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ARTICLE INFO ABSTRACT

Keywords: Donkey milk is considered highly valued for its hypoallergenic properties and distinctive nu-
Aflatoxin M1 tritional benefits. However, there is limited information on its potential contaminants, such
Autochthonous donkey breeds as aflatoxin M1 (AFMI). This study aimed to thoroughly assess the safety of milk from
Food safety Balkan and Banat donkey breeds raised under extensive organic (free-range) conditions,

Organic farming
Sustainable production

focusing on a significant concern - AFM1 concentrations across different seasons. Monthly
samples were collected over the course of a year, resulting in a total of thirty-six pooled sam-
ples. AFM1 levels were quantified using a validated enzyme-linked immunosorbent assay
(ELISA), with results showing concentration of AFM1 in donkey milk remained below the
detection limit throughout the year.”. This study underscores the need for additional research
on both the nutritional and safety aspects of donkey milk, particularly in relation to seasonal
variations, potential presence of other environmental toxins, and differences among donkey
breeds.

Aflatoxins, primarily produced by Aspergillus flavus
and Aspergillus parasiticus, are mycotoxins with
carcinogenic, mutagenic, and immunosuppressive

1. Introduction

Donkey milk is highly valued for its unique

nutritional profile (Zivkov Balos et al., 2023; 2024),
especially its similarity to human milk and hypoal-
lergenic properties, making it a suitable alternative
for individuals with cow’s milk allergies, includ-
ing infants (Martini et al., 2021). The nutritional
composition of donkey milk, rich in proteins, ami-
no acids, fatty acids, lactose, and essential miner-
als, supports its potential as a beneficial food source
(Zivkov Balos et al., 2023). Given its growing use in
high-sensitive population., concerns about contami-
nants, such as aflatoxin M1 (AFM1), warrant further
investigation into its safety for human consumption.

properties (Gizachew et al., 2019). AFM1, a metab-
olite of aflatoxin B1 (AFB1) found in contaminat-
ed feed, poses significant health risks, particularly
to vulnerable populations like infants. Classified as
a human carcinogen by the International Agency for
Research on Cancer (/4RC, 2012), AFM1 can also
impair growth in children and cause immune-relat-
ed issues (Tesfamariam et al., 2020). While AFM1
contamination in commonly consumed milk, such
as cow and goat milk, has been well-documented
(Ljubojevic¢ Peli¢ et al., 2024), limited studies focus
on its presence in donkey milk, despite growing
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interest in the latter due to its nutritional and hypoal-
lergenic qualities.

The Balkan and Banat donkey breeds, known
for their adaptability and high milk quality, are
reared in the Zasavica Natural Reserve, provid-
ing an ideal setting for studying both the nutrition-
al value and safety of their milk. Although research
on donkey milk contamination is limited compared
to other milk types, the growing demand especial-
ly among children underscores the importance of
continuous monitoring to ensure it remains safe
and free from contaminants. Understanding how
environmental pollution may affect contamination
levels is crucial. The present study aims to assess
AFM1 concentrations in milk from Balkan and
Banat donkeys over different seasons, addressing
the need for further research on potential contam-
inants and their impact on milk safety and quality.
This study is the first to examine AFM1 levels in
the Balkan and Banat donkey breeds, contributing
significantly to the knowledge base and the conser-
vation of indigenous breeds.

2. Materials and methods

The study was conducted at the Zasavica
Nature Reserve, which houses approximately 300
milking donkeys, making it the largest such farm in
Southeastern Europe. The study area and the condi-
tions for keeping donkeys are detailed in our previ-
ous researches (Zivkov Balos et al., 2024; Ljubojevié
Peli¢ et al., 2025). Briefly, the reserve is home to
donkeys, horses, Serbian Podolian cattle, Mangalitsa
pigs, and various bird species. Animals were raised
in an extensive production system, grazing for nine
months a year and drinking water from springs with-
in the reserve. The pastures consist of meadow grass
and are not fertilized due to the high number of ani-
mals. During winter, donkeys are kept indoors and
fed a grain-based diet, mainly corn and triticale.

Milk samples were collected monthly from
July 2023 to June 2024, with three pooled samples
taken each month (nine per season) from the milk
of all donkeys milked. Only milk from clinically
healthy donkeys was sampled. Samples were asep-
tically collected in food-safe containers and trans-
ported to the laboratory in refrigerated containers
(4°C). Aflatoxin M1 levels were determined using
the enzyme-linked immunosorbent assay (ELISA)
method, following the manufacturer’s instructions
(Neogen). Limit of detection of the test was 0.005

ng/ke.

3. Results and discussion

The results of the analysis of pooled don-
key milk samples as well as the results of previous
studies are presented in Table 1. The results of the
examination of aflatoxin M1 presence in donkey
milk showed that throughout the entire study peri-
od, across all four seasons, its concentration was <
0.005 pg/kg (Table 1).

Donkey milk is highly valued for its hypoaller-
genic properties and nutritional benefits, making it
essential to investigate potential contamination with
aflatoxin AFM1. AFM1 is a metabolite of AFBI1 that
is excreted into milk when lactating animals consume
AFB1-contaminated feed (Zentai et al., 2023). The
liver metabolizes AFB1 into AFM1, which represents
the primary contamination pathway. While donkeys,
like other mammals, can consume contaminated feed,
their metabolic conversion of AFB1 to AFM1 and the
transfer rate of aflatoxins into milk may differ from
that of ruminants (70zzi et al., 2016). This may be due
to lower transfer rate, as suggested in limited data.

Research on AFM1 in donkey milk is limited,
with most studies showing low or undetectable lev-
els, consistent with our findings and studies in Greece
(Malissiova and Manouras, 2017), Germany (Gross
et al., 2019), Italy (Cammilleri et al., 2019), Greece
and Cyprus (Malissiova et al., 2016), and China
(Xiong et al., 2022). This low presence of AFM1 may
be linked to the specific feed used in donkey farming,
particularly the primary diet of grass and hay (A4/fafi-
ni et al., 2020), which reduces AFM1 detection com-
pared to milk from other species. In our study, don-
keys grazed for nine months with no additional feed
supplements, and only corn and triticale were provid-
ed during winter. Additionally, the low casein con-
tent in donkey milk compared to cow’s milk (Zivkov
Balos et al., 2023) may contribute to the reduced
AFM1 presence, as aflatoxins have a high affinity
for casein (Indyk et al., 2021). In animals exposed
to mycotoxins, there is often a correlation between
AFMI1 levels and casein percentage, which may be
another reason for the lower AFM1 levels in donkey
milk (Ljubojevié Peli¢ et al., 2024).

This study highlights the importance of mon-
itoring AFM1 in donkey milk, especially with the
increasing demand for this milk due to its health ben-
efits. Further research is needed to explore seasonal
and environmental factors affecting AFM1 levels and
to investigate the specific physiological mechanisms
in donkeys to ensure the safety and quality of don-
key milk.
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Table 1. Aflatoxin M1 (AFM1) in donkey milk samples

Number
. of positive .
Donkey breed  Country Analytical samples/ Concentration/ Reference
method range
number of
samples
The Balkan and  Serbia ELISA 0/36 <0.005 ng/kg
Banat
Serbia ELISA 3/5 (60%) Mean: 0.02 £+ 0.02/ Kos et al.,
range: 0.005-0.035 2014
ng/kg
China ELISA 0/70 <0.005 ng/kg Xiong et al.,
(Xinjiang) 2022
Indigenous Greece and ELISA 0/90 (79 from Malissiova et
Greek Donkey  Cyprus 6 Greek farms al., 2016
and Cypriot and 11
Donkey from a Cypriot
farm)
Greece ELISA 5/36 (13.9 %)  0.006-0.03 pg/kg Malissiova
and
Manouras,
2017
Martina Franca, Italy HPLC-FLD 1/63 1 sample between Altafini et al.,
Amiata, Sant’ LOD - and LOQ 2020
Andrea, San (0.004 pg/kg)
Domenico,
Argentato di
Sologno, Sardo,
Ragusano,
Poitou
Italy ELISA 0/84 <0.007 ug/kg Cammilleri et
(Sicily) al., 2019
Croatia ELISA 14/14 Mean: 0.005 £ 0.001/ Bilandzi¢ et
range: 0.003-0.01 al., 2014
ng/kg
Baudet du Germany EIA 0/6 <0.005 ng/kg Gross et al.,
Poitou 2019

4. Conclusion

The global consumption of donkey milk is
expected to rise, particularly in Europe, due to the
increasing prevalence of cow’s milk allergies. Our
study found that milk from Balkan and Banat breed
donkeys is safe in terms of AFMI1 contamination,
with levels consistently below the detection limit.
However, the potential presence of AFM1 and other

toxic substances in donkey milk poses a food safety
risk, highlighting the need for comprehensive moni-
toring and control measures.

Future research should focus on larger-scale
studies, risk assessment, and developing preventive
measures to ensure the safety and quality of donkey
milk as it becomes an increasingly popular alterna-
tive milk source.
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