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Abstract

Concentration of toxic metals in milk, especially in industrial regions, may serve as
a direct bioindicator of the quality of milk and its products. But it can also function as an
indirect indicator of contamination of the environment where milk is produced. The aim of
the present study was to evaluate the content of some trace elements, i.e. Fe, Cu, Zn and
Mn, as well as toxic elements (Cd and Pb) in milk from cows maintained on farms in
three regions of Poland, including the production season as another aspect of the investi-
gations. In total, 446 milk samples were analyzed. Significant influence of the season and
production region on all the analyzed elements except Fe was noticed. Milk collected in
the Biebrza and Bieszczady regions proved to be a richer source of Cu and Mn. Regardless
of the production region, a higher content of Zn and Cu were observed in the summer,
while more Mn was found in the winter milk. In none of the analyzed milk samples, Pb or
Cd exceeded the permissible threshold.
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ZAWARTOSC ISTOTNYCH I POTENCJALNIE TOKSYCZNYCH WYBRANYCH
PIERWIASTKOW SLADOWYCH W MLEKU KROW UTRZYMYWANYCH
NA TERENIE WSCHODNIEJ POLSKI

Abstrakt

Stezenie metali cigzkich w mleku, przede wszystkim w rejonach uprzemystowionych,
jest bezposrednim bioindykatorem jakoSci mleka i jego przetworow, a takze wskaznikiem
posrednim, wskazujacym na stopien zanieczyszczenia Srodowiska, w ktérym produkuje sie
mleko. Celem pracy byta ocena zawartosci wybranych pierwiastkow sladowych, tj. Fe, Cu,
Zn i Mn, oraz toksycznych (Cd i Pb), w mleku kréow utrzymywanych w gospodarstwach
wschodniej Polski, z uwzglednieniem sezonu produkcji. Lacznie badaniami objeto 446 pro-
bek. Stwierdzono istotny wplyw sezonu i regionu produkcji na zawarto§é analizowanych
pierwiastkéw, z wyjatkiem Fe. Mleko pobierane w regionie Biebrzy i Bieszczad okazato sie
cennym zrédlem Cu i Mn. Niezaleznie od regionu produkcji, wyzszg zawarto$¢ Zn i Cu
stwierdzono w mleku pozyskiwanym w sezonie letnim, natomiast Mn w okresie zimowym.
We wszystkich analizowanych probkach mleka stezenie otowiu i kadmu byto stosunkowo
niskie i mieScito sie w dopuszczalnych granicach.

Stowa kluczowe: mleko krowie, pierwiastki §ladowe, sezon, wschodnia Polska.

INTRODUCTION

Essential metals, beside basic nutrients, have a vital role in the func-
tioning of a human organism. They participate in numerous metabolic proc-
esses and regulate biochemical reactions; they appear as activators or com-
ponents of some specific enzymes. Fe, Cu, Zn and Mn play a crucial role in
protection of a human body against the negative effect of toxic free radicals
(CasaMaN 2006, ScHERzZ, KircHOFF 2006). But bovine milk also contains heavy
metals, which reduce its nutritional value and pose a hazard to the human
health. Pb and Cd prove to be the most widespread environmental toxicants
found in milk (Licata et al. 2004).

The content of essential micronutrients and trace elements in milk de-
pends mainly on external factors, i.e. given content of elements element
content in soil, feed and water as well as its assimilability. To a lesser ex-
tent, concentration of mineral components is conditioned by factors related
to secretion of milk, i.e. a cow’s breed, stage of lactation, animal health
(CasuMAN 2006, DoBrzaNSKI et al. 2005, GaBRYSzUK et al. 2010, MALBE et al.
2010, Sora-LARRANAGA, NavaARRO-Brasco 2009, Vibovic et al. 2005). Another im-
portant factor influencing the occurrence of trace elements, including toxic
ones, is mainly of anthropogenic origin (DoBRzANSKI et al. 2005, LicaTa et al.
2004). Some authors also point to the influence of a season and production
region on the content of these elements (DoBrzaNskI et al. 2009, ELSAYED et
al. 2011, Li-Qianc et al. 2009, Patra et al. 2008, Sora-LARRANAGA, NAVARRO-
-Brasco 2009).
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Milk and dairy products are staple components of a daily diet of contem-
porary consumers, especially children.Thus, it is crucial to monitor regular-
ly milk quality, paying special attention toxic metals. Theirs concentration
in milk, especially in industrial regions, may serve as a direct bioindicator
of the quality milk and its products, but cal also be an indirect indicator
of contamination in the environment where milk is produced (LicaTa et al.
2004, Vibovic et al. 2005).

The aim of the present study was to evaluate the concentration of some
trace elements (essential and potentially toxic ones) in milk of cows main-
tained on farms located in three regions of Eastern Poland, i.e. the Biebrza
River region (a buffer zone of Biebrza National Park), the Bieszczady Moun-
tains and the Lublin region. Additionally, two production seasons were tak-
en into consideration.

MATERIAL AND METHODS

Milk samples were collected individually from each cow (daily milk) dur-
ing the summer (June-August) and winter (December-February). The re-
search included a total of 446 milk samples (Biebrza — 134, Bieszczady — 163
and Lublin — 149) obtained from three areas in Poland (Figure 1). The Bie-
brza and Bieszczady regions are considered highly valuable nature areas
and very attractive tourist destinations. They are unique in that the human
interference with nature is almost negligible. Extensive milk production dom-
inates in the farming practice in those regions, owing to large areas of
available grasslands. In the Biebrza region the main cattle breeds are the
Whiteback and Black-and-White cows, but in the Bieszczady Mountains the
Simmental cows are reared. The nutrition of cows in spring relies mainly
was on seasonal pasture forage comprising grasses and legumes supplement-
ed with hay or straw. During the winter season, the animals were fed hay
sillage, fodder beet with hay or straw additives. Milk samples from the Lub-
lin region were obtained from intensive milk production farms maintaining
the Simmental and Black and White cows. All year, the animals were given
maize silage and hay silage, while in the summer their diet was supple-
mented with forage. On all the farms, dietary rations were enriched with
nutritive fodder.

All analyses were performed in the Agroecological Central Laboratory of
the University of Life Sciences in Lublin. All reagents were of analytical
grade, with 65% HNO3 and 70% HCIO, of suprapure quality (POCh, Po-
land). The samples were wet-mineralized (Kjeldahl Flask Digestion) accord-
ing to the official procedure AOAC 986.15 (AOAC 2000). The content of mi-
croelements (Cu, Fe, Zn, Mn) was determined with the flame atomic
absorption spectrometry technique using a SOLAR 939 spectrometer (Uni-
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Fig. 1. Location of the research regions in Poland:
A — Biebrza River region, B — Lublin region, C — Bieszczady Mountains

cam). The content of Pb and Cd was established using the flameless atomic
absorption spectrometry method in a SpectrAA 880Z (Varian) spectrometer.

The results were analyzed statistically with the StatSoft Inc. Statistica
ver.6 software (Statsoft INC. 2003) based on a two-factor analysis of vari-
ance, achieving mean values and standard deviation. Significance of differ-
ences between mean values was determined with Tukey’s HSD test.
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RESULTS AND DISCUSSION

The results indicate significant differences between the seasons in the
content of Zn, Cu and Mn in milk collected in the three regions. Higher
concentrations of Zn and Cu, regardless of the production region, were no-
ticed in the summer, and the content of Mn was higher in the winter sea-
son (Table 1). Differences between the seasons (in favor of the summer) for
the Zn content ranged from 0.426 mg L~! to 0.753 mg L1, and for Cu —
from 0.008 mg L1 to 0.030 mg L. Milk produced in the Bieszczady Moun-
tains in the winter was characterized by twice as much Mn (0.132 mg L1)
as in the summer season (0.066 mg L1). Seasonal differences in the Mn
content did not occur in the other regions. Other authors also report sea-
sonal variation in concentrations of the analyzed elements (ELsAYED et al.
2011, GuUSTAFSON et al. 2007, RoprIGUEZ et al. 2001, SorA-LARRANAGA, NAVARRO-
-Brasco 2009). Like in our study, higher levels of the elements, especially
Cu and Zn, were found in milk obtained in the summer, i.e. from cows fed
mainly pasture forage. A contrary result, i.e. higher concentrations of Cu
and Zn in milk in winter, was obtained GoOrska and OPRzaDEK (2006). The
level of Zn ranged from 3.2 (in summer) to 3.7 mg L1 (in winter), and Cu —
from 0.048 to 0.050 mg L1, respectively. In another study conducted in
Silesia by DoBrzaNskI et al. (2005), milk of cows kept on pasture was charac-
terized by more Cu (0.065-0.089 mg L1) and less Zn (3.085-3.164 mg L)
than in our investigations. The concentration of Mn, however, ranged from
0.051 mg L1 in Upper Silesia to 0.102 mg L1 in Lower Silesia.

In both analyzed seasons, a region influence on the content of men-
tioned microelements was also stated. In the winter season milk from Lub-
lin region was characterized by the highest Zn content (4.764 mg L1) at
the lowest Cu content (0.032 mg L1) and Mn (0.039 mg L-1). However,
milk collected in the Biebrza region contained over twice, and in the Bieszc-
zady over three times more of Mn, respectively: 0.084 mg L1 and 0.132 mg
L1 In the case of Cu level, the differences between regions were much
lower. In all regions in the summer season Zn and Cu content changes
were similar to the changes in the winter. Concentration of Zn ranged from
4.312 mg L1 (Biebrza region) to 5.341 mg L~! (Lublin region), and Cu from
0.040 mg L~! (Lublin region) to 0.078 mg L~! (Biebrza region). The differ-
ences in concentration of these elements in milk mainly may be due to
their diverse content in a feed (DoBrzaNSKI et al. 2005, GABRYSZUK et al. 2010,
MAaLBE et al. 2010, ScHERzZ, KircHOFF 2006). MALBE et al. (2010) shows the ef-
fect of balancing a ration for animals kept in conventional and organic farms
on the content of elements in milk. Low Cu concentration in the milk of
cows kept in the Lublin region may indicate a high level of Zn in the ra-
tion. According to many authors (AranciBia et al. 2006, Licata et al. 2004),
Zn taken from a feed, interacting with the copper absorption system, reduc-
es the Cu bioavailability. HosNEDLOVA et al. (2005) point at a gradual increase



JueoyTusIs poaje)s J0U — SU ‘T 0S J ¥ JUBIGTUSIS SO0USISIP — XX ‘GY'0S J ¥8 FUBOHTUSIS SOOUAIIIP — X ‘T(°0S J & YURIGIUSIS SO0UaIyIp — g V
G0'0Sd 1B YUBOGIUSIS SOOUAISIP — @ D ‘SUOSEIS Ud9MII( SOIUYIP — F V ‘@ D
SMO9 JO JOqUINU — “ON

602

xx xx xx GT0'0F0€0°0 | €T00F6E0°0 |BG0'0F990°0 | g990°0FGET'0 | 6S0°0+980°0 | 680°0F¥80°0 uN

su su su ¢90°0¥396°0 | TSO'0F88T'0 | 6S0°0FLLEO 0L00¥90€°0 TOT'0FLEE0 | LBO'0F¥93°0 o

xx x x LT0'0F0%0°0 | TT0'0¥¢E0'0 | 610°0F8%0°0 L00'0F6E0°0 | ¢BG0'0F8LO0 | »ETO'0F8¥0°0 ny

x x x QEIV'CFIVE'G | oVIBTFYILY | CG8'TFCV8V CIOTFITV'Y | ¢968'TFCIE TV | »S8LTF699°E uz

uorjoRIAYUI ¢L LL L8 9L 89 99 'ON
xﬁMMMMMm UOSESs | U0I3a1 uoseos uos®eos uoseas uoseas uoseos uoseas (1T Bux)
Jowrwns JojuIM Jowrwns JojuIm Jowrwns JIojurm JuoyU0D

10998, uotSaax urqny uot3oa Apezozsorg uot3ea eziqerg JUSWS[0IOTIA
puB[0q UWINSEA JO SUOLSOI 991} UL POUTEJUTBW SMO0D JO I{[IW UL (([STX) SPUSWD[O 90BI} JO JUSJUO))
T 9l9&L




603

of Zn concentration in milk, at a simultaneously Cu level decrease and an
increase of cows’ milk yield. In Simsek et al. (2000) opinion, a content of Cu
is largely conditioned by an environment influence. This element high con-
centration (0.77-1.20 mg kg1), the authors noted in the milk from industri-
alized areas of Turkey. This is contrary to the results of own studies,
in which showed higher levels of this element in the regions subjected
to a small degree of human pressure, such as the Bieszczady and Biebrza
regions.

The Fe content in milk was not found to have been affected by a region
or production season, although the highest concentrations of this metal in
milk were observed in the Bieszczady Mountains in summer (0.377 mg L1)
and the lowest — in the Lublin region in winter (0.188 mg L~1). Contradictory
conclusions were presented by Sora-LARRANAGA and Navarro-Brasco (2009), who
demonstrated the impact of a season on the Fe content in milk at a high
value of Varimax factor (0.845). In another study conducted in seven regions
of Egypt, with varying degrees of industrialization, the highest levels of Cu,
Fe and Zn were recorded in the most heavily urbanized areas, although
higher concentrations of Cu and Fe were noticed in summer months (May-
June), and Zn — in winter (January-February) (ELSAYED et al. 2011). Li-QiaNG
et al. (2009), who evaluated milk from areas of China and Japan, stated that
Zn and Fe can be transferred to milk from machinery and equipment used
during collection and processing of raw milk.

The content of microelements recorded in Sweden (LINDMARK-MANSSON
et al. 2003) was similar to our results obtained in the Biebrza and Bieszcza-
dy regions. The average concentrations of individual elements in cows’ milk
were as follows: Zn — 4.4 mg L1, Mn — 0.10 mg L1, and a higher content
of Cu — 0.10 mg L. In another study, conducted in Northern Sweden, milk
was characterized by lower levels of these elements: Zn — 4.1 mg L1, Cu —
0.053 mg L1 as well Mn — 0.024 mg L1 (14). Very low concentrations of Zn
(2.016 mg kg1) and Cu (0.002 mg kg™!) were found by Licata et al. (2004) in
milk from various farms in Calabria, Italy. High levels of these components
in milk were shown by RopricUuEz et al. (2001), who conducted their research
on 8 farms located in the Canary Islands (Zn — 4.41 mg L' and Cu —
0.076 mg L1).

Nutritional evaluation of milk includes determination of the content of
heavy metals such as Pb and Cd. It is important to emphasize that the
mean Pb concentrations in the analyzed milk produced in three regions of
Poland did not exceed the permissible limit, i.e. 0.020 mg L~! (Commission
Regulation 2006). In just two milk samples collected in the Lublin region
(Table 2) the permissible level of heavy metals was surpassed. It was shown
that regardless of the production season, milk collected in the Lublin region
contained considerably more Pb than milk from the Bieszczady Mountains
(winter — 4.18 pg L1, summer — 4.34 pg L~1) and the Biebrza region (win-
ter — 5.99 pg L1, summer — 6.93 pg L1). Presence of Cd was noticed in all
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the analyzed milk samples, but its content did not exceed the permissible
limit, i.e. 0.010 mg L~! (Commission Regulation 2006). Milk from the Lublin
region was characterized by the highest content of this element. Significant
seasonal differences in the content of the analyzed heavy metals were ob-
served only for Cd in milk of cows kept in the Bieszczady Mountains (sum-
mer — 2.22 ng L1, winter — 4.74 pg L1). Taking into consideration that
animal feed, and consequently milk, is contaminated by dusts, fumes and
gases emitted by industry and road traffic, the present results may indicate
less heavy pollution in the Biebrza region and the Bieszczady Mountains
than near Lublin. It should be added that the Lublin region is an area put
to the strongest anthropopressure. The urban sprawl and increasing traffic
lead to elevated emission of harmful substances. Intensive agricultural pro-
duction in this region also contributes to pollution of the natural environ-
ment.

Significant differences in concentrations of trace elements between re-
gions were also found by DoBrzaNski et al. (2009). In milk produced on farms
in Upper Silesia (contaminated region) significantly higher concentrations of
Cu (0.659 mg L1), Cd (7.39 png L1) and Pb (0.042 mg L1) were observed
compared to from Bystrzyca (ecologically clean area), i.e. 0.228 mg L1,
3.88 ug L1 and 0.021 mg L1, respectively. It should be noted that the limit
for lead content in milk was exceeded in both regions. According to the
authors, such a high concentration of this element in milk from Lower Si-
lesia, a region considered as environmentally clean, may be due to inade-
quate milking hygiene and the impact of airborne pollution from industrial
areas.

Studies of other authors (AsLam et al. 2011, ELsaYED et al. 2011, LicaTa
et al. 2004, SorLA-LARRANAGA, NAvARRO-Brasco 2009, Vipovic et al. 2005) also
indicate that the location of farms has a significant impact on the heavy
metal content in milk. Licata et al. (2004), who evaluated bovine milk pro-
duced in various farms in Calabria (Italy), confirmed the Cd presence in
only 3 out of 43 milk samples, where it equalled 1.14, 3.42 and 22.8 mg kg™1.
The Pb presence, however, was observed in all the samples but the record-
ed values, ranging from 0.1 to 9.92 mg kg1, did not surpass the permissible
limit for this microelement. Low Cd concentration was also noticed in milk
of cows maintained in the north of Serbia, where it oscillated from 0.001 up
to 0.016 mg kg! (Vipovic et al. 2005). In Pakistan (Faisalabad), the heavy
metal residues in milk exceeded several-fold the permissible limits according
to the European standards. The average content of Cd was 0.147 mg L~ and
Pb — 19.972 mg L1 (Astam et al. 2011). Such high values, considered to be
potentially dangerous to the health of animals and humans, were probably
caused by contamination of soil and water.

Higher concentrations of Pb and Cd in milk are mainly due to the loca-

tion of farms along roads or near factories and power plants (BiLAND-IC et al.
2011, ELsaveD et al. 2011, Li-Qianc et al. 2009, PaTraA et al. 2008, SIMSEK et al.
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2000). Several-fold higher Pb content was found Patra et al. (2008) in milk
of cows kept near zinc smelter and aluminum processing plants (0.85 mg L1),
compared to milk of cows kept in unpolluted areas (0.25 mg L1). Sivsek
et al. (2000) observed similar concentrations of Pb in an industrial area
(0.049 mg kg1), and in areas with heavy traffic (0.032 mg kg™1). In studies
conducted in Lithuania, permissible limits for both analyzed elements were
not exceeded, although, similarly to our study, a higher content was report-
ed in the winter season (VALIUKENAITE et al. 2006). In the previous research
of KroL et al. (2006), similar values of the concentration of both microele-
ments were determined. The average Cd level varied from 0.002 mg L1 in
milk from Simmental cows to 0.006 mg L1 in milk from Polish Holstein-
Friesian Black and White cows, while the Pb content varied from 0.011 to
0.016 mg L1, respectively. Higher concentration of both elements was ob-
served in milk obtained in the summer. The results obtained by ELsaYED et
al. (2011) confirmed the significant influence of a season (P<0.05) on the Pb
content in milk. In the summer months, higher amounts of this element
were found. There was no effect of a production season on the Cd content
in milk.

CONCLUSIONS

In conclusion, it should be stated that the significant effect of a season
and production region on the content of all the analyzed elements except Fe
was noticed. Milk collected in the Biebrza and Bieszczady regions proved to
be a richer source of Cu and Mn. Regardless of the production region, high-
er levels of Zn and Cu were observed in the summer season, and Mn was
more abundant in the winter. The average concentration of Pb and Cd did
not exceed the permissible limits. It should be underlined, however, that in
all the analyzed milk samples the presence of both elements was observed,
even in milk from the Biebrza and Bieszczady regions, which are commonly
recognized as ecologically clean. Taking into consideration the fact that Pb
and Cd accumulate in living organism, constant monitoring of these ele-
ments in milk and other food products seems advisable.
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