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Abstract
The Poultry sector is an evolving agroindustry that has globally increased its reputation as one of the most rapidly expanding 
agricultural sector. Further, chicken meat wider acceptance translates to an increased demand. Thus, constant assessment to 
ensure the toxicological and safety profile of chicken meat has become imperative. The study locations of this study include ma-
jor open markets located in the capital city (Benin City) of Edo State designated as market A, B, C, and D respectively. A total 
twenty-five samples were collected, distinctly sealed in a polyethtlene bags which was pre-treated and analysed following stan-
dard protocols. All reagents used for analysis were of analytical grade. The result revealed that the chicken meat sample sourced 
from a local farm had a significantly p<0.05 higher level of the HDL-C (21.67±1.53) in comparison to the imported frozen 
chicken meat samples sourced from the various markets as follows; market A (15.33±1.15), B (12.00±2.00), C (15.33±1.53) and 
D (12.00±1.73) respectively. As per the other parameters of lipid profile including LDL-C, TC, and TG, and lipid peroxidation 
(malondialdehyde) the levels of these parameters was significantly p<0.05 lower in the chicken meat from the local farm. Metal 
analysis of the samples revealed that the chicken meat sample from the local farm significantly had the lowest concentration of 
cobalt (Co), chromium (Cr) while the highest concentration was noted for the sample from market B (2.767±0.208) and market 
A (0.087±0.006) for Co and Cr respectively. No significant difference was noted between the samples for the iron and copper 
concentration however samples for market B had the highest levels of iron 17±1.73 and copper 8.33±1.15. In terms of the per-
missible limits, the metals were found to be within acceptable ranges in all the sample. Further, a risk assessment profile showed 
that hazard index (HI) was found to be less than 1 in all the samples which suggest that the chicken meat sold in major markets 
of Benin city metropolitan poses no public health concern.
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1. Introduction
The global demand for poultry products, notably chicken meat, 
has witnessed a significant surge in present-time, influenced by 
population expansion, suburbanisation, and shifting nutritional 
predilections [1]. Poultry is considered as domesticated birds 

raised predominantly for the purpose of human consumption. 
Commonly known poultry consist of chickens, turkeys, ducks, 
geese and quail. Less common poultry species include guinea 
fowl and peafowl, pheasants, pigeons, emus and ostriches [2,3]. 
In Nigeria, the common poultry types are turkeys, guinea fowl and 
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chicken been the most popular [2,4]. The poultry sector in Nigeria 
has been experiencing swift growth in recent times and stands out 
as one of the notable commercialized (invested) subsectors [4,5]. 
Nonetheless, local poultry production has struggled to keep up 
with the swiftly rising domestic demand. This could significantly 
heighten the population's reliance on imported frozen chicken 
meat [4]. As in many other countries, frozen chicken meat has 
become a staple in the diets of millions due to its convenience, and 
year-round availability [5].

In 2003, Nigeria imposed a ban on the importation of chicken meat 
with the aim of boosting domestic production [4,6]. This import 
restriction has since led to a decrease, though not a complete 
eradication, of the consumption of imported frozen chicken 
in Nigeria, as countless tons continue to be smuggled into the 
nation daily to satisfy the demands of the large population [4]. 
Additionally, it has been noted that chickens can be raised to 
slaughter readiness within five to seven weeks (particularly those 
fed or injected with growth hormones), while the typical growing 
strains require about 14 weeks to achieve their slaughter weight, 
raising significant concerns regarding safety [4]. 

Against this backdrop, toxicological safety assessment is a 
fundamental aspect of ensuring the quality and harmlessness of 
food products [7]. With specific regard to frozen chicken meat, 
various factors such as the use of antibiotics, growth promoters, 
and the handling processes throughout the supply chain may 
contribute to potential health risks for consumers [8]. The nature 
of food supply chain, food processing and preservation methods 
utilized in underdeveloped countries which may results to metals 
contamination raises significant concern about the safety of food 
products. Metals, such as lead (Pd), cobalt (Co), chromium (Cr), 
copper (Cu), and mercury (Hg), and iron (Fe), are naturally 
occurring elements that can find their way into the food chain 
through several routes, including soil, water, and feed posing 
potential risks to human health when found to be above the safe 
limit [9,10]. In the case of poultry, the possible avenues of metal 
accumulation include the use of contaminated feed, exposure to 
polluted water sources, and environmental factors. These metals 
can amass in the tissues of chickens over time, resulting to 
possible health risks for consumers when consumed regularly [8]. 
Another key aspect of the safety examination of the food products 
particularly meat is the lipid profile and peroxidation assessment. 

Lipid peroxidation, a biochemical process involving the oxidative 
degradation of lipids, is a crucial aspect of food quality and safety 
assessment [11]. In the context of frozen chicken meat, lipid 
peroxidation can lead to the formation of potentially harmful 
compounds, such as reactive oxygen species and malondialdehyde 
[4]. These compounds have been linked to oxidative stress, 
inflammation, and various chronic diseases in humans [11]. 
Further, lipid peroxidation can also be regarded as a key indicator 
contributing to quality degradation during fat storage and other 
lipid-based foods [12]. Considerable emphasis and extensive 
research been carried out till present with varieties of seafood 
specifically on metal contamination relatively to poultry products 

notably chicken meat. Evidently, chicken meat offers significant 
dietary value, however, there are indications that it may also 
contain considerable concentrations of certain contaminants and 
malondialdehyde (MDA) a byproduct of fat oxidation [8,11]. 
Therefore, evaluating the extent of lipid peroxidation and 
toxicological profile of frozen chicken meat becomes imperative 
to ascertain its impact on the safety of the consumed product. 

2. Material and Methods
2.1 Study Site and Sample Collection
The research sites for this study encompass prominent open 
market places situated in the capital city (Benin City) of Edo State. 
This includes four significant open markets in Benin City labeled 
as market A, B, C, and D, which are the New Benin Market, 
Oluku Market, Uselu Market, and Aduwawa Market, respectively. 
Meanwhile, the local poultry was sourced from a nearby farm also 
within the Benin City area referred to as farm chicken. A total of 
twenty-five samples, featuring five raw chicken meat samples 
from each market location, were randomly collected, individually 
wrapped in polyethylene bags, and then conveyed to the laboratory 
for preparation and examination utilizing standard methodologies.

2.2 Lipid Profile Examination
Using Randox kits, the levels of total cholesterol and triglycerides 
were determined spectrophotometrically in accordance with the 
methods of Allain et al. and Buccolo and David, respectively 
[13,14]. After heparin-MnCl2 solution was used to precipitate 
Very Low Density Lipoproteins (VLDL) and LDL, HDL 
cholesterol was measured using the same commercial kits for total 
cholesterol. Using the procedures described by Friedewald et al., 
LDL cholesterol values were calculated using measurements of 
total cholesterol, HDL-cholesterol, and triglycerides [15].

2.3 Malondialdehyde Assessment
As described by Varshney and Kale, the amounts of malondialdehyde 
in the chicken meat sample were measured spectrophotometrically 
using Thiobarbituric Acid Reactive Substances (TBARS) [16].

2.4 Metal Evaluation
The specimens were rinsed with deionised water and dried in an 
oven at 40oC for 3-5 days before being crushed using a laboratory 
mortar and pestle. A digestion solution consisting of HNO3, 
HClO4, and H2O2 (10:1:2) was employed to pulverize the pre-
treated specimens. Precisely 5.0 mL of the digestion solution was 
extracted into the digestion tube containing 0.5 g of each specimen 
and allowed to digest at 150 oC. to guarantee complete digestion. 
After adding 5.0 mL of the digestion solution to the tube, it was 
gradually heated until it became transparent. After allowing the 
solution to cool, the contents were filtered into a sterile 100 mL 
conical flask. Distilled water was added to correct the remaining 
volume. In order to ensure quality, blank setups were performed. 
A graphite furnace atomic absorption spectrophotometer (GBS 
Scientific Equipment SensAAS 1175, Australia) was then used 
to evaluate the selected heavy metals. Each metal's residual 
concentrations were reported as milligrams per kilogram of wet 
weight.
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2.5 Quantitative Assessment of Human Health Risks
The possible dangers posed by human exposure to these metals 
through the consumption of contaminated chicken meat includes 
the evaluation of the Estimated Daily Intake (EDI), with respect to 
both carcinogenic and non-carcinogenic impacts using the US EPA 
model and its threshold guidelines as outlined in [17,18]. 

Where:
Cm = Metal concentration in meat in mg/kg
Df = Daily intake of food (chicken meat) in kg per person
Bwt = Average body weight in kg per individual

Df: The daily intake value of chicken meat in kg per person was 
derived from the FOA and the research by Emurotu and Habib, 
indicating that the typical daily intake of chicken meat in Nigeria 
was 1.16 kg (= 3.18 g/day) for adults and 0.4 kg (= 1.09 g/day) for 
children [19,20].

Bwt: The average body weights for adults were estimated at 70 kg 
(adults) and 24 kg (children) based on the findings of Ekhator et al. 
and Kamaly and Sharkawy [17,21].

2.6 Assessment of Non-Carcinogenic Risk
The risk for non-carcinogenic impacts from metal intake in meat 
was assessed by applying the equations for Target Hazard Quotient 
(THQ) and Chronic Hazard Index (HI) [21,22]. THQ represents 
the proportion of the measured dose of a toxic substance to a 
benchmark dose deemed dangerous. When the ratio is 1 or higher, 
the exposed group faces a risk. THQ values were computed using 
the following equation below [18,22]. 

Where: 
THQ = Target hazard quotient, 
EF = Exposure frequency (365 days per year), 
ED = Exposure duration (30 years for non-cancer risk as indicated 
by the USEPA), 
IR = Consumption rate of chicken tissue (g/person/day), 
CM = Concentration of metal in chicken (mg/kg), 
BWA= Average body weight, 
ATn = Average exposure duration for non-carcinogenic substances 
(EF × ED), calculated as 10,950 days (365 days/year over 30 
years) for non-cancer risk assessment
RfD = Reference oral dose of metal (an estimate of the daily 
exposure that humans could sustain over a lifetime without 
substantial risk of adverse effects (RfD for Cu, Cd, Cr, and Fe 
are 0.040, 0.001, 1.500, and 0.007 mg/kg body weight per day 
respectively [18,22,23]. 

Hazard Index (HI) = THQ (Pb) + THQ (Cr) + THQ (Cd) + THQ 
(Cu) + THQ (Zn) + THQ (Ni) + THQ (Mn)

Where:
HI= Chronic Hazard Index 
THQ = Target hazard quotient for multiple metals or toxic 
substances

2.7 Statistical analysis 
Data were analysed using one-way ANOVA and separation of 
mean was evaluated using Turkey HSD. Significance difference 
was considered as p<0.05 was and data were expressed as 
means±standard deviation. All statistical analysis was done using 
IBM SPSS Version 22 and the graphs were created using Graphpad 
Prism 8. 

3. Results
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Results 

 

Figure 1: Lipid profile/peroxidation analysis of chicken meat. Data  are expressed  as  
means±SD: Mean  values with  different alphabets  are  significantly  different  at  p  <  0.05.  

The result as presented in figure 1 revealed that the level of high density lipoprotein cholesterol 
(HDL-C) in chicken meat sample from the local farm (21.67±1.53) was significantly p<0.05 
higher as compared to the imported frozen chicken sold at the different markets respective. 
Conversely, for the other parameters of lipid profile/peroxidation including Low density 
lipoprotein cholesterol (LDL-C), total cholesterol (TC), triglyceride (TRIG), and 
malondialdehyde (MDA), it was observed that the chicken meat from the local farm had a 
significant p<0.05 lower level of the mentioned parameters vis-à-vis the meat samples from the 
various market locations used for the study respectively.  

   

Figure 1: Lipid Profile/Peroxidation Analysis of Chicken Meat. Data are Expressed as Means±SD: Mean Values with different Alphabets 
are Significantly different at p < 0.05.

The result as presented in figure 1 revealed that the level of high 
density lipoprotein cholesterol (HDL-C) in chicken meat sample 
from the local farm (21.67±1.53) was significantly p<0.05 higher 
as compared to the imported frozen chicken sold at the different 
markets respective. Conversely, for the other parameters of lipid 
profile/peroxidation including Low density lipoprotein cholesterol 

(LDL-C), total cholesterol (TC), triglyceride (TRIG), and 
malondialdehyde (MDA), it was observed that the chicken meat 
from the local farm had a significant p<0.05 lower level of the 
mentioned parameters vis-à-vis the meat samples from the various 
market locations used for the study respectively.
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Figure 2: Metal analysis of chicken meat. Data  are expressed  as  means±SD: Mean  values 
with  different alphabets  are  significantly  different  at  p  <  0.05. The result presented in figure 
2 showed that they was a significant p<0.05 variations in the concentration of the analysed 
metals between the samples particularly cobalt (Co) and Chromium (Cr). As it was noted that the 
chicken meat sample from the local farm significantly p<0.05 had lower concentration. As per 
the concentration of iron (Fe) and Copper (Cu), the result revealed that there was no significant 
difference p>0.05 between the study groups. 
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different at p < 0.05.

The result presented in figure 2 showed that they was a significant 
p<0.05 variations in the concentration of the analysed metals 
between the samples particularly cobalt (Co) and Chromium 
(Cr). As it was noted that the chicken meat sample from the local 

farm significantly p<0.05 had lower concentration. As per the 
concentration of iron (Fe) and Copper (Cu), the result revealed 
that there was no significant difference p>0.05 between the study 
groups.

Samples Iron (Fe) Copper (Cu) Cobalt (Co) Chromium (Cr)
ADULT (70Kg)

Farm 0.2375 0.001442 0.027625 0.000829
Market A 0.2265 0.00121 0.030939 0.001442
Market B 0.2817 0.001375 0.045853 0.001375
Market C 0.2817 0.00116 0.029829 0.001276
Market D 0.2375 0.00121 0.032596 0.001375

CHILDREN (24kg)
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Farm 0.2388 0.00145 0.027783 0.000833
Market A 0.2278 0.001217 0.031117 0.00145
Market B 0.2833 0.001383 0.046117 0.001383
Market C 0.2833 0.001167 0.03 0.001283
Market D 0.2388 0.001217 0.032783 0.001383

Table 1: Estimated Daily Intake (EDI) of Metals (Mg/Kg/Bw/Day) for Adults (70kg) and Children (24kg) for Chicken Meat 
Samples

Table 1: Presents the estimated daily intake (EDI) of metals for persons weighing 70 kg (adults) and 24 kg (children) respectively. The 
daily intake of Cranium (Cr) varied from 0.000829-0.001276 mg/kg bw day-1 for adult and 0.000833 - 0.001283 mg/kg bw day-1 for 
children. The daily intake of Cobalt (Co) varied between 0.027625 and 0.045853 mg/kg bw/day for adults and between 0.028 and 0.046 
mg/kg bw/day for children.

Samples (Iron)Fe Copper (Cu) Cobalt (Co) Chromium (Cr) HI
ADULT (70Kg)

Farm 0.093 9.88E-05 0.25243 1.51E-06 0.3624
Market A 0.08872 8.29E-05 0.28272 2.63E-06 0.5510
Market B 0.11033 9.43E-05 0.419 2.51E-06 0.4096
Market C 0.11033 7.95E-05 0.27257 2.33E-06 0.4127
Market D 0.093 8.29E-05 0.29786 2.51E-06 0

CHILDREN (24Kg)
Farm 0.03188 3.39E-05 0.08653 5.19E-07 0.1242
Market A 0.03041 2.84E-05 0.09691 9.03E-07 0.1352
Market B 0.03782 3.23E-05 0.14362 8.62E-07 0.1889
Market C 0.03782 2.73E-05 0.09343 7.99E-07 0.1404
Market D 0.03188 2.84E-05 0.1021 8.62E-07 0.1415

Table 2: Target Hazard Quotient (THQ) and Hazard Index (HI) for Adults (70kg) and Children (24kg) for Chicken Meat

Table 2 show the target hazard quotient (THQ) and hazard index 
(HI) for adults (70kg) and children (24kg) for chicken meat 
samples. The THQ of each metal from chicken consumption in 
Benin City for both adults and children followed this increasing 
order: Co < Fe < Cu < Cr. The highest THQ value was observed 
imported frozen chicken sold in market D (0.298 and 0.1) for 
adults and children in cobalt (Co). They hazard index (HI) was 
found to be less than 1 in all the samples. 

4. Discussion
An understanding of several parameters including lipid profile 
status, lipid peroxidation and metal concentration as indices 
for the safety and quality of frozen meat is imperative. As such 
this study investigates the toxicological safety, lipid profile/
peroxidation status of frozen chicken meat sold in Benin City 
metropolitan. Evaluating the lipid profile, which encompasses 
high-density lipoprotein (HDL), low-density lipoprotein (LDL), 
triglycerides (TRIG), and total cholesterol (TC), offers essential 
perspectives on the integrity and safety of frozen poultry meat.4 
The lipid metabolism in birds varies from that in mammals, with 
the liver being recognized as the primary organ responsible for this 
metabolic process, unlike mammals where adipose tissue plays a 
more significant role. Typically, the accumulation of body fat can 

be viewed as the overall outcome of the interplay between dietary 
fat absorption, endogenous fat formation (lipogenesis), and fat 
breakdown through beta-oxidation (lipolysis) [4,24].
 
Against this backdrop, this study demonstrated that the chicken 
meat gotten from a local farm had higher level of HDL and 
hypolipidemia characterized by lower levels of LDL, TRIG, 
and TC in comparison to the imported chicken meat. Higher 
levels of HDL and are considered to be good cholesterol and low 
levels of other parameters of lipid profile examined in this study 
may suggest that the farm chicken has better nutritional value. 
However, the variations in these parameters can be attributed to 
several factors including processing method, storage conditions 
and oxidation changes. Therefore, further analysis, including the 
impact of storage duration and freezing conditions, could provide 
deeper insights into the long-term stability of lipid profiles in 
frozen poultry products. Further, lipid peroxidation leads to quality 
deterioration, rancidity and accumulation of potentially toxic 
compounds in foods [25,26]. The quality of the secondary products 
of lipid oxidation is generally measured using the thiobarbituric 
acid reactive substances (TBARS) method [27]. These secondary 
products cause rancid, fatty, pungent and other off-flavours. The 
development of these flavours marked by an increased level of 
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MDA was noted in the study of Okolie et al. on frozen imported 
frozen sold in Benin City, Nigeria [11]. 

The result of this study on the levels of MDA in imported frozen 
chicken samples corroborates the existing finding, as it was 
observed the level of MDA in chicken meat sourced from a local 
farm was significantly p<0.05 significantly lower compared to 
imported frozen chicken sold at the selected markets. Although, 
it has been demonstrated that freezing can contribute to lipid 
oxidation in chicken meat [28]. The formation of ice crystals during 
freezing and subsequent storage can disrupt cell membranes, 
leading to increased exposure of lipids to oxygen. This exposure 
promotes oxidative reactions, resulting in the production of volatile 
compounds and potential off-flavors in the meat [29]. Metals are 
everywhere in our surroundings, entering our diets through various 
natural and human-made routes [30]. The metals found in our 
food have a substantial impact on the human body, and without 
these elements, essential physiological functions would face 
considerable disruption [31]. Nevertheless, they can turn toxic to 
living beings at high levels [32,33,34]. Importantly, diet acts as the 
main source of exposure for those who do not come into contact 
with these metals in their work environments [34].

Therefore, carrying our regularly assessments to ascertain the 
toxicological safety of food products particularly poultry meat is 
important in maintaining public health. In this study, analysis of 
the samples revealed that the chicken meat sample from the local 
farm significantly had the lowest concentration of cobalt (Co), 
chromium (Cr) while the highest concentration was noted for the 
sample from market B (2.767±0.208) and market A (0.087±0.006) 
for Co and Cr respectively. No significant difference was noted 
between the samples for the iron and copper concentration however 
samples for market B had the highest levels of iron 17±1.73 and 
copper 8.33±1.15. Ensuring that the concentrations of cobalt, 
chromium, iron, and copper in poultry meat remain within safe 
limits is crucial for public health. The safety of consuming poultry 
meat is influenced by the concentrations of various metals present 
within it. Overall, generalized permissible limit of these metals in 
poultry meat were difficult to find but the Egyptian Organization 
for Standardization and Quality Control as reported by Korish & 
Attia and more recently Kamaly & Sharkawy indicated that the 
allowable level of these metals was set at, Chromium (Cr): 1ppm 
(1 mg/kg), Iron (Fe): 150 ppm (150mg/kg), and Copper (Cu): 10 
ppm (10mg/kg) [21,35]. Thus the concentration of these metals 
examined in this study was found to all be within the allowable 
limit in poultry. 

Risk assessment was carried out on the chicken meat samples to 
ascertain the safety of its consumption. A hazard index value of 
greater than 1 indicates a high chance of an unfavorable health 
consequence associated with consumption of the food product 
[17,20,23]. The Hazard Index (HI), established to reflect the 
overall risk of metal toxicity, is the sum of all THQ values in a 
dietary sample [36,37,38]. The highest THQ value was recorded 
in imported frozen chicken from Market D (0.298 for adults and 
0.1 for children) for cobalt (Co). They hazard index (HI) was 

found to be less than 1 in all the samples which suggest that the 
chicken meat sold in major markets of Benin city metropolitan 
poses no public health concern. While this study provides baseline 
for further research on the toxicological and safety profile of 
chicken meat, provide a baseline for future study on the correlation 
between metal contamination and chicken meat quality in another 
geographical location, and also provide a guide to regulatory 
bodies and consumers alike on the potential health risks associated 
with parameters examined in this study, the study acknowledges 
that may be gap in the study particularly on the limited number 
of metal analysis and perhaps do not comprehensively represent 
metal contamination profile of the sample.

5. Conclusion
Assuring the safety of the meat products being provided to all 
parts of the world is a crucial component of the meat export 
sector, which is currently valued at over US$13 billion. Thus 
constant assessment and monitoring of the safety and quality 
of meat product has become imperative. The study noted that 
the chicken meat sample from the local farm presented a better 
option in terms of the lipid profile and lipid peroxidation status. 
In terms of the metal contamination profile, the concentration of 
cobalt, chromium, copper and iron were all found to be within 
the permissible limit in all the samples. Further, a risk assessment 
profile showed that hazard index (HI) was found to be less than 
1 in all the samples which suggest that the chicken meat sold in 
major markets of Benin city metropolitan poses no public health 
concern. 
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