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ARTICLE INFO ABSTRACT 

Keywords   In an attempt to determine the prevalence of some chemical hazards in various meat product 

by measuring the residual levels of lead (Pb), cadmium (Cd) and nitrite in such product, a 
total number of 60 random samples (15 of each) of minced meat, beef burger, sausages and 

luncheon were haphazardly gathered from a varied supermarkets and retailers in Benha City 

at Kalubia governorate, Egypt to be chemically analyzed by means of spectrophotometer. 
From the achieved  results,  the mean values of residual levels of Pb in the inspected samples 

of minced meat, beef burger, sausages and luncheon were 0.06 ± 0.01,  0.11 ± 0.01,  0.16 ± 

0.01 and 0.23 ± 0.01 mg/kg, respectively, while those of Cd were 0.03 ± 0.01,  0.07 ± 0.01 ,  
0.12 ± 0.01 ,  and  0.15 ± 0.01  mg/kg, and finally those of nitrite were  not detected, 39.81 ± 

2.24, 27.59 ± 1.65 and 62.07 ± 2.51 (ppm), respectively. The obtained findings were 

complied with the acceptable limits of heavy metals residues and residual nitrite level 
recommended by Egyptian Standards. 
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1. INTRODUCTION 

 
Meat products play an important role in filling the gap of 

protein deficiency and they can be considered the best 

choice in solving human nutritional problems (Ibrahim-

Eman, 2008), but it may harbor a hazards to human health 

through long chain of preparation, handling of raw meat, 

equipment, processing, distribution storage and retailing 

(Maricica et al., 2014). 

Hazards are agents that cause illness or injury to the human 

within absence of its control and are classified into three 

types:  biological, chemical and physical hazards. Whereas, 

the biological hazards can cause widespread illness 

outbreaks, chemical hazards may also cause food-borne 

diseases (USDA, 1997) beside to, long term health 

problems for the consumers of food products (Islam and  

Hoque , 2013). Chemical hazards are most often associated 

with raw materials, ingredients and personnel practices that 

include heavy metals, pesticides, veterinary medicines, 

cleaning compounds, allergens and some food additives 

(NZFSA, 2012).  

Heavy metal pollutants can contaminate meat product in 

the course of processing through raw material, spices, 

packaging materials and packaging method and it 

considered as a great concern risk for food safety and 

human health because of their toxic nature at comparatively 

minute concentrations and their ability to accumulate 

within the body organs (Santhi et al., 2008). Also, they 

considered as a potential carcinogen besides causing a 

number of disorders in cardiovascular, nervous and skeletal 

systems (Zhuang et al., 2010).   

Lead is metabolic poison and neurotoxin that binds to 

essential enzymes and several other cellular components 

and inactivates them (Cunningham and Saigo, 1997). 

Cadmium is classified as a probable human carcinogen also 

chronic exposure to cadmium is associated with a wide 

range of diseases including heart diseases, anemia, skeletal 

weakness, depressed immune system response as well as 

kidney and liver disorders (Codex Alimentarius, 2001). 

Some food additives as nitrite may also be hazardous if 

present above permissible limit (NZFSA, 2012). Nitrite  

have been conventionally utilized as curing agents in the 

production of some  meat products for improvement of the 

quality as well as the microbiological safety because 

it features a role in the development of the distinct flavor,  

the steadiness of the red color and shield against lipid 

oxidation. Moreover, it shows significant bacteriostatic 

and/or bactericidal activity against several spoilage 

microorganisms and it hinder the growth and toxin 

production by Clostridium botulinum (Govari and Pexara, 

2015). Meanwhile, using of nitrite in food has been clouded 

by doubts in which it could react with amines in the gastric 

acid and form carcinogenic nitrosamines, leading to various 

cancers production (Archer, 2002).  

Therefore, the aim of this study was to estimate the level of 

lead cadmium and nitrite content in some meat products to 

evaluate the acceptability of such products according to the 

specification stipulated by Egyptian Standards. 

 

2. MATERIAL AND METHODS 

 
2.1. Collection of samples: 

A total  60 random samples of meat products represented 

by 15 samples (about350 gm) of each of minced meat , 
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beef burger, sausage and luncheon that were collected  

from different supermarkets and shops in Benha City, 

Kalubia governorate, Egypt. 

These samples were obtained in their intact original 

package and preserved in an ice box then transferred to the 

laboratory without undue delay and examined as rapidly as 

possible.  

 

2.2. Determination of heavy metals: 

The collected samples were examined for determination of 

their lead and cadmium levels on the basis of wet weight 

(mg/Kg). 

 Washing procedures according to (AOAC, 2006). 

 Digestion technique according to (Tsoumboris and 

Papodoulou, 1994). 

 Preparation of blank and standard solutions according to 

(Shibamoto and Bjeldanes, 2000). 

 Analysis using Flame Atomic Absorption 

Spectrophotometer (VARIAN, model AA240 FS, 

Australia). 

 Quantitative determination of heavy metals: 

Absorbency of lead and cadmium was directly recorded 

from the digital scale and their concentrations were 

calculated according to the following equation: C=R x 

(D/W) Where, C= Concentration of the element (wet 

weight). R= Reading of digital scale of AAS, D= 

Dilution of the prepared sample and W= Weight of the 

sample.  

 

2.3. Determination of residual nitrite level: 

Nitrite level was determined spectrophotometrically 

according to (AOAC, 2016). 

 

3. RESULTS 

 
The achieved findings  in table (1) clarified that the lead 

levels (mg/kg) in the tested samples of meat product were 

ranged from 0.01 to 0.09 at  a mean value of 0.06 ± 0.01 

for minced meat , 0.02 to0.17 at a mean value 0.11 ± 0.01 

for beef burger, 0.02 to 0.25 at a mean value 0.16 ± 0.01for 

sausage and 0.07 to 0.38 at a mean value 0.23 ± 0.01for 

luncheon .Also, there were a highly significant differences 

(p ˂0.01) between the examined samples, as appeared in 

table (1).  Furthermore, the detectable samples above the 

acceptable limit stipulated by (ES. 2010) were 5 samples 

(8.3%) from all of the studied samples as declared in table 

(2). 

 
Table 1 Lead levels (mg/Kg) in the examined samples of meat products 

(n=15). 
Meat products  Min Max Mean ± S.E* 

Minced meat   0.01 0.09 0.06 ± 0.01++ 

Beef burger  0.02 0.17 0.11 ± 0.01++ 

Sausage  0.02 0.25 0.16 ± 0.01++ 

Luncheon  0.07 0.38 0.23 ± 0.01++ 

S.E* = standard error of mean. ++ = High significant differences (P<0.01). 

 
Table 2 Acceptability of the examined samples of meat products based on 

their contamination levels of lead (n=15).    
Meat products Lead (PL)* Accepted Unaccepted 

No % No % 

Minced meat < 0.1 15 100 0 0 

Beef burger < 0.1 14 93.3 1 6.7 

Sausage < 0.1 13 86.7 2 13.3 

Luncheon < 0.1 13 86.7 2 13.3 

Total  55 91.7 5 8.3 

⃰ Egyptian Standards "ES" (2010). 

 

Results obtained in table (3) declared that the Cd levels 

(mg/kg) in the studied samples were ranged from 0.01to 

0.04with a mean values of 0.03 ± 0.01for minced meat 

samples, 0.01 to 0.15 with a mean values of 0.07 ± 0.01 for 

beef burger, 0.01 to 0.19 with a mean values of 0.12 ± 0.01 

for sausage and 0.02 to 0.27 with a mean values of 0.15 ± 

0.01 for luncheon. Also, there were a highly significant 

differences (p ˂0.01) in Cd values between the examined 

samples. Wherein,   6.7% of the studied samples were 

above the permissible limits stipulated by (ES, 2010) for 

Cd level, as declared in table (4). 

 
Table 3: Cadmium levels (mg/Kg) in the examined samples of meat 

products (n=15). 
Meat products Min Max Mean ± S.E* 

Minced meat  0.01 0.04 0.03 ± 0.01++ 

Beef burger 0.01 0.15 0.07 ± 0.01++ 

Sausage 0.01 0.19 0.12 ± 0.01++ 

Luncheon 0.02 0.27 0.15 ± 0.01++ 

S.E* = standard error of mean. ++ = High significant differences (P<0.01). 

 
Table 4: Acceptability of the examined samples of meat products based on 

levels of cadmium (n=15).    
Meat products Cadmium 

(PL)* 

Accepted Unaccepted 

No % No % 

Minced meat < 0.05 15 100 0 0 

Beef burger < 0.05 14 93.3 1 6.7 

Sausage < 0.05 14 93.3 1 6.7 

Luncheon < 0.05 13 86.7 2 13.3 

Total  56 93.3 4 6.7 

⃰ Egyptian Standards "ES" (2010). 

 

It is evident from findings  recorded in table (5) that the 

mean values of nitrite levels (ppm) in the investigated  

samples of meat product were  62.07 ± 2.51 for luncheon 

samples , 27.59 ± 1.65  for sausage samples  and 39.81 ± 

2.24 for beef burger samples. Meanwhile, nitrite was not 

detected in all of the examined minced meat samples. Also, 

the differences between the assessed samples of meat 

products as a result of types of the products were 

significantly differences (p˂0.05). Depending on the MPL 

of nitrite levels stipulated by (ES, 2005) all of the tested  

samples of meat product were accepted except only one 

luncheon sample (1.7%)  was unaccepted, as declared in 

table (6). 

 
Table 5: Nitrite contents (ppm) in the examined samples of meat products 

(n=15). 
Meat products Min Max Mean ± S.E* 

Minced meat  - - - 

Beef burger 17.1 65.3 39.81 ± 2.24+ 

Sausage 12.8 43.5 27.59 ± 1.65+ 

Luncheon 25.6 103.2 62.07 ± 2.51+ 

S.E* = standard error of mean. ++ = High significant differences (P<0.01). 

 
Table 6: Acceptability of the examined samples of meat products-based 

nitrite contents (n=15).    
Meat products Nitrite 

(PL)* 

Accepted Unaccepted 

No % No % 



 

 
BVMJ 37 (1) : 32-36  Hazaa et al. (2019) 

 

23 
 
 

 

Minced meat < 100 15 100 0 0 

Beef burger < 100 15 100 0 0 

Sausage < 100 15 100 0 0 

Luncheon < 100 14 93.3 1 6.7 

Total  59 98.3 1 1.7 

 

4. DISCUSSION 

 
Generally, chemical hazards in meat products can originate 

from 1- Unintentionally added chemicals (Agriculture 

chemicals as pesticides and animal drugs, Plant chemicals 

as cleaners, sanitizers, oils and lubricants and also 

Environmental contaminants as heavy metals) 2. Naturally-

occurring chemical: as products of plant, animal, or 

microbial metabolisms such as aflatoxins, etc. 

3.Intentionally added chemicals (preservatives, food 

additives, processing aids, etc.) (USDA, 1997). 

Heavy metals are chemical items, that can't be broken 

down or diminished in the course of heat treatment and it 

can promote multiple hazards on human health that may be 

acute or chronic lethal or sub lethal toxicity (Shaltout et al, 

2015). Meat processing can provide a doable supply of 

heavy metals contamination in  the ultimate products  

additionally the  improvement in the food production and 

processing technology are increasing the probabilities of 

food contamination with numerous environmental 

pollutants, particularly heavy metals( Lukáčová –Anetta et 

al., 2014). Results achieved in table (1) clarified that the 

mean values of  lead levels (mg/kg) in the tested meat 

product samples were 0.06 ± 0.01, 0.11 ± 0.01 , 0.16 ± 0.01 

and  0.23 ± 0.01 for minced meat, beef burger sausage and  

luncheon samples, respectively. Also, there were a highly 

significant differences (p ˂0.01) between the investigated 

products. This findings  were almost identical to that 

obtained by Zahran- Dalia and Hendy- Bassma (2015) 

(0.18± 0.13ppm)  for sausage samples but exceeding that 

obtained Adejumo et al. (2016), who recorded that lead 

can't  be detected  in any of the studied samples of  meat 

product and additionally under that obtained by Meslam-

Ebtsam (2018)(0.13± 0.01 mg/kg) in minced meat.  

Absorption of ingested lead may constitute a serious risk to 

public health especially in young children who considered 

at high risk to lead toxicity, owing to their ability to 

effectively lead absorption leading to retardation of mental 

and physical development (Karovicova and Kohajdova, 

2005). Meanwhile, lead toxicity  in adult ends up in GI 

tract damage, procreative capability dysfunction, 

nephropathies, CNS damage, adverse blood effects due to 

interference to the enzymatic system that synthesize the 

HEME group (Rubio et al., 2005). In accordance with the 

accepted  permissible limit (˂0.1ppm) specified by (ES, 

2010) for lead level  in meat product  it was expressed that 

out of the examined 60samples of  meat products  8.3% (5 

samples) were considered  as unaccepted which including  

0% (0-sample), 6.7% (1 samples), 13.3% (2 sample) and 

13.3% (2 samples)  for the assessed samples of minced 

meat, beef burger, sausage and luncheon, respectively as 

declared in table (2).The excessive lead intake above the 

permissible limits leads to joints, muscles and nerve 

disorders other than  cardiovascular/skeletal and renal 

problems (Environmental Working Group, 2010).  

Results obtained in table (3) declared that the mean values 

of   Cd  levels (mg/kg) in the inspected  minced meat, beef 

burger, sausage and luncheon samples were  0.03 ± 0.01 , 

0.07 ± 0.01 , 0.12 ± 0.01 and 0.15 ± 0.01, respectively. 

Also, there were a highly significant differences (p˂0.01) 

in Cd values between the examined products. These 

findings   were nearly similar to those obtained Gabriel -

Hoha et al. (2014) (0.16 ±0.008 mg/kg) and Zahran- Dalia 

and Hendy- Bassma (2015) (0.11± 0.8ppm) in luncheon 

samples. Although, higher findings were detected by 

Meslam- Ebtsam (2018) (0.07±0.01 mg/kg) for minced 

meat samples. Meanwhile, lower results were achieved by 

Shahat et al. (2017) who showed that Cadmium wasn’t 

detected in minced meat samples. It is obvious from the 

obtained findings that recorded in table (4) that 6.7% of the 

total examined samples (4/60) were unaccepted where the 

highest incidence of unacceptability of the inspected meat 

product samples was recorded in luncheon samples13.3% 

(2/15samples), followed by sausage and beef burger 

samples 6.7% (1/15 sample for both) this is due to the 

detected level of cadmium concentration which exceeds the 

permissible limit predetermined by (ES, 2010) that was 

(˂0.05ppm). Meanwhile, all of the tested samples of 

minced meat were considered as accepted as the detected 

Cd levels were below the permissible limit.  In humans, 

cadmium are known to develop a range of toxic effects at 

the side of carcinogenic and non-carcinogenic effects as 

oral exposure to high levels of cadmium has cause severe 

stomach irritation, leading to vomiting and diarrhea, 

whereas exposure to lower levels over time has been found 

to cause excretory organ damage, bone deformity and 

simply broken bones (ATSDR, 2008) beside to, many other 

effects such as neurotoxic, genotoxic, carcinogenic, and 

teratogenic effects (EFSA, 2009).   

From the obtained results of both lead and cadmium level it 

was obvious that minced meat has a lower level of lead and 

cadmium this may be attributed to decreased processing 

steps for minced meat compared to other products at which 

contamination may occur during processing from the 

contact with machinery, tools, and installations or after 

some technological processes (as smoking, drying and 

salting) (Manea et al., 2017). 

Using of nitrite in meat processing as preservatives has an 

essential role in overriding of meat spoilage as well as in 

in manufacturing safeand appetizing meat product with wel

l keeping quality even at surrounding temperature 

(Skibsted, 2011). Regarding to data obtained in table (5) it 

is obvious that the nitrite content in the investigated meat 

products samples (ppm) varied from 25.6 to103.2 with an 
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average of 62.07 ± 2.51 for luncheon samples, 12.8 to 43.5 

with an average of 27.59 ± 1.65 for sausage samples, 17.1 

to65.3 with an average of 39.81 ± 2.24 for beef burger 

samples. Meanwhile, nitrite was not detected in all of the 

tested minced meat samples while the highest nitrite level 

was detected in the examined luncheon samples followed 

by beef burger samples and the lowest nitrite level was 

detected in sausage samples. Also, the differences 

associated with the inspected samples of meat products as a 

result of types of the products were significantly 

differences (p˂0.05). This results came in agreement with 

those reported by Ez-Eldain-Afaf and El-Nemr (2016) who 

reported  that the mean value of nitrite in the observed 

luncheon samples was (80±7.3ppm)  but disagreed with 

lower findings  attained by  El-Zahaby (2013)  that  was 

(17.68 ppm) in the tested samples of  beef  burger and 

higher results detected by Nayel (2013) who concluded  

that  the mean value of nitrite level in the examined burger 

samples was (94.04 ±5.20 ppm) and  Meslam-Ebtsam 

(2018) that was (24.14ppm) in minced meat samples. The 

high residual levels of nitrites could be attributed to 

inappropriate production states and faulty or improper 

implementation of nitrite standard levels at meat product 

plant (Rezaei et al., 2013). Nitrites are considered safe once 

used at accepted level but can perform a hazard when this 

level exceeded consequently, the increasing levels of nitrite 

are becoming an important problem for public health 

(Cemek et al., 2007). The primary toxic impact of nitrite is 

the creation of methemoglobin by oxidation of hemoglobin, 

this compound is incapable of transporting oxygen in the 

blood, leading to a condition referred to as 

methemoglobinemia (Santamaria, 2006). Also, the long-

term toxicity of nitrites is expounded to their potential to 

form carcinogenic compounds within the food likewise as 

in the human body (Andree et al., 2010). At which the 

residual nitrite can be regenerate to the nitro-sating agent 

which react with secondary amines and form carcinogenic 

compounds (carcinogenic N-nitrosamines) (Honikel, 2008). 

Results obtained in table (6)  indicating that based on the 

permissible limit of residual nitrite content specified by 

Egyptian standards  (ES , 2005) (˂100 ppm) , out of the 

examined 60 samples of  98.3% (59 samples ) were 

considered as acceptable while 1.7% (one sample) were 

categorized as unacceptable. The high nitrite level in few of 

the observed samples may be attributed to elusiveness 

through inaccuracy of its level during the processing of 

meat products in relation to prolongation of their shelf-life 

since, the most important aim of some producers is the 

economic income regardless to the adverse effect of the 

used preservatives on the consumers health (Farag and 

Abd-El- Fatah-Noha, 2011). 

 

5. CONCULOSIONS 

 

The achieved results demonstrated a highly significant 

differences existed in the concentrations of lead and 

cadmium metals across the inspected meat product 

samples. Moreover, the concentrations of nitrite residues in 

the examined products were differed significantly. All 

samples except minced meat have some of unaccepted 

levels of lead, cadmium and nitrite. Therefore, it is 

recommended that a periodic monitoring of these products 

is important with respect to such chemical hazards that 

affecting human health. 
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