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ABSTRACT

The research was conducted based on 8895 test milkings of 463 milk cows calving 
first time in 2003 and reared in the Pomorze and Kujawy region. The aim of the 
present study was to analyse the influence of selected factors on the milk 
performance and its chemical composition. A statistical influence of a herd, season 
and year of calving, a season of test milking, lactation on milk performance traits was 
analysed using a multiple variance analysis. The milk performance, its chemical 
composition and quality altered considerably depending on the season of calving, 
season of test milking and successive lactation. The highest percentage amount of 
milk and its components was obtained from cows calving in spring months. In turn, 
the highest content of fat, protein, lactose and dry matter occurred in the samples 
collected from the cows calving in the summer milking period. The highest amounts 
of milk were collected in the summer period, and the lowest – in the winter period 
(these dissimilarities proved highly significant). The highest amount of calculated 
FCM and ECM, fat (kg) and lactose was collected from cows in their first lactation, 
whereas the lowest from those in their fourth lactation.

KEYWORDS: cow, milk performance, season of test milking, herd, lactation, season 
of calving

STRESZCZENIE 

Badania przeprowadzono na podstawie 8895 próbnych udojów 463 krów mlecznych 
cielących się pierwszy raz w 2003 roku, użytkowanych mlecznie na terenie Pomorza i 
Kujaw. Celem pracy była analiza wpływu wybranych czynników na wydajność i skład 
chemiczny mleka. Statystyczny wpływ stada, sezonu i roku wycielenia, sezonu doju 
próbnego, laktacji na cechy mleczności badano wykorzystując wieloczynnikową 
analizę wariancji. Wydajność mleka, jego skład chemiczny oraz jakość zmieniała się 
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istotnie w zależności od sezonu wycielenia, sezonu doju próbnego i kolejnej laktacja. 
Najwięcej mleka i jego składników otrzymano od krów wycielonych w miesiącach 
wiosennych. Najwięcej mleka uzyskiwano od krów dojonych w sezonie letnim, 
najmniej w zimowym (różnice okazały się wysoko istotne). Stwierdzono, że najwięcej 
mleka udojonego, obliczonego mleka FCM i ECM, tłuszczu (kg), i laktozy (kg) 
uzyskano od krów w laktacji pierwszej, najmniej w laktacji czwartej.

Słowa kluczowe: krowa, wydajność mleczna, sezon próby, stado, laktacja, sezon 
wycielenia

DETAILED ABSTRACT

Badania nad oceną wpływu czynników genetycznych i środowiskowych na 
wydajność i skład chemiczny mleka krów prowadziło wielu autorów [1, 2, 3, 6, 7, 8, 9, 
10, 12, 13, 14, 15]. Ich wyniki dowodzą, że wpływ różnych czynników w 
analizowanych populacjach przejawia się z różnym nasileniem – stąd też 
niejednoznaczne wnioski podawane w poszczególnych pracach. Kontynuacja 
powyższych badań w warunkach polskich jest więc jak najbardziej aktualna. Wynika 
to też z faktu, że użytkowanie mleczne krów stanowi największe źródło dochodu a 
sama populacja bydła jest ciągle genetycznie uszlachetniana. Celem pracy była 
analiza wpływu wybranych czynników na wydajność i skład chemiczny mleka.

Badania przeprowadzono na podstawie 8895 próbnych udojów 463 krów mlecznych 
cielących się pierwszy raz w 2003 roku, użytkowanych mlecznie na terenie Pomorza i 
Kujaw. Oceniane zwierzęta były mieszańcami krajowego bydła nizinno czarno-
białego z rasą holsztyńsko-fryzyjską. Udział rasy holsztyńsko-fryzyjskiej w genotypie 
zwierząt wyniósł powyżej 94%. Analizowano: wydajność mleka, wydajność i 
zawartość tłuszczu, białka oraz laktozy. Ustalono też zawartość suchej masy. 
Ponadto obliczono stosunek białka do tłuszczu (SBT), wydajność mleka FCM (Fat 
Corrected Milk) i ECM (Energy Corrected Milk). 

Statystyczny wpływ stada, sezonu i roku wycielenia, sezonu doju próbnego (TD), 
laktacji (1-4) na cechy mleczności badano wykorzystując wieloczynnikową analizę 
wariancji (procedura GLM SAS). Przebieg krzywej laktacji modelowano za pomocą 
wielomianów Legendre’a drugiego stopnia. Istotności różnic między grupami 
analizowano za pomocą testu Scheffé (SAS) [11].

W badanej populacji krów mlecznych średnia wydajność mleka wynosiła około 27,8 
kg, mleka FCM 28,5 kg natomiast mleka ECM – 28,3 kg. Procentowa zawartość 
tłuszczu i białka w mleku kształtowała się na poziomie: 4,3 i 3,3% (tab. 1). Stosunek 
białka do tłuszczu wyniósł 0,8. Średni poziom laktozy i suchej masy w badanych 
próbach mleka, kształtował się na poziomie: 4,8 i 13,1%. Wpływ większości 
czynników na poziom badanych cech okazał się istotny.
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 Najwięcej mleka i jego składników otrzymano od krów wycielonych w miesiącach 
wiosennych (tab. 2). Natomiast najwyższą procentową zawartością tłuszczu, białka, 
laktozy i suchej masy charakteryzowały się próby pobrane od krów cielących się w 
sezonie letnim (tab. 3). 

Biorąc pod uwagę okres wykonywania doju próbnego, najwięcej mleka uzyskiwano 
od krów w sezonie letnim – około 29 kg, najmniej w zimowym – 27,8 kg (różnice 
okazały się wysoko istotne) (tab. 2). Wydajność mleka FCM i ECM pozostawała na 
podobnym poziomie we wszystkich okresach roku. Jednocześnie zaobserwowano, 
że mleko otrzymane w sezonie letnim zawierała najmniej tłuszczu, białka i suchej 
masy (tab. 3).

Analizując zmiany wydajności i składu mleka w zależności od kolejności laktacji, 
stwierdzono, że najwięcej mleka udojonego, obliczonego mleka FCM i ECM, tłuszczu 
(kg), białka (kg) i laktozy (kg) uzyskano od krów w laktacji pierwszej, najmniej w 
laktacji czwartej (tab. 2). Różnice między kolejnymi laktacjami w większości 
przypadków okazały się istotne. 

INTRODUCTION

A number of authors carried out research in order to assess the impact of genetic and 
environmental factors on the yield and chemical composition of cow’s milk [1, 2, 3, 6, 
7, 8, 9, 10, 12, 13, 14, 15]. Their outcomes prove that this influence manifests itself 
with varying intensity, which leads to ambiguous conclusions offered in different 
papers. Therefore, the continuation of the above mentioned research in Poland is 
well-justified and fully up to date. This stems also from the fact that cows’ milk 
performance frequently comprises the greatest source of farmer’s income, and cattle 
populations themselves undergo constant genetic improvements.

The aim of the present study was to analyse the influence of selected factors on the 
milk yield and its chemical composition.

MATERIALS AND METHODS

The research was conducted based on 8895 test milkings of 463 milk cows calving 
first time in 2003 and reared in the Pomorze and Kujawy region. The cows under the 
study were hybrids of Polish black-and-white lowland cattle with the Holstein-Friesian 
breed. A typical share of the Holstein-Friesian cows in the population’s genotype 
exceeded 94%. 

The components that were accounted for included: the milk yield, the yield (kg, %) of 
fat, protein and lactose. In addition, the values of dry matter were determined, and 
the ratio of protein to fat (SBT), Fat Corrected Milk (FCM) and Energy Corrected Milk 
(ECM) yield were calculated. 
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A statistical impact of a herd, season and year of calving, a season of test milking 
(TD), lactation on milk performance traits was analysed using a multiple covariance 
analysis (GLM SAS procedure) [11]. A lactation curve was modeled using the second 
order Legendre polynomials. The following linear module was utilized:

yijklmn = μ + hi + wj + uk+ pl + lm + (h ´ l)im +  b1 x3  + b2 4
5

 (3x2 – 1) + eijklmn

where:  yijklmn – phenotypic value of a trait, 

μ – general mean,

hi – impact of the i-th herd (1-16),

wj   – impact of the j-th calving season (winter, spring, summer, autumn),

uk  – impact of the k-th calving year (2003, 2004, 2005, 2006, 2007, 2008),

pl  – impact of the l-th season of milk sampling (winter, spring, summer, autumn),

lm  – impact of the m-th lactation (1-4),

(h ´ l)im – two-way interactions.

x = minmax

)5(2
tt

t
−
−

- 1

t – day of milk sampling, tmax, tmin – time of maximum and minimum milk sampling 
(305, 5),

  eijklmn – sampling error.

The significances of the differences across the groups were figured out with the 
Scheffé test [11].

RESULTS AND DISCUSSION

In the researched population of milk cows, the mean milk yield was approximately 
27,8 kg, the FCM - 28,5 kg, whereas the ECM totaled 28,3 kg (Table 1). The 
percentage content of fat and protein in milk was 4,3% and 3,3% respectively. The 
ratio of protein to fat was 0,8. The mean level of lactose and dry matter in the studied 
samples was 4,8 and 13,1%.
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Table 1. Statistical characteristics of milk productivity traits
Charakterystyka statystyczna cech mleczności

Traits
Cechy N Mean

Średnia SD CV, %

Milk
Mleko (kg) 8895 27.82 12.37 44.48

FCM (kg) 8889 28.48 12.09 42.44
ECM (kg) 8838 28.30 11.93 42.14
Fat
Tłuszcz (kg) 8889 1.157 0.507 43.80

Protein
Białko (kg) 8877 0.915 0.390 42.66

Lactose
Laktoza (kg) 8838 1.345 0.615 45.705

Fat
Tłuszcz (%) 8889 4.294 0.927 21.59

Protein
Białko (%) 8877 3.322 0.375 11.30

SBT 8877 0.806 0.185 22.99
Lactose
Laktoza (%) 8838 4.805 0.268 5.58

Dry matter
Sucha masa 
(%)

8837 13.10 1.098 8.38

SD – standard deviation                        CV – coefficient of variation

SD – odchylenie standardowe                CV-współczynnik zmienności

The impact of the majority of the factors on the level of the studied parameters 
proved remarkable, which is concurrent with the results obtained by a number of 
authors [2, 10]. The greatest amount of milk and its constituents was obtained from 
cows calving during spring months (Table 2). The mean milk yield, FCM and ECM of 
those cows was 29,1 kg, 29,8 kg and 29,5 kg respectively. Indicative differences were 
noted in relation to the samples derived from cows calving in the summer period. The 
highest percentage content of fat, lactose and dry matter was characteristic of the 
samples taken from cows calving in the summer period (Table 3).

The level of milk traits of the cows utilized changed depending on the season the milk 
sampling was performed (Table 2). Considering the period in which test milking was 
carried out, the highest amount of milk was obtained in the summer season, i.e. 
approximately 29,2 kg, and the lowest – in the winter period, i.e. 27,8 kg (the 
differences turned out highly significant). The efficiency of FCM and ECM remained 
on a similar level across all seasons, irrespective of the period of milk sampling 
(Table 2). In the research of Górska et al. [4] it was concluded that the lowest daily 
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milk yield (28,3 kg) was obtained in the spring period, and it was lower in the autumn 
period. The difference between these seasons proved significant. Sawa and Bogucki 
[13] indicate that there is a 11% advantage of daily cow’s milk yield in the spring 
period when compared with the milk obtained in the autumn period. 

At the same time, it was observed that the milk obtained in the summer period 
contains the lowest amounts of fat, protein and dry matter (Table 3). The results 
obtained are in accordance with the research of other scholars [4] who also 
demonstrated the relationship between the milk sampling and the quantity and 
chemical composition of milk. Higher fat and protein content was usually observed in 
the autumn and winter months, whereas the lowest values were noted in the summer 
period [6, 12]. In the research of Górska et al. [4], the seasonal differences in the 
daily yield and content of protein and fat in milk were observed. Górska et al. [3] 
noted that in the summer period the milk obtained from cows was in excess of that 
obtained in the remaining seasons, whereas the protein and fat content was lower 
than in winter. Sawa et al. [12] were also the ones to find higher content of protein 
and fat in the autumn-winter period, and the lowest in the summer period. The lowest 
amounts of lactose were noted in the autumn milkings, whereas for the dry matter 
these were the summer season months (Table 3).

When analysing changes occurring in the milk yield and composition depending on 
successive lactation it was concluded that the highest amount of obtained milk, 
calculated FCM and ECM, fat (kg), protein (kg) and lactose (kg) was obtained from 
cows in their first lactation, whereas the lowest amounts were gathered from those in 
the fourth lactation (Table 2). The differences across successive lactations turned out 
to be, on the whole, remarkable. The tendency of growth in the milk yield up to the 
third lactation was observed by, among others, Sawa et al. [14] and Guliński and 
Młynek [5].

The percentage content of fat, lactose and dry matter was the highest in the first 
lactation, and the lowest in the fourth lactation, the differences being significant 
(Table 3). In turn, Sawa et al. [12] proved in their research that the heifer cows were 
no match for older cows as regards twenty-four hour milk yield and fat and protein 
content in milk. The research of Dorynek et al. [1] also revealed that the multiparous 
cows, when compared with a group of heifer cows at p≤0,01, were characterized with 
significantly higher daily milk yield (by 4,1 kg) and milk fat content (by 0,2%). Miciński 
[8] also noted that the highest fat and protein yield was observed in cows in their 
fourth lactation. In turn, Litwińczuk et al. [7] pointed out that the highest yields of the 
above mentioned components and dry matter was observed in the third lactation.

In the research of Litwińczuk et al. [7], the first lactation resulted in the highest 
lactose content (4,89%). As the cows advanced in age, it decreased systematically, 
and in the fourth lactation it was 4,70%. In own research it decreased in the 
analogous period from 4,92 to 4,70% as well (Table 3). 
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In own research the ratio of protein to fat was approximately 0,80, and the sole 
indicator that was significantly lower, i.e. 0,70, was observed in milk samples in the 
first lactation (Table 3). Similarly, the lower ratio of protein to fat was observed in the 
samples collected in winter when compared with summer samples. Górska et al. [3] 
reached similar outcomes. 

CONCLUSIONS

The conducted research allow to conclude that the milk performance, its chemical 
composition and quality altered considerably depending on the season of calving, 
season of test milking and successive lactation. The highest percentage amount of 
milk and its components was obtained from cows calving in spring months. In turn, 
the highest content of fat, protein, lactose and dry matter occurred in the samples 
collected from the cows calving in the summer period. 

Considering the period of milk sampling, the highest amounts of milk were collected 
in the summer period, and the lowest – in the winter period (these dissimilarities 
proved highly significant). At the same time, the milk obtained in the summer period 
was concluded to contain the lowest amounts of fat, protein and dry matter. On 
analyzing the fluctuations of milk performance and content depending on successive 
lactation it was concluded that the highest amount of calculated FCM and ECM, fat 
(kg) and lactose was collected from cows in their first lactation, whereas the lowest 
from those in their fourth lactation.
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Table 2. Impact of selected factors on milk performance and fat, protein and lactose (kg) 
Wpływ wybranych czynników na wydajność mleka, tłuszczu, białka i laktozy w mleku krów (kg)

a, b - P≤0,05; A, B - P≤0,01
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Table 3.Impact of selected factors on fat, protein, SBT, lactose and dry matter content in milk (kg) 
Wpływ wybranych czynników na zawartość w mleku tłuszczu, białka, SBT, laktozy i suchej masy (kg)

a, b - P≤0,05; A, B - P≤0,01
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