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A B S T R A C T 

Heavy metals such as lead (Pb), cadmium (Cd), and aluminium (Al) 

characterized by their bioaccumulation and bio-magnification in the animal 

and human bodies causing multiple organ damage. The present study aimed 
at estimation of the residual content of Pb, Cd, and Al in the retailed cow’s 

and buffaloes’ milk collected from urban and rural areas in Sharkia 

Governorate, Egypt. In addition, the effects of the heat treatment of the 
milk in different cooking wares (made from aluminium, glass, and stainless 

steel) were further examined. The public health significance of the studied 

metals was discussed. The obtained results revealed detection of the tested 
metals in all examined samples at variable concentrations. In general cow’s 

milk had higher contents of Pb, Cd, and Al compared with the milk of 

buffaloes. Moreover, milk sampled from rural areas had significantly 
higher metal load compared with that sampled from urban areas. Heating of 

the milk in aluminium-made cooking wares significantly increased Al 

residues in the heat-treated milk with slight increase in the load of Pb, and 
Cd. While heating of the milk in cooking wares made from glass had slight 

reduction in the metal load of the milk. Therefore, it is highly 

recommended to use glass wares for heating of the milk instead of 
aluminium wares to avoid leaching of toxic metals to the heated milk. 
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1.  Introduction 

Milk is considered as a rich source in the bioactive peptides, vitamins, and 

essential trace elements such as calcium and magnesium (Stadnik and 

Kęska, 2015). At the same time, milk is considered as a bioindicator for the 

exposure of the animal to xenobiotics as such chemicals are released into 

milk, and subsequently find their way into the consumers’ bodies if 

contaminated milk is ingested (Thompson and Darwish, 2019). 

Heavy metals are among xenobiotics which are found naturally in the 

environment or released via anthropogenic activities such as mining, 

burning of the organic matter, or direct disposal of the agricultural and 

industrial wastes. Heavy metals are known for their bio-accumulative and 

biomagnification nature. Heavy metals such as lead (Pb), cadmium (Cd), 

and aluminum (Al) are of no-known physiological values and have linked 

to many cases of intoxication (Thompson and Darwish, 2019). 

Exposure of children to Pb is linked to many cases of intoxication and 

deaths worldwide (Darwish et al., 2016). In addition, Pb can affect the 

mental and intellectual abilities and have several adverse effects on the 

gastrointestinal tract (Cunningham and Saigo, 1997). Cd is another toxic 

metal that was responsible for many cases of renal dysfunction and bone 

softening or what is called itai-itai disease in Japan (Nishijo et al., 2017). 

Cd is also classified as a group B1 carcinogen (IARC, 2016). In addition, 

human exposure to even small concentrations of Cd on a regular basis is 

linked to multiple organ damage such as testes, breast, liver, kidney, and 

nervous system (Darwish et al., 2019). 
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Aluminum is one of the industrial elements which can find the way to the 

animal body accidently. Furthermore, Al can contaminate milk via using 

milk packages lined with Al. Besides, heating of the milk in cooking 
wares made from Al is another source for the milk contamination with Al 

(Boudebbouz et al., 2021). Investigation of the residual contents of Al in 

packaging materials was done in Egypt in canned fish (Morshdy et al., 
2013). However, estimation of Al in milk had been less investigated. Al is 

implicated in many cases of human illnesses such as anemia, dementia, 

and osteomalacia (Gupta et al., 2019). 
In sight of the previous facts, this study aimed at estimation of Pb, Cd, and 

Al residues in the major milk types (cow’s and buffaloes’) mostly 

consumed in Egypt and collected from stores at both urban and rural sites. 
Furthermore, the effects of heat treatment of the milk in different cooking 

wares made from aluminum, glass, and stainless steel on the residual 

contents of such metals were further investigated. 

2. Materials and Method 
All reagents used were of the highest quality available and the standard 

solutions of Pb, Cd, and Al were purchased from Merck, Darmstadt, 
Germany.  

Collection of samples 

A total of 80 random milk samples were collected equally from urban 
(n=40) and rural (n=40) areas in Sharkia governorate, Egypt. The 

collected samples from each designed area included cow’s and buffaloes’ 

milk (n=20/each). Samples (500 mL of each) were transferred cooled to 
the laboratory for extraction and heavy metal analysis.  

Sample preparation and extraction 

The extraction and measurement of the tested heavy metals was done 
according to Darwish et al. (2015). In brief, one mL from each milk 

sample was mixed with 10 mL of the digestion mixture (3 parts of HNO3 

and 2 parts of HClO4). The mixture was left overnight at room 
temperature for digestion, and then placed at heated water bath (70ºC) 

with swirling at 30 min intervals for 3 h. Metal concentrations were 

directly measured using an atomic absorption spectrophotometer 
(PerkinElmer 2380). 

Effect of different cooking wares on the metal load in heat-treated milk 

Five samples (500 mL/each) from the cow’s milk sampled from rural 
areas were used for the experimental trial to test the effect of different 

cooking wares on the metal load in the milk. Then one hundred mL from 

each sample (n=5) were heated till boiling in cooking wares made from 
aluminum, glass, and stainless-steel. Then samples were left to cool, and 

heavy metal extraction and analysis were proceeded as mentioned before.  

Statistical analysis 
The Tukey-Kramer HSD difference test (JMP) (SAS Institute, Cary, NC, 

USA) was used for statistical comparisons (p < 0.05). Data are presented 

as mean ± SD. 

 

3. Results and Discussion  
Residual contents of heavy metals in milk 
Lead 

The obtained results in the present study revealed detection of Pb in all 

examined milk samples. Cow’s milk sampled from rural areas had 
significantly (p < 0.05) the highest residual Pb content (ppm) (0.23 ± 

0.05), followed by buffaloes’ milk sampled from rural areas (0.14 ± 0.03), 

cow’s milk sampled from urban areas (0.13 ± 0.02), and buffaloes’ milk 
sampled from rural areas (0.09 ± 0.04), respectively (Fig. 1).  

https://djvs.journals.ekb.eg/
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In line with the obtained results in the current investigation, Sujka et al. 

(2019) detected Pb in raw cow’s milk samples from various regions in 

Poland at 0.01–0.23 ppm. Besides, Pšenková et al. (2020) detected Pb at 
levels < 0.1 ppm in raw cow’s milk in Slovakia. However, Castro-

González et al. (2018) reported lower levels of Pb in raw cow’s milk (0.03 

ppm) in Mexico. In addition, lower Pb levels (0.006-0.01 ppm) were 
reported in milk samples from Tabriz, Iran (Beikzadeh et al., 2019). 

Higher Pb residues (60 ppm) were detected in raw cow’s milk samples 

collected in area consists of granites and granite gneisses in India 
(Boudebbouz et al., 2021).  

Cadmium 

Cadmium was detected in all examined samples in the current study. Raw 
cow’s milk sampled from rural areas had significantly the highest Cd 

residues (ppm) (0.23 ± 0.02), followed by buffaloes’ milk collected from 

the same areas (0.13 ± 0.03), raw cow’s milk  sampled from urban areas 
(0.11 ± 0.02), and raw buffaloes’ milk collected from urban areas (0.04 ± 

0.01), respectively (Fig. 2). Nearly similar levels (0.28 ± 0.16 ppm) were 

reported in cow’s milk marketed in Benha, Egypt (Malhat et al., 2012). 
Higher Cd residues (~5.57 ppm) were reported in the pasteurized milk 

samples retailed in Iran (Sobhanardakani, 2018). Furthermore, 

Boudebbouz et al. (2021) reported higher Cd (12 ppm) levels in barite 
mining area in India. Lower Cd residues (0.0001-0.007 ppb) were 

detected in milk samples from different regions in Poland (Sujka et al., 

2019). 
Aluminum 

Aluminum was also detected in all examined milk samples. Similar to Pb, 

and Cd, raw cow’s milk sampled from rural areas had the highest residual 
concentrations (ppm) of Al (23.95 ± 0.81), followed by cow’s milk 

collected from the urban areas (14.79 ± 2.42), buffaloes’ milk sampled 

from rural areas (14.08 ± 2.52), and buffaloes’ milk sampled from urban 
areas (6.60 ± 1.80), respectively (Fig. 3). In agreement with the obtained 

results in the present study, Totan and Flazi (2020) recorded Al residues at 

29.88 ± 32.00 ppm in raw whole cow’s milk retailed in Ankara, Turkey. 
Besides, Boudebbouz et al. (2021) reported that Al level was 22.50 ppm 

in raw cow's milk collected close to food producing plants region in 
Turkey. Unlikely, lower Al concentrations (0.08 ± 0.01 ppm) was reported 

in retailed market milk in Mansoura city, Egypt (Al-Ashmawy, 2011). 

However, higher Al levels (up to 270.63 ppm) was recorded in milk taken 
directly from cows in Egypt (Meshref et al., 2014). Heavy metals occur 

naturally in the environment and find their way into the animal body via 

contaminated feed and water. Such metals accumulate in the animal 
tissues such as muscles and mammary glands and might pass into the milk 

(Morshdy et al., 2019; Thompson and Darwish, 2019). One possible 

explanation for the high accumulation of the metals in the cow’s milk than 
buffaloes’ is their inter-species differences in their xenobiotic 

metabolizing enzymes (Darwish et al., 2010). Therefore, future studies are 

still needed for further explanation of this variation. 
Milk is usually heat-treated for the purpose of the destruction of the 

microorganisms contaminating the milk. The effect of heat treatment of 

the milk in different cooking wares is less investigated. Therefore, the 
effect of heat treatment of the milk in glass, aluminum, and stainless-steel 

containers was investigated. Heat-treatment of milk in aluminum wares 

significantly increased all tested metals including Pb, Cd, and Al. 
Interestingly, heat treatment of milk in glass and stainless-steel containers 

reduced the content of Al, and Cd with no change in the Pb residues (Figs 

4-6). In agreement with the obtained results in the current investigation, 
Al-Ashmawy (2011) reported leaching of Al from Al-made containers to 

the milk causing significant increase in Al load. The same author added 

that glass is the best container to avoid leaching of metals from the milk 
containers to the milk itself. 

Ingestion of milk contaminated with heavy metals such as Pb, Cd, and Al 

has several health adverse effects such as toxicities, organ damage, 
cancer, and several cases of deaths (Thompson and Darwish, 2019). 

Therefore, continuous monitoring and screening of heavy metal contents 

in milk and other dairy products and ensuring safety of such products in 
relation to food-chemical contaminants of significant importance for both 

public health and food safety sectors. 

4. Conclusions 
The obtained results in the present study revealed detection of Pb, Cd, and 

Al in all examined samples at variable concentrations. Milk samples 

collected from rural areas had significantly higher metal residues than that 

collected from urban areas. Cow’s milk had higher contents of Pb, Cd, 

and Al compared with buffaloes’ milk. This inter-species difference in 

their accumulation of metals might be due to their physiological 
differences in xenobiotic metabolism. Boiling of the milk in aluminum 

wares led to an increase in the residues of all tested metals in the milk, 

while glass reduced the metal load in the tested milk samples. 
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Fig. 1: Lead (Pb) residual contents (ppm) in raw cow’s and buffaloes’ 
milk sampled from rural and urban areas in Egypt. Data represent means ± 

SD (n = 20). Columns carrying different letter are statistically significant 

at p <0.05. 
 

 

 

 
 

Fig. 2: Cadmium (Cd) residual contents (ppm) in raw cow’s and 

buffaloes’ milk sampled from rural and urban areas in Egypt. Data 
represent means ± SD (n = 20). Columns carrying different letter are 

statistically significant at p <0.05. 

 
 

 

 
Fig. 3: Aluminum (Al) residual contents (ppm) in raw cow’s and 
buffaloes’ milk sampled from rural and urban areas in Egypt. Data 

represent means ± SD (n = 20). Columns carrying different letter are 

statistically significant at p <0.05. 
 

 
Fig. 4: The effect of heat treatment of the raw cow’s milk in different 

cooking wares on Pb residues. Data represent means ± SD (n = 5). 

Columns carrying different letter are statistically significant at p <0.05. 
 

 
Fig. 5: The effect of heat treatment of the raw cow’s milk in different 

cooking wares on Cd residues. Data represent means ± SD (n = 5). 

Columns carrying different letter are statistically significant at p <0.05. 
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Fig. 6: The effect of heat treatment of the raw cow’s milk in different 

cooking wares on Al residues. Data represent means ± SD (n = 5). 
Columns carrying different letter are statistically significant at p <0.05. 

 
 

 
 

 

 
 

 

 
 

 

 
 

 

 
 

 

 
 

 

 
 

 

 
 

 

 
 

 

 
 

 
 

 

 
 

 

 
 

 

 
 

 

 
 

 

 
 

 

 

 

 
 

 

 
 

 

 
 

 

 
 

 

 
 

 

 
 

 

 
 

 

 
 

 

 
 

 

 
 

 

 
 

 
 

 

 
 

 

 
 

 

 
 

 

 
 

 

 
 

 

 
 

 

 
 

 

 
 

 

 
 

 

 
 

 

 
 

 

 


