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Abstract

Molds are one of the main groups of microorganisms associated with food spoilage and postharvest food losses. During their growth
on food and feed commodities, some of them produce secondary metabolites with a potentially toxic effect on humans and animals
known as “mycotoxins”. These compounds which are known for their carcinogenic, teratogenic, mutagenic and immune-toxic ef-
fects have become a global concern. Many associated outbreaks have been reported. International food trade nowadays obeys strict
legislations on their presence in food in order to protect consumers’ health. From an economic and sanitary point of view, the most
important or reported agriculture-oriented mycotoxins are Aflatoxins, Fumonisins, Ochratoxin A, Zearalenone and Trichothecenes. This
review describes these major toxins that are associated to food commodities and the analytical methods available nowadays for their

detection in the interest of researchers, food manufacturers, laboratory managers or anyone else concerned.
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Introduction

Fungal contamination constitutes a major problem for food preservation all over the world, this especially as it usually leads to their
spoilage. The ability of molds to grow on crops is one of greatest causes of post-harvest losses. Factors influencing this fungal growth and
sporulation include the nature of the substrate, humidity and climate [1]. Substrates differ in their ability to support this growth due to
the variability of their physicochemical characteristics (water activity a , nutrient content like carbohydrates, fat, proteins, trace elements
and amino acid composition). Moisture content is another key factor determining this growth [2]. It enables molds to break down complex
macromolecular compounds for their growth and metabolism. Excess of humidity in the field of storage, high temperature, drought, oxy-

gen availability and insect infestations are some of the major environmental factors that determine the severity of fungal contamination

[3].
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During their growth, some of these fungal contaminants may produce and secrete toxic secondary metabolites called “mycotoxins”.
Indeed, from the Greek, “Mycos” which means mushroom and Latin, “toxicum” which means poison, the term mycotoxin refers to some
chemical substances produced by fungi developing on foodstuffs, mainly of plant origin [4,5]. These substances can be harmful both for
humans and animals. Indeed, when absorbed even in small amounts, these substances can lead to an acute or chronic disease termed
mycotoxicoses [1]. They have been reported as carcinogens, mutagens (genotoxic), teratogens, or immuno-toxins based on some effects
observed on the liver, kidney, lungs, and the nervous, endocrine and immune systems [6,7]. The International Agency for Research on
Cancer (IARC) has classified them into 5 groups: Group 1 (human carcinogen); Group 2A (probable human carcinogen; Group 2B (pos-
sible human carcinogen), Group 3 (inadequate information); Group 4 (No evidence). Such products are also toxic for some plants (phy-
totoxins) or for other microorganisms (antibiotics for bacteria) [6,8]. In contrast to bacterial toxins, which are mainly proteins with anti-

genic properties, mycotoxins are a variety of low-molecular-weight compounds with diverse chemical structures and biological activities.

The presence of molds in food or feed products does not necessarily suggest the presence of mycotoxins. In fact, not all molds are
toxigenic and not all secondary metabolites from molds are toxic. Furthermore, these toxins are only produced under certain conditions.
Generally, stressful conditions for fungal growth (acidic conditions, low temperatures, stressful aw, nitrogen-starving conditions and
oxidative stress) enhance production of mycotoxins [9,10]. Examples of mycotoxins of greatest public health and agro-economic signifi-
cance include aflatoxins, ochratoxins, trichothecenes, zearalenone, fumonisins, deoxynivalenol, nivalenol and T-2 Toxin; tetramic acids
and the ergot alkaloids. In monetary terms, these toxins account for millions of US dollars lost annually worldwide due to their negative
impact on human health, animal productivity and agricultural products trade [11]. Cases of food destruction due to high mycotoxin levels
have been reported [11]. The Food and Agricultural Organization has estimated that at least 25% of the world food crops are significantly
contaminated with mycotoxins per year [12]. In order to limit the health risks that can be associated to their presence in food, strict stan-
dards on the maximum tolerable concentration of different mycotoxins in foods have been fixed at both national and international levels.

This review describes the major toxins that are associated to food commodities and the analytical methods available for their detection.

The major mycotoxins in foods
Out of the 400 mycotoxins produced by more than 100 fungal species [1,13], the five most agriculturally-important fungal toxins are
Aflatoxins (AFs) Fumonisins (FUMs), Ochratoxins, Zearalenone (ZEA) and Trichothecenes especially Deoxynivalenol (DON) [13]. Aflatoxins

are the most present in African countries, followed by Fumonisins, Ochratoxins, Zearalenone and Deoxynivalenol [14].

Aflatoxins

AFs were first discovered in the 1960s when moulded peanuts were identified as the cause of a disease called aflatoxicosis, which
killed turkeys, ducks and pheasants [15]. They are the most studied group of mycotoxins. AFs are mainly produced by different species
of the genus Aspergillus such as Aspergillus flavus, A. parasiticus, A. nomius, A. arachidicola and in some cases by those of the genus
Emericella like Emericella astellata, E. venezuelensis, E. olivicola [16,17]. Their production is influenced by environmental factors such
as moisture content and temperature. The optimal temperature and water activity for their production were reported to be 33°C and
0.99, respectively [2]. There are about 20 types of AFs with the most important being Aflatoxin B, (AFB, ), Aflatoxin B, (AFB,), Aflatoxin
G, (AFG,), Aflatoxin G, (AFG,), Aflatoxin M, (AFM,) and Aflatoxin M, (AFM,). Their chemical structures are presented in (Figure 1). Con-
cerning their physicochemical properties, AFs are chemical compounds which appear as colourless to pale-yellow crystals. They can be
classified according to the fluorescence they emit in presence of ultraviolet (UV) light. AFs of group B (B,, B,) appear blue, those of group
G (G,, G,) appear green and those of group M (M,, M, ) appear blue-violet. They are heat tolerant, insoluble in non-polar organic solvents,
slightly soluble in water and moderately in polar organic solvents [18]. These toxins generally occur in foodstuffs like corn, peanuts
and derived products, cotton seeds, peppers, rice, pistachios, tree nuts (Brazilian nuts, almonds, pecans), sunflower seeds and other oil
seeds, copra, spices, dried fruits (figs, raisins) and yams [7]. Their reported adverse effects on human and animal health are their hepa-
tocarcinogenic, genotoxic, carcinogenic, immunosuppressive and oncogenic abilities [16,17,19]. The IARC has classified AFB and AFM1

in Group 1 and Group 2B, respectively. In 1969, FDA had fixed 20 pg/kg as maximum level of AFs for all foodstuffs [7]. Nowadays, more
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than 50 countries have formulated their own legislation on the maximum permitted levels of AFs in food and feeds. They range from 0 to
50 pg/kg of food [20,21]. For instance, the level of AFM1 which is mainly found in milk intended for human consumption has been fixed
at 0.05-0.5 pg/kg [12].
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Figure 1: Chemical structure of the most important

class of aflatoxins found in foods and feeds.

Fumonisins

FUMs are mycotoxins produced by some fungal species of the genus Fusarium, including the maize pathogens Fusarium verticillioi-
des and Fusarium proliferatum. Their optimal production was described at aw 0.9-0.995 and temperature15-30°C [2-22]. They were
discovered in Southern Africa as the cause of oesophageal cancer [23]. These mycotoxins are a structurally related group of diesters of
propane-1,2,3-tricarboxylic acid and various 2-amino-12,16-dimethylpolyhydroxyeicosanes in which the C,, and C ; hydroxyl groups
are esterified with the terminal carboxyl group of tricarboxylic acid. More than nine structurally related fumonisins are found in nature,
including FB,FB, FB,, FB,, FA and FA,. Among these diverse FUMs, those of the B series (FB1 and FBZ) are the most abundant and most
toxic naturally occurring analogues [24]. The (Figure 2) presents their chemical structures. Fumonisins appear as a white hygroscopic
powder [25]. They are soluble in water, acetonitrile-water or methanol, and insoluble in chloroform and hexane [18]. Being heat stable
compounds [26], FUMs were also notified as stable in buffer solutions over the pH range 4.8-9 at 78°C [2]. They are most frequently
found in maize, maize-based foods and other grains (such as sorghum and rice) but peanuts and soybeans are poor substrates. The level
of contamination varies considerably from one region to another, with values ranging from negligible to more than 100 ppm. Fumoni-
sin B, (FB,) is the most common fumonisin in naturally contaminated samples; FB, generally accounts for 1/3 or less of the total [27].
Several harmful effects of FUMs on human and animal health including esophageal and liver carcinogens, neurotoxicity and genotoxicity
have been reported in literature [28,29]. FB, and FB, are classified by the IARC in the Group 2B. To avoid their negative impact, fumoni-
sins maximum acceptable level in food and feed has been set at 0.2-4 pg/kg by European Commission (EC) [30] and 2-4 pg/kg by Food
and Drug Administration (FDA) [31].

Ochratoxins

Ochratoxins are chemically described as 3,4-dihydromethylisocoumarin derivatives linked with an amide bond to the amino group
of L-B-phenylalanine [32]. They are mainly produced by Aspergillus melleus, A. alutaceus, Penicillium verrucosum, A. ochraceus, A. car-
bonarius, A. alliaceus, A. albertensis, P. carbonarius [17]. The optimum ecological conditions for Ochratoxin A (OTA) production have been
described at temperature 15-30°C and aw0.98 - 0.99 [2]. Although a wide range of ochratoxin derivatives have been isolated from grains
or laboratory cultures of the above-mentioned molds, only OTA (Figure 3) and in extremely rare cases, Ochratoxin B (OTB) and Ochra-

toxin C (OTC) have been found to occur naturally [33]. Ochratoxin A was first isolated in the mid 1960s in South Africa during laboratory
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studies in search of new toxic metabolites from A. ochraceus [34] and was later shown as a secondary metabolite of Penicillium spp. in
temperate climates [32]. Being a white odourless crystalline solid, OTA in acid or alkaline solutions emits green and blue fluorescence
under UV-light. This compound is slightly soluble in water and moderately soluble in polar organic solvents like chloroform, ethanol
and methanol [32]. Its stability at temperatures up to 180°C has also been demonstrated [35]. Ochratoxins are often detected in cereals
including maize, beans, rice, wheat, rye, oats, barley, coffee, cocoa, pulses, grapes, wine, spices and all kinds of commodities of animal
origin [32-37]. OTA is the most prevalent mycotoxin of all ochratoxins [29]. It is a hepatotoxic, mutagenic, teratogenic, neurotoxic and
immunotoxic compound [17-38]. The IARC has classified it in Group 2B [8]. In the European Union, OTA maximum acceptable level in
cereals, dry fruits, wine, spices, oat, raisins, coffee, cocoa, soybeans and meat has been fixed at 0.5-10 pug/kg [39]. In USA, FDA defined

the maximum acceptable level in food intended for human and animal consumption at 4-20 pg/kg [31].
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Figure 3: Chemical structure of Ochratoxin A.

Zearalenone

Previously known as F2 toxin [40], the toxin zearalenone (ZEA) is produced by E graminearum, E culmorum, F. equiseti, F. poae and
some other Fusarium species, which frequently colonized wheat, barley maize and maize-based products worldwide [33,40]. Its pro-
duction mainly occurs when temperature is between 15-25°C and a  between 0.95-0.96 [2-41]. ZEA [6-(10-hydroxy-6-oxo-trans-1-un-
decenyl) B-resorcylic-acid-lactone] (Figure 4) is a white crystal compound soluble in alkaline solutions, ether, benzene, acetonitrile,
ethyl alcohol and insoluble in water. It was also reported to be heat stable [42]. The natural occurrence of ZEA in a variety of agricultural
commodities has been extensively reviewed. The most suitable substrates for zearalenone production were reported by Bennett and
Klich [43] as wheat and rice. This compound decreases fertility and provokes precocious puberty, breast cancer, endometrial carcinoma
and hyperplasia of uterus [44]. ZEA also causes serious oestrogenic disorders, such as cervical cancer due to its mimic effect with
17-beta-oestradiol. This mycotoxin was classified by the IARC in the Group 3 [8]. Its maximum acceptable level has been established at
200 pg/kg for corn and 100 pg/kg for unprocessed cereals by EC [45]. In cereal snacks, breakfast cereals and processed cereal-based
foods, and baby foods, this value was fixed at 50 pg/kg, 50 pg/kg, and 20 pg/kg, respectively [39].
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Figure 4: Chemical structure of Zearalenone.

Trichothecenes

Trichothecenes are a group of mycotoxins mainly produced by molds belonging to the Fusarium genus like Fusarium graminearum,
E culmorum, E crookwellense, E. sporotrichioides, F poae, E tricinctum and E acuminatum [17]. Other trichothecenes producing species
are Cephalosporium sp., Myrothecium sp., Trichoderma sp., Trichothecium sp., and Phomopsis sp. [17]. Trichothecenes consist of a group of
closely related compounds designated as sesquiterpenoids. They have a common 12,13-epoxytrichothene skeleton and an olefinic bond
with various side chain substitutions [43]. Examples of trichothecenes include T-2 and HT-2 toxins, Diacetoxyscirpenol, Deoxynivalenol
(also known as Vomitoxin) and Nivalenol. T-2 and HT-2 toxins (Figure 5) are classified in group A of Trichothecenes. The T-2 toxin was
discovered in 1968 from E tricinctum [46]. The production of these toxins has also been reported with Fusarium sporotrichioides, F
poae, E equiseti, and F. acuminatum [47]. The optimal aw and temperature conditions for T-2 and HT-2 were reported by Medina and
Magan [48] to be between 0.98-0.995 and 20-302C, respectively. They are highly soluble in ethyl acetate, acetone, chloroform, dichloro-
methane and diethyl ether [18]. Toxin T-2 and HT-2 are mostly found in grains like wheat, maize, oats, barley, rice, beans, and soya beans
as well as in some cereal-based products [49]. Consumption of food or feed contaminated with T-2 or HT-2 leads to genotoxic effects,
cell apoptosis as well as immunodepression [50]. Richard [45] observed that in response to T-2 toxin exposure, experimental animals
and livestock developed vomiting, diarrhea, loss of appetite, weight loss, and hemorrhages. Bennett & Klich [43] reported necrosis in
the oral cavity, bleeding from the nose, mouth and vagina, and central nervous system disorders in animal exposed to T-2 toxin. Toxins
T-2 and HT-2 were classified by IARC in group 3 [8]. The regulation limit of toxin T-2 in food was defined at 100 pg/kg in Russia for food
grains, including wheat, rye, triticale, oats, barley, millet, buckwheat, rice, corn, sorghum, oatmeal, flakes, and wheat flour including
pasta. In China, this limit is fixed at 80 pg/kg [29].

Figure 5: Chemical structure of toxins
T-2 (R =Ac) and HT-2 (R = H).

In contrast to T-2 or HT-2 toxin, Deoxynivalenol (DON) belongs to the type B of Trichothecenes [18], which also includes other
toxins like 3- and 15-Acetyldeoxynivalenol and Nivalenol [50]. This compound is soluble in chloroform, ethanol, methanol and ethyl
acetate. Highly stable to heat treatment, DON (figure 6) was also notified by Lauren and Smith [42] as relatively stable in buffer solu-
tions over the pH range 1-10. This toxin is the most common Trichothecene. It is commonly found world-wide in cereals such as maize,
wheat, barley and oat [51]. Temperatures between 15 and 302C and aw between 0.95 and 0.99 are the most suitable for its produc-
tion [2-41]. This toxin has been reported to cause immunodepression, anorexia, leukaemia, rectal bleeding, and diarrhoea [29-52]. Its

genotoxic effect and its ability to inhibit the synthesis of nucleic acids and proteins, cell division and mitochondrial function as well as
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destabilize cell membranes were also reported [50]. As toxins T-2, HT-2 and Nivalenol, DON is classified by the IARC in Group 3 [8]. An
amount of 500 pg/kg for bread, other bakery products and breakfast cereals and 1750 pug/kg for wheat, oats and unprocessed cornare

the maximum values tolerated [30].
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Figure 6: Chemical structure of Deoxynivalenol.

Assessment of the occurrence of mycotoxins in foods
Analysis of mycotoxins in food matrices globally follows four steps: sampling, extraction, purification and analysis. Each of these

steps determines the quality of the final results.

Sampling

Since mycotoxinogenic filamentous fungi do not grow uniformly on the food matrix they colonized, the mycotoxins they produce
during this growth are also not homogenously distributed through the contaminated food [5]. Hence, collecting samples for mycotoxin
analysis is a critical step which significantly impacted the final results. Many sampling approaches have been developed to make the final
results as representative as possible [53-56]. Norms taking in consideration the weight of the lot and the type of food were established.

The most used norms reported in literature are those of the European commission (EC) No 401/2006 of 2006, revised in 2014 [57-58].

Extraction

Due to their micro (ppm) or nano (ppb) quantities in foods, mycotoxins are usually firstly extracted from samples before analysis.
Two methods are generally used: Liquid-Liquid Extraction (LLE) for liquid samples like milk, wine, juice [1] or Solid-Liquid Extraction
(SLE) for solid samples like cereals, leguminous and other solid materials [59-60]. For both LLE and SLE techniques, many factors affect
the mycotoxin extraction yield. The most important parameter is the solvent used which should have a great affinity with the specific
mycotoxins chosen and little affinity with interfering compounds. During extraction, mycotoxins will move from the matrix to the ex-
traction solvent until an equilibrium is established. Organic solvents like ethyl acetate, methanol, chloroform, acetonitrile, acetone, di-
chloromethane or a mixture of these solvents are the most commonly used [36-61]. In most cases, extraction is performed two or three
times, and the extracted sample pooled before analysis. In addition to the nature of the solvents used, other important parameters are pH
[59-62], the ratio of solvent/sample, the presence of water in the extraction solution [63], the particle sizes of samples after grinding, the
presence of salts, the speed of agitation and the temperature during extraction [64]. Apart from LLE and SLE traditional methods, other
methods like microwave-assisted extraction (MAE), supercritical fluid extraction (SFE) and accelerated solvent extraction (ASE) have

been developed recently to enhance extraction yield [59-65]. However, these new methods are still very expensive [66].

Purification

During extraction, due to the complexity of some food matrices, undesirable compounds like lipids, sugars, pigments or proteins
will be extracted together with the mycotoxins and interfere later in their detection [1-13]. As a consequence, the specificity, sensitiv-
ity, accuracy and precision of the analytic method will be modified [4]. Many purification methods known as “clean-up” exist. They in-
clude column chromatography, solid phase extraction (SPE), immune-affinity columns (IAC), ion-exchange columns, and multifunctional
cleanup columns such as Mycosep cartridges, DON prep columns, columns containing charcoal, celite and alumina [60,67,68]. Among all
these methods, SPE and IAC are the most widely used [69]. IAC is more specific and sensitive than SPE, but when samples contain high

amounts of mycotoxins, SPE is more appropriate [63].
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Analytical methods

Several analytical methods exist to assess the presence of mycotoxins in foods. They can be classified as qualitative or quantitative.
Qualitative methods are used only for screening purposes (presence or absence of mycotoxins). They allow a rapid discrimination of
contaminated samples. Samples are detected as positive above a certain concentration of the toxin which is defined by the manufactur-

ers. Analytical methods for mycotoxins are mainly separated in two groups: chromatographic methods and rapid methods [1,69,70].

Methods using chromatographic principles

Thin Layer Chromatography (TLC)

TLC is one of the oldest methods used for detection of mycotoxins in a food matrix due to its ability to screen a large number of sam-
ples and provide qualitative, semi quantitative and quantitative information on mycotoxins [4]. TLC technics have been improved year
after year through the introduction of spraying agents which by reacting with mycotoxins enhance their fluorescence or produce colored
compounds leading to an increase of the detection limit. The recent improvement in TLC method for mycotoxins determination is High-

Performance Thin Layer Chromatography (HPTLC). This technic allows an enhancement of the resolution and accuracy of TLC [70].

Conventional High-Performance Liquid Chromatography (HPLC)

In order to improve detection and quantification of mycotoxins with high selectivity, sensitivity and accuracy, the HPLC method was
developed. Detection of mycotoxins is carried out here with ultraviolet (UV), diode array (DAD), fluorescence (FLD), mass spectrometry
(MS) or photodiode array (PDA) detectors [60-69]. Among these detectors, FLD is the most popular and widely used in mycotoxins analy-
sis, because the major mycotoxins generally found in foods like Ochratoxin A, Aflatoxins, and Zearalenone exhibit a natural fluorescence
[69,72-76]. Regarding the non-fluorescent mycotoxins like Trichothecenes and Patulin, UV/DAD detectors are often used [69]. In some
case, a derivatization step which transforms the mycotoxin into a fluorescent compound and ease its detection is performed [5]. The most

significant limit of conventional HPLC methods is its inability to detect trace levels of toxins in foods [71].

Gas chromatography

Gas Chromatography (GC) is also used for mycotoxins determination in foods. Its accuracy and sensitivity depend on the type of de-
tector used. Generally, it is flame ionization detection (FID), electron capture detection (ECD) or MS detections. GC coupled with MS or
ECD detection is the most widely used method to simultaneous quantify a great diversity of mycotoxins in complex food matrices even
in lower range [5,67,77]. However, this technique requires a preliminary clean-up step. Furthermore, the targeted mycotoxins need to be
both thermally stable and volatile [4,77,78].

Liquid Chromatography (LC) coupled with mass analyzers

In contrast to conventional HPLC, LC coupled with mass analyzers was recently introduced in mycotoxin analysis and allows a si-
multaneous screening, identification and quantification of a large variety of chemically diverse mycotoxins [77,79-81]. Numerous mass
analyzers were reported in literature including triple and quadruple time-of-flight, ion-trap, magnetic sector mass spectrometers (MS/
MS), Fourier transformation ion cyclotron resonance and Fourier transformation Orbitrap [82,83]. According to Rahmani,, et al. [59],
ion-trap, triple and quadruple time-of-flight are the most important mass analyzers used for determination of mycotoxins in food ma-
trices. The widespread use of these high-resolution mass spectrometry methods is hampered by the prior sample purification step with

MycoSep® or immunoaffinity columns [77].

Capillary Electrophoresis (CE)

The electrical potential of mycotoxins is used here as the basis of their separation, and the laser induced fluorescence or UV as de-
tection systems [84]. When CE is coupled with a purification step using an IAC column, its accuracy, sensitivity and precision are higher
compared to HPLC methods [85]. Moreover, the short time and the very low quantity of solvents it requires to be performed make this
method a good and low-cost alternative to HPLC [77].
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Rapid tests for mycotoxins screening and quantification
Rapid methods are less expensive, easier to use and can be moved to an on-site environment. They are useful to determine the ef-

fectiveness of food safety measures, to determine legal compliance, to achieve logistical and operational goals, to keep commodities and
products moving rapidly through marketing channels, to save time and thus costs, to save investments in complex instruments and to
employ staff with less technical training [86]. Most rapid methods provide qualitative or semi-quantitative results and are recommended

for use in screening samples.

Immunochemical methods
Immunochemical methods are among the most used techniques for rapid screening and quantification of mycotoxins on foods.

Radioimmunoassay (RIA), Enzyme Linked Immouno-Sorbent Assay (ELISA), and immuno-affinity column assay (ICA) belong to this
group [59]. ELISA has gained an increase interest all over the world because of its speed and sensitivity [87]. Moreover, it is easy to use.
Typically, no clean-up or analyte enrichment steps are required [69]. Nowadays, ELISA kits for most of mycotoxins commonly found in
foods like Aflatoxins, Fumonisins, Trichothecenes, Zearalenone and Ochratoxin A are already available in markets [88].Direct ELISA is
hampered by the fact that the immunoreactivity of the primary antibody may be reduced as a result of labeling, and signal amplification
becomes difficult. Moreover, the cross-reactivity which may occur with the secondary antibody, during indirect ELISA could lead to a

non-specific signal [4].

Biosensor techniques
The biosensors techniques are based on the reaction between the mycotoxins and a biologically sensitive element such as enzyme,

nucleic acids or antibodies, leading to the formation of a signal which can easily be detected by a transducer. The transducer will then
transform the signal into a measurable variable [13]. The biosensor technique with DNA as aptamer (molecules that can bind a specific

analyte) was successfully used by Dinckaya., et al. [89] to assess the level of Aflatoxin M1 in milk samples.

Bead-based assays
With this technique, a bead marked with an antibody against a specific mycotoxin and which possesses a magnetic code or a specific

color code is added to sample solution. The complex antibody-antigen on the bead is then measured using a laser. This emerging tech-

nique is not widely used in the analysis of mycotoxins in food because of its high cost [13].

Electronic nose (EN)
EN is a variant of GC which is non-destructive, rapid and cheap for the analysis of mycotoxins in foods [90]. The method assimilated

as a mimic of human olfactory sensory system, is based on the interaction of a volatile mycotoxin with an array of chemical sensors with
different specificities leading to generation of a signal. The obtained signal is then used as a fingerprint of the volatile molecules and will
serve to identify the mycotoxins [91]. The limit of this method which is still embryonic is the fact that many mycotoxins are not volatile
and thus they cannot be detected [1].

Conclusion

Mycotoxins contamination of foods has become a global concern that calls for urgent actions. The challenge is complex and deserves
coordinated efforts. Proper detection is the basis to deal with their potential negative impact on human and animal health. Rapid test
methods easy to use, reliable and accessible exist nowadays as alternative to conventional methods which are more expensive. Consider-
ing the limited laboratory infrastructures and capacities in most of the developing countries, these rapid methods will therefore be very
useful to control dietary exposure of populations to these toxins. Furthermore, they will also be helpful for these countries to reduce the

rejection risk of the agricultural products they export.
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