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The study was aimed to determine the relative variability of breeding values of Holstein bulls from different countries of
origin (USA, Canada, Germany, and the Netherlands) used in Ukraine, as well as the level of agreement between foreign evalua-
tions and national re-evaluations. The data from 220 imported bulls whose semen was used for herd reproduction in 20202021
were analyzed. Domestic evaluations were expressed as estimated breeding values (EBV), calculated using a national methodol-
ogy, whereas foreign evaluations were generally obtained using BLUP-based models. The analysis included milk yield, fat and
National Academy of protein content and yield, number of daughters and herds, and reliability. Foreign evaluations were based on substantially larger
Agrarian Science of datasets, which resulted in higher reliability (94-97%) compared with 86-93% in Ukraine. The average breeding values for milk
Ukraine, Pogrebnjaka st. 1, - yiield and fat and protein yields in the USA and Canada exceeded the Ukrainian estimates (by 250-350 kg for milk yield, up to 45
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Kyiv Region, 08321, the breeding value for milk production for German sires evaluated in Germany was mostly negative. Correlations between
Ukraine. Ukrainian and foreign evaluations were moderate for Canadian bulls (r = 41-55%; P < 0.001), weak for American bulls (r =

Tel.: +38-050-669-53-33.  209%; P < 0.05), and insignificant for German bulls. Significant relationships were observed only for quantitative traits (milk

E-mail: yupolupan@ukrnet yiel) whereas no statistically significant correlations were found for fat and protein percentages. North American selection
indices exceeded Ukrainian ones by 1.5-2.0 times, while the German index had negative values. The breeding value of imported
bulls varies depending on the country of origin and the evaluation methodology. The highest agreement between Ukrainian and
foreign results was observed for Canadian sires, moderate agreement for American sires, and no agreement for German sires.
Foreign evaluations should be used only as a preliminary reference, whereas final selection requires mandatory national re-
evaluation considering local conditions.
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Introduction

In the past, the evaluation of animals’ breeding values has ranged
from simple performance-based indices and ranking systems to more
advanced statistical approaches. Over the past decades, numerous me-
thodologies for assessing breeding value have been developed and
implemented worldwide, taking into account genetic, management,
and environmental factors (Strbac et al., 2023). Currently, selection
indices are essential tools in dairy production, as they integrate infor-
mation on multiple traits into a single value that can be used to rank
animals and support optimal breeding decisions (Cole et al., 2021).
Most countries have developed their own selection indices in accord-
ance with their specific production and economic conditions (Miglior
et al., 2005). The main differences among selection indices across co-
untries lie in the relative emphasis placed on specific traits (Miglior
etal., 2005; Cole et al., 2018).

In international breeding practice, an important tool for compa-
ring the breeding values of sires is the evaluation provided by the
International Bull Evaluation Service (Interbull), which ensures com-
parability of results across countries on a standardized basis. Howev-
er, even when standardized methodologies are applied, the results
may be influenced by genetic correlations between countries, differ-
ences in the structure and volume of available data, as well as hetero-
sis effects (Schaeffer, 1985, 1994). In particular, studies have shown
that French bulls that were full brothers of American bulls received
different breeding value estimates for milk yield and protein content
depending on the country of evaluation. This disparity raises concerns
about the absolute comparability of international results (Schaeffer,
1994).

The globalization of the market for genetic material, particularly
bovine semen, has made its trade an integral component of breeding
programs in modern animal production. With the growing demand
for new selection traits and high-performance characteristics in sires,

countries are actively exchanging genetic material to improve their
herds (Chao, 2026). In 2023, the global trade in cattle semen reached
a value of $572 million, representing a 0.64% increase compared with
2022. Over the past five years, the market has grown at an average
annual rate of 5.28%, indicating steady expansion. According to the
2025 analytical report by Grand View Research, the leading exporters
in 2023 were the United States ($293 million), Canada ($110 milli-
on), and the Netherlands ($32.2 million), while the main importers in-
cluded China ($99.3 million), the United States ($39.4 million), and
the United Kingdom ($33.8 million).

In the Holstein population, genetic improvement through sire se-
lection is of decisive importance compared with that of females (Po-
well etal., 1997). The import of semen from countries with highly de-
veloped dairy industries remains one of the most effective tools for
enhancing economically important traits in Holstein cattle in develo-
ping countries, including Ukraine. According to the Catalogue of
Bulls of Dairy and Dual-Purpose Breeds for Herd Reproduction in
2025, semen imports into Ukraine from the United States, Canada,
and several European nations (most notably Germany, the Nether-
lands, and France) have been steadily increasing. Approximately 65—
70% of all imported semen originates from American and Canadian
sires (Zhukorskyi et al., 2025a).

In this context, a comparative evaluation of the breeding value of
bulls from different countries is critical, as only objective data allow
for the informed selection of genetic material. For example, studies
conducted in Iran have shown that the progeny of French bulls exhib-
ited the highest Lifetime Net Income (LNI) index under warmer cli-
matic conditions, whereas daughters of German sires demonstrated
the highest average performance in colder climatic zones (Nazari
etal., 2022). These findings highlight the importance of considering
both the environmental conditions of the importing country and the
origin of the sires when designing breeding programs. Powell et al.
(1997) demonstrated that average U.S.-based breeding value estima-
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tes for American bulls remained virtually unchanged over a six-
month evaluation period. By contrast, estimates for bulls from France,
Germany, Italy, and the Netherlands showed increases of approxi-
mately 14 kg in milk yield and 0.4 kg in milk fat and protein yields
during the same period.

In addition, breeding programs across different continents exhibit
considerable variation in pedigree completeness, the proportion of
foreign-origin sires, and generation intervals, all of which affect the
comparability of estimated breeding values. For example, among
Holstein bulls, the proportion of sires with foreign parentage averaged
43%, with substantial variation across regions, while pedigree com-
pleteness in proven bulls reached an average of 98%. While such high
completeness facilitates international evaluation, it does not entirely
eliminate regional differences (VanRaden et al., 2024).

The effective use of sires from other countries in national bree-
ding programs requires the adaptation of their estimated breeding
values to the local context. Differences in trait definitions, evaluation
models, data structures, and production environments may lead to
substantial discrepancies in breeding value estimates and the ranking
of animals (Schaeffer, 1994, 1996). Genetic correlations for traits
such as productivity or longevity may deviate considerably from
unity, particularly under differing management conditions (Forabosco
et al., 2009; Philipsson et al., 2009). Even when correlations are high,
the ranking of bulls can differ substantially across national, subglobal,
and global evaluation scales (Powell et al., 2002). Furthermore, it has
been demonstrated that the application of GMACE (Genomic Multi-
trait Across Country Evaluation) improves the accuracy of evalua-
tions; however, this approach also requires careful integration into the
national evaluation system (VanRaden et al., 2010).

Therefore, when applying various methods aimed at improving
selection accuracy, it is essential to account for local conditions and
implement appropriate adjustments. In general, international stand-
ards established in the 2022 Code of Practice of the Interbull Centre
stipulate country-specific interpretation of international evaluations as
a standard approach to ensure their accuracy and relevance to national
conditions.

The diversity and inconsistency of results reported by various re-
searchers necessitate further comparative studies of breeding value es-
timates for bulls from different countries when used within the speci-
fic conditions of Ukraine. This requirement forms the primary objec-
tive of the present study.

Materials and methods

The study was conducted based on the results of national evalua-
tions expressed as estimated breeding values (EBV) calculated accor-
ding to the national methodology (Maiboroda et al., 2019) and inter-

Table 1

national evaluations obtained using BLUP-based models. The analy-
sis included Holstein sires used in 20202021 for reproduction in
breeding herds, as listed in the respective bull catalogs (Polupan et al.,
2020, 2021). The research database comprised breeding value data for
220 Holstein sires, evaluated (or re-evaluated) based on progeny
performance in Ukraine. These evaluations were conducted in 2024
using the national EBV method with a reliability threshold of 70% or
higher (Pryima et al., 2025). By country of origin, American-bred
sires (132 bulls) represented the largest proportion of the sample. The
analysis also included 63 bulls born in Canada, 21 in Germany, and 4
in the Netherlands. The data on milk production of cows from active
Holstein populations abroad were obtained from the 2024 yearly
survey on milk recording systems in cows, sheep, and goats published
by the International Committee for Animal Recording, while corre-
sponding data for Ukraine were sourced from the official publication
of the State Register of Breeding Entities in Animal Husbandry (Zhu-
korskyi et al., 2025b).

For each sire, data were recorded on the number of daughters and
herds, the reliability of progeny-based evaluations, and the daughters'
average milk yield, fat and protein content, and yields, as well as the
sires’ estimated breeding values for these traits. All 220 sires had been
evaluated abroad prior to obtaining their progeny-based evaluations in
Ukraine. In addition to the national data, the dataset also included the
evaluation results of these sires from their respective countries of
origin as of 2024. Relative variability and other statistical parameters
were calculated using standard methods of mathematical statistics,
processed using the Statistica 12.0 software package (Petrovska et al.,
2022).

Results

As of February 26, 2025, the electronic database of dairy and du-
al-purpose bulls included 3,042 sires evaluated in recorded herds in
Ukraine between 1991 and 2024. These evaluations were conducted
using the Estimated Breeding Value (EBV) method, with a reliability
threshold exceeding 50%. For the 220 sires specifically selected for
this study, performance records from an average of 267 daughters
were analyzed, with these daughters distributed across an average of
16.6 breeding herds. This data structure ensured a high level of relia-
bility for the national evaluation, reaching 87.5% (Table 1). The aver-
age breeding value of the analyzed sires for the composite selection
index and individual milk production traits was shifted in a positive
direction relative to the theoretically expected zero value. This shift
can be attributed to the comparatively lower breeding values of sires
born in Ukraine, which serve as the reference base. At the same time,
deviations for qualitative traits (milk fat and protein content) were
minimal, whereas those for quantitative traits were more pronounced.

Comparative characteristics of breeding values and daughter performance of foreign-bred bulls

based on evaluations in Ukraine and in the countries of their origin

Evaluation in Ukraine

Evaluation abroad

Trait n mean + SE n mean + SE

Number of daughters 220 26727 220 2867 £516
herds 220 166+11 220 560.2 +69.4

Reliability, % 220 875+06 220 96.8+02

milk yield, kg 220 312+54 220 503+ 48

. % 220 0.0005 + 00036 220 0.06+0.02

Breading value for kg 220 114420 220 262+19
il prosein % 209 0.002 +0.002 220 0.04+001

kg 209 102+18 220 205+16

selection index (SI) 220 405 +53 220 534+ 45

milk yield, kg 220 11568+ 117 177 11843+ 49

V)

Average 305-day adjusted milk fat 7(2] ggg 237:5; f fi g; ‘3179(? 8i f 20 ‘lt
performance of daughters ) . % 209 328+001 177 3224001
milk protein kg 200 3775443 177 3815417

Bull catalogs for dairy breeds in many countries provide informa-
tion on average daughter performance adjusted to mature equivalent
(ME) and systematic environmental effects (e.g., herd, year and sea-

2

son), alongside breeding values for individual traits and composite
selection indices. According to the evaluation results of the studied
sires in Ukrainian breeding herds, the adjusted 305-day milk yield of
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daughters reached a high level, averaging over 11,500 kg (Table 1).
This adjusted daughter performance exceeded the average productivi-
ty of cows in the active Holstein population in 2024 by 1,397 kg of
milk, 44 kg of milk fat, and 39 kg of milk protein.

The evaluation of breeding values of the studied sires in their co-
untries of origin revealed a markedly higher reliability (by 9.3%).
This is primarily due to a 10.7-fold greater number of daughters inclu-
ded in the analysis, distributed across 33.7 times more herds. The hig-
her reliability of foreign evaluations is driven by significantly larger
reference populations of Holstein cows in the countries of origin, as
well as the earlier initiation of sire use. In terms of average breeding
values, a greater positive deviation was observed, which can be logi-
cally explained by the import of genetic material predominantly from
improving sires. The advantage of foreign over national evaluations
amounted to 191 kg for milk yield, 14.8 kg for milk fat yield, and
10.3 kg for milk protein yield. The average adjusted daughter perfor-
mance in the countries of origin exceeded that observed in Ukraine by
275 kg (or 2.4%) for milk yield, 36.7 kg (8.5%) for milk fat yield, and
4.0 kg (1.1%) for milk protein yield. These results indicate a relatively
high level of genetic potential realization regarding the average ad-
justed productivity of Holstein cattle in Ukraine.

To assess the effectiveness of using foreign-bred sires, there is
particular interest in potential differences in the expression of bree-

Table 2

ding values among bulls from different countries of origin. The lar-
gest group evaluated in Ukraine consisted of US-bred bulls. A com-
parison of national and foreign evaluations for these 132 bulls demon-
strated a higher (by 10.9%) reliability for the latter, which was due to
a 19-fold greater number of daughters included in the analysis, dis-
tributed across 43 times more herds (Table 2).

Evaluations for milk, fat, and protein yields in the US database
were substantially higher (on average by 342.3, 17.2, and 13.0 kg,
respectively) than the results of their re-evaluation in Ukraine. This
may reflect a reduced expression of the genetic potential of imported
sires within the genotype-by-environment interaction. Consequently,
the selection index (SI) was significantly higher (P < 0.01) under the
US evaluation (by 228.0 + 76.2). Meanwhile, the average adjusted
performance of first-lactation cows remained at a similar level in both
populations. In daughters evaluated abroad, milk yield was even
slightly lower (by 46 kg) than in recorded herds in Ukraine. However,
due to the higher milk fat content in animals evaluated in the United
States, the fat yield of daughters in Ukrainian herds was lower by
21.9 kg (4.8%). The average milk protein yield of first-lactation cows
differed only slightly between the groups. The similarity in actual da-
ughter performance, despite differences in breeding value estimates,
highlights and confirms the necessity of mandatory re-evaluation for
imported sires.

Comparative analysis of breeding value evaluations and daughter performance of US-bred bulls in Ukraine and in the countries of their origin

Evaluation in Ukraine

Evaluation in the USA

Trait mean + SE n mean + SE
Number of: daughters 132 184+14 132 3522 £772
herds 132 134+08 132 576.9+90.8
Reliability, % 132 86.3+0.7 132 972+0.2
milk yield, kg 132 287.2+64.1 132 629.5+£482
milk fat % 132 0.001 £0.005 132 0.034 £0.019
Breeding value for: kg 132 105+24 132 277+21
milk protein % 126 0.004 £0.002 132 0.026 £0.008
kg 126 100+21 132 230+14
selection index (SI) 132 429 + 67 132 657 +37
milk yield, kg 132 11680 + 127 126 11634 + 44
0,
Average 305-day adjusted milk fat —k/; Ei 237: Gi f f% igg 26905 51 f 20 g
performance of daughters: . . % 126 328+001 126 321+001
milk protein kg 126 3824 +47 126 3736+16

A comparison of the Ukrainian and Canadian evaluations of sire
breeding values (Table 3), similar to the US assessment, revealed
substantial differences in the scale of the datasets used. In Canada,
evaluations were based on more than 1,500 daughters across over 500
herds, resulting in a reliability of approximately 97%. By contrast, in
Ukraine, this parameter was below 90%, based on an average of abo-
ut 200 daughters per sire. Such a large volume of data significantly
increased the reliability of foreign evaluations compared with those
conducted nationally. However, the re-evaluation of Canadian-born
sires in Ukraine showed a 2.2% higher reliability compared with
those born in the United States. This improvement was due to a great-
er average number of daughters (by 52) and herds (by 3.4) involved
in the national assessment of the Canadian group.

According to the Canadian evaluation, the breeding value of the
63 bulls for milk yield exceeded the Ukrainian estimates by an ave-
rage of nearly 254 kg (Table 3). A similar trend was observed for
milk fat yield (an advantage of approximately 26 kg) and milk protein
yield (over 20 kg). At the same time, the Canadian evaluation indica-
ted an increase in milk fat content of more than 0.1%, whereas the
difference in protein content remained negligible. Notably, the selec-
tion index based on sire evaluations in Canada's recorded herds was
more than twice as high as the average values obtained in Ukraine
(Table 3). These findings further underscore the importance of man-
datory re-evaluation for imported sires prior to their widespread use
within the national breeding population.

Based on the adjusted average milk yield in Ukraine, the daugh-
ters of Canadian-bred sires demonstrated a high level of genetic po-
tential realization for productivity, yielding only 2.0% (246 kg) less

than their half-sisters lactating in Canada. Due to the significantly lo-
wer milk fat content in daughters lactating in Ukraine (by 0.3 +
0.02%, ta = 13.04, P < 0.001), their milk fat yield was substantially
lower than that of their Canadian half sisters (by 45.3 £ 9.9 kg, or
10.0%, ta = 4.59, P < 0.001). In terms of milk protein content, daugh-
ters of Canadian sires in recorded herds in Ukraine did not differ
significantly from their half sisters in Canadian herds. This resulted in
an insignificant advantage for the latter in milk protein yield (by 5.8 £
9.2 kg, or 1.5%, t4=0.63, P >0.1).

The evaluation of breeding value of 21 German-bred bulls in
Ukraine (Table 4) was based on a substantially larger number of
daughters compared with those born in the United States and Canada
(by 725 and 673 cows, respectively). Furthermore, the national evalu-
ation involved an average of 340 more animals than their correspond-
ing evaluations in German herds. This discrepancy can be attributed
to the relatively high proportion of imported live bulls, whereas genet-
ic imports from Canada and the United States consisted almost exclu-
sively of semen. However, evaluations in Germany were conducted
across a much larger number of herds (averaging 111.1 more than in
Ukraine). As a result, both Ukrainian and German evaluations achie-
ved a similarly high level of reliability, reaching approximately 94%.

The comparison of breeding value estimates revealed substantial
differences. In particular, the Ukrainian re-evaluation for milk yield,
milk fat, protein yields, and the composite selection index showed a
noticeable positive shift, whereas the German evaluation, on the con-
trary, yielded negative values. This discrepancy can be attributed to
the importation of young bulls prior to their progeny-based evalua-
tions in Germany (i.e. they were initially evaluated based on pedigree

3
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data). Regarding the average breeding values for quantitative milk
production traits, German-bred bulls exhibited the largest discrepanci-
es between evaluations in their country of origin and their re-evalua-
tion in Ukraine, surpassing the differences observed for US and Cana-
dian sires. By contrast, for milk fat and protein content, the differen-
ces between evaluations were less pronounced and remained close to
the theoretically expected near-zero values.

The average adjusted performance of daughters of German sires
was the lowest among the three studied countries of origin, amoun-
ting to nearly 9,400 kg. The German breeding value database does not
provide information on average adjusted daughter performance, which
precludes a direct comparison with the results of their use in Ukraine.
However, according to ICAR data, the average productivity of Hol-
stein cows in Germany in recent years has not exceeded 10,000 kg,
which is consistent with the average performance of daughters of

Table 3

German sires observed in Ukrainian herds. Due to the limited number
of Dutch-bred sires included in the analysis, their average breeding
values were not analyzed as a separate group. Instead, their data were
incorporated only into the calculation of the overall variability be-
tween Ukrainian and foreign evaluations across the entire dataset.

For the effective utilization of foreign-bred sires in Ukraine, the
primary focus should be shifted from comparing average breeding va-
lues to assessing the degree of rank stability and correlation between
foreign evaluations and their corresponding re-evaluations under do-
mestic conditions in recorded herds. Correlation analysis encompas-
sing all studied bulls from four countries of origin revealed a low and
mostly insignificant level of association between breeding value esti-
mates in the countries of origin and their re-evaluation in recorded
herds in Ukraine (Table 5).

Comparative analysis of breeding value evaluations and daughter performance of Canadian-bred bulls in Ukraine and in the countries of their origin

Evaluation in Ukraine Evaluation in Canada

Trait

n mean + SE n mean = SE
Number of: daughters 63 236 +39 63 1777 £661
herds 63 168+14 63 5334+1184
Reliability, % 63 885+09 63 968+0.3
milk yield, kg 63 291.0+118.7 63 544.6 +130.2
milk fat % 63 -0.010 +£0.006 63 0.132+0.037
Breeding value for kg 63 98+45 63 36.1+38
milk protein % 58 -0.001 £0.003 63 0.080£0.019
kg 58 7.7+39 63 279+32
selection index (SI) 63 332+110 63 73372
milk yield, kg 63 12111 +£231 51 12357 £99
0,
Average 305-day adjusted milk fat —:Z] gg 25712 Oi f; é gi 3562 31 ffé
performance of daughters % 58 3 30' +'0 0 1 51 3 25' +'0 0 1
milk protein kg 58 3954 +8.6 51 4012433

Table 4

Comparative analysis of breeding value evaluations and daughter performance of German-bred bulls in Ukraine and in the countries of their origin

Evaluation in Ukraine Evaluation in Germany

Trait

n Mean + SE n Mean + SE
Number of: daughters 21 909 + 196 21 569 + 296
herds 21 38377 21 1494 +383
Reliability, % 21 93916 21 94107
milk yield, kg 21 672.8+1354 21 -427.2+143.8
milk fat % 21 -0.003 +0.008 21 0.09 £0.05
Breeding value for kg 21 25351 21 99+46
milk protein % 21 -0.003 +0.006 21 -0.03+0.03
kg 21 212+46 21 -17.8+44
selection index (SI) 21 584 + 139 21 -825+ 155
milk yield, kg 21 9390 +342 NA* NA*
0, * *
Average 305-day adjusted milk fat ‘217 31 3?;;201;_01(2)23 mﬁ* mﬁ*
performance of daughters % 2 3 1'7 +‘0 0'2 NA* NA*
milk protein kg 21 298.6 +12.0 NA* NA*

Note. * NA (not available); no information on average productivity of daughters in Germany.

Table 5

Correlation between breeding value estimates of sires evaluated in Ukraine and in the countries of their origin (USA, Canada and Germany)

Correlations between breeding value evaluations in Ukraine and abroad

including by country of origin

Correlated trait all bulls USA Canada Germany
r+SE% P r+SE% P r+SE% P r+SE% P

Number of sires 220 132 63 21
milk yield, kg 233+66 <0.001 19.7+86 0.024 55.1+10.7 <0.001 42+229 0.856
milk fat % 24+68 0.727 -1.0+88 0.908 45+128 0.724 8.1+229 0.729
Breeding kg -13.6+6.7 0.044 -157+8.7 0.072 19+128 0.884 721229 0.755
value for: milk protein % 117+69 0.091 115+89 0.201 216+130 0.103 -32+229 0.890
kg 114+69 0.100 94+89 0.295 415+12.2 <0.001 1324227 0.569
selection index (SI) 09+6.8 0.890 -12.7+87 0.145 330+12.1 0.009 29+229 0.902

A significant, albeit modest, positive relationship was observed
for breeding values for milk yield. Positive and close to statistical sig-
nificance correlation coefficients were also found for milk protein

4

content and protein yield. By contrast, a low negative correlation was
observed between breeding values for milk fat content and fat yield,
with the latter reaching statistical significance. Thus, the low level of
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correlation between evaluations indicates that when using foreign-
bred sires, breeding value estimates from the country of origin should
be considered preliminary. Mandatory re-evaluation under domestic
conditions is essential to mitigate bias in progeny performance results
arising from the genotype-by-environment interaction.

Of particular interest is the variation in the degree of consistency
between national and foreign breeding value evaluations across dif-
ferent countries of origin. It was established that the highest concord-
ance between foreign and national evaluations occurred among Ca-
nadian-bred sires (Table 5). For all milk production traits, positive
correlations were detected; specifically, for milk and protein yields,
these reached a moderate level (55.1% and 41.5%, respectively) with
high statistical significance (P < 0.001). By contrast, for milk fat con-
tent and fat yield, the relationship between evaluations was virtually
nonexistent.

Within the largest group — US-origin bulls, the relationship for
milk fat content and yield was also low and insignificant, but notably
in a negative direction (Table 5). A low, positive, yet insignificant
correlation was observed in US sires for milk protein content and
protein yield. For milk yield, this relationship was the most pronoun-
ced (nearly 20%) and statistically significant at the first level of signi-
ficance.

For German-bred bulls, the relative consistency of breeding valu-
es was the lowest, inconsistent in direction, and statistically insignifi-
cant across all traits (Table 5). For the composite selection index (SI),
no significant correlation was found either across the entire dataset or
specifically for bulls of US and German breeding. This can be attribu-
ted to both the inconsistent relationships between national and foreign
breeding value estimates for individual traits and the fundamental dif-
ferences in the structure of selection indices across countries. Among
the studied countries, the selection indices of Canada and Ukraine
appear to be the most similar in their component structure. This likely
explains the noticeable positive and statistically significant correlation
between Canadian and Ukrainian selection indices, which exceeded
30% (Table 5).

In summary, the highest level of concordance between Ukrainian
and foreign breeding value evaluations was observed for Canadian
sires, followed by a substantially lower level for American sires, and
virtually no agreement for German sires. Furthermore, the direction of
correlations was consistent only for milk yield, whereas for qualitative
traits (fat and protein content), such a consistency was absent in all
three cases.

Discussion

The comparative analysis of breeding values (EBV) between Uk-
rainian national evaluations and foreign data for imported Holstein
bulls demonstrates pronounced heterogeneity in the direction and
strength of relationships depending on the country of origin.

These findings are consistent with international studies that, de-
spite reporting generally high correlations between international
(MACE / Interbull) and national evaluations, emphasize their variabi-
lity across different countries and traits. For instance, a study of 821
bulls from the United States, Canada, Italy, France, the Netherlands,
and Australia reported strong associations (r =~ 0.9) between interna-
tional and domestic evaluations for production traits. However, nota-
ble discrepancies observed in Italy have been attributed to modificati-
ons in national evaluation models (Nicolazzi et al., 2011). Our results
for Canada and the United States partially support these observations.
By contrast, for German-bred bulls, the correlation between Ukraini-
an re-evaluations and foreign data was close to zero and statistically
insignificant. Similar trends were reported by KeRler et al. (2025),
who noted that German breeding programs place significant emphasis
on functional and health-related traits (RZG index used in Germany).
This shift in selection priorities reduces direct comparability with na-
tional systems that remain primarily focused on milk yield.

Our previous research (Polupan et al., 2022), which analyzed
bulls evaluated or re-evaluated between 2003 and 2013, revealed a
low level of consistency (r = —0.1% to 3.6%) between Ukrainian and
foreign breeding value estimates. These findings are corroborated by

the present study on the current Holstein population, where correla-
tions between foreign and Ukrainian evaluations remained low and
inconsistent in direction (r = -15.7% to 55.1%).

Analysis of Interbull data indicates that transformation to “glo-
bal” or “subglobal” scales has a minimal effect on bull rankings relati-
ve to national scales, provided that international genetic correlations
are very high (Powell et al., 2002). However, the proportion of shared
“top-100” bulls depends substantially on the strength of genetic corre-
lations between specific countries. This provides a theoretical expla-
nation for our findings: Canada showed the highest level of agree-
ment, whereas Germany exhibited the lowest.

For other traits, including conformation (body type) scores, inter-
national genetic correlations fluctuate much more widely (averaging
~0.68-0.80, with some falling to very low levels). This is accompa-
nied by instability in ranking when evaluations are transferred bet-
ween countries (Battagin et al., 2012). These observations align with
our findings regarding the lack of correlation for milk fat and protein
content, highlighting the impact of differences in trait definitions,
recording systems, and other factors.

Data structure also emerged as a critical factor. In our samples,
foreign evaluations were based on significantly larger datasets, which
ensured higher reliability and, consequently, higher average breeding
values for milk yield and fat and protein yields. Powell et al. (1997)
have consistently noted this role of data scale in their international
reviews.

Modern approaches to integrating genomic evaluations (GMACE)
ensure a high accuracy in international assessments; however, they re-
quire national calibration. Without such a calibration, systematic bia-
ses can occur when transferring results between countries (VanRaden
etal., 2010). Our findings, specifically the weak or nonexistent corre-
lations for certain traits, indicate the necessity of such adaptation befo-
re the large-scale implementation of imported sires within the national
breeding system in Ukraine.

Differences in breeding value estimates across countries, as a
manifestation of the genotype-by-environment interaction, can be
attributed to regional variations in temperature, humidity, manage-
ment practices, housing technologies, feeding systems, evaluation
methodologies, and genetic backgrounds (Powell et al., 2002). Con-
sequently, selection decisions regarding the use of foreign-bred sires
should primarily rely on progeny-based evaluations (or re-evaluati-
ons) conducted in the country of intended use. Foreign evaluations,
while valuable, should serve only as supplementary or preliminary in-
formation. In this context, it is noteworthy that the Code of Ethics was
adopted in Canada in 2013 concerning the publication of genetic
information in the dairy industry, primarily aimed at domestic produ-
cers (Van Doormaal et al., 2015). This code stipulates that the promo-
tion and marketing of genetic material (including bulls, cows, embry-
os, and semen) must rely on genetic evaluations expressed on the Ca-
nadian scale, which is the most relevant for domestic production
conditions. This requirement applies to official milk recording data,
breeding value estimates, and genomic predictions. Genetic evalua-
tions from other countries may only be included as supporting data.
Furthermore, for progeny-tested sires lacking domestic performance
data in Canada, the use of official MACE (or GMACE) evaluations is
mandatory. Thus, given the identified differences in foreign selection
indices and the noticeable discrepancies in EBV estimates, a two-tier
strategy may be recommended: preliminary screening based on inter-
national indices (considering relevant parameters), followed by man-
datory re-evaluation adjusted to local economic weights, feeding
systems, and climatic conditions (Interbull, 2022). The requirements
of the Instruction on the Selection of Breeding Bulls of Dairy and
Dual-Purpose Breeds (Pabat et al., 2006) regarding the necessity of
appropriate re-evaluation of imported bulls and semen under Ukraini-
an conditions are therefore fully justified.

Overall, the results of this study confirm that for a sustainable,
long-term genetic improvement strategy, Ukraine should further de-
velop its national evaluation system. This system should be integrated
with international methodologies while adapting them to the local
context to accurately reflect the expression of genetic merit under the
influence of genotype-by-environment interaction. Future research
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should incorporate larger sample sizes for each import source and
employ advanced approaches, such as genomic evaluation (GEBV),
to enhance the accuracy of international comparisons.

Conclusion

Substantial discrepancies exist between Ukrainian and foreign
breeding value evaluations of Holstein bulls, driven by the country of
origin, the scale of the databases used, and the principles underlying
the construction of selection indices. The highest level of concordance
was observed for Canadian sires, where correlations for milk yield
and milk protein yield were moderate and statistically significant. For
American bulls, only weak correlations were identified, while for
German bulls, agreement was virtually absent. The values of foreign
selection indices differ significantly from Ukrainian ones, which can
be explained by larger sample sizes and the number of daughters used
in calculations, as well as by differences in trait weighting within the
index structure. Therefore, the breeding value of bulls determined
abroad should be considered preliminary only for the Ukrainian bree-
ding system, as they do not account for local environmental conditi-
ons and genetic background.

Further research should focus on expanding the sample of sires
from various countries, integrating genomic evaluation methods (spe-
cifically GMACE), and examining the relationships between bree-
ding values and daughter longevity and reproductive performance.
These efforts will contribute to the development of adapted national
selection indices tailored to Ukrainian conditions.

This research did not receive any specific grant from funding agencies in the
public, commercial, or nonprofit sectors. The authors declare no conflicts of
interest. The study is analytical in nature and is based on statistical breeding
records. It did not involve experiments on animals requiring approval by a
bioethics committee.
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