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ABSTRACT 

This research was carried out to determine the levels of some minerals and heavy metals in Urfa 
cheeses and cow's milk offered for sale in Şanlıurfa. Mineral and heavy metal levels were deter-
mined by analysing 18 Urfa cheese and 21 cow milk samples collected from retail outlets with 
ICP-MS. Mean mineral and heavy metal contents in Urfa cheese samples were; magnesium (Mg) 
129.8 ±31.14 mg/kg, calcium (Ca) 2712.66 ±1002.4 mg/kg, potassium (K) 272.06  ±127.21 mg/kg, 
titanium (Ti) 7.48 ±2.63 mg/kg, zinc (Zn) 40.4 ±16.33 mg/kg, selenium (Se) 10.6 ±3.51 mg/kg. In 
cow milk samples, average selenium (Se) 0.22 ±0.04 mg/kg, titanium (Ti) 0.07 ±0.009, mg/kg, 
copper (Cu) 0.0068 ±0.01 mg/kg and chromium (Cr) was detected at the level of 0.019 ±0.001 
mg/kg. Arsenic (As), cadmium (Cd), lead (Pb) and thallium (Tl) levels were below the detectable 
levels in Urfa cheese and cow's milk samples. As a result, it was concluded that the samples do 
not pose a significant danger to public health in terms of heavy metal pollution and can contribute 
significantly to nutrition with the mineral substances it contains. 
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Introduction  
Milk is a nutrient secreted in the mammary glands of female 
mammals and produced to feed their offspring. Various foods 
obtained from milk are called “dairy products” (İstan-
bulluoğlu et al. 2016). Milk and dairy products contain im-
portant nutrients, which are essential for human life. Milk is 
highly preferred food because it has high biological values 
and rich with nutrients (Lıcata et al., 2004). Cheese is a dairy 
product produced by the coagulation of milk casein, produced 
in a variety of flavors and textures. For centuries, cheese is a 
dairy product that has an important place in the nutrition of 
all societies. In addition to being rich in high quality protein, 
fat and vitamins, it is easily digestible (Öksüztepe et al., 
2013). Milk and cheese are rich in not only protein, fat and 
vitamins, but also macro elements such as sodium, calcium 
and phosporus. In addition to macro-elements milk and 
cheese also contains trace elements such as Zn, Fe, Cu and Se 
(Mendil, 2006; Altun and Paksoy, 2020). Mineral content of 
milk may vary depending on the genetic characteristics of the 
animal, the lactation period, environmental conditions, type 
of pasture and soil pollution (Özlü et al., 2012). 

In our country, besides white cheese, tulum cheese, cheddar 
cheese and mihalic cheese, many local cheese varieties are 
also produced. These types of cheese are generally obtained 
by primitive techniques. Urfa cheese is also one of the local 
cheese. The production of Urfa cheese is mostly made in the 
Southeastern Anatolia Region and especially around 
Şanlıurfa province. Urfa cheese is usually made from sheep 
and goat milk. Its production is mostly done in villages using 
traditional methods. Urfa cheese is a semi-hard cheese ma-
tured in salt water. By adding rennet to milk, it is allowed to 
coagulate in about 60 minutes at 30-32 ° C. After coagulation 
step curd is subjected to dry salting for 12-24 hours and stored 
in salt water for 3-4 months. Some manufacturers boil the 
cheese in boiling whey for 3-5 minutes before salting.  During 
its production, it is generally carried out using primitive tools 
and equipment without paying attention to hygienic rules 
(Atasoy et al., 2004).  

Although milk and cheese have many benefits in nutrition, 
they can sometimes contain many environmental pollutants 
such as pesticides, detergents, drug residues, heavy metals, 
which may be dangerous for human health (Lıcata et al., 
2004). Heavy metals contamination of milk and milk prod-
ucts can sometimes occur during the processing of milk into 
the product. Generally, heavy metal contamination is trans-
mitted from environmental sources such as soil and water or 
feed consumed by the animal. In addition, metals in the com-
position of machinery and equipment used during milk stor-
age and processing can dissolve into the product during milk-

ing. The elements that can pass from machinery and equip-
ment to milk and cheese are Cu, Zn, Cd, As, Pb (Bakırcıoğlu 
et al., 2011). Heavy metals tend to accumulate in the tissues 
of the human body, reaching toxic values over time, causing 
serious health problems. Heavy metals can be transmitted to 
the human body through digestion, respiration and skin. 
Heavy metals can cause acute, subacute and chronic intoxi-
cation symptoms depending on the frequency, duration and 
dose taken into the body. Some of these symptoms are liver 
necrosis, microcytic anemia, memory retardation, speech and 
voice disorders (Özturan and Atasever, 2018). Different 
methods have been used like flame atomic absorption spec-
trometry (FAAS), inductively coupled plasma-mass spec-
trometry (ICP-MS), induced plasma-optical emission spec-
trometry (ICP-OES), atomic absorption spectrometry (AAS), 
etc. to measure mineral levels in various milk and dairy prod-
ucts. (Özlü et al., 2012; Öksüztepe et al., 2013; Öztürk, 2009; 
Temurci and Güner, 2006; İşleyici et al., 2017; Kılıçel et al., 
2004). The aim of this study is to determine the levels of some 
minerals and heavy metals in Urfa cheeses and cow's milk 
offered for sale in Şanlıurfa with the ICP-MS device. 

Materials and Methods 
Sampling 

Within the scope of the study, 18 Urfa cheese samples made 
from sheep’s milk and 21 cow milk samples were taken from 
local producers in the central district of Şanlıurfa province for 
sale. Cheese samples were provided as 250 g and milk sam-
ples as 25 mL, they were brought to the laboratory immedi-
ately in compliance with the cold chain conditions and they 
were kept at -19oC until the analysis process. 

Preparation of the Samples 

After the cheese and milk samples were homogenized, 1 gram 
of each sample was weighed and taken into the sample con-
tainers of the microwave device. 4 mL of 65% (v/v) nitric 
acid (HNO3) and 2 mL of 30% (v/v) hydrogen peroxide 
(H2O2) were added with a pipette and placed in the micro-
wave device. Cheese and milk samples were digested in mi-
crowave oven with a program whose temperature and dura-
tion were predetermined (Table 1). After microwave diges-
tion cheese and milk samples were taken into sterile tubes af-
ter cooling, and diluted with ultrapure water (Paksoy at al. 
2018). 
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Analysis of the Samples 

Mineral and heavy metal analysis of cheese and milk samples 
were performed with the Agilent brand 7500ce series ICP-
MS (Tokyo, Japan) device in the Mersin University Ad-
vanced Technology Education, Research and Application 
Center laboratory. 

Quality Control  

Limit of quantification (LOQ) and limit of detection (LOD) 
of each element was calculated as  10 times and the recovery 
of 12 elements (Mg, K, Ca, Ti, Zn, As, Cr, Se, Cu, Cd, Tl, 
Pb) in Urfa cheese and cow milk samples are shown in Table 
2. 

Statistical Evaluations 

All data were analyzed statistically using SPSS 22.0 (SPSS 
Inc., Chicago, IL, USA) software. 
 

 

Table 1. Burning process steps in microwave device 

Stage Temperature (oC) Time (min) 
1 90 8 
2 170 10 
3 210 25 

 

Table 2. Quality control. 

Element LOQ LOD 
Mg (mg L-1) 48.58 4.6 
K (mg L-1) 1013 200 
Ca (mg L-1) 578 22 
Ti (mg L-1) 6.8 0.1 
Zn (mg L-1) 1.81 0.2 
As (mg L-1) 0.18 0.01 
Cr (mg L-1) 0.1 0.01 
Se (mg L-1) 0.24 0.1 
Cu (mg L-1) 0.06 0.01 
Cd (mg L-1) 0.11 0.01 
Tl (mg L-1) 0.2 0.02 
Pb (mg L-1) 0.16 0.01 

LOD: Limit of detection; LOQ: Limit of quantification 

 

Results and Discussion 
Within the scope of the study, the average, standard devia-
tions, the lowest and highest levels of mineral substances and 
heavy metal amounts of cheese samples are shown in Table 3 
and Figure 1. The average, standard deviations, the lowest 
and highest values of the milk samples are shown in Table 4 
and Figure 1. 

Trace element and heavy metal contents of milk and dairy 
products may vary depending on the lactation stage, the nu-
tritional status of the animal, environmental and genetic fac-
tors, or possible contamination during production (Özturan 
and Atasever, 2018). 

 

 

Table 3. Mineral levels of Urfa cheese samples (mg/kg). 

Element Min Max Mean (x ± Sx) 
Mg 92.9 227.7 129.8 ±31.14 
K 98.9 555.1 272.06 ±127.21 
Ca 1828 6025 2712.66 ±1002.4 
Ti 5.2 16.2 7.48 ±2.63 
Zn 23.9 75.4 40.4 ±16.33 
As ˂LOD ˂LOD ˂LOD 
Se 1.8 14.7 10.6 ±3.51 
Cd ˂LOD ˂LOD ˂LOD 
Tl ˂LOD ˂LOD ˂LOD 
Pb ˂LOD ˂LOD ˂LOD 

n:18, x: Arithmetic Mean, Sx: Standard Deviation, LOD: Limit of detection 
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Table 4. Mineral levels of cow's milk samples (mg/kg). 

Element Min       Max  Mean (x ± Sx)  
Se 0.13 0.31 0.22 ±0.04 
Ti 0.05 0.08 0.07 ±0.009 
Cr ˂LOD 0.01 0.019 ±0.001 
Cu ˂LOD 0.04 0.0068 ±0.01 
As ˂LOD ˂LOD ˂LOD 
Cd ˂LOD ˂LOD ˂LOD 
Tl ˂LOD ˂LOD ˂LOD 
Pb ˂LOD ˂LOD ˂LOD 

n:21, x: Arithmetic Mean, Sx: Standard Deviation, LOD: Limit of detection 

 

 
Figure 1. Mineral levels (mg/kg) of Urfa cheese and cow's milk samples. 

 

Ca is responsible for many functions in the body such as heart 
rhythm, blood coagulation, hormone secretion, muscle con-
traction, enzyme activation in the body, and is also found in 
the structure of bones. Ca makes up 1.5-2% of an adult's 
mass. Milk and dairy products are foods rich in Ca which is 
one of the most important mineral substances in cheese, and 
its amount varies according to the type of cheese (Altun et al., 
2016). In our study, the average Ca amount in Urfa cheeses 
is 2712.66 ±1002.4 mg/kg. The amount of Ca in Urfa cheese 
is lower than the amount of Ca reported by many researchers 
in cheeses (Demirci, 1988; Arslan et al. 1996; Mendil, 2006; 
Öksüztepe et al., 2013; İşleyici et al., 2017; Altun et al., 2016; 
Çetinkaya et al., 2016), but higher than the values found by 

some researchers (Ayar et al., 2006; Kirdar et al., 2015; 
Arslaner and Salık, 2020). According to the results of this 
study, it was seen that the Ca content of Urfa cheese can be a 
good source in human nutrition.  

Mg has many functions involved in more than 300 reactions 
in the body. Milk and dairy products are a good source of Mg. 
There is approximately 100 mg of Mg in a liter of milk (Haug 
et al., 2007). The amount of Mg in milk varies depending on 
the lactation period, the animal's feeding and the treatment 
applied to the milk. In our study, the average amount of Mg 
in Urfa cheeses was 129.8 ±31.14 mg/kg. The amount of Mg 
in Urfa cheese was lower than the amount of Mg reported by 
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many researchers (Öksüztepe et al., 2013; İşleyici et al., 
2017; Kılıçel et al., 2004; Altun et al., 2016; Çetinkaya et al., 
2016; Arslaner and Salık, 2020; Özbek and Akman, 2016). It 
was higher than the values found by some researchers 
(Mendil, 2006; Ayar et al., 2006; Kirdar et al., 2015). The 
difference in the amount of Mg is thought to be due to the 
milk used in the production of the cheese or the techniques 
used in the production and the environmental conditions of 
the region. 

K has many functions such as osmotic pressure, electrolyte 
balance, acid-base balance, nerve stimulation, contraction of 
the heart and other muscles, protein synthesis, and the con-
version of glucose into glycogen (Özturan and Atasever, 
2018). Milk and dairy products also contain some K. The 
amount of K also changes depending on the lactation period, 
the ration of the animal and the process applied to the milk. 
In our study, the average K level in Urfa cheese was 272.06 
±127.21 mg/kg. The amount of K in Urfa cheese was lower 
than the amount of K reported by many researchers in cheeses 
(Öksüztepe et al., 2013; İşleyici et al., 2017; Demirci, 1988; 
Arslan et al. 1996; Çetinkaya et al., 2016; Kirdar et al., 2015; 
Arslaner and Salık, 2020). The results close to the values 
found by some researchers (Mendil, 2006; Altun et al., 2016, 
Özbek and Akman, 2016). Park (2000) stated that significant 
amounts of K in cheese are lost during cheese production. 
The reason for the lower amount of K in Urfa cheese com-
pared to other cheeses suggests that it may be due to produc-
tion. 

Zn plays a role in many physiological processes such as nu-
cleic acid and protein synthesis, cellular replication, insulin 
secretion, sexual maturation, and strengthening of the im-
mune system. High concentrations of Zn cause nausea and 
vomiting in children, anemia and cholesterol problems in 
adults (Özturan and Atasever, 2018). In our study, the aver-
age Zn level in Urfa cheeses is 40.4 ±16.33 mg/kg. The 
amount of Zn in Urfa cheese was higher than the amount of 
Zn found by many researchers in cheeses (Mendil, 2006; 
Öksüztepe et al., 2013; Altun et al., 2016; İşleyici et al., 2017; 
Çetinkaya et al., 2016; Kirdar et al. , 2015; Yalçın and 
Tekinşen, 2010). It was lower than the values found by some 
researchers (Demirci, 1988; Kirdar et al., 2015). The fact that 
the Zn content of Urfa cheese was higher than the Zn content 
reported in other cheeses suggests that it may be due to Zn 
contamination caused by the materials used in the production 
stages of Urfa cheese. 

Se plays an important role in immunity, antioxidant system, 
DNA synthesis and DNA repair. The recommended daily in-
take of Se is 55 µg. It is an important source of Se in milk and 
dairy products (Haug et al., 2007). In our study, the average 
Se amounts in Urfa cheese and cow milk are 10.6 ±3.51 

mg/kg, 0.22 ±0.04 mg/kg, respectively. Ayar et al. (2007) re-
ported that they found the highest Se value in various milk 
and dairy products with 0.434 mg/kg in tulum cheese and 
then in butter with 0.315 mg/kg. In a study conducted on dairy 
products in Italy, the Se amount of Groviera cheese was 
found to be 1.10 mg/kg (Garcia et al., 2006). It has been re-
ported that the Se amount in Bayburt civil cheese was be-
tween 0.00-723.57 µg/kg (Arslaner and Salık, 2020). In a 
study, it was stated that Se is kept in the casein network so it 
was determined in higher amounts in semi-hard cheeses than 
in milk (Garcia et al., 2006). Since Urfa cheese is a semi-hard 
cheese, the Se content was high.  

Ti is a naturally occurring light mineral on earth. Taking Ti 
into the body in large quantities is not toxic (Şanal and Güler, 
2010). Titanium dioxide has recently been used in nanotech-
nology applications in foods. It is also used as a food additive 
to increase the color brightness in milk products (Berik, 
2018). In our study, the average Ti amounts in Urfa cheese 
and cow milk are 7.48 ±2.63 mg/kg, 0.07 ±0.009 mg/kg, re-
spectively. Studies on Ti levels in milk and dairy products are 
limited. Şanal and Güler (2010) reported in their study that 
they found the amount of Ti in cow milk at the level of 
0.31±0.23 mg/kg in the province of Hatay. Dobrzanski et al. 
(2005) reported that Ti content in raw milk of cows in lower 
Silesia and upper Silesia (USA) was 104.42 ±24.70, 54.48 
±29.40 μg/L, respectively.  

Cu is required as a necessary trace element for adequate 
growth, cardiovascular system, lungs, neuronendocrine func-
tion and iron metabolism. Cu is an essential trace element but 
have dangerous effects on the human body in high concentra-
tions. As a result of contamination, Cu can reach high levels 
in milk and dairy products (Özturan and Atasever, 2018). 
JECFA (Joint FAO/WHO Expert Comitee on Food Addi-
tives) has determined the maximum daily allowable dose for 
Cu as 0.5 mg/kg. In the Turkish Food Codex Regulation on 
Contaminants in Foodstuffs, the maximum acceptable value 
for Cu was not specified (Anonymous, 2011). According to 
the Food Codex Commission within the Food-Agriculture 
Organization (FAO) and World Health Organization (WHO), 
the maximum amount of Cu that can be found in foods is 0.1-
5.0 mg/kg (FAO/WHO, 2012). In our study, the average Cu 
amount in cow milk was determined as 0.0068 ±0.01 mg/kg. 
The reported average amount of Cu in milk samples in Licata 
et al.’study (2004) was 1.98 μg/kg, Şimsek et al.’s (2000) 
study was 0.39-0.96 mg/kg, Temurci and Güner’s (2006) 
study was 4,300 mg/L, Yüzbaşı et al.’s (2009) study was 1.7 
mg/kg and Beykaya et al.’s (2019) study was 33.69 µg/kg. 
İnci et al. (2017) reported that the Cu content was below the 
detectable limit. Our results were parallel with the other stud-
ies. 

https://doi.org/10.3153/FH21020


 

 

  Food Health 7(3), 185-193 (2021)  •   https://doi.org/10.3153/FH21020          Research Article 

190 

Because heavy metals cause acute and chronic health prob-
lems, national and international food organizations have in-
troduced regulations to prevent contamination. However, in 
the communiqué on determining the maximum levels of cer-
tain contaminants in foodstuffs of the Turkish Food Codex, 
no limit has been determined for milk and dairy products. A 
limit was set for Pb as 0.020 mg/kg.  

Be a metal that can be found everywhere in nature, Cr affects 
carbohydrate and protein metabolism by providing insulin 
movement in the body. The average daily intake of Cr by a 
person is between 30 and 200 μg (Beykaya et al. 2019). Milk 
and dairy products contain low amounts of Cr (Kahvecioğlu 
et al., 2009). In the Turkish Food Codex Contaminants Reg-
ulation, there is no limit for the amount of Cr in foodstuffs 
(Anonymous, 2011). In our study, the average Cr amount in 
cow milk is 0.019 ±0.001 mg/kg. Beykaya et al. (2019), Li-
cata et al. (2004), Temurci and Güner (2006) reported an av-
erage amount of Cr 31.81 μg/kg, 2.03 μg/L, 1.016 mg/L, re-
spectively. The amount of Crin this study in cow's milk is 
very low and it was lower than the other studies. 

Cd is considered as the most important food contaminant and 
it is important because it has negative effects on human health 
(Özturan and Atasever, 2018). In the Turkish Food Codex 
Contaminants Regulation, no limit is specified for Cd in milk 
and its products, but it has been reported that it should be be-
tween 0.05-1.00 mg/kg for some other foods (Anonymous, 
2011). In the study we conducted, the amount of Cd was 
found below the detection limits (˂LOD) in milk and cheese. 
Boudebbouz et al. (2020) found the Cd levels in milk samples 
from thirty-six regions around the world are above the stand-
ard limit of 0.0026 μg/g, that Cd levels in milk samples in 18 
regions are below the standard limit (0.0026 μg/g) and in five 
regions Cd It has been reported that their levels are below the 
detectable limit. In many studies conducted to determine the 
level of heavy metals in cow's milk in our country, Cd was 
detected, even in low amounts (Yüzbaşı et al., 2009; Beykaya 
et al., 2019; Ay and Karayünlü, 2008). İnci et al. (2017), in 
line with our study, reported that the amount of Cd in raw 
milk collected in Aydın was below the detectable limit. In 
many studies related to heavy metal levels in cheeses, Cd was 
found even at low levels (İşleyici et al., 2017; Çetinkaya et 
al., 2016; Yalçın and Tekinşen, 2010; Ayar et al., 2009; 
Eroğlu, 2019). Öksüztepe et al. (2013) found the amount of 
Cd in cheese samples below the detectable limit, in parallel 
with our study. 

The presence of Pb in milk and dairy products may from the 
environmental sources (atmosphere, vehicle exhausts, urban 
waste, etc.). Pb is a kind of neurotoxin and causes abnormal 
brain and nervous system functions (Kahvecioğlu et al., 
2009). Pb is toxic and has negative effects on human health. 

The Codex Alimentarius Commission (FAO/WHO, 2012) 
determined the Pb amount at the level of 0.02 mg/kg for milk 
and dairy products. In the Turkish Food Codex Contaminants 
Regulation, the highest acceptable Pb value was determined 
as 0.020 mg/kg for milk and its products (Anonymous, 2011). 
Many studies have reported that Pb levels in milk samples are 
below the specified limits (Licata et al., 2004; Ay and 
Karayünlü, 2008; Beykaya et al., 2019; İnci et al., 2017). In 
this study the amount of Pb was found below the detection 
limits (˂LOD) in milk and cheese. In many studies on heavy 
metal levels in cheeses, Pb was found even at low levels 
(Mendil, 2006; Yalçın and Tekinşen, 2010; İşleyici et al., 
2017; Çetinkaya et al., 2016; Ayar et al., 2009; Eroğlu , 
2019). Öksüztepe et al. (2013) found the Pb content in cheese 
samples was below the detectable limit, in parallel with our 
study. 

As being common in nature and increasing environmental ex-
posure today caused the increase of high As content in some 
products. As is also contaminated to milk and dairy products 
from the environment (İstanbulluoğlu et al., 2016). In our 
study, the amount of As was found below the detection limits 
(˂LOD) in milk and cheese samples. In line with our results, 
Öksüztepe et al. (2013) in Tulum cheese, Serencam et al. 
(2018) in çivil cheeses did not detect As. Some researchers 
have identified As in milk and dairy products (İstanbulluoğlu 
et al.2016; Ayar et al., 2007). 

TI joins the food chain by passing from soil to plants. TI is 
one of the most toxic metals to metabolism. Cd, Pb, Cu, Zn 
are both toxic. TI affects many systems (gastrointestinal, car-
diovascular and urinary) as it accumulates in the body. Gen-
eral symptoms caused by TI are fatigue, loss of appetite, foot 
pain, headache, depression and hair loss (Leonard et al., 
1997). The amount of TI is high in the milk and meat of ani-
mals fed in regions with high TI in the soil (Şanal and Güler, 
2010). In our study, the amount of TI was found below the 
detection limits (˂LOD) in milk and cheese. Studies on the 
amount of TI in animal foods are limited. Şanal and Güler 
(2010) reported in their study that they found the Tl amount 
in cow's milk at the level of 7.01 ±0.80 mg/kg in the province 
of Hatay. Dobrzanski et al. (2005) reported that the TI amount 
in the raw milk of cows in the lower Silesia and upper Silesia 
regions in America was (0.73 ±0.44, 0.84 ±0.81) μg/l, respec-
tively. 

Conclusion 
The mineral substance levels of the samples showed that Urfa 
cheese and cow's milk are important foodstuffs for human nu-
trition. In addition, it was observed that the heavy metal levels 
of Urfa cheese and cow's milk did not exceed the limits spec-
ified in national and international standards. The very low 
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heavy metal levels of Urfa cheese and cow milk are thought 
to be due to the very low level of heavy metal pollution in the 
region. As a result, it was concluded that Urfa cheese and cow 
milk in Urfa province can contribute significantly to nutrition 
due to the minerals in its composition, and it does not pose a 
significant danger to public health in terms of heavy metal 
pollution. However, industrialisation continuously increasing 
may be pose a risk in terms of heavy metals contamination on 
milk and milk products therefore this risks should be checked 
proper interval time. 
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