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Abstract 
his study was conducted to determine the levels of some essential metals in egg yolk and 

egg white samples of poultry egg samples obtained from the environmental pollution prone 

areas. Samples were collected from 12 different farms (viz: : 

STD,DMB,JPC,KBI,MRM,NRC,PII,QA1,QA2,SGL,SND and VPF) distributed in Kano and Kaduna 

states of Nigeria. Atomic absorption spectrophotometer was used for the metals analysis (Fe, Cu, 

and Zn). The mean concentration ranges of the essential metals determined in egg white and egg yolk 

were; Cu: 0.17-0.26mgkg-1, Zn: 36.81-48.69mgkg-1 and Fe: 20.32-33.36mgkg-1. There was significant 

difference (p<0.05) in the levels of Fe, Cu and Zn in the egg yolk and egg white. In assessing the risk 

level of trace metals intake through the egg samples analysed, the daily intake of trace elements was 

compared with minimal risk level, which shows no effect in consuming the eggs. 
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INTRODUCTION  

Metallic elements are found in all living organisms where they play a variety of roles. They may be 

structural components of control mechanisms, ( e.g. in nerves and muscles), and above all, enzyme 

activator, or component of redox systems. Some metals are essential like Fe, Cu and Zn. A deficiency 

in essential elements results in impairment of biological function; but when present in excess, 

essential elements may become toxic, if present in permissible limits play a particular role in the 

intrinsic mechanisms regulating vital biological process (Shang et al., 1997). Essential elements like 

Zn and Cu deficiency results in mutilation of biological function. It is important to keep the level of 

these metals in their proper ranges for maintaining proper metabolic functions in human body. It can 

be done by taking selected foods in daily diets from a list which can give information about the metal 

contents of different food (Chowdhury et al., 2011). 

 

Egg has been an important nutritional diet food for human since ancient times. It is one of the highly 

nutritious foods among the human food stuff cycle and can be an effective delivery system for health 

– regulating nutrients, vitamins, proteins, fat etc. (Hashish et al., 2012). Eggs are readily digested and 

can provide a significant portion of the nutrients required daily for the proper growth and 

maintenance of body tissues. However, hen’s egg might contain elevated levels of heavy metals that 

originate from food and water feed, which are mainly influenced with the surrounding environment. 

Knowledge and assessment of the mineral content of eggs is very important for many reasons that 

are related to health and nutritional value of eggs. Therefore, monitoring and estimation of heavy 

metals is of great importance for nutritional, toxicological and environmental aspect (Abdulkhaliq et 

al., 2012). The heavy metals like Cu, Fe, and Zn are essential, which are so called micronutrients and 

are toxic when taken in above threshold levels. Whereas, the heavy metals especially Pb, Cd, Hg and 

As are non essential elements and even toxic in trace levels (Siddiqui et al., 2011). 

 

MATERIALS AND METHODS 

REAGENTS AND SOLUTION PREPARATION 

All reagents used in the study were of analytical grade. Stock solutions of 1000mg/L of each element 

were prepared by dissolving required amount of copper sulphate, iron chloride and zinc chloride in 

deionized water and diluted to the mark in a litre volumetric flask. 

 

SAMPLING 

Fresh eggs samples were collected in October, 2015 from 12 different poultry farms, 2 eggs from each 

farm, samples were collected from  Kebbi farms ( serves as standard ), industrial area, roadsides and 

near auto mechanic workshops in Kaduna and Kano states of Nigeria. The Standard Farm is located 

at least 10Km away from the roadside and there’s no industry or auto mechanic workshops around 

it. Samples were collected from farms using  similar poultry chickens feeds. Samples were collected 

and transferred in plastic bags to the laboratory and stored in dark cool place. 

 

 

SAMPLE PREPARATION 
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Each egg was cut in the air cell end and using plastic pointed forceps and dissecting scissors cleaned 

with soap and rinsed with distilled water for each egg. The content of each sample was placed in a 

cleaned glass jar and egg white was separated from egg yellow yolk. Samples egg white and egg yolk 

were dried at 75ºC in an oven until constant weight was obtained (Zaki, 1998). 

 

SAMPLE DIGESTION 

1g of each of the samples was digested with 20ml of concentrated HNO3  in 250ml Erlenmeyer flask 

and kept overnight and next day boiled on hot plate for 5min. 10ml of concentrated sulphuric acid 

H2SO4 was added and the digestion process was continued until the solution become clear. After this, 

the sample was transferred into volumetric flask and filled up to 100ml with deionised water. Metals 

were determined with the help of atomic absorption spectrophotometer (AOAC, 2000). 

 

Statistical Analysis 

Mean concentration levels of essential elements in egg yolk and egg white were subjected to one way 

analysis of variance (ANOVA) to access whether they varied significantly. All statistical calculation 

were performed with Microsoft excel 2007.  

 

 

RESULTS AND DISCUSSION 

Copper 

Copper is necessary for the growth and formation of bone, formation of myelin sheaths in the nervous 

systems, helps in the incorporation of iron in haemoglobin, assists in the absorption of iron from the 

gastrointestinal tract (GIT) and in the transfer of iron from tissues to the plasma (Murray et al., 2000). 

In general, Cu is poorly absorbed, and under normal conditions >90% of the ingested copper appears 

in the faeces. Most of the faecal copper is unabsorbed dietary copper, but some of it comes from the 

bile, which is the major pathway of Cu excretion. Biliary obstruction increases the excretion of copper 

through the kidney and intestinal wall (Hays and Swenson, 1985). 

 

Clinical disorders associated with Cu deficiencies include anaemia, bone disorders, neonatal ataxia, 

depigmentation and abnormal growth of hair, fur or wool, impaired growth and reproductive 

performance, heart failure and gastrointestinal disturbances. The incidence of these disorders varies 

widely among animal species. Cu deficiency has also been associated with cardiac hypertrophy and 

sudden cardiac failure. Toxicity disease or symptoms are rare and is secondary to Wilson’s disease 

(Murray et al., 2000).  

 

Excess dietary Cu causes an accumulation of Cu in the liver with a decrease in blood haemoglobin 

concentration and packed cell volume. Liver function is adversely affected in copper poisoning 

(Merck, 1986). Sources include liver, whole grains, molasses, legumes, nuts, shell fish and other sea 

foods (Soetan et al., 2010). 

 

The average concentrations of copper in egg yolk and egg white were 0.26mg/kg and 0.17mg/kg 

respectively across all farms (Table 2). Standard farm egg white and yolk samples have relatively 

similar amount of Copper to other farm samples analysed. The highest concentrations of copper in 
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egg yolk and egg white are 0.366±0.114mg/kg and 0.290±0.038mg/kg in QA2 farm, and the lowest 

concentrations in egg yolk and egg white are 0.151±0.057mg/kg QA1 farm and 0.086±0.019mg/kg 

KBI farm (Table 2). p< (0.05) there’s significant difference between the mean concentration of copper 

in egg white and yolk samples analyzed. But there’s no much difference in concentration relative to 

samples locations. The copper concentration is lower than the permissible limit (24.4ug/g). 

 

Iron (Fe) 

Iron is involved in synthesis and packaging of neurotransmitters, their uptake and degradation into 

other iron-containing proteins which may directly or indirectly alter brain function (Beard, 2001). Iron 

exists in the blood mainly as haemoglobin in the erythrocytes and as transferrin in the plasma. It is 

transported as transferrin; stored as ferritin or haemosiderin and it is lost in sloughed cells and by 

bleeding (Murray et al., 2000). Fe is required for making Hb and it is a prooxidant which is also needed 

by microorganisms for proliferation (Galan et al., 2005). 

Deficiency disease or symptoms include anaemia, (hypochromic, microcytic). Fe deficiency has been 

reported to have a role in brain development and in the pathophysiology of restless legs syndrome 

(Tan et al., 2006). 

 

Sources include red meat, spleen, heart, liver, kidney, fish, egg yolk, nuts, legumes, molasses, iron 

cooking ware, dark green leafy vegetables (Soetan et al., 2010). 

 

The average iron concentrations in egg yolk and egg white were 33.4mg/kg and 20.3mg/kg 

respectively across all farms (Table 2). The standard farm egg white samples recorded relatively lower 

concentration of Iron than other farms samples analysed, but the concentration level of Iron in the 

standard egg yolk samples is slightly higher than that recorded in other egg yolk samples. There’s 

significant difference between the mean concentration of Iron in the egg white and egg yolk samples 

analyzed.  The highest concentrations of egg yolk and egg white were 52.8±2.5mg/kg PI1 and 

32.0±2.5mg/kg VPF respectively while the lowest concentrations of egg yolk and egg white were 

20.8±2.5mg/kg NRC and 12.5±2.5mg/kg QA2 respectively. 

 

Zinc (Zn) 

Zinc is known to be an essential constituent in animal nutrition. In normal human blood plasma and 

serum, for     100 ml it ranges between 100 to 124, and 70 to 110ppm respectively (Berman 1980). If 

foods including (vegetables, meats, fruit juice, salads, cocoa etc.) are prepared or stored in galvanized 

utensils it could cause zinc toxicity. Gastrointestinal symptoms and fever have been reported to occur 

within 20 min to 12 hours following ingestion (Berman 1980). Zinc deficiency causes anaemia and 

retardation of growth and development (McCluggage, 1991). On the other hand, excess amount of 

Zn causes diarrhea, hair loss, brittle fingernails, weakness, anaemia, stomach and intestine problems 

(Berman 1980). 

Toxicity disease or symptoms of zinc in humans include gastrointestinal irritation, vomiting, 

decreased immune function and a reduction in high density lipoprotein (HDL) cholesterol. Higher 

dietary levels of Zn are required in the presence of phytic acid to prevent parakeratosis and allow for 

normal growth (Sidhu et al., 2004). 
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Major Sources of of zinc are refineries, brass manufacture, metal plating, and plumbing. Sources also 

include red meat, fish meals, liver, eggs, dairy products, vegetables and some sea foods (Reena et al., 

2011). 

The average concentration of Zinc in egg yolk and egg white were 0.487mg/kg and 0.368mg/kg 

respectively    (Table 1). There’s significant difference between the mean concentration of Zinc in the 

egg white and egg yolk samples analyzed. Standard farm samples egg white and egg yolk recorded 

relatively the same amount of Zinc concentration to all other farm samples analyzed. Reasonable 

concentrations of zinc were recorded in all farms samples irrespective of samples locations, but the 

highest concentrations of zinc in egg yolk and egg white were 64.4±4.0mg/kg and 47.8±2.0mg/kg 

JPC farm, while the lowest concentrations of zinc in egg yolk and egg white were 35.4±2.0mg/kg VPF 

and 27.8±2.0mg/kg PN2 farms respectively (Table 2). The concentrations recorded were below the 

permissible limit of 100mg/day (Khan 2008). 

 
Table 1. Mean Concentrations of different elements in the egg samples analyzed 

Essential elements Mean concentrations in egg 

samples analyzed (mg/kg). 

  yolk                   white 

Recommended Daily Intakes 

(RDI) (mg/day) 

Source 

Copper 0.26 0.17 200 (Shakya, 2006) 

Iron 33.36 20.32 17 (NIN 2009) 

Zinc 48.69 36.81 100 (Khan, 2008) 

 

CONCLUSION 

It is concluded that the table poultry eggs contained reasonable amount of the essential elements Fe 

and Zn and were found to be in the normal range reported in many literatures around the world 

(Salar-Amoli et al., 2015). The deficiency of copper reported in this study may be due to deficiency of 

these elements in diets and or other environmental factors (Hashish et al., 2012). 

 

 

Table 2. Levels of the Essential Elements in egg samples analyzed from different farms.(mg/kg) 

                Fe                         

                      Zn 

                        

                     Cu 

FARMS Yolk White White Yolk White Yolk 

DMB 30.6±9.800 23.6±2.500 32.2±2.000 45.6± 6.000 0.183±0.019 0.215±0.057 

JPC 29.2±4.900 25.1±19.40 47.8±8.000 64.4± 4.000 0.151±0.038 0.194±0.057 

KBB 25.1±2.500 18.1±2.500 41.1±2.000 55.6± 4.000 0.086±0.019 0.194±0.038 

MRM 40.3±7.400 30.6±9.800 32.2±2.000 51.1± 2.000 0.172±0.038 0.291±0.057 

NRC 20.8±2.500 18.1±2.500 29.6±2.000 41.1 ±2.000 0.140±0.057 0.258±0.038 
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PNI(Std) 48.6±2.500 14.7±4.900 34.4±0.000 50.0± 0.000 0.118±0.076 0.333±0.057 

PN2 37.5±4.900 13.9±2.500 27.8±2.000 42.2± 2.000 0.280±0.038 0.301±0.057 

QA1 52.8±2.500 19.5±4.900 31.1±2.000 51.1± 2.000 0.140±0.030 0.151±0.057 

QA2 38.9±0.000 12.5±2.500 34.4±2.000 50.0± 2.000 0.290±0.038 0.366±0.114 

SGL 41.7±2.500 18.1±9.800 30.0±4.000 42.2± 2.000 0.226±0.057 0.215±0.019 

SND 36.1±4.900 19.5±4.000 35.6±4.900 35.6± 4.000 0.140±0.019 0.226±0.057 

VPF 40.3±7.400 35.4±2.000 32.0±2.500 35.4± 2.000 0.151±0.038 0.323±0.038 
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