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Abstract

The aim of the study was to compare the content of selected bioactive whey proteins and lipophilic
vitamins, which largely determine the bioactive status of milk, in milk obtained from local breeds
of cows raised in Poland (Polish Red, White-Backed and Simmental) and Polish Holstein-Friesian
cows. Basic chemical composition and content of selected bioactive compounds (B-lactoglobulin,
a-lactalbumin, lactoferrin, bovine serum albumin, and vitamins: E, A, D, and f-carotene) in 550
milk samples were analysed. The milk produced by local breeds proved to be a more valuable
source of whey proteins and lipophilic vitamins than that of the Polish Holstein-Friesians. It was
distinguished by its content of all bioactive compounds, including those with antioxidant proper-
ties, i.e. vitamins E, A and D, and B-lactoglobulin, and antimicrobial properties, mainly lactoferrin.
Therefore, the milk of cows of local breeds should be considered a valuable material for process-
ing, especially at the level of the farm or small local processing plant, to produce products that are
richer in health-promoting compounds. The promotion of milk from local breeds can therefore be
an opportunity for the farms that raise them.
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An increasing number of farms raising dairy cows are introducing intensive
milk production systems, i.e. replacing tie-stall barns with free-stall barns (building
new ones or modernizing old ones), in which the same complete feed ration system
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genetic resources under sustainable development” co-financed by the National Centre for Research and
Development within the framework of the strategic R&D programme “Environment, agriculture and
forestry” — BIOSTRATEG, contract number: BIOSTRATEG2/297267/14/NCBR/2016.
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(TMR - Total Mixed Ration or PMR — Partial Mixed Ration) is used year round
(Litwinczuk et al., 2014). A small number of transboundary breeds, predominantly
Holstein-Friesian, are used in these systems. An alternative is traditional milk pro-
duction systems, which are usually used on low-input family farms. These farms are
most often located in regions with hard temperate natural conditions (e.g. mountains,
foothills or wetlands). In these areas the use of native (local) breeds is preferred be-
cause they adapt easily to the unfavourable environment. Animals of these breeds are
also more resistant to disease, including mastitis, and are distinguished by longevity
and calving ease (Litwinczuk et al., 2012). There are 1,224 cattle breeds registered
in the world, and the vast majority of them (83%) are local breeds. It should be
noted that 184 of these are classified as extinct, and 171 are threatened with ex-
tinction (FAO, 2016). In Poland, there are four native cattle breeds (Polish Red,
White-Backed, Polish Black-and-White and Polish Red-and-White), which due to
the threat of extinction are covered by a genetic resources conservation programme
implemented by the National Research Institute of Animal Production in Balice.

Cows of native breeds, unfortunately, are less productive as compared to the
breeds used in intensive production systems (Gandini et al., 2007). However, re-
search by many authors (Bergamo et al., 2003; Butler et al., 2008; Krol et al., 2010;
Litwinczuk et al., 2012; Ramalho et al., 2012; Petrera et al., 2016; Puppel et al.,
2017) indicates that their milk is of higher nutritional value and more suitable for
processing than milk produced in intensive systems. This is mainly due to the fodder
obtained from permanent grassland forming the basis of the cows’ diet on low-input
farms, especially in spring and summer (Collomb et al., 2008; Krdl et al., 2011;
Kuczynska et al., 2011; Gabryszuk et al., 2013; Brodziak et al., 2018). In some
countries, including Italy, Spain and Portugal, native breeds have been promoted
for many years by using their milk to produce regional products. This is also a re-
sponse to public demand, because increasing numbers of consumers are looking for
regional food, which they associate with greater nutritional value, a lack of additives,
and health benefits (Annunziata and Vecchio, 2016; Balogh et al., 2016; Feldmann
and Hamm, 2014; Grunert and Aachmann, 2016). It should be emphasized that the
available Polish and foreign literature contains few studies devoted to the content of
nutrients with a high bioactive status in milk obtained from indigenous cows (Krol
et al., 2010; Litwinczuk et al., 2012; Petrera et al., 2016). This is particularly true of
vitamins (Pires et al., 2003; Ramalho et al., 2012).

Hence the aim of the study was to compare the content of selected bioactive
whey proteins and lipophilic vitamins, which largely determine the bioactive status
of milk, in milk obtained from local breeds of cows raised in Poland and Polish
Holstein-Friesian cows.

Material and methods

Research material
The study was conducted on milk obtained on 18 traditional family farms rais-
ing local breeds of cattle (Polish Red, White-Backed and Simmental), located in
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south-eastern Poland, i.e. in the Lublin region, Podlasie, the Bieszczady Mountains,
and the Low Beskids. Due to the large share of permanent grassland in these areas,
a traditional milk production system is used. The cows’ diet in the spring and sum-
mer is based on pasture with the addition of hay and cereal meal, while in the autumn
and winter they receive haylage supplemented with hay and cereal meal (Table 1).
The Polish Black-and-White Holstein-Friesian cows were raised in an intensive sys-
tem. Their diet throughout the year was based on a PMR (partial mixed ration) sys-
tem, in which the feed ration consists of bulky feed (maize silage and haylage) and
concentrate feeds.

Table 1. Characteristics of farms covered by research

Specification Conventional | Intensive (PMR system)
Number of farms 18 2
Average number of cows 12 (10-20) 60
in a herd
Average daily milk yield 15.1 26.8
per cow (kg)
Feeding of cows Summer season: Summer season:
pasture — ad libitum haylage + maize silage — approx. 35 kg
hay — 3 kg meal — 2-3 kg
grain meal — 2 kg
Winter season: Winter season:
haylage — approx. 20 kg haylage + maize silage — approx. 35 kg
hay — 3 kg meal — 4-5 kg
grain meal — 2-3 kg
Milking system Bucket or pipeline milking system Milking parlour
Animal housing Tied Free-stall barns

Milk samples were collected in 2016-2018, individually from each cow dur-
ing test-day milking, in two production seasons, i.e. spring/summer (May-June) and
autumn/winter (December-January). Cows selected for the study were in the middle
period (between 30 and 120 days) of lactation. An effort was made to collect milk
from the same cows. In total, 550 milk samples were collected from local breeds,
including 172 from Polish Red, 188 from White-Backed, and 190 from Simmentals,
and 128 samples were collected from Polish Holstein-Friesians. All milk samples
(with a volume of 250 ml) taken to the plastic containers were transported to the
laboratory (AOAC, 2000).

Analysis of samples

Basic chemical composition, i.e. solids, protein, fat and lactose content by Infra-
red Milk Analyzer (Bentley Instruments, USA), casein content (according to AOAC,
2000) and somatic cell count — SCC (by Somacount 150; Bentley Instruments) were
analysed. Determination of the content of biologically active compounds, i.e. se-
lected whey proteins and vitamins, was carried out only in milk samples in which
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SCC did not exceed 400,000 cells in 1 ml of milk (Commission Regulation no
1662/20006).

In order to evaluate the content of certain whey proteins, i.e. a-lactalbumin
(a-LA), B-lactglobulin (B-LG), lactoferrin and bovine albumin serum (BSA), RP-
HPLC method was used. All samples were prepared according to Romero et al.
(1996) with modifications (Brodziak et al., 2012). Protein separation was performed
on liquid chromatograph ProStar 210 model and UV-VIS ProStar 325 detector (Var-
ian, USA). The measurements were carried out using the water/acetonitrile mobile
phase at gradient elution and column Nucleosil 300-5 C18 (ProStar Varian, USA)
of 250 mm length and 4.6 mm diameter. The mobile phase was solvent A (90%
water, 10% acetonitrile) and solvent B (90% acetonitrile, 10% water), purchased
from Sigma-Aldrich (Germany). The total analysis time for a single sample was
35 min at 205 nm wavelength with column temperature of 37°C. The analyses of
reference substances were conducted under the same conditions. Purified proteins,
ie. a-LA (>85%), B-LG (90%), bovine albumin serum (>96%) and lactoferrin
(90%) all from bovine milk, as well lysozyme (95%) from hen egg whites, were
purchased from Sigma-Aldrich (Germany). On the grounds of the obtained chro-
matograms, using program Star 6.2 Chromatography Workstation (Varian, USA),
the qualitative and quantitative identification of each substance was performed fol-
lowed by their concentration determination. Calibration of the chromatographic
system for whey proteins determination was carried out by the external standard
method.

RP-HPLC method was also used to determine the concentrations of fat-soluble
vitamins, i.e. A, D, and E, and B-carotene. All samples were prepared by the Rose-
Gottlieb fat extraction method as modified by Hewavitharana et al. (1996). Vitamin
separation was performed by a liquid chromatograph ProStar 210 model, a UV-VIS
ProStar 325 and fluorescence ProStar 363 detectors (Varian, USA). Mobile phase was
a mixture of acetonitrile, dichloromethane, methanol and water for HPLC (Sigma-
Aldrich, Germany), and the flow rate was set at | ml/min. The measurements were
carried out using the column Pursuit XRs 3-C18 (Varian, USA) of 150 mm length
and 4.6 mm diameter. The analyses of reference substances, i.e. (£)-o-tocopherol
(=97% HPLC) for vitamin E, cholecalciferol (=98% HPLC) for vitamin D,, retinol
(>99% HPLC) for vitamin A and B-carotene (=95% HPLC) (Sigma-Aldrich, Ger-
many), were conducted under the same conditions. On the grounds of the obtained
chromatograms, the qualitative identification of each substance was performed, us-
ing Star 6.2 Chromatography Workstation (Varian, USA).

Statistical analysis

Statistical analysis of the results was performed in StatSoft Inc. Statistica 13.1
software (Dell, 2016) using one- and two-way analysis of variance with interaction.
Significance of differences between means for individual parameters were deter-
mined by the Tukey’s test at significance levels of P<0.05 and P<0.01. Results were
presented as mean + SD.
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Results

The results indicate that both the breed and the production season had a signifi-
cant effect on the quantity of the milk constituents (Tables 2 and 3). The milk of Hol-
stein-Friesian Polish cows, which are the most important breed in milk production in
Poland and around the world, had the lowest content of total protein (3.34+0.44%),
including whey proteins (0.67+0.06%), and the lowest share of whey proteins in the
total protein (19.6+0.85%; Table 2). The milk of local breeds contained between 0.07
(Simmental) and 0.15 pp. (Polish Red) more total protein, including whey proteins
(from 0.07 to 0.11 pp.). The share of these proteins ranged from 21.3% (Simmental)
to 22.5% (Polish Red). Most of the whey proteins (about 70%) were albumins, i.e.
B-lactoglobulin and a-lactalbumin. Their content proved to be significantly highest
in the milk produced by local breeds; the milk of Polish Red cows was the richest
source of albumins, including B-lactoglobulin (5.17+1.65 and 3.58+0.30 g/1, respec-
tively), and Simmental milk was the best source of a-lactalbumin (1.21+0.08 g/1).
The milk of the Polish Holstein-Friesian cows contained on average 0.46 g/l less
albumin, 0.42 g/ less B-lactoglobulin and 0.09 g/l less a-lactalbumin. The research
also showed that the milk of cows of local breeds had significantly (P<0.01) higher
content of lactoferrin (on average 24%) than that of Polish Holstein-Friesians. The
most lactoferrin was found in the milk of Polish Red cows (130.62+20.18 mg/l) and
Simmental cows (126.09+15.03 mg/l).

Our research indicates that the milk with the most B-lactoglobulin also had the
highest levels of vitamins A and D, (Table 3). That was also confirmed by obtained
high correlation coefficients between the content of B-lactoglobulin and vitamin A —
r=0.702 (P<0.01) and between B-lactoglobulin and vitamin D, —r = 0.584 (P<0.01)
in analysed milk. The milk of Polish Red cows was the most valuable in this respect
(vitamin A — 0.556+0.067 mg/l; vitamin D, — 1.212+0.079 pg/l). Significantly the
lowest content of vitamins A and D, was noted in the milk with the lowest concentra-
tion of B-LG, i.e. the milk of Polish Holstein-Friesian cows. The milk of local breeds
also proved to be more valuable source of other vitamins, i.e. E and B-carotene.
Hence the milk obtained from cows of local breeds contained significantly more
lipophilic vitamins, i.e. B-carotene (on average by about 20%), vitamins A and E
(50%) and vitamin D, (70%) than the milk of Holstein-Friesian cows.

Seasonal differences were also shown in the content of the constituents of milk
obtained from local breeds. Significantly higher content of total protein was found
in the autumn/winter season and of whey protein in the spring/summer season, when
the animals used the pasture. In the milk obtained in the summer, there was also
an increase in the content of all analysed lipophilic vitamins, in particular that of
vitamin D,, which was twice as high. Seasonal differences for other vitamins were
20% for B-carotene, 25% for vitamin E, and 50% for vitamin A (Table 3). However,
the production season was not found to affect the content of these constituents in the
milk of Holstein-Friesian cows, which can be explained by the uniform diet used
year round.
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Discussion

The content of whey proteins and vitamins is one indicator of the health-promot-
ing quality of milk. Due to their numerous health-promoting properties, whey pro-
teins, especially lactoferrin, are increasingly raising interest, and in recent years they
have been widely used in a number of industries, including the food, pharmaceutical
and cosmetics industries (Krol et al., 2011; Bruni et al., 2016; Giansanti et al., 2016).
Our research showed that milk from local breeds is a richer source of whey proteins,
both total and individual, than milk obtained from Polish Holstein-Friesian cows.
The results are supported by previous research of team (Krdl et al., 2010; Litwinczuk
etal., 2012), as well as studies by other authors (Collomb et al., 2008; Kuczynska et
al., 2012; Claesson, 2016). On the other hand, Wedholm et al. (2006), who studied
the milk of two Swedish breeds of cows (Red-and-White and Holstein), did not find
that the breed influenced the concentration of whey proteins. The content of the
proteins analysed was also determined by the production season, with higher content
noted during the grazing period, as reported in other research (Krol et al., 2008;
Puppel et al., 2017; Brodziak et al., 2018). The content of certain components of the
protein fraction is closely linked to the amount of fat-soluble vitamins. According to
Dolores-Perez and Calvo (1994), the concentration of B-lactoglobulin is positively
correlated with the content of vitamin A, because this protein actively participates in
the transport of small hydrophobic molecules such as a-retinol. Bulgari et al. (2013)
indicated a relationship between genetic polymorphism of B-lactoglobulin and the
amount of vitamin D in milk. The AA genotype of B-lactoglobulin was associated
with significantly (P<0.01) higher content of vitamin D,. Our research confirmed
that the milk containing the most B-lactoglobulin also had the highest content of
vitamins A and D,. Kuczynska et al. (2011) also confirmed the relationship between
the content of vitamin A and B-LG in milk. The milk of local breeds also proved to be
the most valuable source of other vitamins, i.e. vitamin E and B-carotene. Brodziak
et al. (2018) obtained relatively high correlation coefficients between the content
of B-carotene and vitamin E —r = 0.432 (P<0.05) and between B-carotene and vita-
min A —r = 0.502 (P<0.05) in the milk of Simmental cows. It is worth noting that
[B-carotene plays the role of a vitamin A precursor, which is why their concentrations
are closely linked. The presence of vitamin A in milk is important due to its role in
vision and reproduction, as well as in the differentiation, growth and development of
cells (Debier et al., 2005; Jin et al., 2014). Retinol and its forms together with vita-
min D, are found only in raw material and products of animal origin. They are much
better absorbed in their natural forms than in synthetic forms.

The results of our research indicated that the milk obtained from local breeds of
cows had a higher bioactive status than Holstein-Friesian milk. This is supported by
studies carried out on the milk of cows of local breeds raised in Portugal (Minhota
and Barrosd) (Pires et al., 2003; Ramalho et al., 2012). Pires et al. (2003) compared
the milk of Barrosa cows and Friesian cows and found twice as much vitamin D and
10% more vitamin A in the milk of the indigenous breed. Ramalho et al. (2012) re-
ported that the milk of the Minhota breed had significantly higher levels of vitamins
A and E and B-carotene. However, no breed-related differences were found in the
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content of vitamin D,. Radkowska (2013) found similar content of vitamins A and E
in the milk of two groups of Polish Holstein-Friesian cows, where one remained in
the cow barn at all times and the other had access to a cattle run. In contrast, pasture-
grazed cows produced milk with significantly higher (P<0.05) content of these vita-
mins. Many authors (Shingfield et al., 2005; Nozi¢re et al., 20006) indicate that green
pasture forage has higher levels of vitamin E and provitamin A than preserved fod-
ders, and for this reason pasture feeding positively influences their content in milk.
As grazing animals are exposed to UV rays, the amount of vitamin D, increases as
well (Bergamo et al., 2003; Butler et al., 2008; Kuczynska et al., 2011; Gabryszuk
et al., 2013). Our research also showed significant seasonal differences in favour of
the spring/summer period, when the cows were in the pasture. These dependencies
were observed in the milk from cows of local breeds. Hulshof et al. (2006) reported
that cow milk obtained in the Netherlands during the summer and early autumn
(July-October) contained significantly more retinol and -carotene (by about 20%)
in comparison with winter and early spring (January-April). Strusinska et al. (2010)
reported higher content of lipophilic vitamins in the milk of cows grazed in the pas-
ture compared to that of cows fed TMR with maize silage. An increase in the content
of lipophilic vitamins in the summer on extensive farms has also been confirmed in
other studies (Lindmark-Mansson et al., 2003; Toledo and Andren, 2003; Agabriel
et al., 2007). According to Chauveau-Duriot et al. (2005), reduced content of carot-
enoids in milk is associated with a high proportion of silage in the feed ration. This
is due to the method of preservation of green fodder; for example, in sun-dried hay
UV radiation causes the degradation of as much as 83% of carotenoids as compared
to silage produced from fresh fodder. According to Agabriel et al. (2007), seasonal
differences in the content of vitamin E and B-carotene in milk result from the share
of pasture forage and grass silage in the feed ration.

To sum up, both the breed of cow and the production season significantly influ-
enced the level of the analysed constituents of the protein and fat fractions, thus de-
termining the bioactive status of the milk. The milk produced by local breeds proved
to be a more valuable source of these substances than that of the Polish Holstein-
Friesians. It was distinguished by its content of all bioactive compounds, including
those with antioxidant properties, i.e. vitamins E, A and D, and B-lactoglobulin, and
antimicrobial properties, mainly lactoferrin. Therefore, the milk of cows of local
breeds should be considered a valuable material for processing, especially at the
level of the farm or small local processing plant, to produce products that are richer
in health-promoting compounds. The promotion of milk from local breeds can there-
fore be an opportunity for the farms that raise them.
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