefficient Energy, EFUC
Crude protein 94 50 47 0.68 32
Crude fat 21 44 9 3.01 27
Crude fiber 298 58 173 0.80 138
BAS 521 62 323 0.80 258
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kEFU, more commonly MEFU, and sometimes
GEFU are used. For example, expressing data
on energy yield per hectare in feed production is
practical in KEFU or MEFU (Table 4).

The energy nutritive value of feed, calculat-
ed per 1 kg of dry matter, is significant both for
feed production and animal husbandry. It is inde-
pendent of the moisture content in the feed and
is rightfully referred to as energy concentration
[Kovalenko et al., 2021].

The function of energy concentration is es-
sential for comparing and evaluating the energy
nutritive value of feeds. Energy nutritive value
per 1 kg of feed is not suitable for this purpose
due to large differences and fluctuations in mois-
ture content. Only when expressing the energy
nutritive value in terms of energy concentration
do the differences between certain types of feeds
become clear, as well as the influence of factors
(soil nutrient content, growth phase, fertilization,
harvesting time, conservation, storage) on the
same type of feed (Table 5).

The data indicate that, with the same energy
nutritive value, 1 kg of feed can differ by more
than 20% in energy concentration. The possibility
of erroneous assessments is particularly evident
in the example of the energy nutritive value of 1
kg of feed harvested in different growth phases.
Changes in the energy nutritive value of 1 kg of
natural feed and 1 kg of dry matter can occur in
different directions throughout the vegetation pe-
riod [Kovalenko and Halchenko, 2018; Kovalen-
ko et al., 2020].

The increase in the energy nutritive value per 1
kg of feed is explained by the reduction in moisture

Table 4. Energy yield per 1 hectare in forage production

content, while the decrease in energy concentration
is attributed to the formation of structural com-
pounds in plants that impair the digestibility of nu-
trients. Therefore, feeds should be compared based
on energy concentration, as comparing natural
feeds does not ensure accurate results [Karpenko
etal., 2021; Kovalenko et al., 2021].

For a proper comparison of the energy nutri-
tive value of feeds and other nutritional indica-
tors, it is crucial that comparisons are made on
the basis of either the same dry matter content or
the same moisture content. In the new feed evalu-
ation system, data on energy nutritive value and
the content of all nutrients primarily focus on 1
kg of dry matter in feeds. This ensures a common
basis for comparing nutritional value indicators.

Table 6 presents the range of changes in the
energy concentration of some feed groups. En-
ergy needs of livestock is not only a matter of the
quantity of feed. This is because animals cannot
infinitely increase their feed intake. The actual
consumption of energy is determined by both the
amount of feed consumed and its energy concen-
tration. Both factors are equally important for en-
ergy consumption [Korniychuk, 2021; Kovalenko
etal., 2020]. Low feed intake can be compensated
for by high energy concentration, and vice versa.
However, only the combination of high feed in-
take with high energy concentration creates con-
ditions for satisfying the animal’s energy needs
under high productivity (Table 7).

Accounting for the impact of energy concen-
trations on daily energy intake becomes more
critical as the demands for animal productivity
increase. The higher the productivity, the greater

Feed

Energy yield per 1 hectare

Sainfoin, onset of flowering, first regrowth, first cutting

1960 KEFUc 1.96 MEFUc

Table 5. Energy nutritional value of bulky feeds per 1 kg of fresh feed and dry matter

Forage from perennial leguminous crops EFUc/kg raw mass EFUc/kg dry mass

Sainfoin, silage from freshly cut mass, onset of flowering 96 480
Alfalfa, green mass, first cut, full flowering 96 466
Meadow grass, silage from freshly cut mass, second and third cuts 98 445
Sainfoin, first cutting:

until budding 77 595

budding 80 553

at the beginning of flowering 99 530

full flowering 105 508

end of flowering 110 488
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Table 6. Range of energy concentration variations in
certain groups of feeds

Variations in energy
Groups of feeds concentration,
EFU/kg DM
Bulky feeds
Solid phase of non—bedded manure 250-400
Cereal straw 350-400
Hay 400-550
Silage 425-575
Green forage 450-625
Dry green forage 500-600

the need for energy that must be met through dai-
ly feed consumption. Typically, as productivity
increases, feed consumption also increases.

For example, among dairy cows producing
10 and 30 kg of milk per day, the difference in
feed consumption can be 5-6 kg of dry matter.
This means that for each additional kilogram of
milk, the cow consumes 250-300 g of dry mat-
ter. However, the ability for additional feed con-
sumption with increasing productivity is insuf-
ficient to meet the increased daily energy needs
unless the energy concentration in the feed is si-
multaneously increased.

As milk yield increases, cows may only meet
65-70% of their increased energy needs through
increased feed consumption, requiring 30-35%
of energy needs to be met by increasing energy
concentration in the ration. This is crucial for high
animal productivity. The relationship between feed

consumption, productivity, energy consumption,
and the requirements for energy concentration is
shown in Table 8, using the example of a dairy
cow. An increase in dry matter intake from 14.9 to
19.3 kg at an energy concentration of 490 EFUc/
kg DM is insufficient to meet the additional energy
needs with a difference in daily milk yield of 15 kg.
Only with an increase in the energy concentra-
tion in the ration from 490 to 600 EDUc/kg DM,
combined with an increase in feed consumption
by 4.4 kg, can energy consumption be proportion-
ally provided for the difference in productivity.
The calculation of the requirements for rough-
age and concentrated feeds should be based on
feed rations. In a simplified calculation, it is suffi-
cient to calculate the overall need and reasonably
divide it into roughage and concentrated feeds.
The nutrient requirements for a cow are deter-
mined based on:
e its live weight,
milk productivity,
the content of ingredients in the milk (protein, fat),
stage of lactation,
mobility and activity of the animal,

The nutrient requirements are further subdi-
vided for:
e maintenance of the cow’s life processes,
e cow’s productivity (milk, fertility, weight
gain, digestion, etc.).

Requirement for feed for dairy cows was
calculated for the Educational and Research

Table 7. Impact of required feed quantity and energy concentration on energy consumption

s SO | Eroray oontaton EFUsiqow_| OV ST by e
15 500 7500
13.6 550 7500
15 550 8250

Table 8. Relationship between daily yield, energy requirements, concentration of energy in the diet, and feed

consumption by milking cows

Milk yield, kg, at a milk fat Energy requirements Energy concentration Feed consumption,
content of 4% KEFUc per day EFUc/kg DM DM (dry matter) per day, kg.
5 4.4 400 11.0
10 5.8 440 13.2
15 7.3 490 14.9
20 8.7 540 16.1
25 10.1 570 17.7
30 11.6 600 19.3
35 13.0 620 21.0
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Institute of the National University of Life and
Environmental Sciences of Ukraine, “Agronomic
Research Station” [Kovalenko et al., 2018; Kova-
lenko and Kokovikhin, 2019].

The requirement for energy and crude protein
(CP) to sustain life is calculated taking into ac-
count the live metabolic mass (LMM):

e Atourenterprise, itis equal to: 550 kg LMM"7
=113.6 kg LMM
e Energy: 113.6 kg LMM x 0.293 x 365 =

12,149 MlJ/year
e CP (crude protein): 113.6 kg LMM x 3.9 x

365=161.7 kg/year.

The nutritional requirements for milk produc-
tivity depend on the qualitative composition of
milk and the size of milk yields.

e Energy: requirement for fat — 3.6% fat x 0.38
=1.368 MJ/kg of milk
+ Requirement for protein — 3.2% protein x
0.21 =0.672 MJ/kg of milk
+ Constant — 1.05 MJ/kg of milk
= Total requirement per 1 kg of milk — 3.09
MlJ/kg of milk
x Annual yield — 6,500 kg
= Requirement per cow per year — 20,085 MJ
e Crude protein: requirement per 1 kg of milk —
3.2% protein % 25 = 80 g/kg of milk
x Annual yield — 6,500 kg/year
= Requirement per cow per year — 520 kg
e (Calving:
Energy: 113.6 kg LMM x 0.1 MJ/day x 60 days
dry period = 681.6 MJ
Crude protein: 113.6 kg LMM X 4.2 x 60 days
dry period = 28.6 kg

When determining the feed requirements, it is
recommended to additionally calculate the live-
stock feeding ration. For calculating the needs in
roughage and concentrated feed, an approximate
indicator of the cow’s milk productivity from
roughage can be used. The necessary amount
of concentrated feed is determined based on the
cow’s productivity not obtained from feeding
roughage. The amount of milk obtained per 1 kg
of concentrated feed equals 1.8-2.2 kg. By us-
ing tables of the nutritional value of feeds, which
describe all components of each type of concen-
trated feed, the overall nutrient content can be
calculated. In practice, it is advisable to double-
check the calculated norms for the use of concen-
trated feeds and compare them with actual values
[Kovalenko et al., 2018; Szparaga 2019 Petry-
chenko et al., 2020].

The requirement for roughage is calculated as
the difference between the total requirement and
the nutrients from concentrated feeds, taking into
account losses during feeding. It is recommended
to have a 10% reserve of roughage on the farm in
case of losses during the feeding process.

According to our calculations, for one lactat-
ing cow at the Educational and Research Institute
of the National University of Life and Environ-
mental Sciences of Ukraine, “Agronomic Re-
search Station,” the requirements are as follows:
vEnergy: 36,207 MJ, Crude Protein: 781.1 kg

In the feeding ration for lactating cows, the
roughage at the enterprise should constitute 60—
70%. However, the actual analysis of rations used
in the farm indicates a different distribution, with
concentrated feeds making up 60% and bulky
feeds 40%. For a ration with 60% roughage,
the energy requirement for one lactating cow is
21,724 M. Considering the ratio of roughage to
succulent feeds as 1:3, and the yields of forage
crops used in the ration, the enterprise needs to
plan 0.42 hectares for silage and 0.14 hectares for
forage crops for hay per lactating cow. Currently,
the enterprise has a herd of 160 lactating cows. To
meet their nutritional needs, the enterprise would
need to allocate 89.6 hectares of land.

CONCLUSIONS

A balanced feed base for a farm is the founda-
tion for quality dairy farming. Often, when plan-
ning the size of areas for fodder crops, farms do
not use scientific calculations of animals’ energy
and crude protein needs, leading to overproduc-
tion or underproduction of the main feed. In our
research, we have concluded that it 1S economi-
cally efficient to use the standards of nutrient re-
quirements for cattle in feed planning.

The dry matter content in alfalfa, clover, and
sainfoin depends on soil moisture and air tem-
perature during cultivation. The efficiency of feed
utilization by animals is determined by the level
of its provision with digestible protein. Excess
protein in animal diets leads to its inefficient uti-
lization and metabolic disturbances, while a defi-
ciency results in significant feed wastage per unit
of produced output. Therefore, determining the
optimal protein needs of animals remains a cru-
cial factor in achieving high productivity.

When organizing the agricultural production
process for growing fodder crops, it is important
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to consider the chemical composition of feeds
from clover, alfalfa, and sainfoin to provide ani-
mals with balanced feeds.

The production value of feed is determined
by the totality of all its nutritional properties. In
the new system of feed evaluation, criteria for
meeting the animals’ energy and nutrient needs,
as well as the content of energy and nutrients in
feeds, hold significant importance. The energetic
nutritive value and the content of digestible pro-
tein or amino acids such as lysine, methionine,
and cystine are crucial factors.

However, in practical use, applying the main
scale of net energy — fat for the purpose of evalu-
ating the energy content of feed in the production
sphere has proven to be impractical for several
reasons. Comparing the energy nutritive value
of feed for different animal species allows for a
much more rational use of the feed resources in
terms of providing animals with energy.

The increase in the energy value of 1 kg of
feed is explained by reducing the moisture con-
tent to the optimal phase during vegetation, while
the decrease is due to the formation of subsequent
structural compounds in plants that worsen the
digestibility of nutrients. Therefore, feeds should
be compared based on energy concentration. For
a proper comparison of the energy value of feeds
and other nutritional indicators, it is important
that the comparison is done at the same dry mat-
ter content or the same moisture content. Energy
needs of animal herds is not just a matter of the
quantity of feed; it is also related to the fact that
animals cannot infinitely increase their feed con-
sumption. The actual energy intake is determined
by the amount of consumed feed and the energy
concentration in it. Increasing the energy con-
centration in the ration from 490 to 600 EFUc/
kg DM, combined with an increase in feed con-
sumption by 4.4 kg, ensures energy consumption
proportionate to the difference in productivity.

The need for accurate determination of feed
value is driven by the transition of agriculture to
industrial forms of production. The creation of
production units specialized in crop cultivation,
feed production, and animal husbandry requires
an economic evaluation of the intermediate prod-
uct — feeds. When establishing prices for feeds,
their quality should be taken into account, just as
it is done when selling livestock products (milk,
meat). For a comprehensive assessment of feed
quality, the services of specialized feed analysis
laboratories should be utilized.

302

REFERENCES

1.

Avercheva N.O. 2021. Organizational aspects of
forming the feed base of animal husbandry. Invest-
ments: Practice and Experience, 10, 55-63. doi:
10.32702/2306-6814.2021.10.55

Guo M., Han J., Mishchenko Y., Butenko A.,
Kovalenko V., Rozhkova T., Zhao H. 2023. Elec-
trochemical detection of methyl parathion using zir-
conium dioxide@single-walled carbon nanotubes
nanocomposite modified glassy carbon electrode.
International Journal of Electrochemical Science,
18(11), 100340. doi: 10.1016/].ijjoes.2023.100340

Hryhoriv Y., Butenko A., Kozak M., Tatarynova V.,
Bondarenko O., Nozdrina N., Stavytskyi A., Bor-
dun R. 2022. Structure components and yielding
capacity of Camelina sativa in Ukraine. Agricul-
ture and Forestry, 68(3), 93—102. doi: 10.17707/
AgricultForest.68.3.07

Hryhoriv Y., Lyshenko M., Butenko A., Nechypo-
renko V., Makarova V., Mikulina M., Bahorka M.,
Tymchuk D.S., Samoshkina I., Torianyk 1. 2023.
Competitiveness and advantages of camelina sativa
on the market of oil crops. Ecological Engineer-
ing & Environmental Technology, 24(4), 97-103.
do0i:10.12912/27197050/161956

Hutsol T., Glowacki S., Mudryk K., Yermakov S.,
Kucher O., Knapczyk A., Muliarchuk O., Kober-
niuk O., Kovalenko N., Kovalenko V., Ovcharuk
O., Prokopchuk L. 2021. Agrobiomass of Ukraine
— energy potential of Central and Eastern Europe
(Engineering, Technology, Innovation, Economics).
Monograph. Warsaw, 136.

Karbivska U., Butenko A., Kozak M., Filon V., Ba-
horka M., Yurchenko N., Pshychenko, O., Kyryl-
chuk, K., Kharchenko, S., Kovalenko I. 2023. Dy-
namics of productivity of leguminous plant groups
during long-term use on different nutritional back-
grounds. Journal of Ecological Engineering, 24(6),
190-196. doi: 10.12911/22998993/162778

Karpenko O., Butenko Y., Rozhko V., Sykalo O.,
Chernega T., Kustovska A., Onychko V., Tymchuk
D.S., Filon V., Novikova A. 2022. Influence of agri-
cultural systems on microbiological transformation
of organic matter in wheat winter crops on typi-
cal black soils. Journal of Ecological Engineering,
23(9), 181-186. doi: 10.12911/22998993/151885

Karpenko O.Yu., Rozhko V.M., Butenko A.O., Ly-
chuk A L., Davydenko G.A., Tymchuk D.S., Tonkha
0O.L.,Kovalenko V.P.2021. The activity of the micro-
bial groups of maize root-zone in different crop rota-
tions. Ukrainian Journal of Ecology, 10(2), 137-140.
Kokovikhin S.V., Kovalenko V.P., Slepchenko A.A.,
Tonkha O.L., Kovalenko N.O., Butenko A.O., Ush-
karenko V.O. 2020. Regularities of sowing alfalfa
productivity formation while using different types of



Journal of Ecological Engineering 2024, 25(4), 294-304

nitrogen fertilizers in cultivation technology. Mod-
ern Phytomorphology, 14, 35-39. doi: 10.5281/
zenodo.200109.

10. Korniychuk O.V., Antipova L.K., Manushkina
T.M. 2021. Analysis of the state of fodder crops
production in the south of Ukraine. Feeds and
Feed Production, 91, 20-32. doi: 10.31073/
kormovyrobnytstvo202191-02.

11. Kovalenko N., Hutsol T., Kovalenko, V., Glowacki
S., Kokovikhin S., Dubik V., Mudragel O., Kubon
M., Tomaszewska-Gorecka W. 2021. Hydrogen
production analysis: Prospects for Ukraine. Agri-
cultural Engineering, 25(1), 99—-114. doi: 10.2478/
agriceng-2021-0008

12. Kovalenko N., Kovalenko V. 2018. Economic basis
for the creation of fodder base of the enterprise.
International Scientific Days: Towards Productive,
Sustainable and Resilient Global Agriculture and
Food Systems, Slovak University of Agriculture
in Nitra, 840-851. http://www.slpk.sk/eldo/2018/
dl/9788075981806/files/03/s3p10.html.

13. Kovalenko N., Kovalenko V., Hutsol T, Ievstafiieva
Y., Polishchuk A. 2021. Economic efficiency and
internal competitive advantages of grain production
in the Central Region of Ukraine. Agricultural En-
gineering, 51-62. doi:10.2478/agriceng-2021-0004

14. Kovalenko N.O., Kovalenko V.P. 2019. Planning the
feed base of the enterprise. Scientific works of the
National University of Life and Environmental Sci-
ences of Ukraine, 286, 35—42. http://journals.nubip.
edu.ua/index.php/Agronomija/article/view/108339.

15. Kovalenko N.O., Kovalenko V.P., Labenko O.M.,
Klymenko M.V. 2020. Economic efficiency of
winter wheat production in a typical farm in the
Central region of Ukraine. Bioeconomics and
Agricultural Business, 11(22), 25-32. http://jour-
nals.nubip.edu.ua/index.php/Bioeconomy/article/
view/14784/13082.

16.Kovalenko V., Kokovikhin S., Dobrovolska E.,
Korzhenivska N., Kozak, O. 2021. Value of pho-
tosynthesis in growing meadow clover depending
on technology elements. Engineering For Rural
Development, Jelgava, 1638—1641 doi: 10.22616/
erdev.2021.20.TF351

17. Kovalenko V., Kovalenko N., Labenko O., Faichuk
0., Faichuk O. 2020. Bioenergy sustainable devel-
opment: achieving the balance between social and
economic aspects. E3S Web Conf., 154, 07008. doi:
10.1051/e3sconf/202015407008.

18. Kovalenko V., Kovalenko N., Zasada M., Hutsol T.
2020. Economic efficiency of production of herbal
granules. Turystyka i rozwdj regionalny, 14, 127—
137. http://sj.wne.sggw.pl/pdf/TIRR 2020 nl4
s127.pdf.

19. Kovalenko V.P. 2013. Economic efficiency of creat-
ing highly productive agrophytocenoses of perennial

legumes. Scientific Bulletin of the National Univer-
sity of Life and Environmental Sciences of Ukraine.
Series Economics, Agricultural Management, Busi-
ness, 244, 229-338.

20. Kovalenko V.P. 2017. Optimization of fertilization
and its role in forming the productivity of sain-
foin varieties. Scientific Reports of the National
University of Life and Environmental Sciences of
Ukraine, 1(65). http://journals.nubip.edu.ua/index.
php/Dopovidi/article/view/8118/7760.

21.Kovalenko V.P., Halchenko N.M. 2018. Modeling
the productivity of alfalfa depending on the influ-
ence of agrotechnical and natural factors. Irrigated
Agriculture. Kherson, 70, 82—86.

22.Kovalenko V.P., Kokovikhin S.V. 2019. Mathemati-
cal statistics of perennial legume cultivation pro-
ductivity. Tavrian Scientific Bulletin. Kherson, 108,
40-45.

23.Kovalenkoa V.P., Halchenko N.M. 2018. Influence
of photosynthetic radiation on the productivity of
alfalfa grown in different soil and climatic zones of
Ukraine. Irrigated Agriculture. Kherson, 69, 79-84.

24. Lavruk V.V. 2017. Feed production as a component
of the mechanism of economic modernization of
livestock farming. Scientific Bulletin of Uzhhorod
National University, 14,1. http://www.visnyke-
conom.uzhnu.uz.ua/archive/14 1 2017ua/38.pdf.

25.LongJ.X.,Cheng H.Y., Dai Z.N., Liu J.F., 2018. The
Effect of Silicon Fertilizer on The Growth of Chives.
IOP Conference Series: Earth and Environmental
Science, 192, 1-6.

26.LiH.G.,Kang J.M., Long R.C., Xu H.I., Chen X.F.,
Yang Q.CH., Zhang T.J. 2019. Effects of seeding
rate and row spacing on the hay yield and quality
of alfalfa in saline-alkali land. Acta Prataculturae
Sinica, 28(3), 164-174. doi: 10.11686/cyxb2018153

27. Petrichenko V.F., Antipova L.K. 2019. Impact of hy-
drometeorological conditions on the productivity of
perennial grasses in the Southern Steppe of Ukraine.
Feeds and Feed Production. Vinnytsia, 88, 3—10.

28. Petrichenko V.F., Korniychuk O.V., Veklenko Yu.A.
2018. Sustainable development of meadow-based
feed production in the context of climate change.
Bulletin of agricultural science, 6, 25-32.

29. Petrichenko V.F., Korniychuk O.V., Veklenko Yu.A.
2020. Scientific principles of intensifying feed pro-
duction in meadows and pastures of Ukraine. Feeds
and Feed Production, 89, 10-22. doi: 10.31073/
kormovyrobnytstvo202089-01.

30. Polishchuk O.M. 2021. Feed base as a factor in the
competitiveness of meat livestock. Bulletin of Ag-
ricultural Science of the Black Sea Region, 3. doi:
10.31521/2313-092X/2021-3(111)37

31.Provoratov H.V. 2019. Feeding norms, rations,
and nutritional value of feeds for various types of

303



Journal of Ecological Engineering 2024, 25(4), 294-304

livestock: a handbook. Sumy: University Book, 489.

32. Radchenko M., Trotsenko V., Butenko A., Masyk

33.

1., Bakumenko O., Butenko S., Dubovyk O., Miku-
lina M. 2023. Peculiarities of forming productivity
and quality of soft spring wheat varieties. Agri-
culture and Forestry, 69(4), 19-30. doi:10.17707/
AgricultForest.69.4.02

Segeda S.A. 2020. Statistical analysis of meat
and meat product consumption in Ukraine. Econ-
omy of Agro-Industrial Complex, 3, 36. doi:
10.32317/2221-1055.202003036

34. Szparaga A., Kubon M., Kocira S., Czerwinska E.,

Pawtowska A., Hara P., Kobus Z., Kwasniewski D.

304

35.

36.

2019. Towards sustainable agriculture — agronomic
and economic effects of biostimulant use in common
bean cultivation. Sustainability, 11, 45-75.

Tryhuba A., Mudryk K., Tryhuba I., Hutsol T.,
Glowacki S., Faichuk, O., Kovalenko N., Shevtsova,
A., Ratajski, A., Janaszek-Mankowska, M., Tulej W.
2022. Coordination of configurations of technologi-
cally integrated “European Green Deal” projects.
Processes, 10, 1768. doi: 10.3390/pr10091768.
Yatsiv [.B., Temnenko S.M. 2020. Formation of the
feed base as a factor in the development of animal

husbandry in agricultural enterprises. Agrosvit, 16,
24-31. doi: 10.32702/2306-6792.2020.16.24.



