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Abstract
Background: Around the world, poultry meat is a staple of everyday meals. However, chicken flesh is not always as 
healthy as it looks since it becomes contaminated by pollutants from the environment, especially heavy metals, which 
can bioaccumulate and magnify, and endanger human health. 
Aim: The current investigation set out to evaluate the degree of contamination in a subset of chicken samples and the 
potential risks to human health associated with the ingestion of chicken meat. 
Methods: Using atomic absorption spectroscopy, the heavy metal (lead, cadmium, and copper) contents of chicken 
samples were evaluated. To assess the residual content, 100 samples of chicken meat, 25 of each from the breast, thigh, 
gizzard, and liver were randomly selected from chicken butchers in Kafr El-Sheikh and El-Gharbia governorate in 
Egypt. 
Results: Lead had mean values of 0.27 ± 0.01, 0.34 ± 0.01, 0.55 ± 0.01, and 0.61 ± 0.02 (mg/kg ww), in the examined 
breast, thigh, gizzards, and liver, respectively. Cadmium, on the other hand, had mean levels (mg/kg ww) of 0.09 ± 
0.01, 0.12 ± 0.01, 0.18 ± 0.01, and 0.25 ± 0.01 in the same samples, respectively. The copper residues had mean values 
(mg/kg ww) of 1.53 ± 0.14, 1.69 ± 0.16, 2.05 ± 0.17, and 2.71 ± 0.22, in the same samples, respectively. 
Conclusion: Further government efforts are required to reduce environmental pollution and enhance the quality of 
the El-Gharbia governorate to prevent the accumulation of heavy metals, even though the majority of the samples 
that were examined fell within the acceptable limits established by the Egyptian Organization for Standardization and 
Quality Control. 
Keywords: Heavy metals, Chicken flesh, Health risks, Reduction.

Introduction
The transfer of heavy metals from polluted sources to 
the food chain has posed a severe concern to human 
health. This is also a result of the world's population 
growing at an accelerated rate, which has created a 
lot of waste from residential, commercial, industrial, 
and agricultural sources, negatively affecting the 
ecosystem. The chicken industry is a major contributor 
to human diets in many parts of the world (Alturiqi and 
Albedair, 2012). 
Because of their significance from the perspectives 
of necessity and toxicity, heavy metals have been 
thoroughly investigated for their toxic effects (Tao 
et al., 2012; Ahmed et al., 2015). In addition to being 
necessary for human nutrition, several micronutrients, 
such as copper (Cu), may also be toxic in excessive 
concentrations (Rahman et al., 2014). Certain metals, 
such as lead (Pb) and cadmium (Cd), may inadvertently 
find their way into the food chain and endanger both 
people and animals (Rahman et al., 2014). According 
to Lei et al. (2010), the US Environmental Protection 

Agency has concluded that the most dangerous 
substances found in the environment are heavy metals. 
If ingested over an extended period of time, hazardous 
compounds can be extremely deadly even in tiny 
amounts (Forti et al., 2011). 
Lead has been connected to abnormal changes 
to the central nervous system and organs, which 
lower children's intelligence quotients. Cadmium is 
dangerous for the bones, kidneys, and circulatory 
system even though it is an inorganic substance. 
According to Ahmed et  al. (2015), this is the most 
dangerous type of arsenic and causes cancer in humans. 
In underdeveloped countries, excessive amounts of 
heavy metal residue have been connected to municipal 
wastes. In the absence of appropriate control methods, 
heavy metal contamination is likely to reach dangerous 
levels when anthropogenic activities increase beyond 
normal. Growing numbers of hazardous, open disposal 
sites for home, municipal, industrial, and medical 
waste are regular occurrences (Solomon et al., 2014).
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At dump sites, heavy metals from human activity have 
accumulated in the soil. It has been stated that these 
metals pose a risk to crops, livestock, and people. 
Furthermore, concentrations of heavy metals can 
spread through the food chain, building up in the food 
web, and eventually reaching humans (Adewuyi and 
Opasina, 2010).
The type of food and the path the food took to be exposed 
to the hazard element determine the concentrations 
of hazard elements in food. These substances can 
infiltrate food through a variety of environmental 
channels, including tainted water, untreated industrial 
and municipal waste, and contaminated air. The 
primary route via which humans are exposed to 
potentially hazardous components is thought to be food 
consumption; other pathways include inhalation and 
skin contact with polluted water (Arslan et al., 2016). 
Because heavy metals are harmful, even in very low 
quantities, the risk of heavy metal contamination in 
meat is extremely concerning for the safety of animal 
and human health (Akan et  al., 2010). Heavy metals 
can build up in food after years of exposure and have 
long-term effects. To stop the accumulation of heavy 
metals in the food chain, it is crucial to monitor the 
amounts of these metals in food (Al-Hwaiti and Al-
Khashman, 2015). Heavy metals come from a variety 
of sources, including batteries, metal melting, metal 
products manufacturing, car emissions, cable coating 
businesses, diesel generators, and re-suspended road 
dust. All these resources have the potential to be major 
contributors to food contamination. Another source of 
heavy metals in the field is irrigation water tainted by 
industrial waste (Hariri et  al., 2015; Adejumo et  al., 
2016). 
One of the many experiments that have been carried 
out to control these factors and their main issue is 
probiotics. According to Veglio et  al. (1997), their 
method of action in reducing these hazardous risks 
may be ascribed to the metal ions' ability to attach to 
extracellular polysaccharides and cell walls of both 
active and inactive cells through a variety of processes 
including adsorption, ion exchange, complexation, 
chelation, and microprecipitation.
Thus, the goals of this research are to determine the 
levels of Cu, Cd, and Pb in frequently consumed 
meat products in Egypt, as well as to assess the health 
hazards associated with the consumption of such meat 
types. Besides, a trial to reduce the metal load in the 
contaminated samples using probiotics was tested.

Materials and Methods
Sample collection
A total of 100 randomly selected samples of chicken, 
consisting of 25 pieces of each of the gizzard, liver, 
breast, and thigh, were gathered from several chicken 
slaughterhouses situated in the governorates of Kafr 
El-Sheikh and El-Gharbia, Egypt. Each sample 
was wrapped and then transported and cooled to the 

laboratory for the determination of their heavy metal 
residues (lead, cadmium, and copper). 
Method of digestion 
One gram of each sample was macerated and digested 
in 10 ml of a mixture (60 ml of 65% nitric acid and 
40 ml of 70% perchloric acid) in a screw-capped tube 
(Tsoumbaris and Papadopoulou, 1994; AOAC, 2006). 
Heavy metals measurement
Lead, Cd, and Cu residues were recorded using a Flame 
Atomic Absorption Spectrophotometer. Lead, Cd, and 
Cu absorbencies were taken straight from the digital 
AAS scale, and their concentrations were computed 
using the formula, C = R × (D/W),
where R is the reading of the AAS digital scale and C 
is the lead concentration (mg/kg) wet weight. D stands 
for prepared sample dilution and W for sample weight.
Impact of Lactobacillus rhamnosus on experimentally 
inoculated chicken fillets' 
The probiotic L. rhamnosus strain utilized in this 
investigation was acquired from the Graduate School 
of Medicine, Department of Microbiology and 
Immunology, Osaka University, Osaka, Japan. To 
create the diluted solutions used for binding studies, 
Fluka (Sigma-Aldrich) provided a standard solution of 
cadmium and lead (1,000 mg/l) in HNO3 (2%, w/w).
To create an overnight culture, a strain of L. rhamnosus 
was cultured for 24 hours at 37°C in brain heart infusion 
(BHI) broth (Sigma-Aldrich, Chemie GmbH). Sterile 
peptone water (0.1%, w/v) was used to decimally 
dilute 1 ml of the grown bacterial suspension (Merck, 
Darmstadt, Germany). Thus, using the plate count 
method (a volume of the culture broth corresponding to 
about 1 × 107) and BHI Agar (Sigma-Aldrich Chemie 
GmbH), the viable count of L. rhamnosus strain was 
performed (Halttunen et al., 2008). 
Assay for binding
One kilogram of chicken fillets was mixed in the 
bacterial strain to achieve a final concentration of 
either 1 × 107 bacteria and 20 mg/kg ionic lead standard 
solution, 1 × 107 bacteria plus 20 mg/kg ionic cadmium 
standard solution. The chicken fillets were incubated 
for 24 hours on a fine Mixer SH2000 Orbital Shaker 
(FINEPCR, Seoul, Korea) with gentle agitation after 
being treated with bacterial stain and metal solution. 
As a result, the metal-contaminated chicken fillets 
were used as the control sample. On the other hand, 
the treated groups received L. rhamnosus, while the 
test groups consisted of heavy metal-contaminated 
beef fillets. Ultrapure HNO3 was used to acidify the 
samples, which were then measured for each free metal 
using a flame atomic absorption spectrophotometer at 
0, 8, 16, and 24-hour intervals (Halttunen et al., 2008).
Statistical analysis
In accordance with Feldman et al. (2003), the ANOVA 
was carried out for the statistical evaluation of the 
acquired results, where p values of 0.05 or less were 
considered to be significant. 
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Ethical approval
Not needed for this study. 

Results
Lead
The data gathered are presented in Table 1, which 
indicates that Pb contamination was detected in 36%, 
36%, 40%, and 48% of the raw chicken meat (liver, 
thigh, gizzards, and breast, in that order). The Pb 
concentrations in the examined samples of chicken 
flesh (breast, thigh, gizzard, and liver) had a mean 
value of 0.27 ± 0.01 µg/g (breast), 0.34 ± 0.01 µg/g 
(thigh), 0.55 ± 0.01 µg/g (gizzards), and 0.61 ± 0.02 
µg/g (liver), according to the results in Table 2. For Pb 
residues in meat and offal, the Egyptian Organization 
for Standardization and Quality Control (EOS, 2010) 
established a permissible level of 0.1 mg/kg for meat 
and 0.5 mg/kg for edible offal. According to Table 3, 
the proportions of undesirable chicken breast, thigh, 
gizzard, and liver were, respectively, 20%, 24%, 32%, 
and 36%.

Cadmium
Table 4 presented the percentages of Cd residues found 
in the liver, gizzard, thigh, and chicken breast samples 
that were analyzed (24%, 24%, 28%, and 36%, 
respectively). The amounts of Cd in samples of chicken 
liver, gizzard, thighs, and breast are shown in Table 5. 
The mean Cd contents in the subsequent samples were 
0.09 ± 0.01, 0.12 ± 0.01, 0.18 ± 0.01, and 0.25 ± 0.01 
µg/g, in that order. For Cd residues in meat and offal, a 
permissible limit of 0.05 µg/g for meat and 0.1 µg/g for 
edible offal has been established (EOS, 2010). Table 
6 shows that the percentages of chicken breast, thigh, 
gizzard, and liver that were deemed undesirable were 
12%, 12%, 16%, and 24%, respectively.
Copper
All examined samples had Cu residues. The average 
concentrations (µg/g ww) of Cu in the examined 
poultry meat samples, breast, thigh, gizzard, and liver 
were 1.53 ± 0.14, 1.69 ± 0.16, 2.05 ± 0.17, and 2.71 ± 
0.22, respectively (Table 7). A maximum of 15.0 µg/g 
for meat and edible offal is the maximum permissible 

Table 1. Occurrence of Pb residues in the examined samples. 

Chicken tissues No. of examined 
samples No %

Breast 25 9 36
Thigh 25 9 36
Gizzard 25 10 40
Liver 25 12 48
Total 100 40 40

Table 2. Concentrations of Pb (mg/kg) in the examined 
samples. 

Chicken tissues Min. Max. Mean ±S. E*
Breast 0.02 0.79 0.27 ± 0.01 d

Thigh 0.03 0.92 0.34 ± 0.01 c

Gizzard 0.04 1.28 0.55 ± 0.01 b

Liver 0.05 1.44 0.61 ± 0.02 a

*Mean values with different superscript letters are significantly 
different (p < 0.05).

Table 3. Fitness of the examined samples of chicken meat and offal according to their Pb residues. 

Chicken tissues MRL 
(ppb)a

Fit samples Unfit samples
% No % No

Breast 0.1 80 20 20 5
Thigh 0.1 76 19 24 6
Gizzard 0.1 68 17 32 8
Liver 0.1 64 16 36 9

aEgyptian Organization of Standardization “EOS” (2010).

Table 4. Occurrence of Cd residues in the examined samples. 

Chicken tissues No. of examined 
samples No %

Breast 25 6 24
Thigh 25 6 24
Gizzard 25 7 28
Liver 25 9 36
Total 100 28 28

Table 5. Concentrations of Cd (mg/kg) in the examined 
samples. 

Chicken tissues Min. Max. Mean ± S. E*
Breast 0.01 0.24 0.09 ± 0.01 c

Thigh 0.01 0.30 0.12 ± 0.01 c

Gizzard 0.02 0.37 0.18 ± 0.01 b

Liver 0.04 0.51 0.25 ± 0.01 a

*Mean values with different superscript letters are significantly 
different (p < 0.05).
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limit of Cu in meat and offal as established by EOS 
(EOS, 2010). No sample exceeded that limit.
Effects of L. rhamnosus culture on experimentally 
contaminated chicken fillet with Pb and Cd
The findings shown in Table 8 showed that the L. 
rhamnosus strain culture (1 × 107) effectively reduced 
Pb. After 8, 16, and 24 hours of incubation, Pb content 
showed a decline; the reduction rates were 63.9%, 
71.1%, and 76.8%, respectively. Likely, Cd residues 
were significantly reduced by 67.6%, 75.4%, and 
79.7%, respectively (Tables 8 and 9).

Discussion
Lead
According to Garcia-Leston et  al. (2010), lead is a 
non-essential element that has a well-known history of 
having detrimental health effects, such as neurotoxicity 
and nephrotoxicity. Concerning the Pb concentrations 
that were found in the tested samples of chicken giblets 
and flesh. According to earlier findings from Egypt 
and around the world, these values were comparable 
to previous reports (ElBayomi et al., 2018, El-Wehedy 
et  al., 2018, Elsharawy, 2019). A number of other 
researchers (Iwegbue et al., 2008, Sadeghi et al., 2015, 
Chowdhury et  al., 2022) reported higher Pb levels. 
Other reports showed that meat samples yielded lower 
values (Mohammed et  al., 2013, Onyeka and David, 
2015). Lead toxicity results in neuropathy, and lead 
encephalopathy, which manifests as agitation, ataxia, 
seizures, and altered states of consciousness in children. 
Other conditions that could arise include ovarian 
atrophy, renal toxicity, liver apoptosis, hemolytic 
anemia, and atherosclerosis (Khalafalla et al., 2011). 

Cadmium
According to Khalafalla et al. (2011), cadmium is an 
ostensibly non-essential metal that is missing at birth 
but accumulates in the body as people age. This process 
is known as tissue-specific bioaccumulation. The levels 
of Cd residues found in the gizzards, liver, breast, and 
thigh meat samples that were tested were greater than 
those found in previous publications (Ghimpeteanu 
et al., 2012; Hamasalim and Mohammed, 2013). Prior 
studies found almost identical amounts (Onyeka and 
David, 2015; Shaltout et al., 2018). Although the results 
of the current study were not as high as those reported in 
a number of papers (Badis et al., 2014; Mottalib et al., 
2018). Liver samples had the highest Cd concentrations 
found in the tested samples. Muscle samples had the 
lowest amounts of Cd concentrations found in them. 
The meats with the highest concentrations of cadmium 
were the liver, gizzard, thigh, and breast. Cadmium 

Table 6. Fitness of the examined samples of chicken meat according to their Cd residues. 

Chicken tissues MRL 
(ppb)a

Fit samples Unfit samples
% No % No

Breast 0.1 88 22 12 3
Thigh 0.1 88 22 12 3
Gizzard 0.1 84 21 16 4
Liver 0.1 76 19 24 6

aEgyptian Organization of Standardization “EOS” (2010).

Table 7. Concentrations of Cu (mg/kg) in the examined 
samples. 

Chicken tissues Min. Max. Mean ± S. E*
Breast 0.75 2.63 1.53 ± 0.14 c

Thigh 0.81 2.97 1.69 ± 0.16 c

Gizzard 1.14 3.30 2.05 ± 0.17 b

Liver 1.49 3.88 2.71 ± 0.22 a

*Mean values with different superscript letters are significantly 
different (p < 0.05).

Table 8. Influence of L. rhamnosus on the levels of Pb- 
experimentally inoculated to chicken fillets. 

           Treatment

Storage  
time

Control

Lactobacillus 
rhamnosus-

treated 
group

Reduction 
%

Zero time 20 20 -------
8 hours 20 7.23 63.9
16 hours 20 5.78 71.1
24 hours 20 4.65 76.8

Table 9. Influence of L. rhamnosus on the levels of Cd-
experimentally inoculated to chicken fillets. 

           Treatment

Storage  
time

Control

Lactobacillus 
rhamnosus-
treated 
group

Reduction 
%

Zero time 20 20 -------
8 hours 20 6.47 67.6
16 hours 20 4.92 75.4
24 hours 20 4.06 79.7
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lowers the glomerular filtration rate and produces 
nephrotoxicity, glucosuria, aminoacid uria, and severe 
respiratory symptoms. It can also induce lung damage, 
liver injury, and hypertension. Significant changes 
were observed in the liver and gizzard detoxifying 
enzymes when exposed to a teratogenic dosage of 
cadmium chloride. It was stated that Cd is the cause 
of the Itai-Itai sickness, osteoporosis, and osteomalacia 
(Faten et al., 2014). 
Copper
Human metabolism also requires Cu, but excessive 
Cu consumption can result in convulsions, vomiting, 
cramping in the muscles, and even death (Fu and Wang, 
2011). Copper is a crucial component of many different 
enzymes in both people and animals. It primarily 
builds up in the muscle and liver where it serves as a 
vital element, but when concentrations of Cu exceed 
safe bounds, it can be hazardous to both humans and 
animals over the long term. Cu residues found in the 
samples under examination matched those previously 
documented in chicken giblets and flesh (Darwish 
et  al., 2018). Conversely, a few publications (Canli 
and Atli, 2003; Iwegbue et  al., 2008; Chowdhury 
et al., 2011; Imran et al., 2015; Jayanthi et al., 2019) 
reported greater quantities of copper. Meat and edible 
offal poultry have been found to have lower copper 
concentrations (Akan et al., 2010). 
Effects of L. rhamnosus culture on experimentally 
contaminated chicken fillet with Pb and Cd
Hussien and Nosir (2017) asserted that there was 
a direct connection between public health and the 
harmful impacts of heavy metals in the food chain 
and the environment's pollution with these harmful 
pollutants. Probiotics are one of the many trials that 
have been done in an effort to regulate these elements 
and their main issue. Some microbes, like lactic acid 
bacteria (LAB), have the ability to move and hold metal 
ions within their cells. As a result, a lot of research has 
been done lately on the interactions between metal ions 
and LAB in an effort to develop the usage of these 
bacteria for novel biotechnology processes as well 
as for health purposes and as probiotics. Food safety 
and quality can be enhanced by using LAB that has a 
high absorption potential for necessary and hazardous 
metal ions, according to a preliminary study conducted 
in model aqueous solutions (Mrvčić et al., 2012). The 
information gathered showed that the L. rhamnosus 
strain successfully decreased the levels of Pb and Cd in 
the chicken samples that were experimentally infected. 
The outcomes surpassed the findings of Halttunen et al. 
(2007), who reported that Pb and Cd removal ranged 
from 39.7% to 69.6% and 22.1% to 49.1%, respectively, 
by four different bacterial strains (L. rhamnosus LC705, 
L. rhamnosus GG, Propionibacterium freudenreichii 
shermanii JS, and Bifidobacterium-breve Bbi99/E8). In 
contrast to Enterococcus faecium E and EF031, which 
bound 77.3% to 98.1% of Cd and 66.9% to 98.9% of 
Pb, M74 bound 53.5% to 91% of Cd and 42.9% to 

93.1% of Pb. Topcu and Bulat (2010) reported a lower 
decrease rate. Furthermore, the ability of two strains 
of Saccharomy cerevisiae (ATCC 24858, ATCC 834) 
to bind metals, specifically Cd, was examined by Park 
et  al. (2003). They claimed that S. cerevisiae ATCC 
834 could bind more Cd because it had a larger specific 
surface area. Hussien and Nosir (2017) also used a 
probiotic strain (Enterococcus facium E980) to reduce 
Cd and Pb to 79.4% and 75.0%, respectively.

Conclusion
The human body needs both trace elements for essential 
processes. The goal of this study was to clarify the 
residual Pb, Cd, and Cu concentrations detected 
in chicken meat and edible offal. All heavy metal 
concentrations were found to be high in the muscle, 
gizzard, and liver, respectively, and the majority were 
within allowable levels. The use of the probiotic strain 
L. rhamnosus effectively reduced Pb and Cd from the 
experimentally contaminated chicken samples. 
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