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Quantification of mineral and toxic elements in milk of dairy cows by ICP-MS

Serap Kili¢c Altun', Nilgtin Paksoy?

'Department of Food Hygiene and Technology, Faculty of Veterinary Medicine, Harran University, 63200, Sanliurfa/TURKEY
“Department of Biochemistry, Faculty of Veterinary Medicine, Harran University, 63200, Sanlurfa/TURKEY

Key Words: ABSTRACT
cow milk
mineral

toxic element

ICP-MS

Milk is an important component of mammalian metabolism which included micro and
macronutrients. The objective of this study was to survey the concentrations of minerals and toxic
elements in cow milk samples by inductively coupled plasma-mass spectrometry (ICP-MS). In this

study, it was analyzed the content of sodium, magnesium, potassium, calcium, zinc, iron, coppet,
cobalt, manganese, nickel, selenium, chromium, titanium, atsenic, cadmium, lead, and thallium in
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cow milk samples (n=25) collected from Kahramanmaras province of Turkey. The highest levels
recorded for potassium, calcium, and sodium with average concentrations of 1587.36, 1157.98,
643.34 mg L', respectively. The results revealed that the toxic element levels wete below the limit of

detection in cow milk samples. Regular element analysis of cow milk, which is the most widely used
milk in dairy industry, is important for health.
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INTRODUCTION

Milk is an important requirement of mammalian metabo-
lism, especially in the early stages of life. The reason why milk
is important for mammalian metabolism is the presence of
proteins, amino acids, fats and minerals necessary for metabo-
lism. The minerals are in proportional equilibrium with ions,
amino acids, carbohydrates, lipids (1), and these elements cre-
ate the nutritional level of the milk. There are a lot of factors
such as feed, geographical location, forage, maternal age, lac-
tation stage, milking time, and environmental characteristics
such as water, soil, affect the quality of milk (1, 2).

Minerals have biochemical, structural, and nutritional featu-
res in physical and mental metabolic reactions (3, 4). Sodium
is a major cation for regulating osmotic pressure and acid-base
balance (3). Potassium is important for nerve impulses and
bone metabolism (3). Calcium is an essential element for bo-
nes, teeth, enzyme activation, and cardiac concentration (3,
5). Magnesium is important for muscle contraction and the
regulation of blood pressure (3). When we examine the stu-
dies conducted in different regions of Turkey in the past years,
Yilmaz (2017) reported the most abundant minerals in cow’s
milk as calcium, magnesium, phosphorus and potassium from
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Mus province (6). Also Ding et al. (2019) reported that the
most abundant minerals in cow milk as potassium, calcium
and, phosphorus from Sanlurfa, Gaziantep and Mardin pro-
vince (7).

The increase in environmental pollution leads to increased
exposure of milking animals to environmental pollution and
thus contamination of milk and dairy products. So, milk may
include varied toxic elements such as thallium, cadmium, lead,
arsenic. These toxic elements originated either geographical
origin or pollution caused by developing technology (8-10).
When the international studies are examined; heavy metal
contamination in milk and dairy products, most notably lead
and cadmium, has been reported ( 3, 7,11,12, 13, 14, 15, 106).
However, these studies were done in the milk of cattle raised
in the researchers’ home countries and showed different re-
sults. Considering the studies conducted in our country, accor-
ding to Temurci et al. (17) in the province of Ankara, Simsek
et al. (18) in the province of Bursa, Ayar et al. (19) in the pro-
vince of Konya, Bigucu et al. (20) in Canakkale and Inci et al.
(21) in Aydin reported the contamination of metals such as
aluminum, arsenic, cadmium, chromium, cobalt, copper, iron,
nickel, manganese, lead and selenium in milk and dairy produ-
cts in their study. The objective of this study was to detect the
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mineral and toxic element concentrations in cow milk samples
with inductively coupled plasma-mass spectrometry (ICP-MS).

MATERIAL and METHODS
Sample Collection

A number of 25 cow milk samples were gathered from
Kahramanmaras province of Turkey. Milk samples were colle-
cted between 8:00-10:00 am from different local market. Cow
milk samples, collected in sterile polyethylene tubes and brou-
ght to the laboratory under the cold chain, stored at -20 © C
until analysis. In this study, the method of Ding et al.” study
was modified and applied (7).

Lnstrumentation

Sodium, magnesium, potassium, calcium, zinc, iron, coppet,
cobalt, manganese, nickel, selenium, chromium, titanium, ar-
senic, cadmium, lead, and thallium were measured by ICP-MS
(7700x, Agilent, The USA) with an AutoSampler (Cetac ASX-
520). A microwave dissolver (CEM Corporation, USA) with
teflon vessels was used for sample digestion. The operating
circumstances for microwave digestion were carried out in the
order presented in Table 1.

was calculated, respectively as shown in Table 2.
Statistical Analysis

Minerals and toxic element concentrations were not ordi-
narily distributed; whence, a non-parametric test was used for
the statistical analysis. Statistical significance was set at P <
0.05 and analyses were performed using software of SPSS 11.0
(IBM, USA).

RESULTS

Sodium, magnesium, potassium, calcium, zinc, iron, cop-
per, nickel, selenium, and titanium were detected in all samp-
les of cow milk (positive rate 100.0 %). Table 3 presents the
mineral and toxic element concentrations measured in cow
milk samples.

DISCUSSION

Minerals have a constitutional part in the mammalian
structure and it is great familiar that milk and dairy products
are well dietary resources of macro-minerals (sodium,
magnesium, potassium, calcium). The quantity of minerals
may vary in the function of the operated analytical methods,
and therefore there is no complete contract within different

Table 1. Operating conditions of microwave digestion.

Stage Temperature (°C) Time (min.) Power (Watt)
1 120 7 1600
2 160 5 1600
3 210 20 1600

Preparation and Dagestion of Samples

Five mL of milk samples were taken and put into the vessels
of the microwave digestion. 4 mL of nitric acid (HNO,) and 2
mL of hydrogen peroxide (H,0,) was added and placed in the
microwave digestion system. With an appropriate program,
the milk samples were thawed in the microwave. The thawed
samples were transferred to a sterile 50 mL falcon tube which
was never used and diluted to 50 mL with ultra-pure water (7).

Macro, micro and toxic mineral levels of milk samples were
measured by Agilent brand, 7500ce series ICP-MS (Tokyo, Ja-
pan) device in Mersin University Advanced Technology Edu-
cation, Research and Application Center (MEITAM) labora-
tory (7).

Qunality Assurance

On the ICP-MS device, each analysis was performed in 3
replicates and the average of these 3 replicates were taken.
Analyses with a relative standard deviation (RSD%) of these
3 replicates were repeated 3. During the analyzes, a standard
reading was performed in every 10 samples and the accuracy
of the instrument was maintained until the end of the analysis.
Limit of quantification (LOQ) and limit of detection (LOD)
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authors about mean content in milk and dairy products. The
analytical method (ICP-MS) used in this study was preferred
because it is sensitive, up-to-date and reliable considering
the mineral and toxic metal contents of milk samples. The
minerals are in chemical balance with amino acids, proteins,
carbohydrates, and lipids present in higher amounts in milk
(1). Magnesium plays an important role in approximately three
hundred enzymatic reactions (7). The contents of magnesium
in cow milk monitored in this study are higher than those
reported in cow milk (151-167 mg L") (22) and commercial
milk samples from Spain (126 mg L") (23). This may be due to
the vegetation the animal feeds on. Potassium is an intracellular
cation that has a remarkable role for in heart, nervous, and
urinary systems. The mean potassium level found in this study
was 1587.3 mg L', which was higher than the results of Chi
et al. (24) that was 1532 mg L' and lower than the findings of
Bilandzi¢ et al. (11) that was 2070 mg L. The level of iron in
cow milk is higher than in the study of Park (25). Soil ingestion
by grazing animals may notably influence the iron content of
milk (26). Calcium is mandatory for nerve transmission, tooth
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Table 2. Detection limits and spike recovery of mineral and toxic elements in milk samples for quality control.

Minerals and toxic elements LOQ LOD Recovery (%)
Na (mg L") 24.0 2.0 101.1
Mg (mg L") 12.4 1.8 102.6

K (mg L") 8.2 1.6 101.9
Ca (mg L") 5.7 2.1 104.5
Zn (mg L) 10.6 3.4 102.6
Fe (mg L") 14.2 8.8 104.7
Cu (ug LY 6.1 1.1 101.6
Co(ngL? 1.8 0.5 103.8
Mn (ug L") 11.2 1.9 104.2
Ni (ng LY 10.9 1.0 106.2
Se (ug L) 1.5 1.5 101.8
Cr (ug L) 0.7 0.5 104.2
Ti (ug L) 1.3 0.1 102.2
As (ug L 7.2 0.2 104.6
Cd (ng L 8.1 0.7 105.1
Pb (ug LY 10.2 0.5 101.2
Tl (ug LY 10 1.5 100.9
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Table 3. Concentrations of minerals and toxic elements in cow milk samples.

Minerals and toxic ele- Positive Minimum Maximum Mean * SD
ments sample no
Na (mg L") 25 241.5 807.9 643.3+166.4
Mg (mg L) 25 67.9 148.3 103.4% 21.1
K (mg L") 25 1376.6 1708.3 1587.3+80.4
Ca (mg L") 25 841.4 1447.9 1157.9£152.9
Zn (mg L) 25 0.94 6.44 3.49+1.41
Fe (mg L") 25 0.63 5.69 4.33+1.55
Cu (ug LY 25 54.6 160.8 103.9£32.1
Co (ng L™ 4 13.06 16.04 14.07£1.34
Mn (ug LY 4 22.26 37.38 29.3+7.59
Ni (ng LY 25 81.5 618.5 279.1+144.8
Se (ug L) 25 2453 1545 975.9+387.2
Cr (ug L) 11 60 315 182.7£85.2
Ti (ug L) 25 2430 3998 3272+413.7
As (ug L' - <LOD <LOD <LOD
Cd (ngLh - <LOD <LOD <LOD
Pb (ug L - <LOD <LOD <LOD
Tl (ng LY - <LOD <LOD <LOD

formation, enzyme activity, and blood coagulation (24). The L', which was higher than the study from Mardin, Gaziantep,
average calcium level in this study was estimated 1157.9 mg and Sanlrfa: 780.72, 1014.12, 766.78 mg L' (9). The levels
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of copper, zinc, and iron in cow milk samples were within
the range of this literature (3, 4). The low concentrations of
copper should be owing to zinc included in milk that steps in
with the copper absorption system, describing the presence
of alow concentration of this mineral in milk (27). The levels
of arsenic, cadmium, lead, thallium in our study are below the
detection limits and it is similar to the results of the study of
Lante et al. (12). The findings of this study indicated that the
studied cow milk samples usually, included an adequate qu-
antity of minerals, a reality that has a major influence on its
nutritional quality.

CONCLUSION

In this study, levels of 17 elements (sodium, magnesium, po-
tassium, calcium, zinc, iron, copper, cobalt, manganese, nickel,
selenium, chromium, titanium, arsenic, cadmium, lead, thalli-
um) in cow milk from Kahramanmaras province of Turkey
were assessed where potassium, calcium, and sodium were
found the highest in cow milk samples. Further studies are
necessary to assess the levels of different elements in plenty of
milk samples from various farms in Turkey for public health.
Routinely conducting similar studies in different geographical
regions in our country will be beneficial for the sustainability
of the quality and safety of milk.
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