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ABSTRACT

The aim of the research was to develop a selection index for the evaluation and selection of dairy
cattle for increasing milk production and reproductive traits. Materials of the research were data on
milk production and reproduction of cows of the Ukrainian Black-and-White dairy breed in commer-
cial farm in Kharkiv region. Studies showed that there was a certain antagonism between milk produc-
tivity and reproduction of the Ukrainian Black-and-White dairy cow. The coefficients of phenotypic
correlation between milk yield, fat and protein yield and the days open ranged from +0.284 to +0.293.
Selection indexes were built, which included protein, fat yield, and days open. The developed selection
indexes were characterized by a high relationship with the protein yield (0<0.001), much lower — with
the fat yield (0<0.05), while the relationship of the selection indexes with the days open was almost
absent. The calculated estimates of correlation and regression coefficients made possible to predict cor-
related responses of milk production and reproduction traits on selection index. The results showed that
the developed selection indexes allow increase the milk production of cows and at the same time to
prevent decrease in the level of reproduction.

Keywords: Correlated response, Dairy cows, Economic weight, Milk production, Reproduction.

INTRODUCTION

Evaluation and selection by selection indexes is
an important tool in dairy cattle breeding, as it
allows combine information on several traits into
a single value, which is used to make selection
decisions (Mancin et al., 2022; MaraSinskiené et
al., 2022). The ideal breeding goal for dairy cat-

258

tle remains the main topic of researches, alt-
hough consensus on this issue is problematic and
is intensively discussed in the scientific literature
(Miglior et al., 2017; Cole and VanRaden, 2017;
Cole et al., 2021). There is no unified breeding
goal for dairy cattle that suitable for all popula-
tions or all herds within a single population, but
there are general principles for constructing se-
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lection indexes (Hazel, 1943). These principles
allow the development of selection indexes that
meet economic (market) requirements, which
depend on the characteristics of a particular
country (Amaya et al., 2022; Matvieiev et al.,
2023).

One of the main economic factors is pricing.
The prices of agricultural products, including
milk, can be market, partially market under cer-
tain governmental regulations, or fixed
(contractual). An example of partial market pric-
ing under government regulation is milk pricing
in the United States. This pricing is very com-
plex and is based on federal milk marketing or-
ders (FMMO). Jesse and Cropp (2008) stated
that the milk price in the United States depends
on the region, end-product (fluid milk, produc-
tion of cheese, butter, yogurt, or other products),
as well as other factors (import restrictions, ex-
port subsidies, etc.). At the same time, the milk
price in Israel is fixed. Each year, the Ministry of
Agriculture of Israel establishes the price of milk
-based on the recommendations of the Israel
Dairy Board, which plans the milk market and
determines quotas for farmers.

When determining the price of milk, the
method of taking into account its composition is
also important (Mucchetti and Zambrini, 2017).
There are two methods of determining the milk
price depending on its composition (Jesse and
Cropp, 2008): percentage differential pricing and
multiple component pricing.

It should be noted that in most developed
countries multiple component pricing is used, as
it allows take into account the price structure of
the end-products more accurately. Milk quality
indicators such as somatic cell count and bacteri-
al contamination are also usually taken into ac-
count when determining the price of milk.

In recent decades, dairy cattle breeding was
focused on milk production. This led to signifi-
cant success and considerably increased milk
yields and milk fat and protein, especially in
Holstein cows (Guinan et al., 2023; Cole et al.,
2021). These data indicate that the increase in
milk production was achieved both through care-
ful and well-organized breeding, which provided

high genetic progress, as well as due to optimal
conditions of nutrition, housing, and welfare of
dairy cows (Berry, 2018; Ruban et al., 2022).

However, this progress led to deterioration
in a number of economically important traits,
including reproduction. Reproductive traits of
cows are characterized by complex biological
mechanisms determining them (Lucy, 2019), and
they belong to the group of polygenic traits,
which are determined by a large number of
genes. According to (Ma® et al., 2019), who ana-
lyzed the results of 295 whole-genome associa-
tion studies, only one QTL was found on chro-
mosome 18, which significantly affects the repro-
duction of dairy cows. Heritability of reproduc-
tive traits is very low (from 0.01 to 0.20), which
complicates their improvement through breeding
programs (Shao et al., 2021), although the coeffi-
cients of genetic variability of fertility traits are
not lower than those of milk production (Berry et
al., 2016).

The experience of recent years shows that
with the proper organization of recording, the use
of modern methods of genetic (genomic) evalua-
tion, and effective breeding programs it may be
possible to achieve genetic improvement of re-
production. In the Nordic countries (Denmark,
Sweden, and Finland) reproductive traits were
included in the breeding programs of dairy
breeds in the 1960s, which avoided their deterio-
ration in line with increasing milk production
(Muuttoranta et al., 2019). Today, two-thirds of
Interbull member countries perform a genetic
evaluation of dairy cattle for reproductive traits
(Interbull, 2022).

Pregnancy rate is used in the United States
for the genetic evaluation of dairy bulls and cows
(Van Raden et al., 2004). In the period from
1960 to 2000 in the Holstein population of the
United States, there was a steady decline in
breeding values and actual (phenotypic) values of
the pregnancy rate of cows. Since 2000, there has
been a gradual increase in the actual values of the
pregnancy rate of Holstein cows, and since 2010
(after the introduction of genomic evaluation of
animals) some genetic progress is observed
(Berry et al., 2018).
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The tool for simultaneous genetic improve-
ment of the economically important traits is the
economic selection index (Hazel, 1943). It is
very important to determine the economic
weights of the traits correctly (Krupova et al.,
2020). The economic weight of the trait is de-
fined as the change in profit when increasing the
trait per unit of its measurement at fixed values
of other traits that are part of the breeding goal
(Hazel, 1943). Due to the expansion of the range
of genetic traits, the relative economic weight of
milk productivity is now up to 50% (Cole and
Van Raden, 2018. The relative economic
weights of reproductive traits vary considerably
from country to country. The relative economic
weights of reproductive traits of dairy cows, de-
pending on the breed are from 6.5% to 10.5%
(Schmidtmann et al., 2021). Sasaki et al. (2020)
showed that in Japan the relative economic
weight of days open depending on economic
conditions can range from 10% to almost 50%.

The inclusion of functional traits, especially
reproduction, in the economic selection indexes,
which are used to evaluate and select dairy cat-
tle, is important in terms of the profitability of
milk production. For example, Chegini et al.
(2019) compared different selection indexes and
found that the index that provided the greatest
genetic progress in milk yield did not maximize
the profits of dairy cows. The authors concluded
that the economic selection index for dairy cattle
should include also reproductive traits and udder
health. Cole et al. (2021) reported, the overall
relative economic weight of reproduction in the
selection indexes for dairy cattle should be about
10%. This study developed an economic selec-
tion index for the evaluation and selection of
dairy cattle for milk production and reproduc-
tion.

MATERIALS AND METHODS

Materials of the research were data on milk
production and reproductive traits of cows of the
Ukrainian Black-and-White dairy cows in agri-
cultural cooperative "Vostok" (AC "Vostok") in
Kharkiv region for the period 2012-2022. The
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farm keeps 1,500 cows. They are housed in box-
es with manure removal by mobile equipment
and milking of cows on two "Parallel" milking
parlors, 2x16. Cows are fed according to lacta-
tion phases (1 phase 1-120 days, 2 phase — 121-
211 days, 3 phase 212 days, and more) using
total mixed rations (TMR). With an average milk
yield of 28-34 liters, cows are fed an average of
28-35 kg of silage, 12—15 kg of alfalfa haylage, 3
—6 kg of hay, and 8—12 kg of grain mixture with
minerals. One kilogram of dry matter of the total
mixed ration contains 11.8—-12.3 MJ of metabolic
energy, 12-14% of protein, 19-20% of acid-
detergent fiber, and 35-38 % of neutral-
detergent fiber.

The value of the heifer replacement on the
farm is $1083. Milk from farms in Ukraine is
sold according to the state standard DSTU 3662:
2018 (basic content of fat is 3.4% and of protein
3.0%). Thus, the purchase price (PP) per 1 kg of
premium milk is calculated by the following:

PC FC
PP_(% X 0,6 + 32 ><0,4) X BP
where PP : purchase price (PP) of 1 kg of premi-
um milk; PC : protein content, %; FC : fat con-
tent, %; BP: basic price of 1 kg of milk; 0.6 and
0.4 — correction factors for protein and fat con-
tents, accordingly.

The basic price of 1 kg of milk is $0.475
according to the course of the National bank of
Ukraine (National bank of Ukraine, 2022). The
analysis of the existing tendencies in the farms of
Ukraine made it possible to determine the values
of replacement heifers in the domestic market.
When modeling the results of the use of the se-
lection index, we used the values of a replace-
ment heifer $800, $1083, $1200, and $1400. The
number of replacement heifers born per year is
determined by the formula:

365

=0, X —
NH =05 GL+ DO

where NH: number of replacement heifers born
per year, heads; 365: number of days in year; GL
= 285 — gestation length, days; DO: days open,
days.
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The economic selection index (I) was:
I = (ypy — Mpy) X bpy + (¥ry — Mpy)
X bpy + (Yo — Mpo) X bpo

where ypy, Yry, Ypo: protein yield, fat yield and
days open of a cow; Mpy, Mry, Mpo: average pro-
tein yield, fat yield and days open in herd; bpy,
bry, bpo: index weights.

Index weights of traits were calculated by
solving the system of equations (Hazel, 1943):

Pb = Gv

where b: vector of index weights of traits; P:
phenotypic (co)variance matrix (3 x 3); G: addi-
tive genetic (co) variance matrix (3 x 3); v: vec-
tor of economic weights.

Coefficients of correlation and regression
between traits and index values were calculated
according to (Gibson and Dekkers, 2006). Coef-
ficient of correlation between trait j and index
values (7;;) was calculated by the formula:

. b'Gj

rjl = —— =
Gjj XVb'Pb

where Gjj: j-th diagonal element of G.

Coefficient of regression of trait j on index
values (RjI) was calculated by the formula:
RjI = bi

b'Pb
where Gj: j-th column of G.

Phenotypic (co)variance matrix P was cal-
culated using data of AC "Vostok". Additive
genetic (co)variance matrix G was calculated
using estimates of genetic parameters in the
Ukrainian ~ Black-and-White  dairy  breed
(Danshin et al., 2017).

Relative index weight of trait i (rw;) was

calculated by the formula (Gibson and Dekkers,
2006):

|b1| X Ogqi
rw; =

=77 100%,
%) |bi| x g

Where b;: absolute index weight of trait I; o,
standard additive genetic deviation of trait I; 2
summation on all traits in index.

Economic weight of 1 kg of protein yield
was calculated by the formula:

_ 1000 g
~ amount of protein in 1 kg of milk, g

Vpy X PP,

Economic weight of 1 kg of fat yield (vgy) was
calculated by the formula:

_ 1000 g o
~ amount of fatin1kgof milk,g

Vry PP,

where PP: purchase price of 1 kg of milk, $.
Economic weight of 1 day of days open
was calculated by the formula:

vpo = (NHy; — NH,)
X value of the replacement heifer,$

where NH, the number of replacement heifers
born per year with the average value of the days
open, heads; NH; the number of replacement
heifers born per year with the average value of
the days open plus one day, heads.

Relative economic weight of trait i was cal-
culated by the formula (Gibson and Dekkers,
2006):
ev, = X% 0
VAR

where v;: absolute economic weight of trait i;
o, standard additive genetic deviation of trait i;
2 summation on all traits in index.

RESULTS AND DISCUSSION

Descriptive Statistics

Table 1 shows descriptive statistics on milk
production (milk yield for 305 days of lactation,
contents of fat and protein in milk, fat yield and
protein yield), and reproduction (days open) of
cows in AC "Vostok".

Animals of the studied herd are character-
ized by high milk production (milk yield for 305
days of lactation is in the range from 7800 kg to
almost 9000 kg, with a fat content of 4.01—
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Table 1. Characteristics (M£SE) of Milk Production and Reproduction Traits of Cows in AC «Vostok»

(n=1677)

. . Fat Content, . Protein Protein Yield, Days

Milk Yield, kg o Fat Yield, kg Content, % ke Open,}:iays
1* Lactation (n=694)

7870.8+51.73 4.07+0.002 319.7+£2.05 3.11+0.001 244.9+1.61 1734£3.5
2" Lactation (n=459)

8697.3+71.51 4.03+0.003 350.1£2.75 3.10+0.001 270.0£2.20 156+3.8
3" Lactation (n=287)

8787.0+£109.58 4.02+0.005 352.7+4.20 3.11+0.002 272.7+3.36 152+4.6
4™ Lactation (n=125)

8854.6:146.46 4.02+0.007 355.5+£5.62 3.11+0.002 275.0+4.52 158+7.1
5™ Lactation (n=59)

8383.8+£239.38 4.03+0.010 337.249.21 3.11+0.003 260.3+7.34 154+11.7
6™ Lactation (n=36)

8763.1£304.84 4.02+£0.014 351.7£11.52 3.11+0.004 271.9+£9.30 165£14.5
7™ Lactation (n=10)

7644.5+582.30 4.04+0.020 308.4+22.99 3.11+0.005 237.4+18.01 147+£20.9

8" Lactation (n=7)
6594.2+640.25 4.01+0.037 266.2+24.36 3.11+0.009 207.0£19.95 119+£17.7
Herd Average (n=1677)
8359.6+39.43 4.04+0.002 337.4+1.52 3.11+0.001 259.8+1.21 162+2.1

Table 2. Phenotypic Correlations Between Milk Production and Reproduction Traits of Cows in AC

«Vostok» (n=1319)

Fat Protein Protein
Trait Milk Yield  Fat Content D
rai i ield at Conten Yield Content Yield ays Open

Milk Yield 1 -0.476% %% 0.996%** -0.178%%* 0.999%** 0.284 %%
Fat Content  -0.476%%%* 1 -0.394% %% 0.290%: -0.465%%* -0.04
Fat Yield 0.996%%* -0.394™" 1 -0.154%%% 0.996%** 0.293%%*
P i skokok skokok

rotein L0.178%%%  (.29%% -0.154 1 -0.135 -0.02
Content
Protein 0.999%*% (). 465% 0.996%%x -0.135™ 1 0.285%%*
Yield
Days Open 0.284 % -0.04 0.293 % -0.02 0.285% 1

*E% _ 0<(.001

4.07% and protein content of 3.10-3.11%). At
the same time days open of cows is quite large
(152—173 days), which causes a low level of re-
production (number of calves per 100 cows is
81), and an insufficient level of replacement of
the herd.

The estimates of the coefficients of the phe-
notypic correlation between production and re-
productive traits of cows (Table 2) indicate the
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presence of a traditionally negative relationship
between milk yield and fat and protein contents
in milk (-0.476 and -0.178, respectively), as well
as a positive relationship between milk produc-
tion (milk yield, fat and protein yields) and days
open (from +0.284 to +0.293).

Such a relationship may result in a further
reduction in the level of reproduction in the herd
with increasing milk production of cows, which
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must be taken into account in breeding. Negative
relationship between milk production and repro-
duction of dairy cows is well known (Lucy,
2019). In Israel annual means for conception
status (the inverse of the number of insemina-
tions to conception in percent) decreased from
55.6 for cows born in 1983 to 46.5 for cows born
in 2018 (Weller et al., 2022). Genetic nature of
antagonism between fertility and milk produc-
tion was confirmed in the study of (Ma® et al.,
2019). Authors compared two lines of Holstein
cattle that were in the same conditions of envi-
ronment and management since 1964. One line
was selected for high milk performance, another
one was control. It was shown that selection for
milk production caused changes in frequencies
of genes influencing reproduction of cows.
Based on the average milk composition of
the herd, the price of 1 kg of milk in AC
«Vostok» is $0.526. Analysis of the value (Table
3) and costs (Table 4) of replacement heifer rear-
ing in specialized dairy farms of Ukraine al-
lowed justifying possible changes in the breed-
ing programs and, accordingly, the economic
weights of traits in the economic selection index.
It should be noted that heifers are important
not only for replacement of a herd, but also are a
significant source of income (sales in both do-

mestic and foreign markets). The average price
of a heifer with high breeding values and certi-
fied pedigree ranges from $1900 to $2500 on the
world market. In our calculations, such income is
associated with days open — the less days open
(optimum — 84-86 days) the more heifers can be
born per 100 cows in a herd.

Economic Weights of Traits

Absolute and relative economic weights of
traits are given in Table 5 and 6. They were cal-
culated on the basis of the purchase price of 1 kg
of milk, protein and fat contents in milk, and the
value of a replacement heifer. Relative economic
weights also take into account standard additive
genetic deviations. Among of milk production
traits, protein yield has the largest economic
weight, less — fat yield, because the protein con-
tent in the milk of cows of the studied farm is
much lower than the fat content (Table 1).

The economic weight of protein yield ob-
tained in this work is greater than the fat yield,
which is similar to the results of researchers
(Komlési et al., 2010; Fuerst-Waltl et al., 2016),
who received economic weights for the market
conditions of Hungary and Austria but differs
from the results obtained for Iran's market condi-
tions, where the smallest economic weight is

Table 3. Values of Replacement Heifers in Dairy Farms of Ukraine

Age, mo. Average Value, $ Range of Values, $
Birth to 6 mo. 216.55 210-220
7—-12 mo. 209.90 180266
13-18 mo. 202.04 180-240
Older than 18 mo. 198.70 170221
Pregnant Heifers (19-23 mo.) 255.70 230-277
Birth to 23 mo. 1082.89 970-1224
Table 4. Costs of Replacement Heifer Rearing
Costs Portion, %
Variable Costs 93.0
Labor 22.1
Feeds 65.6
Electric Power 3.8
Fuel and Materials 1.5
Fixed Costs 7.0
Total 100

Economic Selection Index for Dairy Cattle Evaluation (S. Ruban et al.)
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used in the index for the protein yield (-1.02 US
dollars), and fat yield is most valued (1.36)
(Sadeghi-Sefidmazgi et al., 2012). Such differ-
ences could be explained by the different speci-
ficities of the dairy markets in these countries.
Days open has the lowest economic weight,
which decreases with the increasing cost of a
replacement heifer, due to the inverse relation-
ship between days open and the level of repro-
duction in dairy cows. These data indicate minor
changes in the relative economic weights of milk
production traits with increasing cost of a re-
placement heifer, while the relative economic
weight of days open increases from 2.8% to
4.8% with increasing cost of a replacement heif-
er from $800 to $1400.

For comparison in the US at prices of $6.9
for 1 kg of milk fat, $7.5 per 1 kg of milk protein
(USDA?, 2022) and $1363.0 for a replacement
heifer (USDA®, 2022), the economic weights of
traits in the lifetime net merit index ($NM) are
$9.2 for 1 kg of milk fat, $10.3 for 1 kg of milk
protein and -$2.8 for 1 day of days open (Van
Raden et al., 2021). The relative economic
weights of these traits are 21.8%, 17.0% and
5.0%, respectively (Van Raden ef al., 2021).

Selection Indexes
As a result of calculations, selection indexes

Table 5. Absolute Economic Weights of Traits

were constructed for the selection of cows on
milk production and reproduction depending on
the values of a replacement heifer. The weights
of the traits in the selection indices are shown in
Table 7. Protein yield has the highest and posi-
tive index weight (from +27.08 to +27.60),
which increases with increasing cost of a re-
placement heifer, while the index weights of fat
yield and days open are negative.

The highest relative weights in the devel-
oped selection indexes were for protein yield
due to the highest economic weight of this trait.
The researchers (Komlosi et al., 2010; Fuerst-
Waltl et al., 2016; Schmidtmann et al., 2021)
mentioned that the protein yield had a higher
relative weight than the fat yield that conformed
to the result obtained in the present investiga-
tion. The relative weights of days open were the
lowest due to the low heritability of this trait and
its negative relationship with milk production.
The average values of the developed selection
indexes of cows are presented in Table 8.

There is a tendency to gradually increase
the values of selection indexes from Ist to 4th
lactations and their further decrease due to the
age dynamics of the level of milk production of
cows. Table 9 shows the correlation coefficients
between the milk production traits and days
open and the values of selection indexes and the

Trait Economic Weight, $
Protein Yield 16.91
Fat Yield 13.02

Days Open Depending on Value of a Replacement Heifer:

800 § -0.72
1083 $ -0.98
1200 $ -1.08
1400 $ -1.26

Table 6. Relative Economic Weights of Traits

Value of a Replacement Heifer, $

Trait 800 1083 1200 1400
Relative Economic Weight, %

Protein Yield 50.0 49.5 49.3 49.0

Fat Yield 472 46.7 46.5 46.2

Days Open 2.8 3.8 4.2 4.8
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Table 8. Average Selection Index Values of Cows in AC «Vostok».

Protein Fat

Value of a Replacement Heifer, $

. Days 1 12 14
Lactation 0 ke Vield, ke Open, days —— = ” ”
Average Selection Index Value, $
1 2449 319.7 173 -113.8 -114.2 -114.5 -115.1
2 270.0 350.1 156 +67.8 +67.8 +68.0 +68.2
3 272.7 352.7 152 +99.1 +99.4 +99.7 +100.2
4 275.0 355.5 158 +113.0 +113.1 +113.4 +113.5
5 260.3 337.2 154 +19.5 +19.9 +20.0 +20.6
6 271.9 351.7 165 +89.7 +89.7 +89.8 +89.9
7 237.4 308.4 147 -121.1 -117.7 -120.2 -118.8
8 207.0 266.2 119 -235.9 232.8 2327 228.4

Table 9. Coefficients of Correlation and Regression Between Milk Production and Reproduction Traits

and Selection Index Values

Value of a Replacement Heifer, $

Trait 800 1083 1200 1400
Coefficient of Correlation

Protein Yield +0.7570%** +0.7604*** +0.7617*** +0.7640%**

Fat Yield +0.0879* +0.0840* +0.0825%* +0.0798*

Days Open +0.0124 +0.0090 +0.0077 +0.0054
Coefficient of Regression

Protein Yield, kg/$ +0.0533 +0.0536 +0.0537 +0.0539

Fat Yield, kg/$ +0.0076 +0.0073 +0.0071 +0.0069

Days Open, days/$ +0.0012 +0.0008 +0.0007 +0.0005

* — 0<0.05, *** — 0<0.001

corresponding regression coefficients.

The highest relationship is between the val-
ues of selection indexes and protein yield (from
+0.7570 to +0.7640, 0<0.001), much lower be-
tween the value of the selection index and fat
yield (a< 0.05), while the relationship between
selection indexes and days open is almost absent
(the corresponding correlation coefficients are
not significant).The obtained values of regres-
sion coefficients allowed predict changes in se-
lection traits depending on changes in the values
of selection indexes (Table 10).

It can be seen from the results that increas-
ing the values of selection indexes leads to an
increase in protein and fat yields and a certain
increase of days open. Also there is a tendency
of increasing protein yield, decreasing fat yield
and reducing days open with higher values of a
replacement heifer. It should be noted that for

Economic Selection Index for Dairy Cattle Evaluation (S. Ruban et al.)

the value of selection indexes of $300 the corre-
lated response of fat yield with increasing value
of a replacement heifer from $800 to $1,400 de-
creases from +2.28 kg to +2.07 kg, i.e. by 9.2%,
while the similar response of days open decreas-
es from +0.36 days to +0.15 days, i.e. by 58.3%.
Thus, the selection of cows using the developed
economic selection indexes will increase their
milk production (mostly protein yield) and at the
same time maintain the level of reproduction.
This allows correct the direction of selection and
to some extent to overcome the negative trend of
declining fertility of cows due to unfavorable
phenotypic and genetic correlations between pro-
tein and fat yields and days open and, conse-
quently, support dairy herd replacement.

CONCLUSION
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Table 10. Correlated Responses of Milk Production and Reproduction Traits on Selection Index Values (SIV).

Response

SIV. § Protein Yield, kg Fat Yield, kg Days Open, days

’ Value of a Replacement Heifer, $

800 1083 1200 1400 800 1083 1200 1400 800 1083 1200 1400

-150 -8.0 -8.04 -8.06 809 -1.14 -1.10 -1.07 -1.04 -0.18 -0.12 -0.11  -0.08
-100 -5.33 -5.36 -5.37 539 076 -0.73 -071 069 -0.12 -0.08 -007 -0.05
+100 +533 4536 4537 4539 4076 4073 4071  +40.69 +0.12  +0.08 +0.07  +0.05
+150 +8.0  +8.04 4806  +8.09 +1.14 +1.10 +1.07 +1.04 +0.18 +0.12 +0.11  +0.08
+200 +10.66  +10.72  +10.74  +10.78  +1.52  +1.46 +1.42  +138 +0.24 +0.16 +0.14  +0.10
+250 41333 +13.40  +1343 41348  +1.90 +1.83 +1.78 +1.73  +030 +020 +0.18  +0.13
+300 +15.99  +16.08  +16.11  +16.17 4228 4219 4213 4207 +036 +0.24 +021  +0.15

The economic and index weights of traits 90. doi: 10.1146/annurev-animal-021815-

depend on cost of replacement heifer raising. 111406

The estimates of correlation and regression coef-
ficients allowed statistical modeling, the results
of which showed that the developed selection
indexes make it possible to increase the milk
production of cows while maintaining the level
of reproduction. We recommend to use devel-
oped economic selection indexes for evaluation,
selection and mating of bulls and cows of
Ukrainian dairy breeds.

ACKNOWLEDGMENTS

The study was supported by National Uni-
versity of Life and Environmental Sciences of
Ukraine.

CONFLICT OF INTEREST
The authors declare no conflict of interest.
REFERENCES

Amaya, A., L. C. L. Parra and J. Ramirez. 2022.
Selection indexes to optimise genetic and
economic progress in Colombian Blanco
Orejinegro cattle. Livest. Sci., 263, 105015.
doi: 10.1016/j.1ivsci.2022.105015

Berry, D.P. 2018. Symposium review: Breeding
a better cow - will she be adaptable? J.
Dairy Sci.,, 101 (4): 3665-3685. doi:
10.3168/jds.2017-13309

Berry, D.P., N.C. Friggens, M. Lucy and J.R.
Roche. 2016. Milk production and fertility
in cattle. Annu. Rev. Anim. Biosci., 4:269—

266

Chegini, A., N. Ghavi Hossein-Zadeh, S.H. Hos-
seini Moghaddam and A.A. Shadparvar.
2019. Appropriate selection indices for
functional traits in dairy cattle breeding
schemes. J. Dairy Res., 86 (1): 13—18. doi:
10.1017/S0022029918000821

Cole, J.B., and P.M. VanRaden. 2018. Symposi-
um review: Possibilities in an age of ge-
nomics: The future of selection indices. J.
Dairy Sci., 101 (4): 3686-3701. doi:
10.3168/jds.2017-13335

Cole, J.B., J.W. Diirr and E.L. Nicolazzi. 2021.
Invited review: The future of selection deci-
sions and breeding programs: What are we
breeding for, and who decides?. J. Dairy
Sci.,, 104 (5): 5111-5124. doi: 10.3168/
jds.2020-19777

Cole, J. B., B. O. Makanjuola, C. M. Rochus, N.
van Staaveren and C. Baes. 2023. The ef-
fects of breeding and selection on lactation
in dairy cattle. Anim. Front., 13(3), 55-63.
doi: 10.1093/af/vfad044

Danshin, V.O., S.Y. Ruban and V.Y. Afanasen-
ko. 2017. Evaluation of breeding values of
sires and cows in dairy breeds. The Anim.
Biol,, 19 (1): 43-53. doi: 10.15407/
animbiol19.01.044

Fuerst-Waltl, B., C. Fuerst, W. Obritzhauser and
C. Egger-Danner. 2016. Sustainable breed-
ing objectives and possible selection re-
sponse: Finding the balance between eco-
nomics and breeders’ preferences. J. Dairy
Sci., 99(12), 9796-9809. doi: 10.3168/
jds.2016-11095

J. Indonesian Trop. Anim. Agric. 48(4):258-268, December 2023



Gibson, J.P., and J.C.M. Dekkers. 2006. Design
and Economics of Animal Breeding Strate-
gies. Course notes. Armidale, University of
New England

Guinan, F. L., G. R. Wiggans, H. D. Norman, J.
W. Diirr, J. B. Cole, C. P. Van Tassell and
D. Lourenco. 2023. Changes in genetic
trends in US dairy cattle since the imple-
mentation of genomic selection. J. Dairy
Sci.,, 106(2), 1110-1129. doi: 10.3168/
jds.2022-22205

Hazel, L.N. 1943. The Genetic Basis for Con-
structing Selection Indexes. Genetics. 28
(6): 476-90. doi: 10.1093/genetics/28.6.476

Interbull. 2022. National genetic evaluation
forms provided by countries [online]. Web-
site http://www.interbull.org/ib/geforms/
[accessed. 22 april 2022]

Jesse, E. V. and R. A. Cropp, 2008. Basic milk
pricing concepts for dairy farmers. Madi-
son, WI: University of Wisconsin- Exten-
sion, Cooperative Extension.

Komlosi, 1., M. Wolfova, J. Wolf, B. Farkas, Z.
Szendrei and B. Béri. 2010. Economic
weights of production and functional traits
for Holstein-Friesian cattle in Hungary. J.
Anim. Breed. and Genet., 127 (2), 143—153.
doi:10.1111/5.1439-0388.2009.00822.x

Krupova, Z., E. Krupa, L. Zavadilova, E. Kasna
and E. Zakova. 2020. Current challenges for
trait economic values in animal breeding
Czech J. Anim. Sci., 65 (12): 454-462. doi:
10.17221/161/2020-CJAS

Lucy, M.C. 2019. Symposium review: Selection
for fertility in the modern dairy cow — Cur-
rent status and future direction for genetic
selection. J. Dairy Sci., 102 (4): 3706-3721.
doi: 10.3168/jds.2018-15544

Ma? L., J.B. Cole, Y. Da and P.M. VanRaden.
2019. Symposium review: Genetics, ge-
nome-wide association study, and genetic
improvement of dairy fertility ftraits. J.
Dairy Sci., 102(4):3735-3743. doi: 10.3168/
jds.2018-15269

Ma° L., T.S. Sonstegard, J. B. Cole, C. P. Van-
Tassell, G. R. Wiggans, B. A. Crooker, C.
Tan, D. Prakapenka, G. E. Liu and Y. Da.

2019. Genome changes due to artificial se-
lection in U.S. Holstein cattle. BMC Ge-
nomics, 20:128. doi: 10.1186/s12864-019-
5459-x

Mancin, E., R. Mantovani, B. Tuliozi and C. Sar-
tori. 2022. Economic weights for restriction
of selection index as optimal strategy for
combining multiple traits. J. Dairy Sci., 105
(12), 9751-9762. doi: 10.3168/jds.2022-
22085

Marasinskiené, S., R. Sveistiené, B. Kosinska-
Selbi, C. Schmidtmann, J. F. Ettema, V.
Juskiene, and M. Kargo. 2022. Application
of a bio-Economic model to demonstrate the
importance of health traits in herd manage-
ment of Lithuanian Dairy Breeds. Animals,
12(15), 1926, doi: 10.3390/anil12151926

Matvieiev M., A. Getya and K. Tuzhyk. 2023.
Calculation of economic weights for optimi-
zation of breeding programs in dairy farm-
ing of Ukraine. Agric. conspec. Sci., Vol 88
(2), 151-156

Miglior, F., A. Fleming, F. Malchiodi, L. F. Bri-
to, P. Martin, and C. F. Baes. 2017. A 100-
Year Review: Identification and genetic
selection of economically important traits in
dairy cattle. J. Dairy Sci., 100(12), 10251—
10271. doi: 10.3168/jds.2017-12968

Mucchetti, G., and A. V Zambrini. 2017. Milk
quality and processing. Adv. in Dairy Prod.,
doi: 10.1002/9781118906460.chla

Muuttoranta, K., A.M. Tyrisevd, E.A.
Mintysaari, J. P6s6, G.P. Aamand and M.H.
Lidauer. 2019. Genetic parameters for fe-
male fertility in Nordic Holstein and Red
Cattle dairy breeds. J. Dairy Sci., 102 (9):
8184-8196. doi: 10.3168/jds.2018-15858

National bank of Ukraine. 2022. Currency mar-
ket. Available at https://bank.gov.ua/en/
markets/currency-market/
April 2022]

Ruban, S., V. Danshyn, M. Matvieiev, O.O.
Borshch, O.V. Borshch and L. Korol-
Bezpala. 2022. Characteristics of lactation
curve and reproduction in dairy cattle. Acta
Univ. Agric. Silvic. Mendelianae Brun., 70
(6), 373-381. doi:10.11118/actaun.2022.028

[accessed. 22

Economic Selection Index for Dairy Cattle Evaluation (S. Ruban et al.) 267


https://bank.gov.ua/en/markets/currency-market
https://bank.gov.ua/en/markets/currency-market

Sadeghi-Sefidmazgi, A., M. Moradi-Shahrbabak,
A. Nejati-Javaremi, S. R. Miraei-Ashtiani,
and P. R. Amer. 2012. Breeding objectives
for Holstein dairy cattle in Iran. J. Dairy
Sci., 95(6), 3406-3418. doi: 10.3168/
jds.2011-4573

Sasaki, O., H. Takeda and A. Nishiura. 2020.
The economic value of days open in Hol-
stein cows in Japan based on simulated
changes in conception rate. Anim. Sci. J. 91
(1). doi: 10.1111/asj.13342

Schmidtmann, C., G. Thaller, M. Kargo, D. Hin-
richs and J. Ettema. 2021. Derivation of
economic values for German dairy breeds
by means of a bio-economic model-with
special emphasis on functional traits. J.
Dairy Sci., 104(3): 3144-3157. doi:
10.3168/jds.2019-17635

Shao, B., H. Sun, M. J. Ahmad, N. Ghanem, H.
Abdel-Shafy, C. Du, T. Deng, S. Mansoor,
Y. Zhou, Y. Yang, S. Zhang, L. Yang and
G. Hua. 2021. Genetic features of reproduc-
tive traits in bovine and buffalo: Lessons
from bovine to buffalo. Front Genet., 12.
doi: 10.3389/fgene.2021.617128

USDA?®. 2022. Agricultural marketing Service.
Announcement of Class and Component

268

Prices. Available at https://
www.ams.usda.gov/mnreports/  dymclass-
prices.pdf. [accessed. 5 May 2022].

USDAP.2022. National Agricultural Statistics
Service and USDA, Economic Research
Service calculations. Available at https://
www.ers.usda.gov/webdocs/
DataFiles/48685/
quarterlymilkfactors 1 .xIsx?v=0.
[accessed. 5 May 2022].

Van Raden, P.M, J. Cole and K.L. Parker Gad-
dis. 2021. Net merit as a Measure of Life-
time Profit: 2021 Revision. Available at
https://www.ars.usda.gov/
ARSUserFiles/80420530/Publications/ARR/
nmcalc-2021 _ARR-NMS.pdf. [accessed. 22
April 2022].

Van Raden, P.M., A.H. Sanders, M.E. Tooker,
R.H. Miller, H.D. Norman, M.T. Kuhn and
G. R. Wiggans. 2004. Development of a
national genetic evaluation for cow fertility.
J. Dairy Sci.,, 87 (7): 2285-2292. doi:
10.3168/jds.S0022-0302(04)70049-1

Weller J.I., M. Gershoni and E. Ezra. 2022.
Breeding dairy cattle for female fertility and
production in the age of genomics. Vet. Sci.,
9, 434. doi: 10.3390/vetsci9080434

J. Indonesian Trop. Anim. Agric. 48(4):258-268, December 2023


https://www.ams.usda.gov/mnreports/%20dymclassprices.pdf
https://www.ams.usda.gov/mnreports/%20dymclassprices.pdf
https://www.ams.usda.gov/mnreports/%20dymclassprices.pdf
https://www.ers.usda.gov/webdocs/DataFiles/48685/quarterlymilkfactors_1_.xlsx?v=0
https://www.ers.usda.gov/webdocs/DataFiles/48685/quarterlymilkfactors_1_.xlsx?v=0
https://www.ers.usda.gov/webdocs/DataFiles/48685/quarterlymilkfactors_1_.xlsx?v=0
https://www.ers.usda.gov/webdocs/DataFiles/48685/quarterlymilkfactors_1_.xlsx?v=0
https://www.ars.usda.gov/ARSUserFiles/80420530/Publications/ARR/nmcalc-2021_ARR-NM8.pdf
https://www.ars.usda.gov/ARSUserFiles/80420530/Publications/ARR/nmcalc-2021_ARR-NM8.pdf
https://www.ars.usda.gov/ARSUserFiles/80420530/Publications/ARR/nmcalc-2021_ARR-NM8.pdf

