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Abstract

The monitoring of metals and other chemical elements in the basic sources of diet,
mainly for children, is very important for preventing health issues. The aim of this
work was to determine the concentration of selected essential (Ca, K, Mg, Mo, Na,
Zn) and non-mutagenic elements (Ag, Al, Ba, Li, Sb, Sr) in ewe milk from the Orava
region in northern Slovakia. Twenty milk samples were analysed in June and August
using an inductively-coupled plasma optical emission spectrometry. The differences
in elements concentration between the seasonal periods were not significant (p < 0.05),
except for lithium (p < 0.05). The essential elements concentration was within the rec-
ommended levels, while the non-mutagenic and potentially toxic metals consist was
under the permissible limits. However, there were found very strong and significant
relationships between the elements which may suggest the synergistic / additive or
antagonistic effects of some elements.
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Introduction

Ewe milk contains essential elements, vitamins, pro-
teins, and other compounds important mainly for the
children’s health. However, except for these important
compounds, they may contain also toxic or potentially
toxic elements. Environmental contamination as a re-
sult of industrial activities is an important factor pro-
ducing unwanted and often toxic chemical elements
entering the food chain, including raw milk. These
compounds transfer in the environment-animal-food
system and cause human health issues. The studies are
often published on metal monitoring in animal milk
[1-8]. Analysis of 45 trace elements and 6 macroele-
ments (Ca, K, Mg, Na, P, S) in cow milk revealed that
there are clear differences between the organically
and conventionally produced milk. The elevated levels
of Mo in organic milk and reduced levels Ba, Eu, Mn,
and Zn were found in comparison to conventional milk
[9]. A higher concentration of Ca, Mg, K, and P is found
in the milk of primiparous compared to multiparous
cows. The breed also can influence the element con-
tent in milk, e.g. milk of Holstein-Friesian in compar-
ison to Jersey cows seem to have the lower concentra-
tion of Ca, Mg, and P ions [10]. Organic dairy farms are
characterized by lower concentrations of toxic heavy
metals in whole raw milk compared with those from
the conventional production system [11]. Long-term
toxic metal consumption in milk can pose a serious
health risk for children. The order of heavy metals in
the cow milk was found as follows: Zn > As > Pb > Cr
> Cu > Niand lead exceeded the Codex limits [12]. Many
studies are focused on the toxic elements which are
mutagenic and also can cause cancer. Anyway, there
are another important toxic metals and metalloids in
the environment and food chain, including animal
milk. Human activities affect the environmental quali-
ty and play a key role in the distribution of toxic metals
in raw milk and contribute to Pb, As, and Cd contam-
ination in animals and transfer to milk [13, 14]. The
metals are often present in the environment and food
in low quantities, but their combinations and mixtures
may pose an elevated risk and can damage the human
organism in low doses [15]. These interactions may in-
dicate the regulation mechanisms and competition of
these elements even at low exposure [16]. The relation
between the metals in feed, water, and milk was report-
ed [17]. However, no relations were found between the
occurrence of toxic metals in soil, feed, and milk [18].
The elevated concentrations of metals (Zn, Fe, Cu) in
the environment did not affect their concentrations in
cow milk [19]. The season may also affect the concen-
trations of metals in milk with the highest influence
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during the summer season [20]. Concentrations of
metals in ewe milk varied significantly with different
seasons [21]. The concentration of toxic metals in milk
increases with the increasing age of the animals [22].
Lithium and strontium are involved in calcium metab-
olism. Lithium contents in the milk products ranged
from 0.01 to 0.50 mg/kg, calcium from 1010 to 2020 mg/kg,
and strontium from 0.21 to 0.79 mg/kg [23].

Milk consumption is important mainly for children’s
health. Therefore, this study aimed to analyze the oc-
currence of twelve essential and minor, non-mutagenic
risk elements in the raw ewe milk from northern Slova-
kia. The relationships between the elements in the ewe
milk were also expressed.

Materials and methods

Milk sample collection

The milk samples were collected in the Orava region,
northern Slovakia, considered as a region with an
undisturbed environment [24]. Twenty lactating ewes,
7 years old, were randomly selected from the sheep
herds of 400 animals (Tsigai breed). The milk was col-
lected two times by individual hand milking in the
spring and summer seasons (June and August). Ap-
proximately 500 mL of milk were collected from each
ewe in both periods, in total 20 milk samples. Samples
were stored in PET bottles at -20°C until analysis.

Sample analysis

The following 12 elements were analyzed in all milk
samples: Ag, Al, Ba, Ca, K, Li, Mg, Mo, Na, Sb, Sr, and
Zn. The content of selected elements was determined
in raw milk samples by inductively-coupled plasma op-
tical emission spectrometry (ICP-OES). As a first step,
the pre-analytical procedure was made. All the chem-
icals used during the sample preparation were highly
pure. Until the sample processing, they were stored
in a freezer at -20°C. The weight of the experimental
samples ranged from 0.5 to 2.0 g and was reflected in
measurement. The samples were mineralized in the
high-performance microwave digestion system Ethos
UP (Milestone Srl, Sorisole, BG, Italy) in a solution of
5 ml HNO, > 69.0% (TraceSELECT®, Honeywell Fluka,
Morris Plains, USA), 1 ml H,0, > 30%, for trace anal-
ysis (Sigma Aldrich, Saint-Louis, Missouri, USA) and
2 ml of ultrapure water (18.2 MQ cm’; 25°C, Synergy
UV, Merck Millipore, France). Samples, including the
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blank sample, were digested according to a method
for animal tissue developed and recommended by the
manufacturer to achieve the most reliable results. The
method consists of heating and cooling phases. During
the heating stage, the samples were warmed to 200°C
for 15 min and this temperature was maintained for
another 15 min. Afterward, during the cooling phase,
the samples underwent active cooling for 15 min to
reach the temperature of 50°C. The digests were fil-
tered through the VWR Quantitative filter paper 454
(particle retention 12-15 ym) (VWR International, Leu-
ven, France) into the volumetric flasks and filled up
with ultrapure water to a volume of 50 mL. Analysis of
the elements was carried out using an inductively cou-
pled plasma-optical emission spectrometer (ICP OES
720, Agilent Technologies Australia (M) Pty Ltd.) with
axial plasma configuration and with auto140 sampler
SPS-3 (Agilent Technologies, Switzerland). Details of
the instrumental operating conditions are listed in Ta-
ble 1 and Table 2.

Table 1. The operating parameters of determination of
elements by ICP-OES

Parameter Value
RF Power [KW] 1.30
Plasma flow [L/min] 15.0
Auxiliary flow [L/min] 1.50
Nebulizer flow [L/min] 0.85
Replicated read time [s] 5.00
Instrument stabilization [s] 15
Sample uptake delay [s] 25
Pump rate [rpm] 15
Rinse time [s] 10

Table 2. The wavelenghts for individual elements

Element [A/nm] Element [A/nm]
Ag 328.068 Mg 383.829
Al 167.019 Mo 204.598
Ba 455.403 Na 589.592
Ca 315.887 Sb 206.834
K 766.491 Sr 407.771
Li 670.783 Zn 206.200
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Quality assurance

The limits of detection (LOD) and limits of quantifi-
cation (LOQ) were evaluated for the validation of the
analytical method (Table 3). In the experiment, the
multielement standard solution V for ICP (Sigma-Al-
drich Production GmbH, Switzerland) was used. LOD
in digest was calculated as three times the standard de-
viation of the sample blank relative to the slope of the
analytical curve. LOQ was calculated as 10 times the
standard deviation of the sample blank relative to the
slope of the analytical curve.

Table 3. LOD and LOQ values for analyzed elements in milk
[ug/ke]

Ag Al Ba Ca K Li

LOD 0.30 0.20 0.03 0.01 0.30 0.06

LOQ 1.00 0.67 0.10 0.03 1.00 0.20

Mg Mo Na Sb Sr Zn

LOD 0.01 0.50 0.15 2.00 0.01 0.20

LOQ 0.03 1.67 0.50 6.67 0.03 0.67

LOD - limit of determination; LOQ - limit of quantification

Based on the obtained LOD limits, LOQ limits ac-
cording to the needs of Commission Regulation (EC)
no. 1881/2006 were obtained. LOQ limits were recalcu-
lated from mg/l (LOD) to mg/kg based on the sample
weight and the final volume of the digest. The quali-
ty control (QC) during measurement was ensured
by a parallel analysis of at least one sample and the
method calibration was controlled before every mea-
surement by the control sample from the calibration
solution of certified reference material (CRM). The
accuracy of the method was verified using the CRM
(CRM-ERM CE278 K, Sigma-Aldrich Production GmbH,
Switzerland).

Statistical analysis

Statistical analysis of the data was performed using
IBM SPSS Statistic 26 (IBM, USA). Differences in con-
centrations of the analyzed elements in milk between
the seasons were compared by the ANOVA and Stu-
dent’s t-test. All data were expressed as mean and stan-
dard deviation. The half-value of the LOD was used for
values below the LOD for statistical calculations. The
relationships between the levels of individual metals
in the milk of ewes were calculated using Pearson’s
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correlation analysis. A probability level of p < 0.05 was
considered statistically significant. The strength of
the correlation for is expressed as follows: r=0.0-0.2 -
very weak dependence, r = 0.2-0.4 - weak dependence,
r=0.4-0.6 - moderate dependence, r = 0.6-0.8 — strong
dependence, r = 0.8-1 - very strong dependence.

Results and discussion

The concentrations of essential elements in raw
ewe milk were within the recommended levels. The
non-mutagenic and potentially toxic metals concentra-
tions were under the permissible limits (Table 4).

Table 4. Concentrations of elements in ewe milk in June and August [mg/kg]

June August
Element
Mean + SD Minimum Maximum Mean + SD Minimum Maximum

Ag 0.0017 £ 0.002 ND 0.0049 0.0010 £ 0.002 ND 0.0073
Al 0.0259 £ 0.059 ND 0.0791 0.0114 £ 0.035 ND 0.1135
Ba 0.1602 £ 0.042 0.0831 0.2329 0.1794 £ 0.050 0.0877 0.2533
Ca 1084.88 £170.41 732.40 1291.2 1230.82 = 259.08 788.20 1675.70
K 623.73 £72.82 482.33 721.40 657.76 £112.10 438.38; 813.58
Li 0.0085 + 0.004 0.0011 0.0139 0.0130 + 0.004" 0.0070 0.0197
Mg 120.27 + 16.84 87.62 142.77 114.54 + 17.61 90.47 144.66
Mo 0.0048 £ 0.01 ND 0.0164 0.0051 £ 0.012 ND 0.0398
Na 547.85 £ 164.21 274.00 732.40 760.03 £+ 500.13 218.80 1644.70
Sh ND ND ND ND ND ND
Sr 0.5062 +0.124 0.2493 0.6673 0.5865 £ 0.174 0.3254 0.8987
In 3.64 +£1.040 2.26 5.88 3.85+0.650 2.95 4.88

SD - standard deviation; ND - not detected; “p < 0.05

Cow milk is characterized by the least variations in
the contents of elements than sheep milk [25] and is
affected by feed (i.e. grazing in the industrial areas),
breed, individuality, season, and lactation stages [26].
The calcium concentration in ewe milk was higher in
summer. Similar results were found in a different re-
gion of Slovakia, Tulcik, where Ca concentrations in
spring were significantly lower than those in summer
or autumn [18]. Our results support also the conclusion
of experiments with ewes, where the total calcium con-
tent tended to increase throughout the milking season
with the lowest concentration in February and higher
concentration in June [27] or in the late stage of lacta-
tion [28]. Our results show the lower average Ca concen-
trations (1084.88 and 1230.82 mg/kg in spring and sum-
mer, respectively) in ewe milk than found in other
analyses [27, 29-32]. The contents of Ca in our analyses
are close to those in cows or goats [29, 33, 34]. Increasing
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calcium concentrations in milk are probably related to
the grazing period [35] and feed quality [36]. However,
there are reports in the literature, that the season has
no effect on Ca levels in milk [37, 38]. Calcium consti-
tuted the largest part of all elements in both seasons
with following order: Ca > K > Na > Mg >Zn > Sr > Ba >
Al>Li>Mo > Ag >Sbin June, and Ca > Na > K > Mg >Zn
>Sr >Ba >Li> Al >Mo > Ag > Sb in August. Opposite to
calcium, the magnesium concentrations were lower in
summer than in the spring season. However, this differ-
ence was not significant. The levels of Mg in ewe milk
is much higher than in breast milk with a wide range of
15 to 64 mg/1 [39], 98 to 170.5 mg/kg [40] but lower than
that of the goats [41]. Except of the Ca and Mg, other
macrominerals occurring and often analysed in the
milk of mammals are P, K, and Na [42]. The concentra-
tion of K was similar in both seasons. The higher con-
centration of Na was analysed in summer than in
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spring. The decreased level of sodium during lactation
was found in human lactation [42]. The highest concen-
trations of Na and Ca were found in sheep milk in com-
parison with human, goat, cow, and mare milk [41]. The
metals ingested by dairy animals can be transferred to
milk through the blood [43]. Molybdenum analyses in
ewe milk are sparse. Mo is an essential dietary element.
The median Mo intake from dietary supplements is
about 23 and 24 pg/day for men and women, respective-
ly. Exposure to Mo in industrial areas with mining ac-
tivities can be significant [44]. Increased intake of Mo
by lactating ewes can affect the metabolism of cop-
per [45]. Mo concentrations in ewe milk from Orava
(0.0048-0.0051 mg/kg) were very low and much lower
than in ewe milk published by other authors (0.14 mg/kg)
[45]. The toxic metals are unwanted in human food and
particularly in milk which is considered as a basic diet
for children. Several non-essential trace elements were
found in ewe and goat milk. Chronic aluminium intake
can lead to damage of the nervous system and adverse
effects of non-occupational aluminium exposure on re-
nal functions are well documented [46]. In our experi-
ments, the Al concentrations in milk were very low in
both seasons with lower values in summer than in
spring. Similar concentrations (28.01 pug/kg) were found
in raw cow milk in Turkey [47]. The concentrations of
Al in ewe milk (5.65 mg/kg) and goat milk (5.04 mg/kg)
in Turkey were much higher than in our experiments
[48]. Similarly, higher Al concentrations were found in
sheep and goat milk in Italy (0.85-3.87 pg/g) [49] and
other study in sheep milk (0.5-1.8 mg/kg) [29]. The ele-
vated Al content in animal milk may be the result of
using the aluminium equipment (i.e. containers) in
milking process. The milking equipment in the ob-
served farm is made of steel and aluminium leakage is
not expected. Despite the fact, that milk is not contam-
inated by aluminium, its levels can be increased by lo-
cal environmental contamination during the phase of
cheese ripening [49]. Zinc is an essential element in
humans important in metabolism and enzyme function
but can be toxic in higher doses [50]. In this work, the
Zn concentrations in ewe milk were stable during the
observed seasons and we found only minor differences
between the spring and summer seasons. Similar con-
centrations of Zn in ewe milk during the late stage of
lactation were found in a different area of Slovakia,
Horn4d Nitra, which is considered a region with a slight-
ly disturbed environment [40]. In cow milk from Turkey,
zinc was the element with the highest frequency of oc-
currence in concentrations of 263.60 pg/kg [47]. This
concentration is more than ten times lower than in our
experiments. However, higher Zn concentrations were
described in sheep and goat milk (21.2-26.0 and
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16.8-19.3 mg/kg, respectively) [49] and ewes (4.66-
11.80 mg/kg) [51]. Other studies show various data on
the zinc concentrations in milk of different animal spe-
cies [29, 41-42, 51-52]. Zinc content in cow milk from
the same area of Slovakia, Orava, was higher (40.2 mg/
kg in spring and 30.3 mg/kg in autumn) than that in this
study [19]. Barium is a highly toxic metal affecting the
passive efflux of intracellular potassium ions. Cardiac
arrhythmias and muscle weakness are the results of
barium poisoning [53]. In ewe and goat milk, the bari-
um and strontium concentrations are found to be high-
er than in cow milk [49]. In our case, Ba levels were
lower than in other studies [48-49]. There were no sig-
nificant seasonal differences in Ba levels in ewe milk
from the Orava region. The lower concentrations of Ba
were found in cow milk and ranged from 62.20-
105.80 g/l [54]. Strontium and lithium may represent
the important milk minor elements. Strontium is chem-
ically and biologically similar to calcium. Sr and Li are
able to modulate calcium metabolism and vice versa
[55,56]. Moreover, barium and strontium are deposited
in the hydroxyapatite structure of bones [57] which is
the main site of calcium incorporation. The data found
regarding the Sr concentration in milk are contradicto-
ry in the literature. An important finding is that the
transfer index of Sr from blood to milk is higher than
for other toxic metals like cadmium, lead, chromium,
arsenic [43]. In this work, the strontium was found in a
concentration of 0.5062 mg/kg in spring and 0.5865 mg/
kg in summer and the differences were not significant.
The similar concentrations in cow milk in Turkey
(378.90-984.30 pg/l) [54]. The lower concentration
(0.04 mg/kg) was found in cow milk in areas irrigated
with wastewater [43]. On the other hand, higher Sr con-
centrations were found in the ewe (4.72-6.24 pg/g) and
goat (4.60-4.80 pg/g) milk [49]. The concentrations of Sr
in our work do not pose a health risk for consumers.
The different situation in seasonal differences was re-
corded for lithium. The significantly higher Li concen-
tration in raw ewe milk was found in summer. The tol-
erable daily intake of Liis 0.02 mg/kg bw in humans [58].
In cow milk, the lithium concentrations were in the
wide range of 0.001-38.80 pg/1 [54]. The concentrations
of Liin this work are within this range. In milk products,
the Lilevels (0.07 mg/kg) were higher than in our exper-
iments [56]. The data of Li occurrence in the milk of
various mammals published earlier were as follows:
guinea pig 0.034 ppm, cow 0.024 ppm, horse 0.015 ppm,
and human 0.0065 ppm [59]. Lithium chloride used for
induced conditioned taste aversion is considered safe in
ruminants because of low concentrations of Li found in
eces, urine, and milk [60]. The source of antimony toxic-
ity may be occupational, medical, or environmental

Science, Technology and Innovation, 2021, 14 (3-4), 35-45


www.stijournal.pl

40

Original article

R.

Toman, M. PSenkova, I. Imrich, S. Hluchy, S. Almasiova

exposure [61,62]. In this work, we were not able to de-
tect Sb in any milk sample in both seasons. Sb concen-
trations in ewe and goat milk (2.19 and 3.47 mg/kg, re-
spectively) were published [48]. Silver is the minor
metal found in animal and human milk and is consid-
ered non-essential for humans [63]. Very low concen-
trations were found in both seasons with no significant
difference. More than 100 times higher concentrations
were found in ewe and goat milk (0.286 and 0.25 mg/kg,

respectively) [48]. The studies on the silver in milk are
rare. The distribution of silver nanoparticles was found
to distribute to milk in mice depending on the size of
particles [64]. However, toxic effects were found after
peroral intake of silver [65].

The possible interactions of analysed elements show
the correlation analysis. The results of the correlation
analyses are summarized in Tables 5 and 6.

Table 5. The correlation analysis of the elements in ewe milk in June

Al Ba Ca K Li Mg Mo Na Sr Zn
Ag -0.300 —-0.215 0.096 —-0.549 0.579 -0.135 0.054 0.322 —-0.078 —0.288
P 0.400 0,550 0.791 0.100 0.079 0.709 0.882 0.363 0.830 0.419
Al 0.133 0.168 0.329 —0.155 0.092 -0.218 —-0.156 0.176 0.678"
p 0.713 0.643 0.363 0.670 0.800 0.545 0.668 0.628 0.031
Ba 0.360 0.486 -0.403 0.526 —-0.109 0.001 0.942™ 0.542
p 0.307 0.154 0.249 0.118 0.763 0.999 0.0009 0.106
Ca 0.513 0.526 0.910™ 0.184 0.740 0.377 0.508
p 0.130 0.118 0.0009 0.611 0.014 0.283 0.133
K -0.355 0.653" -0.266 0.014 0.328 0.606
p 0.314 0.041 0.457 0.969 0.355 0.063
Li 0.239 0.445 0.739" —-0.218 —-0.151
p 0.505 0.198 0.015 0.545 0.676
Mg 0.038 0.535 0.476 0.620
p 0.917 0.111 0.164 0.056
Mo 0.287 0.009 —0.160
p 0.421 0.981 0.658
Na —-0.011 —0.138
p 0.977 0.703
Sr 0.593
p 0.071
p - significance of correlation coefficient; “p < 0.05; “p < 0.01; "p < 0.001
Table 6. The correlation analysis of the elements in ewe milk in August
Al Ba Ca K Li Mg Mo Na Sr Zn
Ag —-0.137 0.161 0.050 0.247 -0.024 0.207 0.943™ -0.063 0.059 -0.139
p 0.707 0.657 0.891 0.491 0.948 0.565 0.0009 0.863 0.871 0.702
Al 0.515 0.603 0.325 0.167 0.309 -0.136 —-0.250 0.630 0.552
p 0.128 0.065 0.359 0.645 0.385 0.708 0.486 0.051 0.098
Ba 0.745" 0.696" 0.524 0.646* 0.273 -0.106 0.807" 0.562
)4 0.013 0.025 0.120 0.044 0.446 0.771 0.005 0.091
Ca 0.919™ —0.076 0.779** 0.066 -0.700" 0.988™ 0.901™
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Al Ba Ca K Mg Mo Na Sr Zn
p 0.0009 0.836 0.008 0.856 0.024 0.0009 0.0009
K -0.211 0.886™ 0.225 -0.724 0.906™ 0.749"
p 0.558 0.001 0.531 0.018 0.0009 0.013
Li -0.215 0.205 0.688" 0.006 —0.056
p 0.551 0.569 0.028 0.986 0.878
Mg 0.108 -0.491 0.826™ 0.564
p 0.767 0.149 0.003 0.089
Mo 0.013 0.070 -0.068
p 0.554 0.876 0.312
Na —0.597 -0.671"
p 0.068 0.034
Sr 0.863™
p 0.001

p - significance of correlation coefficient; "p < 0.05; “p < 0.01; ™p < 0.001

Significant correlation relationships were found
between the elements. Very strong positive correla-
tion between Al:Zn (p < 0.05), Ba:Sr (p < 0.001), Ca:Mg
(p<0.001), Ca:Na (p<0.05), K:Mg (p < 0.05), Li:K (p < 0.05)
were found in June and between Ag:Mo (p < 0.001), Ba:Ca
(p<0.05), Ba:K (p < 0.05), Ba:Mg (p < 0.05), Ba:Sr (p < 0.01),
Ca:K (p < 0.001), Ca:Mg (p < 0.01), Ca:Sr (p < 0.001), Ca:Zn
(p<0.001), K:Mg (p<0.001), K:Sr (p<0.001), K:Zn (p < 0.05),
Li:Na (p < 0.05), Mg:Sr (p < 0.01) in August. Moreover, very
strong negative correlations were found between Na:-
Ca (p < 0.05), Na:K (p < 0.05), Na:Zn (p < 0.05) in August.
The significant positive relationships between Al and
Zn were found also in goat milk and Zn concentration
was affected by the stage of lactation [26]. In our work,
the stage of lactation did not affect significantly the Zn
content in ewe milk. Interactions between Al and Ca
in bones and kidneys were described [66]. However,
we cannot confirm the relationship between these el-
ements in milk. On the other hand, the relationships
between Al and Ca, and Ca, Sr, Li, Ba in the bone me-
tabolism and structure and muscle contractility are
known [55-56, 67-69]. In the milk, relationships were
also found between these elements. Similar results
were found for Na and Ca in milk. Both elements are
involved in cardiovascular diseases and osteoporosis
[70]. Aluminium interacts also with Ca and Mg affect-
ing the nervous system. The decrease in calcium and
magnesium intake may lead to aluminum-induced de-
generative nervous diseases [66]. A positive correlation
between Ca and Mg in blood plasma [71] indicates the
possible relationships between these elements in other
organs and fluids. In fact, in this work, the significant
correlations between Ca:Mg were calculated in both
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seasons. Lithium positively correlated with K and Na
but not with Sr as previously found in cow milk [54].
The barium interactions with potassium channels
are well known [72] and correlations between Ba and
K were found in this study in the spring season.

Conclusions

The ewe milk from the northern part of Slovakia in the
Orava region contains essential elements in the normal
range. The risk, but non-mutagenic elements were also
in low concentrations which do not pose risk for the
consumer. There were very strong and significant rela-
tionships between the elements which may suggest the
synergistic / additive or antagonistic effects of some ele-
ments. The monitoring of metals and other chemical el-
ements in the basic sources of diet, mainly for children,
is very important for preventing health issues.
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