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Abstract 

The aim of the work was to determine the concentration of mutagenic elements arsenic (As), cadmium 
(Cd), cobalt (Co), chromium (Cr), copper (Cu), iron (Fe), manganese (Mn), nickel (Ni), lead (Pb), and 
selenium (Se) in various types of milk and dairy products from two manufacturers from the supermarket 
in Slovakia. The samples were analyzed by inductively coupled plasma optical emission spectrometry 
(ICP-OES) monthly for six months. Cd was below the level of detection in all products and the same for 
Cr in all types of milk. In the cheese, we found significant differences between the producers in the 
concentration of Mn, Cu, Cr, and Se. In other dairy products, we have found differences in the 
concentration of Se and Cu between producers of creamy white yogurt. Some of the elements were 
present in concentrations that, given the nature of the metals, could be hazardous. Arsenic in butter 
reached 2.244 and 2.603 mg/kg, which are very close to the limits and within the range of concentrations 
causing cancer. Cr concentrations in molten cheese were at the TDI level at normal daily consumption 
of 50 g of cheese and Pb values of 0.032 mg/kg in UHT whole milk exceeded the limit set by the European 
Commission (EC). Other elements do not pose any risk with the regular intake of these products. In the 
case of Co, Cu, Fe, and Mn they rather occurred in low concentrations. The concentration of Se in UHT 
semi-skimmed milk represents up to 500% of the daily requirement for an adult. Relationships between 
individual elements in milk and dairy products are rare in the literature. Therefore, the results of the 
work will contribute to the knowledge in this area. Several significant strong correlations between 
elements were found. The most common correlations were between Fe, Cu, and Ni. As milk and dairy 
products are among the staple foods consumed by the most vulnerable groups of people, namely children 
and the elderly, their presence in milk and dairy products needs to be monitored. 
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1. INTRODUCTION 

Dairy products, including milk, are an important part of a healthy diet for humans. These foods contain 
many important nutritional elements like calcium, magnesium, phosphorus, potassium, selenium, 
vitamins, and other compounds (Gaucheron 2005, 2011). Cow’s milk is widely used for children's 
nutrition and its nutrients are needed for their growth and mental development (Ribeiro Sant'Ana, de 
Carvalho & da Silva 2021). Its consumption improves the calcium and vitamin B12 status of school 
children (Kumar et al. 2021) and the cognitive and physical performance of young children (Kuriyan et 
al. 2016). Therefore, the main concern in the milk production and dairy industry is the safety of these 
food sources. Increasing industrial activities, growing agriculture, and other human activities contribute 
to the environmental pollution by many xenobiotics, including metals (Briffa et al. 2020; Page et al. 
2014; Onakpa et al., 2018). These metals then occur in the food chain and are transferred in the following 
direction: feed - animal - raw milk - dairy products - human. Many of these chemical elements cause 
toxic effects on humans even at low concentrations, such as cadmium (Barbier et al. 2005; Cobbina et 
al. 2015a; Kumar & Sharma 2019; Vassallo et al. 2020), lead (Barbier et al. 2005; Cobbina et al. 2015a; 
Vassallo et al. 2020; Javorac et al. 2021, 2022), arsenic (Cobbina et al. 2015a), thallium (Campanella et 
al. 2019), mercury (Barbier et al. 2005; Fernandes Azevedo et al. 2012; Cobbina et al. 2015; Vassallo 
et al. 2020), manganese (Batschauer et al. 2021), and chromium (Barbier et al. 2005; Haney 2015). In 
addition, the combined effect of several metals that may be present in raw material or food needs to be 
taken into account (Cobbina et al. 2015b, 2015c; Wu et al. 2016; Fan, Zhou & Feng 2017). In some 
cases, the consumption of cow's milk and dairy products can be risky. As Sobhanardakani (2018) warns, 
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due to the higher contamination of raw and pasteurized cow's milk with cadmium, lead and zinc, the 
heavy metal content should be controlled throughout the milk processing. Pipoyan et al. (2022) warn of 
the health risk of Cd and Pb intake through dairy products (pasteurized milk, sour cream, matsoun, and 
cow's milk cheese) in Armenia. Dairy products in the sales network in Brazil can be considered as 
sources of heavy metals such as Cu, Hg, Ni, Pb, and Se. Children are the main risk group in Sao Luis 
because they consume mainly Pb and Hg in these products (Ribeiro Sant'Ana, de Carvalho & da Silva 
2021). The occurrence of Cd, Cu, Pb, and Zn in various types of milk was also confirmed by Tripathi et 
al. (1999). In this case, however, the concentration of toxic elements did not reach the permitted limits, 
but significantly lower values than the recommended limits were also recorded for the essential 
elements. 

In addition to various toxic effects, some metals and metalloids can also cause damage to genetic 
information and mutagenesis. These mutagens can persist in the environment for a long time after 
entering the soil and then enter the animal body (Čėsnienė et al. 2017). In addition, the genotoxic effects 
of these metals, such as Cd, Pb, and Cr, can lead to carcinogenesis (Reutova 2017; Leelapongwattana 
& Bordeerat 2020). Permanent changes in genetic information caused by mutagens have stimulated the 
development of research into the testing and molecular mechanisms of heavy metal mutagenicity 
(Eastmond et al. 2009; Koedrith et al. 2013), as well as monitoring of these substances in the 
environment and food (Kocadal et al. 2021; Tunegová et al. 2018). Heavy metals can act genotoxically 
in various ways. Arsenic inhibits DNA renewal, directly damages DNA, and induces chromosomal 
aberrations (Jha et al. 1992; Zhou & Xi 2018). Cadmium, like arsenic, is a weak mutagen, but it causes 
oxidative stress and damages DNA (Mohamed 2021) and increases the frequency of chromosomal 
aberrations (Abrahim et al. 2011). Hexavalent chromium compounds are considered mutagenic and 
carcinogenic, but their mechanism of action also includes trivalent metabolite Cr(III), which binds to 
DNA (Brown et al. 2020). In addition, oxidative damage has been found to cause the genotoxic effects 
of chromium and chromosome damage even at doses that show low cytotoxicity (Wise, Wise & Little 
2002). Lead exposure causes an increase in the level of aminolevulinic acid (ALA) in the blood, which 
causes the formation of ROS (8-hydroxy-2′-deoxyguanosine). The result is DNA damage. These 
genotoxic effects of lead have been observed in workers at a wastewater treatment plant in Iraq (Ibrahem 
et al. 2020). Besides the toxic elements, some essential elements such as iron, selenium, copper, and 
manganese can also be genotoxic. An increase in lipid peroxidation and a decrease in the activity of the 
antioxidant system in the rat spleen were found after ingestion of a mixture of As, Cd, Cr, Fe, Hg, Mn, 
Ni, and Pb (Jadhav, Sarkar & Tripathit 2006). Metals such as Co, Cr, Cu, and Fe can cause the production 
of reactive radicals and oxidative stress. Increased ROS production causes DNA damage, which can 
ultimately lead to carcinogenesis (Jomova & Valko 2011). 

Given the nutritional importance of the consumption of milk and dairy products, especially for the child 
population, the main goal was to determine the levels of ten mutagenic elements in milk and various 
dairy products in Slovakia commonly available in the retail network. We compared the concentrations 
of these elements in the products of two Slovak producers and we also found the correlation relationships 
between the individual elements in the analyzed products. 

 

2. MATERIALS AND METHODS 

2.1. Sample collection 

Samples of various 16 dairy products and milk were taken in supermarkets in Nitra, Slovakia, regularly 
at monthly intervals during the first half of 2021. Each month (a total of 6 times) the following samples 
of milk and milk products were obtained: ultra-high temperature (UHT) semi-skimmed milk, UHT 
whole milk, pasteurized semi-skimmed milk, whole pasteurized milk, creamy white yogurt, acidophilic 
white whole milk, Eidam cheese 45%, steamed cheese, whipping cream, soft lump curd, cream spread, 
steamed smoked cheese, sour cream, molten cheese, sheep cheese (bryndza), and butter. The same 
products came from two different Slovak manufacturers, a total of 32 products. 

The entire package available in the store was frozen in the original packaging until processing at -18°C. 
After thawing, the dairy product samples were homogenized with a manual homogenizer Diax 600 
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(Heidolph, Germany). Approximately 2 ml of liquid products and 2 g of solid products were collected 
for analysis of the content of selected mutagenic metals and metalloids. 

2.2. Sample analysis 

Ten mutagenic elements (As, Cd, Co, Cr, Cu, Fe, Mn, Ni, Pb, and Se) were analyzed in all samples of 
milk and dairy products by inductively-coupled plasma optical emission spectrometry (ICP-OES). 
Before the analysis, the samples were mineralized in the high-performance microwave digestion system 
Ethos UP (Milestone Srl, Sorisole, BG, Italy) in a solution of 5 mL HNO3 ≥69.0% (TraceSELECT®, 
Honeywell Fluka, Morris Plains, USA), 1mL H2O2 ≥30%, for trace analysis (Sigma Aldrich, Saint – 
Louis, Missouri, USA) and 2mL of ultrapure water (18.2 MΩ cm-1; 25 °C, Synergy UV, Merck 
Millipore, France). The sample digestion by the manufacturer consisted of heating and cooling phases. 
The samples were first warmed to 200 °C for 15 min and this temperature was maintained for another 
15 min. Then the samples were cooled for 15 min to reach the temperature of 50 °C. The digests were 
filtered through the VWR Quantitative filter paper 454 (particle retention 12 – 15 μm) (VWR 
International, Leuven, 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 coupled plasma - optical 
emission spectrometer (ICP OES 720, Agilent Technologies Australia (M) Pty Ltd.) with axial plasma 
configuration and with auto-sampler SPS-3 (Agilent Technologies, Switzerland).  

The operating parameters of determination of elements by ICP-OES were as follows: RF power 1.30 
kW, plasma flow 15.0 L/min, auxiliary flow 1.50 L/min, nebulizer flow 0.85 L/min, replicated read time 
5 s, instrument stabilization 15 s, sample uptake delay 25 s, pump rate 15 rpm, rinse time 10 s. 

The wavelengths (λ/nm) for individual elements were as follows: As 188.980, Fe 234.350, Cd 226.502, 
Mn 257.610, Co 228.615, Ni 231.604, Cr 267.716, Pb 220.353, Cu 324.754, and Se 196.026. 

2.3. Statistical analysis 

Statistical analysis of the data was performed using Statistica Cz version 10 (TIBCO Software, Inc., 
Palo Alto, CA, USA). Differences in concentrations of the analyzed elements in milk between the 
seasons were compared by the ANOVA and Student’s t-test. All data were expressed as mean and 
standard deviation. The relationships between the concentrations of metals in the milk and dairy 
products were calculated using Pearson’s correlation analysis. A probability level of p<0.05 was 
considered statistically significant. 

 

3. RESULTS 

Table 1 summarizes the results of the different types of milk and milk drinks. The analysis shows that 
there were no significant differences between the two producers. In addition, cadmium and chromium 
were below the level of detection in all products. Lead was found only in the UHT whole milk sample 
of producer 1. Moreover, we did not detect the presence of As and Se in pasteurized semi-skimmed milk 
from both producers. In the case of whole pasteurized milk of both producers, we did not find any 
selenium. We found the highest concentrations of As in UHT semi-skimmed milk of producer 2, cobalt 
in UHT semi-skimmed milk and pasteurized semi-skimmed milk of manufacturer 2, copper in UHT 
semi-skimmed milk of manufacturer 2, iron in pasteurized semi-skimmed milk of manufacturer 1, 
manganese in UHT semi-skimmed milk of manufacturer 2, nickel in whole pasteurized milk of 
manufacturer 2, and selenium in UHT semi-skimmed milk of producer 2. 
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Table 1. Concentrations of analyzed mutagenic elements in milk and milk drinks (mg/kg) 

 UHT Semi-skimmed milk UHT Whole milk Pasteurized semi-skimmed milk 

 Producer 1 Producer 2 Producer 1 Producer 2 Producer 1 Producer 2 

 Mean ± SD 

As 0.049±0.119 0.275±0.319 0.109±0.266 ND ND ND 

Cd ND ND ND ND ND ND 

Co ND 0.011±0.027 0.010±0.017 0.006±0.014 0.006±0.015 0.011±0.020 

Cr ND ND ND ND ND ND 

Cu 0.015±0.037 0.175±0.186 0.147±0.172 0.168±0.190 0.166±0.167 0.155±0.143 

Fe 0.101±0.115 0.717±1.115 0.514±0.484 0.695±0.659 0.765±0.094 0.745±0.041 

Mn 0.017±0.011 0.033±0.060 0.008±0.007 0.019±0.017 0.014±0.022 0.019±0.020 

Ni 0.040±0.099 0.068±0.083 0.026±0.041 0.110±0.147 0.117±0.170 0.134±0.193 

Pb ND ND 0.032±0.078 ND ND ND 

Se 0.293±0.534 ND ND 0.096±0.233 ND ND 

 Whole pasteurized milk Acidophilic white whole milk 

 Producer 1 Producer 2 Producer 1 Producer 2 

Mean ± SD 

As 0.110±0.269 0.089±0.156 0.138±0.219 0.120±0.199 

Cd ND ND ND ND 

Co 0.009±0.023 0.002±0.005 0.008±0.020 0.003±0.008 

Cr ND ND ND ND 

Cu 0.119±0.132 0.158±0.161 0.140±0.117 0.168±0.194 

Fe 0.554±0.565 0.868±0.130 0.620±0.699 0.526±0.433 

Mn 0.007±0.006 0.019±0.015 0.013±0.012 0.014±0.011 

Ni 0.067±0.125 0.267±0.444 0.057±0.093 0.074±0.083 

Pb ND ND ND ND 

Se ND ND ND 0.232±0.383 

ND – not detected; SD – standard deviation 

 

Table 2 shows the results of analyzes of six types of cheese from two producers. As in the case of milk, 
cadmium was below the detection limit in cheeses. Chromium was below the detection limit in Eidam 
cheese 45% and soft lump curd of both manufacturers. Unlike milk, we also found significant 
differences in the concentration of some elements between the two producers. Significantly higher 
(p<0.001) manganese concentration was found in Eidam cheese 45% of producer 1. Significantly higher 
(p<0.05) copper concentration was recorded in steamed cheese as well as chromium and selenium in 
molten cheese of producer 1. In addition, a higher (p<0.05) concentration of copper and manganese in 
molten cheese of producer 2 was found. In cheeses, arsenic, iron, and nickel were found in the highest 
concentration in steamed smoked cheese of producer 1. Even in the case of cobalt, copper, manganese, 
and lead, the highest concentrations were found in Eidam cheese 45%, and chromium in molten cheese 
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of producer 1. In cheese of producer 2, the highest concentration of all cheeses analyzed was found for 
selenium in steamed cheese. 

  

Table 2. Concentrations of analyzed mutagenic elements in cheese (mg/kg) 

 Eidam cheese 45% Steamed cheese Soft lump curd 

 Producer 1 Producer 2 Producer 1 Producer 2 Producer 1 Producer 2 

Mean ± SD 

As 0.576±0.656 0.804±0.949 0.621±0.495 0.787±0.574 0.220±0.287 0.080±0.196 

Cd ND ND ND ND ND ND 

Co 0.040±0.046 0.024±0.040 ND 0.015±0.023 ND 0.007±0.017 

Cr ND ND 0.019±0.030 0.039±0.031 ND ND 

Cu 0.587±0.247 0.431±0.237 0.433±0.256 0.108±0.104* 0.518±0.342 0.468±0.225 

Fe 1.284±0.886 1.682±1.496 1.209±0.788 0.535±0.334 0.949±0.822 1.170±0.835 

Mn 0.284±0.033 0.135±0.026*** 0.124±0.021 0.149±0.010 0.064±0.021 0.079±0.031 

Ni 0.255±0.293 0.196±0.230 0.238±0.389 0.057±0.089 ND 0.033±0.081 

Pb 0.152±0.265 ND ND 0.131±0.251 0.117±0.184 0.111±0.177 

Se 0.566±0.651 0.746±0.824 0.517±0.701 1.750±1.255 0.119±0.290 0.297±0.460 

 Steamed smoked cheese Molten cheese Sheep cheese (bryndza) 

 Producer 1 Producer 2 Producer 1 Producer 2 Producer 1 Producer 2 

Mean ± SD 

As 1.204±0.336 1.149±0.409 0.730±0.495 0.756±0.395 0.776±0.617 0.593±0.663 

Cd ND ND ND ND ND ND 

Co 0.007±0.017 0.016±0.034 0.012±0.030 0.007±0.018 0.014±0.034 0.017±0.033 

Cr 0.007±0.018 0.018±0.031 0.098±0.055 0.023±0.046* 0.003±0.009 0.006±0.014 

Cu 0.421±0.271 0.350±0.190 0.029±0.045 0.313±0.257* 0.445±0.493 0.389±0.344 

Fe 1.822±1.054 1.402±1.763 0.462±0.344 1.055±0.740 1.136±0.567 0.946±0.612 

Mn 0.127±0.064 0.093±0.051 0.104±0.010 0.130±0.021* 0.150±0.044 0.143±0.018 

Ni 0.445±0.671 0.256±0.629 ND 0.018±0.045 0.051±0.125 0.019±0.047 

Pb 0.132±0.204 0.091±0.162 0.067±0.163 0.067±0.163 0.088±0.161 0.067±0.163 

Se 1.130±0.747 0.788±0.721 1.585±0.916 0.381±0.445* 0.961±0.635 1.081±0.388 

ND – not detected; SD – standard deviation; *p<0.05, ***p<0.001 

 

The results of the analyzes of other dairy products of both producers are shown in Table 3. The results 
show that a significant difference in the concentration of elements between the two producers was 
recorded only in the case of creamy white yogurt. We found a significantly higher (p<0.05) copper 
concentration in the product of producer 1 and selenium in the yogurt of producer 2. We also found the 
occurrence of cadmium below the detection limit in these dairy products. Chromium was not found in 
any of the manufacturers of whipping cream and creamy white yogurt. We found cobalt below the 
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detection limit in both producers only in the case of cream spread. Arsenic and lead were found in the 
highest concentration in butter and manganese in a cream spread of producer 2. The highest 
concentrations of Cu, Fe, Ni, and Se were found in the butter of producer 1. Cobalt was found in the 
highest amount in creamy white yogurt and chromium in sour cream as well in both producers. 

 

Table 3. Concentrations of analyzed mutagenic elements in milk creams and other dairy products 
(mg/kg) 

 Whipping cream Sour cream Creamy white yogurt 

 Producer 1 Producer 2 Producer 1 Producer 2 Producer 1 Producer 2 

Mean ± SD 

As 1.159±0.365 1.188±0.454 0.733±0.535 0.405±0.515 0.222±0.269 0.229±0.257 

Cd ND ND ND ND ND ND 

Co ND 0.007±0.019 0.005±0.012 0.004±0.009 0.016±0.040 0.016±0.040 

Cr ND ND 0.012±0.030 0.012±0.030 ND ND 

Cu 0.172±0.150 0.270±0.350 0.153±0.143 0.153±0.162 0.255±0.259 0.005±0.013* 

Fe 0.893±0.085 0.691±0.781 0.806±0.641 0.445±0.451 0.819±0.103 0.250±0.271 

Mn 0.008±0.011 0.024±0.014 0.023±0.031 0.017±0.012 0.011±0.012 0.025±0.010 

Ni 0.249±0.381 0.048±0.119 0.043±0.069 0.018±0.044 0.092±0.119 0.030±0.074 

Pb 0.067±0.163 0.132±0.204 0.093±0.162 0.067±0.163 ND 0.060±0.100 

Se 1.055±0.300 1.046±0.288 0.653±0.554 0.480±0.543 0.066±0.103 0.736±0.599* 

 Cream spread Butter 

 Producer 1 Producer 2 Producer 1 Producer 2 

Mean ± SD 

As 0.958±0.556 1.089±0.555 2.244±1.139 2.603±0.535 

Cd ND ND ND ND 

Co ND ND 0.005±0.014 0.008±0.014 

Cr 0.001±0.003 ND ND 0.009±0.022 

Cu 0.293±0.393 0.321±0.359 0.375±0.919 0.302±0.349 

Fe 1.100±0.185 1.096±0.341 1.608±0.940 1.558±0.711 

Mn 0.029±0.013 0.054±0.037 0.051±0.099 0.008±0.013 

Ni 0.028±0.069 0.141±0.191 0.289±0.158 0.084±0.207 

Pb 0.067±0.163 0.095±0.164 0.067±0.163 0.141±0.200 

Se 0.923±0.520 1.450±0.510 4.102±3.240 2.623±1.310 

 ND – not detected; SD – standard deviation; *p<0.05 

 

Since there are also interactions between chemical elements, we found correlations between all elements 
in individual products. The analysis showed that iron and copper were most often in a statistically 
significant strong correlation. Other frequent statistically strong correlations were found between Fe and 
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Ni, as well as between Cu and Ni. In UHT semi-skimmed milk, we found a strong positive correlation 
relationship between Fe:Mn in both producers (r=0.818, p<0.05, r=0.923, p<0.01, respectively). In the 
case of producer 2, we found a strong positive correlation between Fe:Cu (r=0.852, p<0.05), Fe:Ni 
(r=0.935, p<0.01), and Cu:Ni (r=0.970, p<0.01). In UHT whole milk, we found a lower number of 
correlations. In both producers, a strong positive correlation was found between Fe:Cu (r=0.818, p<0.05, 
r=0.848, p<0.05, respectively), Fe:Ni in producer 1 (r=0.813, p<0.05) and Cu:Ni in producer 2 (r=0.892, 
p<0.05). In pasteurized semi-skimmed milk of both producers, a strong positive correlation was found 
between Fe:Ni (r=0.994, p<0.01, r=0.985, p<0.01, respectively) and between Fe:Cu (r=0.844, p< 0.05), 
Fe:Mn (r=0.814, p<0.05), and Cu:Ni (r=0.878, p<0.05) in producer 2. In whole pasteurized milk, a 
strong positive correlation relationship was found between Fe:Cu in producer 1 (r=0.922, p<0.01) and 
between As:Co (r=0.925, p<0.01) in producer 2. On the other hand, in acidophilic white whole milk, we 
did not find any significant correlations between the observed elements. 

In the cheese category of both producers, we found statistically strong correlations between Fe:Ni 
(r=0.930, p<0.01, r=0.923, p<0.01, respectively). Other significant strong positive correlations were 
found in this cheese in producer 2, namely between Cr:As (r=0.856, p<0.05), Cr:Mn (r=0.837, p<0.05), 
As:Mn (r=0.824, p<0.05), and Cu:Ni (r=0.873, p<0.05). In steamed cheese of producer 1, a strong 
positive correlation between Fe:Cu (r=0.989, p<0.01) and a strong negative correlation between As:Cu 
(r=-0.840, p<0.05) were found. In producer 2, we found a strong positive correlation between Co:Cu 
(r=0.818, p<0.05) and a strong negative correlation between Co:Mn (r=-0.868, p<0.05). In soft lump 
curd, we found a strong positive correlation between Cu:Se in producer 1 (r=0.881, p<0.05). In this 
product of producer 2, we observed a strong positive correlation between Cu:Fe (r=0.877, p<0.05) and 
Pb:Se (r=0.986, p<0.01). A strong negative correlation was found between Cu:Mn (r=-0.913, p<0.05). 
In steamed smoked cheese, we found a strong positive correlation between Cu:Ni in producer 1 (r=0.893, 
p<0.05). In the case of producer 2, we calculated strong positive correlations between As:Pb (r=0.853, 
p<0.05), Cr:Pb (r=0.991, p<0.01), and Fe:Ni (r=0.935, p<0.01). We recorded a higher number of 
correlations in molten cheese. In this cheese of producer 1, strong negative correlations were found 
between Co:Cr (r -0.870, p<0.05), Co:Se (r=-0.847, p<0.05), Cu:Cr (r=-0.903, p< 0.05), and Cu:Se (r=-
0.878, p<0.05). In contrast, we found strong positive correlations between Co:Cu (r=0.902, p<0.05), 
Mn:Pb (r=0.877, p<0.05), and Cr:Se (r=0.996, p<0.01). Strong positive correlations between As:Mn 
(r=0.958, p<0.01), Cr:Pb (r=0.977, p<0.01), and Fe:Cu (r=0.953, p<0.01) were calculated in producer 
2. In sheep cheese (bryndza) we found strong positive correlations between Cr:Mn (r=0.855, p<0.05, 
r=0.814, p<0.05, respectively) at both producers. In this product of producer 1 we further found a strong 
positive correlation between Cr:Pb (r=0.947, p<0.01). For producer 2, the same relationships were 
recorded for As:Se (r=0.855, p<0.05) and Pb:Mn (r=0.824, p<0.05). 

We found more correlations in milk creams and other dairy products like yogurts, creams, spreads and 
butter. In whipping cream, we found strong positive correlations between Fe:Cu in both manufacturers 
(r=0.924, p<0.01, r=0.954, p<0.01, respectively). In the case of producer 1, there were also strong 
positive correlations between Pb:Mn (r=0.843, p<0.05) and Pb:Se (r=0.817, p<0.05) and in producer 2 
between Ni:Cu (r=0.895, p<0.05). In sour cream, we found strong positive correlations. For producer 1, 
these relationships were found between Cr:Pb (r=0.923, p<0.01), Fe:Se (r=0.843, p<0.05), and Mn:Ni 
(r=0.892, p<0.05). In producer 2, correlation relationships between As:Se (r=0.847, p<0.05) and Cu:Fe 
(r=0.912, p<0.05) were found. In creamy white yogurt, we also found statistically significant strong 
positive correlations. In the case of producer 1, the relationships between Fe:Cu (r=0.870, p<0.05), Fe:Ni 
(r=0.980, p<0.01), and Cu:Ni (r=0.925, p<0.01) were recorded. In yogurt of producer 2, the relationship 
between Fe:Mn was found (r=0.876, p<0.05). In the cream spread, we recorded strong positive 
correlation between Ni:Fe in both manufacturers (r=0.825, p<0.05, r=0.958, p<0.05, respectively). 
However, we also found a strong negative correlation between Ni:As (r=-0.843, p<0.05) in producer 1. 
In producer 2, we found a strong positive correlation between Cu:Mn (r=0.893, p<0.05). The last 
analyzed dairy product was butter with the highest number of different correlations, especially in the 
case of producer 1. Arsenic was in a strong negative correlations with Fe (r=-0.965, p<0.01), Cu (r=-
0.985, p<0.01 ), Mn (r=-0.972, p<0.01), Ni (r=-0.965, p<0.01), and Se (r=-0.895, p<0.05). We found 
strong positive correlations in butter of producer 1 between Mn:Cu (r=0.993, p<0.01), Mn:Fe (r=0.903, 
p<0.01), Mn:Ni (r=0.918, p<0.01), Se:Cu (r=0.928, p<0.01), Se:Fe (r=0.968, p<0.01), Se:Mn (r=0.928, 
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p<0.01), and Se:Ni (r=0.828, p<0.01). In butter of producer 2, we found strong positive correlations 
between Fe:Cr (r=0.834, p<0.05), and Fe:Cu (r=0.876, p<0.05). 

 

4. DISCUSSION 

In this work, we analyzed 16 different dairy products from two Slovak producers for the presence of 10 
mutagenic chemical elements over 6 months. Of all the elements monitored, only cadmium was below 
the level of detection in all products of both manufacturers. We consider this to be a positive finding, as 
cadmium is a highly toxic metal and can damage many human and animal organs and functions, even 
at low concentrations (Roychoudhury et al. 2010; Duranova et al. 2014; Chen et al. 2018). In addition, 
most of the work that analyzed cadmium in milk and dairy products found this element in these products. 
Capcarova et al. (2019) recorded a concentration of cadmium in cow's milk in the Slovak market at 0.27 
- 0.42 mg/L. However, the analyses showed that exposure to Cd in cow's milk accounts for a low 
proportion of Cd Provisional Tolerable Weekly Intake (PTWI). Similar results were found in cottage 
cheese (Capcarova et al. 2020). Although cadmium is a relatively weak mutagen (Mohamed 2021), it is 
not suitable to be present in food. In addition, milk is one of the staple foods of infants and young 
children. Therefore, Ibrahem et al. (2020) recommend tightening regulatory measures to minimize this 
risk. Cadmium, together with mercury and nickel, as known mutagens, correlate strongly with an 
increased risk of developing autism spectrum disorders in children (Kinney et al. 2010). 

Unlike Cd, arsenic was found in all products except pasteurized semi-skimmed milk from both 
producers and UHT whole milk of producer 1. The highest concentrations of As were found in butter 
from both producers up to 2,603 mg/kg. Arsenic was present in a higher concentration compared to 
other monitored elements in raw ewe milk from the area of Slovakia, which is considered intact in terms 
of environmental burden. The concentrations found in this milk (0.527 mg/kg) were significantly lower 
than in various types of cow's milk from the market in our work (0.049 - 275 mg/kg) (Toman et al. 
2022). Sarsambayeva et al. (2020) recorded As and Hg in dairy products from Kazakhstan below the 
detection limit. Genotoxic analyzes of people living near the former mining area in Northern Cyprus 
have shown a higher incidence of micronuclei in the presence of arsenic and copper (Kocadal et al. 
2021). High levels of genotoxicity and cytotoxicity in three different human cell lines (keratinocytes, 
melanocytes, and dendritic cells) have been found by Graham-Evans et al. (2004). Arsenic, like 
cadmium, cobalt, and nickel, can damage the DNA repair system even at low concentrations, which may 
not damage the cell itself (Hartwig et al. 2002). According to EFSA (2014), milk and dairy products are 
among the main sources of inorganic As for infants, and no maximum limit for As in milk has been set 
in the EU or Slovakia. According to EFSA CONTAM Panel (2009), the PTWI of 15 µg/kg established 
by the Joint FAO/WHO Expert Committee on Food Additives (JECFA) is no longer appropriate 
However, The EFSA CONTAM Panel notes that values between 0.3 and 8 µg/kg b.w. per day were 
identified for lung, skin and bladder cancers (EFSA Contam Panel, 2009). Arsenic values, especially in 
butter in the retail network, found in our analyzes are therefore alarming. 

Another metal that was only found in some products was chromium. In all types of milk, its values were 
below the detection limit. However, relatively high Cr concentrations of 0.382 - 0.506 μg/g were found 
in yak milk in China (Sun et al. 2011). Similarly, values up to 477 µg/L have been recorded in cow's 
milk from Sri Lanka (Diyabalanage et al. 2021). The highest concentration of Cr was recorded in 
samples of molten cheese. In cheeses, the incidence of Cr was below the detection limit in Eidam cheese 
45% and soft lump curd of both manufacturers. We found a significant difference in the Cr level between 
the producers of molten cheese. Cr concentrations found by Capcarova et al. (2020) in various cottage 
cheese from the Slovak market were in the range of 0.08 - 0.17 mg/kg with the highest average 
concentrations in white cottage cheese. Our analyses showed lower concentrations in different types of 
cheese from two Slovak producers. Souza et al. (2019) found Cr concentrations in yogurt below the 
limit of detection, similar to our case. The mutagenic potential of chromium compounds has been found 
for both hexavalent Cr and its trivalent metabolite (Brown et al. 2020). EFSA CONTAM Panel (2014) 
recommended tolerable daily intake (TDI) is 0.3 mg/kg b.w. for Cr (III) in drinking water. In our study, 
only molten cheese from both producers contained Cr concentrations, which when consumed 50 g of 
cheese per day are close to the TDI. Cr concentrations of 0.035 and 0.079 mg/kg were found in two 
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types of cheese made from cow's milk obtained on contaminated pastures in Georgia (Al Sidawi et al. 
2021). These values are within the range of our analyses. 

Lead is a toxic metal that causes damage to many organs and systems in the body. The most well-known 
effects are hypertension, and kidney, nervous system and reproductive damage (Gidlow 2015). 
However, lead also has serious genotoxic and carcinogenic effects. Although the effect of Pb on DNA 
repair mechanisms is assumed, it means an indirect effect, its mechanism of genotoxic action is not yet 
quite clear (Hemmaphan & Bordeerat 2022). Lead is well absorbed, especially in children, but this 
depends on the amount of food intake and food ingredients (Rădulescu & Lundgren 2019). Tripathi et 
al. (1999) reported a daily lead intake of 1.1 µg/kg in children through baby food and indicated it below 
the recommended tolerable levels of 3.57 µg/kg. The authors even noted a lower incidence of lead in 
cow's milk than in breast milk. The occurrence of Pb in milk and dairy products has been reported by 
several authors. Capcarova et al. (2020) found low values of xenobiotic metals (Cd, Hg, Pb) below the 
permitted limit in cottage cheese from the market in Slovakia. In the case of Pb, it was in the range of 
0.01 - 0.07 µg/g. The analysis concludes with a low dietary intake of these metals. Souza et al. (2019) 
report the occurrence of Pb in yogurt in Brazil Pb below the detection limit of 94.1 μg/g. Iwegbuel et al. 
(2013) recorded Pb concentrations in milk and dairy products in Nigeria of 0.002-0.40 mg/kg. In the 
European Union (EU), maximum lead content of 0.02 mg/kg is set only for raw milk, heat-treated milk 
and milk intended for the production of milk-based products (EC, 2021). In our case, we found the 
occurrence of lead in the category of milk and milk drinks only in samples of UHT whole milk of 
producer 1. The average value of Pb in this milk 0.032 mg/kg exceeded the limit set by the EC. 
Capcarova et al. (2019) found values of 2.62 - 3.80 µgPb/mL in the milk of Slovak and Czech producers. 
The authors point out that lead, like cadmium, has cumulative properties in the body and recommend 
monitoring these metals in milk. Meshref, Moselhy & Hassan (2014) found the highest Pb 
concentrations in butter (0.3285 - 0.751 ppm). In our case, the highest Pb values were found in Eidam 
cheese 45% and butter. Compared to the mentioned authors, the concentrations in our products were 
lower. 

Among the monitored metals, which are considered mutagenic, we also analyzed Co, Cu, Fe, Mn, Ni, 
and Se. We found Co in almost all products. The highest Co values, similar to Pb, were found in Eidam 
cheese from both manufacturers (0.04 and 0.024 mg/kg, respectively). Slightly lower Co concentrations 
(0.013 and 0.03 mg/kg, respectively) were found in two types of Imeruli and Sulguni cheese from 
Georgia (Diyabalanage et al. 2021). In ewe milk from undisturbed area of northern Slovakia during the 
spring and summer season, the Co concentrations were lower (0.017 and 0.018 mg/kg, respectively) 
than those in our experiment (Toman et al. 2022). Co concentrations ranging from 0.46 µg/L in the Dry 
Zone to 12.8 µg/L in the Coconut Zone have been found in various agroclimatic zones in Sri Lanka (Al 
Sidawi et al. 2021). Cobalt is considered a genotoxic carcinogenic metal and causes oxidative DNA 
damage by ROS formation eventually by inhibition of DNA repair (Lison, van den Brule & Van Maele-
Fabry 2018; Simonsen, Harbak & Bennekou 2012). Due to conflicting toxicological data on the in vivo 
genotoxicity of Co, the initially determined daily intake of 0.0025 μg Co/kg bw is inadequate. Therefore, 
EFSA’s Scientific Panel on Additives and Products or Substances used in Animal Feed adopted 
guidance values of 0.0016 mg/kg bw and day for threshold effects of oral Co, or 0.12 mg Co for a 70-
kg adult (FEEDAP 2012). The values of Co that we recorded in our analyzes in all products are low and 
do not pose a health risk to the consumer during normal consumption. The presence of Co in the 
environment and the body may be associated with the occurrence of congenital heart defects (Zhang et 
al. 2020). Interestingly, Co intake does not affect its concentration in the liver and blood serum, but the 
concentration increases in milk (Kincaid & Socha 2007). For these reasons, it is important to monitor 
this metal in milk and other foods that are consumed especially by pregnant women. 

Despite its essentiality, copper is considered a genotoxic metal. In mutagenicity and genotoxicity tests, 
after administration of a subchronic Cu dose of 8.5 mg/kg to mice, the highest induction of mutagenicity 
was found based on the bone marrow micronucleus test (Prá et al. 2008). These data are also confirmed 
by toxicological analyzes in the human hepatoma HepG2 cells, where increased cytotoxicity, 
mutagenicity, and mitochondrial impairment occurred mainly due to copper oxide nanoparticles effects 
(Adeyemi et al. 2020). In addition, copper in excess intake causes Wilson's disease and 
neurodegenerative disorders, such as Alzheimer's disease and Parkinson's disease (Pal 2014). Copper 
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binds to casein in milk and can even pass from brass vessels to milk. The result may be childhood 
cirrhosis found in Indian children. For this reason, milk is considered an effective carrier of copper to 
children's enterocytes (O'Neill & Tanner 1989). The Cu concentrations we found in milk and dairy 
products were relatively low. According to the recommendations of EU No. 1169/2011, the daily 
reference intake of copper for adults is 1 mg (EP 2012). In the case of Eidam cheese, where we found 
the highest concentration of Cu of all dairy products, the Cu content in 100 g of cheese was 8.75% and 
in the case of milk 5.87% of the recommended daily copper intake for an adult. There were differences 
in Cu concentration between the two producers. Significantly higher concentrations were found in the 
case of steamed cheese and creamy white yogurt made by producer 1 and in molten cheese made by 
producer 2. The average incidence of Cu in cow's milk ranged from 0.120 to 0.592 mg/L and in cheeses 
from 1.261 to 2.463 mg/kg in Georgia (Al Sidawi et al. 2021), in cow's milk 0.008 - 0.042 ppm in 
Bangladesh (Muhib et al. 2016), in cheese 5.35 - 21.34 µg/g in France (Maas et al. 2011), in milk from 
the Czech Republic 0.95 µg/mL and from Slovakia 1.54 - 2.12 µg/mL (Capcarova et al. 2019), in cottage 
cheese from Slovakia 0.08 - 0.22 µg/g (Capcarová et al. 2020), and in milk 0.0953 ppm, in Kareish 
cheese 0.087 ppm, and butter 0.60 ppm from Egypt (Meshref, Moselhy & Hassan 2014). 

Like Cu, Fe is considered a genotoxic and mutagenic metal (Prá et al. 2008). Excessive Fe intake 
increases the formation of hydrogen peroxide to free-radical ions and DNA damage occurs. In addition, 
long-term oxidative stress can affect Fe uptake and storage and subsequent cytotoxic and mutagenic 
changes (Emerit, Beaumont & Trivin 2011). Fe is considered a highly toxic metal for the liver, where it 
causes damage leading to micronodular cirrhosis and hepatocellular carcinoma (Pietrangelo 2016). 
However, recent evidence suggests that iron has weak fibrogenic potential in animals and rarely causes 
severe human liver damage. It means that Fe is not as significantly hepatotoxic metal as is considered 
(Bloomer & Brown 2019). We found the highest Fe concentrations in steamed smoked cheese (1.822 
mg/kg). Daily reference intake of Fe for adults is recommended at 14 mg (EP 2012). No Tolerable Upper 
Intake Level has been set for Fe, but the Institute of Medicine has set a daily upper limit (UL) at 45 mg 
for 14 years and older people, and 40 mg for infants (IOM 2001). The results of our analyses showed 
that the occurrence of Fe in all products was very low compared to the upper limits. The stated UL 
values would not be achieved even with higher consumption of the analyzed products. On the other 
hand, in cheese from Georgia near the contaminated mining area, significantly higher concentrations 
were found than in our cheeses, reaching values of up to 69.09 and 101.1 mg/kg (Al Sidawi et al. 2021). 
Depending on the season, Fe concentrations of 0.13 mg/kg (summer) and 0.31 mg/kg (spring) were 
found in sheep's milk in Slovakia (Toman et al. 2022). In our case, cow's milk from the supermarket 
contained higher concentrations of Fe. Nevertheless, Pšenková, Toman & Tančin (2020) found the Fe 
concentration in cow's milk on Slovak farms below the limit of quantification (0.5 mg/kg) regardless of 
the degree of environmental contamination. Higher values than in our analyzes were found in milk from 
the market in Slovakia with an average Fe content of 1.76 - 1.92 µg/mL (Capcarova et al. 2019) and in 
cottage cheese 1.16 - 2.67 µg/g (Capcarova et al. 2020). Concentrations of 0.01 mg/g were found in 
commercial yogurt analyses in Brazil. At the same time, iron was found in yogurt in the lowest 
concentration of the monitored elements (Souza et al. 2019). In our work, the values in yogurt were 12 
times (producer 2) and 40 times (producer 1) lower. Cow's milk contains low concentrations of Fe and 
in addition contains a higher concentration of protein and calcium, which negatively affects the 
absorption of iron from food (Ziegler 2011). 

Manganese is known for its neurotoxic effects, although inconsistencies in the assessment of these 
effects also occur due to differences in exposure duration (Balachandran et al. 2020). This essential 
metal and its inorganic compounds are considered weak mutagens and carcinogens in vivo (Assem, 
Holmes & Levy 2011). However, serious findings have been published by Francisco et al. (2021) 
concerning the mutagenicity of manganese. Concentrations that occurred in ground water had cytotoxic 
and genotoxic effects in the hamster ovary cells study. With these results, the authors proved that even 
at concentrations within the permissible limits, Mn can be cytotoxic. DNA damage caused by Mn was 
detected in human B lymphoblastoid cells. The cytotoxic and genotoxic potential of the monitored 
metals decreased in the order of Cr>Pb>Cu>Mn (Alimba et al. 2016). Children are particularly sensitive 
to the toxic effects of Mn. Intake of 133 μg Mn/L reduces their IQ by 1% and at a concentration of 266 
μg Mn/L by 2% (Kullar et al. 2019). Mn absorption from breast milk is higher (8.2%) than from cow's 
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milk (2.4%) (Davidsson et al. 1989). In our analyses of different types of milk, we found the highest 
concentration of Mn in UHT semi-skimmed milk of producer 1, which was significantly higher than in 
producer 2. Significantly higher concentrations of Cu were found in the molten cheese of producer 2. 
However, these values were lower than in other analyzed dairy products. Eidam cheese was again the 
product that contained the highest concentrations of Mn. Overall, Mn concentrations in our products 
from the supermarket ranged from 0.007 to 0.284 mg/kg. Higher concentrations of 0.023 - 0.079 mg/L 
in milk and up to 2.348 mg/kg in Sulguni cheese were found in Georgia (Al Sidawi et al. 2021), 0.092 
ppm in milk from the market, 0.130 ppm in the milk of domestic cows in Bangladesh (Muhib et al. 
2016), 0.08 - 0.68 µg/g in cottage cheese in Slovakia (Capcarova et al. 2020), 21.05–68.29 µg/L in cow's 
milk from a supermarket in Turkey (Saribal 2020). The daily reference intake of Mn recommended by 
Regulation (EU) No. 1169/2011 is 2 mg for adults (EP 2012). Our results show that even the highest 
concentrations of Mn found in Eidam cheese make up only 1.4% of the recommended daily dose of Mn 
for adults when consuming 100 g of cheese. We can state that the intake of Mn from milk and dairy 
products from supermarkets in Slovakia is relatively low. 

Nickel is genotoxic and mutagenic, especially at higher doses. This activity is manifested mainly by the 
formation of DNA-damaging ROS, as well as by the inhibition of DNA repair (Kasprzak, Sunderman 
& Salnikow 2003). However, nickel hypersensitivity and the development of contact allergic dermatitis 
are also known (Filatova & Cherpak 2020). There is a risk of children taking this metal during 
breastfeeding, as it can be found in higher concentrations in breast milk, especially in women who 
consume water and foods with higher nickel content. For these reasons, regular monitoring of milk for 
nickel is recommended (Salmani, Mozaffari-Khosravi & Rezaei 2016). In this study, the highest 
concentration of Ni was found in steamed smoked cheese of producer 1. From the category of milk and 
dairy drinks, the highest levels of Ni were recorded in whole pasteurized milk of producer 1 and in the 
category of other dairy products it was in butter of producer 1. Concentrations of Ni in cottage cheese 
from a supermarket in Slovakia 0.09 - 0.27 µg/g were found by Capcarova et al. (2020). These values 
are in the range we found in all dairy products from not detected to 0.445 mg/kg. Even lower values 
than in our case were found in the area of the Mashavera river, which is considered contaminated with 
heavy metals. Ni was present in cow's milk at concentrations of 0.001 - 0.027 mg/L, in Imeruli cheese 
at 0.011 mg/kg, and Sulguni cheese at 0.026 mg/kg (Al Sidawi et al. 2021). Psenkova et al. (2020) 
analyzed cow's milk in different areas of Slovakia. Ni concentrations were below 0.1 mg/kg in areas 
with an undisturbed environment as well as in areas considered to be severely environmentally 
disturbed. In other works, similar concentrations were found in the range as in our case: 0.03 mg/200mL 
in milk in the markets of Sao Luis, Brazil (Ribeiro Sant'Ana, de Carvalho & da Silva 2021), 15 - 40 
µg/kg in raw cow's milk in Croatia (Bilandžić et al. 2021), 7.24 - 37.6 µg/L in cow's milk in the various 
agroclimatic zones of Sri Lanka (Diyabalanage et al. 2021), 38.647 µg/L in cow's milk from a 
supermarket in Istanbul, Turkey (Saribal 2020). On the other hand, higher Ni concentrations of 0.03 - 
1.94 mg/kg in milk and dairy products have been found in Nigeria (Iwegbuel et al. 2013). EFSA 
established a tolerable daily nickel intake at 13 μg/kg bw (EFSA, 2020). If we are considering 
consuming 100g of steamed smoked cheese, which we obtained in a supermarket in Slovakia, the intake 
of Ni is 44.5 µg, which is equal to 0.64 µg for an adult 70 kg person. It means that even the consumption 
of a dairy product with the highest concentration of Ni that we have found poses no risk for the 
consumer. Ni intake in this case is approximately 20 times lower than the recommended EFSA limit. 

Selenium is an essential element known for its anticarcinogenic effects, but in excess it can be toxic and 
even mutagenic (Schrauzer 2000; Goldhaber 2003; Kobayashi, Suzuki & Ogra 2018). Various inorganic 
compounds of Se increase the frequency of chromosomal aberrations on various human cell lines 
(Valdiglesias et al. 2010). Valdiglesias et al. (2010) further summarize the main food sources of Se 
based on the literature. Depending on the country, the milk contained Se from 1 - 14 µg/kg (New 
Zealand) to 19 - 36 µg/kg (Thailand). Se was found in cheeses in quantities ranging from 7.4 - 12 µg/kg 
(United Kingdom) to 30 - 140 µg/kg (Italy). In our case, we found the highest concentrations of Se 0.293 
mg/kg in the category of milk and milk drinks in UHT semi-skimmed milk of producer 1. This means 
that in our analyses the concentrations of Se in milk were more than 8 times higher than the highest 
values of Se in milk from Thailand. On the contrary, concentrations below the detection level were 
found in UHT semi-skimmed milk of producer 2, UHT whole milk and acidophilic white whole milk of 
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producer 1, as well as in both types of pasteurized milk of both producers. In various contaminated areas 
in Georgia, Se concentrations were found in milk in the range of 0.005 - 0.042 mg/L, in Imeruli cheese 
1.003 mg/kg, and Sulguni cheese 3.06 mg/kg (Al Sidawi et al. 2021), in various areas of Croatia 28 - 52 
µg/kg (Bilandžić et al. 2021), in the various agroclimatic zones of Sri Lanka 9.45 - 28.0 µg/L 
(Diyabalanage et al. 2021), and in cow's milk from a supermarket in Turkey 17.571 µg/L (Saribal 2020). 
Pšenková, Toman & Tančin (2020) report Se values in cow's milk below 0.03 mg/kg regardless of 
environmental contamination in northern Slovakia. We found the presence of Se in all types of cheese 
from both producers with the highest value of 1.75 mg/kg in steamed cheese of producer 2. A significant 
difference in concentration was recorded between producers in the case of molten cheese of producer 1, 
where the value of Se was more than 4 times higher than that of producer 2. Significantly higher 
concentrations were also found in the case of creamy white yogurt of producer 2. Similarly to milk 
analyzes, we found significantly higher concentrations in cheeses, up to 12.5 times higher than found in 
Italy (Valdiglesias et al. 2010). However, we found significantly higher values in butter samples (4.102 
mg/kg). Daily reference intake of Se recommended by Regulation (EU) No. 1169/2011 is 55 µg for 
adults (EP 2012). The results show that 1 kg of UHT semi-skimmed milk provides up to 293 µg of Se, 
which makes up more than 500% of the daily requirement for an adult. The maximum safe level of Se 
intake in food is considered to be 400 μg (Whanger 2004). 

Various metals and other chemical elements manifest their relationships in the human body. Disruption 
of the balance between the individual elements in the body can lead to a deficiency or excess of an 
element and consequently to disease (Taylor 1996). However, these relationships also exist in animal 
products such as milk and dairy products. As milk is contaminated with metals from feed, water, litter, 
and soil, the interactions between the individual elements are likely related to the environment (Chen et 
al. 2020). In our correlation analysis, we observed statistically significant relations between several 
elements. However, correlations between Fe, Cu, and Ni were the most common. Significant positive 
interactions were found between Fe:Cu in all types of milk except acidophilic white whole milk. In the 
group of cheeses, these correlations were calculated in steamed cheese, soft lump curd, molten cheese, 
and other dairy products in all products except cream spread. Sikric et al. (2003) similarly describe 
relatively strong positive correlations between Cu:Fe (r = 0.613) in cow's milk in Croatia. These two 
metals have similar chemical properties and Cu can affect Fe homeostasis and, conversely, Fe appears 
to be a Cu antagonist (Doguer, Ha & Collins 2018). However, weak correlations between Cu and Fe 
were found in raw ewe milk in Slovakia (Toman et al. 2022) and raw milk of Simmental and Holstein-
Friesian cows from an organic farm in Poland (Pilarczyk et al. 2013). Contrary to our analyzes, Ribeiro 
Sant'Ana, de Carvalho & da Silva (2021) found strong negative correlations between Cu and Fe in the 
UHT milk market in Brazil. 

We also recorded frequent correlations between Fe:Ni. Salnikow, Li & Lippmann (2004) report that Fe 
partially protects cells from the hypoxic effects of nickel, thus exhibiting their antagonistic effects. 
Positive correlations have been found between Fe and Ni in bone (Kot et al. 2020). In the milk and dairy 
drinks category, we observed statistically significant strong positive correlations between these elements 
in all types of milk except whole pasteurized milk and acidophilic white whole milk. Positive 
correlations were found in UHT milk in Brazil (Ribeiro Sant'Ana, de Carvalho & da Silva 2021). In our 
previous study, we found strong positive correlations in sheep's milk on a farm in northern Slovakia in 
the spring (Toman et al. 2022). Positive correlations were also found in the milk of different ruminants 
(Chen et al. 2020). In contrast, Pšenková, Toman & Tančin (2020) did not record any relationships 
between Fe and Ni in raw cow's milk in two different areas in Slovakia. Weak negative correlations 
were found in cow's milk from three producers from a supermarket in Slovakia (Capcarová et al. 2019). 
In cheeses, strong positive correlations were found between Fe:Ni in Eidam cheese and steamed smoked 
cheese. Capcarová et al (2020) found both positive and negative correlations of varying degrees in 
various cottage cheeses from supermarkets in Slovakia. In other dairy products, these elements were in 
a strong positive correlation in creamy white yogurt and cream spread. 

Interactions between Ni and Cu are known. These relationships include Ni and Cu antagonism in various 
biological systems. Ni intake increased copper levels in the lungs and heart (Spears & Hatfield 1985). 
Driessnack, Jamwal & Niyogi (2017) report additive toxicity of Ni and Cu on fish reproduction, the 
interaction of both metals increases their accumulation in specific tissues and causes histopathological 
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damage in the ovary of fathead minnow (Pimephales promelas). In this study, significant strong positive 
correlations between Ni:Cu were found in UHT whole milk, UHT semi-skimmed milk and pasteurized 
semi-skimmed milk. Nevertheless, weak negative correlations were found in raw sheep's milk (Toman 
et al. 2022). Similarly, weak positive correlations were found in cow's milk from a supermarket in 
Turkey (Saribal 2020) and Czech UHT milk (Capcarová et al. 2019), and weak negative correlations in 
the milk of various ruminants (Chen et al. 2020). In cheeses, the two metals were found to have a strong 
positive correlation in Eidam cheese and steamed smoked cheese. Different relations were found in 
cottage cheese from a supermarket in Slovakia. In addition to positive correlations, negative correlations 
were recorded, as well as strong and weak correlations (Capcarova et al. 2020). In other dairy products, 
significant strong positive correlations were found in creamy white yogurt and whipping cream. 
However, interactions in different dairy products are lacking in the literature. 

In our analyses of milk and dairy products, there were other interactions between many elements, but 
they were rather rare and often occurred in only 1-2 products and only in one producer. We found a 
strong positive correlation between Fe:Mn in five cases (UHT semi-skimmed milk, pasteurized semi-
skimmed milk, creamy white yogurt, and butter). This relationship was also confirmed in ewe and goat 
milk by Miedico et al. (2016). Medium to very strong positive correlations were found between Fe:Mn 
in several types of cottage cheese from a supermarket in Slovakia (lacto-free, chive, tzatziki, mustard-
onion, active proteins) (Capcarova et al. 2020). Moderate correlations have also been found in the milk 
of ruminants in China (Chen et al. 2020), cow's milk in Sri Lanka (Diyabalanage et al. 2021), and cow's 
milk in Croatia (Sikrić et al. 2003). Iron and manganese are correlated in the body, especially concerning 
the neurotoxic effects of Mn, which are more pronounced in Fe deficiency (Bjørklund et al. 2020). 
Frequent interactions were found between various elements and Se. We found the interactions of Se and 
Pb, Cu, Fe, As, Co, Cr, Mn, and Ni. The antagonistic effects of Se and Cd, As, Cr, Sb, Co in connection 
with carcinogenic effects are known (Schrauzer 2009). Therefore, it is important to monitor the 
interrelationships of these elements in the body, but also in food. In our case, significant strong positive 
correlations were found between Se and As in sheep cheese, sour cream and butter. Positive correlations 
between Se:As have been found in cow's milk from a supermarket in Turkey. However, these 
relationships were not statistically significant (Saribal 2020). Weak correlations were found in sheep 
and goat milk (Miedico et al. 2016), ewe milk during the spring season in Slovakia (Toman et al. 2022), 
and different milk of ruminants in China (Chen et al. 2020). Zwolak & Zaporowska (2012) reviewed 
the antagonism of Se and other elements. The authors state that in addition to the mutual interactions 
between Se and As, Cd, there are also relationships between Se and Cr, V. We found a strong positive 
correlation between Se:Cr only in molten cheese. On the other hand, weak negative correlations were 
found in sheep's milk in the uncontaminated area in Slovakia (Toman et al. 2022) and weak positive 
correlations were found in ruminant milk in China (Chen et al. 2020). Metabolic interactions have been 
observed between Se and Cu (Mudgal et al. 2018). In this work, we observed strong positive correlations 
between Se:Cu in molten cheese, soft lump curd, and butter. Positive correlations between the two 
elements have also been found in breast milk in Finland (Kantol & Vartiainen 2001) and in Italy (Perrone 
et al. 1994), so the observed relations between Se and other metals in milk is probably due to the effect 
of Se intake in animal feed and food of mothers. Interactions of Cr and Pb were found in Taiwanese 
adult population with kidney function damage (Tsai et al. 2017). However, interactions between the two 
metals also exist in animal products such as milk and dairy products. In our work, we have noted their 
strong positive correlations in steamed smoked cheese, molten cheese, sheep cheese, and sour cream. 
Chen et al. (2020) found similar trends in ruminant milk. On the other hand, a strong negative correlation 
was found in chili cottage cheese from Slovak supermarket (Capcarova et al. 2020), as well as weak 
correlations in raw milk of sheep in Slovakia (Toman et al. 2022). More significant interactions were 
found between different elements in this work. However, they were not as frequent as in previous 
relationships. Nevertheless, it is important to mention the interactions of As with the essential elements 
that we have found in the individual products. Arsenic is a toxic element characterized by mutagenic 
and carcinogenic effects and its effect on essential elements can have a negative impact on health and, 
in the case of food, on the nutritional value of food. In our analyzed products, there were correlations 
between As and Fe, Co, Cr, Cu, Mn, Ni, but also Pb. In ruminant milk, strong positive correlations were 
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found between As:Cr (Chen et al. 2020), which is consistent with our results in Eidam cheese. In contrast 
to these results, strong negative correlations were found in raw sheep's milk (Toman et al. 2022). 

 

5. CONCLUSIONS 

The presence of mutagenic elements in milk and dairy products in the retail network is a serious problem 
in terms of consumer health. The result of our analysis is the finding that some elements were present 
in concentrations that could be hazardous due to the nature of the metals. These were mainly higher 
values of As, especially in butter, Cr concentrations at the level of TDI in molten cheese, and Pb values 
in UHT whole milk exceeding the limit. Other elements do not pose any risk with the regular intake of 
these products. In the case of Co, Cu, Fe, and Mn, these metals were rather present at low concentrations. 
On the contrary, we recorded relatively high concentrations of selenium in UHT semi-skimmed milk. 
The consumption of this milk covers up to 500% of the daily requirement for an adult. The findings of 
several significant strong correlations between the elements are also important. The most common 
correlations were calculated between Fe, Cu, and Ni. As milk and dairy products are among the basic 
foods consumed by the most vulnerable groups of people, namely children and the elderly, it is essential 
to monitor their presence in milk and dairy products. 
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