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Abstract

With the development of China’ s economy and the improvement of people’ s
living standards, milk and dairy products, which are rich in nutritional value,
have gradually become essential consumer goods in daily life. At the same
time, people’ s expectations for milk and dairy products are no longer limited
to quantitative improvements, but have placed higher demands on their quality
and safety. Due to the 2011 incident of excessive aflatoxin M1 (AFM1) levels
in milk, and because infants and young children are more vulnerable to damage
from AFM1 in milk compared to adults, there has been increasing attention to
the issue of AFM1 contamination in milk and dairy products. Based on existing
literature reports both domestically and internationally, this paper provides a
comprehensive review of the source and biological properties, contamination and
limit standards, detection technologies, and prevention and control measures for
AFM1 in milk and dairy products.

Full Text
1.1 Physicochemical Properties and Production of AFM1

To date, more than 20 types of aflatoxins and their derivatives have been discov-
ered in nature, with the chemical structures of over 10 varieties clearly identified.
All aflatoxins share similar chemical structures, composed of carbon (C), hydro-
gen (H), and oxygen (O) elements as derivatives of dihydrofuranoxanthone, con-
taining one difuran ring and one oxanthone (coumarin). The former constitutes
the basic toxic structure, while the latter is associated with the carcinogenicity
of mycotoxins [2]. The chemical structural formula of AFM1 is shown in [Figure
1: see original paper].

AFM1 has a molecular formula of C;,H;,07, a molecular weight of 328, and a
melting point of 299 °C. It appears as rectangular, colorless crystals that produce
blue-violet fluorescence under 365 nm ultraviolet light [2]. AFM1 is soluble in
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various organic solvents such as methanol, acetone, acetonitrile, and chloroform,
but insoluble in non-polar solvents like n-hexane, diethyl ether, and petroleum
ether. It remains relatively stable in neutral and acidic solutions, with slight
decomposition in strong acidic conditions. In strong alkaline solutions, AFM1
rapidly decomposes into essentially non-toxic salts; however, this reaction is
reversible, and the original structure can be restored under acidic conditions.
Due to its stable chemical structure, AFM1 cannot be inactivated by either
pasteurization or ultra-high temperature sterilization processes [3-6].

AFM1 was first discovered by Alleroft in 1963 and named in 1965. It belongs to
the aflatoxin family, which consists of toxic secondary metabolites secreted pri-
marily by Aspergillus flavus and Aspergillus parasiticus [7-8]. When mammals
ingest food or feed contaminated with aflatoxin B1 (AFB1), the terminal furan
ring C-10 is hydroxylated under the catalysis of hepatic microsomal monooxy-
genase and the regulation of cytochrome P450, converting AFB1 into AFM1 [9].
AFM1 is excreted in animal milk and urine [1,10], with milk being the primary
medium. Studies have shown that the conversion rate of AFB1 to AFMI in
milk ranges from 0.3% to 6.1% when humans and dairy cows ingest AFB1 [11-
12]. Research indicates that 3.45% to 11.39% of ingested AFB1 is converted to
AFM1 in humans, primarily distributed in the breast milk of lactating women,
with the excreted amount positively correlated with intake [13]. The conversion
reaction from AFB1 to AFM1 is illustrated in [Figure 2: see original paper].
Although AFM1 can also be produced directly by Aspergillus flavus and As-
pergillus parasiticus, its proportion is significantly lower compared to AFBI,
AFB2, AFG1, and AFG2 [2].

1.2 Toxicity of AFM1

Following ingestion, aflatoxins are absorbed through the intestinal tract and
distributed throughout the body, with metabolism occurring primarily in the
liver [14]. As the liver is the main target organ, aflatoxins can be considered
hepatotoxins that cause symptoms such as cirrhosis and hepatomegaly.

Aflatoxins are highly toxic substances, and AFMI1, as one of them, exhibits
strong pathogenicity encompassing both toxicity and carcinogenicity. Regard-
ing toxicity, AFB1 is the most potent among known aflatoxins. Although AFM1’
s toxicity is one order of magnitude lower than AFB1 [15-16], it remains an ex-
tremely toxic substance—40 times more toxic than arsenic and 5 times more
toxic than potassium cyanide [17]. Concerning carcinogenicity, AFM1 is a po-
tent carcinogen with carcinogenicity comparable to AFB1. The International
Agency for Research on Cancer (IARC) has upgraded AFM1’ s carcinogenic
classification from Group 2 to Group 1 [17-18]. Physiological studies on car-
cinogenic mechanisms reveal that the distal furan epoxy structure of AFM1
covalently binds to DNA purine residues, causing DNA damage and altering
DNA structure and function, thereby inducing carcinogenesis [19]. AFM1 has
been shown to cause tumors in experimental animals; doses of 50 g/kg body
weight can induce liver cancer and colon adenocarcinoma in rats, with reports
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also documenting odontogenic tumors [20]. Asian disease research institutions
have established a positive correlation between dietary aflatoxins and hepato-
cellular carcinoma [21]. Epidemiological studies by Sun et al. [22] and Qian
[23] demonstrated that the incidence rate in high-risk areas for liver cancer is
closely related to AFB1 intake and the conversion rate to urinary AFM1. How-
ever, as dietary patterns evolve, direct human exposure to AFB1 has decreased,
while contamination of AFMI in animal milk and dairy products poses a serious
threat to human health.

2.1 AFM1 Contamination Overview

To prevent AFM1 poisoning incidents from milk and dairy products and safe-
guard consumer health and food safety, numerous countries have conducted
surveillance of AFM1 levels in milk and dairy products. In Europe, Tsakiris
et al. [24] used enzyme-linked immunosorbent assay (ELISA) to test 196 milk
samples from Greece in 2010, finding 91 positive samples (46.5%), with 2 sam-
ples (1.0%) exceeding the EU limit of 50 ng/L. Santini et al. [25] employed
fluorescence spectrophotometry (FL) to analyze-

2.2 AFM1 Limit Standards

Based on six factors including hazard analysis, exposure assessment, analytical
methods, trade harmonization, sampling protocols, and domestic food supply
[36], countries worldwide have established strict maximum limits for AFM1 in
milk and dairy products. The limit regulations for major countries are summa-
rized in . However, many countries have yet to establish maximum limits for
AFM1 in milk and dairy products.

3.1 AFM1 Detection Technologies

Current detection methods for AFM1 in milk fall into two categories: physic-
ochemical analysis based on chromatographic techniques, including thin-layer
chromatography (TLC), high-performance liquid chromatography (HPLC),
and gas chromatography (GC); and rapid immunochemical methods, including
fluorescence spectrophotometry (FL), enzyme-linked immunosorbent assay
(ELISA), and colloidal gold immunochromatography (GICT). The detection
principles, advantages, and disadvantages of each method are presented in .

3.2 AFM1 Prevention and Control Technologies

Milk and dairy products are nutrient-rich foods that constitute a major com-
ponent of infant diets and represent a significant proportion of daily human
nutrition. Therefore, effective prevention and control of AFM1 contamination
is critically important. Since AFM1 contamination in milk originates primar-
ily from AFBI in feed, strict feed control is key to managing AFM1 pollution.
First, mold prevention and detoxification of feed are essential. Mold prevention
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relies on maintaining dry, ventilated, and hygienic conditions during feed pro-
cessing and storage to disrupt mold growth conditions [44]. For already moldy
feed, detoxification measures can be implemented. Jiang et al. [45] found that
physical sieving could effectively remove broken grains and impurities contain-
ing high mycotoxin levels, thereby reducing deoxynivalenol (DON), zearalenone
(ZEN), and AFBI content in corn. However, this method involves cumbersome
operational steps that are impractical for large-scale animal feed processing.

Chemical agents such as calcium hydroxide, monoethylamine, ozone, or ammo-
nia can be used to destroy mycotoxins in feed, but these chemicals may leave
residues that affect feed palatability and safety, potentially harming animals
[46]. Furthermore, chemical methods face challenges including environmental
pollution, high processing costs, and time consumption, making large-scale in-
dustrial application difficult. Currently, the most practical and extensively
studied detoxification technology involves adding non-nutritive mycotoxin ad-
sorbents to feed [47]. These adsorbents prevent or limit toxin absorption in
the animal gut by forming chelates with mycotoxins for direct excretion. Im-
portantly, adsorbents are not absorbed by dairy cows, do not produce harmful
substances, and do not contaminate milk [48]. Commonly used mycotoxin ad-
sorbents include hydrated sodium calcium aluminosilicate (HSCAS), esterified
glucomannan (EGM), and montmorillonite.

HSCAS, derived from natural zeolite, is the most widely studied mycotoxin
adsorbent. In vitro screening tests demonstrate that HSCAS exhibits strong
affinity for AFB1, forming stable complexes that prevent gastrointestinal ab-
sorption [49]. Kutz et al. [50] reported that adding HSCAS adsorbent to diets
reduced AFM1 levels in milk by 50%. EGM, a functional carbohydrate ex-
tracted from brewer’ s yeast, is considered the active component of mycotoxin
adsorbents. Diaz et al. [51] found that adding 0.05% EGM to diets containing
55 g/kg AFBI reduced AFM1 content in milk by 59%. However, some studies
indicate that EGM did not reduce AFMI1 levels in cow’ s milk [50] or goat’ s
milk [52], possibly due to variations in dietary AFB1 concentrations and adsor-
bent dosages. Montmorillonite, the main component of bentonite, is a layered
silicate clay mineral with a sheet-like crystalline structure. Queiroz et al. [53]
observed a 19.3% reduction in milk AFM1 concentration when 1% modified
montmorillonite was added to diets containing 75 g/kg AFBI.

In addition to reducing AFB1 contamination in feed, researchers worldwide
have been actively investigating effective methods to treat milk directly to re-
duce AFM1 content and toxicity. El Khoury et al. [54] reported that traditional
Lebanese industrial lactic acid bacteria (Lactobacillus bulgaricus and Streptococ-
cus thermophilus strains) could reduce free AFM1 levels in liquid cultures. El-
sanhoty et al. [55] utilized different lactic acid bacterial strains to reduce AFM1
content in yogurt, finding the most significant reduction in a medium containing
50% yogurt culture (S. thermophilus and L. bulgaricus) and 50% Lactobacillus
plantarum culture. Further research on AFM1 detoxification methods in milk
is warranted.
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4 Conclusion

AFM1 exhibits strong pathogenicity, with toxicity second only to AFBI1 and
carcinogenicity comparable to AFB1. The liver is its primary target organ,
with hepatocarcinoma being the main risk. Consequently, countries and inter-
national organizations worldwide prioritize monitoring AFM1 in milk and dairy
products, with varying degrees of contamination detected globally. Enhanced
surveillance provides a theoretical foundation for developing and revising food
safety regulations. Current detection methods for AFM1 include TLC, HPLC,
LC-MS/MS, ELISA, FL, and GICT, with HPLC being the most widely applied.
AFM1 contamination in milk and dairy products poses a serious threat to hu-
man health, primarily originating from AFB1l-contaminated feed consumed by
animals. Therefore, the key to AFM1 control lies in strict feed management,
particularly mold prevention and detoxification. Current detoxification tech-
nologies involve high production costs and various limitations, emphasizing the
importance of proper feed storage, mold prevention, and promotion of green
feeding practices. Future research should focus on developing methods with low
detection and quantification limits capable of simultaneously detecting multiple
mycotoxins in milk and dairy products, with limits established based on actual
milk consumption and contamination levels to better protect human health.
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