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Introduction

Meat and its products were considered a rich 
source of high biological protein, fat, iron, vitamins, 
phosphorus, and fundamental elements. Although 
meat products creating a vital role in human nutrition, 
they may harbor harmful elements [1].

Food additives were extensively used in pro-
cessed meat manufacturing, as they improve the 
texture, color, flavor, and taste as well as prolonged 
the durability [2,3]. Nitrite is used in the manufac-
ture of some processed meat as it has various tasks, 
including fixing the product’s red color, enhancing 
the flavor, inhibiting food biohazards, and retard-
ing fat rancidity [4]. However, nitrite is a precursor 
of N-nitrosamines, a carcinogenic compound, arisen 
of nitrite reaction with secondary amines in the 
digestive system. Moreover, nitrite reduces oxygen 

transportation in the blood circulation through the 
oxidation of hemoglobin to methemoglobin [5]. 
Therefore, consumers are looking for processed meat 
with very low nitrite concentrations or nitrite-free 
products [6].

Phosphates are fundamental for normal body 
growth and maintenance as well as cells and the repair 
of living organisms. Many kinds of protein-rich foods, 
including meat naturally contain phosphate that is par-
tially absorbed by the gastrointestinal tract [7,8]. The 
addition of phosphates in processed meat as a food 
additive is due to several reasons such as stabiliz-
ing the pH value, expanding the shelf-life, improv-
ing water holding capacity, and sensory features. 
Moreover, phosphate is considered the main source 
of phosphorus, which is an indispensable element for 
human life [9]. Almost of food additive phosphate is 
effectively absorbed, so its dietary level should be 
limited and be at the normal permissible level. Various 
literature have pointed out the relationship between 
the high phosphate level and mortality reflects with 
patients with renal and cardiovascular diseases [8,10].

Heavy metals, the most dangerous pollutants gen-
erated by the industry and urbanization, have a serious 
effect on public health. Therefore, people close contact 
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Abstract
Background and Aim: Contamination of processed meat by chemicals, either by their addition for enhancing the product 
quality or as a result of contamination during the manufacturing process, is a crucial food safety issue that threatens human 
health. This research was conducted to estimate the contamination levels by harmful chemical contaminants, including 
nitrite, lead, cadmium, and phosphate in the Egyptian processed meats. 

Materials and Methods: In our study, 20 samples of each frozen sausage, pastirma, and luncheon were collected and 
prepared for the detection of chemical contaminants, including nitrite, lead, cadmium, phosphorus, and phosphate.

Results: Pastirma showed the highest nitrite and lead levels (163.65±22.633 and 0.805±0.173 ppm) and the lowest levels 
in phosphorus and phosphate (2.294±0.19 and 9.084±0.755 g/kg) whereas sausage recorded the highest concentration of 
cadmium (0.073±0.008 ppm), phosphorus and phosphate (13.268±1.129 and 52.54±4.472 g/kg, respectively). However, 
the estimation of nitrite, lead, cadmium, and phosphate levels in sausage, pastirma, and luncheon was considered within 
the acceptable daily intake. Moreover, target hazard quotient and hazard index of all analyzed chemical contaminants in 
different processed meat were below one, indicating the safety of these meat products without any danger to human health. 
The probability of developing cancer was measured using carcinogenic risk (CR) where pastirma and luncheon recorded 
satisfactory levels away from developing cancer because of lead (4.59E-04 and 1.87E-04, respectively) and cadmium 
(7.60E-04 and 3.80E-04, respectively) contamination. Surprisingly, the cadmium level in sausage samples represented a 
relevant CR for consumers (1.90E-03).

Conclusion: Periodical surveillance of meat chemical contaminants is a vital issue for human health maintenance.

Keywords: carcinogenic risk, chemical contaminants, hazard index, meat products, target hazard quotient.
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with them through food consumption, particularly meat, 
and meat-derived products [11]. Heavy metals are 
extremely toxic and harmful to public health because 
they are not broken down during meat processing as well 
as after consumption where they are not metabolized 
inside the body and bioaccumulate in human tissues. 
Bioaccumulation of heavy metals depends on several 
factors, including the organ of concern, bioavailability, 
metal characteristics, and the age of consumers [12].

Lead and cadmium are toxic heavy metals 
spreading in the surrounding environment where 
they are produced during mining, manufacturing, and 
burning of fossil fuels. They may contaminate food 
through the air, water, soil, and even during industrial 
meat processing and packaging. Most of these heavy 
metals are absorbed and accumulated in the soft tis-
sues [13,14]. Lead is mainly deposited in the skeleton 
of the body, whereas cadmium is mostly accumulated 
in the brain and renal system. Symptoms of lead poi-
soning vary from abdominal pain, anemia, nervous 
signs, and coma, while long-term exposure to cad-
mium leads to malignancies formation and renal fail-
ure [15,16]. In European counties, veterinary hygiene 
and meat safety are highly regulated and numerous 
legislation has been enacted [17-19].

This research was conducted to estimate the con-
tamination levels by harmful chemical contaminants, 
including nitrite, lead, cadmium, and phosphate in the 
Egyptian processed meats. Moreover, the hazards to 
human health arisen by consumption of contaminated 
Egyptian processed meat were evaluated through 
measuring daily intake, hazard index (HI), as well as 
carcinogenic rate. This study is considered one of the 
few approaches for investigating the presence of these 
chemical contaminants in Egyptian processed meats 
and the first in upper Egypt.
Materials and Methods
Ethical approval

There is no need of the ethical approval for this 
work. Samples were collected from the markets. All 
experiments were done at the Biochemistry and Meat 
Hygiene laboratories, Faculty of Veterinary medicine, 
South Valley University, Qena, Egypt.
Collection of samples

Sixty samples of widely consumed processed 
meat products, including luncheon, oriental sausage, 
and pastirma (20 samples each) were collected from 
different Egyptian markets from January to May 2017. 
Frozen sausage samples were collected in its original 
package while luncheon and pastirma were collected 
in clean polyethylene bags. The samples were rapidly 
transferred to the lab in an icebox.
Determination of nitrite

Residual nitrite was assessed using the spec-
trophotometer (Unico-UV-2100 spectrophotometer, 
USA) utilizing Griess reagent at wavelength 540 nm 
following the method described by AOAC, 2000 [20].

Determination of lead and cadmium
From each sample, 2 g were digested by using a 

mix of 10 ml of nitric acid (65%) and 2 ml from per-
chloric acid in a digestion flask [21]. The flasks were 
shaken and kept overnight at room temperature. The 
digestion flasks were placed in a water bath for 3 h at 
70°C, followed by samples dilution and subjected to 
the filtration step.

Lead and cadmium were estimated in the digested 
samples using the atomic absorption spectrophotom-
eter (Buck Scientific Inc. East Norwalk, CT, USA) at 
wavelength 217 and 228.8 nm for lead and cadmium, 
respectively [22,23].
Determination of total phosphorus content

Five grams of homogenized samples were placed 
into porcelain crucibles. The ashing of the samples was 
performed utilizing the muffle furnace. The ash was 
mixed with nitric acid (1.5%), then distilled water was 
added up to 100 ml, followed by sample filtration.

Phosphorus was estimated using a spectropho-
tometer (Unico-UV-2100 spectrophotometer, USA) at 
430 nm wavelength [24]. To convert the phosphorus 
content to phosphate, phosphorus value was multiplied 
to 3.96 [25]. Natural phosphate was calculated by mul-
tiplying % of product protein to 250 [26]. The aver-
age protein percentage in Egyptian processed meat is 
14.15%, 15.96%, and 17.99% for luncheon, pastirma, 
and sausage, respectively, as previously reported [27].
Estimation of daily intake (EDI) of chemical 
contaminant

The EDI of lead, cadmium, nitrite, and phosphate 
was calculated using the following equation [28]:

 
MC FDCEDI

BW
×

=

MC: Mean concentration of contaminated in 
processed meat (μg/g).

FDC: Average daily intake of processed meat 
products, it was considered to be 4 g/person/day [29].

BW: Average body weight (60 kg).
Evaluation of human health risk
Target hazard quotient (THQ)

The THQ displayed possible health hazards 
from the ingestion of contaminated food. THQ was 
determined based on the method displayed in USEPA 
risk-based concentration table [30], according to the 
following equation:

3EFr×ED× FDC×MCTHQ= 10
RfD×BW×AT

−×

EFr: Exposure frequency (365 days/year), ED: 
The exposure duration (70 years), FDC: Average daily 
intake of processed meat products, it was considered to 
be 4 g/person/day [29], RfD: Oral reference dose (lead = 
o.oo4 μg/g bw/day, cadmium = 0.001 μg/g bw/day, 
nitrite = 0.1 μg/g bw/day) [30,31], MC: Mean concen-
tration of contaminant (μg/g), BW: Body weight (60 kg), 
AT: Is the average exposure time (365 days × number of 
exposure years, supposing 70 years in this work).
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Determination of HI
HI is indicated as the THQ. HI = THQ (lead) + 

THQ (cadmium) + THQ (nitrite).

Estimation of carcinogenic risk (CR)
CR is the probability of an individual for getting 

cancer during life as a result of exposure to a carcino-
gen. CR for lead and cadmium was estimated utilizing 
the cancer slope factor (CSF), as described by the US 
EPA [32] using the following calculation:

CR = CSF × EDI
CSF: Carcinogenic slope factor was 

0.0085 (mg/kg/day)−1 for lead and 0.38 (mg/kg/day)−1 
for cadmium as showed by USPEA [32]. EDI: 
Estimated daily intake of studied elements.
Statistical analysis

The analysis of the results was performed utiliz-
ing analysis of variance using SPSS 16.0. (SPSS Inc, 
Chicago, Illinois, USA). Significance was described 
at p≤0.05.
Results
Measurement of residual nitrite content in Egyptian 
processed meat

In the present work, we first measured the con-
centration of residual nitrite content in Egyptian 
processed meat. Pastirma expressed the highest con-
centration of residual nitrite (163.65±22.633 ppm), 
followed by luncheon (136.15±8.16 ppm), while sau-
sage showed the lowest (106.88±18.816 ppm). The 
residual nitrite level between pastirma and sausage 
samples was significantly different (p≤0.05; Table-1).
Determination of heavy metals in Egyptian processed 
meat

Next, we attempted to determine the level of lead 
and cadmium in Egyptian processed meat, including 
luncheon, pastirma, and sausage. Our findings exhib-
ited that pastirma samples expressed the highest lead 
concentration level (0.805±0.173 ppm), followed by 
luncheon (0.337±0.077 ppm), while sausage samples 

recorded the lowest level (0.081±0.007 ppm; Table-2). 
The lead concentration between all groups was sig-
nificantly different (p≤0.05).

Concerning the cadmium level, the obtained data 
exhibited that sausage samples expressed the highest 
cadmium concentration level (0.073±0.008), followed 
by pastirma (0.029±0.001), while luncheon samples 
showed the lowest level (0.016±0.002 ppm; Table-2). 
Cadmium concentration between all groups was sig-
nificantly different (p≤0.05).
Evaluation of phosphorus and phosphate level in 
Egyptian processed meat

We further evaluated the total phosphorus and 
phosphate content of Egyptian processed meat, 
as shown in Table-3. Sausage samples showed 
the highest phosphorus and phosphate content 
(13.268±1.129 g/kg and 52.54±4.472 g/kg, respec-
tively), followed by luncheon (9.213±1.063 g/kg 
and 36.49±4.211 g/kg, respectively), while pastirma 
showed the lowest content (2.294±0.19 g/kg and 
9.084±0.755 g/kg, respectively). Phosphorus and 
phosphate contents were statistically different between 
different meat products (p≤0.05).

Natural phosphate concentration was calculated 
in different meat products by multiplying the percent-
age of protein in each product to 250 (Table-4). Added 
phosphate was measured by subtracting the percent-
age of natural phosphate from a percentage of total 
phosphate where sausage showed the highest percent-
age of added phosphate, followed by luncheon then 
pastirma (4.804%, 3.295%, and 0.509%, respectively; 
Table-4).
Evaluation of human health risk in Egyptian 
 processed meat

Finally, we evaluated that different human health 
risk indicators such as EDI, HI, and CR EDI of chem-
ical contaminants associated with the consumption 
of Egyptian processed meat are shown in Table-5. 
The higher daily intake of lead, nitrite, and phos-
phate could be occurred by consumption of pastirma 
(0.054 μg/kg bw/day, 10.91 μg/kg bw/day, and 
3502.667 μg/kg bw/day, respectively) while sausage 
exhibited the highest cadmium daily intake (0.005) com-
pared to pastirma and luncheon (0.002 μg/kg bw/day 
and 0.001 μg/kg bw/day, respectively). In addition, 
THQ and HI were calculated in different meat prod-
ucts (Table-6) where THQ for nitrite was greater than 
lead and cadmium in all examined samples. While 
pastirma showed the highest THQ for lead (0.013), 
whereas sausage showed the highest THQ in cadmium 

Table-2: The concentration (ppm) of lead and cadmium in different meat products.

Product Lead Cadmium

Minimum Maximum Mean±SE Minimum Maximum Mean±SE

Sausage 0.022 0.126 0.081±0.007a 0.014 0.115 0.073±0.008a

Pastirma 0.15 1.636 0.805±0.173b 0.019 0.04 0.029±0.001b

Luncheon 0.015 0.965 0.337±0 .077c 0.002 0.027 0.016±0.002c

Means with different superscripts at the same column are significantly different at p≤0.05

Table-1: Statistical analytical results of residual nitrite 
levels (ppm) in examined meat products.

Product Minimum Maximum Mean±SE

Sausage 12.46 276.23 106.88±18.816a

Pastirma 26.93 345.23 163.65±22.633b

Luncheon 79.24 198.32 136.15±8.16

Means with different superscripts at the same column are 
significantly different at p≤0.05
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(0.005). HI was determined for each processed meat 
where the increment of the HI more than one indi-
cated negative health impacts. As shown in Table-6, 
none of the processed meat exceeded one in their HI. 
Pastirma showed the highest HI (0.124), followed by 
luncheon (0.098), whereas the lowest HI was observed 
in sausage (0.077). Finally, we calculated the CR value 
of lead and cadmium in different processed meat. As 
shown in Table-7, the CR of lead in sausage, pastirma, 
and luncheon was (4.25E-05, 4.59E-04, and 1.87E-04, 
respectively) and CR of cadmium was (1.90E-03, 
7.60E-04, and 3.80E-04, respectively).
Discussion

The hazards correlated with meat and their prod-
ucts, particularly the chemical ones, should be super-
vised to ensure consumer safety [33]. Food contami-
nation is a matter of crucial dilemma, as the presence 
of high levels of these chemicals may cause severe 
health hazards and the periodical control of these con-
taminants will minimize these threats [34]. Nitrite is 
commonly used in processed meat as a curing com-
pound and it could retard the growth of Clostridium 
botulinum [35]. After the addition of nitrite to meat, it 
reacted with myoglobin to fix the red color, the nitrite 
that not combine with myoglobin became the residual 
nitrite [36]. In the present study, nitrite concentration 
in different Egyptian meat products was measured and 
compared to its permissible limit (100 ppm) that was 
indicated by Egyptian standard specification [37] and 
FAO/WHO [26]. Pastirma showed the highest levels 
of nitrite compared to luncheon and sausage. The per-
centage of samples that showed residual nitrite above 
the permissible limit was 50, 60, and 85% for sausage, 
pastirma, and luncheon, respectively (Figure-1). This 
result match with a previous study done by Kassem 
and Zahran, 2011 [38] where they determined the 
residual nitrite content of Egyptian meat products, 
including luncheon, frankfurter, oriental sausage, and 
pastirma and reported that the highest residual nitrite 
level was detected in the pastirma samples. The ele-
vated residual nitrite in pastirma could be regarded 
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Figure-1: Percentage of permissible limit of some meat 
contaminants in different Egyptian meat products.
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Table-5: The estimated daily intake of chemical contaminants in examined meat products (μg/kg bw/day).

Product Element

Lead Cadmium Nitrite Phosphate

Sausage 0.005 0.005 7.125 2432.667
Pastirma 0.054 0.002 10.91 3502.667
Luncheon 0.022 0.001 9.077 605.6
Acceptable daily intake 3.6 1 60 70000

Table-7: The carcinogenic risk of lead and cadmium 
through the consumption of meat products.

Product Element

Lead Cadmium

Sausage 4.25E-05 1.90E-03
Pastirma 4.59E-04 7.60E-04
Luncheon 1.87E-04 3.80E-04

Table-4: The percentage of natural phosphate and the added phosphate in Egyptian processed meat.

Products Natural phosphate mg/kg 
(250 × % proteina)

Natural phosphate % Added phosphate% (Total phosphate 
% – natural phosphate %)

Sausage 4499.2 0.45 4.804
Pastirma 3990.8 0.399 0.509
Luncheon 3537.5 0.354 3.295
aThe average protein percentage in Egyptian processed meat was 14.15%, 15.96%, and 17.99% for luncheon, pastirma, 
and sausage, respectively.

Table-6: THQ of chemical contaminants through 
consumption of meat products.

Product Element HI

Lead Cadmium Nitrite

Sausage 0.001 0.005 0.071 0.077
Pastirma 0.013 0.002 0.109 0.124
Luncheon 0.006 0.001 0.091 0.098

to the uncooked selling status of the product where 
the salt is added during the curing step to avoid the 
development of anaerobic bacteria and generating an 
attractive red color. The lower residual nitrite con-
centration in luncheon in comparison with pastirma 
might be related to the impact of heat treatment 
during luncheon processing [39] whereas the reduc-
tion in sausage nitrite level could be attributed to the 
low amount of added nitrite salt since the frozen sau-
sage is preserved by freezing, followed by cooking by 
the consumer before consumption.

The existence of high levels of heavy metals 
in processed meat could have prominent hazards on 
human health since they represent a part of their daily 
diet [40]. Accordingly, we evaluated the concentra-
tion of heavy metals, particularly lead and cadmium 
in Egyptian processed meat and study whether these 
levels exceeded the permissible limits reported by 
official authorities.

Our findings reported that pastirma and sausage 
expressed the highest concentration of lead and cad-
mium, respectively, whereas sausage and luncheon 
showed the lowest concentration of lead and cadmium, 

respectively. Concerning to the permissible level of 
lead, it was noticed that 33, 100, and 82% of examined 
sausage, pastirma, and luncheon samples, respectively, 
exceeded the maximum allowable limit (0.10 mg/kg) 
while cadmium level did not exceed the permissible limit 
(0.050 mg/kg) in all detected pastirma and luncheon 
sample. However, 72% of sausage samples showed a 
high level of cadmium compared to the accepted per-
missible level reported by official authorities [41,42]; 
(Figure-1). A higher value for lead (0.35 mg/kg) was 
determined in examined sausage samples [43]. The lead 
content was ranged from 0.52 to 1.19 μg/g, while lower 
cadmium range (0.06-0.10 μg/g) was detected in vari-
ous categories of chicken luncheon meat collected from 
Iraq markets [44].

In addition, Obeid et al. [45] reported that the 
mean value for lead and cadmium was 0.0174 μg/g 
and 0.002386 μg/g, respectively in Lebanon processed 
meat samples.

Moreover, an Egyptian study was performed 
by Khalafalla et al. [46], in muscle, liver, and kid-
ney samples extracted from different beef carcasses 
showed that all heavy metals including lead, cad-
mium, mercury, arsenic, chromium, and nickel were 
within the permissible limits reported by official orga-
nizations. The excessive level of lead in the Egyptian 
processed meat could be referred to fuel burning and 
wastes removal that releases lead in the form of sus-
pended particles that further pollute water and feeding 
stuff of animals and subsequently depositing in their 
muscles [47]. Accumulation of lead may cause impair-
ments of the urinary system, liver, and nervous system. 
People are generally subjected to lead through food 
and children are at the greatest danger because 50% of 
their ingested lead is absorbed, while only 10-15% is 
absorbed in adult [48]. Furthermore, ingestion of lead 
and cadmium may hinder fetal development and cause 
immunological impairment due to the lack of some 
vital micronutrients [23].

Phosphorus is an important element as it has 
a role in building the bones and nucleic acids [49]. 
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However, high levels of phosphorus in processed meat 
can extremely harm the safety of processed meat. 
Phosphate as a food additive is allowed to be added 
in various processed meat but the controlling author-
ities limit the overall quantity of phosphates in meat 
products. Our data revealed that sausage significantly 
recorded the highest phosphorus and phosphate content 
compared to luncheon and pastirma. Pastirma showed 
the lowest levels of phosphorus and phosphate.

The highest permissible level for added phos-
phates is 0.5%, as reported by FAO [26] for processed 
meat. After calculating the obtained percentage of 
added phosphate, it was clear that all sausage and 
luncheon samples exceeded the acceptable level of 
added phosphate, while only 55% of pastirma samples 
showed added phosphate levels higher than the indi-
cated permissible limit (Figure-1). The previous study 
reported that the percentage of phosphate in some 
meat products, particularly sausage exceeded the per-
missible limit recommended by authorities [50]. The 
high intake of phosphate in processed meat leads to 
cardiac hypertrophy, atherosclerosis, impairment of 
endothelial, renal affections, and mortalities [51].

The assessment of the risk after ingestion of food 
containing hazardous chemicals is a critical issue. The 
determination of the dietary intake of such chemical 
agents reflects the hazards affecting human health. 
The estimated daily intake of lead, cadmium, nitrite, 
and phosphate of Egyptian processed meat was leaser 
than the acceptable daily intake established by author-
ities [32,52,53]. It was stated that the daily dietary 
intake of cadmium was 7 μg/day in Spain [54] and 
6.4 μg/day in France [55].

THQ is considered an indication for determining 
the hazards associated with elements intake by con-
sumption of contaminated food, where its level higher 
than one indicates that the individual exposed is sus-
ceptible to negative health impacts [30]. THQ and HI 
of lead, cadmium, and nitrite in different meat were 
below one, which pinpointed the lack of health haz-
ards. Recent research examined the presence of toxic 
metals such as lead, cadmium, and mercury in dif-
ferent organs of different animal species where they 
showed that THQ and HI were below one, suggesting 
no risk can affect human health beyond the consump-
tion of meat and offal [56]. Our obtained results do not 
substantially reflect the status of health due to the con-
sumption of Egyptian processed meat, as it was sup-
posed that THA is not a sharp demarcation between 
secure and insecure exposure for chemical contami-
nants [57].

CR value is the probability of an agent to cause 
malignancies. According to USEPA [32], reduction 
of this value lower than E-6 was considered insignif-
icant and safe and its elevation greater than E-4 was 
considered undesirable, whereas the value among 
E-6 to E-4 was considered satisfactory. The CR for 
cadmium exhibited greater levels than the acceptable 
limit after consumption of sausage, whereas pastirma 

and luncheon samples recorded satisfactory levels. 
While lead values of sausage, pastirma, and luncheon 
were considered within the satisfaction level as well. 
Hernández et al. [58], mentioned that the ingestion 
of meat of different animal species has a CR for con-
sumers with increasing the susceptibility to develop 
cancers.
Conclusion

The outcome of the current work showed that 
pastirma recorded the highest levels of nitrite and lead 
and the lowest levels of phosphorus and phosphate 
whereas, sausage samples displayed the highest con-
centration of cadmium, phosphorus, and phosphate 
and the lowest concentration of nitrite and lead. All 
chemical contaminants in different meat products 
were considered within the permissible daily intake. 
Moreover, the HI of these contaminants was lower 
than one and under the hazard level. However, CR of 
cadmium in sausage only exceeded the desirable rates 
while lead represented lower levels than developing 
cancer in different meat products. Finally, appropriate 
steps should be taken to control the presence of these 
chemicals during meat processing to reduce the health 
hazards, particularly the CR after the consumption of 
these products.
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