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Comparison of selected milk production
traits of Simmental and Polish Black-and-
White cows raised in the buffer zone of
Ujscie Warty National Park
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Abstract

In the study the qualitative and quantitative characteristics
of milk obtained from Simmental cows imported from the
Czech Republic (n = 63), their daughters born in Poland
(n = 46), and cows of the Polish Black-and-White breed with
up to 50% Holstein-Friesian genes (n = 21) were compared.
Actual milk yield, value-corrected milk (VCM) and ener-
gy-corrected milk (ECM), as well as fat and protein content in
the milk, were compared in 305-day lactation for a one-year
period. The udder health of cows was assessed on the basis
of the somatic cell count (SCC) in the milk and the log-trans-
formed somatic cell count (LnSCC). Polish Black-and-White
cows had the highest actual milk yield and fat yield. Simmen-
tals from the Czech Republic, on the other hand, had the
highest average protein yield and the highest VCM yield. The
season and the breed and origin of the cows were found to
significantly affect the number of milk samples with an ele-
vated SCC. Simmental cows born in Poland had significantly
the lowest mean SCC and LnSCC, as compared to both the
Czech Simmentals and the Black-and-White breed. The Sim-
mental cows, although their milk yield was lower than that of
the Black-and-White breed, had better udder health assessed
on the basis of LnSCC and their milk had a more favourable
protein-to-fat ratio. Simmental cows can be successfully used
on farms adjacent to areas under environmental protection,
where intensive agricultural production, including livestock
farming, is prohibited.

Keywords: Simmentals, Polish Black-and-White breed, milk
yield, somatic cell count, VCM, ECM, cows

Zusammenfassung

Vergleich ausgewahlter Milchleistungs-
merkmale von Fleckviehkiihen und
polnischen Schwarzbunten unter land-
wirtschaftlichen Bedingungen im
Hinterland des Nationalparks

»Ujscie Warty” (Warthe-Miindung)

In der Studie wurden quantitative und qualitative Milchmerk-
male der aus Tschechien importierten Fleckvieh-Kiihe (n = 63),
ihrer in Polen geborenen Tochter (n = 46) und der polnischen
Schwarzbunten Kithe mit einem Holstein-Friesisch-Genanteil
von 50% (n = 21) untersucht. Verglichen wurden tatsachliche
Milchleistung, wertkorrigierte (VCM) und ECM-Milchleistung
sowie Fett-und Proteingehalt in einer 305-Tage-Laktation inner-
halb eines Jahres. Anhand der Zellzahl in der Milch und des
natirlichen Logarithmus der Zellzahl (LnZZ) wurde die Euterge-
sundheit der Kiihe verschiedener Rassen und Herkunft bewer-
tet. Die polnischen Schwarzbunten Kiihe erreichten die hochste
tatsachliche Milch- und Fettleistung. Die Fleckvieh-Kiihe aus
Tschechien erreichten hingegen die héchste durchschnittliche
EiweiBleistung und die hochste VCM-Milchleistung. Einen signi-
fikanten Einfluss der Saison, Rasse und Herkunft der Kiihe auf
die Zahl der Milchproben mit erhohter Zellzahl wurde nachge-
wiesen. Die in Polen geborenen Fleckvieh-Kiihe charakterisier-
ten sich durch signifikant niedrigste mittlere ZZ und LnZZ, ver-
glichen mit der Schwarzbunten Rasse. Die Milchleistung lag bei
den Fleckvieh-Kiihen niedriger als bei den schwarzbunten
Kihen, allerdings waren Eutergesundheit, gemessen anhand
des LnZZ, und Eiweil3-Fett-Verhaltnis besser. Die Fleckviehkiihe
kdnnen erfolgreich in 6kologischen Regionen eingesetzt wer-
den, wo eine intensive landwirtschaftliche Produktion, ein-
schlieBlich der Viehzucht, nicht mdglich ist.

Schliisselworter: Fleckvieh, Polnische Schwarzbunte Rasse
Milchleistung, Zellzahl, VCM, ECM, Kiihe
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1 Introduction

The main objective of cattle breeding is to obtain the greatest
possible gain from cattle. In raising and breeding dairy cattle,
particular attention should be paid to high milk yield during
lactation and the number of times the cows gives birth in its
lifetime (Litwinczuk et al., 2006). Through intensive breeding
work and changes in housing systems imposing behavioural
restrictions on the animals, a significant increase in productiv-
ity has been achieved in dairy cattle breeds (Sato and Kuroda,
1993; Dymnicki et al., 2003; Kuczaj, 2004; Strzatkowska et al.,
2004; Gulinski et al., 2005).

According to Mészéros et al. (2008), Zavadilova et al. (2009)
and Zink et al. (2012) the health of the dairy cattle population
and the length of productive life have deteriorated significant-
ly due to intensification of production. The most common
health problems in dairy herds involve the reproductive sys-
tem and the udder. Udder health, affected by many factors, is
indicated by the somatic cell count in the milk (Fadlelmoula et
al., 2008; Borkowska et al., 2013). A change in its value also
indicates deterioration of the chemical status of the milk
(Koivula et al.,, 2005) and its suitability for processing (Gorska,
2004; Le Maréchal et al., 2011). Somatic cells are a natural bar-
rier protecting the udder (Janeway and Medzhitov, 2002; Ptak
etal, 2011), and therefore an increase in the number of patho-
genic microbes results in an elevated SCC in the milk (Harmon,
1994; @degard et al., 2003; Dankéw et al., 2004), accompanied
by a reduction in yield and a change in the chemical composi-
tion of the milk (Noori et al., 2013). Mastitis in dairy cattle is the
cause of the largest share of veterinary treatment costs (Ném-
cova et al., 2007) and one of the main causes of early culling
(Varisella et al., 2007; Rzewuska et al., 2011).

According to Hagg et al. (2010), Dai et al. (2011) and
Nantapo and Muchenje (2013), diet is one of the most
important factors affecting the yield and the chemical com-
position of cow milk. Litwirczuk et al. (2006), Myburgh et al.
(2012) and Ramatsoma et al. (2014) state that the quantita-
tive and qualitative characteristics of milk are largely influ-
enced by the individual properties of cows, their breed, and
their genetic potential. Of all dairy breeds, the Black-and-
White Holstein-Friesian variety has the highest genetically
determined milk yield. For processing, however, the milk of
this breed is less valued than that of the Simmental breed,
which is characterized by lower yield but produces milk with
a more favourable protein-to-fat ratio, which makes the milk
more suitable for cheese production (Bartowska et al., 2009).

The aim of the study was to compare selected milk pro-
duction traits of Simmental cows imported from the Czech
Republic and born in Poland and Polish Black-and-White
cows with up to 50% Holstein-Friesian genes raised in the
same environmental conditions.

2 Materials and Methods

The study was based on data collected on a farm in the village
of Stonsk (52°33'46"N; 14°48'22"E), located in the Lubusz
Voivodeship within the buffer zone of Ujscie Warty National
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Park. On average, 133 cows were kept in the herd. These
included 63 Simmental cows imported from the Czech Repub-
licand their daughters born and raised in Poland (46 cows), as
well as 24 cows of the Polish Black-and-White breed with up to
509% HF genes (because of incomplete data on 3 of them, the
study included 21 cows). The cows were kept in two free-stall
barns on shallow litter. Their diet was based on complete com-
pound feed (TMR system), which included maize silage,
haylage, crushed oats, rapeseed meal and a mineral-vitamin
blend. The cows were milked in a herringbone milking parlour
(two rows of seven stalls) twice a day, and the milk was stored
at4°Cin a Delaval tank and collected every other day.

The data for the study came from breeding documenta-
tion kept on the farm and the results of use value assessment
conducted on the farm and collected in the SYMLEK data-
base. Data on the daily milk yield (in kg) of each cow and milk
quality expressed as somatic cell count (SCC) in 1 ml of milk
were taken from 12 consecutive monthly test-day milking
results from a period of one year. Also collected were data on
the milk, fat and protein yield, as well as the percentage con-
tent of these constituents in 305-day lactations completed in
the year of the observations. For a reliable comparison of the
yield of the cows, 305-day actual milk yield was converted to
VCM (value corrected milk) and ECM (energy corrected milk).
The corrected yields were calculated according to the follow-
ing formulas:

VCM =-0.05 x milk (kg) + 8.66 x fat (kg) + 25.08 x protein (kg)
(Arbel et al., 2001)

ECM = milk (kg) x [0.383 x fat (%) + 0.242 x protein (%) + 783.2]/3.140
(Sjaunja et al., 1990).

Because the somatic cell count did not meet the conditions

of normal distribution, its value was transformed to a natural

logarithm (LnSCC) according to the formula given by Ali and

Ahook (1980):

LnSCC=Inx (SCC+10)

The protein-to-fat and fat-to-protein ratios were calculated

as well.

The experimental factors were as follows:

— breed and country of origin of cows, with three groups:
CSIM - Simmental breed from the Czech Republic;
SIM - Simmental breed born in Poland; ZB - Polish Black-
and-White

- sampling period, with four periods: | - January-March,
Il - April-June, lll - July-September, IV — October-December

- somatic cell count in 1T ml of milk, with four groups:
SCC <100,000; 101,000-200,000, 201,000-400,000 and
>400,000.

Statistical analysis was performed in StatSoft Inc. STATISTICA

ver. 7.1 software (2014). Features with a normal distribution

were analysed using the following statistical model:
Y,=u+a+b+e;

where:

U general mean

a, effectofi-th breed and origin of cows

bj effect of j-th sampling period

e random error

The significance of the effect of the experimental factors on

the features analysed was assessed by Duncan’s tests for
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normal distribution and the X* test for qualitative features
and features without normal distribution.

3 Results and Discussion

The data presented in Table 1 show that in each of the three-
month periods the highest percentage of milk samples had a
somatic cell count not exceeding 100,000/ml. The most such
samples (53.46 %) were noted in the first period of the year
(January-March); their frequency was much lower (about
40%) in the third and fourth periods (July-September and
October-December). Samples in which the SCC exceeded
400,000/ml were found in 14.41 to 24.68 % of cases, and were
most common in October to December. The high percentage
of milk samples with a somatic cell count of 200,000/ml or less
indicates that milk was mainly obtained from cows in which
the probability of mastitis was low. The sampling period was
found to have a significant influence (P <0.01) on milk quality.
In the second half of the year (the 3rd and 4th periods), milk
with a low (less than 200,000) somatic cell count was obtained
from a smaller percentage of cows (63 % and 59 %) than in the
first half (1st period — 71 % and 2nd period - 67 %).

In the period from January to March, Polish Black-and-
White cows had a significantly increased SCC (over 400,000)
in almost 30% of milk samples. This may indicate an
increase in the number of cases of subclinical mastitis in
this breed. The percentage of milk samples with the highest
SCC range increased in this group in successive sampling

Table 1
Frequency of milk samples with a specified somatic cell count depending on the sampling period in each group of cows
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periods, up to a level of over 45 % in the period from Octo-
ber to December.

The data in Table 1 may indicate that udder health was
best in the Simmental cows born in Poland (SIM), as from
nearly 60% to over 80% of milk samples with SCC below
100,000 were recorded in cows in this group in individual
periods. The milk of the other group of Simmental cows
(CSIM), although this was the oldest group, also had a fairly
low SCC; a high percentage of cows with a low somatic cell
count (up to 200,000 in ml of milk) was noted in this group.
The share of such samples in individual periods ranged
from 52 % to 68 %. In both groups of Simmental cows, the
milk sampling period was found to have a significant influ-
ence (P <0.01); the later the sampling period, the lower the
percentage of cows producing milk with a low SCC. It is dif-
ficult to conclusively state the reason for this. In all periods
the breed and country of origin of the cows had a signifi-
cant influence (P<0.01) on the number of milk samples
with a low SCC, and both groups of Simmental cows had
more of them than the Black-and-White cows. However, the
later the milk sampling period, the lower the value obtained
in the X2 test.

For comparison, Janu$ and Borkowska (2008) reported
that the average somatic cell count in the Black-and-White
cow breed was 757,000/ml. Gnyp et al. (2006a) obtained a
somatic cell count range of 368,000 to 531,000/ml. Accord-
ing to Janus and Borkowska (2008), high temperatures may
contribute to an increase in the SCC and thus in the number
of cases of udder inflammation in the summer.

Sampling ScC csim SIM ZB Total
period [1,000/ml] X2=22.85* X2=22.10* X2=8.89 N X2=26.00 *
% % % %
<100 88 48.62 78 82.11 12 21.05 178 53.46
101-200 36 19.89 9 9.47 14 24.56 59 17.72
Ixz 60,01+ 201-400 29 16.02 5 5.26 14 24.56 48 14.41
>400 28 15.47 3 3.16 17 29.83 48 14.41
Total 181 100 95 100 57 100 333 100
<100 71 42,52 79 73.83 9 17.31 159 48.77
101-200 26 15.57 15 14.02 18 34.61 59 18.10
')'(2 — 60,63+ 201-400 21 12,57 9 8.41 7 13.46 37 11.35
>400 49 29.34 4 3.74 18 34.62 71 21.78
Total 167 100 107 100 52 100 326 100
<100 61 3245 71 59.67 9 18.00 141 39.49
101-200 45 23.93 28 23.53 12 24.00 85 23.81
')'('z 4565+ 201-400 36 19.15 9 7.56 8 16.00 53 14.85
>400 46 24.47 1 9.24 21 42.00 78 21.85
Total 188 100 119 100 50 100 357 100
<100 53 33.54 67 58.77 1 2292 131 40.94
101-200 30 18.99 22 19.30 7 14.58 59 18.44
')2/2 3650 201-400 30 18.99 13 11.40 8 16.67 51 15.94
>400 45 28.48 12 10.53 22 45.83 79 24.68
Total 158 100 114 100 48 100 320 100

* X?test value significant at P<0.01; NS X? value not significant
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Figure 1

Mean SCC in the milk of cows of different breeds and countries of origin in each month of the year

The data presented in Figure 1 show that the milk of Black-
and-White cows had significantly (P<0.01 and P <0.05) the
highest mean SCC in nearly all months. Only in two months
(August and October) did these cows have a slightly better
result than the group of Czech Simmental cows. ZB cows had
mean SCC values of 400,000/ml in only two months (Febru-
ary and July), while in the remaining months these values
were about 500,000/ml or much higher.

In every month of the year, the most favourable SCC val-
ues were found for the Simmental cows born in Poland. In
only two months (November and December) did this group
produce milk with an average SCC content above 200,000/ml.
In the remaining months, these values fluctuated around

Table 2
Mean LnSCC values depending on the breed and country of origin of cows in each month of the year

100,000/ml or much lower. The other group of Simmental
cows (from the Czech Republic), despite being the oldest
group, also had relatively low SCC values. This suggests that
Simmental cows have less serious problems with udder
health than Black-and-White cows raised in the same condi-
tions.

Table 2 shows that the average log-transformed somatic
cell count ranged from 10.55 to 13.10. The highest value for
this index (13.10) was found in December in the Black-and-
White cows, and the lowest natural logarithm (10.55) was
recorded in the Polish Simmentals in February. Similar LnSCC
values, but in a narrower range (11.71-12.39), were obtained
by Gnyp et al. (2006b). In a study by Borkowska and Janus

January 49 11.91 9.81 28
February 57 11.55 A 9.82 30
March 60 11.58 10.67 29
April 64 11.80 #8 10.12 35
May 60 11.95 11.83 36
June 59 12.14 A 11.72 38
July 51 12.04 * 11.64 37
August 65 1212 »8 10.60 39
September 63 1236 4 9.91 40
October 60 11.96 @ 9.92 37
November 65 1246 * 10.31 37
December 53 12.23 * 10.49 46

11.02 *8 7.99 20 1240 & 9.90
10.55 *® 7.25 20 12,07 8 11.20
11.08 * 8.86 21 12.10 ° 19.71
10.99 B¢ 6.52 18 12.68 A< 8.60
11.34 A 7.42 16 1252 A 10.08
10.90 *® 6.81 19 1253 & 10.37
11.00 *® 10.21 19 1222 8 10.59
11.18 A< 9.11 19 13.05 B¢ 10.31
11.31 %8 9.37 19 1242 8 9.57
11.10 A 16.10 14 12.49 A 10.21
11.42 *® 10.60 14 1272 8 8.66
11.36 " 11.76 17 13.10 *° 9.78

Means in rows marked with the same letters differ significantly: upper case - at P <0.01; lower case - at P<0.05
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(2010), the log-transformed somatic cell count in the Mont-
béliarde breed, depending on the factor analysed, was also
in a smaller range (11.79-12.54). These authors’research indi-
cated that the log-transformed somatic cell count was in part
dependent on the season and the age of the cows. The influ-
ence of season of the year and lactation number were also
reported by Fadlelmoula et al. (2008). These authors stated
that SCC was lower in winter and spring season and higher in
summer and autumn. These findings also indicated that SCC
was higher in multiparous than in primiparous cows. Accord-
ing to Diirr et al. (2008), an increase in LnSCC by one unit can
cause milk yield losses from 0.77 to 1.78 kg/day. Kocak (2006)
estimated that daily milk losses due to mastitis range from
0.76 kg to 4.56 kg.

The LnSCC values calculated for Simmental cows of
both groups in all months were found to be lower than in
the Black-and-White cows. Bendelja et al. (2011) and Got-
tardo et al. (2017) also showed that Simmental cows had a
more favourable log-transformed SCC than Holstein cows.
In our research, the mean LnSCC in the milk of Polish Sim-
mentals was significantly (P <0.01 or P <0.05) lower in each
case than for the group of ZB cows. A similar relationship
was also found for the SIM and CSIM cows, although for the
months of March and May it was not statistically confirmed.
Itis likely that the higher LnSCCin the Czech Simmentals as
compared to their daughters born in Poland was due to the
fact that this was the oldest group of cows in the herd. It is
also noteworthy that the average LnSCC values were with-
in the narrowest range in the SIM cows (from 10.55 to
11.42). The values for this indicator were most varied in the
ZB cows (12.07-13.10); the difference between the lowest
and the highest values was 1.03. The LnSCC values report-
ed by Sawa and Bogucki (2002) for Black-and-White cows
with up to 50 % of Holstein-Friesian genes were lower and
less varied (12.11-11.15) than those obtained in the pres-
ent study.

The average 305-day milk yield in the groups of cows
ranged from 5,690 to 6,388 kg (Table 3). Black-and-White
cows had significantly higher (P <0.05) milk yield, by almost
900 kg, than the Polish Simmentals. Compared to Czech Sim-
mentals, however, the difference was less than 200 kg of milk.

Table 3
Milk production traits of cows of different breeds and different countries of origin in 305-day lactation
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This relationship still held when actual yield was converted
to ECMyield, although the differences between groups were
smaller. However, when the actual milk yield was converted
to VCM, the highest yield was found for the Czech Simmental
cows. The groups did not differ significantly in terms of per-
centage content of fat in the milk (3.81-3.98%); the lowest
mean value for this feature was obtained for Czech Simmen-
tals.

Milk protein content was significantly higher (P<0.01) in
both groups of Simmental cows than in the Black-and-White
cows. As a result, both groups of Simmentals had significantly
(P <0.01) better ratios of fat to protein and protein to fat than
the Polish Black-and-White cows. In a study by Fleszar (2009),
the milk yield of Black-and-White cows in 305-day lactation
was lower (4,150 kg) than that obtained in the present study,
but the milk had more favourable fat (4.8%) and protein
(3.6%) content. Polska Federacja Hodowcéw Bydta i Produ-
centéw Mleka (2018) reports that in 2017 Simmental cows
kept in Poland surpassed Black-and-White cows in terms of
milk yield (6,252 vs. 4,668 kg), and their milk contained more
protein (3.45% vs. 3.30%), with comparable fat content
(417 % vs. 4.16%). Nistor et al. (2014), on the other hand,
found that the Slovak Simmental population had lower milk
yield (4,053 kg) and produced milk with lower protein con-
tent (3.12%) than the Simmental cows in our research. In
another study (Bartowska et al. 2009), the milk of Simmental
cows had a higher content of fat and protein and a more
favourable protein-to-fat ratio than Holstein-Friesian cows of
the Black-and-White and Red-and-White varieties. Bendelja
etal. (2011), in a comparison of the daily yield of cows of two
breeds, found that Holstein cows produced significantly
more milk with higher fat content, whereas the milk of Sim-
mental cows had a higher protein content. Gottardo et al.
(2017) compared four breeds and found that Holstein-Friesian
cows achieved significantly the highest yield in comparison
to the other breeds, including Simmental, but the milk of
these cows had the lowest content of fat and protein. Skrzypek
and Szukalski (2006), comparing the performance of domes-
tic Black-and-White cows with that of imported ones, found
lower milk yield in the Polish breeds, which produced
6,406 kg of milk in 305-day lactation, while the average yield

Milk production traits CSIM; n=63 SIM; n =46

Milk yield (kg) 6,388.50 1,194.20 5,690.10 @ 1,123.50 6,573.90 1,614.80
VCM (kg) 7,752.14 1,554.43 7,222.45 1,334.87 7,456.65 2,011.40
ECM (kg) 6,194.24 1,016.55 5616.98 © 1,032.82 6,400.24 © 1,508.85
Fat yield (kg) 242.06 41.77 224.28 41.62 246.24 82.89
Fat content (%) 3.81 047 3.93 0.38 3.98 0.32
Protein yield (kg) 208.48 48.62 195.14 38.04 195.41 63.70
Protein content (%) 338 4 0.22 3398 0.21 3.14 "8 0.26
Fat/protein 1,02 A 0.09 1.16 8 0.09 1.28 #& 0.16
Protein/fat 0.89 * 0.08 0.87 & 0.07 0.79 & 0.08

Means in rows marked with the same letters differ significantly: upper case — at P<0.01; lower case - at P <0.05
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of the foreign breeds was 6,874 kg of milk. Czerniawska-
Pigtkowska and Szewczuk (2006) also reported lower yield in
305-day lactation for home-bred Holstein-Friesians in com-
parison to imported cows.

4 Conclusions

The research revealed significant variation in the somatic cell
count in the milk of the cow population under study. The
highest mean SCC and LnSCC were found in the milk of Black-
and-White cows with Holstein-Friesian genes not exceeding
50%, which may suggest that this breed is more susceptible
to mastitis. The results for the Simmental breed were much
more favourable in this regard. In cows of this breed born in
Poland, the SCC in 58.77 to 82.11 % of milk samples did not
exceed 100,000/ml. The Czech Simmentals, despite being
the oldest group of cows, also produced a high percentage
of samples with a low somatic cell count (up to 200,000 per
ml of milk). The ZB cows had the highest actual and ECM milk
yield in 305-day lactation, but VCM yield was highest in the
Czech Simmentals. The milk of the Simmental cows also had
a more favourable composition than that of the Black-and-
White breed, as it contained significantly more protein. It also
had more favourable proportions of the two most important
milk constituents, i.e. fat and protein. The results suggest that
Simmental cows can be successfully used on farms adjacent
to areas under environmental protection, where intensive
agricultural production, including livestock farming, is pro-
hibited.
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