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This study experimentally proved the effectiveness of using a low-protein feed
preparation in feeding dairy cows. The research was conducted for 53 days in the
experimental farm «Gontarivka» of the Livestock Farming Institute of the National
Academy of Agrarian Sciences of Ukraine on dairy cows of the Ukrainian Black-and-
White dairy breed. A control and experimental group of cows was formed by the method
of pair wise analogues, with 22 animals in each group by age, milk production, number
and lactation period. All animals were clinically healthy, and no animals dropped out of
the study during the experiment. The housing conditions, feeding and watering regimes,
and microclimate parameters during the study were identical between the groups of
experimental animals. The working hypothesis of the research was to find a way to
increase the milk production of cows using a low-protein feed preparation. The feed
preparation was produced by processing animal feed - extruded meat and bone meal with
the addition of grain filler, it is characterized by a high content of amino acids. The feed
preparation was fed in the diet of cows of the experimental group by replacing 2 kg of
sunflower meal and compared with the performance of cows of the control group. It was
found that cows that consumed a diet containing a low-protein feed preparation produced
1713 kg of milk over 53 days of the experiment, or 1.48 kg of milk per cow per day. The
milk of the experimental cows also had a 0.05% higher fat content and 0.11% higher
protein content. In terms of basic fat content (3.4%), the milk yield of the experimental
group cows was 3.06 kg higher. The profit from the production of 1 kg of milk when using
a low-protein feed preparation in the cow's diet was 0.48 UAH higher, and the level of
profitability was 4.9% higher.

Keywords: dairy cattle, feeding, ration, low-protein feed drug, milk production,
profitability

161


https://orcid.org/0009-0002-2024-0127
https://orcid.org/0000-0002-6325-4724
https://orcid.org/0000-0002-6325-4724

P
g.- Scientific and Technical Bulletin of Livestock farming institute of NAAS, 2025, Is. 135
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Ipuna TKAYOBA, 1. c.-r. H., mpodecop, https://orcid.org/0000-0002-4235-7257
I'asmna IIPYCOBA, k. c.-T.H., cT. noci., https://orcid.org/0000-0002-2604-5720
Biraaiii IETPAILLL, acripauT™", https://orcid.org/0009-0002-2024-0127
Amnarouiiit TKAYOB, 1. dinoc. 3 arpap. H. Ta npo/.
https://orcid.org/0000-0002-6325-4724
Baaepiiit MAPUYEHKO, k. e. H., ¢. H. ¢., https://orcid.org/0000-0002-9739-4987
Incruryt TBapunaunTBa HAAH, Xapkis, Ykpaina

Jocnioocenuamu excnepumeHmanbHo 008e0eHO eheKmMUBHICMb SUKOPUCTNAHHSL
HU3bKOOIIKOB020 KOPMOB020 npenapamy 6 200i6li MONOYHUX Kopig. JlocniodcenHs
npogoouny 6npooosdc 53 OHie Ha 6aszi O0ocnioHozo 2ocnodapcmea «I onmapiexay
Inemumymy meapunnuymea Hayionanenoi akademii azspapnux Hayk Yxpainu Ha
MOJIOYHUX KOpPOBAX YKPAIHCbKOI 4OpHO-psab0i MonouHoi nopoou. Kommponvna ma
0ocniona epynu Kopie oyiu cghopmosani Memooom NapHux ananiozis, no 22 meapuxu 8
KOJICHIU 2pyni 3a 6IKOM, HAOOEM MOJIOKA, KilbKicmio ma nepiodom naxkmayii. Bci
MeapuHu OYIU KIIHIYHO 300P0BUMU, T HCOOHA MBAPUHA He 8UDYIA 3 OOCTLIONHCEHH Ni0 Yac
excnepumenmy. Ymoeu ympumauwus, pedicumu 200i61i ma HANYBAHHA, A MAKONC
napamempu MiKpoKiimamy nio 4ac 00Cai0NHCeH s OVU 0OHAKOBUMU OISl 2PYN OOCTIOHUX
meapun. Pobouoio cinome3orw Oocniddcenns Oyno 3Haumu cnocié 30invuumu Haooi
MOJIOKA KOpI8 3a O00NOMO2010 HU3bKOOIIK0B020 KOpMO0B020 npenapamy. Kopmoeui
npenapam 0y 8U20MOBLeHUL WIAXOM NepepoOKU KOPMI6 0l M8APUH - eKCMPYOOB8AHO20
M'sico-kicmkosoeo  6opowiHa 3 000AB6AHHAM  3€PHOB020  HANOGHIO6AYA,  6iH
Xapaxkmepuszyemucs GUCOKUM emicmom aminokuciom. Kopmoesuil npenapam 8eoounu 6
Payion Kopie eKCnepuMeHmaibHoi epynu, 3amiHdu 2 Ke COHAWHUKOBO2O WPOMY, i
NOPIGHI08ANU 3 NPOOYKMUBHICMIO KOpi8 KOHMpoIbHoi epynu. byno ecmawnosneno, uo
KOPOBU, SIKI CNOACUBANIU PAYIOH, WO MICINUB HU3LKOOIIKOGUL KOPMOBUL npenapam, 3a 53
OHi excnepumenmy Ooanu 1713 ke monoxka, abo 1,48 ke monoka ma xoposy Ha 000).
Monoko excnepumenmanvhux kopie maxooc mano na 0,05% euwuii emicm srcupy i Ha
0,11% euwuii emicm 0Oinka. 3a 0Oazoeum emicmom omcupy (3,4%) naooi Kopie
excnepumenmanvroi epynu oyau suwgumu Ha 3,006 ke. Ilpubymox 6io eupoonuymea I ke
MOJIOKA NPU BUKOPUCMAHHI HU3LKOOINIKOB020 KOPMOBO20 Npenapamy  payioni Kopis 6ye
suwum na 0,48 epn, a pisenv penmadenvnocmi — na 4,9%.

KrouoBi ciioBa: Moio4Ha Xy00a, TO/1BIIsA, PaLlioH, HU3bKOOIKOBUN KOPMOBHI
npenapar, BUpOOHUIITBO MOJIOKA, PEHTA0EIbHICTb.

An analysis of the world's existing dairy cattle feeding standards indicates the
need to improve the level of energy and protein nutrition in view of climate change.
Nitrogen exchange in the rumen of ruminants is the most important factor in increasing
nitrogen utilization efficiency (Oldham, 1984; Tamminga, 1992). As protein production
increases, the need for storage per unit of protein production decreases. This approach
seems complicated, given farmers' efforts to minimize ration costs. The most important
step forward is to adapt the feed and nitrogen requirements changing the nutrition system
from crude protein content due to the rumen available nitrogen and the availability of
rumen undegradable protein (RUP) (Holder, 2012).
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It is well known that degradable protein nitrogen in the rumen and the ammonia
cycle in the animal's body are the two main sources of nitrogen consumption by
microorganisms (Huntington et all., 2006), so the amount of degradable protein is one of
the most effective sources for microbial growth and increased nitrogen utilization
efficiency (Fig. 1).
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Fig. 1. A model of the metabolism of nitrogen in the rumen (Leng & Nolan, 1984)

In most modern protein nutrition systems, when determining the protein
requirements of animals, the amount of protein synthesized in the rumen and broken down
in the small intestine is not taken into account when determining the protein requirement.
In other words, the total protein requirement of ruminants is defined as the sum of the
breakdown and non-breakdown portions in the rumen. This approach to optimizing the
protein nutrition of highly productive animals is based on providing the animal body with
readily soluble nitrogen compounds of feed protein and non-protein sources of nitrogen,
which is replenished through the proteolysis of microbial protein and feed protein. One
of the most promising ways to achieve this goal is to determine the optimal ratio of energy
and protein in the diets of growing stock and normalize the intake of nutrients in the body
of animals under conditions of changing ambient temperature, which can significantly
affect productivity regardless of climatic conditions.

One of the most important tasks of dairy farming is to increase milk production
while reducing the protein content of the diet, as the protein component is the highest cost
of the diet (Chase & Fortina, 2023). It has been proven that overloading dairy cows' diets
leads to a decrease in milk production due to the negative efficiency of milk nitrogen
(Fadul-Pacheco et al., 2017; Niazifar et al., 2024). In addition, the rationing of protein
levels in the diet is associated with the need to reduce greenhouse gas emissions. It has
been proven (Schrade et al., 2023) that reducing crude protein in the diet can reduce the
emission of ammonia NHsz and nitrous oxide (H.O) by dairy cattle. Environmental
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legislation in the European Union aims to reduce the amount of nitrogen released into the
atmosphere. Nitrogen losses due to the consumption of excessive undigestible protein in
the diet are excreted in livestock excreta, which leads to ammonia emissions into the
atmosphere and economic losses. For example, one of the leaders in milk production in
Europe, the Netherlands, plans to reduce nitrogen emissions by 26% by 2030 and 50%
by 2035 (Bannink et al, 2024). One of the ways to achieve this goal, along with improving
technological solutions for livestock housing (Cinar et al. 2023; Ruiz-Gonzalez et al.
2024; Vitaliano et al. 2024) and excreta processing, is to increase the efficiency of
nitrogen absorption by cows through feeding (Lu et al. 2024).

Action to change the global livestock feed market is urgent, and future research
should focus on quantifying the synergies and trade-offs between sustainable protein
solutions (Pexas et al. 2023). In the United States, over the past 20 years, there has been
a downward trend in nitrogen intake (by 10.8%) by dairy cattle, while milk yields have
increased by 40% and total nitrogen excretion from manure has decreased by 8.1% (Chase
2023).

A study of the effect of crude protein in the diet of Holstein-Friesian dairy cows
(Katongole & Yan 2020) showed that with increasing crude protein in the diet, the level
of protein and urea in milk (141, 151, 177 and 210 g of crude protein per 1 kg of dry
matter) increased, as well as the excretion of nitrogen in manure and urine, while the
nitrogen efficiency of milk decreased. It was shown (Chowdhury et all. 2023) that feeding
dairy cows with a lower protein content did not affect milk production, but improved their
nitrogen utilization efficiency.

The priority of the agricultural and livestock sector should be to replace soy and
other protein crops in livestock feed with alternative feeds (Song et all. 2021). This also
makes sense in the sense that soybeans are significantly affected by climate change in the
direction of global warming and their yields are declining (Schauberger et al. 2017, Li
2023).

The analysis of information sources was the basis for choosing the research goal
— to determine the effectiveness of a low-protein feed drug in feeding dairy cattle.

Materials and methods of research. The research was conducted for 53 days in
the experimental farm «Gontarivka» of the Livestock Farming Institute of the National
Academy of Agrarian Sciences of Ukraine on dairy cows of the Ukrainian Black-and-
White dairy breed. A control and experimental group of cows was formed by the method
of pair wise analogues, with 22 animals in each group by age, milk production, number
and lactation period. All animals were clinically healthy, and no animals dropped out of
the study during the experiment. The housing conditions, feeding and watering regimes,
and microclimate parameters during the study were identical between the groups of
experimental animals. The working hypothesis of the research was to find a way to
increase the milk production of cows using a low-protein feed preparation.

Cows were fed nutritionally balanced diets twice a day. The diets for the
experimental cows were normalised based on an average daily milk yield of 22-25 kg per
cow. The diets of cows in the control and experimental groups differed in that instead of
2 kg of sunflower meal, cows in the experimental group received 2 kg of a low-protein
feed preparation. The feed preparation was produced by processing animal feed (extruded
meat and bone meal with the addition of grain filler) and is characterised by a high content
of amino acids. 1 kg of the test product contained 0.89 kg of dry matter, including 328.4
g of crude protein and 13.3 MJ of metabolic energy. After the first control milking (before
the inclusion of the feed preparation in the diet), a levelling period of 15 days was carried
out while the animals got used to the group, adapted to the conditions of housing, feeding
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regime and rations. The experimental drug was administered gradually, in a controlled
manner, in equal proportions each day before the experiment.
The feeding scheme for the experimental cows is presented below (Table 1).

Table 1
Feeding pattern of experimental cows
Cow groups
Feed by type control (n=22) | experimental (n=22)
Amount of feed in the daily diet, kg
Corn silage 16,0 16,0
Alfalfa haylage 10,0 10,0
Wheat straw 1,0 1,0
Crushed corn 3,0 3,0
Shredded wheat 1,3 1,3
Crushed barley 1,3 1,3
Sunflower meal 3,4 1,4
Low protein feed drug 0,0 2,0

The results were processed and analysed at the Testing Centre of the Livestock
Farming Institute of the National Academy of Agrarian Sciences of Ukraine, accredited
by the National Accreditation Agency of Ukraine, in accordance with the requirements
of State standard of Ukraine (SSTU) ISO/IEC 17025:2006.

Prior to the experiment, the chemical composition and nutritional value of the
diets used in the experimental animals were determined.

The moisture content of the feed and feed preparation was determined according
to SSTU ISO 6496:2005, the content of dry matter (DM), nitrogen-free extractives and
metabolic energy was determined by calculation. The crude ash content was determined
according to SSTU ISO 5984-2004. The crude fat content was determined according to
GOST 13496.15-97. The content of total nitrogen and crude protein was determined
according to SSTU ISO 5983-2003. Crude fibre content was determined according to the
IT NAAS 7:19 standard (SSTU 1SO 6865-2004 MOD). The calcium and phosphorus
content was determined according to IT NAAS 4:19 and 1:18 standards, respectively. The
solubility and digestibility of crude protein were determined according to SSTU 8570-
2015. The ratio of sugar and starch, as well as the ratio of calcium and phosphorus, was
determined by the calculation method. The total energy content (TEC) was determined
by the formula:

TE =0,239 x CP + 0,0398 x CF +0,0201 x CFib +0,0175 x NFE

explanation: TE - Total energy, MJ; CP - Crude protein, g; C - Crude fat, g; CFib
- Crude fibre, g; NFE - Nitrogen-free extractives, g.

The metabolic energy content was determined by the formula:

ME = 0,0312 x DCF +0,0147 x (DOM — DF — DCF) + 0,00234 x CP,

explanation: ME - metabolic energy, MJ; DCF — digestible crude fibre, g; DOM
— digestible organic matter, g; DF — digestible fat, g; CP - crude protein, g.

The rumen nitrogen balance (RNB) was determined by the formula:

rRng= P —DP
6,25
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explanation: BAR - rumen nitrogen balance, g; CP - crude protein, g; DP -
digestible protein, g.

The digestible protein (DP) content was determined by the formula:

- 1193-6,82xIP
CP

explanation: AP - assimilated protein, g; IP - indigestible protein, g; CP - crude
protein, g; ME - metabolic energy, MJ.

DP xME +1,03x IP,

The indigestible protein (IP) content was determined by the formula:

CP x IP(%)

100
explanation: IP — indigestible protein, 2; CP — crude protein, g.

IP=

The content of energy-protein units (EPU) was determined by the formula:

EPU = MJ +210>< P’
explanation: EPU — Number of energy-protein units in 1 centner of feed; MJ —
Amount of MJ in 1 centner of feed; P — Protein content in 1 centner of feed.

Net lactation energy (NEL) was calculated using the formula:

NEL = 0,6x (L+0,04x — ME___ ), ME,
TE x100-57

explanation: NEL — Net energy of lactation, MJ; ME — Metabolic energy; TE —
Total energy.

Control milking was carried out twice a day - in the morning and in the evening,
a total of 7 control milking sessions were carried out during the experiment. Milk samples
were collected in sterile containers with a broad-spectrum preservative using a probe, in
proportion to the first and second milking in accordance with the requirements of SSTU
ISO 707:2002 Milk and milk products, instructions for sampling (ISO 707:1997, IDT).
Samples were delivered to the laboratory on the same day.

The physical and technological properties of milk were studied in accordance with
SSTU 8009:2015. The biochemical parameters of milk were determined in a certified
laboratory for the assessment of the quality of livestock products. The mass fraction of
fat, protein, protein (casein + whey proteins), lactose, and dry matter was determined by
the express method of infrared spectrometry (SSTU 8396:2015, 2017). The freezing point
of milk was determined by the conduct metric express method (SSTU 7671:2014, 2015),
and the somatic cell content was determined by the express method of flow cytometry
(SSTU 7672:2014, 2015).

The first control milking was carried out before the start of the experiment. After
the first control milking of cows and the formation of experimental groups, a levelling
period of 15 days was carried out, when the animals got used to each other, adapted to
the conditions of detention and feeding ration. The studied feed preparation was
introduced into the diet of cows of the experimental group gradually, in equal proportions,
after each feeding the condition of the animals was monitored and the actual amount of
feed intake by cows of both groups was recorded.
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The biometric processing of the obtained digital material was carried out by the
method of variation statistics, taking into account the Student's criterion. The standard
computer mathematical and statistical program Microsoft Excel was used to assess the
reliability of the results obtained: arithmetic means (M), error of the arithmetic mean (+m)
and the probability of the difference between the studied arithmetic means (p). Changes
between values in the experimental groups were considered significant at p<0.05.

All experimental studies were carried out in accordance with modern
methodological approaches, requirements and standards (SSTU ISO/IEC 17025:2019,
2021), Directive 2010/63/EU (2010) and the Procedure for Conducting Animal Testing
in Research Institutions (Law of Ukraine No. 249, 2012). The experiments were
performed in accordance with the provisions of the European Convention for the
Protection of Vertebrate Animals Used for Experimental and Other Scientific Purposes
(1986).

Research results. The results of the analyses and calculations of the chemical
composition and nutritional value of the diets of the control and experimental groups of
dairy cows are given below (Table 2).

Table 2
Chemical composition and nutritional value of diets of experimental animals
. Groups of cows Reference
Indicators -
control | experimental | values
Moisture content of the diet (%) 46,87 47,0 50-55
Content: dry matter (kg) 19,18 19,13 16,26
dry matter per 100 kg of live weight 274 273 271
of cow(kg)
Exchange energy (MJ) 215 220 -
Exchangeable energy in dry matter (MJ) 11,51 11,19 11,00
Content: crude protein () 3060 3017
crude protein in dry matter (%) 15,77 15,95 16,00
crude fat in dry matter (%) 4,73 3,08 4,00
crude fibre in dry matter (%) 18,55 19,03 18,00
sugar in dry matter (%) 3,31 3,81 10,06
starch in dry matter (%) 29,88 24,13 15,33
Ratio of sugar and starch to digestible protein | 2,57 3,07 2,22
Calcium and phosphorus ratio 1,20 1,28 1,44
Nitrogen balance in the rumen 0,97 0,07 0-10
Cationic and anionic balance 180,33 186,23 200-400
Contents in dry matter (%)
Crude protein 15,95 15,77 16,00
Protein that is broken down in the rumen 76,30 75,60 65-70
Protein that is not broken down in the rumen | 24,38 25,10 30-45
Crude fat 3,08 4,73 4,00
Crude fibre 19,03 18,55 18,00
Metabolic energy 11,19 11,51 11,0
Sugar 3,81 3,31 10,06
Starch 24,13 29,88 15,33
Net lactation energy 6,9 14,3 -
Energy-protein units (EPU) 10,3 10,6 8,08-10,5
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During the main experimental period, all animals of the control and experimental
groups consumed the prescribed diet in full. No changes in health status were observed
both visually and according to the veterinarian.

It was found that during the 53 days of the accounting period, the animals of the
experimental group outperformed the analogues of the control group in terms of milk
production (Table 3).

Table 3
Indicators of milk productivity and economic efficiency of the studied feed
preparation

Groups of cows Difference
between the
Economic efficiency indicators . experimental
control | experimental
and control
groups (+/-)
Total_ milk yield for 53 days of the 23507.0 252200 +1713,0
experiment (kg)
Average daily milk yield per 1 cow (kg) | 20,16+1,37 | 21,64+1,09 +1,48
Fat content in milk (%) 4,08+0,05 4,13+0,03 +0,05
Protein content in milk (%) 3,35+0,03 3,46+0,04 +0,11
Total milk production in terms of basic
fat content (3.4 %) (Kg) 28208,4 30634,9 +2426,5
Average daily milk yield in terms of
basic fat (3.4 %) (kg) 24,19 26,29 +2,10
Expenses for 53 days of the experiment
for all studied cows (UAH) 159240,62 165770,22 +6529,6
Costs for 53 days of the experiment per
1 cow (UAH) 7238,21 7535,01 +296,8
Feed costs per 1 day (UAH) 95,85 102,45 +6,60
Selling price of 1 litre of base milk
(UAH) 11,0 11,0 -
Estimated cost of 1 kg of milk (UAH) 6,77 6,57 -0,2
Revenue from the sale of milk of basic
fat content for 53 days of the experiment | 29584251 335351,82 +35509,31
(UAH)
Profit from milk production for 53 days
of the experiment (UAH) 136601,89 169581,60 +32979,71
Profit per 1 cow per day (UAH) 117,15 145,44 +28,28
Profit on production of 1 kg of milk of
basic fat content (UAH) 5,08 5,56 +0,48
Profitability (%) 62,5 67,4 +4,9

It was found that the average daily productivity of natural milk in cows of the
experimental group was 1.47 kg higher, fat content — by 0.22%, protein — by 0.24%. In
terms of basic fat content, the milk yield of the experimental group cows was 3.06 kg
higher. The cows of the experimental group produced 1713 kg more milk than the
experimental group during 53 days of the experiment.

The calculations of economic efficiency showed that due to the higher cost of the
diet containing the experimental feed preparation on a low-protein basis, the total cost of
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milk production from experimental cows was higher. However, due to the higher quantity
of milk produced and higher fat content, the cost per kg of milk was 0.2 UAH lower and
the cost per kg of milk of basic fat content was 0.48 UAH lower than in the control group.
Accordingly, the profit per cow in the experimental group was 28.28 UAH higher than in
the control group. The profitability of milk production with the use of a low-protein feed
preparation in the diet of cows is 4.9% higher than with the use of sunflower meal.

Discussion. The results obtained on the effect of crude protein in the diet of dairy
cows are confirmed by other researchers. Thus, a study on Holstein cows (Katongole &
Yan 2020) showed that with an increase in crude protein content in the diet, the level of
protein and urea in milk (141, 151, 177 and 210 g of crude protein per 1 kg of dry matter)
increased, as did nitrogen excretion in manure and urine, while nitrogen utilization
efficiency in milk decreased. It has been shown (Chowdhury et al. 2023) that feeding
dairy cows feed with a lower protein content did not affect milk production but improved
nitrogen utilization efficiency.

The priority for the agricultural and livestock sector should be to replace soybeans
and other protein crops in animal feed with alternative feeds (Song et al. 2021). This also
makes sense given that soybeans are significantly affected by climate change in the
direction of global warming, and their yields are declining (Schauberger et al. 2017, Li
2023).

Thus, the effectiveness of using a low-protein feed preparation in feeding dairy
cows by partially replacing sunflower meal with it has been proven.

Conclusion. The effectiveness of using a low-protein feed preparation produced
by processing animal feed (extruded meat and bone meal with the addition of grain filler)
in feeding dairy cows was experimentally proven. In particular, during 53 days of the
experiment, cows consuming a diet containing the experimental feed preparation
produced 1713 kg more milk than cows in the control group. The cows in the
experimental group had a higher daily milk yield of 1.48 kg, fat content of 0.05%, and
protein content of 0.11%. Profit from the production of 1 kg of milk with the use of a
low-protein feed preparation in the diet of cows is 0.48 UAH higher, the level of
profitability is 4.9% higher.
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