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Abstract
The objective of the present study was to evaluate the effect of breed and feeding system on the 
content of selected whey proteins in cow’s milk collected in the spring-summer and autumn-winter 
periods. A total of 2,278 milk samples from Black- and Red-and-White variety of Polish Hol-
stein-Friesian cows and Simmental and Jersey cows were examined. In each sample the content of 
selected whey proteins, i.e. alpha-LA, beta-LG, lactoferrin, BSA and lysozyme, was analysed by 
RP-HPLC method. Evaluation of the simultaneous effect of breed and production season on whey 
protein content showed significant interactions (P≤0.05 and P≤0.01) for all analysed whey pro-
teins. The milk of Simmental cows kept in the conventional system was characterized by a higher 
content of whey proteins (with the exception of BSA), in comparison to the cows managed under 
TMR system. Furthermore, for most of the evaluated components, except the content of BSA and 
lysozyme and the alpha-LA/beta-LG ratio, the simultaneous effect of feeding system and produc-
tion season was also found.
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Milk proteins, which are an integral component of food, are considered the rich-
est source of ingredients, both nutritional and functional. In terms of nutritional 
value, they are the reserve of energy and essential amino acids determining proper 
growth and development of the human organism. The main source of these proteins is 
whey, a by-product of cheese production in the dairy industry. In 2009 its production 
amounted to 1.1 million tons, including 160,000 tons of whey powder (IERiGŻ-PIB, 
2010). Whey proteins have the ability to reduce the risk of many diseases of modern 
civilization (Konrad and Kleinschmidt, 2008; Król et al., 2010 a; Liu et al., 2007). 
They also contribute to binding and transport of macro-and microelements (Farrell 
et al., 2004; Indyk, 2009). It is generally accepted that changes in the content of milk 
components are caused in more than 50% by genetic factors and in about 40% by 



A. Brodziak et al.262

environmental ones (Krzyżewski et al., 1997). Walker et al. (2004) and Barłowska 
(2007) stated that seasonal changes in milk composition are mainly the result of 
diversified feeding in autumn-winter and spring-summer periods, but also they oc-
curred due to variations in ambient temperature or animal keeping conditions.

The objective of the present study was to evaluate the effect of breed and feed-
ing system on the content of selected whey proteins in cow’s milk collected in the 
spring-summer and autumn-winter periods.

Material and methods

Material
The study was conducted throughout three successive years (2007–2009), in  

17 farms keeping dairy cows of three major breeds in Poland, i.e. Black- and Red-
and-White variety of Polish Holstein-Friesian, Simmental and Jersey. These farms 
are located in eastern and south-eastern Poland. All Polish Holstein-Friesian and Jer-
sey cows were managed under an intensive system in free-stall barns. Animal feed-
ing system, established over both the spring-summer and autumn-winter season, was 
based on a Total Mixed Ration (TMR), i.e. 20 kg of maize silage, 15 kg of haylage,  
4 kg balanced feed and 1 kg of protein concentrate. Moreover, in all farms the cows 
received a supplement of standard mineral-vitamin mixture for dairy cows (MMB), 
in the amount of 120–170 g, depending on yield and type of mixture. Simmental 
cows were divided into two study groups. One group of these cows, from the Lublin 
and Bieszczady region, was also managed in free-stall barns under an intensive feed-
ing system (TMR system) and received about 25 kg of haylage, 4 kg of balanced feed 
and 1 kg of protein concentrate, and 120–170 g of standard mineral-vitamin mixture. 
However, the cows from the second group were maintained in tie-stall barns in the 
Bieszczady region and a conventional feeding system was only used. In the spring-
summer period animals grazed pasture ad libitum (about 50 kg of grasses daily), 
receiving 3 kg of hay and 2 kg of crushed cereal meal additionally. In the autumn-
winter season animal feeding was based on haylage (about 30 kg), 2 kg of hay and  
2 kg crushed cereal meal. Therefore, two feeding systems, i.e. TMR and convention-
al, were distinguished for the Simmental breed in order to more precisely determine 
the effect of feeding system on the content of the analysed components of milk.

Milk samples were collected individually from each cow during test milking 
which took place twice a year, once in the autumn-winter (December-February) pe-
riod and again in the spring-summer period (May-July). A total of 2,278 milk sam-
ples were examined (789 from Black-and-White variety of Polish Holstein-Friesian, 
486 from Red-and-White variety of Polish Holstein-Friesian, 768 from Simmental 
and 235 from Jersey cows). From Simmental cows managed under the intensive 
system 395 samples of milk were obtained, i.e. 203 in the spring-summer season and 
192 in the autumn-winter period, whereas 373 samples from the cows kept according 
to the conventional feeding system, i.e. 188 in the spring-summer season and 185 in 
the autumn-winter season.
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Chemical analysis
All milk samples collected into plastic containers were transported to the labora-

tory of the Department of Commodity Science and Processing of Animal Raw Ma-
terials at the University of Life Sciences in Lublin (Poland).

To evaluate the content of chosen whey proteins, i.e. alpha-lactalbumin (alpha-
LA), beta-lactoglobulin (beta-LG), lactoferrin, bovine serum albumin (BSA) and 
lysozyme, whey samples from milk of cows were prepared according to a modified 
version of the method described by Romero et al. (1996): 50 ml of raw milk was ad-
justed to pH 4.6 with 0.1 mol/dm3 HCl and allowed to stand at room temperature for 
acid precipitation of caseins. Consequently, whey (about 5 ml) was taken from each 
of the samples separately and then centrifuged. Finally, whey solutions were filtered 
through quality filters and then through 0.20-μm disposable sterile filters (Millipore, 
type GSTF). The supernatants in vials were refrigerated until further analysis and, 
when appropriate, injected into the chromatograph (in the amount of 20 μl).

The separation of milk whey proteins was performed by RP-HPLC. The whole 
system consisted of HPLC apparatus, ProStar 210 pumping system, ProStar 410 au-
tosampler and ProStar 325 UV-VIS detector (Varian, USA). The system was con-
trolled by Varian Star Chromatography Workstation System ver. 6.2. The measure-
ments were carried out using the water/acetonitrile mobile phase at gradient elution 
and NUCLEOSIL 300-5 C18 column (Varian, USA) of 250 mm length and 4.6 mm 
diameter. The mobile phase was solvent A (90% water, 10% acetonitrile) and sol-
vent B (90% acetonitrile, 10% water) purchased from Sigma (Germany). All chemi-
cals were HPLC analytical grade. The solvents were filtered through 0.45-μm filters 
(Millipore, USA) and degassed. Total analysis time for a single sample was 35 min 
at 205 nm wavelength with column temperature of 37°C.

Calibration
The analyses of reference substances were conducted under the same conditions. 

The calibration of the chromatographic system for whey proteins determination was 
carried out by the external standard method. For this purpose, each protein was cali-
brated individually by injection of the standard solutions (20 μl). The standards were 
purified proteins, i.e. alpha-LA (≥85%), beta-LG (90%), BSA (≥96%) and lactofer-
rin (90%) from bovine milk, as well lysozyme (95%) from hen egg whites, which 
were purchased from Sigma (Germany). On the basis of the chromatograms obtained 
using the program Star 6.2 Chromatography Workstation (Varian, USA), the qualita-
tive and quantitative identification of each substance was performed.

Data analysis
The statistical analysis included the effect of cow breed, production season and 

feeding system using the following linear model:

Yijk = µ + ai + bj + ck +(ai × bj) +(ai × ck) + (bj × ck) + eijk

where:
Yijk – dependent variable,
µ – effect of total mean,
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ai – effect of cow breed (i = 1...4),
bj – effect of production season (j = 1, 2),
ck – effect of feeding system (k = 1, 2),
(ai × bj), (ai × ck), (bj × ck) – effect of interaction of two factors,
eijk – random error.

The results obtained were analysed by the factorial ANOVA procedures of Sta-
tistica ver.6 (Statsoft Inc. 2003). This was done based on one-way and multifactorial 
analysis of variance with interaction, using Tukey’s HSD procedure.

Results

Results included in Table 1 indicate a significant influence of breed on the ana-
lysed whey protein content. Milk obtained from Polish Holstein-Friesian cows, the 
most important breed for milk production in both Poland and the world, contained 
the lowest amount of compounds evaluated. Interestingly, the richest source of these 
proteins was milk from Simmental cows. A significant (P≤0.01) influence of season 
on the whey protein content and alpha-LA/beta-LG ratio was also stated (Table 1). In 
the spring-summer season, regardless of the breed, cows produced milk with higher 
concentrations of the constituents evaluated. In the autumn-winter season, depend-
ing on the breed, milk contained from 0.01 to 0.09 g/dm3 less alpha-LA, from 0.02 to 
0.36 g/dm3 less beta-LG, from 8.25 to 22.71 mg/dm3 less lactoferrin and from 0.49 to 
1.30 μg/dm3 less lysozyme. It should be noted that the smallest differences between 
seasons were found in the milk of Polish Holstein-Friesian cows. Milk collected in 
the autumn-winter season was characterized by a higher content of BSA; however, 
significant differences (P≤0.01) of 0.03 g/dm3 were reported for milk from Sim-
mental and Jersey cows. On the basis of two-way analysis of variance, taking into 
account the breed and production season, significant interactions (P≤0.01) for beta-
LG, BSA, lactoferrin and alpha-LA/beta-LG ratio as well as at P≤0.05 for alpha-LA 
and lysozyme were stated.

Using the example of the Simmental cows, for which it was possible to dis-
tinguish two systems of feeding, significant differences between the groups in the 
concentration of proteins reported were discussed (Table 2). The milk of Simmental 
cows maintained in the conventional system, both in the spring-summer and autumn-
winter seasons, was characterized by a higher content of whey proteins, with the ex-
ception of BSA, particularly in the period when the animals were kept on a pasture. 
In comparison with the cows fed the TMR, this milk contained more alpha-LA (by 
0.09 g/dm3), beta-LG (by 0.09 g/dm3), lactoferrin (by 16.81 mg/dm3) and lysozyme 
(by 0.65 μg/dm3). In the spring-summer season these differences were higher by 
44%, 1.11 times, 41% and 34%, respectively. The highest content of BSA, however, 
was observed in the milk of cows fed using the TMR system (0.48 g/dm3), especially 
in the autumn-winter period. When analysing a simultaneous effect of feeding sys-
tem and production season, significant interactions (P≤0.01) for the content of alpha-
LA, beta-LG and lactoferrin were found (Table 2).
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Discussion

The chemical composition of milk depends mainly on genetic and environmen-
tal factors, as well as their interactions. Nevertheless, it should be noted that some 
parameters are more sensitive to changes occurring in the environment, primarily 
taking into account a production system (Bilik and Łopuszańska-Rusek, 2010; Cr-
oissant et al., 2007).

Our results are consistent with those obtained by Wielgosz-Groth (2004), who 
found a significantly higher content of alpha-LA and beta-LG in the milk of Polish 
Holstein-Friesian cows from the spring-summer season, in comparison with the au-
tumn-winter period. In other studies the authors showed that milk from local cow 
breeds, especially the Polish Red breed, is a more valuable source of functional whey 
proteins, especially in the summer season when animals grazed outdoors. The results 
obtained for two-way analysis of variance with interaction indicate, similarly to our 
study, a significant effect of breed on the content of all proteins analysed, i.e. alpha-
LA, beta-LG, lactoferrin and BSA. Nevertheless, the results do not confirm a signifi-
cant (P≤0.05 and P≤0.01) effect of breed and production season interaction on the 
content of these compounds (Król et al., 2010 b). The authors noted, however, slight 
differences between seasons in whey protein content in milk from Polish Holstein-
Friesian that reached 0.05 g/dm3 for alpha-LA, 0.06 g/dm3 for beta-LG and 13.7 mg/
dm3 for lactoferrin in favour of the summer season. No significant seasonal changes 
in the content of bioactive components in milk were also confirmed by Reklewska 
et al. (2003), who analysed the milk of Black-and-White cows with at least 85% of 
Holstein-Friesian genes. Interestingly, Litwińczuk et al. (2011) showed that eleva-
tion of somatic cell count (SCC) produced a decrease in major albumins, i.e. alpha-
LA and beta-LG. SCC growth caused a significant rise in immunoactive proteins 
(lactoferrin and lysozyme) as well as bovine serum albumin (BSA). The interactions 
between breed and SCC for the BSA content have indicated varying susceptibility of 
the analysed cow breeds to the increase in somatic cell count.

The quality of milk obtained is determined mainly by feeding, which, however, 
is strongly associated with the production season (Barłowska et al., 2009; Bilik and 
Łopuszańska-Rusek, 2010; Croissant et al., 2007). Compared to our research, Król 
et al. (2008) found that the milk of Simmental cows kept on the pasture was char-
acterized by a higher content of whey proteins, in comparison to the cows managed 
under TMR system. Significant differences (P≤0.01) were observed particularly in 
the concentration of beta-LG, which was about 0.34 g/dm3 higher in the milk of cows 
grazing the pasture. Milk was also characterized by a higher content of alpha-LA (by 
0.14 g/dm3) and lactoferrin (by 27.9 mg/dm3). Moreover, these results are also sup-
ported by an investigation of Reklewska et al. (2003), who noted that the concentra-
tion of whey proteins in the milk from Polish Holstein-Friesian cows, depending on 
the feeding system, ranged from 1.11 to 1.37 g/dm3 for alpha-LA and from 3.04 to 
3.74 g/dm3 for beta-LG. According to Mackle et al. (1999), a decrease in the main 
albumin content of milk occurred in the case of cows fed a limited amount of forage, 
compared to animals receiving additional concentrates. The authors stated that an 
increase in the amount of energy taken from the feed has an effect on the concentra-
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tion of whey proteins in milk. However, Turner et al. (2007) showed a significantly 
higher content of lactoferrin in milk of cows with unlimited access to pasture, in 
contrast to restricted grazed cows. On average, animals grazed ad libitum took daily 
twice as much as dry matter in the ration, which resulted in an increase in production 
of milk constituents. In another study, cows managed under the conventional system, 
in contrast to organic feeding, produced milk with a higher content of solids, includ-
ing crude protein and casein (Bilik and Łopuszańska-Rusek, 2010).

In conclusion, it should be noted that evaluating the simultaneous effect of breed 
and production season on whey protein content showed significant interactions 
(P≤0.05 and P≤0.01) for all analysed whey proteins. The milk of Simmental cows 
kept in the conventional system was characterized by a higher content of whey pro-
teins (with the exception of BSA), in comparison to the cows managed under TMR 
system. Furthermore, for most of the analysed components, except for the content 
of BSA, lysozyme and alpha-LA/beta-LG ratio, the simultaneous effect of feeding 
system and production season was also found.
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ANETA BRODZIAK, JOANNA BARŁOWSKA, JOLANTA KRÓL, 
ZYGMUNT LITWIŃCZUK

Wpływ rasy i systemu żywienia krów na zawartość wybranych białek serwatkowych mleka  
w okresie wiosenno-letnim i jesienno-zimowym

STRESZCZENIE

Celem pracy było określenie wpływu rasy i systemu żywienia krów na stężenie wybranych białek 
serwatkowych w mleku pozyskiwanym w okresie wiosenno-letnim i jesienno-zimowym. Badaniami 
objęto 2278 próbek mleka pobranych od krów rasy polskiej holsztyńsko-fryzyjskiej odmiany czarno-  
i czerwono-białej, Jersey oraz simentalskiej. W każdej próbce oznaczono zawartość alfa-laktoalbuminy, 
beta-laktoglobuliny, laktoferyny, krowiej albuminy serum i lizozymu, metodą RP-HPLC. Oceniając 
równoczesny wpływ rasy i sezonu produkcji na zawartość białek serwatkowych wykazano istotne 
interakcje dla wszystkich analizowanych białek serwatkowych. Mleko krów simentalskich utrzymy-
wanych systemem tradycyjnym wyróżniało się wyższą zawartością białek serwatkowych (oprócz BSA) 
w porównaniu do żywionych systemem TMR. Dla większości analizowanych składników, z wyjątkiem 
zawartości BSA, lizozymu oraz stosunku alfa-laktoalbuminy do beta-laktoglobuliny, zanotowano 
również jednoczesny wpływ systemu żywienia i sezonu produkcji.


