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ABSTRACT 

Poultry meat and poultry products have gradually become delicacy in Nigeria and are used in most celebrations for 

entertainment. Therefore there is the need for constant monitoring to ensure they are wholesome and suitable for human 

consumption. The aim of this study was to determine the presence and concentrations of Manganese (Mn), Zinc (Zn) and Iron 

(Fe) in the thigh muscle and offals (kidney, liver and gizzard) of both broilers and layers reared under intensive system of 

management using an Atomic Absorption Spectrophotometer (AAS). In both broilers and layers, all meat and offal samples 

had concentrations of Mn and Fe that were above the maximum permissible levels (MPL) stipulated by FAO/WHO. In layers, 

the concentrations of Mn (5.276 ± 0.023mg/kg) and Fe (7.067 ± 0.569mg/kg) were highest in the liver. The concentration of 

Zn (5.039 ± 0.009mg/kg) was found to be highest in the kidney. In broilers, Mn (5.105 ± 0.053mg/kg) accumulated more in 

the thigh muscle than any other organ whereas the highest concentration of Fe (6.256 ± 0.246 mg/kg) was found in the liver. 

The mean concentration of Mn, Zn and Fe in eggs was 5.081 ± 0.033, 5.092 ± 0.021 and 7.102 ± 0.146 (mg/kg) respectively. 

The concentration on Mn in eggs was slightly above the maximum residual limits of 5.0 mg/kg. The high mean 

concentrations of Mn and Fe found in the study are of great public health concern because these metals are bioaccumulative 

and with continuous consumption, may pose a serious threat to public health.  
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INTRODUCTION 

Poultry is a valuable food source rich in many essential 

nutrients that include protein, minerals, vitamins and fat 

(Schonfeldt & Gibson, 2008). In Nigeria, the poultry 

industry is widely accepted by most societies mainly 

because of its meat which is an excellent source of protein. 

Also the little capital, labour and land involved in starting up 

the poultry business has led to its tremendous growth as a 

business venture of more than 5% per annum when 

compared to 3% for pig and 1.5% for cattle. Due to the 

increasing demand for meat and eggs, several adjustments 

have been made as regards poultry productions and poultry 

products (Abanikannda et al., 2007, FAO, 2006, Power & 

Dick, 2000). The intensive poultry farming is seen as a way 

to quickly increase the supply of an economical, palatable 

and healthy food protein for growing urban  

 

populations (Sparks, 2006), while the industry provides 

employment opportunity for millions of people who are  

directly involved in poultry production as well as associated 

supply chains. 

The increase in consumption of poultry and subsequent high 

demand have also led to an improvement in both food 

production and processing technology which in turn has 

increased the chances of contamination of food with various 

environmental pollutants, especially heavy metals. Ingestion 

of these contaminants by animals causes deposition of 

residues in meat (Sabir et al., 2003). 

The main sources of heavy metals in poultry birds are 

contaminated poultry feeds and water.  The poultry feed is 

often contaminated with heavy metal through the various 

raw materials used for its production. These heavy metals 

can be bioaccumulative (Iwegbue et al., 2008; Munoz-olives 
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& Camara, 2001) and this  results in toxicity  in human with 

serious adverse effect on mental and central nervous system 

as well as damage to blood composition, as well as the 

kidneys, lungs, and liver, and reduces energy levels. Long-

term exposure may result in slow progressive physical, 

muscular and neurological degeneration that mimic 

Alzheimer's disease, Parkinson's disease, muscular 

dystrophy and multiple sclerosis (Amirah et al., 2013). 

Heavy metal toxicity has been proven to be one of the major 

threats to human health (Zeng-Yei, 2004) and even at very 

low concentrations, the presence of some of these heavy 

metals in foodstuffs can cause serious health problems such 

as central nervous disorders, anemia, damage to the kidneys 

and bones, cancer, glucosuria, osteomalacia, increased 

allergic reaction and genetic mutation (Capark & Katalenic, 

2001; Monisha et al., 2014; Manju, 2015). Heavy metals like 

iron, copper, zinc and manganese are essential and they play 

an important role in biological system but may have an 

adverse effect if included in the diet at excessively high 

concentration (Munoz-olives & Camara, 2001; Okoye et al., 

2011). Once in the body, heavy metals are distributed among 

tissues or excreted (Burger et al., 2002; Massanyi et al., 

2003). 

Eggs from poultry are important source of nutrients, 

containing all of proteins, lipids, vitamins and minerals. 

Eggs can be used as evidence for environmental pollution 

since they can accumulate the heavy metals from diet and 

the surrounding environment (Ahmed et al., 2017). Fresh 

chicken eggs are included in several food products for 

different functions (Sharkawy & Ahmed 2002, Leggli, 2010) 

and should be monitored along with the muscles and offals 

for heavy metal contamination. 

The continuous consumption of contaminated poultry 

products by humans could be of great public health concern 

in the nearest future. Therefore, this study was designed and 

carried out to determine the concentrations of some heavy 

metals (Mn, Zn and Fe) in poultry reared under intensive 

management system. 

MATERIALS AND METHODS 

STUDY AREA  
The study was carried out in Umuahia. Umuahia is the 

capital city of Abia state and it is made up of Umuahia North 

and Umuahia South Local Government areas. These Local 

Governments are also composed of clans such as Umuopara, 

Ibeku, Olokoro, Ubakala and Ohuhu (Figure I). Umuahia is 

located at longitude 50 35’N and latitude 70 25’E, at an 

altitude of 122 meters above sea level, it has a total land area 

of 600 km
2
.  

SAMPLE PREPARATION FOR WET DIGESTION 

Ten different poultry farms within Umuahia town were used 

for this study. In each poultry farm, five live birds were 

obtained and taken to the laboratory where they were 

dissected to harvest their offals (Liver, gizzard and kidney) 

and thigh muscles which were used to determine the 

presence of heavy metals in them. In farms where birds had 

started laying, egg samples were collected and processed 

accordingly. The offals and thigh muscles were initially 

washed using distilled water. Each sample was oven-dried at 

65
0
C for 48 hours and later homogenized with aid of pestle 

and mortar. 2 grams of each homogenized sample was used 

for wet digestion. The heavy metals (Mn, Zn and Fe) in the 

samples were determined according to the analytical 

techniques earlier described by Belton (2006). 

 

 

Figure I: Map of Study area  

SAMPLE DIGESTION AND HEAVY METAL 

ANALYSIS FOR MUSCLE AND OFFALS 

2g of each homogenized sample was mixed with 5 mls 

concentrated Nitric Acid (HNO3), 2.5 mls Hydrogen 

Peroxide (H2O2) and 2.5 mls Perchloric Acid (HClO4) and 

left to stand undisturbed overnight in a sample digestion 

block. The pre-digested samples were heated step by step up 

to a final temperature at 120
0
C for complete digestion until 

the solution became clean, colourless and crystal clear 

(Alonso et al., 2000). This procedure was repeated for 

solutions that were not crystal clear until they became clear. 

The crystal clear solution was then transferred into a 25ml 

volumetric flask and the flask was then filled up to the 25mls 

mark with distilled de-ionized water. The digested samples 

were then filtered and stored in a nitric acid prewashed 

polyethylene bottle for heavy metal analysis (Stahr 1991; 

Tessier et al., 1999). 

The concentrations of Mn, Zn and Fe were determined using 

a Model 200 Atomic Absorption Spectrophotometer (AAS) 

manufactured by Buck Scientific (Norwalk, Connecticut). 

This was done in accordance with the instructions on the 

manual. 

SAMPLE PREPARATION, DIGESTION AND HEAVY 

METAL ANALYSIS FOR EGGS 

The blunt side of each egg was cut using sterilized pointed 

forceps and dissecting scissors. The albumen and yolks were 

placed in a glass jar. Samples were dried at 75°C until 

constant weight was obtained and then subjected to wet 

digestion for further analysis. 2 grams of the sample was 
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placed in a digestion tube and pre-digested in 10 ml 

concentrated HNO3 at 135
0
C until the liquor was colourless. 

10 ml of HNO3, 1 ml of HClO4 and 2 ml of H2O2 were added 

to the mixture and heated at 135
0
C for 1 hour or until the 

mixture became colourless. The resultant product was then 

allowed to evaporate slowly to near dryness. 1ml HNO3was 

added to the dried digest and subsequently filtered and 

diluted to 25 ml with 1ml HNO3. Buck Scientific Atomic 

Absorption Spectrophotometer (AAS) was then used for 

detecting the presence and concentrations of heavy metals in 

the solutions using a standard method described by 

Association of Analytical Chemists (AOAC) in 2000. 

STATISTICAL ANALYSIS 

The data on the different variables obtained from the study 

was analyzed statistically using IBM SPSS version 20.0 

computer program (SPSS Inco. Chicago, II, USA).Analysis 

of Variance and Post Hoc test (Fisher’s Least Significant 

Difference) were performed to find out the statistical 

difference among mean levels of Mn, Zn and Fe present in 

the offals, muscles and eggs at P ≤ 0.05. Microsoft Excel 

(Microsoft Corporation, Redmond, WA, USA) was used for 

graphical presentation of data. 

RESULTS 

The levels of heavy metals in broilers were presented in 

Table I. The mean concentration of Mn in gizzard, kidney, 

liver and thigh muscles were 5.100 ± 0.010, 5.049 ± 0.047, 

5.066 ± 0.016 and 5.105 ± 0.053 respectively. These values 

were all greater than the maximum residual limit of 

0.5mg/kg. The highest concentration was seen in thigh 

muscle while the lowest was observed in the kidney. 

The concentrations of Zn in gizzard, kidney, liver were 

4.990 ± 0.012, 5.018 ± 0.040 and 4.979 ± 0.048 mg/Kg 

respectively. The concentration of Zn in thigh muscle was 

4.995 ± 0.016 mg/Kg. The Zn levels in all these organs were  

below the maximum permissible level prescribed by 

WHO/FAO. 

Iron (Fe) in all samples exceeded the recommended daily 

intake of 0.8mg/kg. The highest concentration of Fe (6.256 ± 

0.246) was seen in the liver and the lowest (5.667 ± 0.252) 

was observed in the thigh muscle (Table 1). The difference 

in concentration of Fe in the offals and thigh muscles was 

not statistically significant (p = 0.782). 

The mean concentrations of Mn (5.276 ± 0.023) and Fe 

(7.067 ± 0.569) were highest in the liver of the sampled 

layers (Table II). The mean concentration of Mn was lowest 

in the thigh muscle (4.987 ± 0.008) while 

Fe was lowest in the kidney (6.140 ± 

0.072). The mean concentration of Zn was 

found to be highest in the kidney (5.039 ± 

0.009) and lowest in the gizzard (5.013 ± 

0.010).The difference in the mean 

concentrations of Mn in the gizzard, liver 

and thigh muscle was significantly (P ≤ 0.05) different from 

one another, while those of Zn and Fe were not significantly 

different 

The mean concentrations of Mn and Fe in meat and offal 

samples from layer birds were above the maximum 

permissible levels (MPL) stipulated by WHO and FAO 

(2010, 2000).The concentrations of Zn were all below MPL 

of 20 mg/kg established by the codex Alimentarius (Codex, 

1995). 

The concentration of Mn was slightly above the MPL of 

5.0mg/kg set by while the concentrations of Zn and Fe in the 

egg sampled were below the MPL of 20mg/kg and 44 mg/kg 

set by FAO/WHO (2010, 2000) respectively (Table III). 

DISCUSSION 

The overall results revealed that different concentrations of 

heavy metals were present in the edible offals, thigh muscle 

and eggs obtained from poultry farms within Umuahia town, 

Abia State Nigeria. The Zn levels in the offals, thigh 

muscles and eggs were within the maximum permissible 

level. 

On the contrary, the levels of Mn and Fe in all the samples 

were higher than the maximum permissible level The three 

heavy metals, Zn, Mn and Fe investigated in the present 

study are considered as essential dietary micro-nutrients for 

poultry and play important roles in various physiological 

processed. For instance, Zn is associated with optimal 

immune function, fast wound healing and maintenance of 

skin integrity. Manganese has been linked with blood 

clothing while Fe is important for haemopoesis (Prashanth et 

al., 2015). However, all mineral elements, be it essential or 

potentially toxic, can have an adverse food effect upon the 

humans and animals if their inclusion in the diet is 

exceedingly beyond the maximum permissible level. 

The high concentrations of Mn and Fe in the offals of both 

broiler and layers may be indicative of the fact that the feed 

and/or environment are contaminated. Excess heavy metals 

can impair important biochemical process posing a threat to 

human health, plant growth and animal life (Ikenaka et al., 

2010).The liver of both layers and broilers accumulated high 

levels of Mn and this agrees with the work by Ogbomida et 

al., 2018 who also reported high levels of Mn above MPL in 

both liver and muscles of poultry and cattle. The high 

accumulation of Fe in the thigh muscles is quite rare as 

heavy metals tend to accumulate more in the liver and 

kidney (WHO, 2007, Demirezen & Uruc, 2006, Behnaz et  

Table I: Mean concentration (mg/kg) of heavy metals in broilers 

Heavy 

metals 
 

Mean ± SEM (mg/kg) 

Gizzard Kidney  Liver Thigh muscle 

Mn 5.100 ± 0.010
 

5.049 ± 0.047
 

5.066 ± 0.016
 

5.105 ± 0.053
 

Zn 4.990 ± 0.012
 

5.018 ± 0.040
 

4.979 ± 0.048
 

4.995  ± 0.016
 

Fe 6.237 ± 0.498
 

5.965 ± 0.068
 

6.256 ± 0.246
 

5.667  ± 0.252
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distributed in the various organs/tissues of the poultry birds 

and this can be attributed to the fact that accumulation of 

heavy metals in the various organs and tissues of the animals 

depends on the interval of exposure and the quantity 

ingested which is greatly influenced by the production and 

reproduction phase of the animals, as well as their age and 

breed, eating habits, growth and moulting (Kim et al., 2008; 

Baykov et al., 2003). The low concentration of Zn in this 

study could be due to its low concentrations in the soil 

and/or environment where grains used for feed production 

were grown (Behnaz et al., 2016). 

In the sampled eggs, the concentration of Mn in this study 

was high when compared with that of Babu et al., 2018 who 

reported 0.401 ± 0.026 mg/kg. Eggs are highly nutritious and 

are considered to be economical when compared to other 

sources of protein (Surai & Sparks, 2001; AL-Ashmawy, 

2013) hence eggs are consumed by a lot of people from 

various income classes. They can become contaminated with 

heavy metals through agricultural activities, industrial waste 

and intake of contaminated feeds by the laying birds (Singh 

et al., 2007; Chowdhury et al., 2011; Abdulkhaliq et al., 

2012). Contamination of the environment and dietary intake 

of contaminated meat and meat products from food chain 

has been the most common and principal pathways of human 

exposure to heavy metals (Mahmood et al., 2012). 

CONCLUSION 

The continuous consumption of the flesh, organs and eggs of 

poultry birds contaminated with heavy metals higher than 

those recommended by FAO/WHO is of high public health 

risk because it may lead to detrimental health challenges in 

the future. To reduce or minimize the concentrations of 

residues of heavy metals in poultry meat and its products, 

poultry feed and water quality should be monitored 

frequently to ensure that they are not contributing to the high 

heavy metals deposition in poultry meat and products. Also 

the environment where poultry farms are sited and how they 

are maintained are of 

upmost importance to 

avoid further 

contamination of the 

environment and by 

extension contamination 

of food from poultry 

origin meant for human 

consumption.   
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