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Abstract

The aim of this study was to determine the multi-mycotoxin occurrence in cereal and oilseed
products most consumed in Cote d’Ivoire. A total of 238 samples of rice (88 produced locally or
imported), maize (79, cracked or flour) and peanut paste (71) were collected in the main markets of
Abidjan, Bouaké and Korhogo. An UHPLC-MS/MS method allowed the analysis of 77 mycotoxins.
All the peanut paste samples were contaminated by aflatoxin B; (AFB1) with 99% exceeding the
EU limits of 2 pg.kg™ for AFB1and 4 pg.kg™ for total aflatoxins (AFT: B1+B2+G1+G2), and
concentrations reaching up to 4535 pg.kg™? (AFB1) and 8094 pg.kg? (AFT). Maize (96%) and rice
(57%) samples were also contaminated by AFB1 with 58% and 24% respectively above the EU
limits and maximum levels of 80 pg.kg™ for maize and 14 pg.kg™ for rice. Only 6% of the cereal
samples (3 rice and one maize samples) had ochratoxin A content above the EU limit (3 pg.kg™).
Fumonisins and zearalenone were detected, respectively, in 91% and 8% of the maize samples, and
in 18% and 5% of the rice samples but at levels below EU limits. Out of the 238 samples, 91% were

contaminated with more than one mycotoxin including EU regulated mycotoxins and/or other
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mycotoxins mainly beauvericin (79% of the samples), equisetin (71%), aflatoxin M1 (45%),
cyclopiazonic acid (32%), fumonisin B3 (29%), sterigmatocystin (24%), citrinin (18%), ochratoxin
B (16%) and fusaric acid (15%). The peanut paste samples represented the highest risk to consumer

health followed by maize and rice samples.
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1. Introduction

Mycotoxins are secondary metabolites of filamentous fungi that colonize a wide range of crops,
including cereals and oilseeds, both in the field and after harvest, especially during storage. Due to
their thermal and chemical stability, mycotoxins can also be found in processed foods of plant
origin, or by transfer, in food products of animal origin such as milk, eggs, meat and offal from
animals consuming contaminated feed. These natural contaminants represent a major concern for
human and animal health since they can cause acute or chronic intoxications which are sometimes
fatal due to their various toxic effects (carcinogenic, hepatotoxic, nephrotoxic, neurotoxic,
genotoxic, immunotoxic, oestrogenic...). More than 300 mycotoxins have been identified, but
attention is given mainly to those with greatest public health and agro-economic significance. The
most common genera of mycotoxigenic fungi in food and feed are Aspergillus, Fusarium,
Penicillium, Claviceps and Alternaria (AFSSA, 2006; Zain, 2011). In order to protect consumer
health, many countries worldwide, and in particular Europe, have established regulatory limits and
guidance values for certain mycotoxins in foodstuffs (European Commission, 2006, 2013; Van
Egmond, Schothorst, & Jonker, 2007). Recently, there is a growing interest in the occurrence and
toxicity of emerging Fusarium mycotoxins (beauvericin, fusaproliferin, moniliformin, and enniatins
A, Al, B, B1) and biologically modified forms of certain mycotoxins (EFSA, 2014a, 2014b; Jestoi,
2008). The latter include Fusarium mycotoxins conjugated to polar compounds by plants (the so
called masked mycotoxins) or fungi (EFSA, 2014a; Rychlik et al., 2014). The co-occurrence of
different mycotoxins within the same food almost always occurs and may result in a greater toxicity
to humans due to possible additive or synergistic effects (Alassane-Kpembi et al., 2017; Grenier &
Oswald, 2011). A consumer survey conducted under the 3Clvoire project
(EuropeAid/129596/L/ACT/CI DCI-NSAPVD/2010/64) has revealed that rice, maize and peanut are
among the most consumed cereals and oilseeds in Cote d’Ivoire. In this country, rice consumption
has been reported to account for more than half of the cereal intake (Boansi, 2013). As its
production satisfies only about 50% of the domestic consumption, it is massively imported mainly
from Asian countries (USDA, 2015). Maize is consumed in various forms, in particular as

"Kabatoh" which is a cooked dough prepared from maize flour with or without potash (Yeo, 2011).



Like rice and maize, peanut is considered a staple food crop because of its use not only as an
important oil crop, but also for the paste produced from ground roasted seeds (Sangare, Koffi,
Akamou, & Fall, 2009). So far, data on multiple mycotoxins in rice, maize, peanut and derived
products (maize flour and peanut paste) are limited in Cote d’Ivoire and whereby the attention has
been mainly concerned with those under EU regulation. The aim of the present study was to
investigate the occurrence of 77 mycotoxins in the cereal (rice grains, cracked maize and maize
flour) and oilseed (peanut paste) products that are most consumed by the Ivorian population in order

to contribute to food safety risk assessment in Cote d’Ivoire.

2. Materials and methods

2.1. Food samples

In April 2013, 238 food samples (between 260 and 560 g each) intended for direct human
consumption or use as an ingredient in foodstuffs were collected in the main markets of Abidjan,
Bouaké and Korhogo, Cote d'lvoire: 88 rice samples (47 produced locally and 41 imported), 79
maize samples (29 cracked maize, 32 and 18 flour samples respectively with potash and without
potash) and 71 peanut paste samples. They were sampled in new plastic bags following the sales

practices and immediately kept at 4°C, then stored at -20°C until sample preparation.

2.2 Sample preparation and storage

Frozen rice and cracked maize samples were finely ground with a Retsch mill (ZM 200, sieve 1-
mm). The ground samples and the maize flour samples previously thawed were homogenized for 30
min using a Chopin MR2L mixer. Peanut paste samples were thawed and homogenized for 15 min
with a blender (Thermomix VORWERK TM 21) by selecting the speed 2.5. Homogenized samples
were kept at -20°C until mycotoxin analysis.

2.3 Multi-mycotoxin analysis

The QUEChERS extraction procedure and UHPLC-MS/MS method described in detail by
Oplatowska-Stachowiak et al. (2015) was used to determine and quantify (or semi-quantify) 77
mycotoxins (Table 1) in the 238 homogenized maize and rice flour and peanut paste samples.
Standards obtained in powder form were prepared at the concentration 1 mg/mL in the appropriate
amount of solvent (MeCN or MeOH) according to the manufacturer’s instructions. Three different
solutions of standards were prepared as calibrants for the instrument to determine the limits of
detection (LOD) and quantification (LOQ) (Table 1) for each mycotoxin analysed. Standard set 1

contained a concentrated stock solution of all the mycotoxins included in the method except for



fumonisins B1 (FB1), B2 (FB2) and B3 (FB3); the four masked zearalenone metabolites; zearalenone-
14-sulfate (ZEN-14-Sulf); deoxynivalenol-3-glucoside (DON-3-Glc); and moniliformin (MON).
Standard set 2 contained FB1, FB2, and FB3. Standard set 3 contained the four masked zearalenone
metabolites, ZEN-14-Sulf, DON-3-Glc, and MON. The mycotoxins were assigned to seven different
calibration groups as described by Oplatowska-Stachowiak et al. (2015) depending on the
requirements and/or sensitivity. These concentrated standard sets were also used for preparing
calibrants in matrix. The mycotoxin quantitation was achieved by preparing matrix-matched
calibration curves with blank maize or rice flour and peanut paste samples spiked before extraction to
correct for the recovery losses. If the measured mycotoxin content in a sample was higher than the
highest calibration point, the extracted sample was diluted and analysed again. The data was analyzed
using TargetLynx processing software (Waters, Wilmslow, UK) whereby linear 1/x weighted

calibration curves were calculated.

3. Results and discussion

3.1 Multi-mycotoxin occurrence

Out of the 238 food samples collected in Cote d'lvoire, 91% were contaminated with more than one
mycotoxin (about 21% between 2 and 4 mycotoxins, 21% between 5 and 7 and 48% with more than
8), 4% with only one mycotoxin (9 rice samples) and 5% (12 rice samples) were not contaminated.
The largest number of mycotoxins detected in the same sample was found in maize samples (14 in 3
samples) followed by peanut paste (13 in 6 samples) and rice samples (8 in 2 samples). However,
the peanut paste samples were the most contaminated with multiple mycotoxins followed by the
maize then rice samples, with at least 5 mycotoxins detected in the same sample (against 2 in both
maize and rice samples). Furthermore, 94% of the peanut samples contained more than 8
mycotoxins (against 58% and 2% for maize and rice samples, respectively) (Table 2). Among the
maize and rice samples, the maize flour samples without potash and the local rice samples were the
most contaminated with multiple mycotoxins. A total of 24 mycotoxins (8 EU regulated and 16
others) were detected in all types of food samples, with 18, 17 and 15 from the rice, maize and
peanut paste samples, respectively (Figure 1, Tables 3-6). Similar studies have also highlighted the
co-existence of EU regulated and/or other mycotoxins in maize from Burkina Faso and Mozambique
(Warth et al., 2012), Democratic Republic of Congo (DRC) (Mulunda, Dzoma, Nyirenda, &
Bakunzi, 2013), Nigeria (Ogara et al., 2016), South Africa (Chilaka et al., 2012; Shephard et al.,
2013) and Tanzania (Kamala et al., 2015) and maize flour from Cameroon (Abia et al., 2013); rice
from Nigeria (Makun, Dutton, Njobeh, Mwanza & Kabiru, 2011; Makun, Gbodi, Akanya, Salako, &



Ogbadu, 2007); peanut from DRC (Mulunda et al., 2013) and peanut paste from Cameroon (Abia et
al., 2013).

3.2 EU regulated mycotoxins

To date, there is no regulation for mycotoxins in foodstuffs in Cote d’Ivoire. Therefore, the EU
maximum levels for mycotoxins in cereals (maize and rice), peanuts and derived products intended
for direct human consumption (European Commission, 2006, 2007, 2010, 2012) are used for
reference in the present article.

Aflatoxin B1 (AFB1) which is the predominant form of aflatoxins (AFs) in foods (AFSSA, 2006)
was the most frequently detected EU regulated mycotoxin in the analysed food samples. Aflatoxins
B2 (AFB2), G1 (AFG1) and G2 (AFG2) were also found in these samples but at a lower frequency
and concentration than AFB1. AFs have been classified as Group 1 human carcinogens (IARC,
2002) with AFB1 being the most toxic followed by AFG1 then AFB2 and AFG2 (EFSA, 2007). The
liver is the primary target organ. Acute high level aflatoxin exposure has resulted in deaths in some
parts of the world, particularly in African countries, and chronic low-level aflatoxin exposure can
increase the risk for human hepatocellular carcinoma and result in immune suppression (IARC,
2015; Zain, 2011). The peanut paste samples were the most contaminated with AFB1 and total
aflatoxins (AFT: B1+B2+G1+G2) followed by the maize and rice samples (Table 3). This can be
explained by the high peanut susceptibility to aflatoxin-producing fungi. AFB1 was recovered in
100%, 96% and 57% of the peanut paste, maize and rice samples, respectively; AFB2 in 99%, 67%
and 30%; AFGL1 in 100%, 57% and 22%; and AFG2 in 87%, 24% and 1%. Contamination levels
higher than the EU limit for AFB1 (2 pg.kg™) were found in 99%, 61% and 42% of the
contaminated peanut paste, maize and rice samples, respectively, and for AFT (4 pg.kg™) in 99%,
53% and 32% of these respective samples. The highest levels and means were obtained in peanut
paste samples for AFB1, AFG1 and AFT (Table 3), and for AFB2 (1098 ug.kg™, mean 113 pg.kg?)
and AFG2 (267 pg.kg™, mean 18 pg.kg?). The rice samples had the lowest maximum levels and
means for AFB1, AFG1 and AFT (Table 3) and for AFB2 (1.1 pg.kg?, mean 0.6 pg.kg?) and AFG2
(0.9 pg.kgin one local rice sample). The highest levels quantified in maize samples were 80 pg kg
L for AFB1 (mean 8.6 pg.kg?), 84 pg.kg™ for AFG1 (mean 5.3 pg.kg?), 7 ug.kg™ for AFB2 (mean
1.5 pg.kg™?), 3.8 pg.kg? for AFG2 (mean 0.8 pg.kg?) and 173 pg.kg™ for AFT (mean 13 pg.kg™).
Higher AFB1 contamination frequency and levels were also found in peanut paste or seed samples
than in maize flour or grain samples from Cameroon and DRC (Abia et al., 2013 ; Mulunda et al.,
2013), but Warth et al. (2012) in Burkina Faso and Mozambique found contrary results for the same
types of samples. The high proportion of the food samples analysed in the present study with AFB1

levels exceeding the EU limit suggested that Ivoirians are at risk of chronic aflatoxin exposure.



Concentrations up to around 2000 (in peanut paste), 40 (in maize) and 7 (in rice) fold more than the
EU AFB1 and AFT limits can also induce severe acute forms of aflatoxicosis. Previous studies have
also reported very high aflatoxin levels in peanut, maize and rice samples from African countries.
AFT and AFB1 concentrations up to 11900 pg.kg™ and 937 pg.kg™, respectively, were found in
peanut samples (Chala, Mohammed, Ayalew, & Skinnes, 2013; Kamika & Takoy, 2011; Mutegi,
Ngugi, Hendriks, & Jones, 2009). AFB1 levels up to 1081 pg.kg* were reported in maize samples
(Kamala et al., 2015) and up to 1642 pg.kg™ in mouldy rice samples (Makun et al., 2007). In Cote
d’Ivoire, Sangare-Tigori, Moukha, et al. (2006) detected AFB1 in 100% of maize, rice and peanut
samples from markets in Abidjan but with lower levels (up to 20 pg.kg™) than those quantified in
the present study. Contrariwise, higher average levels of AFB1 (108 ug.kg™) and AFT (129 pg.kg™)
with ranges of 5.7-309 ug.kg™ and 4.5-330 ug.kg™, respectively, were found in maize flour samples
from markets in Abidjan, with 100% of the samples contaminated (Kouadio, Lattanzio, Ouattara,
Kouakou, & Visconti, 2014). These latter researchers also detected AFB2, AFG1 and AFG2 at
lower frequency and concentration than those of AFB1 but at higher average levels (8 pg.kg™ for
both AFB2 and AFG1 and 6 pg.kg™ for AFG2) than those of the maize flour samples analysed in
the present study.

Ochratoxin A (OTA) was detected in 65%, 22% and 15% of the peanut paste, maize and rice
samples respectively, with only one maize sample and 3 rice samples exceeding the EU limit of 3
ug.kg . For the cereal samples, the highest OTA level and mean were found in the rice samples
(Table 4). OTA has been classified as a group 2B possible human carcinogen (IARC, 1993) and was
associated with the Balkan Endemic Nephropathy (BEN). It is also thought to be teratogenic,
hepatotoxic, neurotoxic and immunotoxic (Kdszegi & Poor, 2016). Sangare-Tigori, Dem, et al.
(2006) reported OTA average levels higher than those found in the present study, in maize (mean
37 pg.kg?, range 9.8-86 pg.kg™), rice (mean 44 pg.kg?, range 9-92 pg.kg?) and peanuts (mean 23
ug.kg?, range 0.6-64 pg.kg?) from Cote d’Ivoire, whereas Sangare-Tigori, Moukha, et al. (2006)
quantified OTA levels ranging from 0.09 to 0.86 pg.kg™ in maize, from 0.16 to 0.92 pg.kg™ in rice
and from 0.20 to 0.64 pg.kg™ in peanuts. The frequency of OTA occurrence (30%) in the maize
flour samples analysed in the present study was higher than that (13%) reported by Kouadio et al.
(2014) in Cote d’Ivoire but the mean (1.9 pg.kgagainst 21 pg.kg™) and range (<LOQ to 7.6 pg.kg"
Lagainst not detected to 114 pg.kg™?) were lower. In other African countries, OTA was found in
peanut samples at lower concentrations than those quantified in the present study, but not or seldom
in maize and rice samples (Abia et al., 2013; Kamala et al., 2015; Shephard et al., 2013; Toffa et al.,
2013). There was the exception of rice samples from Nigeria for which more than 40% were
contaminated with OTA at levels up to 1164 pg.kg™? (Makun et al., 2011, 2007) and of maize



samples from South Africa for which 68% contained OTA at concentrations up to 194 pg.kg*
(Chilaka et al., 2012).

Fusarium mycotoxins are frequently detected in cereals and derived products (AFSSA, 2006). FB1
has been classified as a group 2B possible human carcinogen (IARC, 2002) and associated with
oesophageal cancer and neural tube defects in humans. FB2 and FB3 toxicity is at the same level of
magnitude than that of FB1 (Stockmann-Juvala & Savolainen, 2008). Zearalenone (ZEN) has been
implicated in hyper estrogenic syndromes in humans and it has also been shown to be hepatotoxic,
haematotoxic, immunotoxic and genotoxic (Zinedine, Soriano, Moltd, & Mafies, 2007). The maize
samples analysed in the present study were more contaminated with FB1+FB2 than the rice samples
but without exceeding the EU limit of 1000 pg.kg™ (Table 5). FB1 levels were higher than FB2 in
all the cereal samples (respective means 78 and 28 pg.kg?* for maize samples; 5.3 and 2.2 pg.kg*
for rice samples). Very few maize and rice samples were contaminated with ZEN and at very low
concentrations not exceeding the EU limit of 75 pg.kg™. Fumonisins (FUMs) and ZEN were not
detected in the peanut paste samples (Table 5). Warth et al. (2012) and Mulunda et al. (2013)
reported similar results in peanut samples that can be explained by the fact that FUMs and ZEN are
produced by Fusarium spp. which primarily infect cereal grains, in particular maize (Udomkun et
al., 2017). In Céte d’Ivoire, Sangare-Tigori, Moukha, et al. (2006) found FB1 levels in maize
samples (range 0.3-1.5 pg.kg?) much lower than those analysed in the present study (range 10-587
ug.kg?) and they did not detect FB1 in rice samples, whereas they quantified FB1 levels ranging
from <0.3 to 6 pg.kg™ in peanut samples. Contrariwise, Kouadio et al. (2014) determined higher
FB1+FB2 levels (mean 356 pg.kg™, range 93-2210 pg.kg™) in maize flour samples. Sangare-Tigori,
Moukha, et al. (2006) also analysed higher ZEN concentrations in maize (50 pg.kg™), rice and
peanut samples (range 50-200 pg.kg™) as well as Kouadio et al. (2014) with ZEN determined in
57% of maize flour samples (mean 14 pg.kg?; range not detected-109 pg.kg?). In other African
countries, higher ZEN contamination frequencies and levels were also found in rice (52%, up to 42
ug.kg?) and maize (15-92%, up to 135-811 pg.kg™) samples. In addition, higher FB1+FB2
contamination frequencies and levels have been reported in maize than rice samples with FB1
concentrations higher than FB2 in maize samples, but with higher FUM concentrations reaching up
to 323948 pg.kg* for FB1 and 123814 ug.kg™ for FB2 (Abia et al., 2013; Chilaka et al., 2012;
Makun et al., 2011 ; Mulunda et al., 2013; Ogara et al., 2016; Shephard et al., 2013; Warth et al.,
2012).

Among the rice samples, the local rice samples were the most contaminated with EU regulated
mycotoxins. Except AFG2 that was not detected in the maize flour samples with potash, AFBL1,
AFG1, AFB2, OTA, FB1+FB2 and ZEN were detected in all types of maize samples. Maize flour



samples with potash had the lowest levels of AFB1, AFT and FB1+FB2 but the highest OTA and

ZEN concentrations with one sample having an OTA level exceeding the EU limit (Tables 3-5).

3.3 Other mycotoxins

A total of 16 additional mycotoxins were detected in the analysed food samples (Table 6). Ten were
recovered from the peanut paste samples including: beauvericin (BEA), equisetin (EQUS), aflatoxin
M1 (AFML1), cyclopiazonic acid (CPA) and sterigmatocystin (STER) with each in more than 70% of
the samples; ochratoxin B (OTB), enniatin B (ENN-B) and B1 (ENN-B1) at a frequency of 42%,
25% and 30% respectively; diacetoxyscirpenol (DAS) and aurofusarin (AUF) with each in less than
10% of the samples. Those toxins detected in the rice samples included: EQUS and BEA in 70%
and 57% of the samples, respectively; AFM1, CPA, STER, citrinin (CIT), OTB, DAS, skyrin (SKY)
and cytochalasin B (CYT-B) with each in less than 10% of the samples. Nine toxins were
determined in the maize samples including: BEA, FB3, EQUS and AFML1 in 87%, 86%, 47%, and
37% of the samples, respectively; fusaric acid (FA) and CIT each in 46% of the samples; OTB, CPA
and agroclavine (AGC) at a frequency comprised between 5 and 14%.

AFM1 was classified as a group 2B possible human carcinogen (IARC, 1993). Its acute toxicity is
nearly equal to that of AFB1, but its potential carcinogenic hazard is about one order of magnitude
less than that of AFB1 (Pietri & Piva, 2007). AFML1 is excreted into the milk of dairy animals and
human nursing mothers after AFB1 ingestion and bioconversion in the liver. Its occurrence in
plants, produced by Aspergillus spp. through a biosynthetic pattern not involving AFB1 or possibly
by insect pests’ metabolism from AFB1, was also reported (Giovati et al., 2015). This could explain
AFML presence in the cereal and peanut paste samples analysed in the present study, with the
peanut paste samples being the most contaminated with this toxin. Warth et al. (2012) have also
detected AFM1 in maize samples from African countries at higher concentrations, as well as Ogara
et al. (2016) up to 1744 pg.kg™, but not in peanut samples.

OTB, CIT and CPA are the three non EU regulated mycotoxins produced by Aspergillus /
Penicillium spp. that were found in the analysed food samples. OTB which is clearly less toxic than
OTA (Heussner & Bingle, 2015), was detected in all types of samples except maize flour samples
without potash. Contamination frequency and levels were the highest in the peanut paste samples
and low in the cereal samples. Abia et al. (2013) quantified lower OTB levels in peanut samples and
did not detect this mycotoxin in maize samples. CIT is reported to possess nephrotoxic, cytotoxic
and genotoxic effects. It is frequently found in food in combination with OTA, and suspected to be
involved in the BEN (Flajs & Peraica, 2009; Follmann, Behm, & Degen, 2014). CIT was found in
all types of cereal samples but not in peanut paste samples. Previous studies in Africa also reported

no CIT in peanut samples but levels up to 44029 pg.kg™ in maize samples (Abia et al., 2013; Ogara



etal., 2016; Warth et al., 2012). CPA was detected in all types of samples except the local rice
samples, with the highest contamination frequency and levels in peanut paste samples, and
concentrations above the LOQ only in 4 maize flour samples. This mycotoxin was quantified at
higher concentrations (up to 1347 pg.kg™, mean 249 ug.kg?) in maize samples from Nigeria
(Ogara et al., 2016) and in none or only one peanut sample from Burkina Faso and Mozambique
(Warth et al., 2012). Eight non EU regulated mycotoxins produced by Fusarium spp. were detected
in the analysed food samples. BEA was detected in all types of samples at high frequencies of
occurrence (>40%), with the highest found in the peanut paste samples followed by the maize and
rice samples, and at concentrations not exceeding 22 pug.kg?. ENN-B and ENN-B1 were detected at
low concentrations only in peanut paste samples, as well as AUF. BEA and ENNs were found to
produce cytotoxic effects in several mammalian cell lines (Jestoi, 2008; Prosperini, Meca, Font, &
Ruiz, 2012). DAS was detected only in 2 local rice samples and 4 peanut paste samples at levels up
to 4 ug kg*. EQUS was found in all types of samples with the highest contamination frequency and
levels in the peanut paste samples. FB3 and FA were detected only in the maize samples at levels up
to 94 and 83 pg.kg?, respectively. Previous studies performed in African countries have reported
higher levels of BEA, EQUS, FB3 and FA in maize samples (respectively up to 3724 ug.kg?, 242
ug.kg?, 63509 pg.kg? and 19466 pg.kg?) but also AUF and DAS levels respectively up to 3878
ng.kg?t and 34 pg.kg?, and very low ENN-B and ENN-B1 concentrations not exceeding 0.4 pg.kg?
and 1 pg.kg?, respectively (Abia et al., 2013; Ogara et al., 2016; Shephard et al., 2013). Abia el al.
(2013) quantified higher levels of BEA (up to 12 pg.kg™, mean 4 pg.kg?) and ENN-B1 (up to 5
ug.kgt, mean 1.4 pg.kg™) and lower ENN-B levels (up to 0.6 pg.kg?, mean 0.1ug.kg™) in peanut
samples as well as FB3 and FA levels up to 5 pg.kgtand 189 pg.kg?, respectively. AGC was the
Claviceps mycotoxin detected only in the maize samples at low concentrations. This toxin was also
quantified by Shephard et al., (2013) in maize samples from South Africa at low concentrations (up
to 1.8 pug.kg™?). STER which is the most toxic AFB1 precursor, is both mutagenic and tumorigenic
but less potent than AFs. It has been classified as a group 2B possible human carcinogen (Bennett &
Klich, 2003; Ezekiel, Sulyok, Warth, Odebode, & Krska, 2012). STER was detected only in rice and
peanut paste samples, with the latter being the most contaminated in frequency and levels.
Contrariwise, Abia et al. (2013) and Ogara et al. (2016) found STER up to 242 pg.kg™? in maize
samples, respectively from Cameroon and Nigeria, and Warth et al. (2012) did not detect this toxin
in peanut samples from Burkina Faso and in only one from Mozambique. SKY and CYT-B were
detected in only one and 3 imported rice samples, respectively. SKY was found by Shephard et al.
(2013) in 94% of maize samples from South Africa at levels up to 60 pg.kg™t. Among the rice
samples, the local rice samples were the most contaminated by the non EU regulated mycotoxins,
except for OTB, STER, SKY and CYT-B.



4. Conclusion

The present study is the first to provide data on such a wide range of mycotoxins in the cereal (rice
grains, cracked maize and maize flour) and oilseed (peanut paste) products most consumed in Cote
d'lvoire. It revealed that these food products were highly susceptible to contamination by several EU
regulated and/or other mycotoxins. Furthermore, mycotoxin concentrations exceeding EU limits
were found, especially for AFB1 which is the most toxic form of AFs and the most frequently
detected mycotoxin in the samples. The low concentrations found for certain mycotoxins in the
analysed food samples do not exclude potential toxic risks to lvorian consumers due to a cumulative
effect depending on their dietary habits. In addition, although data on the toxic effects of non EU
regulated mycotoxins as well as on the possible interactions between mycotoxins are still limited or
non-existent, the occurrence of the non EU regulated mycotoxins in foods is a concern and exposure
to multiple mycotoxins, especially through high-consumption food products, is expected to result in
greater human health problems. Therefore, the foods analysed in this study pose a risk to the health
of Ivorian consumers, with the peanut paste samples representing the highest risk in terms of
number of mycotoxins detected in the same sample, frequency and levels of contamination,
followed by maize then rice samples. The local rice samples were the most contaminated compared
to the imported ones. This can be explained by a better quality of rice exported by Asian countries
and /or by the fact that imported rice is subject to quality controls before entering the market in Céte

d’Ivoire.
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Table 1: Limits of detection and quantification of the UHPLC-MS/MS method used for the analysis
of 77 mycotoxins in rice, maize and peanut samples collected in Cote d’Ivoire

Mycotoxins / Abbreviation Toxin Source Limit of detection | Limit of
(LOD) in solvent | quantification (LOQ)
[Mg.kg™] in solvent
[ug-kg™]
EU regulated mycotoxins in foodstuffs
Aspergillus mycotoxins
Aflatoxin B1 / AFB1 Romer Labs 0.05 0.25
Aflatoxin B2 / AFB2 0.12 0.25
Aflatoxin G1/ AFG1 Sigma 0.12 0.25
Aflatoxin G2 / AFG2 0.12 0.25
Aflatoxin M1/ AFM1 0.05 0.25
Fusarium mycotoxins
Deoxynivalenol / DON Romer Labs 5 125
Fumonisin B1/ FB1 Sigma 0.5 1
Fumonisin B2 / FB2 Sigma 0.5 1
Zearalenone / ZEN Romer Labs 2.5 5
Aspergillus / Penicillium mycotoxins
Citrinin/ CIT Tebu-Bio 10 25
Ochratoxin A/ OTA Romer Labs 0.25 0.62
Patulin Fisher 50 125
Fusarium mycotoxins with EU recommended limits in cereal and cereal products
T-2 toxin Romer Labs 2.5 5
HT-2 toxin EnzoL.ife Sciences 25 50
Metabolites of EU regulated Fusarium mycotoxins
3-acetyldeoxynivalenol / 3-AcDON Romer Labs 125 25
15-AcDON Romer Labs 25 50
Deepoxy-DON Sigma 2.5 5
Zearalanone 5 10
o-zearalanol / a-ZAL 125 250
B-ZAL Tebu-Bio 125 250
o-zearalenol / a-ZEL 50 125
B-ZEL 50 125
Emerging Fusarium mycotoxins
Beauvericin / BEA Romer Labs 0.005 0.01
Enniatin A 0.02 0.05
Enniatin Al 0.02 0.05
Enniatin B / ENN-B Tebu-Bio 0.02 0.05
Enniatin B1 / ENN-B1 0.02 0.05
Moniliformin / MON 62.5 125
Fusarium mycotoxins conjugated by plants (masked mycotoxins) or fungi*
DON-3-glucoside / DON-3-Glc Romer Labs 125 250
ZEN-14-Glc 5 12.5
a-ZEL-14-Glc Department of 25 50
B-ZEL-14-Glc Agrobiotechnology, 125 25
ZEN-16-Glc IFA-Tulln 1 2.5
ZEN-14-sulfate* 1 2.5
Other Fusarium mycotoxins
Apicidin EnzoL ife Sciences 5 10
Aurofusarin / AUF Insight Biotechnology 0.62 1.25
Diacetoxyscirpenol / DAS Discovery Fine Chemicals | 1.25 2.5
Equisetin / EQUS Insight Biotechnology 0.25 0.62
Fumonisin B3/ FB3 Romer Labs 0.5 1
Fusarenon X 12.5 25
Fusaric acid / FA Fisher Scientific 2.5 5
Neosolaniol Romer Labs 1 2.5
Nivalenol 62.5 125
Verrucarol Sigma 25 50




Penicillium mycotoxins

Curvularin Insight Biotechnology 2.5 5
Meleagrin . 0.06 0.12
Mycophenolic acid Tebu-Bio 0.62 1.25
Penicillic acid Cambridge Biosciences 5 10
Roquefortine C Romer Labs 0.05 0.12
Aspergillus / Penicillium mycotoxins

Cyclopiazonic acid / CPA Abcam 2.5 6.25
Ochratoxin B/ OTB Insight Biotechnology 0.25 0.62
Verruculogen Romer Labs 0.62 1.25
Alternaria mycotoxins

Altenuene Analyticon Discovery 2.5 5
Alternariol Insight Biotechnology 2.5 >
Alternariolmonomethylether 5 10
_IM;:;:)C;Z?]OHH EnzoL.ife Sciences i?ZS 205
Claviceps mycotoxins (ergot alkaloids)

Agroclavine / AGC 0.25 0.62
Ergocornine 0.62 1.25
Ergocorninine 0.02 0.06
Ergocristine 0.62 1.25
Ergocristinine 0.02 0.06
Ergocryptine 0.25 0.62
Ergocryptinine Romer Labs 0.02 0.06
Ergometrine 0.12 0.25
Ergometrinine 0.06 0.12
Ergosine 0.25 0.62
Ergosinine 0.06 0.12
Ergotamine 0.12 0.25
Ergotaminine 0.06 0.12
Other fungal mycotoxins

Cytochalasin B/ CYT-B Tebu-Bio 1.25 2.5
Emodin Cambridge Biosciences 25 50
Gliotoxin . 2.5 5
Penitrem A Tebu-Bio 0.5 1
Skyrin / SKY EnzoL.ife Sciences 10 25
Stachybotrylactam Insight Biotechnology 0.25 0.62
Sterigmatocystin / STER EnzoL.ife Sciences 0.62 1.25




Table 2: Number of mycotoxins found in the same sample for the different types of food samples collected in Cote d’Ivoire

Food sample (n)

Minimum number
of mycotoxins >1

Maximum number
of mycotoxins

% (number) of samples according to number of
mycotoxins detected in the same sample

0 1 2-4 S5-7 >8

Rice samples (88) 2 8 14(12) 10(9) 49(43) 25(22) 2 (2)
Imported rice (41) 2 6 29(12) 20(8) 39(16) 12(5) -
Local rice (47) 2 8 - 2(1) 58(27) 36(17) 4(2)
Maize sample (79) 2 14 - - 10(8) 32(25) 58(46)
Cracked maize (29) 2 12 - - 10(3) 38(11) 52(15)
Maize flour with potash (32) 2 14 - - 16 (5) 34(11) 50(16)
Maize flour without potash (18) 6 14 - - - 17(3) 83 (15)
Peanut paste samples (71) 5 13 - - - 6 (4) 94 (67)

n = total number of collected samples

18



Table 3: Occurrence of aflatoxins B1 (AFB1) and G1 (AFG1), and total aflatoxins (AFT=AFB1+AFB2+AFG1+AFG2) in food samples collected in
Cote d’Ivoire

Number of contaminated samples according to mycotoxin levels (X)

ug kg™
Mycotoxins Food sample (n) Frequency % Mean (Range) X<2 2*<X<4  4¥*F<X<20 20<X<50  50<X<100  100<X<500  X>500
(n”) pg.kg™

AFB1 Imported rice (41) 46 (19) 1.0 (<LOQ-2.9) 18 1 - - - - -
Local rice (47) 66 (31) 3.9 (<LOQ-14) 11 8 12 - - - -
Cracked maize (29) 97 (28) 8.2 (0.3-80) 10 5 11 1 1 - -
Maize flour with potash (32) 94 (30) 7.2 (<LOQ-49) 15 5 6 4 - - -
Maize flour without potash (18) 100 (18) 12 (0.3-57) 5 3 8 1 1 - -
Peanut paste (71) 100 (71) 260 (0.6-4535) 1 1 6 12 12 32 7

AFG1 Imported rice (41) 73) 0.4 (0.3-0.7) 3 - - - - - -
Local rice (47) 34 (16) 3.3 (<LOQ -17) 10 3 3 - - - -
Cracked maize (29) 66 (19) 7.3 (0.3-84) 13 1 3 1 - -
Maize flour with potash (32) 38 (12) 1.9 (0.4-7.5) 8 3 1 - - - -
Maize flour without potash (18) 89 (16) 5.6 (0.5-11) 5 2 9 - - - -
Peanut paste (71) 100 (71) 143 (0.7-2194) 3 - 17 15 11 21 4

AFT Imported rice (41) 46 (19) 1.1 (<LOQ-4.1) 18 - 1 - - -
Local rice (47) 66 (31) 5.8 (<LOQ-33) 9 8 13 2 - - -
Cracked maize (29) 97 (28) 14 (0.3-173) 9 3 12 3 1 -
Maize flour with potash (32) 94 (30) 8.7 (<LOQ-56) 14 5 7 3 1 - -
Maize flour without potash (18) 100 (18) 18 (0.8-67) 2 3 4 8 1 - -
Peanut paste (71) 100 (71) 530 (1.4-8094) 1 - 4 3 12 35 16

n = total number of collected samples; n” = number of contaminated samples; *, ** EU limits respectively for AFB1 and AFT in cereals, peanuts and
derived products intended for direct human consumption; <LOQ = less than the limit of quantification
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Table 4: Ochratoxin A (OTA) occurrence in food samples collected in Cote d’Ivoire

Number of contaminated samples
according to mycotoxin levels (X) ug kg*

Food sample (n) Frequency % (n’)  Mean (Range) X<3* 3<X<15  152X<30  30<X<60 X>60
Hg.kg™
Imported rice (41) 12 (5) 2.7 (<LOQ -7.9) 4 1 - -
Local rice (47) 17 (8) 6.3 (<LOQ -15) 6 1 1 - -
Cracked maize (29) 7(2) 1.8 (1.8) 2 - - - -
Maize flour with potash (32) 16 (5) 3.4 (<LOQ -7.6) 4 1 - - -
Maize flour without potash (18) 56 (10) 1.3(0.7-1.9) 10 - - - -
Peanut paste (71) 65 (46) 9.8 (<LOQ -147) 24 17 2 2 1

n = total number of collected samples; n” = number of contaminated samples; * EU limit for OTA in cereals and cereal products intended for direct
human consumption, no EU limit for peanut products; <LOQ = less than the limit of quantification

Table 5: Occurrence of fumonisins B1 and B2 (FB1+FB2) and zearalenone (ZEN) in food samples collected in Cote d’Ivoire

Mycotoxins Food sample (n) Frequency % (n’)  Mean (Range)
Hg.kg*
FB1+FB2 Imported rice (41) 2(1) 2.6
Local rice (47) 32 (15) 6.0 (2.7-13)
Cracked maize (29) 97 (28) 99 (11-706)
Maize flour with potash (32) 81 (26) 73 (14-214)
Maize flour without potash (18) 100 (18) 162 (2.3-319)
Peanut paste (71) nd nd
ZEN Imported rice (41) nd nd
Local rice (47) 9(4) 6.6 (<LOQ -7.5)
Cracked maize (29) 3(1) <LOQ
Maize flour with potash (32) 13 (4) 6.6 (<LOQ -7.7)
Maize flour without potash (18) 6 (1) <LOQ
Peanut paste (71) nd nd

n = total number of collected samples; n’ = number of contaminated samples; nd = not detected, i.e. less than the limit of detection; <LOQ = less than
the limit of quantification



Table 6: Occurrence of other mycotoxins, non EU regulated in cereals (maize and rice), peanuts and derived products intended for direct human

consumption, in food samples collected in Cote d’Ivoire

Mycotoxins Food sample
Imported rice Local rice Cracked maize Maize flour with potash Maize flour without potash Peanut paste
(n=41) (n=47) (n=29) (n=32) (n=18) (n=71)
F% (n’) Mean F% (n’) Mean F% (n’) Mean F% (n’) Mean F% (n’) Mean F% () Mean
(range) (range) (range) (range) (range) (range)
pg-kg* pgkg * pgkg * Hg-kg * pgkg * pgkg *
Aflatoxin M1 2(1) 0.4 13 (6) 05 38 (11) 1.1 25 (8) 0.9 56 (10) 0.9 99 (70) 20
(<LOQ-0.8) (0.4-5.3) 0.4-1.7) (0.4-2.8) (0.4-381)
Agroclavine nd nd nd nd 24.(7) 1.0 3(1) 0.7 11 (2) 29 nd nd
(<LOQ-1.4) (2.4-3.5)
Aurofusarin nd nd nd nd nd nd nd nd nd nd 7(5) 3.2
(2.6-4.2)
Beauvericin 41 (17) 0.3 70 (33) 1.2 97 (28) 2.7 94 (30) 1.9 61 (11) 1.6 99 (70) 1.5
(0.1-0.6) (0.1-12) (0.3-22) (0.4-5.0) (0.5-4.6) (0.1-11)
Citrinin 2(1) 29 13 (6) 56 52 (15) 57 56 (18) 386 17 (3) 84 nd nd
(<LOQ-101) (<LOQ-146) (<LOQ-2394) (52-122)
Cyclopiazonic acid 2(1) <LOQ nd nd 7(2) <LOQ 19 (6) 13 17 (3) 10 90 (64) 31
(<LOQ-19) (<LOQ -15) (<LOQ-132)
Cytochalasin B 73) 4.3 nd nd nd nd nd nd nd nd nd nd
(<LOQ-5.0)
Diacetoxyscirpenol nd nd 4(2) 2.9 nd nd nd nd nd nd 6 (4) 4.0
(<LOQ-2.9) (<LOQ-4.0)
Enniatin B nd nd nd nd nd nd nd nd nd nd 25 (18) 0.9
(0.4-2.6)
Enniatin B1 nd nd nd nd nd nd nd nd nd nd 30 (21) 0.7
(0.3-2.4)
Equisetin 41 (17) 1.7 96 (45) 10 38 (11) 1.8 59 (19) 1.9 39 (7) 2.2 99 (70) 15
(<LOQ-6.2) (0.6-115) (0.7-4.1) (<LOQ-4.7) (<LOQ-3.8) (<LOQ-140)
Fumonisin B3 nd nd nd nd 86 (25) 17 78 (25) 14 100 (18) 25 nd nd
(2.2-83) (3.1-35) (2.1-55)
Fusaric acid nd nd nd nd 24 (7) 23 53 (17) 30 67 (12) 22 nd nd
(<LOQ-44) (7.0-94) (8.5-29)
Ochratoxin B 5(2) 15 4(2) 0.9 7() <LOQ 6 (2) 11 nd nd 42 (30) 19
(<LOQ-1.5) (0.7-1.1) (<LOQ-1.1) (0.7-260)
Skyrin 2(1) 50 nd nd nd nd nd nd nd nd nd nd
Sterigmatocystin 7(3) 4.7 9(4) 2.6 nd Nd nd nd nd nd 70(50) 8.1
(<LOQ-7.8) (<LOQ-4.8) (<LOQ-40)

n = total number of collected samples; n’ = number of contaminated samples; F = frequency; nd = not detected, i.e. less than the limit of detection;

<LOQ = less than the limit of quantification
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Figure 1: Multi-mycotoxin occurrence in food samples collected in Céte d’Ivoire



