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This is anOpe
Abstract – Oilseeds and vegetable oils, essential components of the human diet, can be contaminated by
various mycotoxins, fungal toxic secondary metabolites. This review presents an overview of (i) the chronic
toxicity ofmycotoxins, (ii) their occurrence in vegetable oils and oilseeds and (iii) consumer exposure through
these foodstuffs. A systematic search was performed to identify reviews, published during the last 10 years,
concerning the occurrence of mycotoxins in commonly consumed oils and oilseeds. Around fifteen different
mycotoxins were detected, the most common being the regulated mycotoxins: aflatoxins, ochratoxin A,
zearalenone, fumonisins and trichothecenes. Emergingmycotoxins such asAlternaria toxins, beauvericin and
cyclopiazonic acid were also detected. These toxins have various effects and target multiple organs (kidneys,
liver, nervous system, digestive system, etc.) and some of them, such as aflatoxin B1, ochratoxin A and
fumonisins, are carcinogenic or possibly carcinogenic to humans. Mycotoxins in oils and oilseeds are
sometimes present in quantities exceeding European standards for consumer safety. Although they are
consumed in smaller quantities than other food groups (e.g., cereals), the contribution of edible oils to the
chronic dietary exposure to variousmycotoxins shouldnot beneglected. In thecaseof certainmycotoxins, such
as alternariol monomethyl ether, vegetable oils even account for a significant proportion (around 40%) of
average chronic European dietary exposure.

Keywords: oils / oilseeds / mycotoxins / toxicity / occurrence

Résumé – Mycotoxines dans les graines oléagineuses et les huiles alimentaires végétales : toxicité,
occurrence et exposition. Les graines oléagineuses et les huiles végétales, éléments essentiels de
l’alimentation humaine, peuvent être contaminées par diversesmycotoxines,métabolites secondaires toxiques
produits par des champignons. Cette revue présente (i) une vue d’ensemble de la toxicité desmycotoxines, (ii)
de leur présence dans les huiles végétales et les graines oléagineuses et (iii) de l’exposition des consommateurs
par le biais de ces denrées alimentaires. Une recherche systématique a été effectuée pour recenser les
publications parues au cours des dix dernières années concernant la présence demycotoxines dans les huiles et
les graines oléagineuses couramment consommées. Une quinzaine de mycotoxines différentes ont été
identifiées dans les huiles et les graines oléagineuses les plus couramment utilisées, les plus courantes étant les
mycotoxines réglementées : aflatoxines, ochratoxine A, zéaralénone, fumonisines et trichothécènes. Des
mycotoxines émergentes telles que les toxines d’Alternaria, la beauvéricine et l’acide cyclopiazonique ont
également été détectées.Ces toxines ont des effets toxiques variés ciblant plusieurs organes (les reins, le foie, le
systèmenerveuxou le systèmedigestif).L’aflatoxineB1, l’ochratoxineAet les fumonisines, enparticulier, sont
considérées commecancérogènes ou possiblement cancérogènes pour l’homme. Lesmycotoxines sont parfois
présentes dans les huiles et les graines oléagineuses à des niveaux parfois supérieurs aux limites fixées par la
réglementation européenne pour la sécurité des consommateurs. Bien qu’elles soient consommées en plus
faiblesquantitésqued’autres aliments telsque lescéréales, la contributiondeshuiles alimentaires à l’exposition
alimentaire chronique aux différentes mycotoxines mérite une attention particulière. Dans le cas de certaines
mycotoxines, comme l’alternariol monomethyl ether, les huiles végétales représentent même une part
significative (environ 40 %) de l’exposition alimentaire chronique moyenne en Europe.

Mots clés : Huiles / graines oléagineuses / mycotoxines / toxicité / occurrence
on to the Topical Issue: “Contaminants in oils and fats / Contaminants des huiles et corps gras”.
ding author isabelle.oswald@inrae.fr

nAccess article distributed under the terms of the Creative CommonsAttributionLicense (https://creativecommons.org/licenses/by/4.0), which permits
unrestricted use, distribution, and reproduction in any medium, provided the original work is properly cited.

mailto:isabelle.oswald@inrae.fr
https://www.edpsciences.org
https://doi.org/10.1051/ocl/2025014
https://www.ocl-journal.org
https://creativecommons.org/licenses/by/4.0


A. Durant et al.: OCL 2025, 32, 19
Highlights

* Oilseeds and vegetable oils are frequently contami-
nated with regulated (AFB1, OTA, FBs, ZEN and
TCTs) or emerging mycotoxins (BEA, Alternaria
toxins, CPA) in concentrations sometimes exceeding
European standards for consumer safety.

* Except for EFSA reports, literature mainly focuses
on Asian and African occurrence data.

* Mycotoxins identified in oilseeds and vegetable oils
have various chronic toxic effects, including
carcinogenicity, targeting a wide variety of organs
(digestive, renal, nervous systems, etc.).

* Although edible oils are not the main contributor to
dietary exposure to mycotoxins, their contribution is

not negligible and even significant for some
mycotoxins like alternariol monomethyl ether.
1At the LB, results below the limit of quantification (LOQ) or limit of
detection (LOD) were replaced by zero; at the upper bound (UB), the
results below the LOD were replaced by the value of the LOD and
those below the LOQ were replaced by the value reported as LOQ.
1 Introduction

Edible oils are important components of the human diet,
mainly because of their role in cooking. In addition to their
palatability and energy content, their fatty acid content is
essential for human health, as they have a major role in
neuronal development and cognitive functions, transport fat-
soluble vitamins and are involved in the synthesis of steroid
hormones and prostaglandins (Tian et al., 2023). A dozen
vegetable oils account for 90% of world production, including
palm oil, soybean oil, rapeseed oil, sunflower oil, cottonseed
oil, peanut oil, olive oil, sesame oil and corn oil (Morin and
Pagès-Xatart-Parès, 2012).

Mycotoxins are toxic secondary metabolites produced by
filamentous fungi that may be injurious to vertebrates upon
ingestion, inhalation, or skin contact (Marin et al., 2013).A large
number ofmycotoxins have been identified and are produced by
various fungal genera, mainly Aspergillus, Penicillium, Alter-
naria,Fusarium andClaviceps (Bennett andKlich 2003 ;Marin
et al., 2013). These molecules are produced under ambient
temperature and moisture conditions. Therefore, they can
contaminate the whole food chain (with differences from year
to year linked to climate conditions), in the field, and during
processing, transport and storage (Ostry et al., 2017).

Mycotoxins have diverse chemical structures and exhibit
diverse acute and chronic toxic effects on humans and animals,
such as carcinogenicity, teratogenicity, mutagenicity, hepato-
toxicity, nephrotoxicity, embryotoxicity and immunotoxicity
(Karsauliya et al., 2022). On the basis of their individual
occurrence and toxicity, seven mycotoxins are regulated in
Europe: aflatoxin B1 (AFB1), deoxynivalenol (DON), fumo-
nisinB1 (FB1), ochratoxinA (OTA), patulin (PAT), zearalenone
(ZEN) and ergot alkaloids (AEs) (Payros et al., 2021).

Just like the majority of foods and foodstuffs, oilseeds and
edible oils can be contaminated by a wide range of
contaminants, including mycotoxins (Xia et al., 2021).
Oilseeds are particularly susceptible to mycotoxin contamina-
tion, as their nutrient-rich composition makes them ideal
substrates for fungal growth. Contamination can occur at
various stages of production (Zhang et al., 2024). Many
mycotoxins are hydrophobic and therefore have an affinity
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with lipids, so during the extraction of contaminated oilseeds,
they may migrate from seeds into extracted oils. (Abdolmaleki
et al., 2021). Most of these toxins are heat-stable, so
conventional cooking processes, including those concerning
oils such as frying, lead to minimal reduction in mycotoxin
levels in food (Payros et al., 2021; Liu et al., 2020).

Contamination of oilseeds and edible oils therefore
contributes to the global human exposure to mycotoxins
and represents a hazard to human health. It also causes
considerable losses to the economy of the food industry by
reducing agricultural production and commercial revenues
(Karsauliya et al., 2022).

This review aims to examine the impact of mycotoxins
present in oilseeds and edible vegetable oils on human health,
addressing their toxicity, their contamination during the
production process, and the risks of exposure for consumers.

2 Human toxicity of mycotoxins

With regard to mycotoxins in oils and fats, acute toxicity
from dietary mycotoxins in oils and fats is considered low (cf
part 3.). We have therefore chosen to focus solely on their
chronic effects.

2.1 Aflatoxins

Aflatoxins (AFs) are the most widely studied mycotoxins.
They are produced by Aspergillus section flavi species, in
particular A. flavus and A. parasiticus (Cimbalo et al., 2020). A
distinction is made between aflatoxins B1 and B2, G1 and G2,
and the hydroxylated forms M1 and M2 (found mainly in
milk), based on their chemical structure. Among these toxins,
AFB1 is the most frequently detected in contaminated foods
(Marchese et al., 2018). In Europe, the average exposure to
AFB1 ranges from 0.08 to 6.95 ng/kg b.w. per day (minimum
lower bound (LB) to maximum upper bound (UB))1,
depending on the age group concerned (Schrenk et al., 2020a).

After ingestion, AFB1 is rapidly absorbed into the
bloodstream, primarily from the small intestine. It binds to
plasma albumin and is transported by the hepatic portal system
to the liver, where it is metabolised, and thus activated (Payros
et al., 2021). AFB1 is a substrate for the cytochromes P450
(CYP) CYP3A4, CYP3A5 and CYP1A2, which convert it to
AFB1-exo-8,9-epoxide (AFBO). This compound is a reactive
and unstable molecule that is capable of forming DNA adducts
at N7-guanyl sites (Schrenk et al., 2020a).

Chronic exposure to AFB1 has several consequences, the
main one being hepatic carcinogenesis. International Agency
for Research on Cancer (IARC) has classified AFB1 as
“carcinogenic to humans” (group 1), since exposure to this
toxin has been associated with an increased risk of
hepatocellular carcinoma (Claeys et al., 2020). DNA adducts
formed as a result of AFB1 metabolism can cause mutations in
genes such as the p53 tumour suppressor gene, promoting
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tumour cell proliferation and development of hepatocarcinoma
(Weng et al., 2017). AFB1 can also generate reactive oxygen
species (ROS) that activate mitochondrial pathways including
apoptosis. In addition to DNA adducts, AFB1 plays a role in
carcinogenesis through oxidative stress (Marchese et al., 2018).

In addition to its carcinogenic effects, AFB1 is teratogenic
in animal species, including humans (resulting in bone
malformations, visceral anomalies, low birth weight, etc.)
(da Silva et al., 2021). Exposure to AFB1 also causes growth
impairment and stunting (Watson et al., 2017). AFB1 is also
immunotoxic and therefore may compromise the ability of
both humans and animals to resist infections (Meissonnier
et al., 2008).

2.2 Ochratoxin A

Ochratoxins (OTs) are produced by certain species of
Aspergillus and Penicillium fungi. The most widespread
mycotoxin among them is OTA (Alshannaq and Yu 2017). In
Europe, average exposure to OTA ranges from 0.64 to
17.79 ng/kg b.w. per day (minimum LB to maximum UB),
depending on the age group concerned (Schrenk et al., 2020b).

When ingested, OTA is mainly absorbed in the jejunum
and enters the bloodstream. Once in systemic circulation, it
binds 99.98% to albumin and other serum proteins, which
gives it a long half-life in humans (up to 35 days). This toxin is
poorly metabolised in vivo and tends to accumulate in tissues,
particularly the kidney, which is the major target organ of OTA
toxicity (Schrenk et al., 2020b). In the kidney, OTA is
recognised by the OAT1 and OAT3 anion transporters from
basolateral side (blood) and by OAT4 from apical side
(proximal tube). This allows OTA to pass from the blood to the
proximal tubules by tubular secretion, and to be reabsorbed at
all nephron segments, leading to OTA accumulation in renal
tissues (Schrenk et al., 2020b).

Chronic exposure toOTAhas toxic effectsonvariousorgans,
particularly the kidney. Based on animal data, the IARC has
classifiedOTAas “possibly carcinogenic to humans” (group2B)
(Claeysetal., 2020).However, newdata suggest thatOTAcanbe
genotoxic, directly damaging DNA. The mechanism of this
genotoxicity is still debated. One hypothesis is the formation of
DNA adducts by biotransformation of OTA into OTA-quinone
(Schrenk et al., 2020b). Indeed, the low levels of DNA adducts
found are difficult to relate to the genotoxic effects of OTA
observed in vivo. Other studies suggest that OTAgenotoxicity is
a secondary consequence of oxidative stress generation, but
there is little evidence of oxidative DNA damage or lipid
peroxidation (Payros et al., 2021).

OTA is mainly known for its nephrotoxicity, the
mechanisms of which are inhibition of protein synthesis
(due to its structural similarity to phenylalanine, it inhibits the
activity of phenylalanine hydroxylase), DNA damage, cell
cycle arrest and apoptosis (Khoi et al., 2021). But OTA also
exhibits hepatotoxic, immunotoxic, neurotoxic and teratogenic
effects on animals and humans (Więckowska et al., 2024).
2.3 Fumonisins

Fumonisins are produced mainly by Fusarium fungi, in
particular F. verticillioides and F. proliferatum. Among the
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28 analogues in the family, the most common and toxic belong
to the type B (FB) (Qu et al., 2022). Among these, FB1 is the
most common and toxic analogue, FB2 and FB3 are the second
and third most common FBs, while FB4 is found in lower
concentrations (Li et al., 2023). In Europe, average exposure to
FBs ranges from 0.04 to 1.77mg/kg bw per day (minimum LB
to maximum UB), depending on the age group concerned
(EFSA 2014a). Toxicological assessments of FBs were carried
out mainly with FB1, FB2-4 having similar toxicological
profiles and potency (Knutsen et al., 2018).

FBs are poorly absorbed in the gastrointestinal tract after
ingestion (around 4% of the ingested dose is absorbed) and
rapidly excreted, mainly in the bile (Payros et al., 2021).
Absorbed FBs are distributed to all organs, mainly the liver,
kidneys and muscles. These molecules are poorly metabolised
in mammalian tissues (mainly by hydrolysis of the ester
groups, forming N-fatty acyl FBs (Knutsen et al., 2018).

FBs are structurally similar to sphinganine and sphingo-
sine, the substrates of ceramide synthetase. They are therefore
competitive inhibitors of this enzyme, which catalyses the
condensation of sphinganine with an acyl-CoA to produce
ceramide. FBs thus disrupt the biosynthetic pathway of
sphingolipids, widely distributed molecules, especially in
biomembranes, which regulate numerous signal transduction
pathways and critical cellular functions, such as cell
proliferation, differentiation, senescence, apoptosis and carci-
nogenesis (Qu et al., 2022).

Through this mechanism, FBs can have a variety of toxic
effects on organisms, including autophagy, apoptosis, neuro-
toxicity, immunotoxicity, reproductive and carcinogenic
effects. FB1 and FB2 have been recognised as “possibly
carcinogenic to humans” (group 2B) by IARC, as a correlation
between FB1 and FB2 consumption and increased incidence of
oesophageal cancer has been established on humans (Chen
et al., 2021). FB1 also has high-affinity for the folate
transporters and can impair the transfer of folates to the
developing foetus, causing embryotoxic and teratogenic
effects such as growth retardation, delayed or incomplete
organogenesis, malformations and ultimately foetal death, in
several species (Lumsangkul et al., 2019).

2.4 Zearalenone

Zearalenone (ZEN) is produced by Fusarium fungi, in
particular F. graminearum. In Europe, average exposure to
ZEN ranges from 2.4 to 29 ng/kg b.w. per day (minimum LB to
maximum UB) for adults and from 24 to 277 ng/kg b.w. per
day for children (EFSA, 2011b).

After ingestion and absorption in the proximal intestine,
ZEN is metabolised mainly by enterocytes and hepatocytes
with two different pathways. The first one is a reduction of
ZEN by cytochrome P450 (CYP450) enzymes, producing
a-zearalenol (a-ZOL) and b-zearalenol (b-ZOL). The second
one involves the conjugation of ZEN and its metabolites with
glucuronic acid, catalysed by the enzymes UDP-glucurono-
syltransferases (UGTs) (Kowalska et al., 2016).

Zearalenone and its metabolites a-ZOL and b-ZOL have a
strong structural similarity to 17b-estradiol. They competi-
tively bind to a and b oestrogen receptors (ER), giving them
strong hyper oestrogenic and endocrine-disrupting effects on
animals, especially prepubertal pigs, and humans (Rai et al.,
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2020). The metabolites of ZEN have different oestrogenic
potentials, with a-ZOL having the highest (Steinkellner et al.,
2019). In humans, ZEN can decrease embryo survival and
reduce foetal weight, as well as decrease milk production. ZEN
is also known to alter the morphology of uterine tissue, leading
to reduced levels of the hormones LH and progesterone in
women, while in men it reduces sperm count and viability, and
impedes spermatogenesis (Ropejko and Twaru _zek 2021). ZEN
is also toxic to other organs, such as the liver, immune cells and
intestine (Payros et al., 2021). It is suspected of promoting the
development of breast cancer, as studies demonstrate that it can
stimulate the growth of MCF cells (human breast cancer cells
with ER receptors) (Rai et al., 2020). ZEN is not classifiable as
to its carcinogenicity to humans (group 3) by IARC based on
limited evidence of its carcinogenicity in animals (Claeys
et al., 2020).

2.5 Trichothecenes

Trichothecenes (TCTs) are one of the main classes of
mycotoxins of concern to humans and the food industry. This
family comprises more than 200 structurally related com-
pounds, divided into 4 groups (A to D) according to their
hydroxyl and acetoxy functional side groups (McCormick
et al., 2011). The most common in food are type ATCTs HT-2
toxin (HT2) and T-2 toxin (T2), and type B deoxynivalenol
(DON). Type A and B TCTs are produced mainly by several
Fusarium species (Terciolo et al., 2018). In Europe, average
exposure to T2 and HT2 ranges from 1.82 to 64.8 ng/kg b.w.
per day (minimum LB to maximum UB) depending on the age
group concerned (Arcella et al., 2017). Chronic dietary
exposure to DON was estimated to be on average between 0.2
and 2mg/kg b.w. per day (minimum LB to maximum UB)
depending on the population group (Knutsen et al., 2017a).

T-2 toxin can be rapidly absorbed from the digestive tract
after ingestion and metabolised mainly in the liver. The main
metabolic pathways observed are hydrolysis, hydroxylation,
conjugation, and de-epoxidation, leading to a wide variety of
metabolites, including HT-2 toxin (Janik et al., 2021). DON is
absorbed in the upper intestine, at a rate of between 52.7 and
100% in the jejunum. DON is metabolised via two different
routes: tissue biotransformation via enterohepatic passage
(glucuronidation), and by the intestinal microbiota (leading to
a detoxified form: de-epoxy-deoxynivalenol) (Payros et al.,
2016; Payros et al., 2021).

At a cellular level, the major effect of TCT is related to
their ability to bind to the 60S ribosomal subunit and inhibit
ribosomal peptidyltransferase activity (Garreau de Loubresse
et al., 2014). This leads to a ribotoxic stress response
characterized by inflammation and apoptosis but also to an
inhibition of RNA and protein synthesis as well as stress of
endoplasmic reticulum, oxidative stress, and autophagy
(Garofalo et al., 2025). Through these mechanisms, T-2 and
HT-2 toxins have cytotoxic effects through apoptosis in
various cell types and organs, including brain, gastrointestinal
tract, skin, and the immune system, especially on monocytes
during their differentiation into dendritic cells or macrophages,
thus impacting immune system function (Janik et al., 2021).
Neurotoxic effects have also been observed, associated with
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the ability of T-2 and HT-2 toxins to cross the blood-brain
barrier (De Ruyck et al., 2015).

DON exposure is responsible for deleterious effects in the
intestine (lesions, reduced number and size of villi, impaired
barrier function) following loss of tight junction protein
expression and exacerbation of apoptosis in intestinal tissue. A
link between DON exposure and chronic inflammatory bowel
disease has been established (Payros et al., 2020). The effects
of DON on immune system function have been studied in
animal models. DON has been shown to exacerbate
inflammation by inducing the production of proinflammatory
cytokines and the secretion of immunoglobulins (Knutsen
et al., 2017a).

TCTs are not directly genotoxic, DON and T-2 toxin are not
classifiable as to their carcinogenicity to humans (group 3) by
IARC (Meneely et al., 2023) based on limited evidence of their
carcinogenicity in animals. Nevertheless, it has been shown
that these compounds can promote the genotoxicity of other
genotoxic contaminants in the diet (Garofalo et al., 2023).

2.6 Emerging mycotoxins

Besides the above mentioned ?regulated? mycotoxins,
there are other toxins that are less documented, not routinely
determined, and not regulated; they are called “emerging”
mycotoxins (Hasuda and Bracarense, 2024). These include
some mycotoxins present in oils and oilseeds, especially,
cyclopiazonic acid (CPA) (produced by some Aspergillus and
Penicillium fungi species), enniatins (ENs), beauvericin
(BEA) (both Fusarium-derived toxins often co-occurring
species and often found together in the same foodstuffs), and
Alternaria mycotoxins (especially alternariol (AOH), alter-
nariol monomethyl ether (AME), altenuene (ALT), altertoxins
(ATXs), tenuazonic acid (TeA) and tentoxin (TEN)).

To date, there is no robust estimate of average chronic
exposure to CPA in humans. By contrast, chronic mean
exposure to BEA in Europe (minimum LB to maximum UB)
ranges from 0.003 to 0.050mg/kg b.w. per day, and chronic
mean exposure to the sum of ENs ranges from 0.42 to
1.82mg/kg b.w. per day (EFSA, 2014b). In the adult
population, the mean chronic dietary exposure to AOH ranges
from 1.9 to 39 ng/kg b.w. per day, from 0.8 to 4.7 ng/kg b.w. per
day for AME, from 36 to 141 ng/kg b.w. per day for TeA, and
from 0.01 to 7 ng/kg b.w. per day for TEN (minimum LB to
maximum UB) (EFSA, 2011a).

There are fewdata onCPA toxicity in humans.CPAhasbeen
mainly described as a highly selective inhibitor of Ca2þ-ATPase
in skeletal, cardiac and smooth muscle sarcoplasmic reticulum
(Uyama et al., 1993). This enzyme is involved in muscle
contraction and relaxation by regulating intracellular calcium
concentration by transporting calcium into the endoplasmic
reticulum from the cell cytosol (Gehlert et al., 2015). Little is
known about the effects of chronic exposure to CPA on the
human body. Studies on mice show that CPA causes neurotoxic
effects similar to the side-effects of anti-psychotropic drugs
(hypokinesia, catalepsy, etc.) (Nishie et al., 1985).

In vitro, BEA and ENs are known to impair cell viability,
block cell cycle, induce apoptosis, and generate ROS in several
cell types (Hasuda and Bracarense, 2024). There are few data
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concerning the in vivo effects of these mycotoxins, the
majority of the studies being performed on birds. Their
mechanism of action is not fully understood and their
metabolites are not characterised yet (EFSA, 2011a). Despite
their clear in vitro toxicity, the majority of in vivo data suggest
a more limited toxicity. Nevertheless, long-term studies
particularly on mammals, are needed to assess the toxicity
of chronic exposure to BEA and ENs (Caloni et al., 2020;
Gruber-Dorninger et al., 2017).

Alternariamycotoxins can be categorized into two distinct
groups: namely, genotoxic and non-genotoxic mycotoxins.
Genotoxic mycotoxins (i.e. AOH, AME, and ATXs) have been
shown to induce DNA strand breaks via topoisomerase
inhibition and ROS in various cell lines, primarily through
their effects on topoisomerases and generation of ROS).
Conversely, non-genotoxic mycotoxins such as TeA and TEN
mainly cause in vitro cytotoxicity (Louro et al., 2024; Zhang
et al., 2025). In vivo hazard characterisation of Alternaria
toxins focused mainly on the commercially available AOH,
AME and TeA. Limited toxicity data are available for ALT,
and TEN yet (Louro et al., 2024). AOH, AME and TeA, are
known to induce toxic effects in animals, including fetotoxic
and teratogenic effects. (Marin et al., 2013) In vitro studies
have suggested that AOH and AME may also have moderate
endocrine disruptive effects and disturb the immune response
and adaptive immune system (Louro et al., 2024). A
correlation between occurrence of Alternaria toxins and an
increased incidence of oesophageal cancer has been indicated
(Solhaug et al., 2016). However, no indication of carcinoge-
nicity for Alternaria toxins to humans has been listed by IARC
yet (Cimbalo et al., 2020). Currently, there is no regulation for
the presence of Alternaria mycotoxins in food worldwide.
However, it should be noted that the European Union has
published guidelines for the maximum concentration of AOH,
AME, and TeA in specific food products (Zhang et al., 2025).

Emerging mycotoxins are causing growing concern
because of their potential adverse effects on human health,
and their regulatory status remains limited. In-depth research
and rigorous hazard assessment are needed to better determine
their impact on human health.

3 Mycotoxin contamination of oilseeds and
edible vegetable oils

Following the discussion on toxicity of the main
mycotoxins found in oilseeds and edible oils, the occurrence
of these toxins in oilseeds and edible oils will be summarised.
A comprehensive literature review of reviews published
during the last 10 years (2014-2024) was carried out usingWeb
of Science and PubMed (all databases) with the following
keywords: Mycotoxin*, Occurrence, Oil*. Grey literature and
non-English articles were not included. 54 initial publications
were obtained after this initial search, 13 of which were
selected for building Tables 1 and 2. An additional literature
search (with the same keywords and exclusion criteria) has
been conducted on research articles published between 2023
and 2025. These articles, too recent to be cited in existing
reviews, have been included in Tables 1 and 2 in order to keep
the data up to date. The detailed selection process is presented
in Figure 1.
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3.1 Occurrence of mycotoxins in oilseeds

Depending on their growing conditions, oilseeds can be
contaminated by mycotoxins at different stages in the
agricultural chain (before, during or after harvest, during
transport or storage). Available data on the occurrence of
mycotoxins in oilseeds mainly concern Asia and Africa.

Mycotoxin contamination of oilseeds varies from region to
region, but also from one type of oilseed to another. (Table 1)
Five of the most consumed oilseeds in the world (corn, peanuts,
sunflower seeds, soybean seeds and olives) are discussed below.
Various mycotoxins were identified in the oilseeds analysed.
Among these, the most common include mycotoxins that are
dangerous to health and subject to regulation (AFs, OTA, FB1
and FB2, ZEN, as well as TCTs, especially DON, T-2 and HT-2
toxins).AFs, particularlyAFB1, are notable for their presence in
the largest number of samples.

3.1.1 Corn

Corn is widely used around the world to produce oil for the
food industry. It is mainly used in processed foods, due to its
stability and relatively low cost. Numerous data are available on
mycotoxin contamination in corn. Table 1 shows the multiple
contamination of corn seeds from Africa, China, South or
Central America by various mycotoxins (AFs, OTA, ZEN, FBs,
DON and other TCTs). In these developing countries, hot
weather, old production techniques and poor storage conditions
favours the growth of fungi and the production of mycotoxins
(An et al., 2024). Infection of corn by A. flavus is frequent and
corn is described as a food staple commonly associatedwithAFs
contamination (de Almeida et al., 2019). Aflatoxin contamina-
tion was observed in almost all the reports in Table 1. It is worth
noting that with global climate change, concerns are growing
about aflatoxin contamination, not just in developing countries,
but also in Europe (Battilani et al., 2016, Bailly et al., 2018). Out
of 98 samples of maize from Spanish suppliers between 2015
and 2019, 9%were positive for AFB1, with 3%having aflatoxin
levels above theEuropean limit of 5 ng/g (Tarazona et al., 2020).

3.1.2 Peanuts

Peanuts are widely grown for the extraction of edible oil
and the preparation of peanut butter. They are frequently
analysed for the presence of fungi and their mycotoxins,
especially AFs (Bhat and Reddy, 2017). AFs were found in
peanut samples from several countries in Africa, Brazil,
Australia and Sri Lanka. Peanut is also reported to contain high
amounts of FBs, OTA, ZEN, and CPA (produced by A. flavus,
often co-detected with aflatoxins). (Table 1).

3.1.3 Sunflower seeds

Sunflower seeds can be eaten whole be as a snack, but their
main application is the extraction of the oil, highly popular for
cooking and frying because of its richness in unsaturated fatty
acids (linoleic and oleic acid). Like most oilseeds, sunflower
seeds are frequently contaminated by AFs, particularly AFB1
as shown in Tanzania (Ji et al., 2024). However, these seeds are
also frequently contaminated by fungi of the genus Alternaria
and the mycotoxins they produce, especially TeA as shown in
European samples.
f 21



Figure 1. Graphical representation of the reviews selection for Tables 1 and 2.
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3.1.4 Soybean

Soybeans are used for the production of processed food
and sauces. Unlike other oilseeds, soybeans are rarely
contaminated with AFs. Because of their low zinc
Page 6 o
availability, they are not a good substrate for Aspergillus
fungi (Bordin et al., 2014). Fusarium fungi producing ZEN
and DON are most frequently isolated on soybeans as
illustrated in Table 1 for South American and African
countries (Abia et al., 2013).
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Table 1. Oilseeds contamination by mycotoxins (based on literature review).

Type of oilseeds Country/Region Mycotoxin Mycotoxin concentration
Mean (Range) mg/kg

Reference

Corn Egypt AFB1 8.7 (0.2—44.9) An et al. (2024)
(citing Abdallah et al., 2019)

AFB2 2.2 (0.1—7.0)
Ghana AFB1 (0.78—339.3) Kumar et al. (2022)

(citing Kortei et al., 2021)
Ivory Coast FB1 þ FB2 102.8 Ji et al. (2024)

(citing Manizan et al., 2018)
AFB1 8.66
AFG1 4.73
ZEN 2.67
OTA 2.33

Tanzania FB1 (16—18 184) Wan et al. (2020)
(citing Kamala et al., 2015)

DON (68—2196)
ZEN (73—1464)
AFB1 (3—1081)
OTA (0—73)

Togo AFB1 (1.1—75.9) Kumar et al. (2022)
(citing Hanvi et al., 2021)

Zimbabwe FB1 242 ± 236 Wan et al. (2020)
(citing Hove et al., 2016)

DON 217 ± 165
ZEN 110 ± 101
AFB1 11
AFB1 (0.57—26.6) Kumar et al. (2022)

(citing Murashiki et al., 2017)
China DON 831.0 Ji et al. (2024)

(citing Wang et al., 2014)
AFB1 148.4
FB1 116.5
ZEN 50.8
ZEN 49 (0.1—1151) Sun et al. (2017)

(citing Ma et al., 2011)
AFB1 15 (0.1—581)
AFB2 1.6 (0.1—35)
AFG2 0.6 (0.1—9.9)
HT-2 0.6 (0.1—5)
AFG1 0.4 (0.2—5.9)
T-2 0.3 (0.1—1)
FB1 0.5 Gao et al. (2023)

(citing Liu et al., 2017)
ZEN (0—54.83) Wan et al. (2020)

(citing Xu et al., 2018)
AFB1 (0.48—2.07)
ZEN 1.10 Lu et al. (2025)

India AFB1 (48—383) Mahato et al., (2019)
(citing Mudili et al., 2014)

Vietnam AFB1 (1.0—34.80) Mahato et al. (2019)
(citing Lee et al., 2017)

Spain AFB1 26 (0.87—124.1)
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Table 1. (continued).

Type of oilseeds Country/Region Mycotoxin Mycotoxin concentration
Mean (Range) mg/kg

Reference

An et al. (2024)
(citing Tarazona et al., 2020)

AFB2 1.29 (0.31—8.85)
Colombia AFB1 169.1 (6.4—458.2) An et al. (2024)

(citing Diaz et al., 2015)
AFG1 72.2
AFB2 21.0 (1.9—55.5)

Costa Rica Total AFs* 24 Mahato et al. (2019)
(citing Granados-Chinchilla et al., 2017)

Peanuts Algeria AFB1 12.14 ± 1.52 Tantaoui-Elaraki et al. (2018)
(citing Ait Mimoune et al., 2017)

Cameroon Total AFs* (4.2—198.8) Hudu et al. (2024)
(citing Abia et al., 2013)

ZEN 4 (<LOQ—45)
Ivory Coast ZEN (50—200) Bhat and Reddy (2017)

(citing Sangare-Tigori et al., 2006)
Total AFs* (1.5—10)
FB1 þ FB2 (<0.03—0.06)
OTA (0—0.64)

Malawi AFB1 501 Pandey et al. (2023)
(citing Matumba et al., 2015)

Zambia AFB1 (0.015—46.60) Mahato et al. (2019)
(citing Bumbangi et al., 2016)

Sri Lanka Total AFs* (0—12.5) Bhat and Reddy (2017)
(citing Dissanayake et Manage 2010)

Brazil CPA (260—600) Bhat and Reddy (2017)
(citing Oliveira et al., 2009)

Australia Total AFs* (0—1600) Bhat and Reddy (2017)
(citing Chauhan et al., 2010)

Sunflower seed Tanzania AFB1 16.8 Ji et al. (2024)
(citing Mmongoyo et al., 2017)

European Union TeA 12.8 Pandey et al. (2023)
(citing Tölgyesi et al., 2020)

Soybean Cameroon ZEN 15 (12—18) Hudu et al. (2024)
(citing Abia et al., 2013)

Argentina DON (500—5000) Pandey et al. (2023)
(citing Chiotta et al., 2020)

Olive Morocco OTA (0.2—1.2) Tantaoui-Elaraki et al. (2018)
(citing El Adlouni et al., 2006)

Rapeseed Lithuania DON (164—183) Bhat and Reddy (2017)
(citing Brazauskienė et al., 2006)

Total AFs* (1—3.1)
Sesame seed Nigeria Total AFs* 16.9 (0.29—88.5) Anyogu et al. (2024)

(citing Esan et al., 2020)
FB1 13 (5.6—24)
DON 78.3 (28—171) Anyogu et al. (2024)

(citing Fapohunda et al., 2018)
FB1 17.3 (7.3—26.7)
AFB1 3.6 (0.4—7.2)

Uganda DON 194.4 (0.8—955.3)
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Table 1. (continued).

Type of oilseeds Country/Region Mycotoxin Mycotoxin concentration
Mean (Range) mg/kg

Reference

Anyogu et al. (2024)
(citing Echodu et al., 2019)

Total AFs* 2.95 (0.9—61.8)
OTA 1.45 (0.1—3.1)

Malaysia AFB1 0.90 (0.54—1.82) Anyogu et al. (2024)
(citing Reddy et al., 2011)

Thailand BEA 8.89 (1.39—37.8) Anyogu et al. (2024)
(citing Pongpraket et al., 2020)

AFB1 1.44 (0.84—2.17)

* Total AFs: AFB1þAFB2þAFG1þAFG2

A. Durant et al.: OCL 2025, 32, 19
3.1.5 Olive

Olives are eaten mainly as an aperitif or as a culinary
ingredient, or pressed to extract the oil, which is widely used in
the Mediterranean diet. The contamination of olives by
mycotoxins is poorly investigated. El Adlouni et al. (2006)
studied the presence of OTA in 10 samples of black olives from
Morocco and all the samples were contaminated with OTA at
levels of 0.2 to 1.2mg/kg. It should be noted that olive tissues
exhibit natural antifungal properties for fungal growth, as olive
trees have natural defences against fungi. The leaves and fruit
contain flavonoids and phenolic compounds, which have
antimicrobial properties (Muzzalupo et al., 2020).

3.1.6 Rapeseed

Rapeseed is grown almost exclusively for oil production
(Bhat and Reddy, 2017). Brazauskienė et al. (2006) studied
fungal contamination and mycotoxin production in rapeseed
originating from Lithuania. According to their study, rapeseed
samples showed the presence of fungi of the genus Aspergillus,
Cladosporium, Alternaria, Penicillium and Fusarium as
dominant fungi. In addition, DON, produced by Fusarium
fungi, was detected in various samples at concentrations of
between 164 and 183mg/kg. In two rapeseed varieties, AFs
were also detected at levels of between 1 and 3.1mg/kg (Bhat
and Reddy, 2017).
3.1.7 Sesame

Sesame is grown mainly in Africa and Asia for its seeds,
which can contain up to 60% oil. Mycotoxin contamination is
frequently reported in sesame and sesame-based products
(Anyogu et al., 2024). Table 1 shows the multiple
contamination of sesame seeds from Africa and Asia by
several mycotoxins (AFs, FB1, DON, OTA and BEA).

Fapohunda et al. (2018) collected 24 sesame seed samples
from farmers’ stores in Nigeria and detected several regulated
mycotoxins, especially DON, FB1 and AFB1 (Anyogu et al.,
2024). Pongpraket et al. (2020) studied the occurrence of 16
mycotoxins, including emerging mycotoxins, in 200 samples
of white and black sesame marketed in Thailand. In this study,
21.5% of the samples were contaminated by at least one
Page 9 o
mycotoxin. The mycotoxins most frequently detected in
samples of both black and white sesame were AFs, but also the
emerging mycotoxin BEA (Pongpraket et al., 2020). BEA and
ENs are often detected together but no mention of ENs is made
in this paper, suggesting that they have not been investigated.

3.2 Mycotoxin transfer from oilseeds to edible oil
during extraction and effects of refining
3.2.1 Oil extraction and refining process

Once they have reached maturity, the oilseeds are
harvested. In order to limit mycotoxin contamination, as part
of good agricultural practices, the seeds often undergo a
selection process to eliminate seeds visibly contaminated by
fungi. Seeds are then dried to reduce the moisture content to a
safe level for storage in silos, until the oil is extracted.

There are two main extraction methods for edible oils:
mechanical pressing and solvent extraction. Mechanical
pressing is recommended for oilseeds with high oil content
such as flaxseed, sunflower and corn. This method is
simpler, safer and requires fewer steps compared with
solvent extraction (Bordin et al., 2014). The solvent
extraction method is based on the principle that oils are
insoluble in water but soluble in certain organic solvents.
Industrially, the most widely used solvent for oil extraction
is n-hexane. This method is more efficient but generates
solvent residues, leading to health, environmental and
qualitative issues. Several solvents and more environmen-
tally-friendly extraction techniques (such as supercritical
fluids) have been developed to replace hexane extraction,
with various limitations (Gagnon et al., 2021). At the end of
the extraction stage, the virgin oil is obtained but extraction
methods do not eliminate mycotoxins. The mycotoxins
present in oilseeds are shared between the oil and the cake
(Bordin et al., 2014).

Several factors, especially the extraction method, can
influence the transfer of mycotoxins from the oilseeds into oils.
The choice of the solvent plays a crucial role in this process.
For example, hexane, commonly used for extracting vegetable
oil from oilseeds, does not extract AFs, thus limiting the
transfer of AFs into the oil. By contrast, alternative solvents,
such as ethanol or isopropanol, have been shown to be
f 21



Table 2. Edible oils contamination by mycotoxins (based on literature review)

Type of edible oil Country Mycotoxin Mycotoxin concentration
Mean (Range) mg/kg

Reference

Corn oil China ZEN (nd—90.92) Ji et al. (2024)
(citing Zhang et al., 2018)

ZEN 6.44 (nd—8.40) Ji et al. (2024)
(citing Li et al., 2017)

FB1 0.49 (nd—1.23)
ZEN (5.20—184.60) Vasseghian et al. (2022)

(citing Qian et al., 2015)
ZEN 66.97 Lu et al. (2025)
ZEN 76.0 (10.6—284) Zhou et al. (2023)

Thailand FB2 62.5 (32.64—101.41) Ji et al. (2024)
(citing Junsai et al., 2021)

ZEN 60.33 (49.16—69.13)
FB1 7.27 (5.69—9.69)

Spain DON (<216.00) Vasseghian et al. (2022)
(citing Escobar et al., 2013)

FB1 (<77.00)
ZEN (<67.00)

Peanut oil Sudan AFB1 16.3 Shephard (2018)
(citing Elzupir et al., 2010)

AFG1 12.9
AFG2 11.6
AFB2 1.0

China AFB1 3.7 Shephard (2018)
(citing Sun et al., 2011)

AFB1 16.3 (0.06—206) Ji et al. (2024)
(citing Xu et al., 2018)

AFB2 3.06 (0.05—29.3)
AFG1 0.84 (0.09—13.1)
AFG2 0.24 (0.05—2.50)
AFB1 21.61 (0.02—174.13) He et al. (2023)
AFB2 4.03 (0.02—41.97)
AFG1 0.06 (0.02—3.09)
AFG2 0.98 (0.02—7.48)
AFB1 1.7 (0.06—22.7) Zhou et al. (2023)
BEA 1.6 (0.12—5.4)
ENB 0.83 (0.05—4.5)
AFB2 (0.05—3.8)
AFG1 (0.05—1.2)
AFG2 (0.05—0.91)
OTA (0.05—0.15)

Peanut butter China Total AFs* (0—68.51) Bhat and Reddy (2017)
(citing Li et al., 2009)

South Korea Total AFs* (1.30—6.44) Bhat and Reddy (2017)
(citing Chun et al., 2006)

Sunflower oil Sudan Total AFs* (0.43—339.90) Vasseghian et al. (2022)
(citing Elzupir et al., 2010)

China ZEN 3.1 (1.5—6.5) Zhou et al. (2023)
T-2 toxin 1.3 (0.17—2.5)
AME 0.81 (0.06—4.0)
OTA 0.16 (0.11—0.20)

Thailand AFB1 0.14 (0.13—0.15) Ji et al. (2024)
(citing Junsai et al., 2021)

AFG1 0.10 (0.10—0.12)

Page 10 of 21

A. Durant et al.: OCL 2025, 32, 19



Table 2. (continued).

Type of edible oil Country Mycotoxin Mycotoxin concentration
Mean (Range) mg/kg

Reference

Unrefined sunflower oil Tanzania AFB1 0.70 (nd—2.56) Ji et al. (2024)
(citing Mohammed et al., 2018)

AFG1 0.45
AFB2 0.23
AFG2 0.22

Soybean oil China AFB1 16.4 (1.86—31) Ji et al. (2024)
(citing Xu et al., 2018)

AFB2 3.01 (0.57—5.45)
AFG1 0.31 (0.24—0.38)

Thailand ZEN 59.31 Ji et al. (2024)
(citing Junsai et al., 2021)

AFB2 0.41 (0.35—0.48)
AFB1 0.22 (0.21—0.27)

Virgin olive oil Sri Lanka ZEN (0.6—25.6) Ji et al. (2024)
(citing Karunarathna et al., 2019)

Thailand ZEN 116.33 (29.17—208.54) Ji et al. (2024)
(citing Junsai et al., 2021)

FB1 37.52 (17.25—57.79)
FB2 24.27 (13.25—71.42)
AFB2 1.76 (1.11—2.32)
BEA 0.30 (0.23—0.92)

Southern Europe AOH 2.0 (1.2—3.3) Zhou et al. (2023)
AME 0.90 (0.05—3.2)

Spain AFG1 (0.8—1.9) Ji et al. (2024)
(citing Hidalgo-Ruiz et al., 2019)

Rapeseed oil China ZEN (<40.70) Vasseghian et al. (2022)
(citing Qian et al., 2015)

AFB1 0.09 (0.06—0.14) Zhou et al. (2023)
Germany ZEN (<27.00) Vasseghian et al. (2022)

(citing Majerus et al., 2009)
Sesame oil Sudan AFG2 102.7 (1.8—265.2) Ji et al. (2024)

(citing Elzupir et al., 2010)
AFG1 47.5 (10.6—100.3)
AFB1 43.6 (1.9—109.2)
AFB2 0.3 (0.02—0.5)
Total AFs* (0.43—339.90) Vasseghian et al. (2022)

(citing Elzupir et al., 2010)
China ZEN (nd—190.31) Ji et al. (2024)

(citing Zhang et al., 2018)
AFB1 (nd—14.53)
AME 9.4 (1.1—23.4) Zhou et al. (2023)
ZEN 8 (1.9—19.2)
BEA 3.7 (0.4—15.7)
AFB1 1.2 (0.23—3.5)
ENB 0.6 (0.05—7.3)

Palm oil Thailand AFG2 0.87 (0.44—2.59) Ji et al. (2024)
(citing Junsai et al., 2021)

AFB2 0.70 (0.44—1.05)
OTA 0.44 (0.42—0.48)
AFB1 0.25 (0.20—0.37)

*Total AFs: AFB1þAFB2þAFG1þAFG2
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effective in extracting both oil and AFs, thus facilitating the
transfer of mycotoxins into the oil (Bordin et al., 2014).

To improve sensory quality (taste, odour, clarity)
nutritional and stability characteristics, nutritional value and
stability of edible oils, they may undergo refining steps after
extraction (Pages et al., 2010). First, the degumming removes
phospholipids, trace metals, and impurities. Then the oil
undergoes deacidification by alkaline neutralisation to remove
free fatty acids and bleaching to remove pigments that can
affect the quality and oxidation stability of the oil. The
bleaching stage generally involves high temperature treatment
for 20 to 40 minutes using acid-activated bleaching clays and
activated carbon. The final stage in the refining process is
deodorisation by vacuum steam distillation, which removes the
odour as well as volatile compounds and contaminant residues
(Wen et al., 2023).

Oil quality significantly influences mycotoxin levels. AFs
are relatively insoluble in non-polar solutions, but strong
oxidation of oils can increase their polarity, enhancing their
solubility (Bordin et al., 2014). Additionally, blending oils
from various sources can also affect mycotoxin solubility
(Bordin et al., 2014).

3.2.2 Effects of oil refining on mycotoxins

During the multiple stages of oil extraction from oilseeds,
some of the mycotoxins initially present migrate to the oil and
cake (Ji et al., 2024). Unrefined oils do not undergo heating
process or additional chemical treatment and generally contain
higher concentrations of mycotoxins, while the physico-
chemical conditions used during the successive refining stages
partially eliminate the mycotoxins present in the oil (Zio et al.,
2020).

Degumming has been shown to partially eliminate
mycotoxins from the oil, up to 60% for DON (Guo et al.,
2022) and up to 23.90% for ZEN (Ma et al., 2020). The
subsequent neutralization step (deacidification under alkali
conditions), has been identified as the most effective phase in
eliminating mycotoxins from edible oils, achieving up-to
98.94% reduction for AFB1 (Ji et al., 2016), 64.82% for ZEN
(Ma et al., 2020), 88.85% for OTA (Lu et al., 2022) and 80%
for DON (Guo et al., 2022). During this step, when the oil is
treated with alkali (e.g., soda) and centrifuged, a significant
proportion of mycotoxins accumulate in the sediment phase.
Residual mycotoxins in the supernatant are subsequently
transferred to the rinse water (Javanmardi et al., 2022).
Increasing the neutralization temperature can improve
mycotoxin degradation, from 67.07% to 87.88% reduction
for ZEN (Ma et al., 2020). The subsequent bleaching process
further reduces the residual mycotoxins levels, efficiently
reducing AFs and TCTs, although it is less effective at
eliminating ZEN. The final step, deodorisation, performed at
high temperatures, has also been shown to reduce concen-
trations of AFs, ZEN, and TCTs (Kamimura et al., 1986).

Refining processes can induce structural changes in
mycotoxins. ZEN, for example, may undergo reversible
degradation at low temperatures (Karlovsky et al., 2016; Ma
et al., 2020). OTA can be hydrolysed up to 80% during alkali
refining to form OP-OTA (a lactone ring-opened derivative)
which mainly accumulates in the soap stock, raising concerns
about the safety of refining by-products (Lu et al., 2022).
Page 12
DON can also be partly degraded during refining and
converted into norDON B (Guo et al., 2022).

3.3 Occurrence of mycotoxins in edible oils

Most of the articles in the literature search concern data on
the occurrence of mycotoxins in edible oils produced and
marketed outside Europe. However, data on the occurrence of
mycotoxins in edible oils marketed in Europe are available in
the various EFSA reports.

3.3.1 Edible oils contamination by mycotoxins, based on
literature review

A high occurrence of mycotoxins in edible oils is
documented in several reviews. As for oilseeds, the most
common are AFs, likely due to their lipophilic properties.
(Table 2)

3.3.2 Corn oil

Notably, no report documented AFB1 contamination in
corn oil, whereas a large number of reports found AFs
contamination in corn. Corn oil is generally an industrially-
produced oil and undergoes a complete refining process, which
effectively eliminates the AFs (Kamimura et al., 1986). On the
other hand, these processes are less effective in removing ZEN,
TCTs and FBs, whose contamination has been demonstrated
by various reports mentioned in Table 2.

Escobar et al. (2013) mention the contamination of corn
oils by FB1 and DON, rather hydrophilic toxins, which is
surprising at first sight since they are very polar and not very
soluble in the oil itself. Two hypotheses are suggested in this
study. The first is based on prior findings suggesting that in the
dry milling process, these mycotoxins may concentrate in the
bran and germ fractions intended for oil production. The
second hypothesis is that during the process, the water-soluble
mycotoxins may be dissolved in the processing water (steep
water) or distributed among the by-products of the process.

3.3.3 Peanut oil and butter

Peanut oil accounts for 2.8% of world domestic
consumption of vegetable oils for 2023–2024 (USDA,
2025). It is widely used in Asia while peanut butter is popular
in Western (particularly in the USA) and African cooking
(Shephard, 2018). The reports in Table 2 all indicate
contamination by at least one type of AF, with AFB1 being
present in the greatest quantities. There is a marked difference
in the amount of AFB1 found in different geographical areas.

Sun et al. (2011) and Zhou et al. (2023) detected a
relatively low concentration of AFB1 in peanut oils from
Chinese economically active areas. In addition to aflatoxins,
Zhou et al. (2023) detected OTA as well as the emerging
mycotoxins BEA and ENB—frequently co-occurring toxins as
they are both produced by Fusarium fungi. In contrast, Elzupir
et al. (2010) investigated 21 samples of commercial peanut oil
from Khartoum State in Sudan and 100% of the samples were
contaminated with AFs with higher levels. These results can be
explained by the quality of the peanut raw materials and the
traditional oil extraction methods in Sudan. Developed
of 21



Table 3. Occurrence of mycotoxins in oilseeds and edible oils in Europe reported by EFSA

Type of products concerned Mycotoxins Mean mycotoxin concentration (mg/kg) Reference

LB UB
Oilseeds* TeA 287.9 300.8 Arcella et al. (2016)

TEN 40 42.9
AOH 12.2 18.5
AME 5.9 7.9
OTA 0.5 1.14 Schrenk et al. (2020b)

Legumes, nuts and oilseeds* AFB1 1.72 2.18 Schrenk et al. (2020a)
Vegetable oils ZEN 70 72 EFSA (2011b)
Animal and vegetable fats and oils AFB1 0.80 1.02 Schrenk et al. (2020a)
Sunflower oil TeA 27.1 33.8 Arcella et al. (2016)

AME 2.9 3.9
T-2 and HT-2 toxins 1.89 2.42 Arcella et al. (2017)
TEN 1.7 2.8 Arcella et al. (2016)
AOH 1.2 3.3
OTA 0.03 0.19 Schrenk et al. (2020b)

Olive oil AME 4.5 4.6 Arcella et al. (2016)
AOH 1.2 3.2
TeA 0.6 6.4
T-2 and HT-2 toxins 0.28 0.97 Arcella et al. (2017)

Peanut butter OTA 0.15 1.73 Schrenk et al. (2020b)

*The list of seeds included in the generic term ‘oilseeds’ is not specified in these reports.
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countries generally market refined oils free from significant
aflatoxin levels whereas developing countries like Sudan
generally consume crude, unrefined artisanal oils, which may
contain concerning levels of aflatoxins (Shephard, 2018).

3.3.4 Sunflower oil

Sunflower oil accounts for 9.7% of world domestic
consumption of vegetable oils in 2023/24 (USDA, 2025).
Junsai et al. (2021) investigated mycotoxin contamination in
50 samples of sunflower oil distributed to markets in Thailand.
AFB1 and AFG1 were found to contaminate sunflower oil
samples, but with the lowest percentage of mycotoxin
contaminations compared to the other types of oils. No details
are given of any refining of these oil samples. Mohammed,
Munissi et al. (2018) measured the level of AFs in 40 samples
of sunflower seeds and 21 samples of unrefined sunflower oil
in Tanzania. They observed a low occurrence of AFs in the oil
compared with the seeds, which coincides with the data in
Tables 1 and 2. AFs appear to exhibit low solubility in
sunflower oil during extraction. Zhou et al. (2023) investigated
24 sunflower oils marketed in China, reporting contamination
by both regulated (ZEN, T-2 toxin and OTA) and an emerging
mycotoxin (AME).

3.3.5 Soybean oil

Soybean oil accounts for 28.1% of world domestic
consumption of vegetable oils in 2023/24 (USDA, 2025).
The reports mentioned in Table 2 report low AFs concen-
trations in soybean oils (Ji et al., 2024). On the other hand,
Page 13
Junsai et al. (2021) detected ZEN at an average concentration
of 59.31mg/kg in 50 samples of soybean oil in Thailand.

3.3.6 Olive oil

Olive oil account for 1.1% of world domestic consumption
of vegetable oils in 2023/24 (USDA, 2025). It is generally
produced in southern Europe (e.g., Greece, Spain, Italy) as
well as in Turkey and Morocco. The olive tree is an
emblematic plant of the Mediterranean, and olive oil occupies
an important place in Mediterranean culinary cultures. Also
boosted by its nutritional composition and health benefits, it is
increasingly popular in the rest of the world (Palma and
Padilla, 2012). The reports presented in Table 2 show
contamination of olive oil samples by several mycotoxins.
Due to limited storage capacity, traditional oil producers are
often obliged to store olives for several months before
pressing, leading to fungal colonisation of the fruit. In
Morocco, olives harvested in November are sometimes
delayed until May. This could explain variation in mycotoxin
contamination between olives (Table 1) and olive oils (Table 2)
(Tantaoui-Elaraki et al., 2018).

Junsai et al. (2021) investigated mycotoxin contamination
in 50 samples of olive oil distributed to markets in Thailand.
AFs, ZEN and FBs were the mycotoxins found most
frequently. The emerging mycotoxin BEA was also detected.
BEA and ENs are often detected together but no mention of
ENs is made in this paper, suggesting that they have not been
investigated. Zhou et al. (2023) studied 85 olive oils marketed
in China, primarily originating from Southern Europe, and
detected AOH and AME, two other emerging mycotoxins.
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3.3.7 Rapeseed oil

Rapeseed oil account for 15.8% of world domestic
consumption of vegetable oils in 2023/24 (USDA, 2025). It is
widely used around the world, especially in Europe, both as a
table oil and in the processed food industry, due to its relatively
low cost (Fénart, 2004). The residues obtained after the oil
extraction process are also sometimes used as animal feed, as
they are believed to be highly nutritious (Bhat andReddy, 2017).

The reports presented in Table 2 show contamination of
rapeseed oil by ZEN. ZEN is produced by Fusarium fungi,
which have been reported to contaminate rapeseed (Bhat and
Reddy, 2017). However, DON, also produced by Fusarium
fungi and reported in the seeds, was not found in the oil.

3.3.8 Sesame oil

Contamination of sesame oil by AFs has been reported in
four reports in Table 2. Elzupir et al., 2010 investigated 14
samples of commercial sesame oil from Khartoum State in
Sudan. All sesame oil samples were contaminated with AFs. It
should be noted however, that in Sudan, like peanuts oils,
sesame oils are often extracted artisanally with small-scale
presses from low-grade seeds and suboptimal storage
conditions (Elzupir et al., 2010). Zhou et al. (2023)
investigated 21 sesame oils marketed in China and showed
contamination by both regulated (ZEN and AFB1) and
emerging mycotoxins (AME, BEA and ENB).

3.3.9 Palm oil

Palm oil is extracted from the pulp of palm fruits, of which
the mycotoxin contamination remains poorly characterised.
The fruit is not widely consumed, but palm oil accounts for
34.6% of world domestic consumption of vegetable oils in
2023/24 (USDA, 2025). Junsai et al. (2021) investigated
mycotoxin contamination in 50 samples of palm oil distributed
to markets in Thailand. AFB1, AFB2, AFG2 and OTA were
found in contaminated palm oil samples. Nevertheless,
mycotoxin concentrations in these samples were relatively
low and within permissible EU safety limits.

3.3.10 Occurrence of mycotoxins in oilseeds and edible
oils in Europe, based on EFSA opinions

As already mentioned, most of the data available in the
existing literature concerns foodstuffs from countries outside
Europe. To compensate for this geographical bias, values
supplied by the european member states of EFSA have been
included.

The scarcity of published data for Europe could be
explained by concentrations too low to report, making so-
called ‘negative’ data more difficult to publish. Due to climatic
conditions and agricultural practices that favor fungal growth,
some foodstuffs might be more susceptible to contamination
(Nji et al., 2022). In Europe, good farming practices, plant
health measures, and advanced storage techniques are
commonly implemented to mitigate the risks of contamination.
Regulatory frameworks such as those supported by EFSA play
a key role in collecting and analysing data on food safety,
including mycotoxin contamination, which helps guide
science-based policies.
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The data from the various EFSA opinions on the
concentration of certain mycotoxins (AFs, OTA, ZEN, T-2
and HT-2 toxins, and Alternaria toxins) in oilseeds and oils
marketed in Europe are summarised in Table 3.

OTA and AFB1 concentrations in oilseeds and edible oils
from Europe are generally comparatively lower than global
averages, potentially due to differences in climate, fungal
contamination and /or in regulations. (Table 2) Indeed,
mycotoxins are strictly regulated in Europe and these low
values are to be expected.

On the other hand, average concentrations for T-2, HT-2
and ZEN are fairly comparable in Europe and the rest of the
world. However, for ZEN, most of the samples correspond to
maize oils, which show three times higher contamination than
the other oils analysed (EFSA, 2011b). This high contamina-
tion has already been mentioned in several previous studies
and is explained by the fact that maize provides a favourable
substrate for the development and spore production of
Fusarium species, especially F. culmorum and F. graminea-
rum, two ZEN-producing species (Gimeno et al., 2020).

Average concentrations of Alternaria toxins are signifi-
cantly higher in Europe than in the rest of the world,
particularly for TeA, which has an average concentration of up
to 300.8mg/kg (UB) (Arcella et al., 2016). These are emerging
toxins, the prevalence of which has not yet been studied to any
great extent compared with regulated toxins. This difference
can therefore be attributed to more advanced detection
methods.

3.4 Human exposure to mycotoxins through
consumption of vegetable oils

The contribution of edible oils to mycotoxin exposure
depends not only on their mycotoxin contamination, but also
on the quantity and types of oil consumed, and therefore on
eating habits. In Europe, this contribution has been studied by
EFSA in its risk assessments for various regulated and
emerging mycotoxins. (Table 4)

3.4.1 Aflatoxin B1

Edible fats and oils contribute significantly of the mean
chronic dietary exposure of European adults and children to
AFB1, up to 40% (LB) for high consumers of peanut butter.
However, as AFB1 is carcinogenic, it is strictly regulated in
Europe and overall exposure to this mycotoxin is negligible.

3.4.2 Ochratoxin A

The contribution of oilseeds and vegetable oils to the
average chronic dietary exposure of European adults to OTA is
very low (less than 1% (UB and LB)). The main contributors to
OTA exposure are coffee, cereal-based products, fruit,
vegetables and meat products (meat and processed meats).

3.4.3 Zearalenone

While vegetable oils are not the main contributor to the
average chronic exposure of European adults to ZEN, they still
account for a significant proportion, between 5 (UB) and 9%
(LB) of the overall exposure.
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3.4.4 T-2 and HT-2 toxins

Consumption of edible oils differs significantly across
regions, including within Europe, reflecting various cultural
and economic factors. These variations influence the
contribution of vegetable oils to chronic dietary exposure to
mycotoxins. For example, sunflower oil is particularly
prevalent in Eastern European countries such as Hungary
and Romania while the olive oil consumption is widely
consumed across Mediterranean countries. It has especially
been established that sunflower oil accounts for approximately
26% (LB) of the average chronic dietary exposure of European
adults to T2 and HT-2 toxins. Age is also a key factor
influencing variations in mycotoxin exposure, as eating habits
and nutritional requirements differ between age groups. Olive
oil, for example, accounts for a more significant proportion of
mycotoxin exposure in elderly people (around 4% in LB).

3.4.5 Alternaria toxins

Vegetable oils account for a relatively small proportion of
the average chronic dietary exposure of European adults to
Alternaria toxins (between 1 and 6% for AOH, TeA and TEN).
On the other hand, vegetable oils are one of the main
contributors to average chronic dietary exposure to AME,
accounting for 40% (LB).

In most cases, consumer exposure does not exceed a few
per cent of chronic dietary exposure, but some instances reveal
elevated exposure levels, particularly for T2 and HT-2 toxins,
AFB1 and AME. On the other hand, overall exposure is
relatively low, particularly for AFB1, which is strictly
regulated. Consumption of vegetable oils does not therefore
appear to be a major risk factor in consumer exposure to
mycotoxins, but they should not be neglected when assessing
this exposure.

4 Conclusion

Although the contribution of vegetable edible oils to
overall dietary exposure to mycotoxins is relatively small
compared with other food like cereals, their contamination
represents a growing concern for food safety worldwide. This
article highlights the contamination of the main edible oils
consumed worldwide by various mycotoxins, both regulated
(such as AFB1, OTA, etc.) and emerging (such as Alternaria
toxins or BEA). This is particularly true for virgin oils,
although while refining processes can reduce the concentration
of certain mycotoxins, they do not always eliminate them
completely. These mycotoxins have various toxic effects,
affecting different organs (liver, kidneys, nervous system,
immune system or reproductive system), exposing consumers
to significant health risks. Moreover, they are capable of
interacting synergistically or with other food contaminants,
sometimes increasing their toxic effects (Alassane-Kpembi
et al., 2017; Garofalo et al., 2023; Willoquet et al., 2024).
This is a key challenge in mycotoxin risk assessment because
in Europe, regulations are based on the individual toxicity of
mycotoxins, but foodstuffs are very often contaminated by
several mycotoxins at the same time (Streit et al., 2012).
The lack of knowledge about their combined effects of these
co-occurring mycotoxins represents a major gap that needs to
Page 16
be addressed (Alassane-Kpembi et al., 2017; Khoshal et al.,
2019). Another major challenge is climate change, which has
many consequences, especially in temperatures and precipita-
tion, intensifying extreme events and leading to alternating
periods of prolonged drought and excessive rainfall.
(Duchenne-Moutien and Neetoo 2021). These factors affect
plant growth, infection by mycotoxinogenic fungi (directly or
not) and modifies the distribution of mycotoxins around the
world (Zingales et al., 2022; Casu et al., 2024). For example,
AFs are produced by Aspergillus spp., which are thermotoler-
ant fungal species, adapted to warmer climates. As a
consequence, AFs generally contaminate crops cultivated in
tropical/subtropical climates; with the spate of droughts and
high temperatures in Europe, an increased aflatoxin contami-
nation has already been observed in Europe, raising long-term
food safety concerns (Casu et al., 2024; Bailly et al., 2025).

This review highlights the need for further research in
understanding the factors influencing mycotoxin contamination
in oilseeds and oils. A global analysis of the occurrence of
mycotoxins in oilseeds and oils, incorporating data from all
continents, is imperative to offer a comprehensive global
overview. The development of predictive models that can
anticipate shifts in mycotoxin prevalence due to climate change
is also necessary. Furthermore, it would be useful to improve
analytical sensitivity formycotoxin detection for trace-level and
emerging mycotoxin detection in diverse oil matrices. Last but
not least, robust mitigation strategies are essential to reduce
mycotoxin contamination in oilseeds and oils. In terms of risk
assessment, it is imperative to consider the cumulative effects of
mycotoxin mixtures, as well as the potential for edible oils to be
contaminated with other toxicants.
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