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1. INTRODUCTION 

Dairy products are principal components in human diet 

that may be the way for entrance of mycotoxins into the 

human body posing risk for consumers, inparticular, 

infants and young children (Colak, 2007). Aflatoxins 

(AFs), produced by Aspergillus flavus, Aspergillus 

parasiticus and rarely by Aspergillus nomius, are the 

most carcinogenic and toxic type of mycotoxins. They 

can contaminate cattle feed, fruits, vegetables, different 

types of food and cereals (Asi et al., 2012). After 

ingestion of contaminated feed with aflatoxin B1 

(AFB1), aflatoxin M1 (AFM1) is present in cow’s milk 

with the percentage of 1-6% of AFB1 after a few hours 

from the ingestion of contaminated meal and up to two 

days after suspension of the feeding diet (Gürbay et al., 

2006). AFM1 could be found in dairy products 

manufactured from contaminated milk, therefore, the 

only practical way to ensure the safety of milk and 

dairy products for human consumption is avoiding their 

contamination. Yoghurt manufacture resulted in a 

decrease in the AFM1 contents while cheese 

manufacture from AFM1 contaminated milk showed 

concentration of AFM1 in curd than those in cheese 

milk (Tahoun et al., 2017).  Similar to AFM1, aflatoxin 

B2 (AFB2) is metabolized to aflatoxin M2 (AFM2) and 

is found in milk and cheese (Fedele et al., 2007). 

Moreover, Bräse et al. (2013) suggested that AFM2 

could be converted into AFM1 through an alternative 

pathway mainly because aflatoxins are all formed by 

the same precursor. Many countries stated the 

permissible limits of Aflatoxins M1 and M2, which 

ranged between 0 to 0.5 ppb, in milk and dairy products 

(Nogaim, 2014). Health risks posed by AFM1 
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 Aflatoxins are toxic and carcinogenic metabolites produced by a variety of fungi, frequently 

found in dairy products, thus posing a significant impact on human health especially children. 

Therefore, the objective of this study to investigate the incidence of AFM1 and AFM2 in some 

curd dairy products using HPLC. A total 150 samples (90 cheese varieties and 60 fermented 

milk products varieties) collected from different supermarkets and groceries, in Alexandria 

city. The obtained results revealed that highest incidence of AFM1 in cheese varieties was 

detected in Mish cheese (40%) followed by Ras cheese (26.7%), while the highest incidence 

of AFM1 in fermented milk products was observed in Fruit and Stirred yoghurt with incidence 

of 20% in both type and failed to detected in sterilized Rayeb milk. Regarding, AFM2 the 

highest incidence was observed in Mish cheese (20%) followed by Ras cheese (13.3%) and 

failed to detect in Roquefort cheese, meanwhile, AFM2 only detected in one sample of Balady 

plain and Fruit yoghurt  and failed to detected in stirred and sterilized Rayeb. Comparing the 

positive samples with Egyptian Standard, all positive cheese samples exceeding permissible 

limit. In addition, all positive fermented milk exceeding permissible limit except one sample 

of stirred yoghurt.  In conclusion, widespread presence of AFM1 in dairy products were 

considered to be possible hazards for public health especially children therefore; continuous 

monitoring of AFM1 level in commonly marketed dairy products in Alexandria markets 

should be regularly done. 
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consumption are liver diseases, reduction in dairy 

farming, the dampening of the immune response and 

hemoglobin deficiency. AFB1 also causes dairy 

animals to consume less feed and hinders their 

development (Beasley, 2011). Despite the fact that 

AFM1 has lower genotoxic activity than AFB1, the 

latter is considered by the International Agency for 

Research on Cancer (IARC) to be carcinogenic to 

humans (Group 2B). Due to the toxicity and 

carcinogenicity of AFM1, IARC reevaluated the 

carcinogenic category and upgraded AFM1 from 

Group 2B (possibly carcinogenic to humans) to Group 

1 (carcinogenic to humans) (International Agency for 

Research on Cancer, 2012).  Pasteurization and 

sterilization are not able to deactivate AFM1 

(Prandini et al., 2009). The fact that AFM1 can only be 

inactivated at temperatures above 250 °C (Ellis et al., 

1991) forced authorities to lay down limits and 

regulations for total AFM1 content in dairy products to 

minimize health risks. The limit laid down by the 

Egyptian Organization Standard and Quality is 0.05 

ppb AFM1 in milk products (Egyptian Standards, 

2010). Contamination levels and distribution variations 

of AFM1 vary according to season and location 

(Aliabadi et al., 2012).  

The purpose of this research is to determine the 

prevalence of AFM1 and AFM2 in different cheese and 

fermented milk varieties and comparison with 

Egyptian Standards. In addition, emphasize the 

significance of constant monitoring of potential AFM1 

and AFM2 contamination in milk products for the 

protection of consumer health. 

 

2. MATERIAL AND METHODS 

2.1. Materials: 

  

2.1.1. Samples collection: 

Nighty samples of different types of cheese 

including (Ras, Kareish, Mish, cheddar, Falamank and 

Roquefort) 15 of each and 60 samples of different types 

of fermented milk products including (Balady plain 

yoghurt, Fruit yoghurt, stirred yoghurt and sterilized 

Rayeb) 15 of each were collected from different 

supermarkets and groceries, in Alexandria city. 

Collected samples were transported to Food Analysis 

Central laboratory, Faculty of Veterinary Medicine, 

Benha University, for determination of AFM1 and 

AFM2 concentrations.  

2.1.2. Chemical and supplies: 

Standard and Blank aflatoxins M1 and M2 were 

purchased from Sigma Aldrich, Steinheim, Germany. 

The HPLC grade solvents acetone, acetonitrile and 

methanol were purchased from Merck, Darmstadt, 

Germany. Deionized water was used and all other 

chemicals and reagents used were at least of analytical 

grade. 

 

2.1.3. Apparatus and equipment: 

High performance liquid chromatography (HPLC) 

used for aflatoxin determination was an Agilent 1100 

HPLC system, Agilen Technologies, Waldbronn, 

Germany, equipped with quaternary pump model G 

1311A, UV detector (Model G 1314A) set at 254nm 

wavelength. In addition, auto sampler (model G1329A 

VP-ODS) and Shim pack (150× 4.6 mm) column 

(Shimadzu, Kyoto, Japan) were used.  

 

2.1.4. Standard Aflatoxins AFM1 and AFM2 

solutions: 

The stock standard solutions of AFM1 and AFM2 were 

prepared by dissolving the solid standard in benzene: 

acetonitrile (98:2, v/v). The precise concentration was 

measured in Shimadzu UV-1601 PC 

spectrophotometer, Shimadzu Scientific Instruments, 

Japan, as described by AOAC (2000). 

 

2.2. Analytical procedure:  

 

2.2.1. Sample preparation and extraction: 

The prepared samples were analyzed using a 

validated method by reversed-phase HPLC separation 

and fluorescence detection after post-column 

derivatization (Shundo and Sabino, 2006). 

2.2.2. HPLC determination:  

HPLC condition: mobile phase was composed 

of toluene, ethyl acetate, formic acid and methanol 

(90:5:2.5:2.5, v/v) which pumped with constant flow at 

1.0 ml min. the fluorescence detector was set at an 

excitation wavelength of 365 nm and an emission 

wavelength of 440 nm. Injected volume was 20 µl. The 

assessment of the given samples were done in 

triplicates and the sample regarded as positive for 

aflatoxin, if its retention time and peak corresponded to 

that of the standard (Galvano et al., 2001). Calculations 

to get the level of each mycotoxin in the examined 

samples were carried out automatically by Agilent 

ChemStation Software System. 
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2.2.3. Methods validation: 

The European Commission “EC” (2006) was used as 

for guidelines and criteria to assess the method 

validation. 

2.3. Statistical analysis: 

     The results are expressed as the mean ±SE. Data 

analysis was preformed using SPSS program (2008) 

(Statistical Package for Social Science, version 16). 

  

4. RESULTS  

Table (1): Statistical analytical results of Aflatoxin M1 levels (ppb) in examined cheese varieties 

 

Table (2): Statistical analytical results of Aflatoxin M1 levels (ppb) in examined fermented milk varieties. 

 
 

ND: Not detected  

Table (3): Statistical analytical results of Aflatoxin M2 levels (ppb) in examined cheese varieties. 

ND: Not detected  

Product 
No. of Examined 

samples 

Positive samples 
Range Mean±SEM 

No. % 

Ras cheese  15 4 26.7 0.213 - 1.58 0.91±0.29 

Kareish cheese 15 2 13.3 
0.051 - 0.984 

0.52±0.47 

Mish cheese 15 6 40 
0.246 - 2.03 

1.08±0.25 

Cheddar cheese 15 3 20 
0.176 - 1.13 

0.65±0.28 

Falamank cheese  15 2 13.3 
0.098 - 0.149 

0.12±0.02 

Roquefort cheese 15 1 6.7 0.081 0.081±0.00 

Product 

No. of 

Examined 

samples 

Positive samples 
Range 

 

Mean±SEM No. % 

Balady plain yoghurt 15 2 13.3 0.119 - 0.752 0.43±0.32 

Fruit yoghurt 15 3 20 0.150 - 1.018 0.60±0.25 

Stirred yoghurt   15 3 20 0.083 - 0.417 0.25±0.17 

Sterilized Rayeb 15 ND ND ND ND 

Product 
No. of Examined 

samples 

Positive samples 
Range Mean±SEM 

No. % 

Ras cheese  15 2 13.3 0.158-0.611 0.38±0.23 

Kareish cheese 15 1 6.7 
0.347 

0.347±0.00 

Mish cheese 15 3 20 
0.293-0.878 

0.49±0.19 

Cheddar cheese 15 1 6.7 
0.210 

0.210±0.00 

Falamank cheese  15 1 6.7 
0.056 

0.056±0.00 

Roquefort cheese 15 ND ND ND ND 

http://www.sciencedirect.com/science/article/pii/S0308814613018840
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Table (4): Statistical analytical results of Aflatoxin M2 levels (ppb) in examined fermented milk varieties. 

Table (5): Comparison of Aflatoxin M1 level in examined cheese and fermented milk products with Egyptian standards 

(2010). 

 

Products 
No of examined 

samples 

Permissible Limit  

ES, (2010) (ppb)  

Samples Above permissible 

limit 

No. % 

Ras cheese  15 0.05 4 26.7 

Kareish cheese 15 0.05 2 13.3 

Mish cheese 15 0.05 6 40 

Cheddar cheese 15 0.05 3 20 

Falamank cheese  15 0.05 2 13.3 

Roquefort cheese 15 0.05 1 6.7 

Balady plain yoghurt 15 0.05 2 13.3 

Fruit yoghurt 15 0.05 3 20 

Stirred yoghurt  15 0.05 2 20 

Sterilized Rayeb  15 0.05 0 0 

 

4. DISCUSSION 

Aflatoxins can cause dangerous illnesses, they are 

carcinogenic, mutagenic and teratogenic compounds 

(Bilandžić et al., 2010).If contaminated milk is used in 

cheese production, toxins can be carried over into 

cheese. Pasteurization or sterilization cannot destroy 

aflatoxins because these compounds are thermostable 

(Picinin et al., 2013).  Results showed in Table (1) 

declared that AFM1 was detected in 26.7, 13.3, 40, 

20,13.3 and 6.7 % with examined Ras, Kareish, Mish, 

Cheddar, Falamank and Roquefort cheese samples with 

mean values of 0.91±0.29, 0.52±0.47, 1.08±0.25, 

0.65±0.28, 0.12±0.02 and 0.081±0.00 ppb, 

respectively. Higher incidence of AFM1 was reported 

by (Saad, 2017) who reported that the incidence of 

AFM1 in examined Ras cheese was 28% (7/25) with 

mean values 0.83±0.19 ppb nearly similar to our mean 

values of AFM1 in examined ras cheese 0.91±0.29 ppb. 

In addition, El-Kest et al., (2015) reported that AFM1 

residues was detected in 100 and 75% of examined 

Kareish and Roomy cheese with mean values of 

528±140.8 and 288.6±100.6 ppt, respectively. Also, 

Aiad and Abo El-Makarem (2013) reported that AFM1 

was detected Kareish cheese and Ras cheese samples at 

incidence of 46 and 56 %, respectively with mean 

values 28.66 ± 4.66 and 56.048 ± 6.29 ppb, 

respectively. 

The obtained results in Table (2) showed that the 

AFM1 was detected in 13.3, 20, and 20% of examined 

Balady plain, Fruit and Stirred yoghurt with mean 

values of 0.43±0.32, 0.60±0.25 and 0.25±0.17, 

respectively. While AFM1 cannot be detected in 

examined Sterilized Rayeb.  Higher incidence of 

AFM1 residues in yoghurt was reported El-Kest et al., 

(2015) who found that AFM1 residues was detected in 

100% in examined yoghurt with mean value of 72.9 ± 

1.7 ppt. in addition, Aiad and Abo El-Makarem (2013) 

reported that AFM1 was detected in yoghurt samples at 

 

 Product 
No. of Examined 

samples 

Positive samples 
Range   Mean±SEM 

No. % 

Balady plain yoghurt 15 1 6.7 0.068 0.068±0.00 

Fruit yoghurt 15 1 6.7 0.167 0.167±0.00 

Stirred yoghurt  15 
ND ND ND ND 

Sterilized Rayeb  15 
ND ND ND ND 
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incidence of 26 %, with mean values 28.41 ± 4.78 ppb. 

In addition, in Turkey, it was revealed that 65.38% of 

ordinary yoghurt samples and 33.33% of fruit yoghurt 

samples were contaminated with AFM1 (Akkaya et al., 

2006).  Nearly similar incidence of AFM1 in yoghurt 

reported by Elsayed and Abd El-Fatah, (2015), they 

reported that incidence of AFM1 in yoghurt was 12% 

(3/25) with mean value 0.80 ± 0.13 ng/Kg in Sharkia, 

Egypt. 

Data presented in Table (3) showed that AFM2 was 

detected in 13.3, 6.7, 20, 6.7 and 6.7 % in examined 

Ras, Kareish, Mish, cheddar and Falamank cheese 

samples with range of 0.158-0.611, 0.347, 0.293-0.878, 

0.210, and 0.056  ppb, respectively. Meanwhile AFM2 

failed to detect in Roquefort cheese sample.  Higher 

incidence of AFM2 in Ras cheese was reported by 

(Saad, 2017) who reported that the incidence of AFM2 

in examined Ras cheese was 16% (4/25) with mean 

values 0.20±0.05 ppm. In addition, Camarillo et al., 

(2016) found that AFM2 was detected in six samples 

(20%) from 30 examined samples of fresh cheese in 

Mexico with a concentration range between 0.67 and 

3.43 µg/kg. 

The obtained results in Table (4) revealed that AFM2 

was detected in Balady plain and fruit yoghurt with 

incidence 6.7 % in both types with mean value of 0.068 

and 0.167 ppb, respectively. Meanwhile, AFM2 failed 

to be detected in both Stirred yoghurt and Sterilized 

Rayeb fermented milk. Our finding disagreement with 

results obtained by (Saad, 2017) who failed to detect 

AFM2 in examined yoghurt samples.  

Egyptian standards (2010) stated that AFM1 should not 

more than 0.05 ppb in milk products, according to these 

standards there are 26.7, 13.3, 40, 20, 13.3, 6.7, 13.3, 

20 and 20% of examined (Ras, Kareish, Mish, 

Cheddar, Falamank and Roquefort) cheese and (Balady 

plain, Fruit and Stirred yoghurt), respectively were 

above permissible limit established by Egyptian 

standards, Table (5). Higher incidences of samples 

exceeding permissible limits of AFM1 reported by 

Aiad and Abo El-Makarem (2013), they found that 

100% of examined Kareish and Ras cheese samples 

exceeding permissible limits established by Egyptian 

regulations (1990) stated that milk products must be 

free from AFM1.  

Cheese is the most potent source of aflatoxin among 

foods because of the AFM1 associated with the casein 

fraction in milk (Yapar et al., 2008). A study revealed 

that AFM1 levels are 3-5 times higher in cheese 

compared with that in the corresponding milk (Prandini 

et al., 2009). In addition, studies done on AFM1 

concentration changes in cheese showed no significant 

change of concentration even after 3 months of storage 

(Deveci, 2007). It is important to mention that the 

stability of AFM1 during processing and storage makes 

it dangerous. 

The results of the present study showed occurrence of 

AFM1 and AFM2 in some curd dairy products with 

higher occurrence in cheese samples. Therefore, 

consumption of these products could be a serious 

public health problem especially in children. The best 

way to deal with this problem is to reduce AFB1 

contamination in animal foodstuffs by improving 

process and storage practices. In addition, frequent 

analytical surveillance by food control agencies is 

highly recommended to control the incidence of 

mycotoxin contamination especially in dairy products 

and feed. 
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