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The concentrations of iron (Fe), copper (Cu), zinc (Zn), nickel (Ni), manganese (Mn), cadmium (Cd),
lead (Pb) and chromium (Cr) in chicken meat, chicken gizzard and turkey meat consumed in southern
Nigeria were determined after nitric acid/perchloric acid digestion using graphite furnace atomic ab-
sorption spectrophotometry. The order of the elements in the chicken meat, chicken gizzard and tur-
key meat was as followed: Fe>Zn>Ni>Cu>Cr>Pb>Cd>Mn. The concentration ranges of the elements
were: 23.59-97.72 mg.kg™" Fe; 0.01-5.15 mg.kg™' Cu; 4.95-48.23 mg kg Zn; 0.13-7.93 mg.kg™' Ni;
0.01-1.37 mgkg" Mn; 0.01-5.68 mg.kg" Cd; 0.01-4.60 mg.kg™" Pb and 0.01-3.43 mgkg™' Cr. The
concentrations of iron, manganese, copper, zinc were below the permissible limits while those of
cadmium, nickel, chromium and lead in some samples were at levels above the permissible limits.
The body burden with these elements is very dependent on the concentration of the various elements
in major sources of animal protein, namely turkey meat, chicken meat and gizzard, the frequency of

consumption of these foods and the rate of detoxification in the human body.
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Meat and meat products are important for
human diet because they provide a great
part of nutrients, including the necessary
trace elements. Heavy metals from man-
made pollution sources are continuously
released into aquatic and terrestrial eco-
systems and therefore, the concern about
the effect of anthropogenic pollution on
the ecosystems is growing. Contamination
with heavy metals is a serious threat be-
cause of their toxicity, bioaccumulation
and biomagnifications in the food chain
(Demirezen & Uruc, 2006). These pollu-
tants often have direct physiological toxic

effects because they are stored or incorpo-
rated in tissues, sometimes permanently
(Bokori et al., 1996; Mariam et al., 2004).
In recent years, much attention has been
focused on the levels of heavy metals in
fish and other seafoods with little attention
on the levels of heavy metals in chicken
gizzard, chicken and turkey meats.

In Nigeria, chicken meat, gizzard and
turkey meat are a major source of protein
to the population and are widely con-
sumed. The main source of metals in
chicken and turkey meat arises from con-
tamination of poultry feeds, and drinking
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water source and processing. In view of
the fact that there are very little or no
available original data on content of me-
tals in tissues of domestic and wild ani-
mals in Nigeria, studies were undertaken
in order to determine these levels in
chicken meat, chicken gizzard and turkey
meat in southern Nigeria, with emphasis
on hygienic and toxicological aspects.

A total of 210 random chicken meat,
gizzard and turkey meat samples were
collected in January—April 2007 from
sales outlets situated in seven widely
spread localities in southern Nigeria. The
age, sex and feeding habits of these ani-
mals were not taken into consideration
during sampling but it was assumed that
they were up to 6 months, locally proces-
sed and packaged or imported. The sam-
ples (chicken muscles, chicken gizzard
and turkey muscles) were collected in
polyethylene bags and stored at —18 °C
and analyzed as soon as possible. The
digestion of the samples for determination
of Cd, Pb, Mn, Ni, Cr, Fe and Zn was
done using a mixture of HNO;, HCIO,
and hydrogen peroxide (H,O;). The sam-
ples (2.00 g) placed in a digestion tube
were predigested in 10 mL concentrated
HNO; at 135°C until the liquor was clear.
Next, 10mL of HNO;, 1 mL HCIO,4 and 2
mL H,0, were added and temperature was
maintained at 135 °C for 1 h until the li-
quor became colourless. The digest was
slowly evaporated to near dryness (avoid-
ing prolonged baking), cooled and dis-
solved in 1M HNO;. The digests were
subsequently filtered through Whatman
filtre No 1 and diluted to 25 mL with IM
HNO;. The content of Cd, Pb, Mn, Ni, Cr,
Fe and Zn in the sample solution was ana-
lyzed using graphite furnace atomic ab-
sorption spectrophotometry (GBC scien-
tific equipment Sens AAs 1175, Austra-
lia).
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Appropriate quality assurance proce-
dure and precautions were carried out to
ensure reliability of the results. In all me-
tal determinations analytical blanks were
prepared in a similar manner. All glass-
ware was carefully cleaned with a solution
of 10% nitric acid for 48 h followed by
rinsing with deionized water. In order to
determine the reliability of instruments, a
blank and known standard were run after
every 6 samples. In addition, a recovery
study of the total analytical procedure was
carried out for metals in selected samples
by spiking analyzed samples with aliquots
of metal standards and then reanalyzed the
samples. A recovery of greater than
92.4% was achieved.

The statistical analysis of data was
done by the Student’s ¢ test .

The results for determination of metals
in wet weight are shown in Table 1. The
values measured in this study were com-
pared with literature data referring to oth-
er meat types from different areas of the
world and with international permissible
limits. Daily consumption of chicken
meat, turkey meat and chicken gizzard
was set to 100 g/day/person. The results
for the trace elements Cu, Fe, Mn and Zn
indicated that Fe and Zn were present at
higher concentrations than copper and
manganese. Iron occurs naturally in plants
and animals.

The concentrations of iron in the sam-
ples showed significant variability
(P<0.05) among the different locations. In
all locations the concentrations of iron in
the chicken meat were significantly higher
(P<0.05) than levels in the turkey meat
and chicken gizzard except for turkey
meat samples from Ughelli zone. The re-
sults indicated that chicken meat (22.07—
97.72 mg.kg") contained the highest con-
centrations of iron, followed by chicken
gizzard (19.28-45.72 mg.kg") and turkey
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meat (14.14 to 35.03 mg.kg'l) and there-
fore it could be used as a better source of
this element. The levels of iron in the stu-
died locations in Nigeria were lower than
those reported by Demirezen and Uruc
(2006) for certain meat and meat products
in Turkey.

In this study, concentrations of Zn
ranged between 4.95-48.23 mg.kg'l;
6.12-3321 mgkg' and 10.19-37.03
mg.kg'1 for turkey meat, chicken meat and
chicken gizzard, respectively. The mean
Zn levels in samples collected within the
same locality showed no significant dif-
ference except higher values found in
chicken meat and chicken gizzard in com-
parison to turkey meat collected from Be-
nin zone. The highest mean Zn level was
observed in turkey meat samples collected
from the Sapele zone. Mariam et al.
(2004) reported mean levels of 28.53+
3.39 mg.kg'1 Zn in lean meat of poultry in
Lahore. The levels of zinc we found in the
present study are similar to those of Ma-
riam et al. (2004). All the values in the
studied samples were below the permissi-
ble limit (150 mg.kg’l) set by the Austra-
lia-New  Zealand  Food  Authority
(ANZFA).

It should be highlighted that food is a
principal source of copper (Cu) as an es-
sential element for humans. In this study,
the average Cu levels ranged between
0.01-3.36 mgkg', 0.01-5.15 mgkg" and
0.46-2.55 mg.kg'1 for turkey meat,
chicken meat and chicken gizzard, respec-
tively. The chicken meat containedd more
Cu compared to the gizzard and turkey
meat in regions of Ughelli, Sapele and
Benin. There was no significant difference
in Cu levels between samples collected
from the same locality except for gizzard
samples coming from the Agbor zone.
Mariam et al. (2004) reported higher con-
centration of copper in mutton, beef and
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poultry meat from Lahore region. Al-
though Cu is an essential element, it is
toxic and the maximum limit intake was
set from 1 to 10 mg/day (WHO, 1996).
Our data about Cu in turkey meat, chicken
meat, and gizzards were below the per-
missible limit.

Nickel (Ni) can cause respiratory
problems and is a carcinogen (Anony-
mous 2003; Agency for Toxic Substance
and Disease Registry, 2004). The upper
tolerable Ni intake for children (1-3 years
old) and adults (19—70 years old) is 7 and
40 mg/day, respectively. The highest
mean level of Ni was found in turkey meat
samples collected from Warri zone (20.78
mg.kg’l). The levels of Ni found in these
samples did not exceed the upper tole-
rable intake levels of this element.

The concentrations of manganese
(Mn) in samples were generally low com-
pared to other metals studied. The highest
Mn level was found in turkey meat sam-
ples from the Warri zone. Upper tolerable
intake of Mn for people is 2—11 mg/day
(Anonymous, 2003). The Mn levels in this
study were below the upper tolerable in-
take for humans in all studied regions.

Excess lead (Pb) is known to reduce
the cognitive development and intellectual
performance in children and to increase
blood pressure and cardiovascular disease
incidence in adults (Commission of the
European Communities, 2001). The Pb
concentrations in this study varied be-
tween 0.01-4.60 mgkg' for chicken
meat; 0.01-3.22 mgkg"' for gizzards and
0.08-1.55 mg.kg'1 for turkey meat. The Pb
content in chicken meat from the Asaba
zone was significantly higher (P<0.05)
than levels in chicken meat from any other
locality. Excessive amount of Pb in
chicken meat could not be attributed to
industrialization alone. High levels of
metals in poultry products emanate mainly
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from contamination of feeds and water
sources. Mariam et al. (2004) reported
mean levels of 2.18 mg.kg”, 4.25 mgkg"
and 3.15 mg.kg" for lead in beef, mutton
and poultry, respectively. The levels
found in this study were much lower than
these values and were under the permissi-
ble limits of 1 mg.kg™".

Food is one of the principal environ-
mental sources of cadmium (Baykov et
al., 1996). All samples collected from Ug-
helli zone and turkey meat samples from
the Warri zone showed higher Cd levels in
comparison to the samples from other
regions. Gonzalez-Weller et al. (2006)
reported mean levels of 1.68 ug.kg'1 Cdin
chicken meat, 5.49 ug.kg'1 Cd in pork
meat, 1.90 ug.kg'1 in beef meat and 1.22
ng.kg"' Cd in lamb meat. Higher values of
Cd were found in meat products con-
sumed by the population in Teneriffe Is-
land, Spain: 4.15 ug.kg’1 Cd in chicken
meat products, 6.50 ug.kg’1 Cd in pork
meat products, 4.76 ug.kg’1 Cd in beef
meat products; and 5.98 ug.kg'1 Cd in tur-
key meat products. Mariam et al. (2004)
reported Cd content of 0.33 mg.kg'l, 0.37
mgkg” and 0.31 mgkg" for lean meat of
beef, mutton and poultry respectively. Cd
levels found in our study were comparable
to levels reported by Mariam et al. (2004)
and much higher than those reported by
Gonzalez-Weller et al. (2006). The per-
missible limit of cadmium in meat is 0.5
mg.kg'1 (Anonymous 2000; 2001b). The
concentrations of cadmium exceeded the
permissible limits in all samples from the
Ughelli region, in turkey meat from Warri
region and chicken meat from Sapele re-
gion.

Chromium (III) is an essential element
at low concentrations and at the same time
chromium (VI) is carcinogenic; the daily
requirement for adults is estimated to be
between 0.02 and 0.5 mg/day (Tarley et
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al., 2001). In general, the total concentra-
tions of chromium in meat and fish ranged
from 0.01 to 1.3 mg.kg'1 (Anonymous,
1996). However, in the current study, var-
iations between 0.01 and 3.43 mgkg”,
0.01 and 4.83 mgkg"; and 0.38 and 2.33
mg.kg'1 were observed for turkey meat,
chicken meat and chicken gizzard, respec-
tively. The Cr concentrations followed the
order: chicken meat>chicken gizzard>
turkey meat. The concentrations of this
element varied significantly (p<0.05) be-
tween localities. The Cr levels recorded in
this study were lower than those reported
by Demirezen and Uruc (2006) for certain
fish, meat and meat products in Turkey.
The levels of chromium in this study met
the estimated daily requirement for this
trace element provided that daily meat
intake was no more than 100 g.

In general, chicken meats contained
higher levels of these metals compared to
chicken gizzard and turkey meat. These
levels of trace elements in samples could
result from contamination of the feed,
water source, the environment, the proc-
essing and the packaging. Therefore peo-
ple that consume chicken meat in prefer-
ence to turkey meat and chicken gizzard
are likely to be exposed to higher metal
levels. The information provided herein
will be essential to frame guidelines and
standards for heavy metals in meat and
meat products in Nigeria.
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