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ABSTRACT

Cow’s milk has the highest share of total milk production and consumption in the world, inclu-
ding Poland. Milk is the most important source of readily available minerals, particularly cal-
cium, in the human diet. The chemical composition of milk varies depending on genetic, environ-
mental and physiological factors. Changes in the composition and physicochemical properties of
milk affect its biological value and processing suitability. The objective of this study was to de-
termine the effect of age of high-yielding Polish Holstein-Friesian (PHF) cows and lactation day
on the calcium (Ca) and magnesium (Mg) content of milk. The average milk yield increased si-
gnificantly during three consecutive lactations. The age of cows had a significant effect on the
average Ca and Mg content of milk throughout lactation. Milk from younger cows had higher
concentrations of the analyzed macronutrients. The concentrations of Ca and Mg in milk varied
considerably depending on the stage of lactation. A substantial decrease in the milk Ca content
was noted in the first stage of lactation. The calcium concentration in milk stabilized in the se-
cond month post partum, and it remained stable until the end of lactation. A decrease in the Mg
content was noted until day 30 of lactation in milk from primiparous cows and cows in their
second lactation. The oldest cows produced milk with the lowest Mg concentration, which resul-
ted from a steady decrease in the milk Mg content until the fourth month of lactation. The Mg
content of milk continued to increase from the fourth month until the end of lactation, regard-
less of a cow’s age. The Ca and Mg content of milk from the analyzed high-yielding cows was
below the normal ranges (by approximately 24% and 6%, respectively). This is the reason why
dairy products are often fortified with minerals.
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INTRODUCTION

Calcium (Ca) and magnesium (Mg) are alkaline minerals which play
important roles in the human body. Milk and dairy products are rich sources
of both macronutrients, in particular Ca (Stasiuk, PrzyByrowski 2011, MicIN-
skI et al. 2013). The concentrations of Ca and Mg are approximately 4-fold
higher in cow’s milk than in human milk (Posati, OrRr 1976). The milk Mg
content is considerably lower than the Ca content, but the presence of lactose
and proteins contribute to high Mg availability. The concentrations of Ca and
Mg in milk are closely related (LitwiNczuk et al. 2004). The Ca:Mg ratio is
responsible for milk’s heat stability, whereas Ca levels determine milk’s
suitability for cheese production.

In Poland, the dietary intake of calcium is well below the recommended
optimal levels in more than half of children and adolescents. Poor eating
habits, including insufficient milk consumption, increase the risk of osteopo-
rosis. Calcium absorption from milk ranges from 21% to 45%, and it is much
higher than from vegetables and cereal products. People who do not consume
milk and dairy products as part of their daily diet have difficulty meeting
their Ca requirements (CANABADY-ROCHELLEA, MELLEMAB 2010, ZAMBERLIN et al.
2012, KuczyNska et al. 2013). Drinking at least 2 glasses of milk and eating
2 slices of hard cheese a day would meet our calcium needs in around 70% to
80% (ZMARLICKI 2009).

A glass of cow’s milk (250 ml) contains 300 mg Ca and 32 mg Mg on
average (Bropziak et al. 2011, KuczyNska et al. 2013). The chemical compo-
sition of milk varies depending on a variety of genetic (cattle breed), environ-
mental (diet, season) and physiological (lactation phase, udder health) fac-
tors. An evaluation of the influence of a lactation stage on milk yield and
quality may help optimize the functional properties of milk, thus improving
the quality of dairy products. The aim of this study was to determine the
effect of age of high-yielding cows and lactation day on the Ca and Mg con-
tent of milk.

MATERIAL AND METHODS

The experimental material comprised 55 Polish Holstein-Friesian (PHF)
cows from two different herds kept in the regions of Warmia and Mazury
(NE Poland). A total of 1021 milk samples were collected from cows in their
first (18 animals), second (20 animals) and third (17 animals) lactation. The
share of cows in two herds in different age groups was similar. Feeding regi-
mes, cow productivity and the quality of genetic material were comparable in
both farms. All animals were housed in free-stall barns. The cows were fed a
total mixed ration based on maize silage, and grass and alfalfa haylage. The
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complete basic diet was supplemented with farm-made concentrates conta-
ining protein, minerals, vitamins, and feed additives improving milk produc-
tion efficiency and the nutritive balance of the ration (protein, protected fat,
active yeast cultures, energy supplements). Cows in the dry period and lac-
tation were provided with the full coverage of the minerals. The composition
of feed given the blood indicators were regularly studied and analyzed. The
mineral supplement contained: 19% of Ca, 4% of P and 7% of Mg. Cows with
similar expected calving dates were selected for the study to eliminate the
effect of season.

Milk samples were subjected to wet mineralization in a microwave oven
in the presence of a mixture of nitric acid and hydrochloric acid, in accordan-
ce with the relevant standards. The Ca and Mg content of mineralized milk
samples was determined by atomic emission spectrometry (AES) and atomic
absorption spectrometry (AAS), respectively. The results were analyzed sta-
tistically by one-way ANOVA for non-orthogonal designs, with the use of
Statistica 10.0 software. The significance of differences between means was
estimated by the Tukey’s range test at P < 0.05 and P < 0.01.

RESULTS AND DISCUSSION

Holstein-Friesians (HF) are known as the world’s highest yielding dairy
cattle breed. Unfortunately, their high productivity may negatively affect
performance traits, mostly fertility, herd life and milk composition (NOGALSKI
et al. 2012). In the analyzed cows, the average milk yield over a 305-day
lactation reached 11140 kg (Table 1), whereas the average milk production
in Poland is only 5400 kg (Statistical Yearbook of Agriculture 2015). In the
present study, milk production was affected by the age of PHF cows (Table 1).
The average milk yield increased significantly during three consecutive lac-

Table 1
Milk yield and the average content of magnesium and calcium in the milk of cows (x = SE)

Specification Lactation I Lactation II Lactation III
Number of cows 18 20 17
Number of milk samples 341 368 312

10 279+130.14

11 020+154.28

12 186+101.9¢

Milk yield in 305-day lactation (kg)

Daily milk production (kg) 36.9+0.694¢ 39.8+0.85° 43.7+0.648

Content of calcium (mg dm) 783.9+13.54¢ 755.4+12.03° 749.1+£19.02°

Content of magnesium (mg dm) 99.1+1.15° 92.4+1.39° 90.6+1.27°

A, B-P<0.01;a,b-P<0.05
x+SE — standard error of mean
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tations in the analyzed high-producing PHF cows, as follows: 1% lactation —
10 279 kg, 2" lactation — 11 020 kg, 3' lactation — 12 186 kg. A similar
rising trend in the milk performance of PHF cows was reported by SABLIK et
al. (2001). In contrast, PiLArRska (2014) observed the highest milk yield in
much older cows, in their fifth lactation. In our study, daily milk yield conti-
nued to increase until day 50 of lactation, and then it decreased steadily
until the end of lactation (Figure 1). Similar results were reported by ANTKOWIAK
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Fig. 1. Daily milk production, depending on the number of cows’ lactation

et al. (2007). Other authors who investigated PHF cows demonstrated that
milk yield continued to increase until day 60 of lactation, and it remained
stable until day 120 (PoLLot 2004, MiciNskI et al. 2008).

Lactation was an important factor influencing the calcium content of
milk (Table 1). Milk from high-producing primiparous cows (1% lactation) had
significantly higher Ca concentration as compared with milk from cows in
their second and third lactation (by 3.6% and 4.5%, respectively). The avera-
ge Ca content of milk reached 763 mg dm™, and it was approximately 24%
below the lower limit of the normal range (1000-1400 mg Ca dm™) (LiTwIN-
czUK et al. 2004). Similar results were obtained by Stasiuk and PRzZYBYLOWSKI
(2011), at 801 mg Ca dm™ milk on average. Other authors (RODRIGUEZ et al.
2001, GAUCHERON 2005, ZAMBERLIN et al. 2012) reported a considerably higher
Ca content of milk. The noted differences could have resulted from differen-
ces between cattle breeds, although researchers vary in their opinions on the
matter. According to many authors, the milk of Simmental cows is most
abundant in Ca and Mg (Greca et al. 2000, BropziAKk et al. 2011), whereas
Barrowska (2007) demonstrated that the concentrations of the above macro-
nutrients were highest in the milk of Jersey cows. KroOL et al. (2010) found
that milk quality was determined by the cattle management system. The ci-
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ted authors noted higher concentrations of Ca and Mg in milk from cows
raised in the conventional system rather than in the intensive production
system.

The calcium concentration in milk varied widely depending on the stage
of lactation (Figure 2). In the first phase of lactation (until day 50), when
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Fig. 2. Calcium content in the milk of cows in the subsequent days of lactation

milk yield was on the rise, the Ca content decreased considerably. During
the early weeks of lactation, most cows remain under the negative Ca balan-
ce (GaBryszczuk et al. 2010). The lowest decrease in the milk Ca content was
observed in primiparous cows that produced significantly less milk than cows
in their second and third lactation, by 741 and 1907 kg of milk, respectively,
over a 305-day lactation. The calcium concentration in milk stabilized in the
second month post partum, and it remained stable until the end of lactation.

The Mg content of milk ranged from 90.6 mg dm™ in cows in their third
lactation to 99.1 mg dm™ in primiparous cows (Table 1). Milk from primipa-
rous cows had significantly higher Mg concentration than milk from older
cows. The average Mg content of milk was approximately 6% below the lower
limit of the normal range (100-150 mg Mg dm) (LitwiNczuk et al. 2004). Ac-
cording to many authors, the lower limit for the Mg content of cow’s milk is
62-126 mg dm™ (SoLA-LARRANAGA, NAVARRO-BLAsco 2009, GABRYSZCZUK et al.
2010), 71.5-159.0 mg dm™ (RoprIGUEZ et al. 2001), 84-135 mg dm (STASIUK,
PrzyByrowskr 2011) and 90-160 mg dm™ (ZAMBERLIN et al. 2012).

A substantial decrease in the Mg content of milk from younger cows was
noted until day 30 of lactation (Figure 3). In the milk of the oldest cows (3™
lactation), characterized by the lowest Mg content, the Mg concentration
continued to decrease until 4 months post partum. This implies that older
cows have a limited ability to make up for the Mg deficiency in the diet. The
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Fig. 3. Magnesium content in the milk of cows in the subsequent days of lactation

Mg content of milk continued to increase from the fourth month until the
end of lactation, when milk production decreases regardless of a cow’s age.

High milk yield is not always accompanied by high milk quality. There-
fore, milk producers often enrich dairy products with minerals, in particular
Ca and Mg (Z1arNo et al. 2009).

CONCLUSIONS

The average milk yield increased significantly during three consecutive
lactations in the analyzed high-producing PHF cows. The age of cows had a
significant effect on the average Ca and Mg content of milk throughout lac-
tation. Milk from primiparous cows had higher concentrations of the analy-
zed macronutrients. The Ca and Mg content of milk from the analyzed cows
was below the normal ranges. This suggests that milk from high-yielding
cows can be deficient in Ca and Mg, and supports the view that dairy pro-
ducts should be fortified with these minerals.
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