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H I G H L I G H T S  

 The presence of Aflatoxin M1 in the breast milk of feeding mothers in Erzurum was investigated against their nutritional 

habits.  

 The presence of Aflatoxin M1 in breast milk was found to not pose a significant risk. 

 Frequent consumption of fresh fruits and vegetables during breastfeeding was found to improve the quality of breast 

milk. 
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A B S T R A C T  

Investigating the Aflatoxin M1 (AFM1) presence in the breast milk of the nursing mothers in 

Erzurum province, depending on their nutritional habits. Study was conducted on the mothers 

(s=90) who have 0-12 months infants and reside in the province of Erzurum, in accordance 

with ethical considerations. While collecting the data, a questionnaire was conducted to 

determine the period of breast feeding, Body Mass Index (BMI) and nutritional habits and 

the presence of AFM1 was determined by ELISA method. No correlation has been found 

between Body Mass Index and mothers’ nutritional habits with the AFM1 concentration in 

breast milk (p>0.05) and AFM1 concentration varied between 0.0049 – 0.01503 ppm (μg/kg) 

and determined as 0.006182±0.001748 ppm (μg/kg) on average. A negative correlation has 

been found with the AFM1 concentration in breast milk for the mothers who frequently 

consume fresh fruits and vegetables (r=-0.235) (p<0.05). While the presence of AFM1 in 

breast milk does not pose a significant risk, mothers' frequent consumption of fresh fruits and 

vegetables during breast feeding period may increase the breast milk quality which has a 

fundamental importance on the infant development and health.
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1. Introduction 

It has been reported that 25% of the crops are exposed to 

mold contamination and this contamination causes serious 

economic damages. Some molds may cause the formation of 

toxic seconder metabolites, also known as mycotoxins and 

pose a threat to human health. Mycotoxins are not only in 

vegetable sources but also can pass into animals who fed 

with contaminated animal feed and their products such as 

milk, meat and egg (Carry Over) [1, 2].  

Mycotoxins; carcinogenic (aflatoxins, ochratoxins, and 

fumonisins), mutagenic (aflatoxins, sterigma toxins), 

teratogenic (ochratoxin), estrogenic (zearalenone), 

hemorrhagic (trichothecenes), immunotoxic (aflatoxins and 

ochratoxins), nephrotoxic (ochratoxins), hepatotoxic 

(aflatoxins and phomopsis), dermatoxic (trichothecenes) and 

neurotoxic (ergotoxines, penitrems, lolitrems and paxilline) 

have effects on human health [3, 4]. Aflatoxins are one of the 

most dangerous mycotoxins due to their high toxic properties 

[5, 6]. 

Aflatoxins can be synthesized by Aspergillus flavus, 

Aspergillus paraciticus, Aspergillus nomius and by some 

Emericella and Rhizopus species [7, 8]. Aflatoxin derivatives 

include 6 main compounds namely, Aflatoxin B1, B2, G1, G2 

and Aflatoxin M1 (AFM1) and Aflatoxin M2 (AFM2) [2, 9]. 

AFB1 is found in the animal feed and in the food which 

humans consume and they may pass into the human and 

animal milk as AFM1 [10]. International Agency for 

Research on Cancer (IARC) defined the compounds of 

Aflatok B1 (AFB1) as first degree and Aflatoxin M1 (AFM1) 

as second degree carcinogenic [11–13]. Presence of AFM1 in 

human and animal milk may pose a serious problem on adult 

and infant health [10, 14–19]. The diets of infants depend on 

the mother's diet. Contamination of the food which mothers 

consume with aflatoxins causes the presence of AFM1 in 

breast milk in various proportions [10, 20]. In the conducted 

studies, it is found that in the case of AFB1 presence in the 

food which nursing mothers consume, AFM1 in the breast 

milk is detected [10, 14, 15, 17–19, 21–31]. 

Infants are more susceptible to aflatoxins when compared to 

adults due to their low body weights, incomplete 

development of tissues and organs, and underdeveloped 

detoxification mechanisms [17, 32, 33]. Complete absence 

of AFM1 in breast milk is accepted as a base for the growth 

and development of children. No studies were encountered 

which were investigating whether there is a relationship 

between mothers' nutritional habits and AFM1 In the case of 

a relationship between the presence of AFM1 and mothers' 

nutritional habits, some strategies can be specified for the 

mother's and infant's nourishment. Although the cultural 

eating habit of Erzurum which is located in eastern part 

Turkey is carbohydrate heavy, fresh fruit and vegetable 

consumption is frequent. 

This study aims to investigate the relationship between the 

presence of AFM1 in the breast milk of mothers with 0-12 

months old infants and their nutritional habits. 

H0: There is no relationship between the frequency of food 

consumption of nursing mothers and AFM1 levels.  

H1: There is a relationship between the frequency of food 

consumption of nursing mothers and AFM1 levels. 

2. Materials and Methods 

2.1. Study design and subjects 

The research was carried out between February and June 

2012 in Erzurum in descriptive type. The universe consists 

of the mothers with 0-12 months old infants (s=90), who are 

open to cooperation and agreed on the research. The data of 

the study were collected in a Family Health Center, and no 

sample selection was made in the study. After obtaining 

written consent from mothers who agreed to participate in 

the study, they were included in the study. 

2.2. Research instruments 

In the collection of the data, personal information forms 

which determines the age of the mother, period of breast 

feeding and the BMI and Nutrient Consumption Frequency 

forms which determines the frequency of food consumption 

were utilized [34]. 

While collecting the data, research and its purpose explained 

to the mothers and questionnaires were conducted after their 

written consent and the BMI measurements were taken by 

the researcher. The questionnaires were conducted on 

mothers at the breastfeeding room in the health institution, 

within the appropriate hours they consented, as a face-to-face 

interview and their milk was collected here as well, under 

appropriate conditions.  

The breast milk was collected in aseptic conditions by using 

milking method in 10 ml sterile tubes. These samples were 

brought to the laboratory and the cold chain remained 

unbroken until the analysis.  

2.3. Statistical analysis 

The collected data is grouped as a percentage and they also 

correlated with the Aflatoxin M1 concentration in the breast 

milk. To determine the AFM1 levels in breast milk samples, 

commercial aflatoxin M1 ELISA (Ridascreen® Aflatoxin 

M1) kit was utilized [35]. 

In the Food Consumption Frequency form, correlation 

analysis (p=0.05) was performed using the package program 

(IBM SPSS 20) to determine the relationship between the 

frequency of consumption values calculated for each food 

group and the presence of AFM1 in breast milk. In addition, 

frequency distributions were calculated according to the 

consumption frequency of the participating subjects for each 

food group. 

2.4. Variables of the research 

The variables considered within the scope of the research are 

as follows: 

Dependent variable(s): AFM1 level. 

Independent variables: BMI level, the frequency of food 

consumption. 
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Control variables: Age of the mother, period of breast 

feeding 

3. Findings 

The study that examines the presence of AFM1 , according 

to the nutritional habits of nursing mothers that live in the 

province of Erzurum, it was determined that 56.67% of 

mothers were in the 21-30 age group and 50% in the 1 – 3. 

months breastfeeding period. 

Concentration of AFM1 in the breast milk varied between 

0.0049-0.01503 ppm (μg/kg) and the average was found to 

be 0.006182 ± 0.001748 ppm (μg/kg). 

 

Figure 1 Aflatoxin M1 rates frequency distribution of the nursing mothers' 

milk, participating in the study.  

In 42.22% of the mothers' milk were found to have an 

insignificant level of AFM1 value (AFM1= 0.005 ppm 

(μg/kg)) and 5.56% of them to have a significant AFM1 level, 

between 0.01-0.016 ppm (μg / kg) (Figure 1). 

When the socio-demographic characteristics of mothers are 

examined; 56.67% were found to be between the ages of 21-

30 and 50% were between the nursing period of 1-3 months 

(Table 1). 

Table 1 Age and nursing period of mothers participating in the study 

Socio-demographic 
characteristics 

Frekans (N) Percent (%) 

Age (%)   

15-20 age 5 5.56 

21-30 age 51 56.67 

31-35 age  22 24.44 

35 age and over 12 13.33 

Breastfeeding period  

0-1 month 

1-3 months 

3-6 months 

6-9 months 

9 months and over 

16 

45 

10 

9 

10 

17.78 

50.00 

11.11 

10.00 

11.11 

The anthropometric measurement values of mothers 

participating in the study were found to be between 50-98 kg 

of body weight and the average was calculated to be 68.29 ± 

10.72 kg. The minimum value of body length of nursing 

mothers was 147 cm and the maximum value was 174 cm, 

average was identified as 1.61 ± 0.61 cm. The minimum BMI 

index of the mothers was found to be 17.84 kg/m², maximum 

value was 37.33 kg/m², average was calculated as 26.54 ± 

4.02 kg/m² and minimum value with the waist/hip ratio was 

measured as 0.54 cm, maximum value as 1 cm, with the 

average of 0.81 ± 0.072 cm (Table 2). 

Table 2 Anthropometric measurement results of mothers participating in the 

study 

 X̅±S Minimum Maximum 

Body weight (kg) 68.29±10.72 50.00 98.00 

Height (m) 1.61±0.61 1.47 1.74 

BMI (formula) 26.54±4.02 17.84 37.33 

Waist / Hip (cm / cm) 0.81±0.072 0.54 1.00 

𝑋̅ : Average      S: Standard deviation 

Furthermore, no statistical correlation was found between 

the determined AFM1 concentrations of breast milk and 

weight, height, BMI values, waist/hip ratio, age, nursing 

period of mothers (p>0.05). 

Although no correlation is found between the AFM 1 

concentration, found in breast milk and consumption of food 

groups, other than fresh vegetables and fruits (p>0.05), a 

negative correlation was established with the consumption of 

fresh vegetables and fruits (p<0.05) (Table 3). 

Table 3 Correlation between the AFM1 rates in breast milk and the fresh 

fruits and vegetable they consume 

Content Correlation 
Coefficient 

Fresh Vegetables and Fruits 

AFM1   r -0.235* 

*:p<0.05; 

4. Discussion 

The study that examines the presence of AFM 1 , according 

to the nutritional habits of nursing mothers that live in the 

province of Erzurum, it was determined that concentration of 

AFM1  in the breast milk varied between 0.0049-0.01503 

ppm (μg/kg) and the average was found to be 0.006182 ± 

0.001748 ppm (μg/kg). In none of the breast milk samples, 

AFM1 values were found to be above the acceptable value 

(infant formulas and follow-on formulas; 0.025), according 

to the Turkish Food Codex [36]. 

Presence of AFM1 in the breast milk shows that mothers are 

exposed to AFB1 as they consume nutrients and in similar 

studies [14, 15, 17–19, 26, 30] , it was also shown that infants 

that feed on breast milk may be exposed to aflatoxin. The 

AFM1 concentrations obtained from the study shows 

similarities with the AFM1 concentration levels of the breast 

milk of nursing mothers in İstanbul [25], Afyonkarahisar 

[17], and Ankara [26]. When research results are evaluated 

in terms of aflatoxin concentrations in the breast milk 

worldwide, values determined in Iran [14]  were found to be 

similar with France [31], however studies conducted in 

Brazil , Sudan [30], Zimbabwe [31], Gambia [29], Australia 

Victoria Region Thailand [18], Sierra Leone [24], United 

Arab Emirates [21, 22], Egypt [27, 28], Iran [15] have shown 

lower concentrations of breast milk AFM1. It is thought that 

this difference is due to the fact that countries that this 

research is conducted in are developing countries, where 

hygienic standards are generally insufficient.  

In the research, no statistical correlation was found between 

the determined AFM1 concentrations of breast milk and 

weight, height, BMI values, waist/hip ratio, age, nursing 

period of mothers (p>0.05). This finding is similar to the 

results of the study [37], in which the BMI values of nursing 

mothers are identified. This shows similarities with the study 
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conducted in Ankara [26], in terms of the relationship 

between the concentration of AFM1, that is found in the 

breast milk and the values of anthropometric measurements. 

Although no correlation was found in the study between the 

AFM1 concentration, found in breast milk and consumption 

of food groups, other than fresh vegetables and fruits 

(p>0.05), a negative correlation was established with the 

consumption of fresh vegetables and fruits (p<0.05). 

Observing a negative correlation between the fresh vegetable 

and fruit consumption and AFM1 concentration of breast 

milk, is thought to be related with the low levels of aflatoxin 

formation due to mold contamination, which is a result of 

lack of long term storage of fresh fruits and vegetables. 

5. Conclusion 

It was determined that AFM1 concentrations in all breast 

milk samples, were within acceptable limits according to 

Turkish Food Codex. 

It was determined in the study that fresh vegetable and fruit 

consumption is a reducing factor for the AFM1 concentration 

in breast milk. Increasing the proportion of fresh vegetables 

and fruits in mothers' diets should be encouraged. 

As the possibility of AFM1 presence is increased in the milk 

of the mothers, who have consumed nutrients that were 

contaminated with aflatoxin; it is important to develop a food 

safety and hygienic standards in this regard and educate 

mothers. 
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