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This review article is devoted to the use of feed efficiency
traits in dairy cattle breeding. An efficient cow is defined as the
one that produces the same amount of milk and milk solids
while consuming less feed and remaining healthy and fertile;
thus, allowing to reduce costs without decrease in production.
Improving feed efficiency is economically important due to
the increasing price of fodder. Feed efficiency is a genetically
complex trait that can be described as units of product out-
put (e.g., milk yield) per unit of feed input. Nowadays genetic
evaluation of dairy cattle for feed efficiency is routinely con-
ducted in several countries, including Australia, USA, Canada,
Netherlands, Denmark, Sweden, Finland, Norway and United
Kingdom. Different countries use different measures of feed
efficiency of dairy cows. The main feed efficiency traits are dry
matter intake, gross feed efficiency, residual feed intake, ener-
gy balance and feed saved. Genome-wide association studies
demonstrated that feed efficiency in polygenic trait. Neverthe-
less, several genes with large effects on feed efficiency were
identified. Estimates of heritability of these traits vary from 0.07
to 0.49 and show the presence of considerable genetic varia-
tion of these traits and therefore, the possibility of their genetic
improvement under the conditions of inclusion in breeding
programs. Changes in diet and rumen microbiome substantially
impact feed efficiency of dairy cows. Feed efficiency is related
to methane emissions and excess nitrogen excretion. Genetic
improvement of feed efficiency requires recording of individual
data on feed intake in cows. Such data are limited. Two options
exist to solve this problem: use of indirect predictors and ge-
nomic prediction. Accuracy of genomic prediction varies from
0.21 to 0.61 across countries. International cooperative pro-
jects such as Efficient Dairy Genome Project in Canada were
launched to establish large databases and to increase accura-
cy of feed efficiency traits genomic prediction. Future directions
of research are the use of novel technologies: mid-infrared
spectroscopy, artificial intelligence, holo-omics.

Key words: dry matter intake, energy balance, residual feed
intake, feed saved, heritability, genomic selection, holo-omics

Introduction

The purpose of this review is to describe use of feed
efficiency in dairy cattle genetic improvement programs.
The main tasks are to highlight the importance of reduc-
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ing feed costs in milk production, to characterize traits of
feed efficiency of dairy cows and their genetic architec-
ture, to describe methods of measuring feed efficiency
used in different countries, to focus on the importance
of international collaboration for genomic prediction of
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feed efficiency of dairy cattle. The review refers to dairy
cattle breeding and genetics and considers problems
of genetic improvement of dairy cattle for the purpose
of increasing economic efficiency of milk production.

Discussion

Feeds are the main cost item in milk production.
For instance, according to the Agricultural Research
Service of the US Department of Agriculture, in 2021
the share of the cost of feeds in the total costs of milk
production was 57.8%.

According to calculations by M. Coffey [11]in UK, in
a herd of 150 cows with an average milk yield of 9,000
liters, the average annual feed costs will be equal to
£125,628 (£838 per cow). Saving 10% of this amount is
a big prize. The UK national herd of 1.9 million lactating
cows with an average milk yield of 7,600 kg consumes
feeds for approximately £1.592 billion per year. If cows
consumed 10% less feeds under the same conditions,
the feed savings would be 159 million pounds per year.

In fig. 1 the dynamics of prices of feeds for farm ani-
mals in the USA is presented. For the period from 2000 to
2022, the feed price index increased from 100 to 250, i.e.
by 1.5 times. Thus, reducing feed costs is an important
lever from the point of view of increasing the profitability
of milk production, especially given the rising feed prices.

From the point of view of the need to ensure sus-
tainable milk production, it is important to reduce feed
costs by increasing the share of feed used for milk
production. Feed efficiency is an important genetic
trait that has recently received considerable attention
due to its economic importance [41, 42].

C. M. Richardson et al. [39] showed that increas-
ing estimated breeding value of the feed performance
(defined as a kg of more efficiently used feed) by one
unit (i.e. 1 kg of more efficiently converted dry matter
intake during the cow’s first lactation) translates to a total
lifetime saving of 3.23 kg in dry matter intake with the
economic value of CAD $0.82.

K. Houlahan et al. [17] showed that the inclusion
of feed efficiency in economic selection indices allows
increasing significantly the efficiency of breeding pro-
grams of dairy cattle.
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Fig. 1. Dynamics of prices of feeds for farm animals in the USA
from 2000 to 2022 [36]

In dairy cattle breeding the following traits of feed
efficiency are used [25]:

— dry matter intake (DMI) — the difference between
the feed offered and that which remains uneaten;

— gross feed efficiency (GFE), also known as feed
conversion efficiency — the amount of milk produced
per 1 kg of dry matter of feed consumed;

— residual feed intake (RFI) — the difference be-
tween actual dry matter intake and predicted dry matter
intake based on energy requirements for production and
maintenance;

— energy balance (EB) — the difference between
the consumed energy of feed and the output of total
energy (milk, maintenance, growth and pregnancy);

— feed saved (FS), which takes into account the
costs of milk production and maintenance.

Close to the residual feed intake is the residual
energy intake (REI), which is defined as the differ-
ence between the required and actual consumption
of the net lactation energy of a dairy cow [1].

The most expensive component of diet for dairy cows
is protein [6]. Based on this, Y. Chen et al. [8, 9] developed
Nitrogen Efficiency Index (NEI) that includes nitrogen
intake, milk true protein nitrogen, and milk urea-nitrogen
yield. The NEI showed positive genetic correlations with
production traits (e.g., milk yield, protein yield) and has
the advantage of large-scale prediction. Genome-wide
association study showed that the largest explanatory ge-
nomic regions of NEI were Bos taurus autosomes 14, 26,
16, and 6; 16 key candidate genes were identified for NEI
and its composition traits, which are mainly expressed
in the milk cell, mammary, and liver tissues [10].

According to their genetic architecture feed efficien-
cy traits are polygenic. B. Li et al. [23] conducted a ge-
nome-wide association study of residual feed intake of
Holstein cows (fig. 2). It was shown that regions of the
genome located on chromosomes 25 and 18 have the
greatest influence on residual feed intake. Genes that
determine this trait were identified and biological mech-
anisms of their action were determined.

N. Krattenmacher et al. [20] identified four quanti-
tative trait loci (QTL) located on chromosomes 1, 10,
15 and 16 that affect energy balance in dairy cows.

S. M. Salleh et al. [44], using the gene co-expres-
sion network analysis [31], identified genes and reg-
ulators (ATP7b, IFNG, and IL10RA) that could poten-
tially impact feed efficiency in dairy cows.

S. Lam et al. [21] based on RNA sequencing from
the liver tissue of Holstein and Jersey cows found
9 genes (IN-SRR, CSK, DYNC1H1, GAB1, KAT2B,
RXRA, SHC1, TRRAP, PIK3CB) that affect feed effi-
ciency due to their participation in the processes of cell
growth and regeneration, metabolism and immunity.

Estimates of the heritability of feed efficiency traits
of dairy cows vary significantly between different
countries, but in general the presented estimates indi-
cate the possibility of successful genetic improvement
of these traits (table 1).
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Fig. 2. Manhattan plot of the genetic variance (%) explained by each genome region for residual feed intake in Holstein dairy cattle [23]

P. Khanal et al. [19] using multiple-trait random regres-
sion model showed that heritability of daily residual feed
intake and feed saved changed during lactation both for
primiparous (0.05-0.07 and 0.11-0.17, respectively) and
multiparous (0.03-0.13 and 0.10-0.17, respectively) cows.
However, heritability estimates based on lactation averag-
es were substantially higher, ranging from 0.17 to 0.25 for
residual feed intake and from 0.35 to 0.41 for feed saved.

In different countries different approaches are used
to measure feed efficiency of dairy cattle.

Australia was the first country in the world to use
breeding value estimates for feed efficiency in dairy
cattle breeding [2]. Feed efficiency is expressed by
the feed saved (Feed Saved ABV). The goal is to pro-
duce animals that give the same amount of milk with
reduced maintenance requirements. Feed Saved ABV

Table 1. Estimates of heritability (h?) of feed efficiency traits
in dairy cows [25]

Trait Country Breed h?
Netherlands Holstein 0.21-0.40
Germany Holstein 0.26-0.37
Denmark and Sweden Holstein 0.20-0.40
Jersey 0.17-0.42
D k
Dry matter enmar Holstein  0.32-0.49
intake
USA, Canada, UK, 0in 023032
Netherlands
Canada Holstein 0.28
Denmark, Finland Holstein  0.30-0.55
and Sweden
Gross feed USA Holstein  0.43-0.47
efficiency
Netherlands Holstein 0.40
Southern Australia Holstein 0.27
Australia .
fesida and New Zealand Holstein 0.22-0.38
esidua USA Holstein 0.36
feed intake
Canada Holstein 0.20
Denmark Holstein 0.23-0.36
USA, Canada, UK, .
Netherlands Holstein 0.13-0.14
E Finland Nordic Red 0.10
nergy USA Holstein  0.07-0.22
balance .
Germany Holstein 0.29-0.49
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includes residual feed intake (RFI) and maintenance re-
quirements calculated on the basis of live weight. Feed
Saved ABYV is expressed in kilograms (dry matter) of
feed saved per cow per year. The base (or average for
breed) is zero: a positive value means saving feeds;
a negative value represents additional feed consumed.
Animals that are one standard deviation above the
mean for the feed saved trait consume 65 kg less feed
per year, while maintaining the same levels of produc-
tion [37]. Feed Saved ABV is included to both selection
indices used in Australian dairy farming: the Balanced
Performance Index (BPI) and the Health Weighted In-
dex (HWI), with higher weighting in the HWI.

In USA feed efficiency is expressed as feed saved
(FSAV) based on estimates of predicted transmitting ability
for residual feed intake (PTArfi) and body weight composite
(PTAbwc) PTA for feed saved is calculated as [35, 471

PTAfsav = —1 PTArfi — 151.8 PTAbwc (1)

Data from the experimental farms of University of
Wisconsin-Madison, Michigan State University, lowa
State University, University of Florida, and of Animal
Genomics and Improvement Laboratory of the depart-
ment of agriculture are used to estimate residual feed
intake. The database contains more than 650,000 feed
intake records (approximately 6,200 cows).

Body weight composite (BWC) is calculated based on
linear appraisal traits of cows according to the formula:

BWC = (0.23 Stature) + (0.72 Strength) +
+ (0.08 Bodydepth) + (0.17 Rumpwidth) —  (2)
— (0.47 Dairyform)

The American Holstein Association uses the Feed Effi-
ciency index (FE$), which is calculated using the formula:

FE$ = (0.0008 PTAmilkyield) +
+ (1.55 PTAmilkfat) + (1.73 PTAmilkprotein) + (3)
+(0.11 PTAfsav)

In Canada, in April 2021, Canadian Dairy Network
began to publish official genetic evaluations based on
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Feed Efficiency for Holstein sires. Feed efficiency
includes three traits: dry matter intake (DMI) to estimate
feed intake, metabolic body weight to determine energy
requirements for maintenance, and energy corrected milk
to account for performance level. Thus, feed efficiency is
an expression of how much feed an animal eats regard-
less of its maintenance and productivity requirements.

Initially, only the data on the first lactation were used.
Starting with the publication of genetic evaluations in
December 2022, relative breeding values include second
lactation data. An increase in the relative breeding value
for every 5 points reduces the consumption of dry matter
of feeds in daughters of sire by approximately 80 kg in
the first lactation and by 120 kg in the second lactation.
This corresponds to 2% reduction in feed intake.

In the Netherlands, the farmer organization CRV
(https://crv4all.com) collects daily data on feed intake of
more than 2,000 lactating cows on five commercial dairy
farms. This gives four million feed intake records each
year. CRV combines this information with data collected
from 9,000 Dutch and Flemish cows, allowing for large
reference population of cows and reliable estimates of
breeding values. The reliability of estimated breeding
values of feed efficiency for CRV sires is 85-90%.

The evaluation of the breeding value of bulls and
cows is carried out in three stages [12]:

1. Evaluation of breeding values for dry matter in-
take is carried out separately for the first (BVdmi1),
second (BVdmi2) and third and subsequent lactations
(BVdmi3). The total evaluation of the breeding value
for of dry matter intake (BVdmi) is calculated according
to the formula:

BVdmi = 0.41 BVdmi1 + 0.33 BVdmi2 +
+0.26 BVdmi3 4)

2. Estimated breeding values for feed saved for main-
tenance (FSM) in physical measurement are calculated
according to the formula:

FSM = ((1000/940) (5.9 kg fat + 3.0 kg protein +
+ 2.43 kg lactose)/301) — BVdmi (5)

3. Estimated breeding values for saved feed costs
for maintenance (SFCM) in monetary terms are cal-
culated according to the formula:

SFCM = 60.20 EURO FCM (6)

In April 2023, CRV introduced FeedExcel, a breeding
strategy that promises 25% increase in herd productivity
or 25% less feed consumption by cows, as well as a 25%
reduction in methane emissions by 2050.

The joint Danish-Finnish-Swedish consortium NAV
(Nordisk Avisveerdi Apskning — Nordic Cattle Genetic
Evaluation), which carries out genetic evaluation of dairy
cattle in these three countries, to evaluate feed efficiency
uses Saved feed index, which includes two components:

maintenance efficiency and metabolic efficiency. Mainte-
nance efficiency is calculated on the basis of data on live
weight and type traits on linear scale (stature, body depth
and chest width). The heritability of this trait is 0.58-0.65.
Metabolic efficiency is defined as the difference between
actual and predicted feed intake (that is, it equals residual
feed intake) Data on feed intake come from the interna-
tional database Efficient Dairy Genome Project (EDGP),
experimental farms in Finland and from VikingGenetics
farms equipped with the CFIT system.

In Norway feed efficiency is expressed by the
Feed$aved™. The goal of Norwegian breeders is to re-
duce the amount of feeds needed to maintain body weight.
The comprehensive system of recording in the Norwe-
gian Red breed represents 93% of all cows in Norway.
Live weight records of 1.2 million cows ensure high se-
lection accuracy for Feed$aved™. Feed$aved™ calcu-
lations are based on dry matter intake. Top Feed$aved™
Norwegian Red sires produce smaller crossbred daugh-
ters compared to the average 700 kg mature Holstein
cow weight, saving maintenance feed costs at $0.28
per day or saving of approximately 1 kg of feed per day
(at a cost of 0.26 USD per 1 kg of dry matter of feed).
On average, a Norwegian Red cow eats 0.6 kg less
feed than a Holstein cow. In general, this saves about
101,000 US dollars on a farm with 1000 cows.

In United Kingdom, Feed Advantage is used — an
index that is calculated as predicted transmitting ability
(PTA) in kilograms of dry matter intake saved in each
lactation. The development of the index is the result of
over 30 years of researches and data collection at the
award-winning Langhill herd in Dumfries. In researches
carried out by the Scottish Rural College (SRUC) dry
matter intake of Langhill cows throughout their lifetime was
measured. Adjustments are made according to the size of
the animal, as smaller cows require less feed than larger
cows with the same level of milk production. The most ef-
ficient cows consume 400 kg less per lactation compared
to the least efficient cows, meaning that the same level
of performance can be achieved by reducing feed intake.
The Feed Advantage index is a component of the Enviro-
Cow index, which aims to reduce the negative impact
of milk production on the environment.

Iranian scientists conducted a study on the possibility
of including feed efficiency in the selection index [32].
Data from seven dairy herds were used. Calculated eco-
nomic weights for traits at prices of $0.34 for 1 kg of milk,
$6.93 for 1 kg of milk fat, $5.53 for 1 kg of milk protein,
—$1.68 for 1 kg of consumed dry matter of feeds, —$1.70
for 1 kg of residual feed intake, $0.47 for 1 month of pro-
ductive life and —$2.71 for 1 day of days open. The Ira-
nian selection index was revised from the point of view
of improving feed efficiency and the sub-index of feed
efficiency (FE$), introduced by the Holstein Association
of the USA, was adopted taking into account the charac-
teristics of the economic and production system of Iran.

L. Cavani et al. [7] studied the relationship between
feeding behavior traits of Holstein cows (number of
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feeder visits per day, number of meals per day, dura-
tion of each feeder visit, duration of each meal, total du-
ration of feeder visits, intake per visit, intake per meal,
feeding rate per visit, and feeding rate per meal) with
residual feed intake. The authors found that feeding
behavior traits of dairy cows can be useful indicators
of feed efficiency and cows with lower feeding rate use
feeds more efficiently. W. E. Brown et al. [5] concluded
that slower feeding rate by more efficient cows was
associated with lower dry matter intake.

In several studies it was shown that feed efficiency of
dairy cows largely depends on the rumen microbiome —
community of microorganisms that inhabit rumen [13,
24, 29]. In Holstein and Nordic Red lactating dairy cows,
R. J. Wallace et al. [48] identified 39 heritable core mi-
crobial OTUs (operational taxonomic units), with micro-
biability (proportion of phenotypic variance explained
by microorganisms) estimates ranging from 0.20 to 0.60.
According to B. Hayes [16], the accuracy of predicting
feed efficiency based on cow genome was 0.33, while
the accuracy of predicting this trait based on rumen micro-
biome data was 0.49; combined prediction using both
sources of information (cow genome and rumen micro-
biome) made it possible to achieve a prediction accuracy
of 0.57. Therefore the perspective direction for increasing
feed efficiency is application of holo-omics — analysis
and prediction of feed efficiency based on simultane-
ous accounting for influence of both cow genome and
metagenome (genome of microorganisms) of rumen [38].
Scheme of this approach is presented on fig. 3.

A. Fischer et al. [15] studied the dependence of feed
efficiency of dairy cows (residual feed intake) on the
diet. The authors found that feed efficiency was less
reproducible across diets than within the same diet,
and that it varied more after diet changes than during
successive stages of lactation.

According to J. Karlsson et al. [18], dairy cows with
high feed efficiency mobilized more of their body reserves
both at the beginning of lactation and during full lactation.

It was shown that most feed efficient cows had im-
proved reproductive performance compared with the
least efficient cows [34].

S. Y. Ruban et al. [40] revealed significant influence
of the “genetic group” factor on the main economic traits
of dairy cows, including feed conversion.

An important aspect of improving feed efficiency is
its relationship with methane emissions. The conducted
studies show that genetic improvement of feed efficiency
will contribute to the reduction of methane emissions
in ruminants, and with the inclusion of both traits (feed
efficiency and methane emission) in breeding goal, it is
possible to achieve significant success both in terms of
increasing the economic efficiency of milk production and
reducing the negative impact on the environment [26, 27].

M. Nehme Marinho et al. [33] showed that the most
feed-efficient cows were also characterized by less excess
excretion of nitrogen which is related to environmental
challenges.
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Fig. 3. Scheme of application of holo-omics in dairy cattle [37]

The main problem of using feed efficiency in breed-
ing is the limitation of individual data on feed intake by
cows [45]. Individual recording of feed intake requires
the availability of appropriate equipment on the farm.
There are two ways to solve this problem:

1) use of indirect (proxy) predictors,

2) genomic prediction [4].

As predictors can be used milk production traits, live
weight, body condition scores, behavior traits, metabo-
lites, etc. [28, 49].

J. R. R.Dérea et al. [14] using an artificial neural net-
work approach developed models to estimate dry matter
intake based on milk mid-infrared (MIR) spectral data.

Genomic prediction is based on the use of SNP mark-
ers and requires the definition of reference (training or
predictor) population — group of animals for which their
phenotypes and genotypes are known. Based on these
data, the effects of the genotypes of each marker on quan-
titative trait are calculated, which are then used to obtain
genomic estimates of breeding values (genomic estimat-
ed breeding values, GEBV) of genotyped animals [43].

The accuracy of genomic prediction depends on the
number of animals in the reference population. The siz-
es of reference populations with data on traits, which are
necessary for evaluating feed efficiency in each individual
country, are quite limited; therefore, international cooper-
ation for combining relevant data is of great importance.

The Global Dry Matter Initiative (gDMI) was estab-
lished in 2014 to strengthen and coordinate the work on
breeding dairy cattle for feed efficiency at the international
level. Currently, it includes 15 participants from 10 coun-
tries. The main task of the organization is the collection
and harmonization of data necessary for evaluating feed
efficiency of dairy cows.

The Efficient Dairy Genome Project (EDGP, www.
genomedairy.ualberta.ca) is an international research
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Table 2. Accuracy of genomic predictions of feed efficiency traits
in dairy cattle [25]

Trait Country Breed Accuracy
UK, Netherlands Holstein 0.35
and Australia
Europe, North Amerlca Holstein 037
Dry matter and Australia
intake Ireland, UK .
and Netherlands G LS
Netherlands Dutch dairy 0.21-0.38
Germany Holstein 0.33-0.61
Australia .
Residual and New Zealand Al L
esicua Australia Holstein 0.27
feed intake USA. Canad
, Canada, .
Netherlands and UK RIEED | GREs=eek
Energy Netherlands Holstein 0.29
balance Germany Holstein 0.27-0.47

project in Canada aimed at developing the strategic re-
search, tools and infrastructure needed to implement ge-
netic and genomic evaluations to improve feed efficiency
and reduction of methane emissions in dairy cattle [30].

Values of accuracy of genomic prediction of feed effi-
ciency traits in dairy cattle vary from 0.21 to 0.47 (table 2).

As part of this project, the Canadian Dairy Network
(CDN) and the University of Guelph, together with inter-
national partners, created the EDGP database, which is
located at the CDN (Guelph, Ontario, Canada). The data-
base contains the following information: 1) pedigree,
2) calving, 3) performance, 4) events (including data on
feed efficiency and methane emissions), 5) genotypes,
6) milk mid-infrared spectroscopy data.

As of February 1, 2023, the database contained infor-
mation on 13,609 cows from the USA, Canada, Germany,
Denmark, Switzerland, Spain, and Australia.

In the study of S. Bolormaa et al. [3] it was proved
that the use of the international EDGP database allows to
substantially increase the accuracy of genomic prediction
of feed efficiency of dairy cows.

Genetic evaluation of dairy cattle for feed efficiency
requires individual recording of feed intake. Usually this
work is carried out using special equipment — automatic
feeders. Such equipment is very expensive — approx-
imately at the level of $220,000 for 24 feeders — and is
installed only on experimental farms [11]. However, in re-
cent years, individual feed intake recording systems have
been developed for commercial farms, the most famous
of which is the Cattle Feed InTake (CFIT) system. Such
systems are based on the use of 3D video cameras and
are much cheaper. In CFIT system artificial intelligence is
used capable of both identifying individual cows in a herd
and measuring individual feed intakes [22, 46].

Conclusions

Feed efficiency is an important genetic due to the sig-
nificant share of feeds among the costs of milk production.

Feed efficiency traits are polygenic, i.e. determined
by a large number of genes. Heritability estimates indi-
cate the presence of significant genetic variability of these
traits and, therefore, the possibility of their improvement
under the conditions of inclusion in breeding programs.
A number of gene were identified that considerably influ-
ence feed efficiency of dairy cows.

Feed efficiency depends on diet and to large extent
on rumen microbiome of cows.

In different countries various approaches are used
to determine feed efficiency of dairy cows.

Due to the limitation of amount of individual data on
cows, necessary for genetic evaluation based on feed ef-
ficiency, the best tool for such work is the use of genomic
selection. International cooperation plays an important
role, the purpose of which is the creation of relevant data-
bases, the use of which allows increasing the accuracy
of genomic prediction.

Perspective research directions are the use of modern
technologies, such as mid-infrared spectroscopy, artificial
intelligence, as well as holo-omics (estimating genetic val-
ues with the simultaneous inclusion of information on both
the cow genome and the metagenome, i.e. the genome
of the rumen microbiota).
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EdeKTUBHICTb BUKOPUCTAHHA KOPMY MOJIOYHOI XyAO00OM sIKk reHeTU4YHa O3HaKa

C. IO. Py6aH, B. O. aHwuH
rubansy@gmail.com

HauioHanbHuin yHiBepcuteT BiopecypciB i NpUpoAoKopuCTyBaHHs Ykpainu, Byn. lepoiB O6opoHu, 15, m. Kuis, 03041, YkpaiHa

Lito ornagoBy cTaTTio NPUCBAYEHO BU3HAYEHHIO NMOKa3HWKIB eheKTVBHOCTI BUKOPUCTaHHS KOPMY B PO3BEAEHHI MOMOYHOI XyA06m.
EdekTrBHOI BBaXarOTb KOPOBY, SKa Aa€ OAHAKOBY KiNbKiCTb MOSIOKa Ta MOro CyXMX KOMMOHEHTIB, CMIOXMBaoOYM MEHLLE KOpMY i 3anuviua-
H04MCh 3[0POBOIO Ta MITAHOIO, L0 AO3BOMSIE CKOPOTUTY BUTPATU 6e3 3HMKEHHS 06’eMy BMPOBHMLTBA. MiABULLEHHS edheKTUBHOCTI BUKO-
PUCTaHHSA KOPMY € EKOHOMIYHO BaXIMBUM Yepesa 3pOCTaHHS BapTOCTi KOPMiB. ECOEKTUBHICTb BUKOPUCTaHHA KOPMY — FeHETUYHO CKnagHa
03HaKa, sSiKy MOXXHa onmcaTi B OOAMHULSAX BUXOZY NPOAYKTY (Hanpuknag, Hagill) Ha OAVMHULIEO CMOXMTOro KopMy. Ha cborogHi reHetuyHy
OLiHKY e(peKTUBHOCTI BUKOPUCTaHHS1 KOPMY MOJIO4HOI Xynobu perynsipHo NpoBOASATb Y KiMbKox kpaiHax, cepen sikux — AscTpanisi, CLUA,
KaHnapa, Hinepnanaw, [anis, Wseuis, PiHnaHais, Hopserist Ta Benvka BpuTaHis. Y pisHMX kpaiHax BUKOPUCTOBYIOTb Pi3Hi MOKa3HMKN edbek-
TUBHOCTi BUKOPUCTAHHS KOPMY MOMOYHMX KopiB. OCHOBHUMM O3HaKaMun ePeKTUBHOCTI BUKOPUCTAHHS KOPMY € CMOXMBaHHS CyXOl Pe40oBU-
HW, BanoBa eheKTUBHICTb BUKOPUCTaHHSA KOPMY, 3aNMLLKOBE CMOXUBAHHSI KOPMY, EHepreTUYHWI BanaHc i ekoHoMist kopmy. NMoBHOreHOMHi
[OCNiMKEeHHS 3B'A3KIB NOKa3any, WO ePeKTUBHICTb BUKOPUCTaHHSA KOPMY € MOMIr€HHOK 03HaKOK. TUM He MeHLL, Byno BUSBMEHO Kinbka
reHiB, siki 3Ha4HO BNMBatOTb Ha ePEKTUBHICTb BUKOPUCTaHHS kopMy. OLiHKV yCnaaKoByBaHOCTI Lix 03Hak konmeatoTbes Big 0,07 go 0,49,
NoKa3yoTb HAsSIBHICTb 3HAYHOI FEHETUYHOI MIHIMBOCTI LIMX O3HAK i, OTXKe, MOXIUBICTb iX reHETUYHOrO NOKPaLLEeHHS 3a YMOB BBEAEHHS 0
cenexujHmx nporpam. 3MiHM B paLioHi Ta Mikpobiom pybLis CyTTEBO BNMUBaOTb Ha €DEKTUBHICTb BUKOPUCTaHHSI KOPMY MOMOYHMX KOPIB.
EdeKTVBHICTb BUKOPUCTaHHS KOPMY MOB’si3aHa 3 eMICiEl0 METaHy i HAANMLLKOBMM BUAINIEHHAM a30Ty. [eHeTMYHe nokpalleHHst edekTms-
HOCTi BUKOPUCTaHHs1 KOopMy noTpebye obniky iHaMBIAyanbHWUX OaHWX NP0 CNOXWBaHHA KOpMY kopoBamu. Taki AaHi obMexeHi. IcHye aBa
BapiaHTM BUPILLEHHS Liiei Npobnemu: BUKOPUCTAHHS HENPSAMUX NPEAVKTOPIB | reHOMHe nepeadadyeHHst. TOYHICTb FeHOMHOro nepeadayeHHs
B Pi3HNX KpaiHax konveaeTbes BiA 0,21 go 0,61. MixHapoaHi cninbHi npoexTn (Taki, sk Efficient Dairy Genome Project B Kanagi) 6ynu
3anpoBabKeHi 3 METOK CTBOPEHHS BeNMMKMX 6a3 JaHuX i NiaBULLEHHS TOYHOCTI FeHOMHOTO NepeabadveHHs 03HaK edpeKTUBHOCTI BUKOPUC-
TaHHS kopMy. ManbyTHiMM HanpsMKaMmn AOCTIMKEHb € BUKOPUCTaHHS HOBITHIX TEXHOSIOTi — CMEKTPOCKOMii cepeaHboro iHhpa4YepBOHOro
[ianasoHy, LWTYYHOrO iHTENEKTK, FON0-OMiKN.

KnrouoBi cnoBa: cnoxvBaHHsi Cyxoi pe4OBMHU, EHEPreTUYHUI BanaHc, 3anuLKOBE CMOXMBAHHS KOPMY, EKOHOMISI KOPMY, yCnaz-
KOBYBaHICTb, FeHOMHa CernekLisi, rono-omika
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