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Abstract

Mycotoxin contamination represents one of the primary risks to milk quality
and safety, with major types including aflatoxins (AFs), ochratoxins (OT), zear-
alenone (ZEA), fumonisins (FUM), deoxynivalenol (DON), T-2 toxin (T-2),
among others. Mycotoxins in milk primarily originate from animal feed. Based
on existing domestic and international literature reports, this paper provides a
comprehensive review of the sources, transformation, hazards, and maximum
limits of mycotoxins in milk.
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Abstract: Mycotoxin contamination represents a major risk factor for milk
quality and safety. The primary mycotoxins detected in milk include aflatoxins
(AFs), ochratoxins (OT), zearalenone (ZEA), fumonisins (FUM), deoxynivalenol
(DON), and T-2 toxin. These mycotoxins predominantly originate from contam-
inated animal feed. This review synthesizes existing literature to examine the
sources, metabolic transformation, hazards, and regulatory limits of mycotoxins
in cow’ s milk.
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According to the Food and Agriculture Organization (FAQ), approximately 25%
of global grain production is contaminated with varying levels of mycotoxins. In
China, this problem is particularly severe, with contamination rates exceeding
90% [1-2]. The major mycotoxins include aflatoxins (AFs), ochratoxins (OTs),
zearalenone (ZEA, also known as F-2 toxin), deoxynivalenol (DON), and T-2
toxin. Huang et al. [5] detected multiple mycotoxins in milk, including afla-
toxin M1 (AFM1), ochratoxin A (OTA), ZEA, and a-zearalenol (a-ZEL), with
15% of samples containing two toxins, 45% containing three, and 22% contain-
ing four, demonstrating widespread co-occurrence. Feed contamination serves
as the primary source of mycotoxins in milk, with the type and concentration
of feed mycotoxins directly determining those found in milk [6]. Ruminants
are generally considered more tolerant to mycotoxins than monogastric animals
because rumen protozoa can detoxify and sequester certain mycotoxins such
as OTA, ZEA, T-2, and DON, providing some protection to dairy cows [7].
However, some mycotoxins undergo opposite transformations, being metabo-
lized by rumen microorganisms into more toxic compounds rather than being
degraded. For example, ZEA is converted to the more potent a-ZEL [8]. Follow-
ing metabolic processing, feed mycotoxins can be transferred into milk, posing
potential threats to human health.

1.1 Aflatoxins (AFs)

AFs are produced by storage fungi, primarily Aspergillus species, with optimal
growth conditions of 25-30°C and 80-90% relative humidity [9]. Consequently,
Aspergillus proliferation and AF secretion increase under hot, humid conditions.
AFs predominantly contaminate raw meal, corn, cottonseed meal, and silage [10-
11]. Contamination patterns show geographic variation: in Mianyang, China,
the detection rate for aflatoxin B1 (AFB1) in feed reached 100%, with an overall
exceedance rate of 3.9% [12], whereas in Shanghai’ s Pudong district, both
detection rates and average concentrations were relatively low [13].

Research indicates that when dairy cows ingest AFB1 at concentrations of 1-10
g/mL, rumen microorganisms metabolize less than 10% of the toxin [14]. The
remaining 90% passes to the liver, where hydroxylation converts it to the less
toxic AFM1 [15]. The resulting AFM1 can bind with glucuronic acid or be trans-
ferred to urine and milk through systemic circulation [16]. Valenta et al. [17]
reported a conversion rate of 1-2% from dietary AFB1 to milk AFM1, with
high-yielding cows showing rates up to 6.2% [18]. Therefore, AFM1 transfer to
milk is generally considered to range from 0.1% to 6.0%, with an accepted aver-
age of 1.7% [19]. Based on this 1.7% conversion rate, milk AFM1 would exceed
safety limits in the United States (0.5 g/kg) when dietary AFB1 exceeds 30
g/keg dry matter, and would exceed EU limits (0.05 g/kg) when dietary AFB1
exceeds 3 g/kg dry matter. Strict control of feed AFB1 content is therefore
essential to prevent milk AFM1 contamination and protect human health.
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1.2 Ochratoxin A (OTA)

OTA is a toxic secondary metabolite produced by Aspergillus ochraceus and
Penicillium verrucosum, prevalent in temperate regions. Aspergillus ochraceus
can grow at 8-37°C, with optimal growth at 24-31°C and 95-99% humidity,
and thrives at pH 3-10. OTA primarily contaminates wheat, barley, corn, oats,
and dried beans [20]. EU and Chinese surveys indicate relatively low OTA
contamination in grains and feed, with levels between 5.2-80.0 g/kg [21-22].
However, investigations in Shanghai’ s Pudong district revealed that feed and
feed ingredients were predominantly contaminated with DON, OTA, and ZEA,
with OTA detection rates of 46.81% [13]. These findings demonstrate uneven
geographic distribution of OTA contamination.

In ruminants, ingested OTA is converted to the less toxic ochratoxin o (OT«) by
rumen microorganisms, affecting only calves with underdeveloped rumens [23].
Healthy dairy cows metabolize OTA at approximately 0.01%o, equivalent to 12
mg OTA per kg of feed [24]. Studies show that OTA and its metabolite OT«
appear in milk only when intake reaches 1.66 mg/kg body weight [25], suggesting
that feed may not be the primary source of milk OTA. Recent reports indicate
that milk and dairy products can be contaminated with OTA during storage
and transportation [19,26-27]. Therefore, both feed content and post-production
handling must be considered when addressing milk OTA contamination.

1.3 Zearalenone (ZEA)

ZEA is an estrogenic mycotoxin produced by field fungi Fusarium species, thriv-
ing in hot, low-humidity conditions. It primarily contaminates corn, wheat, rice,
barley, millet, and oats [28]. Analysis of feed samples from the US, Europe, and
Asia showed ZEA detection rates of 45% with an average concentration of 233
g/ke [29]. A global survey of 17,316 feed and feed ingredient samples found
a 36% detection rate with an average of 101 g/kg [30], indicating severe ZEA
contamination requiring enhanced monitoring.

Rumen microbial degradation of ZEA produces at least five metabolites: zear-
alanone (ZAN), a-zearalanol (a-ZAL), f-zearalanol (8-ZAL), a-zearalenol (a-
ZEL), and f-zearalenol (8-ZEL). Kiessling et al. [31] found a-ZEL concentra-
tions approximately double those of G-ZEL. After 21 days of ZEA intake at
544.5 mg/d, dairy cows showed detectable ZEA and a-ZEL in milk with a con-
version rate of 0.06% [14]. Research demonstrates dose-dependent conversion,
with rates ranging from 0.008% to 0.016% when cows ingested 1.8-6.0 g ZEA
[25]. These results indicate that ZEA rarely accumulates in tissues and transfers
to milk at very low efficiency.

1.4 Fumonisin B1 (FB1)

Fumonisins are water-soluble secondary metabolites produced by Fusarium
moniliforme, with optimal growth around 25°C. To date, 28 fumonisins and
analogs have been identified, with FB1 being the most toxic. Fumonisin
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contamination is globally prevalent, primarily affecting corn and wheat feed
ingredients. Silva et al. [32] reported that 22% of Portuguese corn samples
contained fumonisins, some exceeding EU limits. Global surveys show con-
tamination trends by continent: Oceania > Africa > Latin America > Asia >
North America > Europe [33].

Few studies have reported FB1 transfer from feed to milk. Oral administration
of FB1 at 5 mg/keg body weight yielded no detectable FB1 in milk [21,34], and
in vitro studies showed low rumen conversion rates [49]. However, Hammer et
al. [35] detected FBI in milk after intravenous injection of 0.046-0.067 mg/kg
body weight. The European Food Safety Authority (EFSA) concluded that only
trace amounts transfer to milk, posing minimal human health risk [8].

1.5 Deoxynivalenol (DON)

DON is produced by field fungus Fusarium species, with optimal growth at
5-25°C. Crops are typically contaminated during growth, and the fungus can
persist post-harvest through asexual reproduction. DON concentrations are
generally high in barley, wheat, and corn, but low in rye, sorghum, and rice.
Contamination shows geographic patterns: analysis of 481 feed samples from
East China revealed 67% exceedance in wheat and bran; in South China, 48%
of 185 samples exceeded limits; and in North China, 33% of 96 samples exceeded
limits [36].

Ruminants generally possess strong DON degradation capacity, preventing ad-
verse effects unless intake exceeds metabolic capacity. In healthy ruminants,
ingested DON is rapidly converted to de-epoxy-deoxynivalenol (DOM-1) by ru-
men microorganisms, a form with only 1/54th the toxicity of DON. Studies show
that when cows receive 1.9 mg/kg body weight DON, less than 1% is absorbed
[37]. At higher doses of 2,933-5,867 g/kg body weight, only 27 ng/mL DOM-1
was detected in milk [38]. These findings demonstrate that DON is metabolized
and degraded in both ruminants and non-ruminants without bioaccumulation,
making it a low-priority public health concern in animal products.

1.6 T-2 Toxin

T-2 toxin is widely distributed in nature, with production favored by low temper-
atures, temperature fluctuations, high moisture, and neutral to acidic conditions.
It commonly contaminates corn, wheat, barley, and oats, causing various toxic
symptoms when ingested by animals. Chen [39] detected T-2 in 100% of 176
feed samples from 18 Chinese provinces. Shan et al. [40] similarly found 100%
detection in 116 feed ingredients from Northeast China, though no samples ex-
ceeded limits. While contamination is widespread, severity appears relatively
low, though high detection rates warrant continued vigilance.

As a major mycotoxin contaminating Chinese feed, T-2 primarily damages
hematopoietic and immune tissues. All species are sensitive, with pigs being
most susceptible. Ruminants show greater tolerance due to rumen microbial
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degradation. Reported transfer rates from feed to milk range from 0.05% to
2.00% [4,14].

2 Hazards and Regulatory Limits of Milk Mycotoxins

Mycotoxins pose significant health risks through immunotoxicity, nephrotoxicity,
and hepatotoxicity, making them critical hazards in milk safety. AFM1 and OTA
are particularly concerning due to their carcinogenic, mutagenic, and teratogenic
effects, with OTA potentially posing greater risks to infants. Currently, only
AFM1 has established maximum limits in milk globally, while other mycotoxins
are regulated through provisional tolerable weekly intake (PTWTI) values. More
comprehensive limits are needed to better protect human health.

2.1 AFM1 Hazards and Limits

AFM1 was classified as a Group 1 carcinogen by the International Agency for
Research on Cancer (IARC) in 2002. Its target organ is the liver, causing severe
vascular permeability disruption and central nervous system damage. AFs exert
toxicity through two primary pathways: (1) interfering with RNA and DNA
synthesis, thereby disrupting protein synthesis and cellular metabolism, causing
systemic damage [41]; and (2) binding to DNA, inhibiting methylation, altering
gene expression and cell differentiation, and activating oncogenes while reducing
disease resistance [42]. Regulatory limits for AFM1 vary by country .

Analysis of 22,189 global milk samples revealed that 1,709 Asian samples (7.7%)
exceeded EU limits, followed by Africa (1.1%), Europe, and the United States
(0.5%) [43]. Lower AFM1 levels in European milk likely reflect lower AF con-
tamination in feed. Sadia et al. [44] reported average AFM1 levels of 0.252 g/L
in Pakistani milk, while Indian milk contained 0.1-3.8 g/L [45], posing seri-
ous health threats. Conversely, Iranian milk showed lower levels of 0.013-0.250
g/L [46], and UHT milk contained 0.021-0.087 g/L [47]. Regional variations
likely reflect differences in climate, geography, farming practices, and analytical
methods [48].

2.2 OTA Hazards and Limits

OTA ranks second only to AFs in importance and hazard, classified as a Group
2B human carcinogen by IARC. Its primary target organ is the kidney, causing
tubular degeneration and functional impairment. OTA exhibits potent nephro-
toxicity, hepatotoxicity, neurotoxicity, and immunotoxicity, with teratogenic,
carcinogenic, and mutagenic effects. Its toxicity manifests through three mecha-
nisms: (1) inhibiting mitochondrial respiration, causing ATP depletion; (2) sup-
pressing DNA/RNA synthesis and phenylalanine-tRNA ligase activity, thereby
inhibiting protein synthesis; and (3) inducing oxidative damage and increasing
lipid peroxidation [50].

The Joint FAO/WHO Expert Committee on Food Additives (JECFA) estab-
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lished a PTWI of 100 ng/kg body weight for OTA. Analysis of milk from
Ttaly, Norway, France, Sweden, and China showed OTA levels of 5.0-84.1 ng/L
[5,27,51-53], insufficient to exceed PTWI for adults but potentially hazardous
for infants with a tolerable daily intake (TDI) of 5 ng/(kg body weight - d) due
to their high milk consumption. Sudanese milk containing 2,730 ng/L OTA
posed adult health risks [26], possibly due to sudden dietary changes or high
protein feed ratios reducing rumen degradation capacity. Despite these risks,
no countries have established maximum limits for OTA in milk.

2.3 ZEA Hazards and Limits

IARC (1993) classified ZEA as a Group 3 possible carcinogen with estrogenic
effects targeting the reproductive system. Structurally similar to endogenous es-
trogen, ZEA competes for estrogen receptor (ER) binding, activating estrogen
response elements and causing estrogenic syndrome [54]. Consumption during
pregnancy may cause abortion, stillbirth, and teratogenesis. Since ZEA is not
completely metabolized, residues can accumulate, making feed monitoring cru-
cial [28].

JECFA recommended a provisional maximum tolerable daily intake (PMTDI)
of 0.5 g/kg body weight for ZEA and its metabolites. Analysis of 400 milk
samples from Egypt, the UK, and China detected maximum ZEA levels of 12.5
g/kg [5,55-57]. An adult (50-70 kg) would need to consume 2.0-2.8 L of milk
daily at this concentration to exceed PMTDI, suggesting minimal risk from milk
exposure. However, metabolites warrant attention: a-ZEL is three times more
toxic than ZEA and has been detected in Chinese milk at 73.5 ng/kg [5].

2.4 FB1 Hazards and Limits

FB1 is classified as a Group 2B human carcinogen. Its mechanism remains un-
clear, but structural similarity to sphingosine suggests neurotoxicity targeting
the brain. The EU Commission set a PMTDI of 2 g/kg body weight for indi-
vidual and combined FB1, FB2, and FB3. Maragos et al. [58] detected FB1 in
1 of 155 milk samples at 1,290 ng/L, while Gazzotti et al. [59] found FB1 in 8
of 10 samples, with a maximum of 430 ng/kg. Even the highest reported level
(1,290 ng/L) is unlikely to exceed PMTDI for adults, though limited monitoring
data suggest need for enhanced surveillance.

2.5 DON and T-2 Hazards and Limits

DON and T-2 are trichothecene mycotoxins. Among approximately 170 tri-
chothecenes, Type A (including HT-2 and T-2) and Type B (including DON,
3-ADON, and 15-ADON) are distinguished by functional groups. DON dam-
ages gastrointestinal mucosa through absorption, while T-2 enters immune or-
gans (thymus, bone marrow, liver, spleen) via blood, inhibiting DNA/RNA
transcription and translation through its sesquiterpene structure, thereby sup-
pressing protein synthesis and impairing immunity and reproduction [60]. T-2
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also causes DNA single-strand breaks in lymphocytes and inhibits mitochondrial
respiration, causing energy deficiency [61].

The EU Commission set a PMTDI of 60 ng/kg body weight for HT-2 and T-2,
and 1 g/kg for DON. DON and T-2 are rarely detected in milk; only 5 of 20
Danish milk samples contained DOM-1 (DON metabolite) at 0.3 ng/mL [62].
Both ruminants and non-ruminants effectively degrade DON to less toxic forms
without bioaccumulation. Therefore, DON should be considered a low-priority
hazard.

Conclusion

Mycotoxins in milk pose serious threats to human and animal health. Consump-
tion of contaminated feed can reduce milk yield and alter composition, while
transferring toxins into milk. Current research focuses primarily on AFM1,
which is globally detected in milk samples. However, milk also contains OTA,
ZEA, FB1, o-ZEL, and DOM-1, requiring comprehensive monitoring. Preven-
tion strategies include: avoiding moldy feed, maintaining dry and hygienic stor-
age conditions, limiting feed inventory duration, and using mycotoxin binders.
Risk monitoring programs and multi-mycotoxin detection technologies are es-
sential for ensuring milk safety. Current detection methods include thin-layer
chromatography, HPLC, LC-MS/MS, and ELISA. Future research should de-
velop more efficient, simplified methods for simultaneous multi-mycotoxin de-
tection and establish appropriate limits based on actual consumption patterns
and contamination levels to better protect human health.
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