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ABSTRACT
The aim of this work was to assess the content of selenium in cow milk served in milk machines in Szczecin
in accordance to a season. The research material included samples of milk collected in 5 milk machines located
in Szczecin. The study was targeted to the evaluation of selenium content in accordance to a season. The mean
content of selenium in milk from milk machines was diversified in a particular seasons and ranged from 0.013 to
0.034 µg · ml–1. The mean selenium content in cow milk from milk machines was 0.023 µg/ml. The lowest level of
selenium was noted in summer (0.013 µg · ml–1), whereas the highest was found in autumn (0.034 µg · ml–1). No
statistically significant differences were observed between the content of selenium in milk in winter and spring but
in case of other seasons the noted differences were significant. Our study has shown that a particular attention has
to be paid on the content of selenium in cow milk in summer, as in 72.22% of the tested samples the level of Se was
marginal, and in 27.78% the level was deficient. Low concentration of selenium in cow milk in summer indicates
that the animals residue in an area poorly supplied in this element. Thus, it is particularly relevant to introduce
an early-diagnostics program evaluating the levels of selenium in dairy cattle and showing the possible need of
selenium supplementation in cows.
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INTRODUCTION

In the recent years, the world interest in consumption
of unpasteurized milk has increased, and for instance
in the USA and Great Britain, the Westona A. Price
Foundation is oriented on education and lobbying in this
area. Also in Poland the interest in unpasteurized milk
has arisen which resulted in the presence of milk ma-
chines, distributing the unprocessed (unpasteurized, non-
skimmed and undiluted) milk. Italy is the cradle of milk
machines, which for about 10 years are distributing raw
milk there. Also in other European countries milk machi-
nes gained popularity (Austria, Czech Republic, France,
Great Britain), and this trend is starting to go worldwide
(India, Japan, USA) [Kosiorowska 2012]. In Poland, the

interest in milk machines increased thanks to the Czech
who are accustomed to such a form of milk distribu-
tion. Milk machines are attractive not only for customers,
but also may be an interesting alternative for small and
medium milk farmers, as the income obtained from sel-
ling milk to the machine is from 50% to 100% higher in
comparison to the traditional way of milk turnover thro-
ugh diaries. Finally, milk machines are also an interesting
form to encourage the consumers to consume milk. This
form of distribution ensures an access to fresh milk (taste
values) which may be used to produce home-made cream,
butter and soured milk.

Milk is a food product characterized by many health
benefits. Macro- and microelements are present in milk
in doses that promote their optimal absorbance from di-
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gestive system to blood. The elements that are present in
milk positively affect a human organism. Selenium is one
of the elements that play a very significant role for human
metabolism and its content in milk may be strongly di-
versified. Between many effects, selenium stimulates the
immune system and induces the synthesis of some cyto-
kines (e.g. IFN, TNF, IL-6, IL-10, GM-CNF) that affect
and balance different metabolic pathways, and deactiva-
tes aflatoxins protecting an organism from the cancero-
genic activity of these substances [Mihailovic et al. 1996,
Dębski et al. 2001, Daragó and Szamańska 2003, Iqbal et
al. 2008].

In geochemical aspect, Poland is an area poor in sele-
nium, thus in animals from Poland selenium deficiencies
are observed commonly [Sablik et al. 2011, Pilarczyk et
al. 2013, Nowakowska et al. 2015]. Dębski et al. [2001]
have indicated that a selenium deficiency applies to 77%
of regions of our country, wherein the selenium deficient
areas are divided into three groups according to the in-
tensification of deficiency: insignificant, 23%, moderate,
42% and high deficiency, 12%. Such a low content of se-
lenium in Poland results in a low content of this micro-
element in crop plants, and the concentration of selenium
in milk depends on the content of this element in plants
that compose the diet of dairy cows [Pilarczyk et al. 2007,
2008, 2010].

The aim of this work was to assess the content of se-
lenium in cow milk served in milk machines in Szczecin,
in accordance to a season.

MATERIAL AND METHODS

Samples

The research material included milk samples collected in
5 milk machines located in Szczecin. The samples were
collected during four seasons (spring, summer, autumn
and winter). In total, 73 milk samples were collected.

Chemical analyzes

Selenium concentrations in milk samples were evalu-
ated with a spectrofluorometric method [Grzebuła and
Witkowski 1977]. The samples (1 ml) were digested
in HNO3 at 230°C for 180 min and then in HClO4 at
310°C for 20 min. Afterwards, the samples were hydro-
lyzed with 9% HCl. Molecular selenium was bound with
2,3-diaminonaphtalene (Sigma-Aldrich), and the com-
plex was extracted into cyclohexane. Se concentration
was determined fluorometrically using a Shimadzu RF-
5001 PC spectrofluorophotometer. The excitation wave-
length was 376 nm, and the fluorescence emission wave-
length was 518 nm.

The accuracy of a method was verified using the
certified BCR 185R reference material (bovine liver)

(European Commission Joint Research Centre Institute
for Reference Materials and Measurements). The Se con-
centration noted during the study ranged between 93.4%
and 101.5% of the reference values.

Statistical data analyzes

The data obtained in the study were analyzed statistically
using one-way analysis of variance that was calculated
with a Statistica PL software. The significance of diffe-
rences between the groups was calculated using Duncan’s
test. Prior to the analyses, the data were verified to deter-
mine their distribution with a Shapiro-Wilk W test.

RESULTS

The results of our study on a selenium content in cow
milk are shown in Table 1. The data indicate that the mean
content of selenium in cow milk from milk machines in
Szczecin was diversified in accordance to a season and
ranged from 0.013 to 0.034 µg · ml–1. The mean con-
centration of Se in cow milk from milk machines was
0.023 µg · ml–1. The lowest mean concentration of se-
lenium was noted in milk samples collected in summer
(0.013 µg · ml–1), whereas the highest in samples obta-
ined in autumn (0.034 µg · ml–1). No statistically signi-
ficant differences were observed in the content of sele-
nium between the samples collected in winter and spring,
and between other seasons the differences were signifi-
cant (Table 1).

Table 1. The content  of  selenium in  cow milk  from milk
machines

Tabela 1. Zawartość selenu w mleku krowim z mlekomatów

Season
Pora roku

N

Selenium concentration, µg ∙ ml–1

Stężenie selenu, µg ∙ ml–1

mean
średnia

±SD
range
zakres

GM
median
mediana

Spring
Wiosna

20 0.022ab 0.006 0.011–0.032 0.021 0.019

Summer
Lato

18 0.013acd 0.004 0.007–0.018 0.012 0.012

Autumn
Jesień

15 0.034bce 0.003 0.029–0.037 0.034 0.034

Winter
Zima

20 0.025de 0.009 0.011–0.040 0.023 0.024

a, b, c… – the same lower-case characters indicate significant differ-
ences at P ≤ 0.05.
a, b, c… – te same małe litery oznaczają istotne różnice P ≤ 0,05.

In summer, in 27.78% of the collected samples a se-
lenium deficiency was noted, and in none of the samples
from this season an optimal selenium level was reached.
However in autumn, an optimal selenium concentrations
were observed already in 93.33% of the tested samples
(Table 2).
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Table 2. Levels of selenium in cow milk, %

Tabela 2. Poziom selenu w mleku krowim, %

Season
Pora roku

Levels of selenium concentration
Poziom stężenia selenu

deficient
deficytowy

marginal
marginalny

optimal
optymalny

< 0.009
μg ∙ ml–1

0.011–0.029
μg ∙ ml–1

> 0.03
μg ∙ ml–1

Spring
Wiosna

– 85.00 15.00

Summer
Lato

27.78 72.22 –

Autumn
esień

– 27.78 93.33

Winter
Zima

– 65.00 35.00

DISCUSSION

According to Puls [1988], the biochemical criteria used
to diagnose the presence of selenium deficiency in bo-
vine milk are as follows: below 0.009 g · ml–1 – defi-
ciency; 0.011–0.029 µg · ml–1 – marginal level; above
0.03 µg · ml–1 – optimal level. Our study has demonstra-
ted that a particular attention should be paid to the con-
centration of selenium in cow milk during summer. Up
to 72.22% of the tested samples has shown a marginal
selenium level, and in 27.78% the level was deficient.

A seasonal diversification of selenium content in cow
milk from milk machines may be explained by the spe-
cifics of milk production in Poland, based mostly on the
natural fodders from pastures, meadows and farmlands.
Plants assimilate selenium mostly as selenates (VI) and
selenates (IV) and occasionally as selenides, depending
on the species of a plant [Wachowicz 1993]. Most of the
crop plants contain less than 25 g · g–1 d.m. of selenium,
and only a few of them exceed 100 g · g–1 d.m. [Ellis and
Salt 2003]. As reported by Terry et al. [2000] the collo-
cation of selenium in different parts of plants depends on
their species, developmental stage and physiological sta-
tus. The content of selenium in feed plants is regionally
diversified. In Poland, low levels of selenium are noted
mostly in grass and cereal. A similar trend has been obse-
rved in other countries like e.g. Finland, with selenium le-
vels at 0.014 mg · kg–1 d.m. in grass and 0.007 mg · kg–1

d.m. in cereals, respectively. In turn some studies perfor-
med in Germany have shown a slightly higher level of
selenium in plants in general, with 0.045 mg · kg–1 d.m.
in grass and 0.017 mg · kg–1 s.m. in cereals [Harfiel and
Bahners 1987, Borowska 2010].

If the content of selenium in milk and milk products
targeted to humans is expected to be significant, it is very
important to develop such systems of cow feeding that
would promote reaching the demanded selenium levels

in milk and its derivatives. One of the possible ways to
increase the concentrations of selenium in milk is to in-
troduce the dedicated premixes as a regular fodder com-
ponent used in cow feeding.

In comparison to our result, a clearly lower levels
of selenium in cow milk were observed in Slovakia
(0.007 µg · ml–1) and New Zealand (from 0.001 to
0.014 µg · ml–1) [Kadrabova et al. 1997, New Zealand
Institute for Crop & Food Research Limited 2000].
Similar results that concerned the content of selenium
in cow milk, to presented in our report were shown by
Klapec et al. [2004] in eastern Croatia (from 0.017 to
0.029 µg · ml–1), McNaughton and Marks [2002] in
Australia (from 0.023 to 0.026 µg · ml–1) and Iqbal et al.
[2008] in Pakistan (0.17 µg · ml–1). In turn, much higher
concentrations of selenium in milk were noted by Lavi
and Alfassi [1990] in Israel, reaching 0.073 µg · ml–1 and
by Murphy and Cashman [2001] in Ireland (from 0.014
to 0.101 µg · ml–1).

Milk offered in milk machines contains a compara-
ble levels of selenium to milk distributed by shopping
malls in zachodniopomorskie voivodeship [Pilarczyk et
al. 2010].

CONCLUSIONS

Low concentration of selenium in cow milk from Western
Pomerania in summer indicates that the animals residue
in a selenium deficient area. Especially in this period, it is
strongly indicated to introduce an early-diagnostics pro-
gram evaluating the levels of selenium in dairy cattle and
helping to quickly decide about supplementation.
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Krstanović, V. (2004). Selenium in selected foods grown or
purchased in eastern Croatia. Food Chem., 85, 445–452.

Kosiorowska, M. (2012). Milkomats – a new form of direct sa-
les of raw milk in Poland. Enginee. Sci. Technol., 4(7), 72–
–82.

Lavi, L., Alfassi, Z.B. (1990). Determination of trace amounts
of cadmium, cobalt, chromium, iron, molybdenum, nickel,
selenium, titanium, vanadium and zinc in blood and milk by
neutron activation analysis. Analyst, 115, 817–822.

McNaughton, S.A., Marks, G.C. (2002). Selenium Content of
Australian Foods: A Review of Literature Values. J. Food
Comp. Anal., 15, 169–182.

Mihailovic, M., Ilic, V., Lindberg, P. (1996). Blood glutathione
peroxidase activity, selenium and vitamin E concentrations
of race horses in Serbia. Acta Veter., 46, 27–32.

Murphy, J., Cashman, K. (2001). Selenium content of a range
of Irish foods. Food Chem., 74, 493–498.

New Zealand Institute for Crop & Food Research Limited
(2000). New Zealand Food Composition Database. Ministry
of Health. Christchurch.

Nowakowska, E., Pilarczyk, B., Pilarczyk, R., Tomza-
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ZAWARTOŚĆ SELENU W MLEKU KROWIM OFEROWANYM W MLEKOMATACH
Z TERENU SZCZECINA W ZALEŻNOŚCI OD PORY ROKU

STRESZCZENIE
Celem pracy było określenie zawartości selenu w mleku krowim oferowanym w mlekomatach z terenu Szczecina
w zależności od pory roku. Materiał badawczy stanowiły próbki mleka pochodzące z 5 mlekomatów zlokalizo-
wanych na terenie miasta Szczecin. Celem pracy było określenie zawartości selenu w mleku krowim oferowanym
w mlekomatach w zależności od pory roku. Średnia zawartość selenu w mleku w mlekomatach z terenu Szczecina
była zróżnicowana w poszczególnych porach roku i mieściła się w przedziale od 0,013 do 0,034 µg · ml–1. Średnie
stężenie selenu w mleku krowim z mlekomatów wyniosło 0,023 µg · ml–1. Najniższe średnie stężenie selenu od-
notowano w mleku w okresie lata (0,013 µg · ml–1), natomiast najwyższe w okresie jesieni (0,034 µg · ml–1). Nie
stwierdzono różnic istotnych statystycznie w zawartości selenu w mleku pomiędzy zima a wiosną, pomiędzy pozo-
stałymi porami roku różnice te były istotne statystycznie. Z przeprowadzonych badań wynika, że szczególną uwagę
należy zwracać na stężenie selenu w mleku krów w okresie lata bo, aż w 72,22% badanych próbek występował
marginalny poziom selenu w mleku, a w 27,78% poziom deficytowy. Niskie stężenie selenu w mleku krów w okre-
sie lata wskazuje na to, że zwierzęta znajdują się na terenie niedoborowym w ten pierwiastek. Szczególnie w tym
okresie konieczne jest wprowadzenie wczesnej diagnostyki poziomu selenu u krów mlecznych i podjęcia szybkiej
decyzji o jego suplementacji.

Słowa kluczowe: selen, mleko krowie, mlekowaty, pory roku, Szczecin
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