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 Aflatoxin M1 (AFM1) is a metabolite of the aflatoxin B1 found in the liver of 

livestock, as a result of feeding livestock with contaminated food. Certain species of 

Aspergillus are responsible for producing aflatoxin. The present study was 

performed to evaluate the measurement of AFM1, by ELISA method, in milk 

samples collected from dairy farms of Shahre Ghods, Shahriar (Tehran, Iran). In 

this study, during autumn (2016), 82 samples of milk from 41 dairy farms in Shahre 

Ghods, Shahriar provinces, were randomly selected and assessed AFM1 

contamination using the ELISA. On centrifugation of milk, the supernatant 

including the milk fats was separated and the pellet lacking the milk fat was 

analyzed through competitive ELISA test, and the amount of aflatoxin was 

determined. The results obtained from ELISA assay revealed that 90% of samples 

were contaminated by AFM1 to a measurable amount and only 8 samples (9.7%) 

crossed the Iran Standard Level of aflatoxin contamination (50 ng/l). Milk and dairy 

products may be contaminated, and since AFM1 is a serious form of threat for 

human health and is potentially dangerous, it is essential to constantly assess the 

livestock feed for aflatoxin contamination to minimize or eliminate its amount in 

milk or dairy products.  
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1. Introduction 

Mycotoxins, along with other fungal 

metabolites such as antibiotics, and alkaloids, 

are mostly produced by fungal cells during the 

final growth stages of filamentous fungi. These 

metabolites, known as secondary metabolites, 

are apparently nonbeneficial for the fungal cells 

(Sefidgar, 2005; Maktabi, 2011; Hajbar, 2003; 

Awasthi et al., 2012). 

Mycotoxins including aflatoxin, ochratoxin, 

patulin, fumonisins, zearalenone, and certain 

trichothecenes such as deoxynivalenol seem to 

be of greater importance. Aflatoxins are highly 

toxic mycotoxins, and the key aflatoxins include 

G2, G1, B2, and B1 types (Behfar et al., 2012). 

Aflatoxin B1 (AFB1) is the most harmful natural 

carcinogen, which is generally produced by the 

toxigenic strains of Aspergillus spp. Aflatoxins 

are produced as secondary metabolites by 

Aspergillus flavus, Aspergillus parasiticus, and 

Aspergillus nomius at temperatures ranging 24-

35 °C (Britzi et al., 2013). Aflatoxin production, 

depends on, social, economic, and the 
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environmental and climatic (humidity and 

temperature) conditions, suitable for fungal 

growth. These toxin-producing fungi can 

contaminate the food products at various stages 

of development and production, in particular, 

during appropriate thermal and moisture 

conditions. The European Committee for Food 

of Codex has determined the maximum safe 

level of aflatoxin in milk and dairy products to 

be 50 ng/l (Caloni, Cortinovis, Pizzo & 

d'Azevedo, 2012).  

Milk and dairy products form important 

constituents of the human diet. In terms of 

nutritional value, they are rich in calcium, 

phosphorus, required vitamins, and proteins. The 

proteins found in milk and its products are 

cheaper and of high biological value compared 

to other sources of animal and plant proteins. 

With the development of animal husbandry and 

milk processing industries, the per capita 

consumption of milk and dairy products has 

increased. Aflatoxin produced in the cow’s milk 

that has been fed a contaminated diet, is 

transmitted to humans and threatens their health 

(Giovati et al., 2014). Aflatoxin M1 (AFM1) has 

been also identified in the culture medium of 

some aflatoxigenic fungi. Studies have shown 

that A. flavus can inhibit the production of 

aflatoxins group G in A. parasiticus. Since the A. 

flavus strain is mainly isolated from 

contaminated food products, the A. parasiticus 

strain comprises a small percentage of isolates of 

from the A. flavus group. The presence of small 

amounts of aflatoxin G1 is expected in 

contaminated samples (Jafarian-Dehkordi & 

Pourradi, 2013); however, our assumption that 

A. flavus is solely responsible for contaminating 

all samples that exclusively have AFB1 and 

AFB2 may not hold true. Finally, one can say 

that aflatoxin is produced by A. flavus, A. 

parasiticus, and A. nomius (Gan et al., 2013). 

Recently, extensive research is carried out for 

the development of analytical methods to 

identify and describe the toxin levels. Timely 

diagnosis can avoid, irreparable losses to life 

and economy. This study aimed to measure the 

AFM1 levels, by ELISA method, in milk 

samples from dairy farms of Shahre- Ghods, 

Shahriar (Tehran, Iran).  

 

2. Materials and Methods 

2.1. Detection of aflatoxin M1 in milk by 

competitive ELISA method 

     To evaluate the aflatoxin level in milk 

produced in the Shahre- Ghods- Shahriar 

province, 82 samples were collected from 42 

dairy farms at different times during autumn 

(2016). The samples were stored in sterile 

containers at -20 °C. The ELISA method was 

used, which is a competitive enzyme 

immunologic assay for the antigen-antibody 

reactions. 

 

2.2. Sample preparation 

The samples were removed from the freezer 

5 h before the centrifugation time. After thawing 

the samples, they were transferred using 50 ml 

pipettes to micro-tubes for centrifugation at 300 

RPM (with HERMLE device). As aflatoxins are 

soluble in water, on centrifugation, the 

supernatant containing fat was separated. 

Moreover, the remaining 0.5 cc pellet was 

transferred to the sterile micro-tubes for testing 

and was refrigerated until further use. 

 

2.3. ELISA kit assay 

The 96-well ELISA kit contains 12 

horizontal and 8 vertical bars (Euroclone, Italy). 

Initially, AFM1, used as a standard, was filled in 

the first 6 wells of samples (S0, S1, S2, S3, S4, 

and S5), having aflatoxin concentrations of 0 

(control), 5, 10, 25, 50, and 100 ng/l, 

respectively. The other samples were placed in 

the remaining wells (82 samples). A volume of 

200 ml of distilled water was added into the 

control well. Moreover, using samplers, a total 

of 200 μl of the standard samples and other 

samples were added to the remaining wells. The 

mixture was gently shaken and incubated for 30 

min at room temperature (20-25 °C), preferably 

away from direct light. At this stage, the 

wells/micro-wells were washed thrice using a 

washing buffer with an initial volume of 50 ml 

(to dilute the buffer, 180 ml of distilled water 

was added to 20 ml of the buffer), to separate the 

attached and reactive reagents from the free and 

unbound reagents. After each washing step, the 

kit was horizontally placed on a multilayer paper 

and its contents were removed. Furthermore, 

200 μl conjugated enzyme of AFM1 (with a 

volume of 22 ml a brown lid) was 
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added to each well, except for the control. The 

control and the mixture were gently shaken  and 

were incubated for 15 min at room temperature 

(20-25 °C), preferably away from direct light. 

Additionally, the wells were washed thrice 

again. Moreover, using multi-channel micro-

tubes, 200 ml of chromogenic solution (with a 

volume of 22 ml with a brown lid) was added to 

each well, including the control well. The 

addition of chromogen changed the environment 

color to blue. Theses microtubes were then 

incubated for 10 min at room temperature in the 

dark. To end the reaction, 50 ml of inhibitor 

solution (sulfuric acid with a white lid) was 

added to the wells, which changed the 

environment color from blue to yellow. The 

mixture was then gently shaken. Finally, the OD 

of each well was read with the ELISA Reader 

(Labsystems Multiskan ms) at 450 nm. 

 

2.4. Data analysis 

The semi-log standard curve was used to 

calculate the concentration of aflatoxin in the 

samples. After reading the ELISA result, the 

absorption percentage of standards was 

determined by dividing the absorption standards 

2 6 built in the kit with the standard absorption 

rate No. 1 (negative control, lacking AFM1) and 

further multiplying it by 100. Moreover, using 

the Curve software, a standard curve was drawn, 

by plotting the logarithm of standard samples’ 

concentrations on X-axis and their absorption 

percentages at 450 nm on Y-axis; the 

concentrations of aflatoxin in unknown samples 

were calculated by applying the dilution factors. 

 

3. Results  

The AFM1 contamination values for 90.24%, 

8.53%, and 1.23% of the samples were 50 ng/l, 

100-200 ng/l, and 200-300 ng/l, respectively 

(Table 1). Figure 1 shows the standard curve to 

calculate the concentration of AFM1 in 

unknown samples. 

The milk samples from 41 dairy farms were 

studied; the samples of 8 farms had AFM1 

contamination values ranging 145–208 ng/l, 

which were above the permitted level of 50 ng/l 

(Figure 2).  

After assessing the animal feed, we observed 

that the animal feed of 8 dairy farms had been 

infected with A. flavus. Figure 3 shows the 

range of AFM1 contamination in milk samples. 

 

Table 1. Specifications of aflatoxin M1 ELISA kit standards 

Standard 
Concentration in 

ng/l 

Logarithm of the 

concentration 
Uptake% 

S0 0 0.69 100 

S1 5 0.753 69.96 

S2 10 1 85.50 

S3 25 1.39 67.64 

S4 50 1.69 49.30 

S5 100 2 33.10 
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Figure 1. Standard curve to calculate the concentration of aflatoxin M1 in unknown samples 

 

 

 

 
Figure 2. Milk samples from eight dairy farms with higher aflatoxin level than the permitted level 

 

 

 
Figure 3. Aflatoxin M1 contamination range in milk samples 
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4. Discussion 

Mycotoxins are the biological materials 

produced by the toxin-producing fungi in food 

products, which affect the human health. 

Therefore, to ensure safety of consumers’ health, 

the existence and amount of different 

mycotoxins in food products needs to be 

constantly assessed and in the food chain 

(Jafarian-Dehkordi & Pourradi, 2013). Many 

researchers have proven the detrimental effects 

of aflatoxin in humans, in particular in liver 

cancer, caused by the consumption of milk and 

milk products contaminated by AFM1. The 

livestock feed should be free of AFB1 

contamination to improve the quality of milk 

(Cano-Sancho, et al, 2010; Galvano, 2001). 

Previous studies in Iran have shown a high 

percentage of AFM1 contamination in most milk 

and dairy products. In a study by Maktabi et al., 

all the samples were found to be infected by 

AFM1 (Maktabi, 2011). In another study by 

Kamyar, 80.7% of the samples had 

contamination level higher than 50 ng and 

26.9% samples showed contamination level 

above 500 ng/l (Kamyar, 2008). Sefidgar studied 

120 samples of raw milk obtained from Babol 

city, Iran (Sefidgar, 2004), and Ghiasian studied 

50 samples of pasteurized milk from Tabriz 

City, Iran (Ghiasian  & Maghsood, 2012); all the 

samples in both studies were infected with 

AFM1. Moreover, Hajbar studied 77 samples of 

pasteurized milk from Sanandaj city, Iran, and 

reported 17 cases of aflatoxin contamination 

higher than the permitted level (Hajbar, 2003). 

High prevalence of aflatoxin contamination is 

also seen in other countries. In a study by 

Galvano, it was found that 78% of milk samples 

in Italy are infected with AFM1 (Galvano, 

2001). Moreover, Polovinski reported that 

29.8% of the samples in Serbia have aflatoxin in 

higher values than the permitted level 

(Polovinski, 2009). Also, Zinedin reported that 

88.8% of the samples in Morocco were 

contaminated with AFM1 (Zinedin, 2007). In a 

study by Paraniti, 13% of samples collected in 

winter and 3% samples collected in the summer 

showed aflatoxin contamination higher than the 

permitted levels (Paraniti, 2001). Furthermore, 

in a study by Sassahara, it was reported that 24% 

of samples were contaminated with AFM1, and 

7% of samples had higher aflatoxin 

contamination than the permitted level 

(Sassahara, 2005). 

Our results are consistent with the previous 

studies and 8 samples in our study had aflatoxin 

contamination higher than the permitted level, 

whereas in a study by Hajbar on pasteurized 

milk, 17 samples were found to be 

contaminated, which indicates low levels of 

contamination in samples collected from our 

study. The results of the present study showed 

that most of the milk samples obtained from the 

dairy farms were contaminated with AFM1. The 

milk samples from the infected cattle 

corresponded to the feed samples of the farms in 

terms of A. flavus contamination. Thus, the milk 

samples with aflatoxin contamination lower than 

the permitted level, reveal that the samples of 

respective cattle feed are not contaminated by A. 

flavus. 

AFB1 can bind to proteins like casein; 

therefore, it may appear in dairy products. There 

are inadequate studies in Iran revealing the 

content of aflatoxin in milk and dairy products. 

Thus, more research is needed in this regard. In 

addition, extensive and continuous controls and 

supervisions must be implemented and guided 

by the government and relevant ministries. 

Furthermore, the animal feed should be free of 

AFB1 in order to produce healthy milk. Due to 

AFM1 risk for human health, in particular for 

liver cancer, AFM1 level detection in milk and 

other dairy products is extremely important 

(Manetta, et al, 2005; Mohamadi Sani, Khezri & 

Moradnia, 2012). 
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