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The aim of this study was to determine the effect of the country of origin of the sire on 
the milk performance of primiparous Jersey cows kept under identical management 
conditions in Poland. Experimental cows were divided into four groups: daughters of 
bulls from the USA, Denmark, Canada and Poland. The effect of the paternal group on 
the milk performance of primiparous cows was estimated. A two-way contingency table 
was prepared to assess the association between the sire’s country of origin and peak lac-
tation. To present the course of daily milk yield during 305-day lactation, linear graphs 
were plotted with linear trends depending on the origin of sires of primiparous cows. 
Daughters of Polish bulls, in comparison to the other genetic groups of primiparous 
cows, had by the lowest daily milk yields, as well as the lowest concentrations of protein 
and dry matter in their milk. Primiparous cows sired by bulls from Denmark had the 
highest daily milk yields and the lowest fat-to-protein ratios in their milk. Analysis of 
the effect of the origin of the sire on the milk performance of primiparous Jersey cows 
during 305-day lactation revealed significantly the lowest milk, protein and dry matter 
yield and the lowest content of protein in the milk for the daughters of Polish bulls. 
Primiparous cows from this group and the daughters of bulls from the USA had signifi-
cantly the lowest fat yield and the lowest dry matter content in their milk. Daughters of 
Polish bulls in comparison to daughters of foreign bulls had a significantly higher con-
centration of lactose in their milk. The vast majority of primiparous Jersey cows sired 
by imported bulls reached peak daily milk yields from day 31 to day 60 of lactation. The 
lactation curve and the first-order trend for daily milk yields were most advantageous 
in primiparous cows sired by bulls from the USA and Canada. The use of semen from 
imported Jersey bulls in the Polish population of this cattle breed results in increased 
milk yields in primiparous cows sired by those bulls, as well as beneficial concentrations 
of milk constituents. The results of this study indicate that under Polish management 
conditions the use of semen from Danish bulls is preferable, although further research 
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should be conducted to determine the lifetime productivity of cows and concentrations 
of milk constituents. 

KEY WORDS: Jersey breed, country of origin of bulls, milk performance

Production and functional features in a herd of dairy cows are determined by many fac-
tors, which according to Mai et al. [7] and Prendiville et al. [9] include the breed or variety 
of cattle. Many dairy cattle breeds and varieties are currently used around the world. Some 
are characterized by high milk yield, while others produce milk of high nutritional value, 
depending on its chemical composition.

Jersey cattle are the second most populous dairy breed in the world. The qualities of 
animals of this breed are widely known and their importance is continually growing, due 
to the globalization of the milk and dairy products market. Milk with suitable composi-
tion for processing, as well as the highly favourable functional features of Jersey cattle 
(reproduction, health, feed conversion, milk yield and behaviour), can have a decisive 
impact on economic indicators of milk production and processing. Jersey cattle are bred 
in different regions of the world under varying environmental conditions, and each country 
with a population of this breed carries out targeted selection in accordance with the goals 
of the breeding programme.

In Poland, the estimated population of Jersey cows is small, accounting for about 0.12% 
of all dairy cows in 2018. However, there is a breeding programme for this breed, im-
plemented by the Polish Federation of Cattle Breeders and Dairy Farmers [2]. Its most 
important goal is to increase genetic gain in terms of dairy performance traits, as well as 
type and conformation. This is meant to improve the Jersey cattle population by shifting it 
towards a single-purpose dairy type and thus increase the profitability of milk production. 
The programme is based on the use of semen of Jersey bulls of the highest breeding value 
from various breeding farms in countries around the world, including the United States, 
Denmark and Canada. Until June 2010, it was also possible to use semen from breeders 
raised in Poland, although they had no estimated breeding value.

The aim of the study was to determine the influence of the sire’s country of origin on 
the milk performance traits of primiparous Jersey cows raised in identical environmental 
conditions in Poland.

Material and methods

The study was carried out in a herd of Jersey cows kept at the Iwno Sp. z o.o. horse stud 
on the Wiktorowo farm. Until 2014 the cows were kept in a tie-stall system, and after that 
in a free-stall barn. The TMR feeding system was used. The cow barn has a 20-stall side-
-by-side milking parlour. 

The subject of the research was 261 primiparous cows that calved between 17 Septem-
ber 2007 and 26 July 2016. The animals were divided into four groups: daughters of bulls 
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from the United States (US), Denmark (DK), Canada (CA) and Poland (PL). Information 
on the milk performance of each cow was obtained from milk performance evaluation 
reports. The information included daily milk yield (kg), percentage of fat, protein, lactose 
and dry matter in the milk, fat-to-protein ratio, somatic cell count (1000/ml) and urea level 
(mg/ l). In total, 1747 milk samples were analysed.

The first 11 milk samples obtained according to the official methodology for assessing 
dairy performance of cattle in Poland were used in the statistical calculations. Somatic 
cell count was log-transformed according to Ali and Shook [1] to obtain a normal distri-
bution.

The influence of the paternal group on the milk performance of primiparous cows was 
estimated.

The statistical analyses were performed using the SAS statistics package [10]. The si-
gnificance of the influence of experimental factors was analysed using the following linear 
models:

‒ for test-day milking:

	 yijklmn = µ + ri + sj + pk + β1dl + β2wm + β3mn + eijklmn

‒ for 305-day lactation

	 yijkl = µ + ri + sj + pk + β1wl + eijkl

	 where: 
	 yijklmn, yijkl  ‒ phenotypic value of the feature
	 µ ‒ average for the population
	 ri ‒ fixed effect of i-th year of calving (i = 1, 2, …, 10)
	 sj ‒ fixed effect of j-th season of calving (j = 1, 2, 3, 4)
	 pk ‒ fixed effect of k-th country of origin of sire (k = 1, 2, 3, 4)
	 β1, β2, β3 ‒ partial coefficients of first-order linear regression
	 dl ‒ day in milk
	 wm, wl ‒ age at first calving
	 mn ‒ daily milk yield
	 eijklmn, eijkl ‒ sampling error
Insignificant effects were eliminated, and the calculations were carried out again. In the 

detailed comparison of means, a series of multiple comparisons was performed using the 
Tukey test.

A two-way contingency table was prepared to assess the association between the sire’s 
country of origin and the cows’ peak lactation period. The significance of the relationship 
between the factors was estimated using Fisher’s exact test.

To present the course of 305-day lactation, linear graphs were plotted with linear trends 
for daily milk yield depending on the origin of the sires of the cows. 
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All calculations and analyses were performed on primiparous cows whose milk had 
a somatic cell count of less than 300,000/ml.

Results and discussion

Table 1 presents a comparison of the daily milk yield of primiparous cows whose sires 
came from different countries. The statistical analysis showed significant differences be-
tween the means for protein and lactose content in the milk (P≤0.01) and for daily milk 
yield, dry matter content, and fat-to-protein ratio (P≤0.05). Daughters of Polish bulls had 
the lowest (19.3 kg) daily milk yield and the lowest concentration of protein and dry matter 
in the milk (3.81% and 14.31%, respectively). However, the milk of this group of animals 
had the highest (4.96%) lactose content. The lowest fat-to-protein ratio (1.26) was found 
in cows whose sires came from Denmark. However, this genetic group was distinguished 
by the highest (22.4 kg) daily milk yield. In terms of daily milk yield, daughters of Danish 
bulls differed significantly (P≤0.05) from the other genetic groups of primiparous cows. 
Milk obtained from all genetic groups of cows had a low somatic cell count, and the urea 
content in it was normal. There were no statistically significant differences between the 
means of these features.

The results of the study indicate differences in milk performance traits between the 
daughters of Jersey bulls of four origin groups. This is most likely due to years of bre-
eding work on this breed of cattle carried out in many countries with different goals. Jer-
sey cattle were imported to North America as early as 1815, and due to great interest in 
the breed, imports and development of the population began to be recorded in 1850 [4]. 
In Europe, Denmark has a long history of breeding Jersey cattle, with the first individuals 
imported in 1896. Initially, the priority in selection in this breed was to increase the con-
tent and yield of fat in the milk [6]. In the 1980s, however, there was a shift in the goals 
of breeding work in Denmark, and it became focused primarily on protein concentration 
and the protein-to-fat ratio in the milk [11]. The first Jersey cows were brought to Poland 
in the 1940s as part of UNRRA relief [3]. A large number of pregnant heifers were im-
ported from Denmark to the Horse Stud in Iwno in the years 1985-1989. In subsequent 
years, as a result of Polish-Danish cooperation (the PHARE programme), heifers of this 
breed were purchased for use in Warmia and Mazury [5]. The current active population 
of Jersey cows is small; in 2018 it averaged 1012.3 cows kept in 430 herds [8]. Szarek et 
al. [12], comparing selected lines of bulls in terms of dairy performance in Polish condi-
tions, showed large differences indicating marked variation in the herd, which should be 
exploited in further breeding work in the Jersey cow population. The results of our rese-
arch confirm the impact of global trends in the breeding of these cattle. They indicate that 
the daughters of foreign bulls produce milk with higher protein content than primiparous 
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cows sired by Polish breeders. On the other hand, the daughters of bulls from Denmark 
were found to be superior to all other genetic groups of cows in terms of daily milk yield. 
In addition, cows sired by bulls from Denmark produced milk with a lower fat-to-protein 
ratio than the daughters of Polish and Canadian bulls.

Analysis of the milk yield of the primiparous Jersey cows during 305-day lactation, 
taking into account the origin of the sire (Table 2), showed that cows sired by breeders 
from Poland produced significantly (P≤0.05) the lowest yield of milk, protein and dry 
matter, and their milk had the lowest protein content. These cows, together with daugh-
ters of bulls from the United States, achieved significantly (P≤0.05) the lowest fat yield 
and dry matter content in milk among all groups. However, the daughters of Polish bre-
eders produced milk with a significantly higher (P≤0.01) lactose concentration than the 
daughters of foreign bulls. On the other hand, Antkowiak [2] reported the highest actual 

Table 3
Distribution of the lactation peak period for daily milk yields in primiparous of Jersey cows from various 
sire groups

Country of origin of sire  
of primiparous cow

Peak of lactation (days) ∑
(%2)

≤30 31-60 61-90 >90 

US

n 33 66 39 34 172

%1 19.19 38.37 22.67 19.77 65.90

%2 57.89 67.35 76.47 61.82

DK

n 5 14 1 10 30

%1 16.67 46.67 3.33 33.33 11.49

%2 8.77 14.29 1.96 18.18

CA

n 8 15 9 9 41

%1 19.51 36.59 21.95 21.95 15.71

%2 14.04 15.31 17.65 16.36

PL

n 11 3 2 2 18

%1 61.11 16.67 11.11 11.11 6.90

%2 19.30 3.06 3.92 3.64

∑ n
%1

57
21.84

98
37.55

51
19.54

55
21.07

261
100.00

% in line 
 % in column 

Fisher test: P-value = 0.0069

Origin of primiparous cows: US – daughters of bulls from the USA, DK – daughters of Danish bulls, CA – daughters of 
Canadian bulls, PL – daughters of Polish bulls
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milk yield in 305-day lactation for cows sired by Jersey bulls from the United States, 
which resulted in high corrected milk yield as expressed by ECM (energy-corrected milk 
yield), FCM (milk yield standardized for 4% fat) and VCM (factor correcting daily yield 
of milk components). The lowest milk yield in 305-day lactation, but with the highest 
content of total dry matter, including protein, fat and lactose, was obtained from cows 
sired by from bulls from Denmark. Intermediate values ​​for the milk performance traits 
were found for the daughters of bulls from Canada. A study carried out in South Africa 
by Theron and Mostert [13] showed statistically significant differences in the milk per-
formance of Jersey cows sired by local bulls compared to daughters of bulls from other 
countries.

Our research showed a significant (P≤0.01) influence of the country of origin of the sire 
of primiparous Jersey cows on the time of the lactation peak for daily milk yield (Table 3). 

Fig. 1. Curve for daily milk yield in 305-day lactation with linear trend in primiparous Jersey cows 
sired by bulls from the USA  

Differences in milk yield month to month

305-day lactation curve

Linear trend I degree
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By far the most (38.37%) cows sired by American bulls produced their highest daily milk 
yield from days 31 to 60 of lactation. Similar results were found for the daughters of Da-
nish (46.67%) and Canadian (36.59%) bulls. However, in some (33.33%) of the cows sired 
by bulls from Denmark, daily milk production was highest after the 90th day after calving 
as well. For daughters of Polish bulls, over 60% of the cows produced the highest daily 
milk yield up to the 30th day after calving. Taking into account the entire study population, 
by far the most (37.55%) cows reached the peak of lactation between 31 and 60 days after 
calving.

Figure 1 shows the lactation curve for daily milk yield in daughters of American bre-
eders. The curve is relatively uniform, which demonstrates stable milk production. Decre-
ases in daily milk yield from month to month did not exceed 6%. The daily milk yield at 
the peak of lactation was 23.3 kg of milk.

Fig. 2. Curve for daily milk yield in 305-day lactation with linear trend in primiparous Jersey cows 
sired by bulls from Denmark 

Differences in milk yield month to month

305-day lactation curve

Linear trend I degree
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In contrast, the daily milk yield curve determined for the primiparous cows sired by 
Danish bulls (Fig. 2) is quite irregular, with numerous rises and falls in yield. Two peaks 
can be distinguished during the lactation of these cows, on the second and fourth test days. 
Daily milk yield at the peak of lactation was slightly higher for these cows than for the 
daughters of US breeders. There was a noticeable lack of uniformity in the yield, and in 
one case (between the 7th and 8th test days) daily milk yield dropped by more than 10%.

Figure 3 presents the lactation curve for daily milk yield plotted for primiparous Jersey 
cows sired by Canadian bulls. Daily milk yield during the 305-day lactation period was 
fairly even in this group of cows. The month-to-month drops in yield did not exceed 7%. 
The peak of lactation was between the 2nd and 3rd test days (60-90 days). The daily yield 
of daughters of Canadian bulls at the peak of lactation was lower than that of their peers 
sired by bulls from Denmark, but higher than for the daughters of American breeders.  

Fig. 3. Curve for daily milk yield in 305-day lactation with linear trend in primiparous Jersey cows 
sired by bulls from Canada

Differences in milk yield month to month
305-day lactation curve
Linear trend I degree



31

The effect of the country of origin of the sire on milk performance of primiparous Jersey cows

Analysis of the lactation curve for the daily milk yield of daughters of Polish bulls (Fig. 4)  
reveals that the peak of lactation occurred on the second test day. However, daily milk 
yields were significantly lower than in the other groups of cows. In addition, towards the 
end of lactation the curve was not even. Monthly drops in yield during the first lactation pe-
riod were normal, followed by a sudden drop in yield of more than 17% (10th test day).

The lactation curve and the first-order trend for daily milk yield were most favourable 
for the cows whose sires were from the USA and Canada.

The results for milk performance traits were the least favourable in the group of daugh-
ters of bulls from Poland. This was most likely due to the lower breeding value of Polish 
breeders compared to foreign ones. Currently, only the semen of bulls with estimated bre-
eding value can be used in Poland, and due to the small number of Jersey cows evaluated, 
domestic breeders are not assessed. 

Fig. 4. Curve for daily milk yield in 305-day lactation with linear trend in primiparous Jersey cows 
sired by bulls from Poland 

Differences in milk yield month to month

305-day lactation curve

Linear trend I degree
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To sum up, the use of the semen of foreign Jersey bulls in the domestic population 
of cows of this breed caused an increase in milk yield in primiparous cows sired by 
these breeders, and the milk obtained had favourable concentrations of constituents. 
The results of the research indicate that in Polish conditions the use of semen of 
Danish bulls is preferable, although research should be continued to determine the 
lifetime productivity of cows and the concentrations of milk constituents that meet 
consumer demands, especially regarding the nutritional and health-promoting value 
of milk fat.
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