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0z
Sut, saglikli ve besleyici bir gidadir. Tim yas gruplarinda

tiketilebilmesi  ve  kolay  ulagilabilir ~ olmasi  sitiin
beslenmemizdeki Onemini artirmaktadir. Teknolojik
gelismelerin  artmasiyla birlikte c¢evre kirliligi de artis

gostermektedir. Bu kirlilik sonucunda agir metaller ve metal
karisimli bilesikler, besin zinciri yoluyla hayvanlara ve insanlara
gegcmektedir. Bu durum ise canl saghgini olumsuz bir sekilde
etkilemektedir. Ayrica bazi mineral maddelerin asiri miktarda
vicuda alimi da toksik olabilmektedir. Agir metallerin gidalara
bulasmasi gesitli yollarla ortaya ¢ikmaktadir. Sit ve peynir gibi
asidik nitelikli gidalarin  Uretiminde kullanilan  kaplarin
bilesimindeki metallerin ¢6ziinerek Uriine gegcme riski diger
gidalara gore daha kolay meydana gelmektedir. Bu amagla
arastirmamizda, Mug ilinin farkli bélgelerinden toplanan 10 adet
¢ig inek sutlu oOrneginde, kalsiyum, magnezyum, sodyum,
potasyum, ginko, demir, bakir, mangan minerallerinin ve kursun,
kadmiyum agir metallerinin miktari Atomik Absorbsiyon
Spektrometresi cihazi ile belirlenmistir. Numunelerin kursun,
kadmiyum, demir, bakir ve mangan igerikleri sirasiyla 0.40+0.01-
0.1940.01, 0.38+0.00-0.20+0.00, 1.96+0.01-0.24+0.01,
0.50%0.00-0.11+0.00 ve 0.20%0.00-0.12+0.00 mg/L olarak
belirlenmistir. En ylksek kalsiyum (433.45+0.00 mg/L) ve
potasyum (1146.25+0.02 mg/L) seviyeleri S10 numunesinde
tespit edilmistir. En disik magnezyum (197.81+0.00 mg/L) ve
sodyum (661.17+0.01 mg/L) seviyeleri S3 numunesinde
bulunmustur. Orneklerin ginko icerikleri 8.25+0.00-14.51+0.00
mg/L arasinda degismektedir. Elde edilen sonuglar, sltte
mineral madde miktarini ve agir metal bulagmasini etkileyen
faktorler gz onlinde bulundurularak degerlendirilmistir.

Anahtar Kelimeler: Cig inek siitii; Agir metal; Mineral igerik; AAS
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Abstract

Milk is a healthy and nutritious food. Its ability to be consumed
by all age groups and its easy accessibility increase the
importance of milk in our diet. As technological developments
increase, so does environmental pollution. As a result of this
pollution, metals and metal mixtures reach animals and humans
through the food chain. This situation negatively affects the
health of living organisms. In addition, excessive intake of some
mineral substances can also be toxic. The contamination of
heavy metals in food occurs through various pathways. The risk
of metals in the composition of the containers used in the
production of acidic foods such as milk and cheese dissolving
and passing into the product is more likely to occur than in other
foods. For this purpose, in our research, 10 samples of raw cattle
milk collected from different regions of Mus province were
analyzed for the amounts of calcium, magnesium, sodium,
potassium, zinc, iron, copper, manganese, and heavy metals
lead and cadmium using Atomic Absorption Spectrometry
device. The samples' lead, cadmium, iron, copper, and
manganese contents were determined as 0.40+0.01-0.19+0.01,
0.38+0.00-0.20+0.00, 1.96+0.01-0.2440.01, 0.50+0.00-
0.11+0.00 and 0.20%0.00-0.12+0.00 mg/L, respectively. The
highest levels of calcium (433.45+0.00 mg/L) and potassium
(1146.2520.02 mg/L) were detected in sample S10. The lowest
levels of magnesium (197.81+0.00 mg/L) and sodium
(661.1740.01 mg/L) were found in sample S3. The zinc contents
of the samples varied between 8.25+0.00-14.51+0.00 mg/L. The
results obtained were evaluated considering the factors
affecting the amount of mineral substances and heavy metal
contamination in the milk.

Keywords: Raw’s cow milk; Heavy metal; Mineral content; AAS

1. Introduction

Milk is preferred by consumers due to its high biological
value, numerous health benefits, easy accessibility, and
affordability. It is considered a complete food due to its
composition of proteins, essential fatty acids, lactose, and
mineral contents (Meshref et al. 2014, Licata et al. 2004,
Enb et al. 2009). Milk is a source of macroelements such
as Ca (calcium) and P (phosphorus). Additionally, milk may
contain microelements and heavy metals. Microelements
such as copper (Cu), iron (Fe), selenium (Se), and zinc (Zn),

which are important for growth, are referred to as trace
elements. While a certain amount of these elements is
necessary for the body, high levels can have adverse
effects on human health (Varol and Stinbil 2020, Qin et
al. 2009, Kazi et al. 2009). Metals generally serve as
cofactors for many enzymes and play a crucial role in
various physiological functions of humans and animals.
The deficiency of these essential elements, vital for living
in the entire

organisms, can lead to disruptions

physiological system (Khan et al. 2014).
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Heavy metals, which are not naturally present in the
structure of food, contaminate food from water, soil, and
air, as well as from metallic tools and equipment used
during production, and packaging materials used during
storage and distribution (Tlirkozl et al. 2014). However,
environmental pollution caused by human activities,
industrial pollution, and agricultural practices increases
the probability of heavy metals being present in food.
Lead (Pb), cadmium (Cd), nickel (Ni), cobalt (Co), and
arsenic (As) are among the heavy metals that
contaminate food (istanbulluoglu et al. 2013, Enb et al.
2009, Algan et al. 2012). Heavy metal toxicity varies
according to factors such as age, gender, intake level,
exposure route and duration, metal oxidation state,
solubility, intake frequency, absorption amount, and
excretion mechanisms/efficiency (Khan et al. 2014).

The contamination of milk and dairy products with heavy
metals can occur due to the tanks, machinery, and
equipment used during milking, transportation,
production, and storage of dairy products. Additionally,
heavy metals from different sources can contaminate the
animals that produce milk through the feed they
consume, the water they drink, and the air they breathe
(Safaei 2020, Ozturan and Atasever 2018,

istanbulluoglu et al. 2013). Furthermore, metals such as

et al

Cu, Zn, Fe, As, Cd, and Sn (tin) can also contaminate milk
and dairy products through the processing water used in
the production process (Ozturan and Atasever 2018).
Therefore, determining the concentration of heavy
metals in milk and dairy products is not only an indicator
of the product's safety but also provides information
about the level of pollution in the environment where the
animals that provide the milk live and feed (Kilig and
Bozkaya 2017).

Several heavy metal contaminations, including Pb, Cd, Zn,
Co, Cu, Fe, Ni, As, Se, aluminum (Al), chromium (Cr), and
manganese (Mn), have been identified in milk and dairy
products in various research studies (Al Sidawi et al. 2021,
Sarsembayeva et al. 2020, Safonov 2020, Licata et al.
2004, Jorhem et al. 1991, Coni et al. 1996, Chirinos-
Peinado and Castro-Bedrifiana 2020, Campillo et al.
1998). Chary et al. (2000) found Zn, Cr, Cu, Ni, Co, and Pb
content in soil, plant, and milk samples, demonstrating
that contamination in soil and plants also affects milk and
other plant products.  Chirinos-Peinado and Castro-
Bedrifiana 2020, Campillo et al. 1998). Chary et al. (2000)
found Zn, Cr, Cu, Ni, Co, and Pb content in soil, plant, and
milk samples, demonstrating that contamination in soil
and plants also affects milk and other plant products. The
conducted in the

studies have generally been

environments where the researchers are located,

providing information about the contaminations in those
regions (Temurci et al. 2006, Simsek et al. 2000, inci et al.
2017, Bigucu et al. 2016, Ayar et al. 2007).

Heavy metals, when ingested through food, can lead to
health their
concentrations and the tissues in which they are stored.

various problems depending on
These health issues include various types of cancer,
cardiovascular diseases, organ failures, and various
irregularities in the body (Saei-Dehkordi and Fallah 2011,
Ozlii et al. 2012, Jarup 2003, Boudebbouz et al. 2021). The
toxic effects of heavy metals are particularly observed in
the brain and kidneys. The accumulation rate of heavy
metals in the body is influenced by the individual's age,
nutritional status, and the chemical structure of the metal
(Hu 2002). High levels of Cd intake can lead to liver and
kidney failure; Pb can cause mental and physical
developmental delays in children, kidney failure and high
blood pressure in adults; Hg can lead to inflammatory
rheumatism, irregularities in the kidneys, nerves, and
circulatory system; As can cause circulatory disorders and
cardiovascular diseases. High levels of Zn in the body can
lead to skin irritations, vomiting, and stomach cramps;
and high concentrations of Ni can cause kidney and lung
cancer (Tlrkozd and Sanlier 2012, Azimi et al. 2017).

In terms of food safety, it is crucial to regularly analyze
milk and dairy products for heavy metals. Therefore, our
study was conducted to provide information on the
mineral content and the presence of heavy metals in raw
milk from the specified region, which is important for
human health. Additionally, the mineral and heavy metal
content of raw milk was evaluated taking into
consideration the animal's diet, the materials used in
milking, the equipment used in milk storage, and the

industrial and traffic density of the location.

2. Materials and Methods
2.1 Study area and sampling

In this study, 10 samples of raw cow's milk obtained from
different regions of Mus province in Tiirkiye were used
(Figure 1). The location of the raw milk samples and their
sample codes are given in Table 1. The milk collected from
different regions was placed in 100 mL sample containers
and stored at -20°C until the day of analysis.

2.2 Preparation of samples and AAS analysis

The samples were prepared by modifying the method
used by Kilic and Bozkaya (2017). 27 mL of raw milk
sample was mixed with 23 mL of 20% TCA (trichloroacetic
acid) solution and left at room temperature for 10
minutes. The mixture was then transferred to 50 mL
centrifuge tubes and centrifuged at 4°C-4100 rpm. After
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centrifugation, the serum part (40 mL) was transferred to
a round-bottom flask and 4 mL of concentrated nitric acid
(HNOs) was added. The mixture was heated at 200°C until
the volume was reduced by half. The approximately 20 mL
sample was then cooled to room temperature on a
heating plate. Subsequently, 2 mL of concentrated HNO3z
was added and the sample was evaporated at 200°C for
15 minutes.

Table 1. Sample code and regions

After cooling to room temperature, 4 mL of 30%
Hydrogen Peroxide (H202) and 2 mL of concentrated
sulfuric acid (H2SOs) were added. The solution was
evaporated at 200°C for 15 minutes until it turned brown.
The samples were then cooled to room temperature, and
2 mL of concentrated perchloric acid (HClIO4) was added.
After the sample became clear and the volume was
reduced to 10 mL, it was cooled to room temperature.
Distilled water was added to dilute the samples to 20 mL,
and they were centrifuged at 4100 rpm for 15 minutes.

Sample Regi
code eglons The serum parts were then transferred to centrifuge
s1 Mus/ Center/ Guzeltepe Neighborhood tubes and prepared for analysis. The analyses conducted
S2 Mus/ Center/ Giizeltepe Neighborhood on the Atomic Absorption Spectrometer (AAS) device
S3 Mus/ Center/ Giizeltepe Neighborhood (Agilent 240FS AA) involved the calibration curves of Pb,
sS4 Mus/ Center/ Giizeltepe Neighborhood Cd, Fe, Cu, Mn, Ca, Mg, Na, K, and Zn elements using 1000
S5 Mus/ Center/ Ozdilek Village mg/L ICP multi-element standard solution IV stock
S6 Mus/ Center/ Ozdilek Village solution. The wavelengths of the elements are 217.0,
s7 Mus/ Center/ Ozdilek Village 228.8,248.3,324.8,279.5,422.7, 285.2, 589.0, 766.5, and
S8 Mus/ Center/ Ozdilek Village 213.9 nm, respectively. After the calibration curves were
s9 Mus/ Center/ Agaclik Village drawn, the amount of each element (mg/L) in the samples
S10 Mus/ Center/ Sungu Town was determined.
Nadaslik or et
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Figure 1. Map of the study area
Table 2. Amounts of heavy metals and minerals in raw cow milk (MeanS.D.) (mg/L)
w
< Elements
Q
£
v Pb cd Fe Cu Mn Ca Mg Na K Zn
S1 038001  0.20£0.00 0.97:0.02  0.11:x0.00  0.12#0.00  118.10:0.00  230.360.00  1119.54+0.07  228.80:0.01 9.85+0.01
§2 037001  0.30£0.00 1.96:0.01  0.19:0.00  0.18#0.00  217.07:0.02  294.19:0.00  1312.16+0.05  466.43+0.01 10.69+0.00
§3  021#0.01  0.26£0.00  0.34:0.02  0.23#0.00 0.14+0.00  21547+0.00  197.81#0.00  661.17+0.01 463.09+0.01 10.03£0.00
S4 027001  0.30£0.00 0.24+0.01  050£0.00 0.17+0.00  328.80:0.01  262.02¢0.01  770.40+0.01 604.17+0.02 8.25+0.00
S5  0.40£0.01  0.31#0.00  0.52:0.00  0.14:0.00  0.19+0.00  234.29:0.00  211.09:0.01  1494.51#0.02  347.57:0.01 14.51£0.00
S6  0.40£0.01  0.2840.00  0.72:0.07  0.11:0.00  0.17#0.00  231.47:0.00  252.40:0.01  2498.99+0.01  446.88:0.02 9.84+0.00
S§7  0.29:0.01  0.28£0.00  0.56:0.01  0.15:0.00  0.16£0.00  199.59:0.00  256.24%0.00  1247.56+0.02  379.51:0.04 13.55:0.00
S8  0.19:0.01  0.28#0.00  0.92:0.00  0.13:0.00  0.15£0.00  219.73:0.00  254.88:0.00  1241.71#0.02  635.57+0.05 10.08+0.00
S§9 021000 0.31#0.00  0.95:0.01  0.14#0.00  0.17+0.00  367.73¥0.00  249.17#0.00  709.23+0.04 637.44+0.05 12.05£0.00
S10 044001  0.38:0.00  0.60:0.01  0.14#0.00  0.20:0.00  433.45:0.00  254.91#0.00  1526.55:0.04  1146.25:0.02  14.18+0.00
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3. Results and Discussion

The amounts of Pb, Cd, Fe, Cu, Mn, Ca, Mg, Na, K, and Zn
detected in cow's milk obtained from different regions of
Mus are shown in Table 2. The contamination of the
environment with metals such as lead is a well-known
problem worldwide.

The increase in lead concentration in the air, soil, plants,
and water generally occurs as a result of the lead in
gasoline being emitted into the atmosphere by motor
vehicle exhaust gases. Industrial facilities, waste
incineration, and coal combustion are other sources that
contribute to the increase of lead in the atmosphere.
Therefore, it is likely that the levels of lead are high in

regions with intense industrialization.

Lead is a highly toxic element for the nervous, blood,
stomach, urine, and genital systems (Enb et al. 2009). It
has been found that the amount of lead in the samples
(Table 2) exceeds the limit specified for raw milk in the
Turkish Food Codex Contaminants Regulation (0.02
mg/kg) (URL-1). Since there is no residue limit specified
for other elements in the regulation, a comparison could
not be made. The presence of lead levels exceeding the
limit in the milk obtained from different settlements is
thought to be due to the animals being fed in areas close
to traffic. Animals in areas close to traffic may be exposed
to lead through both respiration and food. Indeed, in a
similar study conducted by Simsek et al. (2000), 75 raw
milk samples were examined for heavy metals. The
researchers reported that the lead levels detected in the
industrial and traffic areas exceeded the value specified in
the Turkish Food Codex Raw Milk Regulation, while they
were lower in rural areas. In a similar study conducted by
Cakir and Yarsan (2021), the average Pb levels in milk
samples collected from different regions of Turkey were
found to be 0.008+0.009 mg/L. It was reported that the
concentrations of Pb in 10 samples exceeded the value
specified in the Turkish Food Codex Contaminants
Regulation.

Cadmium is one of the most toxic metals. Additionally,
cadmium is a substance that can easily evaporate at the
operating temperatures of common industrial processes.
A large part of the cadmium in the atmosphere is released
as a result of burning iron scrap and metallurgical
processes. Therefore, the spread of industrial waste into
the environment poses a great risk. Cd leads to health
problems such as high blood pressure, prostate cancer,
mutations, and fetal (embryonic) death (Enb et al. 2009).
In addition, Cd can cross the placental barrier and can
cause neurotoxic problems (Boudebbouz et al. 2021). The

concentration of Cd in milk samples varied between

0.20+0.00-0.38+0.00 mg/L (Table 2). The detected
amounts of Cd were found to be higher than those
determined in studies by Qin et al. (2009) and Enb et al.
(2009)  (1.13-4.19 ug/kg, 0.070-0.112 mg/kg,
respectively), while they were similar to the values
detected by Bigucu et al. (2016) in the months of
November and December. The tolerable Cd intake has
been determined by the Expert Committee on Food
Additives (JECFA) as 0.007 mg/kg/week (Serencam vd.
2018). It was determined that the obtained results
exceeded the tolerable Cd limit.

Iron is an important mineral found in the structure of
hemoglobin, which carries oxygen to the tissues, and
myoglobin, which stores oxygen in the muscles. Milk is
quite poor in Fe content (0.2 mg/kg) (Tarak¢i and
Klgukoner 2005). Excess iron taken into the body can
cause tissue damage and organ failure and increase the
risk of cancer (Eid et al. 2017). When the Fe contents of
the samples were examined, it was determined that the
Fe amount of sample S2 (1.96+0.01 mg/L) was higher than
the other samples (Table 2). It has been reported that the
amount of Fe in milk varies depending on the species of
the animal and the lactation period, and that there is no
change due to nutrition sources (Gaucheron

2000). In a similar study conducted by Sucak et al. (2020),
the average Fe content of raw milk obtained from the
Mus region was determined to be 0.83+0.09 mg/L. The
intake of Fe mineral above the recommended amount can
cause a toxic condition (Boudebbouz et al. 2021). Indeed,
it was determined that the Fe content in the samples was
not higher than the daily Fe intake recommended (10-18
mg/day) (llgaz et al. 2020). However, the reason for the
higher amount of Fe mineral in the samples than naturally
found in milk could be the transfer of Fe from the
containers used for storage of milk after milking. Cu is
essential for normal human growth. However, its
excessive intake can lead to negative effects on human
health, in particular Wilson's disease, which manifests as
ceruloplasmin deficiency. Mn taken in high doses
seriously affects human health. It leads to deterioration
of neuromuscular and neurological control as well as
emotional and mental problems (Sidawi et al. 2021).
When the concentrations of Cu and Mn in the samples
were examined, higher levels of Cu were found in samples
S2, S3, and S4 compared to the other samples, while the
highest level of Mn was detected in sample S10 (Table 2).
In a study conducted by Cakir and Yarsan (2021), the
levels of certain elements in milk samples collected from
different regions of Turkey were examined. It was found
that the amount of Fe was lower in our study's data, while

the amount of Cu showed similarity. It was suggested that
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cadmium was generally not detected in the samples. In
another study by inci et al. (2017), the levels of some
heavy metals in cow's milk produced in the Aydin
province were examined. It was observed that the Fe
content in the milk was higher than the values
determined in our study, while the Mn content was found
to be at lower levels. The daily tolerable intake of Cu
determined by JECFA is 0.5 mg/kg (Serencam et al. 2018).
The trace elements known as Cu and Mn in milk are found
to be 190-300 pg/L and 5-87 ug/L, respectively (Metin
2010). Indeed, it was determined that the amount of Cu
in sample S4 was higher than the naturally occurring
copper in milk, while normal levels of Cu were found in
the other samples. The Mn content was found to be
higher than the naturally occurring manganese in milk in
all samples.

The contamination of milk with iron, copper, and
manganese can occur due to factors such as the
equipment and containers used for milk transportation
feed,
pollutants, and milk processing stages. The levels of heavy

and storage, water sources, environmental
metals vary depending on the geographical region, animal
species, feed type, and processing methods. The high
content of heavy metals in animal feed increases the
likelihood of their presence in milk (Ozturan and Atasever
2018). Considering the levels of heavy metals detected in
milk in our study, it is thought that the contamination of
raw milk with heavy metals increases due to the
equipment and containers used for milk transportation

and storage, feed, and environmental factors.

The chemical and sensory properties of raw cow's milk
vary according to regional conditions, and therefore the
mineral content also varies. The mineral content varies
according to the breed and type of milk-producing animal,
lactation period, animal nutrition, health status, and
season (Metin 2010). The trace elements found in milk
generally originate from plant sources in the region where
the dairy animals are raised. Milk contains 0.75% mineral
matter (Ozturan and Atasever 2018).

The technological features in the formation of milk and its
importance in terms of nutrition are closely associated
with calcium, a crucial mineral. Calcium plays a significant
role, particularly in the developmental process of

children. Approximately 75% of the daily calcium
requirement is obtained from milk and dairy products
(Metin, 2010). Within the scope of our study, the calcium
content of the analyzed milks varied between
118.10+0.00-433.45+0.00 mg/L, as indicated in Table 2.
The lower calcium levels are presumed to be attributed to

the spring season when the milks were sourced. A similar

study identified fluctuations in the calcium content of
cow's milk from different regions of Canakkale, with a
decrease observed during the spring months (Bigucu et al.
2016). In another study, the mineral content of 106
samples of cow's milk from the Thrace region was
determined, with an average 43Ca value of 168 mg/L and
a 44Ca value of 278 mg/L (Oztiirk 2022). Various research
on mineral content in cow's milk has indicated calcium
levels ranging from 900 to 1200 mg/L (Sucak et al. 2020,
Ozturan and Atasever 2018, Efe 2008).

Magnesium is a mineral that supports bone and heart
health and regulates nervous system and muscle
functions (Fiorentini et al. 2021). Magnesium was
detected in the milk samples in the range of 197.81+0.00-
294.19+0.00 mg/L (Table 2). Generally, the magnesium
content of the samples shows similarity to each other.
Sodium is an essential mineral used in nutrition. It is
important for maintaining appropriate blood volume and
blood pressure. Excessive sodium intake is associated
with chronic kidney disease, cardiovascular diseases,
hypertension, and stroke (Patel and Joseph 2020). The
sodium content of the samples ranged from a minimum
of 661.17+20.01 mg/L to a maximum of 2498.99+0.01
mg/L. It was observed that the S6 sample had a higher
sodium content compared to the other samples (Table 2).
A diet rich in potassium has been found to have many
health benefits. These benefits include a lower risk of
cardiovascular disease, stroke, and blood pressure (Clegg
et al. 2020). The lowest potassium amount in the samples
was found in the S1 sample (228.80+0.01 mg/L), and the
highest potassium amount (1146.25+0.02 mg/L) was
detected in the S10 sample (Table 2).

Zinc is one of the most important minerals involved in
numerous biological functions. Due to its ability to bind
enzymes and transcription factors, it is considered a
versatile trace element. It is used in protein and collagen
synthesis (Chasapis et al. 2020). When examining the zinc
content of the milk samples, a variation in the range of
8.2510.00-14.51+0.00 mg/L was determined. Bigucu et al.
(2016) reported potassium, sodium, and magnesium
levels in cow's milk in the ranges of 19.86+0.387-
884.6+8.011 mg/L, 92.95+1.856-532.5+4.970 mg/L, and
12.44+0.371-248.7+1.998 mg/L, respectively. In another
study, the average magnesium, potassium, and sodium
levels in 100 examined milk samples were observed to be
82.2 mg/L, 1210 mg/L, and 249 mg/L, respectively (Oztiirk
2022). The magnesium content in milk analyzed in
Diyarbakir was determined to be an average of
135.9+48.9 mg/kg, indicating that the milk in Diyarbakir
province and its districts is rich in magnesium (Efe 2008).
In a study by Meshref et al. (2014), the zinc content of
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analyzed milks ranged from 2.73 to 18.316 mg/L. The
similarity in the mineral content of the examined milks
can be explained by the similarity in the plant presence in
the feeding areas of the animals. Additionally, the
quantity of minerals in the samples highlights the
influence of seasonal variations. The high sodium content
in the samples can be attributed to the generally sodium-
enriched nature of animal feeds and the increase in
sodium in the bodies of animals fed with these feeds,
leading to its transfer into milk.

4. Conclusion

The findings obtained indicate contamination with heavy
metals in milk samples, with the lead content exceeding
the limit specified for raw milk in the Turkish Food Codex
Contaminants Regulation. Since the regulation does not
specify limits for other heavy metals, comparisons could
not be made. Evaluation of trace elements in milk was
conducted based on their natural occurrence rates in
milk. In light of the literature, it is believed that heavy
metals and trace elements may contaminate milk through
various pathways. The mineral content of the samples
generally showed similarities. This is attributed to the
similarity in the soil and plant conditions where the dairy
animals are fed and the simultaneous collection of milk
within the same time frame. It was determined that
nutrition and seasonal factors are crucial in the variation
of mineral content. The presence of heavy metals in milk
poses a serious threat to health. High consumption of
these substances can lead to kidney diseases, cancer,
neurological disorders, and other health problems.

Therefore, regulations or standards regarding the
presence of heavy metals in milk need to be more

comprehensive.

In conclusion, considering the detected levels of heavy
metals in raw milk in our study and those reported in the
literature, it is evident that necessary precautions should
in this
measures to reduce heavy metal pollution in agricultural

be taken regard. Moreover, implementing
practices and industrial processes can enhance the safety
and quality of milk and dairy products. Additionally, by
paying attention to the nutrition of animals, the mineral
content of raw milk can be enriched, making it more

beneficial from a nutritional standpoint.
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