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Abstract: Ninety (90) different local (small scale and large scale) and imported cheese samples which were consumed by 

different classes of consumers were collected from different markets in Sharkia, Egypt for analyzing them for mineral content 

and mycotoxin level. The results revealed that 9 out of 30 examined small scale cheese samples (30 %) were contaminated by 

ochratoxin A (OTA), the minimum was 2.0 ppb and the maximum was 5.0 ppb, while only 7/30 (23.33%) of examined large scale 

cheese samples were contaminated by OTA with a mean value of 1.98±0.32 ppb. On the other side imported cheese samples was 

contaminated by OTA by percentage of 36.67%. All the positive samples of the three types were Exceeding Egyptian regulation 

permissible limits (P.L.). Regarding aflatoxin M1 (AFM1) level in the examined samples the results showed that the small scale 

samples have the highest contamination level with AFM1 recording 56.67% (17 out of 30) with levels ranging from 32.3 to 50.2 

ng/kg and all the positive samples had AFM1 levels exceeding Egyptian regulation P.L., while the lowest AFM1 contamination 

level present in the imported cheese samples recording 33.33 % with a mean 25.74±1.82 ng/kg. Trace and heavy metals including 

Pb, Cd, Hg, Cu and Zn were present in the range of Zn > Pb> Cu > Cd >Hg in small scale and imported cheese samples, while in 

large scale samples it was in the order of Pb > Cu > Cd >Zn >Hg. The results of this study indicate that continuous monitoring of 

chemical contaminant levels in different types of cheese consumed by different classes of consumers in Sharkia Governorate 

should be regularly done. It also shows an alarming situation with respect to cheeses produced from all classes (small scale, large 

scale and even imported types). 
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1. Introduction 

Milk is considered as a nearly complete food, since it is a 

good source of protein, fat and major minerals. Also, milk and 

milk products are the main constituents of the daily diet, 

especially for vulnerable groups such as infants, school age 

children and old age [1]. Cheese present among these products 

and it is known to be of great nutritional value for human 

consumption as its fat and protein have a high biological value 

and contains all essential fatty and amino acids. Also, it is a 

source of vitamins and minerals [2]. Cheese was previously 

classified under "safe foods" but after 1980, many reports of 

infections and intoxications related to the consumption of 

contaminated cheese which poses a threat to public health and 

also quality defects in cheese leads to big economic losses [3]. 

Mycotoxins are among the environment chemical agents 

that exert toxic effects on animals and humans [4]. Aflatoxins 

are a group of mycotoxins mainly produced by some species 

of aspergillus namely Aspergillus flavus, Aspergillus 

parasiticus and Aspergillus nomius [5]. These fungi grow 

under particular conditions of temperature and humidity and 

can occur in a wide range of agricultural commodities such as 

cereals, nuts, spices and feed materials [6]. 

Aflatoxin M1 (AFM1) is a hydroxylated metabolite of 

aflatoxin B1 and can be detected in milk and dairy products 

from dairy cattle that have ingested feed contaminated with 

aflatoxin B1 [7]. The level of AFM1 in raw milk is a concern 

due to its mutagenic, carcinogenic and teratogenic effects [8] 

and considered as major etiological factors for hepatocellular 

carcinoma (HCC) [9]. It is assumed that neither storage nor 

processing could destroy the AFM1 toxin [10] and can be 

detected in dairy products submitted to pasteurization and 

sterilization process and also in fermented products [11]. 

The occurrence of AFM1 in cheese may be due to AFM1 

contamination of raw milk used in cheese manufacture, 

synthesis of aflatoxins by Aspergillus flavus and Aspergillus 

parasiticus growing on cheese [12] or by the occurrence of 
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AFM1 in powdered milk used in cheese manufacture [13]. 

Consequently AFM1 can also be present in all dairy products 

manufactured with contaminated milk at an amount superior 

to that in milk [14]. 

The most important toxic metabolite produced by several 

Penicillium moulds is ochratoxin A (OTA), a chlorinated 

polyketide mycotoxin containing the amino acid L- 

phenylalanine, which shows nephrotoxic, teratogenic, 

immunogenic, hepatotoxic and carcinogenic activities and has 

been classified as a Group 2B carcinogen by the International 

Agency for Research on Cancer [15]. OTA is produced also by 

different species of aspergillus (Aspergillus ochraceus, 

Aspergillus melleus, Aspergillus sulphureus, Aspergillus nigri, 

Aspergillus lanosus, Aspergillus alliaceus, Aspergillus 

carbonarius and Aspergillus awamori) and penicillium 

(Penicillium verrucosum, Penicillium chrysogenum and 

Penicillium nordicum) [16-17]. OTA might be produced on 

the surface of cheese by penicillia during the ripening [18]. 

Cheese is exposed to different types of contamination 

during manufacture with different kinds of heavy metals such 

as cadmium, nickel, lead, copper and mercury [19]. Trace 

metals may enter our foods from a number of sources like soil, 

chemicals used to agricultural land, water used in food 

processing or cooking, equipment, containers and utensils 

used for food processing, packaging, storage and cooking [20]. 

It causes many health problems such as weakness, heart 

failure, induced cancer diseases [21] and also affects the 

kidney. In case of food safety assessment it should be taken 

into account that the heavy metals like Cr, Co, Cu, Fe, Mn and 

Zn are essential, which are so called micronutrients. 

Deficiency of any one of essential metal nutrients will result 

in specific biochemical lesions within cells of the body and 

subsequently development of certain characteristic clinical 

symptoms which will normally alleviate when the deficiency 

is corrected by supplying an adequate amount of the missing 

element. Although these metals are essential for health, 

excessive exposure may be hazardous [22], whereas the heavy 

metals especially Pb, Cd, Hg and As are non essential 

elements and even toxic in trace levels [23 - 24]. 

Therefore, this study was conducted to make a survey on 

presence of some mycotoxins (AFM1 and OTA) and heavy 

metals (Pb, Cd, Hg, Cu and Zn) in small scale, large scale and 

imported cheese to assess their quality and determine the 

amount of these toxic substances that consumed by different 

classes of Egyptian consumers. 

2. Materials and Methods 

2.1. Collection of Samples 

A total number of 90 commercial cheese samples of 

different kinds and origin were collected from different 

supermarkets in Sharkia Governorate, Egypt (30 for each of 

small scale, large scale and imported cheese samples). Small 

scale sample were represented by 250 grams which was 

apparently of good condition while large scale and imported 

samples were collected in its original package. The samples 

were transported to the laboratory inside an insulated 

container at about 4 
o
C and analyzed directly after arrival. 

2.2. Determination of OTA Content  

The detection of OTA residues in collected cheese take 

place using immunoaffinity column method for extraction of 

ochratoxin A and reading by VICAM fluorometer in parallel 

with standard of OTA [25]. Preparation of samples took place 

acc.to [2]. 

Column Chromatography: Pass 10 ml diluted extract 

completely through the ochraTest affinity column at a rate of 

about 1-2 drops/ second until air comes through the column. 

Pass 10 ml of mycotoxin wash buffer through the column at a 

rate of 1-2 drops/ second. Pass 10 ml of purified water through 

the column at a rate of 1-2 drops/ second until air comes 

through the column. Elute affinity column by passing 1.5 ml 

OchraTest eluting solution through the column at a rate of 1 

drops/ second and collecting all of the sample elute in a glass 

cuvette. Mix well and place cuvette in a calibrated fluorometer, 

read ochratoxin concentration after 60 seconds. 

2.3. Determination of AFM1 Content  

Cheese samples were prepared according to the method 

outlined in the ELISA kit [26] then use the enzyme-linked 

immunosorbent assay (ELISA). Using Ridascreen AFM1 kits 

(R-Biopharm, Derm-Stadt, Germany), which contained 

Microtiter plates coated with specific antibodies to AFM1, 

AFM1 standard solution of (0, 5,10, 20, 40, and 80 ng\L), 

peroxidase conjugated AFM1, together with substrate 

chromogen and stop solution. All samples were prepared and 

defattened using the method outlined in the ELISA kits, as 

briefly described in [26] 

2.4. Chemical Analysis of Mineral Content 

One gram of cheese samples was digested with 5 ml 

concentrated nitric acid over night. The mixture was heated at 

70
o
C for 2 hours and filtered through Whitman filter paper No. 

42. The filtrate was completed to 50 ml with deionized water. 

All samples were analyzed using Air-acetylene unit in (Perkin 

Elmer model, spectra-AA10, USA) Atomic Absorption 

Spectrophotometer” for determination of Lead, Cadmium, 

Mercury, Cupper and Zinc according to [27- 28].  

2.5. Data Analysis 

The collected data is presented as mean and standard error 

and subjected to one-way Analysis of Variance (ANOVA). All 

statistical calculations were performed with SPSS 9.0 for 

Windows. 

3. Results and Discussion 

3.1. Ochratoxin 

The results given in table 1 revealed that 9 out of 30 

examined small scale cheese samples (30%) were 

contaminated by OTA, the minimum was 2.0 ppb and the 
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maximum was 5.0 ppb, while only 7/30 (23.33%) of 

examined large scale cheese samples were contaminated by 

OTA with a mean value of 1.98±0.32 ppb. On the other side 

imported cheese samples were contaminated by OTA by 

percentage of 36.67%. All the positive samples of the three 

types were exceeding Egyptian regulation permissible limits. 

Previous studies on the subject provided that OTA was 

present in 6 samples out of Thirty-two traditional hand-made 

semi-hard cheeses with concentration ranged from 1 to 262 

µg/kg in the rind and from 18 to 146 µg /kg
 
in the cheese 

interior [29]. On the other side Awad et al. [2] reported that 

12 out of examined 20 small scale manufactured roomy 

cheese samples, (60%) were contaminated by OTA, the 

minimum detected level was 2.0 ppb, the maximum was 7.0 

ppb and the mean value was 3.67± 0.22 ppb while only 6 

(30%) out of examined large scale manufactured roomy 

cheese samples were contaminated by OTA. The level of 

contamination detected ranged from 2.0 ppb to 5.0 ppb with 

a mean value of 3.92 ± 0.30 ppb. 

Mould strains able to produce OTA can be part of the 

environmental microflora of various food items and 

cheese-making factories [30–31]. Thus, cheese making, 

ripening and storage should be strictly monitored to prevent 

contamination. It is well known that moulds developing on 

cheese rinds generally come from the environment; thus, the 

wooden shelves on which traditional cheeses are placed 

during ripening could also be a source of 

mycotoxin-producing moulds [32–31]. Chances of 

mycotoxins production are very small when dairy products 

are kept at refrigeration temperature and good hygiene 

practice is very important to fight mould spoilage. Because 

air is generally an effective vehicle for distribution of mould, 

filtration of air and even the practice of clean room technique 

had been introduced in some places. Vacuum packaging or 

modified atmosphere packaging was used to inhibit mould 

growth and application of chemical inhibitors on wrapping 

and product surface was also used [33]. 

OTA is a nephrotoxic, teratogenic and carcinogenic 

compound and may also cause immunotoxic effects [34 –35]. 

Due to its nephrotoxicity, OTA has been regarded as an 

important factor for human endemic nephropathy in the 

Balkan area [36]. 

3.2. Aflatoxin M1 

90 different cheese samples from different countries were 

collected from Sharkia markets for the analysis of AFM1 

(Table 2). The results showed that the small scale samples 

had the highest contamination level with aflatoxin M1 

recording 56.67% (17 out of 30) with levels ranging from 

32.3 to 50.2 ng/kg and all the positive samples had AFM1 

levels exceeding Egyptian regulation permissible limit, 

while the lowest AFM1 contamination level present in the 

imported cheese samples recording 33.33 % with a mean 

25.74±1.82 ng/kg. 

In comparison with other studies conducted in the nearby 

region, in Iran 82.5% of 80 feta cheese samples tested 

positive for AFM1 and in 60.6% of the positive samples, 

AFM1 levels exceeded the maximum acceptable levels [37] 

while AFM1 levels in 18% of 100 cream cheese samples in 

Turkey exceeded the action limit of 250 ng/kg
 
[38]. In 

another study in Kuwait, The cheese samples recorded 80% 

contamination with AFM1 with a range 23.8– 452 ng/kg and 

mean of 87.6 ng/kg, with one sample being above the 

regulatory limit (250 ng/kg) [7]. 

Tavakoli et al. [39] reported that AFM1 was found in 60% 

of the cheese samples ranging from 40.9 to 374 ng/kg. Toxin 

levels in 6% of the samples exceeded the Iranian national 

standard limit, i.e. 200 ng/kg. While Elkak et al. [40] 

recorded that AFM1 was detected in 67.56% out of the 111 

samples analyzed in which the levels of AFM1 in 17.33% of 

the samples were found to exceed the limits (250 ng/kg) 

allowed by the European Commission (EC). 

On the other hand Mohajeri et al. [41] found that AFM1 

was detected in 29 (64.4%) white cheese within range: 

93.3-309 ng/kg. 9 samples (20%) of white cheese had levels 

above the limit According to Iranian national standard limit 

for AFM1 in cheese (200 ng/kg). 

These significantly variable AFM1 levels may be due to 

several influencing factors such as cheese manufacturing 

procedures and storage [42], types of cheese, conditions of 

cheese ripening [43], analytical methods and finally the 

geographical and seasonal effects [10]. In addition, the 

storage conditions of products including humidity and 

temperature are also important for toxin production. Cheese 

is the most potent source of aflatoxin among foods because 

of the AFM1 associated with the casein fraction in milk [44]. 

In addition, studies done on AFM1 concentration changes in 

cheese showed no significant change of concentration even 

after 3 months of storage [42]. It is important to mention that 

the stability of AFM1 during processing and storage makes it 

dangerous. 

Generally, presence of aflatoxins in animal or human 

bodies cause a disease named Aflatoxicosis, so the presence 

of AFM1 may be specified as Aflatoxicosis M1[45]. 

Aflatoxicosis causes anemia, reduction of immune function, 

hepatotoxicosis, hemorrhage, teratogenesis, carcinogenesis 

and mutagenesis. The most prevalent symptoms of 

aflatoxicosis in animals are reduced growth rate and poor 

intellectual and behavioral performance. The liver is 

considered a target organ for the toxic and carcinogenic 

effects of AFM1 [46-47]. Several studies indicate that 

exposure to AFM1 has a possible link to an increased risk of 

developing cancer in humans [48]. The carcinogenicity of 

AFM1 may be influenced by the duration and level of 

exposure [49]. 

3.3. Heavy Metals 

Tables 3 and 5 summarized the results of analyzed heavy 

metals obtained in this study and Previous related results 

from various parts of the world. Results obtained in this 

investigation concerning Chemical analysis revealed the 

presence of Pb, Cd, Hg, Cu and Zn. The concentration of 

some minerals and heavy metals was in the order of Zn > Pb> 

Cu > Cd >Hg in small scale and imported cheese samples, 
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while in large scale samples it was in the order of Pb >Cu > 

Cd >Zn >Hg. 

The statistical analysis of obtained data (Table 4) revealed 

that none of examined cheese samples having Hg or Zn 

levels above the recommended permissible limit. While, 9 

(30%), 7 (23.33%) and 7 (23.33%) out of 30 examined small 

scale, large scale and imported cheese samples respectively 

having Cu levels above the permissible limit. However, 2 

(6.67%) out of 30 in the examined three types of cheese 

having cd levels above the permissible limit and finally 6 

(20%), 4 (13.33%) and 3 (10%) out of 30 examined small 

scale, large scale and imported cheese samples respectively 

having pb levels above the permissible limit recommended 

by Egyptian standard (1993). 

The trace metal content of cheese is variable because of 

factors such as differences between species, geographical 

area, characteristics of the manufacturing procedures and 

possible contamination from the equipment during the 

process, packaging, and storage. It is necessary to control the 

manufacturing process at each step in order to determine the 

source and levels of contamination and to ensure the desired 

product quality [19]. This could be result of contamination 

during the cheese making process. Coni et al. [50] indicated 

that the release of heavy metals from the equipment to the 

cheese might occur during processing at a relatively high 

temperature. 

It seems that the use of stainless steel containers, 

appropriate packaging and agricultural products grown in 

soils with low heavy metal pollution could play major role in 

reduction of heavy metal content in dairy product [51]. The 

selection of a suitable packaging material has an important in 

cheese packaging. Because a toxicological effect of 

component migration from packages into foods is crucial 

problem. Food packaging can interact with the packaged 

foodstuff by diffusion-controlled processes, which mainly 

depend on chemical properties of the food contact material 

and the foodstuff, temperatures at packaging, during heat 

treatment and storage, exposure to UV light and storage time 

of the product. This interaction can lead to control of food 

material compounds leaching from the packaging to the food 

[52]. 

Regarding the public health hazards of the detected metals, 

Pb is a potent neurotoxin for which no safety threshold has 

yet been found [53]. It may cause damage to kidneys, the 

cardiovascular, immune, hematopoietic, central nervous and 

reproductive systems. Short term exposure to high level of 

lead can cause gastrointestinal distress, anemia, 

encephalopathy and death [54]. 

Manifestations of lead poisoning are nonspecific 

abdominal pain, constipation, irritability, myalgia, muscle 

aches, headache, anorexia and decreased lipid concentrations. 

Cd has estrogenic properties and causes an increased 

incidence of cancer in mice [55]. Cadmium and its adverse 

health effects occur in the form of kidney damage but 

possibly also bone effects and fractures [56]. Chronic 

exposure to Cd and Pb is associated with kidney damage in 

adults [57]. Mercury is a particular cumulative poison and 

acts as an inhibitor for numerous enzymes. Moreover, it 

causes severe kidney damage in both man and animals [58]. 

On the other hand Cu is an essential element for several 

enzymes. The gastrointestinal absorption of Cu is normally 

regulated by body store and most of the Cu is stored in the 

liver and bone marrow where it is bound to metallothioneine 

[59]. Finally, Zn is an essential constituent or cofactor for 

more than 200 mettalloenzymes, hormones and hormone 

receptors, protein, neuropeptides and polynucleotides [60]. 

Excess amount of Zn causes diarrhoea, hair loss, brittle 

fingernails, weakness, anaemia and stomach & intestine 

problems [61]. Zn does not accumulate with continued 

exposure but the body content is modulated by homeostatic 

mechanisms that act principally on the absorption and liver 

level [62]. 

Table 1. Occurrence of OTA (ppb/kg) in cheese samples in Sharkia Governorate and Comparing the detected levels to levels of the existing Egyptian regulation: 

Product 
Examined 

samples N. 

Positive samples 

N (%) 

Min–max 

(ppb)  

Mean ±SE 

(ppb)  

Exceeding Egyptian regulation a (Nil) 

N  (%) 

Small scale cheese 30 9(30 %) 2.0-5.0 3.19 ±0.33 9 100% 

Large scale cheese 30 7(23.33% ) 1.0-3.0 1.98±0.32 7 100% 

Imported cheese 30 11(36.67% ) 0.6-1.2 0.83±0.65 11 100% 

a – [63]. 

Table 2. Occurrence of AFM1(ng/kg) in cheese samples in Sharkia Governorate and Comparing the detected levels to levels of the existing Egyptian regulation: 

b- [64]. 

 

Product 
Examined 

samples N. 

Positive samples 

N (%) 

Min–max 

(ng/Kg)  

Mean ±SE 

(ng/Kg)  

Exceeding Egyptian regulation b (0.0 µg/kg) 

N  (%) 

Small scale cheese 30 17(56.67% ) 32.3-50.2 39.83±1.60 17 100% 

Large scale cheese 30 13(43.33% ) 23.2-47.1 33.08±2.32 13 100% 

Imported cheese 30 10(33.33 %) 19.4-33.4 25.74±1.82 10 100% 
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Table 3. The heavy metal residues in the examined cheese samples: 

 Small scale cheese Large scale cheese Imported cheese 

Lead 

(ppm) 

Min 

Max 

Mean±S.E 

0.17 

0.94 

0.313±0.036 

0.09 

0.70 

0.223±0.026 

0.15 

0.94 

0.251±0.031 

Cadmium 

(ppm) 

Min 

Max 

Mean±S.E 

0.01 

0.39 

0.045±0.013 

0.03 

0.60 

0.065±0.020 

0.01 

0.15 

0.033±0.005 

Mercury 

(ppb) 

Min 

Max 

Mean±S.E 

0.015 

0.034 

0.022±0.0011 

0.009 

0.020 

0.013±0.0007 

0.003 

0.019 

0.010±0.0009 

Cupper 

(ppm) 

Min 

Max 

Mean±S.E 

0.17 

0.86 

0.327±0.037 

0.07 

0.65 

0.251±0.027 

0.02 

0.49 

0.221±0.023 

Zinc  

(ppm) 

Min 

Max 

Mean±S.E 

0.029 

0.98 

0.399±.0498 

0.13 

0.59 

0.320±0.0281 

3.4 

8.9 

4.99±0.281 

Table 4. The examined cheese samples that comply with the permissible limits for the analyzed heavy metals  

Metals  

Permissible 

limits  

( mg/Kg ) c 

Small scale cheese samples exceeded 

the permissible limit 

Large scale cheese samples exceeded 

the permissible limit 

Imported cheese samples exceeded 

the permissible limit 

No. % No. % No. % 

Lead 0.3 6 20% 4 13.33% 3 10% 

Cadmium 0.05 2 6.67% 2 6.67% 2 6.67% 

Mercury 0.02 0 0% 0 0% 0 0% 

Cupper 0.3 9 30% 7 23.33% 7 23.33% 

Zinc 20 0 0% 0 0% 0 0% 

c – [65]. 

Table 5. Previous related results of analysed heavy metals from various parts of the world 

 Lead Cadmium Zinc Cupper Mercury 

Amer et al. [66] (Egypt) 1.182±0.074 0.212±0.011 0.760±0.104 0.014±0.000 0.053±0.002 

Aly et al.[67] (Saudi Arabia) 0.47 ± 0.07 0.14 ± 0.11 7.19 ± 0.47 0.16 ± 0.0001 - 

Acar , [68] (Turkey)  0.17±0.03  - - 0.67 ± 0.19  11.7 ±2.57 

Bakircioglu et al.[20] (Turkey)  4.15 ± 0.18 0.053±0.005 23.7 ± 2.8 16.9 ± 1.2 - 

Thabet et al.[28] (Yemen) 0.53±0.35 0.73±0. 18  - 1.56±1 .59 - 

Rezaei et al.[51] (Iran) 18.2 ± 9.6 5.4 ±2.7 - - 27.2 ±11.6 

 

4. Conclusion 

In conclusion, the results revealed the presence of OTA, 

AFM1 and heavy metals with different concentration in the 

examined cheese samples which is considered as a risk factor 

in dairy production. So it is highly recommended that 

controlling measures should be taken promptly to reduce 

contamination such as implementing a food control systems 

(such as HACCP) and educating dairy farmers and 

manufacturers. Additionally, it is suggested that subsequent 

studies should be conducted on these chemical contaminants 

in different stages of milk preparing and processing. There's a 

need for regular monitoring and a more stringent food safety 

management system (FSMS) in order to control these 

contaminants at the lowest possible levels. 
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