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ABSTRACT

The aim of this study, conducted under identical environmental conditions and the stanchion barn housing system,
was to compare milking performance traits and somatic cell count in milk of daughters sired by Holstein-Friesian
Black-and-White bulls from various origin groups. Cows were divided into three groups depending on the region
of sire’s origin, i.e. Polish bulls, bulls from other European countries (the Czech Republic, France and Germany)
and bulls from the USA. Analyses were conducted applying the following experimental conditions: the age group
of cows (primiparous vs. multiparous), stage of lactation (< 40 days, from 41 to 100 days, from 101 to 200 days
and > 200 days) and season of the year (spring, summer, autumn and winter). Results of this study indicate that at
the stanchion barn housing system of dairy cows in order to increase milk yields the use of semen from bulls of
imported Holstein-Friesian Black-and-White bulls seems to be beneficial. However, daughters of US bulls may be
prone to elevated somatic cell counts in milk. In turn, cows sired by Polish bulls can be characterised by favourable
milk solids contents.
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INTRODUCTION

Thanks to the operations of Interbull Polish cattle breed-
ers when working on herd improvement may use genetic
resources from all regions of the world. Thanks to that
organisation bulls from around the world obtain genetic
evaluation records referred to genetic data bases in many
other countries. Productive longevity is a very important
feature, which is determined by a combination of geno-
type factors in specific environments [Babik et al. 2017].

Milk yields produced by cows in 30% depend on
hereditary factors and in 70% on non-hereditary factors,
whereas milk fat or protein percentage contents are af-
fected in as much as approx. 60% by hereditary factors
and non-hereditary factors in approx. 40%. Animal per-
fection is achieved by selecting the best males and fe-
males for reproduction and individual selection [Gorelik
et al. 2021]. According to Abramova et al. [2019], the
value of animal husbandry is significantly influenced by
the country of origin of the bulls. Greater degree of in-
fluence of paternal inheritance is explained both by the
lowest (basic) level of intrabreed system hierarchy (the
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closest level of intragroup kinship) and (partially) by a
much higher number of gradations of the organized fac-
tor [Polupan et al. 2021].

Depending on the assumed objective in the breed-
ing programme realised in a given herd it is essential to
select appropriate sires as fathers for the future genera-
tion of cows. In Polish conditions higher results of sort
ratings concerning the overall appearance, body confor-
mation, udder quality and frame size, efficiency of milk
and its components were acquired after the imported bulls
[Konsowicz et al. 2013].

The aim of this study is to compare — under identical
environmental conditions at stanchion housing — daugh-
ters sired by Holstein-Friesian Black-and-White bulls
from various groups of origin in terms of their milking
performance traits and somatic cell counts in milk.

MATERIAL AND METHODS
Analyses were conducted in a herd of Holstein-Friesian

Black-and-White cows kept in an agricultural cooperative
in the Wielkopolska region (Poland). The experimental
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group consisted of 107 cows in their 1st to 6th lactations
with an average milk production per lactation of approx.
8100 kg milk. Cows were divided into three groups de-
pending on the region of the sire’s origin: PL — sired by
Polish bulls, EU — sired by bulls from other European
countries (the Czech Republic, France and Germany) and
US - sired by bulls from the USA. The numbers of cows
in the experimental PL, EU and US groups were 45,
40 and 22 head, respectively. The number of daughters
of one bull was at least 10. Their age structure in indi-
vidual classes of sire’s origin was comparable. Animals
were kept in a stanchion barn in short tie-in litter stalls.
Milkings were performed twice a day at 12-hour intervals
using a pipeline milking machine. Feeds were prepared
according to the INRA standards with the feed ration ad-
ministered as TMR (Total Mixed Ration). Source data for
the study were collected from milk recording records (the
A4 method) using RW-2 performance records from the
beginning of April 2016 to the end of December 2017.
For each cow the recorded data included the actual daily
milk yield, as well as milk contents of fat, protein, lac-
tose, casein, milk solids-not-fat and somatic cell count. In
total, 1409 records were collected. Daily milk yields were
presented as Fat Corrected Milk (FCM) with standardised
fat content (4%) according to Sjaunja et al. [1990]. In or-
der to obtain a normal distribution the actual somatic cell
count in milk was converted to the logarithmic number
applying the transformation according to Ali and Shook
[1980]. The calculations were made using the threshold
levels for somatic cell counts in bulk milk collected from
cows according to Hillerton [1999].

This study presents analyses concerning the effect of
the region of sire’s origin on milking performance traits
of the daughters and somatic cell count in milk.

Statistical analyses were conducted using the SAS
[2015] statistical software package. In order to calcu-
late the basic statistical parameters the MEANS proce-
dure was applied. The significance of the effect of ex-
perimental factors (the year, season of the year, calving
group, sire’s region of origin, group of udder health sta-
tus, milking day in lactation) was analysed using multi-
variate analysis of covariance with the GLM procedure in
SAS [2015] according to the following linear model:

Yijklmnop SpFritpi+ le+ky+zm+

+ﬁ1dn + .Bzwmo + Cijklmnop
where:

Yijklmnop — phenotypic value of analysed trait,

U — population mean,

T — fixed effect of i-th year (i = 1, 2),

p; — fixed effect of j-th season of the year
(Gj=1,23,4),

Iy — fixed effect of k-th calving group (k = 1,2),
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k; — fixed effect of [-th sire’s region of origin
(1=1,2,3),
Zm — fixed effect of n-th group of udder health

status (n = 1, 2),

— partial coefficients of first order linear
regression,

dy — milking day in lactation,

wm, — daily milk yield in lactation,

pL, P2

€ijkimnop — random error.

Statistically non-significant effects in individual lin-
ear models were eliminated and calculations were re-
peated. The following factors were considered in the
analyses: age group of cows (primiparous vs. multi-
parous), stage of lactation (< 40 days, 41 to 100 days,
from 101 to 200 days and > 200 days) and season of the
year (spring, summer, autumn and winter).

In order to compare the means in details, a series of
multiple comparisons were made applying the Duncan
test.

RESULTS

The analysis showed several statistically significant dif-
ferences (P < 0.05) for the analysed traits between the
groups of sire’s origin both within the population of prim-
iparous and multiparous cows, as well as between the
age groups of cows sired by bulls of the same origin
(Table 1). It was shown that primiparous cows sired by
bulls from Poland and the USA were characterised by the
greatest daily milk yield and FCM (fat corrected milk).
Cows sired by bulls from Poland differed in terms of
the above-mentioned traits from their analogues, which
sires originated from other European countries. In turn,
in the case of multiparous cows daughters of Polish bulls
had the lowest daily milk yield in relation to cows sired
by bulls from the USA and from other European coun-
tries. In terms of the daily yield of fat corrected milk
with 4% fat content (FCM) no statistically significant dif-
ferences were recorded between multiparous cows. The
highest fat content in milk was found for primiparous
cows — daughters of American sires, which differed in
this parameter (at P < 0.05) with the other two groups
of animals. In the case of multiparous cows the high-
est fat percentage contents in milk was recorded for ani-
mals sired by bulls from Poland, which differed statisti-
cally from cows, which sires came from other European
countries. The highest protein and casein contents in milk
were recorded for primiparous cows, which sires origi-
nated from the USA and Poland. In the group of mul-
tiparous cows the highest values for these milking per-
formance traits were found for daughters of bulls from
Poland, while they were lowest in cows sired by other
European bulls. It was shown that the highest milk solids
content and the greatest natural logarithm with somatic
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Table 1. The comparison of daily milk yields, milk composition and somatic cell counts for daughters sires by from different

origin groups of Holstein-Friesian Black-and-White bulls depending on age groups of cows

Age group of cows

Traits Region of origin bull Primiparous Multiparous
X sd X sd

PL 20.2%% 44 22.6N 6.3

Milk, kg EU 18.55% 49 23.85Y 7.2
Us 19.148% 5.6 23.8% 6.0

PL 20.1%% 4.1 23.3Y 6.3

FCM, kg EU 18.5%% 44 23.8Y 6.8
Us 19.6"5% 5.1 24.2Y 5.4
PL 4.02%% 0.61 427 0.65
Fat, % EU 4.05* 0.77 4.10% 0.68
us 4.328 0.71 4,198 0.69
PL 3.46" 0.43 3.40" 0.45

Protein, % EU 3.28%% 0.42 33748 0.41
us 3.528% 0.46 3.31% 0.47
PL 2.734 0.36 2.67% 0.37
Casein, % EU 2.598 0.35 2.6348 0.33
Us 2.79%% 0.39 2.60% 0.38
PL 4.84% 0.18 4.69" 0.19

Lactose, % EU 4.82% 0.19 4.72% 0.21
Us 4.81% 0.13 4.70" 0.22
PL 13.124 0.92 13.15° 0.94
Dry matter, % EU 12.88% 1.11 12.99% 0.94
us 13.40% 1.09 12.99% 1.06

PL 136 92 158 98

SCC, 10° - mI™ EU 1114% 73 161Y 102
us 185° 106 169 103
PL 11.55%% 0.80 11.73Y 0.76
Ln SCC EU 11.40% 0.68 11.74Y 0.76
Us 11.91° 0.73 11.79 0.80

The means marked with different letters differ statistically significantly (P < 0.05). A, B — comparison of daughters of different bull origin groups
within the age group of cows. X, Y — comparison of age groups of cows within one bull origin group.

cell count (In SCC) in milk were found for primiparous
cows sired by bulls from the USA. In terms of the re-
lationships between milking performance traits of primi-
parous and multiparous cows within the same sire groups
several statistically significant dependencies (P < 0.05)
were observed. These include an increase in fat content in
milk in multiparous cows when compared to primiparous
cows in the group of cows sired by bulls from Poland, a
decrease in protein and casein contents in milk of multi-
parous cows related to primiparous cows in the group of
cows sired by bulls from the USA and a lack of differ-
ences between In SCC in milk of primiparous and multi-
parous cows within the same sire group.

It was shown (Table 2) that in the first period of lac-
tation up to day 40 after calving, significantly the low-
est solids content (at P < 0.05) in milk in relation to the
other sire groups was recorded for cows sired by bulls
from the USA. For this group of cows in the second stage
of lactation (41-100 days) a similar relationship was ob-
served, while additionally identical dependencies were
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found for protein and casein contents in milk. In turn, in
the third stage of lactation (101-200 days) milk produced
by cows sired by bulls from the USA was characterised
by the highest fat percentage content and the lowest lac-
tose content, differing significantly (at P < 0.05) from
the levels of these components recorded in milk of cows
sired by other European bulls. After day 200 of lactation
cows sired by other European bulls were characterised by
significantly lower solids contents when compared to the
mean calculated for the group of cows after sires from
Poland and the USA. In turn, in individual periods of lac-
tation daughters of bulls from Poland were characterised
by the highest level of this milk parameter. In the last pe-
riod of lactation (> 200 days of lactation) sired by bulls
US sires had the highest In SCC, significantly differing
(at P < 0.05) from the value of this trait recorded for
daughters of bulls from Poland. With progress in lacta-
tion the level of In SCC increased to the greatest extent in
milk of cows sired by bulls from the USA.
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Table 2. The comparison of daily milk yields, milk composition and somatic cell counts for daughters origin of bulls from
different origin groups of Holstein-Friesian Black-and-White bulls depending on the stage of phases lactation
Phase of lactation, days
Traits i?ggilr?iglfl <40 41-100 101-200 200
X sd sd X sd X sd
PL 28.4% 6.3 26.6 48 23.7" 49 18.9° 48
Milk, kg EU 28.3% 6.2 28.8 6.8 23.8" 5.7 19.07 5.6
Us 27.8% 45 28.9% 5.3 232" 4.6 19.47 5.5
PL 30.1% 6.9 26.1Y 5.3 23.8% 5.0 19.8¢ 4.7
FCM, kg EU 29.2% 6.9 27.8¢ 6.8 23.3Y 53 19.3% 53
Us 28.2% 53 28.0% 46 23.4Y 3.8 20.3% 52
PL 4.42% 0.68 3.88Y 0.52 4.04BY 0.53 4.37% 0.68
Fat, % EU 4.22% 0.77 3.78Y 0.56 3.90 0.57 4.25% 0.74
uUsS 4.11% 0.67 3.84% 0.61 4.108% 0.60 4.41Y 0.71
PL 3.13% 0.32 2.98" 0.32 3.26" 0.29 3.66° 0.40
Protein, % EU 3.05% 0.38 2,95 0.24 3.23% 0.29 3.587 0.36
Us 2.97% 0.25 2.83% 0.23 3.20% 0.32 3.66" 0.40
PL 2.43% 0.25 2.34%% 0.24 2.55Y 0.24 2.89%% 0.33
Casein, % EU 2.39% 0.29 2.32M% 0.18 2.51Y 0.24 2.63% 0.30
uUsS 2.30% 0.18 2.238X 0.16 2.51Y 0.26 2.90°% 0.33
PL 4.75 0.15 4.78 0.23 47448 0.15 4.69 0.20
Lactose, % EU 4.74 0.27 4.83 0.14 4.77% 0.19 4.73 0.21
usS 4.78 0.13 4.81 0.12 4.718 0.28 4.72 0.18
PL 13.034% 0.77 12.44% 0.68 12.79% 0.67 13.56*% 0.93
Dry matter, % EU 12.844% 0.86 12.275% 0.65 12.65% 0.76 13.365Y 1.01
UsS 12.598%X 0.80 12.18% 0.71 12.77% 0.86 13.50%Y 1.04
PL 137% 94 129%2 93 141% 99 1704 96
SCC, 10° - mI™! EU 134% 98 99Y 82 138% 95 1747 96
uUsS 153% 99 136% 96 161 98 1998Y 102
PL 11.44% 0.83 11.40% 0.76 11.574% 0.82 11.854Y 0.69
Ln SCC EU 11.55% 0.83 11.48% 0.83 11.584% 0.82 11.894% 0.63
uUsS 11.45% 0.95 11.41% 0.91 11.78%Y 0.70 12.028Y 0.80

The means marked with different letters differ statistically significantly (P < 0.05). A, B, C — comparison of daughters of different bull origin
groups within the lactation phase. X, Y, Z, Q — comparison of daughters of one bull origin group within the lactation phase.

In terms of the effect of the sire group on milk-
ing performance parameters and somatic cell count in
milk of cows in individual seasons of the year (Table 3)
in the spring, autumn and winter statistically significant
(P < 0.05) differences were found for selected traits be-
tween the analysed groups of cows. In all the seasons of
the year milk of daughters from bulls from the USA had
the highest In SCC. In turn, the greatest amounts of lac-
tose were found in milk collected from cows daughters
of other European bulls. In the autumn milk of daughters
sired by US bulls contained the highest levels of fat. The
same group of animals, this time in the winter, was char-
acterised by the lowest daily yields of milk and FCM. In
that season of the year the worst values of milk solids,
fat, protein and casein were recorded for cows sired by
other European bulls. Analyses of milking performance
traits and somatic cell counts in milk in individual groups
of cows showed several dependencies within individual
seasons of the year. In the winter daily yields of milk and
FCM increased in cows from the group sired by other
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European bulls. In the autumn and winter an increase was
recorded for the percentage fat content in milk of cows
of US bulls. For the same group of cows in the winter
the concentrations of protein and casein in milk also in-
creased. In turn, in the summer a decrease in milk ca-
sein content was recorded for cows sired by Polish bulls.
In the autumn milk produced by cows sired by other
European bulls contained the lowest lactose percentage
content. In the winter and autumn a significant increase
in milk solids content was found for cows sired by US
bulls, while in the case of daughters of Polish bulls such
a dependence was recorded in the winter. Milk produced
in individual seasons of the years by cows sired by bulls
from Poland contained relatively high solids contents. In
turn, cows sired by US bulls in all the seasons of the years
were characterised by the highest somatic cell counts in
milk. In the summer and autumn or only in the autumn
an increase in In SCC was observed in milk of cows sired
by bulls from other European countries and bulls from
Poland, respectively.
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Table3. The comparison of daily milk yield, milk composition and somatic cell counts for daughters bull origin from different
origin groups of Holstein-Friesian Black-and-White bulls depending on the season of the year

Season of the year

Region of

Traits origin bull Spring Summer Autumn Winter
X sd X sd X sd X sd
PL 21.9 6.5 21.9 6.2 22.0 5.7 22,748 5.9
Milk, kg EU 22.5% 7.5 21.6% 6.6 22.0% 6.8 241 7.2
Us 22.6 6.8 229 6.0 22.1 6.5 22.0° 5.5
PL 222 6.3 222 6.3 22.6 5.8 23.3% 5.7
FCM, kg EU 22.3% 7.0 21.4% 6.3 22.3% 6.5 244N 7.0
us 22.5 6.3 229 5.1 23.0 6.0 22,98 5.0
PL 4.16% 0.58 4.14% 0.74 4.2478Y 0.67 431% 0.63
Fat, % EU 4.03 0.69 3.98 0.74 4.15* 0.70 417" 0.68
us 4.02% 0.59 4.08% 0.66 4.395Y 0.69 4.405Y 0.80
PL 3.44 0.46 3.36 0.41 3.39 0.47 3.45% 0.44
Protein, % EU 3.37 0.44 3.32 0.40 3.34 0.42 3.34° 0.40
Us 3.34% 0.47 3.31% 0.44 3.34% 0.47 351 0.51
PL 2.71% 0.37 2.62Y 0.33 2.67% 0.39 2,738 0.36
Casein, % EU 2.65 0.35 2.61 0.32 2.60 0.35 2.628 0.32
uUs 2.64% 0.37 2.60% 0.39 2.64% 0.39 2.79% 0.42
PL 4714 0.22 4.75 0.19 4.72 0.19 4.71* 0.17
Lactose, % EU 4.79° 0.17 4.78 0.20 4.70 0.26 4.76" 0.17
us 4.76"8 0.17 4.71 0.33 4.72 0.16 4.73* 0.18
PL 13.10 091 13.00 0.92 13.27 0.96 13.28%8 0.92
Dry matter, % EU 12.94 1.01 12.87 0.96 12.99 1.04 13.05* 0.90
UsS 12.88% 0.95 12.88% 1.05 13.40" 1.09 13.44%Y 1.19
PL 138*% 87 162* 96 178~ 104 137%% 96
SCC, 10° - mI™ EU 1334 104 156%* 97 1642 96 1474 92
Us 168"%% 101 190¥ 104 187%Y 95 1828 106
PL 11.60"% 0.76 11.79%Y 0.69 11.81% 0.76 11.54"% 0.82
Ln SCC EU 11.49%% 0.81 11.74Y 0.70 11.79% 0.71 11.6628%Y 0.77
Us 11.78" 0.81 11.95 0.75 11.98% 0.75 11.84" 0.80

The means marked with different letters differ statistically significantly (P < 0.05). A, B — comparison of daughters of various bull origin groups
within the season of year. X, Y, Z — comparison of daughters of one breeding group of bulls within the seasons of year.

DISCUSSION cattle with those having genes of cattle imported mainly

from Germany, France, Holland and the USA. Results
Results recorded in this study for daily milk yields of  of those studies indicate a dominance of imported cattle.
primiparous daughters sired by bulls from various origin ~ Gnyp [2012] reported that Holstein-Friesian Black-and-
groups indicate an advantageous productivity of progeny ~ White cows imported from Holland, Germany and France
sired by Polish and US bulls. In turn, earlier studies con-  compared to Polish cows exceeded them in terms of milk
ducted by Niedzialek et al. [2002] and Antkowiak et al.  yields (by 25-30%) and were characterised by smaller
[2009] showed the highest milk yield and protein content  differences between fat and protein contents in milk as
in lactation for primiparous cows sired by bulls from the ~ well as a more advantageous protein: fat ratio in three
USA and Canada. In this study multiparous cows sired ~ successive lactations. In a study by Bogucki et al. [2009]
by Polish bulls were characterised by the lowest daily it was shown that cows of from France had the highest
milk yield when compared to daughters of the two other ~ daily milk yields compared to their peers from Germany
groups of bulls, although milk solids content in that group ~ and Poland. Similar results in relation to milk solids were
of cows was highest. According to Gulifiski [2017], age  reported by Puchajda et al. [1999a]. In the opinion of
of cows has a significant effect on milk protein content. ~ Dymnicki and Reklewski [1999], cows imported from
In the opinion of that author milk produced by of cows  Holland have higher milk yields and contents of milk
older than three years has much lower protein contents  constituents compared to German cows, while fat content
than milk of young cows. Many studies compared milk-  in their milk was lower at a comparable protein percent-
ing performance traits of Polish Black-and-White cows  age content. In turn, animals imported from France were
with a high share of genes of Polish Holstein-Friesian  characterised by higher milking performance parameters
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compared to German cows and comparable to Dutch
cows. In turn, Czerniawska-Piatkowska et al. [2009] in
their study showed that animals from Germany exceeded
Polish cows in terms of milk yields expressed in FCM and
milk fat contents. Inflammations of the udder are a sig-
nificant problem in herds of dairy cows. However, thanks
to the common access to electronic meters quantitative
cytological analyses of milk may be performed directly
on the farm [Dudko and Zawadzki 2015]. Puchajda et
al. [1999b] stated that in Poland in the indoor keeping
system cows imported from Germany were more resis-
tant to udder disease (by 2.57%) than their peers coming
from France. Comparable results concerning somatic cell
counts in milk of Polish and imported cows were reported
by Bogucki et al. [2009]. In turn, Gnyp et al. [2006] when
analysing family farms stated that the highest somatic
cell counts were detected in milk produced by cows com-
ing from Holland. According to Skrzypek and Szukalski
[2006], import of cows from Holland is justified in the
case of large cattle farms, while import of animals from
Germany does not guarantee any competitive advantage
when compared to animals bred in Poland. In this study
the highest somatic cell count in milk was recorded for
daughters sired by US bulls. Such a result was probably
caused by the fact that daughters sired by US bulls were
also characterised by high milk yields, which may lead to
elevated SCC levels. This thesis may be confirmed by the
suggestion by Sharma et al. [2011], who stated that high-
producing breeds are characterised by greater SCC in
milk. Significant environmental factors affecting somatic
cell counts in milk include e.g. the season of the year and
the housing system of cows. This study confirmed results
presented by Dorynek and Kliks [1998] concerning an in-
crease in somatic cell counts in milk in the summer and
autumn. This phenomenon may be explained by the rel-
atively high air temperature, promoting the development
of mastitis. It is believed that in July, August and in the
first half of September the so-called summer mastitis may
develop in cows (not only those kept on the pasture). In
a study by Pytlewski et al. [2002] it was shown that milk
produced in each of the seasons of the year by cows kept
in the loose housing system compared to milk of animals
from the stanchion barn housing system contained lower
somatic cell counts.

CONCLUSIONS

The highest milk yields among the three analysed groups
of animals were recorded for primiparous cows bulls
from Poland of the USA, although in milk of the lat-
ter group the highest somatic cell counts were recorded,
which may suggest their greater susceptibility to mastitis.
In the case of multiparous cows the highest levels of fat,
protein and casein were found in milk of cows sired by
bulls from Poland.
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In individual stages of lactation milk of daughters
sired by Polish bulls contained the most advantageous
contents of milk solids compared to milk produced by
cows and from the other groups.

The strongest effect of the sire’s group of origin on
milking performance traits of their daughters was ob-
served in the winter. In that season of the year cows sired
by other European bulls showed the greatest daily milk
yields and the lowest contents of milk solids, fat, protein
and casein.

Results of this study suggest that in the stanchion barn
housing system of dairy cows in terms of daily milk yield
it is preferred to use semen of Holstein-Friesian Black-
and-White bulls from the USA and other European coun-
tries. However, daughters of bulls from the USA may
be more prone to exhibit elevated somatic cell counts in
milk. In turn, in terms of milk solids content it is recom-
mended to use Polish bulls in reproduction.
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WPLYW POCHODZENIA OJCA NA CECHY UZYTKOWOSCI MLECZNEJ KROW UTRZYMYWANYCH
UWIEZIOWO

STRESZCZENIE

Celem pracy bylo poréwnanie, w jednolitych warunkach Srodowiskowych przy utrzymaniu uwigziowym, cech
uzytkowosci mlecznej oraz liczby komérek somatycznych w mleku cérek po buhajach rasy holsztynsko-fryzyjskiej
odmiany czarno-biatej reprezentujacych rézne grupy pochodzeniowe. Krowy podzielono na trzy grupy w zaleznosci
od regionu pochodzenia ojca: po buhajach krajowych, po rozptodnikach z innych krajéw europejskich i po buha-
jach z USA. Przy analizach uwzgledniono nastgpujace czynniki: grupe wiekowa kréw, faze laktacji oraz pore
roku. Wyniki przeprowadzonych badafi wskazuja, ze przy utrzymaniu kréw mlecznych systemem uwigziowym
dla wzrostu wydajnos$ci mleka korzystne wydaje si¢ stosowanie nasienia buhajéw holsztyfisko-fryzyjskich odmia-
ny czarno-bialej pochodzacych z zagranicy. Jednakze u cérek reproduktoréw z USA moze wystapic tendencja do
podwyzszonej ilosci elementéw komoérkowych w mleku. Z kolei krowy urodzone po buhajach krajowych moga
charakteryzowac si¢ korzystna zawarto$cia suchej masy w mleku.

Stowa kluczowe: pochodzenie ojca kréw, uzytkowos¢ mleczna, krowy rasy polskiej holsztyrisko-fryzyjskiej odmia-
ny czarno-bialej, utrzymanie uwigziowe
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