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ABSTRACT: There is a growing concern about the impact of increased used of Agro-pesticide on public health and 
safety issues especially in farming community who pursue high agricultural productivity. Pesticide pollution is a subject 
of global concern and the extent of its poisoning is considered to be grossly under estimated. This study was conducted 
to assess the concentration of heavy metals (Cd, Pb, Hg, Cr, As and Ni) in muscle, liver, kidney and lungs of matured 
locally reared chickens. Sampling was carried out in two cocoa producing areas (Ikom and Etung) and non-cocoa 
producing area (Odukpani) in Cross River State, Nigeria, over a period of one year (November, 2013 to October, 2014). 
Determination of heavy metals was carried out using Atomic Absorption Spectrophotometer (ASS).  Highest levels of 
cadmium (0.11±0.02 µg/g) and lead (0.26±0.11 µg/g) were recorded in liver simples from Etung and Ikom. The highest 
levels of chromium concentration (2.95±0.05 µg/g) was observed in kidney of chickens from Etung, while nickel (1.16-
±0.0404 µg/g) was highest in lung samples from Etung and Odukpani recorded the highest nickel concentration values 
(1.16±0.04 µg/g). The results show that higher levels of heavy metals can accumulate in the body tissues/organs of 
chickens in cocoa producing area. These are no exception since Etung is a cocoa producing area and the metals were 
found highest in kidney and lungs of chicken from this area. Generally, livers and kidneys were found to have the highly 
significant (P<0.5) levels of the metals than the muscles and lungs the lowest. However, the concentrations of all the 
metals studied were within the tolerance limits with exception of chromium and nickel which were respectively higher 
than their 0.10 µg/g and 0.5 µg/g tolerance limit. The results obtained in this study will be useful in formulating guidelines 
and standards for heavy metals in chicken products in cocoa-producing and non-cocoa producing areas of Nigeria.     
 
Key words: Bio-accumulation, local chicken, organs, tissues. 
 
 
INTRODUCTION 
 
Cocoa business includes cocoa farming, cocoa seed 
processing, warehousing and export. This cocoa value 
chain processes is sustained with the application of 
various pesticides right from (pre and post-harvest) 
inception of cocoa industry in Nigeria, including cocoa 
producing areas of Cross River State. Unsafe use of 
pesticides has been shown by various studies to be 
detrimental to livestock, environment and particularly the 
food chain including crops, man and other animals. 
Unregulated use of pesticides can generates persistent 
organic pollutants (POPS) and leaves pesticide residues 
in the environment (Asogwa and Dongo, 2009). 

Most pesticides contain heavy metals including those of 
global concern such as mercury (Hg), cadmium (Cd) and 
chromium (Cr). Others include lead (Pb), Arsenic (As) 
and Iron (Fe). These heavy metals are generally known 
to elicit deleterious metabolic and endocrine response in 
man and animals and also interact adversely with mineral 
element to reduce their bioavailability in human nutrition 
(Johnson, 2004). Baykov et al. (1996) and Demirezen 
and Uruc (2006) indicated that contamination with heavy 
metals is a severe health hazard since they are toxic, bio 
accumulates and biomagnify in the food chain. 
Furthermore, the  accumulation  of  heavy   metals  varies 
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significantly from one tissue to another within an animal 
and varies also between one animal to another (John and 
Jeanne, 1994). 

The human population in cocoa growing areas of Cross 
River State including Ikom and Etung Local Government 
Areas is in the rural, low income and food insecure areas. 
Family poultry production especially the indigenous 
chickens play a significant role in the economic and 
social life of these resourceful poor household. Thus, 
rearing local chickens contributed to cheap source of 
animal protein intake and family income (Magothe et al., 
2012). The scavenging nature of rearing family poultry 
(indigenous chickens) in cocoa growing areas of Cross 
River State exposes not only chickens but also other 
livestock to some toxic chemical substances (Hg, Cd, As, 
Pb etc) and other persistent organic pollutants (POPs) 
resulting from the use of pesticides in cocoa plantations. 
Johnson (2004) reported that, apart from bio-
accumulation and bio-magnification of heavy metals from 
pesticides, it also exerts acute and chronic toxic effect on 
non-target organism in the ecosystem.  

There is paucity of information on the status of 
pesticides residues and bio-accumulation levels in avian 
species, livestock and wildlife in cocoa producing areas 
of Nigeria. This study was carried out to assess the 
accumulation levels of heavy metals in body tissue and 
organs of family poultry locally reared chickens in cocoa 
producing and non-coca producing areas of Cross River 
State. 
 
 

MATERIALS AND METHODS 
 

Collection of sample 
 

Fresh Samples (thirty per location) of breast muscles, 
liver, kidney and lungs of local chickens were collected 
from various locations of cocoa producing areas of Ikom 
and Etung Areas and non-cocoa producing area of 
Odukpani in Cross River State between the period of 
November, 2013 and October, 2014. A total of two 
hundred and seventy (270)  adult unsexed chicken were 
used and slaughtering process were not considered as 
factors in heavy metal concentration in the chicken 
muscles and organs. Identified volunteered households 
at different experimental sites were randomly selected. 
This was done based on the level of protection that was 
offered by the farmers in monitoring the birds. The birds 
were wing banded for easy identification, housed cages 
and fed commercial grower mash for two weeks to 
enable them adapt to their new environment. Thereafter, 
they were released for free range extensive poultry 
management  
 
 

Sample preparation and digestion  
 
Procedure for sample preparation in this study was 
adopted  from  Belton  (2006). The  collected   tissue  and  
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organs were cleaned and packed in polyethylene bags 
and transported for analyses to the Analytical laboratory, 
Department of Chemistry, University of Calabar, Nigeria. 
The collected tissues and organs were cleaned and 
washed with demineralized water. The wet digestion 
procedure was used. 5.0 g of each sample (muscle, 
kidney, liver and lungs) was introduced into the digestion 
flask. 10 ml of concentrated sulphuric acid was added to 
the sample and the content of digestion flask heated at 
70°C for 3 hrs with occasional swirling at 3 minutes 
interval. After complete digestion, the digest was allowed 
to cool and then transferred into a 20 ml standard flask 
with de-ionized water. The solution were transferred into 
acid-leached polyethylene bottles and kept at room 
temperature until analysis with atomic absorption 
spectroscopy (AAS). Heavy metals were analyzed by 
using varian atomic absorption spectrophometer model 
1275 AA equipped with lamps for different elements. 
Standard working solutions and standard curves were 
prepared. The standard curve for each metal was plotted 
and the amounts of metal present in the study samples 
were calculated from the standard curve. 
 
 

Statistical analysis 
 
All data collected from chemical analysis were subjected 
to a two-way analysis variance using a 2 x 2 factorial 
format in which heavy metals and location were factors in 
a completely randomized designed (SPSS, 1999). Mean 
separation was carried out where significant differences 
exist using Ducan Multiple Range Test (Duncan, 1980). 
 
 

RESULTS AND DISCUSSION 
 
The concentration of heavy metals in the muscles and 
organs of local chickens recorded in this study are 
presented in Tables 1 and 2.  
 
 

Cadmium (Cd) 
 
The results show that cadmium (Cd) concentration was 
significantly higher in the muscles (0.10 µg/g) and livers 
(0.11 µg/g) of local chicken from Ikom and Etung Local 
Government areas than those obtained in Odukpani. The 
higher values of Cadmium in tissues and organs of 
chickens in cocoa areas could be attributed to deliberate 
and consistent application of pesticides for pest control in 
cocoa plantation. Persistent accumulation of pesticides 
residue in the plantation could result in Cadmium level 
found in tissue and organs in this study comparable to 
the levels reported by Akan et al. (2010) for local 
chickens and González-Weller et al. (2006). Mariam et al. 
(2004) reported higher cadmium content (0.49 µg/g) in 
liver and 0.31 µg/g in muscles of local chicken (lean 
meat). These results also agree with the report of 
Iwegbue et al. (2008), who  recorded  a  higher  cadmium
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Table 1. Heavy metals concentrations (µg/g) in muscle, liver, kidney and lungs of local chicken in Ikom cocoa producing area of Cross River State. 
 

Heavy metal 
(µg/g) 

Muscle Liver Kidney Lungs Muscle Liver Kidney Lungs 

Cocoa-producing area (Etung) Non cocoa producing area 
        

Cadmium 0.10± 0.01c 0.11± 0.02c 0.07d 0.06± 0.01c 0.02± 0.01c 0.04± 0.01c 0.05± 0.01d 0.03± 0.01c 

Lead 0.21± 0.07b 0.22± 0.11c 0.25c 0.21± 0.05b 0.18± 0.06b 0.20± 0.06b 0.21± 0.02c 0.14± 0.05b 

Mercury 0.05± 0.02d 0.04± 0.03d 0.06d 0.02± 0.01d 0.01± 0.02c 0.02± 0.01d 0.02± 0.01c 0.02± 0.01c 

Chromium 1.01± 0.02a 1.81± 0.5a 2.95a 1.20± 0.07a 1.87± 0.06a 1.21± 0.05a 1.84± 0.11a 1.17± 0.05a 

Arsenic 0.05± 0.01d 0.02± 0.02d 0.05d 0.01± 0.00d 0.05± 0.01c 0.02± 0.01c 0.04± 0.02d 0.01± 0.00c 

Nickel 1.05± 0.01a 1.03± 0.01b 1.05± 0.02b 1.16± 0.04a 1.05± 0.01a 1.12± 0.01a 1.04± 0.02b 1.16± 0.04a 

         

 Cocoa-producing area (Ikom) Non cocoa producing area 
         

Cadmium 0.10± 0.01c 0.10± 0.02c 0.07± 0.01c 0.07± 0.01c 0.02± 0.01c 0.04± 0.01c 0.05± 0.01d 0.03± 0.01c 

Lead 0.21± 0.05b 0.26± 0.11b 0.25± 0.02b 0.24± 0.05b 0.18± 0.06b 0.20± 0.06b 0.21± 0.02c 0.14± 0.05b 

Mercury 0.03± 0.02d 0.03± 0.01d 0.03± 0.01d 0.02± 0.01d 0.01± 0.02c 0.02± 0.01d 0.02± 0.01c 0.02± 0.01c 

Chromium 1.05± 0.03a 1.25± 0.05a 2.11± 0.07a 1.52± 0.03a 1.87± 0.06a 1.21± 0.05a 1.84± 0.11a 1.17± 0.05a 

Arsenic 0.02± 0.01d 0.03± 0.02d 0.04± 0.02d 0.01± 0.00d 0.05± 0.01c 0.02± 0.01c 0.04± 0.02d 0.01± 0.00c 

Nickel 1.13± 0.01a 1.13± 0.22a 1.05± 0.01a 1.15± 0.04a 1.05± 0.01a 1.12± 0.01a 1.04± 0.02b 1.16± 0.04a 
 

abcMeans with different superscripts along the same column are significantly different (P<0.05). 
 
 
 

concentration level in the liver of turkey. Doganoc 
(1996) reported a higher level of cadmium and 
zinc in the liver and kidney of hens which 
exceeded the permissible limit of 0.5 ppm set by 
FAO/WHO (2000). Cadmium is known to be toxic 
to almost every system in the body (Lee et al., 
2006). Baykov et al. (1996) reported that feed is 
one of the principal environmental sources of 
cadmium in poultry. The higher concentration of 
cadmium in the liver of local chicken in the cocoa 
producing areas could be attributed to 
detoxification function of the organ where toxic 
substances get accumulated. 

Cadmium concentration in the kidney and liver 
over long time could interact with a number of 
minerals such as zinc, iron, copper and sodium 
due to chemical similarities and competition for 

bounding site (Aranha, 1994 and Stoyke et al., 
1995). In addition cadmium can replace Calcium 
in the bone structure making the bone to lose it 
rigidity and become porous. A condition observed 
in Itai-Itai syndrome.  

Roga-Franc et al. (1996) also observed 
cadmium levels in the livers and kidneys of cattle 
in Poland and found its concentration to be above 
the permissible limit recommended by FAO/WHO 
(2000). Cadmium concentrations in all the 
samples studied were lower than 0.5ppm limit by 
FAO/WHO (2000). 
 
 
Lead (Pb) 
 

The livers and kidneys of  local  chickens  in  Ikom  

and Etung cocoa producing areas recorded higher 
lead concentration levels compared to Odukpani, 
a non-cocoa producing area. The highest lead 
concentration was found in liver (0.26 µg/g) of 
chicken in Ikom followed by 0.25 µg/g in kidneys 
of chickens in Etung and the lowest level was 
recorded in muscles (0.12 µg/g) of chicken in 
Odukpani. The high concentration value of Pb in 
liver and kidney showed that this toxic metal 
accumulates mostly in the liver where they are 
detoxified. These results confirm the findings of 
Akan et al. (2010) who observed 0.22 µg/g lead 
concentration in liver of chicken in rural area of 
Maiduguri, Nigeria. Mariam et al. (2004) reported 
higher levels of lead concentration in liver of 
poultry (3.15 µg/g) and kidney (3.85 µg/g). A 
higher   lead   concentration    was    observed  by
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Table 2. Interactive effect of locations and heavy metals on concentration levels in tissues and organs. 
 

Heavy metal 
(µg/g) 

Muscle Liver Kidney Lungs Muscle Liver Kidney Lungs 

Cocoa-producing area (Ikom) Non cocoa producing area 
  

Cadmium 0.09± 0.05a 0.01± 0.51a 0.06± 0.43a 0.07± 0.02a 0.03± 0.01b 0.04± 0.01b 0.03± 0.01b 0.01± 0.00b 

Lead 0.17± 0.03a 0.17± 0.09a 0.16± 0.35a 0.14± 0.18a 0.07± 0.03b 0.08± 0.02b 0.08± 0.04b 0.06± 0.0 b 

Mercury 0.03± 0.01 0.03± 0.01 0.02± 0.01 0.01± 0.00 0.02± 0.01 0.02± 0.01 0.03± 0.01 0.02± 0.01 

Chromium 1.57± 0.72 a 1.79± 1.22 a 1.02± 0.59 a 1.67± 0.56 a 0.53± 0.11 b 0.67± 0.12 b 0.77± 0.99 b 0.61± 0.04 b 

Arsenic 0.03± 0.01 0.03± 0.01 0.02± 0.01 0.01± 0.00 0.02± 0.01 0.02± 0.11 0.02± 0.00 0.01± 0.00 

Nickel 1.08± 0.62 1.15± 0.89 1.08± 0.80 1.10± 1.00 1.12± 0.08 1.14± 0.10 1.12± 0.93 1.12± 0.67 

         

 Cocoa-producing area(Etung)  Non cocoa producing area  
         

Cadmium 0.09± 0.05a 0.10± 0.46a 0.90± 0.05a 0.07± 0.02a 0.03± 0.01b 0.04± 0.01b 0.03± 0.01b 0.01± 0.00b 

Lead 0.16± 0.78a 0.17± 0.06a 0.17± 0.04a 0.15± 0.06a 0.07± 0.03b 0.08± 0.02b 0.08± 0.04b 0.06± 0.02b 

Mercury 0.02± 0.01 0.03± 0.01 0.03± 0.01 0.01± 0.01 0.02± 0.01 0.02± 0.01 0.03± 0.01 0.02± 0.01 

Chromium 1.59± 0.11a 1.86± 0.58a 1.62± 0.74a 1.72± 0.90a 0.53± 0.11b 0.67± 0.12b 0.77± 0.99b  0.61± 0.04b 

Arsenic 0.03± 0.01 0.02± 0.01 0.03± 0.01 0.01± 0.00 0.02± 0.01c 0.02± 0.11 0.02± 0.00 0.01± 0.00 

Nickel 1.07± 0.05 1.15± 0.08 1.08± 0.04 1.11± 0.03 1.12± 0.08 1.14± 0.10 1.12± 0.93 1.12± 0.67 
 

abcMeans with different superscripts along the same row are significantly different (P<0.05). 
 
 
 

Spierenburg et al. (1988) in liver and kidney of 
cattle within a 20 km radius of Zinc refineries, 
compared to cattle in unpolluted controls areas. A 
higher concentration of lead than the permissible 
limit in liver and kidney of animal has been 
reported by Aranha (1994) and Danev et al. 
(1996). Furthermore, the authors indicated that 
80% samples of liver and 100% samples of kidney 
were contaminated above the limits set by the 
country’s regulations. Similarly, Maldonado et al. 
(1996) studied lead with reference to its intestinal 
absorption, mobilization and redistribution during 
lactation in rats and showed significantly higher 
levels of lead in livers and kidneys. Osuji and 
Onojake (2004) reported enhanced levels of 
nickel, copper and lead in soils of Niger Delta. 
This may result in absorption by plants, leading to 

possible bio-accumulation in animals that feed on 
them. All these metals may lead to toxic reaction 
along the food chain (Duffus 1980; Lawal et al., 
2006; Okonya et al., 1988). These results 
revealed that Pb accumulated mostly in liver 
which agrees with reports of many studies 
(Miranda et al., 2005; Koréneková et al., 2002). 
High levels of Pb in poultry products possibly arise 
mainly from contamination of feed and water 
sources (Oforka et al., 2012). The major source of 
lead pollution is automobile exhaust gases which 
arise from anti-knocking agent added in gasoline 
resulting in soil contamination and plants (Mariam 
et al., 2004). Other sources are untreated waste 
effluents of industry, which find their way to 
irrigation channels and hence pollute the fodder 
through soil. Lead is a metabolic poison and a 

neurotoxin that binds to essential enzymes and 
several other cellular components and inactivates 
them (Cunning ham and Saigo, 1997). Toxic 
effects of lead are seen on haemopoietic, nervous, 
gastrointestinal and renal system (Baykov et al., 
1996).  
 
 
Mercury (Hg) 
 
Mercury concentration as determined in tissue 
and organs of chicken at various locations of 
study are summarized in Tables 1 and 2. Highest 
mercury concentration was found in kidney of 
chicken in Ikom (0.05 µg/g) and lowest in the 
muscle (0.01 µg/g) tissue in chicken in Odukpani. 
All the study samples at different locations showed
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mercury concentration within 0.01 to 0.03 µg/g and are 
within the permissible limit of 0.03ppm (ANZFA, 2001). 
Samek et al. (1997) discovered the highest mercury 
quantity in skin and liver of chicks. Mariam et al. (2004) 
attributed a greater concentration of mercury in poultry to 
intake of mercury-contaminated feeds as compared to 
other animals. Key environmental sources of mercury 
include pesticide and fertilizer, contamination of stream, 
run-off water, rivers and lakes, industrial wastes and 
fungicides. The mercury escapes into the air and soil and 
get accumulated in fodder plant and hence in animal 
tissues. Mercury is toxic to central nervous system and 
the kidney is the organ most vulnerable to damage. The 
easy access to this toxicant to man is through multiple 
pathway - air, water, food, domestic products and even 
vaccines increases exposure (Harada, 2001). Children 
and foetus are more susceptible to mercury toxicity. 
According to WHO (2000) report, 0.05mg/kg mercury 
contaminated food should not be sold for human 
consumption. 
 
 
Chromium (Cr) 
 
The concentration of chromium in tissue and organs of 
chicken significantly (P<0.05) differ between various 
study locations. Liver and kidney of chickens recorded 
higher Cr concentration than muscles and lungs from 
different locations. The highest Cr concentration was 
found in kidney (2.11 µg/g) of chicken in Etung Local 
Government Area (cocoa producing area) which may be 
attributed to pesticides, fungicide as well as fertilizer 
application in cocoa plantations. The concentration levels 
of Cr in this study were higher than 0.65 µg/g (liver) and 
0.27 µg/g (kidney) in local chicken reported by Akan et al. 
(2010). Iwegbue et al. (2008) reported chromium 
concentration in chicken meat, gizzard and turkey to 
range between 0.01 and 3.43mgkg-1 which is above the 
permissible limit of 0.10 µg/g by FAO / WHO (2000). 
Chromium is an essential element assisting the body to 
utilize sugar, protein and fat, at the same time it is 
carcinogenic. It act as a co-factor in insulin hormone 
response, controlling carbohydrate metabolism in human. 
However, increased concentration of this metal can affect 
mineral and enzymes status of animal and human being. 
ATSDR (2004) pointed out that excessive amount of 
chromium may cause adverse health effects. The 
chromium concentration in the livers and kidneys of study 
samples is strikingly high and indicating chromium 
pollution in the environment. Chromium can be 
transported by surface run-off to surface water in its 
soluble form. Zhao et al. (2002) pointed out that soluble 
and unabsorbed chromium complexes can leach into soil 
solution which could make it more bioavailable for plant 
root absorption hence polluting the fodder through the 
soil. However, the leach ability also increases as the soil 
pH increases. 

 
 
 
 
Arsenic (As) 
 
The arsenic concentration was observed in the muscles 
and organs of chickens at different locations of study and 
it was found that kidney of local chicken in Etung (cocoa 
producing area) showed the highest concentration of 0.05 
µg/g and lowest concentration of 0.01 µg/g in the lungs of 
chickens in all study locations (Tables 1 and 2). The 
permissible limit of arsenic in the livers of chickens has 
been reported as 2.0 ppm (ANZFA, 2001). But the results 
of this study showed that the arsenic concentration in all 
the samples studied were lower than 2.0 ppm. Higher 
concentration of arsenic in livers (78.96 ppm) and 
kidneys (63.45 ppm) of poultry have been reported by 
Mariam et al. (2004). The results of this study is in line 
with the observations of Akan et al. (2010) who reported 
arsenic concentration levels of 0.03 µg/g in liver and 0.11 
µg/g in kidney of chickens. Higher concentration of 
arsenic in the livers and kidneys of cattle and goats has 
also been reported by Krupa and Swida (1997). Arsenic 
pollution in the environment may be due to copper 
smelting, coal combustion, burning of firewood and cow 
dung (Charles and Margaret, 1993). Furthermore, many 
arsenic compounds absorb strongly in soils and are 
transported only over short distances in ground water and 
surface water. 
 
 
Nickel (Ni) 
 
The concentration of nickel in the muscle, liver, kidney 
and lungs ranged between 1.00 and 1.16 µg/g in all the 
study locations. The highest nickel concentration of 1.16 
µg/g and 1.15 µg/g were observed in the lungs of chicken 
in Etung (cocoa area) and Odukpani (non-cocoa area) 
respectively, while the lowest value of 1.00 µg/g was 
found in the muscles of chicken in Odukpani. These 
results confirm the findings of Akan et al. (2010) who 
observed higher value of nickel in liver (1.09 µg/g) than 
that of kidney (0.24 µg/g) in chicken. Present results 
obtained for nickel in liver were in the line with that of 
Ghita et al. (2009) who also observed a higher 
concentrations of chromium, iron, zinc and nickel in liver 
and intestine than in muscles. Oforka et al. (2012) 
reported mean values of 0.08 mgkg-1, 0.167 mgkg-1 and 
0.74 mgkg -1nickel in gizzard, liver and muscles 
respectively. Concentration levels of nickel observed in 
this study were higher than the values stated above, but 
are similar to the results of similar study by Surtipanti et 
al. (2005) in Indonesia. The permissible limit of nickel in 
food according to WHO (1996) is 0.5 mgkg-1. The results 
of the current study indicated higher nickel concentration 
in tissue and organs at different locations which 
exceeded the stipulated tolerance limit. This indicated 
nickel pollution/contamination in the study locations. This 
may be attributed to results from geological weathering, 
herbicides, and  pesticides  application  and   leaching  of 



 

 
 
 
 
rocks as well as discharge of domestic wastes in these 
areas. 

Table 2 shows the interactive effect of locations and 
heavy metal concentration on tissues and organs of local 
chicken. There was no significant (P>0.05) interaction 
effects on mercury, arsenic and nickel concentrations in 
tissues and organs of chicken. Although, cocoa 
producing areas (Ikom and Etung) exhibited higher 
concentration values of these metals than non-cocoa 
producing area. However, significant interaction (P<0.05) 
of location and heavy metals (lead, cadmium, chromium) 
concentration was observed in the tissues and organs of 
chicken in both cocoa and non-cocoa producing areas. 
 
 
Conclusion 
 
This study was set out to evaluate the concentration and 
possible accumulation of heavy metals (Cd, Pb, Hg, As 
and Ni) in tissue/organs of family poultry (local chicken) in 
cocoa producing and non-producing areas of Cross River 
State. General results show that heavy metals 
accumulations were mostly higher in liver and kidney and 
lower in muscle and lungs and have concentrations 
below the permissible limits of FAO/WHO (2000) while 
the concentration of Cr and Ni in all study area were 
higher. The concentration level of metal studied in cocoa 
areas were below the permissible levels (FAO/WHO, 
2000), thus chickens may be considered safe for human 
consumption from these areas. However, efforts should 
be made to reduce the presence of Chromium (Cr) and 
Nickel (Ni) in the environment to avoid its bio–
accumulation and consequently its toxic effect. The 
information provided from this study may form or serve as 
guidelines and standards for chicken meat products in 
cocoa producing and non-producing areas of Nigeria. 
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