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Abstract: Milk makes a significant contribution to human diet through provision of macronutrients, vitamins and 
minerals. The exact composition of milk varies with species among domestic animals according to their neonatal needs.  
It is recognized that imbalance in the quantity of minerals and trace elements is a serious health hazard especially for 
infants. Many studies reported the fluctuation in the level of metals in milk due to the influence of several factors such as 
geographical and exposure to environmental pollution caused by anthropogenic activity. Amongst all sources, industries 
take lion’s share to alter the metal content in milk. The importance of different nutritional and toxic metals in milk from 
different geographical areas is discussed. 
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INTRODUCTION  
 
Metals differ from other toxic substances in that they are 
neither created nor destroyed by humans. Metals are 
redistributed in the air, water, soil and food through 
geological, biological and anthropogenic pathways 
(Beigjer et al., 1986). Mineral nutrients are involved in 
the most fundamental process of life (Hui, 1992). They 
are inorganic elements that maintain their structure 
throughout the processes of digestion, absorption and 
metabolism, and play critical roles in virtually all aspects 
of human health and function. On the basis of body 
requirements the two categories of minerals in our diets 
are the major minerals (>100mg/day) and the trace 
minerals (<100mg/day). Amount of major minerals 
present in the human body is greater than 5g; in contrast, 
trace minerals exist in the human body is less than 5g. 
Major minerals include Ca, P, Na, K, Cl- Mg while trace 
minerals include Fe, Zn, Cu, Mn, F-, Cr, Mo, Se and I 
(Thompson, 2009). These trace metals are responsible for 
many pernicious effect on human health as 
immunodepression and skin diseases (zinc and copper 
contamination), neurological disorders (manganese), or 
blood disorders (iron) have been experienced 
(Konuspayeva et al., 2009). 
 
Milk is an excellent source of Ca, P and Mg and exhibit 
correlation with caseins (Sikiric et al., 2003; Hui, 1992). 
It is well known that casein has tendency to absorb the 
nonessential metal ion (Mishra et al., 1998). Amongst the 
92 elements Pb, Hg and Cd are familiar as contaminants 
and inevitable in food since their wide spread industrial 
relevance or their presence in earth crust have resulted in 

their becoming a persistent and ubiquitous contaminant in 
the environment involving in food chain and pose 
injurious effect on consumer health (Birghila et al., 2008; 
Patra et al., 2008). Hence Pb and Cd assessment is 
imperative in favor of producing better quality meal 
(Florea et al., 2006; Pavlovic et al., 2004). Low level of 
these elements is toxic as well and creates hazardous risk 
(Mahaffey, 1977, Santhi et al., 2008).  
 
The exact composition of milk varies from species to 
species depending on the requirement of their neonates. 
For example, buffalo milk contains a higher level of 
organic part (casein, albumin and globulins) and minerals 
like Ca, Mg, and inorganic phosphates in comparison to 
cow’s milk (Iqbal et al., 2011). An investigation reported 
by Enb et al., (2009) demonstrated that buffalo milk is 
richer in essential metals (Fe, Cu and Zn) content and 
non-essential metals (Pb and Cd) than the cow’s milk. 
Nonetheless, level of Cu and Mn was found to be higher 
in cow’s milk compared to buffalo’s milk.   
 
Industrial areas particularly close to cattle colonies cause 
disorder in the concentration of minerals in milk due to 
broad exposure of the heavy metals that is clearly provide 
evidence in recent study done in Challawa, industrial 
areas of Nigeria where higher metal levels recorded in 
cow’s milk than previous study and also the WHO 
permissible limits (Ogabiela et al., 2011). In contrast, the 
milk produced in the areas of Croatia, which have lower 
industrial load exhibited the balanced levels of essential 
elements and less contaminated by non essential elements 
(Sikiric et al., 2003). 
       
Sewerage drains leads to higher accumulation of heavy 
metals in milk as well wherever cattle farms raised close *Corresponding author: e-mail: r_perween1@yahoo.com 
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proximity. The related factor recorded in the milk of cattle 
and goat in Faisalabad city, where Cd, Cr, Ni, Pb, As and 
Hg concentrations were estimated greater than the most 
reported literature concentrations (Aslam et al., 2011). 
Significant differences in the level of heavy metals (Cd, 
Cr, Ni and Pb) in milk samples of polluted and unpolluted 
areas of Faisalabad city was reported by Farid and 
Baloch, (2012). Another study provides clear evidence 
that lead free cattle feed (water and fodder) limits the lead 
concentration in milk at a safer level (Sahayaraj and 
Ayyadurai et al., 2009).    
 
Geographical factors also pose impact on the levels of 
some elements of cow’s milk such as aluminum, titanium, 
manganese, gallium, selenium, germanium, and cobalt 
show higher concentration in Lower Silesian as compared 
to Upper Silesian, Poland region, nevertheless some 
elements (Zn, Ba, Cu, Cr, V, Ni, As, Mo, Pt, Sb, Au, Hf, 
Ce, U, Re, Tl, Ru, Rh, Ir, Ta, Be) maintain their 
concentrations and do not show wide variation in different 
geographical circumstances (Dobrzanski et al., 2005).  
 
Environmental pollution is a causative factor of high toxic 
metal content in milk via soil, water and animal feed (Qin 
et al., 2009). Soil and water pollution are the chief factors 
of increased levels of Pb and Cu in bovine milk available 
for the consumption of natives in Northern Nigeria due to 
dense traffic and occurrence of industries (Jigam et al., 
2011). Higher levels of heavy metals in cattle milk in 
Neyveli, India were reported by Ramamurthy and  
Thillaivelavan, (2005). The major cause of this was the 
polluted air through flying ash in the region due to coal 
fired power plant.  
 
Processing of milk, pasteurization and sterilization creates 
imbalance in the mineral content (Ayar et al., 2008). A 
considerably higher amount of Cd was estimated in 
packet milk available in Erbil, Iraq as compared to the 
fresh milk; the trend was found for essential metals vice 
versa (Hassan, 2009).      
            
Lead 
Lead, which is chemically identical to calcium, is 
excreted into milk to a considerable extent (Klaassen, 
2001). Chemically identical divalent essential metals such 
as iron, calcium and zinc are replaced from some of their 
metabolic sites by lead and disabled to perform their 
functions. For example, lead competes with iron in heme, 
but then cannot act as an oxygen carrier; similarly, lead 
competes with calcium in neurons, but cannot signal 
messages from nerve cells (Whitney et al., 2005). 
Whereas milk, fasting, low levels of calcium, vitamin D 
and iron have been shown to increase lead absorption in 
laboratory animals (Mudgal et al., 2010). Effluence of the 
environment with lead is a global dilemma. Combustion 
of gasoline with tetraethyle lead (TEL) as an anti-
knocking additive and exhaust into the atmosphere and 

creates lead toxicity in the vicinity of roads, earth, 
atmosphere, water and vegetation (Burguera and Rondon, 
1987). 
 
Lead does not break down in the environment and this 
potent neurotoxin can harm the nervous system, 
reproductive complications and kidney failure especially 
in young children. Children under the age of 6 and unborn 
fetuses even with low blood level of lead are particularly 
vulnerable to nervous system impairment, low IQ, 
shortened attention span, hyperactivity, hearing damage 
and various behavioral disorders (Miller et al., 2009; 
Whitney et al., 2005).   
 
Cadmium 
Cadmium is toxic when increased into the environment in 
high concentration. Its toxic effects may originate when 
the industrial sludge meets the rivers and also the wide 
usage of phosphate fertilizers in the fields (Venugopal and 
Luckey, 1978). Cd is an identical metal to Zn, located just 
below the Zn in periodic table and makes compounds in 
the oxidation state II. Being similar, it replaces to Zn (II) 
from the active site of zinc- dependent enzymes and 
proteins, which in turn lose their biological activities. A 
widely occurring pollution caused by Cd was manifested 
in a malady called “itai-itai” disease and it causes a 
symptom of severe osteoporosis (Ochiai, 2011). In 
addition, it is concerned in high blood pressure, prostate 
malignancy, mutations and fetal death (Perry et al., 1979; 
Pitot and Dragan, 1996). The foremost path of access of 
cadmium to the organs of an individual is the digestive 
system and intestinal assimilation. Vegetation acquires 
cadmium from irrigation water only in the form of 
activated Cd ion past discharge since the sorption 
compound or commencing soil solution (Smirjdkova et 
al., 2005).  
 
Iron 
The human body contains approximate 2 to 4 g iron (~38 
mg iron per kg body weight for women and ~50 mg per 
kg body weight for men). Above 65% of body iron found 
in hemoglobin, up to approximate 10% is found as 
myoglobin, ~1% to 5% is found as part of enzymes and 
the residual body iron is found in the blood (Gropper et 
al., 2005).  
 
Bovine milk contains a very low amount of Fe (Jigam et 
al., 2011) and far too much protein for infant 
consumption, to and high casein content makes it much 
harder for the infant to digest and absorb (Thompson, 
2008). Excess feeding of breast milk or formula may 
limits the infant intake of iron-rich food, causing milk 
anemia that can affect a child’s energy level, attention 
span and mood (Perween et al., 2011;Thompson, 2009). 
 
Copper 
Copper is widely distributed in nature and is nutritionally 
essential element. Daily intake of copper in adults varies 
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between 0.9 to 2.2mg while in children has been 
estimated to be 0.6 to 0.8mg/day, the copper content in 
human body ranges from 50 to 150 mg. It exists in the 
body in two oxidation states Cu1+ and Cu2+ (Gropper et al, 
2005). The main form of copper used in mineral-fortified 
food products is copper sulfate; other bioavailable and 
water soluble forms of copper include cupric chloride, 
cupric acetate and copper carbonate (Baker, 1999). In 
human and rats, large amount of iron intake decreases the 
absorption of copper (Yu et al., 1994; Snedeker et al., 
1982; Finely and Cerklewski 1983). It has been shown 
that milk supplies a little quantity of Cu (Jigam et al., 
2011). A significantly lower absorption was found in 
infants fed on formulated fortified products with iron 
(10.8 ppm iron) as compared to that infants fed without 
fortified formula providing only 1.8 ppm iron (Haschke et 
al., 1986).  
 
Zinc 
Zinc is found in all body organs, most notably the liver, 
kidney, muscle, skin and bones. Zinc appears to be a part 
of greater number of enzyme systems than the rest of the 
trace minerals combined. It may affect the activity of 
several enzymes attached to plasma membranes, 
including alkaline phosphatase, carbonic anhydrase and 

superoxide dismutase, among others (Bettger, 1993).  
Zinc deficiency results in wide spectrum of clinical 
effects depending on age, stage of development, and 
deficiencies of related metals. Zinc deficiency was first 
characterized by Prasad (1983) in adolescents with 
growth failure and delayed sexual maturation (Jigam et 
al., 2011), pellagra, and iron and folate deficiency. Zinc 
deficiency in the newborn may be manifested by 
dermatitis, loss of hair, impaired healing, susceptibility to 
infections, and neuropsychological abnormalities. Other 
chronic clinical disorders such as ulcerative colitis and the 
malabsorption syndrome, chronic renal disease and 
hemolytic anemia are also associated with zinc deficiency 
(Ryan-Harshman and Aldoori, 2005; Klassen, 2001). 
 
CONCLUSION 
 
Drinking milk may play an extremely important role in 
detoxification of Pb before its penetration in the muscles. 
Increased levels of other trace metals also may cause a 
number of diseases and harmful effects. Therefore, 
standardization and detection of deleterious levels of 
metals (essentials and non-essentials) in milk is necessary 
before human consumption. 
  

Table 1: Comparative levels (ppm) of the essential/nonessential elements in bovine milk of different cities in the 
World 
 

City Cadmium Lead Iron Copper Zn References 
Mumbai, India 0.012-0.013 -- 0.540-44.275 -- -- Zodape et al., 2013 
Ogbomoso, Nigeria 0.0021 0.003 -- -- --  Tona et al., 2013 
Addis Ababa,  
 Ethiopia 0.100 0.998 1.213 -- 4.923  Dawd et al., 2012 

Sarab, Iran 0.004 0.065 -- -- -- Dizaji et al., 2012 
Malekan, Iran 0.005 0.142 -- -- -- Dizaji et al., 2012 
Meyaneh, Iran  0.001 0.182 -- -- -- Dizaji et al., 2012 
Ahar, Iran  0.002 0.012 -- -- -- Dizaji et al., 2012 
Ramallah, Palestine 0.022-0.057 0.93 3.2-12.91 0.62-0.85 -- Abdulkhaliq et al., 2012 
Erbil, Iraq 0.004 -- 0.271 0.190 1.080 Hassan, 2009 

Chennai, India -- 0.06 -- -- -- Sahayaraj and Ayyadurai 
et al., 2009 

Constanta, Romania 0.004 0.12 0.72 0.17 0.98 Birghila et al., 2008 
Alexandria, Egypt 0.001 0.1431    Hafez and Kishk, 2008 

Jeddah, Saudi Arabia 0.004 0.003 0.41 0.04 0.94 Kinsara & Farid, 2007; 
Farid et al., 2004  

Silesia, Poland -- -- -- 0.065-0.089 3.085-3.163 Dobrzanski et al., 2005 
Calabria, Italy 0.000 0.001 -- 0.001 2.016 Licata et al., 2004 
Mumbai, India 0.000 0.001-0.003 -- 0.043-0.195 1.77-4.23 Tripathi et al., 1999 

 
Table 2: Comparative levels (ppm) of the essential/nonessential elements in bovine milk of different cities of Pakistan 
 

City Cadmium Lead Iron Copper References 
Faisalabad 0.171- 0.122 23.240-16.704 -- -- Aslam et al., 2011 

Karachi -- -- 3.30 -- Perween et al., 2011 
Lahore 0.07-0.08 -- 0.56-0.62 0.13-0.21 Hussain et al., 2010 
Hyderabad 0.044-0.056 0.047-0.055 -- -- Kazi et al., 2009  
Karachi -- -- -- 0.260 Perveen et al., 2005 



Factors involving in fluctuation of trace metal concentration in bovine milk 

Pak. J. Pharm. Sci., Vol.28, No.3, May 2015, pp.1033-1038 1036

REFERENCES 
 
Abdulkhaliq A, KM Swaileh, RM Hussein and M and 

Matani (2012). Levels of metals (Cd, Pb, Cu and Fe) in 
cow’s milk, dairy products and hen’s eggs from the 
West Bank, Palestine. Int. Food Res. J., 19(3): 1089-
1094. 

Aslam B, I Javed, FH Khan and Z Rehman (2011). 
Uptake of heavy metal residues from sewerage sludge 
in the milk of goat and cattle during summer season. 
Pak. Vet. J., 31: 75-77. 

Ayar A, D Sert and N Akin (2009). The trace metal levels 
in milk and dairy products consumed in middle 
Anatolia-Turkey. Environ. Monit.  Assess, 152: 1-12. 

Baker D (1999). Cupric oxide should not be used as a 
copper supplement for either animals or humans. J. 
Nutr., 129: 2278-2279.   

Beigjer K and A Jernelov (1986). Sources, transport and 
transformation of metals in the environment, in 
FribergL, Nordberg GF and Vouk VB (eds): Hand 
book on the Toxicology of Metals, 2nd ed. General 
Aspects. Amsterdam, Elsevier, pp.68-74. 

Birghila S, S Dobrinas, G Stanciu and A Soceanu (2008). 
Determination of major and minor elements in milk 
through ICP-AES. Environmental Engineering and 
Management Journal, 7: 805-808.  

Burguera JL and C Rondon (1987). Lead content in hair, 
as related to petrol-lead exposure in Merida city, 
Venezuela, in S.E. Lindberg and T.C. Hutchinson 
(Eds.), Heavy metals in the Environmental, Int. Conf. 
6th, New Orleans, LA, 1987, CEP Consultanta Ltd, 
Edinburgh, 2: 274-276. 

Dawd AG, TB Gezmu and GD Haki (2012). Essential and 
toxic metals in cow’s whole milk from selected sub-
cities in Addis Ababa, Ethiopia. Online International 
Journal of Food Science, 1: 12-19.  

Dizaji AA, A Eshaghi, AA Golshani, K Nazeradl, AA 
Yari and S Hoda (2012). Evaluation and determination 
of toxic metals (Lead and Cadmium) in cow milk 
collected from East Azerbaijan, Iran. European 
Journal of Experimental Biology, 2: 261-265. 

Dobrzanski Z, R Koacz, H Gorecka, K Chojnacka and A 
Bartkowiak (2005). Letter to Editor: The content of 
microelements and trace elements in raw milk from 
cows in the silesian region. Pol. J. Environ. Stud., 14: 
685-689. 

Enb A, MA Abou Donia, NS Abd-Rabou, AAK Abou-
Arab and MH El-Senaity (2009). Chemical 
composition of raw milk and heavy metals behavior 
during processing of milk products. Global 
Veterinaria, 3: 268-275.  

Farid S and MK Baloch (2012). Research Article: Heavy 
metal ions in milk samples collected from animals feed 
with city effluent irrigated fodder. Greener Journal of 
Physical Sciences, 2: 036-043. 

Farid SM, MA Enani and SA Wajid (2004). 
Determination of trace elements in cow's milk in saudi 
Arabia. JKAU: Eng. Sci., 15: 131-140.  

Fennema OR (1996). Food Chemistry. 3rd ed. Owen R 
Fennema, Chapter no. 14. 

Finely E and F Cerklewski (1983). Influence of ascorbic 
acid supplementation on copper status in young adult 
men. Am. J. Clin. Nutr., 37: 553-556.   

Florae T, SO Huszti and GM Costin (2006). Heavy metal 
contaminants in milk and cheese. The Annuals of the 
University Dunarea de Jos of Galati, Fascicle VI-Food 
Technology, Romania, pp.26-32.  

Gropper SS, JL Smith and JL Groff (2005). Advanced 
Nutrition and Human Metabolism. Thomson 
Wadsworth, 4th ed. Chapter 12, pp.491, 436, 446. 

Hafez LM and AM Kishk (2008). Level of lead and 
cadmium in infant formulae and cow’s milk. J. Egypt 
Public Health Assoc, 83(3): 285-293. 

Haschke F, E Ziegler, B Edwards and S Fomon (1986). 
Effect of iron fortification of infant formula on trace 
mineral absorption. J. Pediatr. Gastroenterol. Nutr., 5: 
768-773. 

Hassan SH (2009). A comparative study of trace elements 
in human, animal and commercial milk samples in 
Erbil, Iraq. National Journal of Chemistry, 35: 543-
552. 

Hui YH (1992). Encyclopedia of food science and 
technology. John Wiley & Sons Inc. USA, 3: p.1805. 

Hussain Z, A Nazir, U Shafique and M Salman (2010). 
Comparative study for the determination of metals In 
milk samples using flame-AAS and EDTA Complexo 
metric Titration. J. Sci. Res., 40: 31-36.  

Iqbal A, BB Khan, A Kausar and MJ Aftab (2011). 
Buffalo-milk production potential and its comparative 
milk qualities. Special Issue 1201 of IDF International 
Symposium on sheep, Goat and other non-Cow Milk, 
Athens, Greece.   

Jigam AA, BEN Dauda, T Jimoh, NH Yusuf and ZT 
Umer (2011). Determination of copper, zinc, lead and 
some biochemical parameters in fresh cow milk from 
different locations in Niger State, Nigeria. Afr. J. Food 
Sci., 5: 156-160. 

Kazi TG, N Jalbani, JA Baig, GA Kandhro, HI Afridi, 
MB Arain, MK Jamali and AQ Shah (2009). 
Assessment of toxic metals in raw and processed milk 
samples using electro thermal atomic absorption 
spectrophotometer. Food and Chemical Toxicology, 
47: 2163-2169. 

Kinsara AA and SM Farid (2007). Concentration of trace 
elements in human and animal milk In Jeddah, Saudi 
Arabia. Nutrition, Medical J. Islamic World Academy 
of Sci., 16: 181-188. 

Klaassen CD (2001). Casarett and Doull’s Toxicology the 
Basic Science of Poison. 6th ed. Mc Graw-Hill, USA, 
129: 848-1073. 

Konuspayeva G, B Faye, G Loiseau, E Diacono and S 
Akhmetsadykova (2009). Pollution of camel milk by 



Rubina Perveen 

Pak. J. Pharm. Sci., Vol.28, No.3, May 2015, pp.1033-1038 1037

heavy metals in Kazakhstan. Open Environ. Poll. 
Toxicol. J., 1: 112-118.  

Licata P, D Trombetta, M Cristani, F Giofre, D Martino, 
M Calo and F Naccari (2004). Levels of “toxic” and 
“essential” metals in samples of bovine milk from 
various dairy farms in Calabria, Italy. Environ Res., 30: 
1-6. 

Lobet JM, G Falco, C Casas, A Teixido and JL Domingo 
(2003). Concentrations of arsenic, cadmium, mercury, 
and lead in common foods and estimated daily intake 
by children, adolescents, adults and seniors of 
Catalonia, Spain. J. Agric Food Chem., 51: 838-842. 

Mahaffey KR (1977). Mineral concentrations in animal 
tissues: Certain aspects of FDA regulatory role. J. 
Anim. Sci., 44: 509-515. 

Miller GT, J Scotte and E Spoolman (2009). Living in the 
Environment Concepts, Connections, and Solutions. 
Brooks/Cole CENGAGE Learning, 16th Ed, p.474.  

Mishra SP, D Tiwari, RS Dubey and M Mishra (1998). 
Biosorptive behaviour of casein for Zn2+, Hg2+ and 
Cr3+: Effects of physico-chemical treatments. 
Bioresource Technology, 63: 1-5.  

Mudgal V, N Madaan, A Mudgal, RB Singh and S Mishra 
(2010). Effect of toxic metals on human health. Open 
Nutraceutical J., 3: 94-99. 

Muhammad F, M Akhtar, I Javed, Z Rehman, I Jan, MI 
Anwar and S Hayat (2009). Quantitative structure 
activity relationship and risk analysis of some heavy 
metal residues in the milk of cattle and goat. Toxicol. 
Ind. Health, 25: 177-181. 

Ochiai E (2011). Chemicals for Life and Living. Springer-
Verlag Berlin Heidelberg, p.186.  

Ogabiela EE, UU Udiba, OB Adesina, C Hammuel, FA 
Ade-Ajayi, GG Yebpella, UJ Mmereole and M 
Abdullahi (2011). Assessment of metal levels in fresh 
milk from cows grazed around challawa industrial 
Estate of Kano, Nigeria. J. Basic Appl. Sci. Res., 1: 
533-538. 

Patra RC, D Swarup, P Kumar, D Nandi, R Naresh and 
SL Ali (2008). Milk trace elements in lactating cows 
environmentally exposed to higher level of lead and 
cadmium around different industrial units. Sci. Total 
Environ, 404: 36-43. 

Pavlovic I, M Sikiric, JL Havaranek, N Plavljanic and N 
Brajenovic (2004). Original Paper: Lead and cadmium 
levels in raw cow’s milk from an industrialised 
croatian region determined by electro thermal atomic 
absorption spectrometry. Czech J. Anim. Sci., 49: 164-
168.  

Perry HM, M Erlanger and F Perry (1979). Increase in the 
systolic pressure of rats chronically fed cadmium. 
 Environ. Health Perspect., 28: 261. 

Perveen F, M Mumtaz and TH Usmani (2005). Estimation 
of metal content in different varities of milk available 
in Karachi City. J. Chem. Soc. Pak., 27: 611-614. 

Perween R, M Mumtaz, Q Haque and T Mehmood 
(2011). Nutritional values in aspects of essential and 

Non essential elements in variety of milk samples by 
AAS and FES. Analytical and inorganic, J. Chem. Soc. 
Pak., 33: 313-316. 

Pitot CH and PY Dragan (1996). Chemical 
carcinogenesis. In: Casarett and doull's toxicology. 5th 

Ed, International Edition, Mc Graw Hill, New York, 
pp.201-260. 

Prasad AS (1983). Clinical, biochemical and nutritional 
spectrum of zinc deficiency in human subjects: An 
update. Nutr. Rev., 41: 197-208.    

Qin L, X Wang, W Li, X Tong and W Tong (2009). The 
minerals and heavy metals in cow’s milk from China 
and Japan. J. Health Sci., 55: 300-305. 

Ramamurthy N and K Thillaivelavan (2005). 
Determination of trace elements in dairy milk collected 
from the environment of coal-fired power plant. J. 
Environ Sci. Eng., 47(1): 53-58. 

Ryan-Harshman M and W Aldoori (2005). Health 
benefits of selected minerals. Can. Fam. Physician, 51: 
673-675. 

Sahayaraj PA and K Ayyadurai (2009). Bioaccumulation 
of lead in milk of buffaloes from cooum river belt in 
Chennai. J. Environ. Biol., 30: 651-654. 

Santhi D, V Balakrishnan, A Kalaikannan and KT 
Radhakrishnan (2008). Presence of heavy metals in 
pork products in Chennai (India). Am. J. Food Tech., 3: 
192-199. 

Sikiric M, N Brajenovic, I Pavlovic, JL Havranek and N 
Plavljanic (2003). Determination of metals in cow’s 
milk by flame atomic absorption spectrophotometry. 
Czech J. Anim. Sci., 48: 481-486.   

Smirjdkova S, O Covd, A Kakov and K Laktiiovd (2005). 
The effect of cadmium and lead pollution on human 
and Animal Health. Folia Veterinaria, 49, 3: Supp. 5: 
31-532. 

Snedeker S, S Smith and J Greger (1982). Effect of 
dietary calcium and phosphorous level on the 
utilization of iron, copper and zinc by adult males. J. 
Nutr., 112: 136-143.  

Thompson J and M Manore (2009). Nutrition An Applied 
Approach. 2nd Ed. Pearson benjamin cummings, New 
York, pp.13-632. 

Thompson LJ, MM Manore and AL Vaughan (2008). The 
Science of Nutrition, Pearson Benjamin Cummings, 
New York, p.728. 

Tona GO, VO Adetunji, SA Ameen and AO Ibikunle, 
(2013). Evaluation of lead and cadmium heavy metal 
residues in milk and milk products sold in ogbomoso, 
Southwestern Nigeria. Pak. J. Nutrition, 12: 168-171. 

Venugopal B and T Luckey (1978). Metal toxicity to 
mammals. Vol. 2. Chemical toxicity of metals and 
metalloids. Plenum Press, New York, USA, pp.-----? 

Whitney E and Rolfes SR (2005). Understanding 
Nutrition. 10th Ed., Thompson Wadsworth Australia, 
p.458. 



Factors involving in fluctuation of trace metal concentration in bovine milk 

Pak. J. Pharm. Sci., Vol.28, No.3, May 2015, pp.1033-1038 1038

Yu S, West C and Beynen A (1994). Increasing intakes of 
iron reduce status, absorption and biliary excretion of 
copper in rats. Brit J. Nutr., 71: 887-895. 

Zodape GV, VL Dhawan and RR Wagh (2013). 
Assessment of level of Metals in Cow milk collected 
from different location in and around Mumbai City, 
India. Bionano Frontier, 6: 126-131. 

 
 
 
 
 

 
 
 
 
 
 
 
 
 
 
 
 

 


