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INTRODUCTION

Broilers are birds of the species Gallus domesticus that
have been breed specially for rapid growth so that they will
on average reach a weight in excess of 2 kg in six weeks of
age having consumed less than 2 kg of feed for each kilogram
gain in weight1. Broiler production is one of the quickest
ways to bridge the animal protein supply situation in Nigeria.
Broilers as simple stomached animals to a large extent depend
on grains, legumes and cereals for a great proportion of their
ration. These feeding stuffs are grown on soils that have varying
degrees of mineral elements and toxic trace metals. Considerable
amounts of trace elements get into the environment by
human activity2. It has been reported that  industries, traffics
and agricultural technologies have accounted for the largest
discharge of trace elements into the soil, water and air3. Trace
elements are known to be toxic to all ecosystem components
both on the aquatic and terrestrial system4. Incorporation of
trace elements into the food chain of animals can lead to
chronic diseases, reduce fertility and injure the cardiovascular
and nervous systems5. Meanwhile broilers require mineral
elements such as Ca, P, Na, Cl and Mg in relatively large
quantities as against Mn, I, Fe, Co, Cu, etc. required in small
quantities. Minerals are needed for skeletal tissue development
and maintenance6. Joint Food and Agriculture Organization
(FAO)/WHO Expert Committee on Food Additives (JECFA)
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and European Commission (EC) have set the Provisional
Tolerable Daily Intake (PTDI) limits and maximum levels
(ML) for certain contaminants. These parameters are relevant
in assessing toxic element concentrations in both the human
body and foodstuffs7-10. The PTDI limits are end points used
for contaminants such as toxic elements with cumulative
properties, representing permissible human daily exposure to
those contaminants that are unavoidably associated with
the consumption of contaminated foodstuffs. The limits and
maximum levels represents the maximum concentration of
contaminants in foodstuffs which is acceptable and poses no
human health risk10. In view of the growing public health
concern on providing only meat that are safe to the consuming
public, the present study was designed to assess the mineral
elements and trace elements in broilers meat parts sampled in
Nsukka, a town located in South Eastern region of Nigeria
and also determine any possible potential health risk due to
excess exposure to the toxic metals.

EXPERIMENTAL

Thirty broiler birds were bought from different poultry
farms in Nsukka in August, 2014. The birds were killed and
dissected to obtain the different parts required for analysis
which include the liver, heart, muscle, intestine and gizzard.
Samples for analysis were dried to a constant weight at 105 °C.
The dry samples were ground using porcelain mortar and pestle



and thereafter stored in desiccators. 10 g of dried samples was
digested with 60 mL of freshly prepared 1:1 HNO3:H2O2

solution at 160 °C on a hot plate for about 1 h until the contents
reduced to about 5 mL11. The digest was transferred to a
standard flask and made up to 25 mL with distilled water. The
solution were aspirated into an optima 2000DU Perkin Elmer
ICP-OES (USA) for the determination of Se, As, Cr, Mn, P
and Cd. Appropriate standards supplied by Perkin Elmer were
used. Calcium, Mg and Pb were determined by using an atomic
absorption spectrometer (UNICAM, 969, UK) equipped with
air-acetylene flame while Na and K were determined with
a flame photometer (Gallenkamp Flame analyser UK). The
data obtained were subjected to a one-way Analysis Variance
(ANOVA) according to the procedure of Steel and Torrie12. Signi-
ficantly different means were separated using the methods of
Duncan13.

Quality assurance procedure: Appropriate quality control
measures were carried out. Sample blanks, prepared by taking
60 mL of the digestion mixture through the digestion procedure
were analyzed for all the metals. Detection limits were deter-
mined by lowest possible dilution and the values (mg/L) were:
Pb (0.004), Cd (0.002), Cr (0.02), Mn (0.01), As (0.02) and
Se (0.01). The digestion method was validated by carrying
out recovery experiment. This was done by determining the
concentrations of the metals in triplicate samples of un-spiked
and spiked liver samples. Spiking was done by adding the
different metal solutions to 10g of ground liver which was
later subjected to the digestion procedure.
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where X = concentration of the spiked sample, Y = concen-
tration of the un-spiked sample; Z = concentration of the metal
ion added.

Health risk assessment: The health risk associated with
consumption of broiler chicken meat was determined by evalu-
ating the target hazard quotient (THQ)10. The THQ value for the
toxic trace metals were determined by using the following equation:
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where THQ is target hazard quotient; EF is exposure frequency
(350 days/year); ED is exposure duration, (70 years); Estimated

daily intake (EDI) is ∑ =
×

3

1i
MCMI  [MI = meat ingestion (g/

person/day); MC =metal concentration in (mg/kg); subscript i
= 1-3 corresponding to muscle, liver and gizzard]; RfD is the
oral reference dose (mg/kg/day); BW is the average body
weight (60 kg), AT is average time for non-carcinogens (365
days/year × ED). Oral reference doses (RfD) mg/kg/day for
the metals are: Cd (0.001), Pb (0.004), As (0.0003), Se (0.005)
and Mn (0.14)14. Information on the daily consumption rate
of boiler chicken for an adult (muscle = 64 g/day; gizzard =
68 g/day and liver 37 g/day) were obtained from literature15.

RESULTS AND DISCUSSION

The mean % recoveries of the metals and % precision
(Table-1) showed good recoveries and accuracy, thus validating
the method of analysis. Table-2 shows the mean concentration
of toxic trace metals in the different broiler meat parts. Results
showed that the concentration of Mn was significantly (P <
0.05) higher in the intestine and liver. Manganese concentration
(mg/kg) of 0.09 and 0.08 was observed in the intestine and
liver respectively. These values differ significantly from Mn
concentration (mg/kg) of 0.06, 0.03, 0.02 and 0.01 observed
for the heart, muscle, gizzard and neck respectively. Similarly,
the Cd value of 0.07 mg/kg observed for the intestine was
significantly higher (P < 0.05) than values recorded for other
parts. As concentration followed the same trend as Mn and
Cd concentration. Significantly (P < 0.05) higher values were
observed in the intestine, however the concentration of As in
the gizzard was also relatively high. Pb concentration was
significantly (P < 0.05) higher in the breast muscle and this
differed significantly (P < 0.05) from 0.80, 0.60, 0.50, 0.50
mg/kg observed for the parts from the liver, gizzard, neck and
intestine respectively. A Se concentration of 0.03 mg/kg

TABLE-1 
PERCENT MEAN (n =3) RECOVERY FOR THE METALS IN LIVER SAMPLES 

Elements Spiked (added) 
concentration (µg/mL) 

Concentration of unspiked 
sample (µg/mL) 

Concentration of spiked 
sample (µg/mL) 

Recovery (%) Precision (%) 

Mn 0.200 0.032 0.230 99 ± 1.15 1.16 
Cd 0.100 0.020 0.123 103 ± 4.00 3.88 
*Cr 0.250 0.480 0.690 84 ± 2.08 2.48 
As 0.100 0.020 0.110 90 ± 1.00 1.11 
Pb 0.100 0.032 0.126 94 ± 2.00 2.13 
Se 0.100 0.010 0.090 80 ± 2.00 2.50 

*Muscle samples were used. 

 
TABLE-2 

MEAN CONCENTRATIONS OF TOXIC TRACE METALS (mg/kg DRY WEIGHT) 

Trace metals Neck Heart Gizzard Intestine Muscle Liver 
Mn 0.01d ± 0.01 0.06b ± 0.02 0.02d ± 0.02 0.09a ± 0.01 0.03c ± 0.01 0.08a ± 0.01 
Cd 0.01c ± 0.01 ND 0.04b ± 0.01 0.07a ± 0.02 0.03c ± 0.01 0.04b ± 0.01 
Cr 1.21c ± 0.10 ND 1.70b ± 0.07 2.94a ± 0.11 1.50b ± 0.06 ND 
As 0.02c ± 0.01 0.02c ± 0.01 2.10a ± 0.44 2.13a ± 0.80 1.20b ± 0.50 0.02c ± 0.01 
Pb 0.50c ± 0.12 ND 0.60c ± 0.13 0.50c ± 0.50 1.00a ± 0.07 0.80b ± 0.08 
Se 0.01b ± 0.01 ND 0.01b ± 0.01 0.03a ± 0.01 0.01b ± 0.01 0.01b ± 0.01 

abcdRow means with different superscripts are significantly different at (P < 0.05), ND = not detectable. 
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observed for the intestine was significantly (P < 0.05) higher
than the values observed for other parts. Table-3 shows the
mean concentration of some mineral elements observed in the
cut broiler parts. Potassium concentration was significantly
(P < 0.05) higher in the liver. A concentration of 33.86 mg/kg
observed for the liver was significantly (P < 0.05) higher than
a concentration of 19.41, 17.11, 10.46, 9.81 and 7.11 mg/kg
observed for cut parts from the heart, breast muscle, intestine,
gizzard and neck respectively. The neck had significantly
higher concentration of Ca and P than other cut parts studied,
relative high concentration of Ca and P were also observed in
the liver. Sodium concentration was significantly higher in
the gizzard. The Na concentration of 43.81 mg/kg observed
in the gizzard was significantly higher than values observed
in other cut parts. Significantly (P < 0.05) higher concentration
of Mg was also recorded in the gizzard.

High levels of the toxic trace metals was observed in the
intestine and liver of broiler chicken. It has been established
that intestinal absorption and pulmonary uptake are the major
routes of metal entrance into the body of higher organisms16.
The significantly higher concentration of toxic trace metals in
the small intestine and liver observed in this study agrees with
this view. This may also be connected with the physiological
role of the intestine as the active site of digestion. The concen-
trations (mg/kg) of Pb recorded in all parts studied were above
0.10 and 0.50 mg/kg stipulated by the European Union for
poultry meat and edible offal’s respectively17. This is indica-
tive of high levels of lead in the environment. Lead pollution
could arise from automobile exhaust gases, which arise from
anti knocking agents added in gasoline. 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 cumulative poison and poses the greatest problem of
chronic intoxication. Reports have shown that ingested Pb ions
bind with the haemoglobin and plasma protein of the blood
due to high affinity for proteins, thus inhibiting the synthesis
of red blood cells and vital transport of oxygen18 and when
this binding capacity is exceeded, Pb passes into the bone
marrow, liver and kidney18. The concentration of Cd recorded
for the intestine exceeded the Codex Committee of Food

Additives and Contaminants draft guideline of 0.05 mg/kg
while levels in other tissues were within the guideline value19.
It has been reported that poultry feed sold in South Eastern
Nigeria contains high levels of lead (1.10-7.33 mg/kg) and
moderate levels of cadmium (0.038-0.463 mg/kg) and
manganese (26.91-76.74 mg/kg)20. The range of lead and
cadmium in this study were lower than Pb (0.01-4.60 mg/kg)
and Cd (0.01-5.68 mg/kg) reported in chicken and turkey meat
from southern Nigeria21. Also, lead (52.41-61.29 mg/kg) and
cadmium (5.53-11.48 mg/kg) earlier reported for broiler exotic
meat by some workers22 were higher than results observed in
the present study. Arsenic levels in muscle, gizzard and
intestine were above the US Food and Drug Administration
limit of 0.50 mg/kg recommended for edible tissues of chicken
and turkey23. The principal sources of arsenic compounds are
the arsenical pesticides, smelters and coal fired power plants.
Smelting of non-ferrous metals and production of energy from
fossil fuel are among the industrial sources that lead to arsenic
contamination of air, water and soil24. More so, arsenic is used
in some veterinary drugs, including those used to treat birds
and animals used for commercial food products23. The arsenic
concentration in this study is lower than 44.09 ± 3.62 mg/kg
reported in poultry from Lahore, Pakistan25. The detected
chromium levels reported in this study were above the Brazilian
maximum levels (0.10 mg/kg) in meat and fish26. Chromium
sources could be from waste effluents discharged from textile,
pigment, leather tanning and electroplating industries, incinera-
tion of municipal refuse and sewage sludge. Manganese levels
in this study were much lower than the WHO/EU maximum
limit (0.20 mg/kg)27. The levels of selenium were also low
compared to 0.04-0.12 and 0.1-0.81 mg/kg reported in meat
and meat products in India28 and United States29 respectively.
The mineral elements obtained in the study were moderate.
These are essential minerals which are beneficial to man.
Potassium affects the trans-membrane potential and also
plays its role as the major determination of intracellular ionic
strength30. Calcium is essential constituent of the body and is
the most important intracellular cation. It acts as a second
messenger in various signal transduction cascades25. Sodium
is also an important cation in the body and is involved in

TABLE-3 
CONCENTRATION OF THE ESSENTIAL MINERALS (mg/kg DRY WEIGHT) 

Mineral Elements Neck Heart Gizzard Intestine Muscle Liver 
K 7.11d ± 0.20 19.41b ± 0.30 9.81d ± 0.15 10.46c ± 0.14 17.11b ± 0.13 33.86a ± 0.18 
Ca 177.5a ± 0.40 15.22d ± 0.24 17.04d ± 0.10 15.12d ± 0.09 36.77c ± 0.34 80.44b ± 0.17 
Na 12.41d ± 0.22 17.55c ± 0.15 43.81a ± 0.60 30.40b ± 0.50 30.55b ± 0.40 10.44d ± 0.18 
Mg 60.50b ± 0.44 40.33c ± 0.44 70.55b ± 0.68 54.80b ± 0.55 20.77d ± 0.17 40.23c ± 0.9 
P 88.50a ± 0.78 7.75d ± 0.55 8.55d ± 0.44 7.63d ± 0.23 15.55c ± 0.11 40.23b ± 0.11 

abcdRow means with different superscripts are significantly different at (P < 0.05). 

 
TABLE-4 

ESTIMATED DAILY INTAKE (µg/day FOR A 60 kg ADULT) AND TARGET HAZARD QUOTIENT OF THE TOXIC TRACE METALS 

 Meat parts Pb Cd As Se Cr Mn 
Muscle 64 1.92 76.8 0.64 96 1.92 
Gizzard 40.8 2.72 142.8 0.68 115.6 1.36 
Liver 29.6 1.48 0.74 0.37 - 2.96 

EDI 

Total 134.4 6.12 220.34 1.69 211.6 6.24 
THQ  0.54 0.1 11.73 0.005 - 0.0007 
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maintaining trans-membrane potential. It has been reported
that the most important mineral constituent of the skeleton is
calcium and that bone is a metabolic pool of calcium and
phosphorus31. The relatively high calcium content of the neck
is consistent with reports in literature32. The present result also
revealed a Ca:P ratio of approximately 2:1 for all parts of the
broiler studied. It has been reported that animals require Ca
and P in large quantity for proper body function and that for
optimal performance; Ca and P need to be present at required
levels. The ideal Ca to P ratio (Ca:P) has been reported to be
approximately 1:1 to 2:133. The estimated daily intakes (EDI)
of some of the metals were estimated by multiplication of the
daily consumption of chicken meat with the metal content in
chicken meat34. The recent Provisional Tolerable Daily Intake
(PTDI) for cadmium set by JECFA is 50 µg/day for a 60 kg
adult35. The intake of Cd from broiler chicken is quite low
(12 %) of PTDI. However, the intakes of As (183 %) of PTDI
(120 µg/day for 60 kg adult17 and Cr (106 %) of Recommended
Daily Intake (RDI) of 50-200 µg/day for adults and adoles-
cents36 were very high. The Pb intake (63 %) of PTDI (214
µg/day) for a 60 kg adult37 is appreciable. The daily intake of
selenium and manganese in this study were very low. A maximal
daily safe dietary selenium intake of 400 µg has been suggested
for adults38. Daily intake of small amounts of manganese is
needed for growth and good health in humans otherwise defi-
ciency of manganese can cause nervous system problems39.
The health risks from consumption of broiler chicken meat
were determined based on the target hazard quotient (THQ).
The THQ is a ratio of determined dose of a pollutant to a reference
dose level. If the ratio is less than 1, the exposed population is
unlikely to experience obvious adverse effects40. Target hazard
quotient has been recognized as a useful parameter for
evaluation of risk associated with the consumption of metal
contaminated food41. The THQ of this study is presented in
Table-2. With the exception of As, the THQs of the other metals
were less than 1, thus signifying no probable health risk. The
Pb and Cd THQs in this study were similar to values reported
in cow meat for an urban population in Enugu State, Nigeria42

.

The THQ of arsenic is quite high (11.73), thus indicating a
relatively high health risk to the consumers. Low level exposure
to arsenic is associated with skin, vascular and nervous system
disorders17. Also the International Agency for Research into
Cancer (IARC) has classified arsenic as a human carcinogen17,
as a result of increased incidence of cancer in occupationally
exposed people.

Conclusion

Levels of lead and arsenic were appreciable in broiler
chicken meat compared to the permissible limit set by some
regulatory bodies. The THQs were less than 1 for the trace
metals except for As which has a very high value, thus indi-
cating probable health risk. This is of utmost concern for safety
of the consumers. Diffuse dispersion and exposure to these
metal contaminants by the birds may occur from contaminated
agricultural land from which the feed stuff were obtained,
runoff from waste dumps and contaminated water, thus
increasing the metal burden transferred into the food chain.
Therefore, there is need for a drastic reduction in these environ-
mental contaminants in order to safeguard the food chain. This

study will contribute to baseline data on the intake values for
the safety of the population in Nigeria and for further studies.
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