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ABSTRACT

Background and Objective: Human breast milk is the primary food for newborns
that possess all essential nutrients for their growth and health. However, breast milk can
be contaminated with various loxins including aflatoxin MI (AFMI), a hydroxylated
melabolite of aflatoxin B1 formed in the liver and excreted into the breast milk. This toxin
can have immunosuppressive, muiagenic, leratogenic and carcinogenic eifects. The
present study aimed to investigate the level of AFM1 in human breast milk samples from
Jiroft (Kerman Province), Iran.

Methods: A total of 84 human breast milk samples were collected from lactating
mothers who were referred to number one clinic in Jiroft from April 2016 to January
2017. The level of AFMI was measured using commercial enzyme-linked immunosorbent
assay kits.

Results: Ailatoxin M1 was detected in all (100%) human breast milk samples within
the interval values of 3.2 to 8.8 ng/L (mean, 4.120.7 ng/L). The level of AFMI in all
samples was lower than the maximum tolerable limit (25 ng/L) suggested by the EU and
the Codex Alimentarius Commission.

Conclusion: Although AFMI is present in all human breast milk samples from the
city of Jiroft, the level of this toxin is within the lolerable limil. Therefore, it seems that
infants are not at risk.
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INTRODUCTION

Human breast milk is considered the ideal
food for infants, providing a wide range of
nutrients essential for their growth and health
(1). Breastfeeding has various beneficial
effects for both the mother and infants (2)
including reduction in risk of childhood
obesity and obesity-associated comorbidities
such as diabetes, elevated cholesterol and high
blood pressure in both mothers and infants (3).
In addition, breastfeeding can protect infants
from various diseases including asthma,
different infections as well as atopic and
allergic respiratory diseases (4, 5). Although
breast milk has marked effects on growth,
development and health of infants, it can be
contaminated with various environmental
toxins including persistent organic pollutants
(a family of highly toxic, lipophilic, stable
chemicals that bioaccumulate in adipose
tissue), mycotoxins and toxins produced by
some bacteria such as Shigella dysenteriae,
Escherichia coli, Bacillus cereus, Listeria
monocytogenes and Staphylococcus aureus (6-
10). Aflatoxins are a group of mycotoxins
produced by some species of the genus
Aspergillus, namely  Aspergillus  flavus,
Aspergillus parasiticus, Aspergillus ochraceus
and Aspergillus nomius (11-13). Aflatoxins
can be detected in various crops such as
peanut, maize, sorghum, pistachio and wheat
(14). In a study by Katsurayama et al.,
aflatoxin was found in all red pepper samples
(15). In a study by Essawet et al., aflatoxin
was found in 13.3%, 20%, 26.6%, 33.3%, 40%
and 53.3% of cashew, hazelunt, walnut,
almond, Brazilian almond and peanut samples,
respectively (13). Other studies reported
presence of aflatoxin B1 (AFB1) in 14% of
rice samples (14) and 11.1% of breakfast
cereals samples (15).
Human exposure to toxins may result directly
from ingestion of contaminated foods, or
indirectly from consumption of foods from
animals previously exposed to aflatoxin-
contaminated feeds (16).Aflatoxin Bl is the
most abundant and toxic member of this group
of toxins (17, 18) that can be metabolized to
aflatoxin M1 (AFM1) by cytochrome P450-
associated enzymes in the liver, and later
excreted into the human breast milk (19).In
infants,AFM1 can cause serious illnesses
including  jaundice,hepatomegaly, chronic
hepatitis, cirrhosis and liver cancer (18-21).

2/ Evaluation of aflatoxin M1 levelin . ..

Jiroft is a city located in southern Iran, with a
warm and humid climate that is suitable for
growth of aflatoxin-producing fungi. Since no
study has been conducted on the level of
AFML1 in human breast milk in this city, we
aimed to examine the level of AFM1 in human
breast milk samples from the city of Jirof,
southern Iran.
MATERIALS AND METHODS

This study was conducted over a period of
10 months from April 2016 to January 2017.
Breast milk samples were taken from 84
lactating mothers who were referred to a
medical center in Jiroft, Iran. Mothers with
mastitis and breast abscess were excluded
from the study. About 5 cc breast milk were
taken each mother after explaining the study
objective and obtaining written consent. The
collected samples were kept at -20 °C until
analysis. Before testing, the frozen samples
were thawed at 4 °C. The level of AFM1 in the
breast milk samples was measured using
enzyme-linked immunosorbent assay (ELISA)
kit(Europroxima, Netherlands) according to
the manufacturer’s instructions. First, each
sample was centrifuged at 2,000 g for 10
minutes 4 °C. The upper fat layer was
discarded and the obtained supernatant was
used for further analysis. Next, 100 pl of each
sample as well as the standard and positive
control, which were readily available in the
kit, were transferred into wells of a microplate.
The microplate was sealed and incubated for
one hour in the dark at 25 °C. The content of
the microplate was discarded, and the plate
was washed three times with rinsing buffer.
Then, 100 pl of conjugate (aflatoxin MI-
HRP)were added to each well. The microplate
was sealed, shaken and incubated for 30
minutes in the dark at 25 °C. The content of
the microplate was removed, and the plate was
washed three times with rinsing buffer. Next,
100 pl of substrate solution were added to each
well and the plate was incubated for 30
minutes at 25 °C In order to stop the reaction,
100 pL of stopping solution were added to
each well of the microplate. Results were
obtained by reading absorbance at 450 nm in
an ELISA reader.
A calibration curve was drawn to determine
the concentration of AFML1 in each sample.
According to the kit’s brochure, quantitation
limit was less than 25 ng/L. Data were
analyzed using the Mann-Whitney U Test,
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Kruskal-Wallis test, Spearman's correlation
coefficient and descriptive statistics. All
statistical analyses were performed in SPSS
(version 22) and at significance of 0.05.
RESULTS

We analyzed 84 human breast milk samples
for presence of AFM1. The AFM1 was
detected in all (100%) breast milk samples
within the interval value of 3.2 to 8.8 ng/L
(mean, 4.1+0.7 ng/L). Level of AFM1 in all
samples was lower than the maximum
tolerated level (25 ng/L) suggested by the
European Communities and the Codex
Alimentarius Commission. There was no
significant correlation between AFML1 level
and mother's age (P=0.89). In addition, there
was no correlation  between AFM1
concentration and infant's age (P=0.84). Half
of the infants were male, and the rest were
female. The mean concentration of AFM1 was
4.2+0.9 ng/L in breast milk of mothers with
male infants and 4+0.6 ng/L in breast milk of
mothers with female infants (P=0.36).

The majority of mothers (91.7%) lived in
urban areas, while others (8.3%) lived in
suburban or rural areas. The mean
concentration of AFM1 in breast milk of city
dwellers and suburban residents was 4.1+0.8
ng/L and 3.9+0.5 ng/L, respectively. The
results of Mann-Whitney U nonparametric test
showed no significant association between
AFML1 level and place of residence (P=0.44).
In terms of education, 14.3% of mothers had
elementary education, 3.6% had intermediate
education, 44% had high school diploma,
3.6% had associate degree, 28.6% had a
bachelor's degree and 6% had a master's
degree. There was no significant association
between the mother's education level and
AFML1 concentration in breast milk (P=0.35).
Mothers were divided into five categories
based on the number of pregnancies (Table 1).
The mean level of AFM1 in the fourth
pregnancy was higher than the rest of the
groups (mean, 4.4 £0.8 ng/L; P=0.53).

Table 1. Demographic characteristics and concentration of aflatoxin M1 in breast milk samples based on the
number of pregnancies

Number of Number of subjects Variable Minimum Maximum Mean =+ standard
deviation
pregnancy
1 35 Aflatoxin M; 3.2 5.3 440.5
(ng/L)
Mother's age (year) 18 41 27.145
Infant's age 1 24 7.8+6.5
(month)
2 26 Aflatoxin M, 33 8.8 4.2+1
(ng/L)
Mother's age (year) 21 39 28.9+4.5
Infant's age 1 18 7.745.6
(month)
3 13 Aflatoxin M; 34 5.8 4.1+0.8
(ng/L)
Mother's age (year) 21 39 31.4+4.9
Infant's age 1 15 6.7+4.4
(month)
4 8 Aflatoxin M, 33 5.9 4.4+0.8
(ng/L)
Mother's age (year) 22 40 32.5+7.1
Infant's age 1 18 6.745.2
(month)
5 2 Aflatoxin My 3.7 42 440.3
(ng/L)
Mother's age (year) 25 28 26.5+£2.1
Infant's age 6 18 12+8.4
(month)
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DISCUSSION

Toxic contaminants can be transferred from
mother to infant through breastfeeding (10).
Aflatoxin M1 is a toxic metabolite that can be
found in breast milk of lactating mothers upon
ingestion of foods contaminated with AFB1
(16). Infants generally have a lower
detoxification capacity and higher intake of
food and water (10). Consequently, the early
exposure of infants to toxins may result in
serious consequences (16). In the present
study, we examined the level of AFML1 in the
breast milk of lactating mothers from the city
of Jiroft, Kerman Province, Iran. According to
our results, AFM1 was detected in all breast
milk samples but at concentrations lower than
the than the maximum tolerated limit. Warm
and humid climate of Jiroft provides a suitable
condition for the growth of aflatoxin-
producing fungi. Consistent with our findings,
Girbay et al. (22) and Sadeghi et al. (23)
found AFM1 in 100% and 98.1% of milk
samples,  respectively. However, some
previous studies reported the frequency of
AFM1-contaminated milk samples as 6.06%
(24), 13.1% (25) and 1.25% (26). In the study
by Sadeghi et al., the level of AFM1 in one
sample (0.6%) was higher than maximum
tolerated limit (25 ng/L) suggested by the
European Communities and the Codex
Alimentarius Commission (23). In a study by
Tomerak et al., 98 (65.3%) samples contained
AFML1 levels higher than the aforementioned
limit (27).
In our study, the mean concentration of AFM1
in breast milk samples was 4.1 ng/L, which is
lower than the levels reported in previous
studies in Iran: 6.8 ng/L in Isfahan (26), 6.9
ng/L in Tabriz (28), 8.2 ng/L in Tehran (23)
and 9.4 ng/L in Hamadan (24). This may be
related to differences in the temperature and
humidity of the studied areas, amount and type
of plants in each area, toxin measurement
method,  technician's  skill in  toxin
measurement and food preservation and
consumption methods. In our study, a large
number of samples were taken in autumn. Low
temperatures in autumn can reduce the growth
of toxin-producing fungi, which might justify
the low AFM; level in the samples. A study
with the aim to measure the toxin level in
different seasons could be beneficial.
In this study, there was no significant
correlation between AFM1 level and mother's
age. This shows that the eating habits of the

4/ Evaluation of aflatoxin M1 level in . . .

mothers may be somewhat identical. Some
toxins secreted by microbial agents, such as
bacterial toxins, are rather large in molecular
weight and cannot easily enter the breast milk
(29). However, this may not be the case for
mothers in the first postnatal week or in late
lactation stages because the alveolar
epithelium is less intact (29). In addition, we
found no significant relationship between
AFM1 concentration and infant's age,
indicating that the level of AFM1 secretion in
breast milk is the same during the lactation
period. Although the AFM1 concentration did
not vary considerably between mothers of
male or female infants, male infants might be
more exposed to the toxin because of their
greater need for milk (10). We found no
significant association between AFML1 level in
breast milk and place of residence of mothers.
This may be because of the low number of
samples from suburban areas. Moreover, there
was no significant association between the
mother's  education level and AFM1
concentration in breast milk. The number of
pregnancies and the concentration of AFM1
had no significant correlation. Although obese
mothers may have different lifestyle and eating
habits, they are less likely to breastfeed their
infants (30). Therefore, the infants of obese
mothers may be less exposed to this toxin.
This could be clarified through a study on
AFML1 levels in breast milk of mothers with
different body mass index.
CONCLUSION

Although we detected AFML1 in all human
breast milk samples from the city of Jiroft, the
level of AFML in all samples was less than the
maximum tolerable limit suggested by the
European Communities and the Codex
Alimentarius Commission. However,
immunocompromised infants may be at risk
due to the inability to detoxify the toxin.
Further studies are required for developing
strategies to reduce exposure to aflatoxins. In
addition, evaluation of AFM1 in breast milk of
mothers with immunodeficient infants in
different seasons seems necessary.
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