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ARTICLE INFO ABSTRACT

Keywords: A probabilistic dietary risk assessment on mycotoxins was conducted using the Monte Carlo Risk Assessment
Mycotoxins software, with consumption data from the 2008/2009 Brazilian Household Budget Survey for individuals who
Dietary risk assessment were at least 10 years old and occurrence data for 646 samples of rice, maize, wheat, and their products,
I]:ﬁzRfl\ collected in the Federal District and in the state of Rio Grande do Sul, Brazil. Processing factors were estimated

and applied to concentration data. Chronic exposure was estimated for fumonisins (free and bound/hidden),
deoxynivalenol (DON) (including the acetylated forms) and zearalenone (ZON) (including alfa-zearalenol) and
acute exposure was estimated for DON. For the general population, the chronic exposure exceeded the safe
exposure levels at the 95P for DON and at the 99P for fumonisins. Additionally, safe level exceedance occurred at
the 97.5P for fumonisins and at the 95P for DON for teenagers, as well as at the 99P for fumonisins for women of
child-bearing-age. No exceedances were found for chronic exposure to ZON and acute exposure to DON. Maize
couscous contributed most of the total fumonisins (91%) and ZON intakes (~40%) and bread to total intake of
DON (~30%). Further studies should be conducted with updated Brazilian consumption data, which should
include information for individuals aged less than 10 years old.

1. Introduction

Mycotoxins are toxic fungal metabolites that can contaminate food
before and/or after harvesting (Frisvad et al., 2007; Kuiper-Goodman,
2004). The classes of mycotoxins that are most relevant to both human
and animal health are aflatoxins and ochratoxin A, produced by Asper-
gilus sp., and fumonisins, trichothecenes and zearalenone produced by
Fusarium sp. (Alshannaq and Yu, 2017; Lee and Ryu, 2017; Nicholson,
2004).

Aflatoxins (AFB1, AFB2, AFG1 and AFG2) are hepatotoxic, and they
are classified as a human carcinogen by the International Agency for
Research on Cancer (IARC, 1993). Aflatoxins are also immunotoxic
agents, thus the exposure to them in utero and during early life causes
negative effects on growth and development (JECFA, 2018). Fumonisin
B1 (FB1) is classified as a probable human carcinogen (IARC, 2002), and

fumonisin exposure has also been associated with neural tube defects,
cardiovascular diseases and the prevalence of esophageal cancer (Kigen
et al., 2017; Missmer et al., 2006; Ueno et al., 1997; Waes et al., 2005).
Ochratoxin A (OTA), a possible human carcinogen (IARC, 1993), plays
an important role in the pathogenesis of some renal diseases, including
Balkan endemic nephropathy and kidney tumors that occur in certain
endemic regions of the Balkan Peninsula, and chronic interstitial ne-
phropathy occurring in Northern African countries (Malir et al., 2016).
Deoxynivalenol (DON), a major mycotoxin from the trichothecene
group, inhibits protein synthesis, impairs nutrient intake, affects he-
matopoiesis, induces neuro-endocrine effects, affects growth, repro-
duction and immune function after chronic exposure (Payros et al.,
2016). At high doses, acute exposure to DON can cause abdominal pain,
dizziness, headache, nausea and vomiting in pigs, dogs and cats (Pestka,
2010; JECFA, 2011), probably through activation of inflammatory
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pathways in intestinal epithelial cells (van de Walle et al., 2010). Emesis
is indeed the most sensitive functional manifestation of DON acute
toxicity in animals after oral exposure, and was the basis for the estab-
lishment of an acute reference dose (ARfD) for this mycotoxin (JECFA,
2011). Zearalenone (ZON) is known to cause estrogenic syndrome in
pigs and is considered an endocrine disruptor in humans (Kowalska
et al., 2016; Sherif et al., 2009).

Maize, rice, and wheat are cereals frequently consumed worldwide,
and the occurrence of mycotoxins in these staple foods is widely docu-
mented (Alshannaq and Yu, 2017; Andrade and Caldas, 2015; Echodu
et al., 2019; Lee and Ryu, 2017). Simultaneous exposure to mycotoxins
is also an important issue that should be monitored (Lee and Ryu, 2017),
as already pointed out by some authors regarding the synergistic effects
of AFB1 and FB1 (Gelderblom et al., 2002; Meneely et al., 2018; Xiu
et al., 2019). Various studies have evaluated the potential risks from the
exposure to mycotoxins present in food around the world, using deter-
ministic or probabilistic methods (Han et al., 2014; Mitchell et al., 2017;
Assuncao et al., 2018; Blanco-Lizarazo et al., 2019; Taghizadeh et al.,
2020; JECFA, 2018). The probabilistic approach provides a more real-
istic exposure estimate of a given population compared to deterministic
methods, as it considers the entire food consumption database and food
concentration data (de Nijs et al., 2016).

Brazil is one of the main food producers in the world, with a wide
range of agroclimatic zones (equatorial, tropical, subtropical, temperate
and semiarid) that favor fungal growth and mycotoxin food contami-
nation (Taniwaki et al., 2019). In Brazil, all the dietary exposure as-
sessments with mycotoxins have been conducted using deterministic
methods, and most have evaluated the exposure to only one mycotoxin
in a specific region of the country, from the consumption of limited food
commodities (Bordin et al., 2014; Caldas and Silva, 2007; Martins et al.,
2012; Santos et al., 2013; Savi et al., 2016; Franco et al., 2019a).

The aims of this study were to evaluate the occurrence of aflatoxins,
fumonisins, ochratoxin A, tricothecenes, zearalenone, citreoviridin,
diacetoxyiscirpenol, and some metabolites in rice, maize, wheat, and
their products; to estimate the dietary exposure of Brazilian consumers
to the most prevalent mycotoxins through a probabilistic approach, and
to assess the potential health risks arising from this exposure.

2. Materials and methods
2.1. Food consumption data

Brazilian consumption of maize, rice, and wheat-based products was
obtained from the Brazilian Household Budget Survey (HBS; Pesquisa de
Or¢amento Familiar - POF 7) conducted by the Brazilian Institute of
Geography and Statistics (IBGE) from July 2008 to June 2009 (the most
recent data available in the country). The 2008/2009 HBS provided
individual consumption data for 34,003 individuals from 10 to 104
years old (mean of 36.6 years + 18.4) and with body weight from 19 to
150 kg (65.6 + 15.6 kg). Data were obtained on two non-consecutive
days, but not everyone filled out the two days of the survey. The total
number of records (consumption days) was 67,704. Information about
the composition of food-as-eaten (e.g. wheat flour in bread) was taken
from different published sources (Aratijo and Guerra, 2007; Fisberg and
Slater Villar, 2002; Pinheiro, 2004), and well-known Brazilian food
recipes from the internet. In total, consumption data for 93
foods-as-eaten that contained maize, rice, and wheat-based products
were available in the 2008/2009 Brazilian HBS (Tables S1, S2 and S3;
Supplementary Material). For the purpose of this study, maize flour and
maize meal were considered together, except when specified otherwise.
This was necessary because maize couscous and polenta, which are food
widely consumed in Brazil, may be made using either maize flour or
meal.
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2.2. Samples analyzed

A total of 206 samples of maize, rice, and wheat-based food products
were purchased from retail stores in Brasilia (Federal District, Brazil)
from May 2015 to February 2016. Products collected were maize starch
(n = 6), degermed maize (canjica, n = 18), maize grits (canjiquinha; n =
3), breakfast cereal (n = 10), maize flour/meal (n = 28), popcorn (n =
13), maize snacks (n = 18), maize pasta (n = 1), rice (n = 39), rice flour
(n = 3), rice pasta (n = 2), crackers (n = 14), wheat snacks (n = 6),
wheat pasta (n = 30), and wheat flour (n = 15). At least 500 g/sample
were collected, except for breakfast cereals, crackers and snacks (50 g
minimum per sample). Samples were quartered, ground (blender), ho-
mogenized, sieved (18 mesh) and stored in polyethylene bags at room
temperature until the analysis.

A total of 440 samples of maize flour/meal (n = 220) and wheat flour
(n = 220) were purchased at retail stores in the cities of Cruz Alta and
Santa Maria (Rio Grande do Sul, Brazil) from April 2013 to December
2014. Three individual 500 g packages of maize flour and three indi-
vidual 1 kg packages of wheat flour were collected in order to compose 1
sample of each flour. All samples stayed at room temperature until they
were analyzed.

2.3. Analytical methods

Samples collected in the Federal District were analyzed for aflatoxins
(AFB1, AFB2, AFG1 and AFG2), citreoviridin (CTV), deoxynivalenol
(DON), 15-acetyldeoxynivalenol (15AcDON), 3-acetyldeoxynivalenol
(3AcDON), deoxynivalenol-3-glucoside (D3G), depoxy-deoxynivalenol
(DOM), fumonisins (FB1, FB2 and FB3), fumonisin hydrolyzed forms
(HFB1, HFB2 and HFB3), ochratoxin A (OTA), zearalenone (ZON), and
alfa-zearalenol (a-ZOL) using a previously published method (Andrade
et al., 2017). Briefly, a 5g sample was extracted with ACN:HO in the
ultrasonic bath and centrifuged. Next, 1 mL of supernatant was evapo-
rated, re-dissolved in MeOH:H»0, 180 pL combined with 20 pL of the
internal standard solution and injected in the LC-MS/MS. Samples were
quantified using isotope labeled internal standards and matrix matched
calibration curves. Three fortified samples were included in each
extraction batch for internal quality control. LOQs for maize meal and
derived products were: DON = 39.1 pg/kg; 15AcDON = 120.6 pug/kg;
3AcDON = 77.2 pg/kg; D3G = 60 pg/kg; DOM = 39.9 pg/kg; FB1 =
19.5 pg/kg; FB2 = 8 ng/kg; FB3 = 32 pg/kg; HFB1 = 6 pg/kg; ZON =
24.4 pg/kg; a-ZOL = 28 pg/kg. LOQs for wheat flour and derived
products were: DON = 40.2 pg/kg; 15AcDON = 80.1 pg/kg; 3AcDON =
72.2 pg/kg; D3G = 61.3 pg/kg; DOM = 39.9 pg/kg; FB1 = 19.5 pg/kg;
FB2 = 8 pg/kg; FB3 = 24 pg/kg; HFB1 = 8 pg/kg; ZON = 16 pg/kg;
a-ZOL = 39.2 pg/kg. LOQs for rice and derived products: DON = 40
ng/kg; 15AcDON = 72 pg/kg; 3AcDON = 48 pg/kg; D3G = 60 pg/kg;
DOM = 23.8 pg/kg; FB1 = 21.3 pg/kg; FB2 = 12 pg/kg; FB3 = 24 pg/kg;
HFB1 = 8 pg/kg; ZON = 16 pg/kg; a-ZOL = 28 pg/kg (Andrade et al.,
2017).

Bound/hidden fumonisins were determined as their hydrolyzed
forms (HFB1, HFB2 and HFB3) and then converted to FB1, FB2 and FB3
using molar mass ratios, as described by Andrade et al. (2017). In
summary, the sample was extracted using the previous procedure,
lyophilized, submitted to basic hydrolysis at 60 °C to cleave
non-extracted bound/hidden fumonisins, extracted with ACN, and the
pH was adjusted to 3.0 + 0.5. Tubes were sonicated, centrifuged, and
stored in a freezer (—18 °C) for 12 h (solid-liquid extraction with low
temperature purification). The liquid supernatant (organic phase) was
filtered, evaporated under vacuum, the residues were dissolved in
MeOH:H50 and analyzed as previously described. Total fumonisin (FB1,
FB2 and FB3) was expressed by the sum of the free fumonisins deter-
mined and the bound/hidden fumonisins. LOQs for bound/hidden
fumonisins were defined as the LOQs for HFB1, HFB2 and HFB3, at 1.2,
1.8 and 2.5 pg/kg, respectively (Andrade et al., 2017).

A Shimadzu LC system (Shimadzu, Kyoto, Japan) coupled to a 4000
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Qtrap triplequadrupole mass spectrometer (Sciex, Framingham, MA,
USA), fitted with a Turbo Ion Spray electrospray ionization (ESI) source
was used for LC-MS/MS analysis of samples collected in the Federal
District. Chromatographic separation was performed at 40 °C, with a
flow rate of 0.8 mL/min, using a Gemini C18 analytical column (150 x
4.6 mm, 5 pm) preceded by a C18 security guard cartridge (4.0 x 3.0
mm, 5 pm), both from Phenomenex® (Torrance, CA, USA). The elution
was carried out with a gradient of water (A) and methanol (B), both
containing 0.1% formic acid and 1 mM ammonium formate. ESI-MS/MS
was done in the positive mode, using multiple reaction monitoring
(MRM), scanning two fragmentation reactions per analyte (Andrade
et al., 2017). The conditions of the mass spectrometer ion source were:
entrance potential at 10V, ion source at 500 °C, ion source gas 1 and 2 at
50 (GS1) and 40 psi (GS2), ion spray voltage at 5500V, curtain gas at 12
psi, and collision gas at medium. Data acquisition and quantification
were carried out using the software Analyst® (V 1.5.2). Additional de-
tails of the analytical method and the LC-MS/MS parameters were pre-
viously described (Andrade et al., 2017).

Samples collected in the state of Rio Grande do Sul were analyzed for
aflatoxins, fumonisins (FB1 and FB2), DON, diacetoxyiscirpenol (DAS),
OTA, T-2 and HT-2 toxins and ZON according to Reichert et al. (2018),
with some modifications. Briefly, the slurry was prepared at a ratio of
1:1.5 (sample:water), 12.5 g were weighed into a falcon tube, 10 mL of
acetonitrile (1% acetic acid) and 4.5 g of anhydrous magnesium sulfate
were added, with agitation between each step, the tube was centrifuged,
0.5 mL of the supernatant transferred to a vial containing 0.5 mL of
methanol, and 5 pL injected in a UPLC-MS/MS, using the partial loop
with needle overfill mode. A Waters® UPLC-MS/MS system (Waters,
USA) coupled to a Xevo TQ-S triple quadrupole mass spectrometer and
an electrospray ionization (ESI) source was used for analysis. Chro-
matographic separation was performed at 60 °C, with a flow rate of 0.45
mL/min, using a BEH C18 analytical column (100 x 2.1 mm, 1.7 pm)
from Waters® (Waters, USA). The mobile phase consisted of a gradient
of water and acetonitrile, both acidified with 0.1% formic acid.
ESI-MS/MS was done in the positive mode, using Z-spray interface,
scanning two fragmentation reactions per analyte. The mass spectrom-
eter ESI source parameters were: temperatures of the source at 100°,
temperature of desolvation gas at 450 °C, desolvation gas flow rate at
600 L/h (N>), cone gas flow rate at 100 L/h (N3), capillary voltage at 2.5
kV, collision gas at 3.5 x 10 >mbar (argon). Data acquisition and
quantification were carried out using the software MassLynx® and
TargetLynx® (V 4.1). Method accuracy and precision were satisfactory
for all mycotoxins with recoveries between 70 and 120% and RSD <20%
(n = 3) and samples were quantified using matrix matched calibration
curves. LOQs for both maize and wheat flour were 1 pg/kg for AFBI,
AFB2, AFG1, AFG2 and OTA; 50 pg/kg for FB1, FB2, DON, ZON, DAS
and HT-2. For T-2, LOQs were 500 pg/kg for wheat flour and 50 pg/kg
for maize flour. Additional details of the analytical method and the
LC-MS/MS parameters were described by Reichert et al. (2018).

2.4. Processing factors

Samples of degermed maize (yellow and white), maize grits, maize
meal, popcorn, wheat pasta and wheat flour, naturally contaminated
with fumonisins, DON and/or ZON were submitted to processing pro-
cedures that mimic common household preparation in Brazil. Degermed
maize and maize grits were separately cooked in water (under pressure)
for 20 and 40 min, to prepare canjica and cooked grits (canjiquinha),
respectively; maize meal was cooked in water for approximately 40 min
to prepare polenta, and wheat pasta was cooked for 3-5 min. Popcorn
was popped using a small amount of oil. Bread was prepared by mixing
wheat flour, salt, saccharose, and baker’s yeast with water in a bowl and
then leaving it to rest (30 min). The dough was sliced, shaped, taken to
the fermentation cabinet (4 h), and then baked for 18 min at 180 °C.

Processing factors (PFs) were estimated as the ratio of mycotoxin
concentrations after (food-as-eaten) and before processing (food-as-
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analyzed). The PFs were then multiplied to the concentration found in
all samples of degermed maize, maize grits, maize meal/flour, popcorn,
pasta and wheat flour (food-as-analyzed) to estimate the concentration
after processing (food-as-eaten).

2.5. Dietary risk assessment

Intakes were estimated using the Monte Carlo Risk Assessment
software (MCRA, version 8.3), developed by Biometris, Wageningen
University and Research Centre and the National Institute for Public
Health and the Environment (RIVM) (de Boer et al., 2019; van der Voet
et al., 2014).

MCRA offers several approaches to estimate chronic (usual) intake
based on the consumption patterns of the dataset available. In this work,
the Model-then-Add approach (MTA) was used to ensure that the intake
estimated was modeled using the best fit for separate foods or food
groups, avoiding erroneous intake estimates in the case of multimodal
distributions (van der Voet et al., 2014). DON acute exposure was
conducted using the Monte Carlo sampling approach, which multiplies a
randomly selected daily consumption of food on a specific per-person
day by a randomly chosen mycotoxin level per consumed food. The
daily acute exposures per person-day were obtained by adding up all the
exposures for each randomly selected person-day over the foods evalu-
ated. The processing factors estimated in item 2.4 were applied in both
models, and non-detected samples were assumed to be at %2 LOQ.

Exposures were estimated for the general population (10-114 years
old) and for teenagers (12-18 years old) at the 90th, 95th, 97.5th, 99th
and 99.9th percentiles (the highest for acute exposure to DON only). For
total fumonisins, exposures were also estimated for women of child-
bearing-age (12-45 years old), since these mycotoxins have been asso-
ciated with the development of neural tube defects (Missmer et al.,
2006; Waes et al., 2005).

The empirical bootstrap approach was used to estimate the uncer-
tainty of the chronic and acute exposures due to the limited sample size
of the food consumption and concentration data. In this approach, the
dataset is resampled with a replacement to obtain a new set (or boot-
strap sample) of the same size as the original. The two databases, both
mycotoxin occurrence and food consumption, were resampled 100 times
and the resulting databases were used to access the mycotoxin exposure
for the Brazilian population.

The potential health risks from chronic exposure were evaluated by
comparing the exposure percentiles with the provisional maximum
tolerable daily intakes (PMTDI), which are 2 pg/kg bw for fumonisins
(FB1, FB2, FB3 - alone or in combination; JECFA, 2001) and 1 pug/kg bw
for DON (DON + 3AcDON + 15 AcDON; JECFA, 2001). For ZEA, the
exposures were compared with the tolerable daily intake (TDI) of 0.25
ng/kg bw for zearalenone and its metabolites (including a-ZOL; EFSA,
2016). The potential health risks related to acute exposure to DON were
evaluated by comparing the exposure percentiles with the acute refer-
ence dose (ARfD) of 8 pg/kg (DON + 3AcDON + 15 AcDON; JECFA,
2011). For the dietary exposure assessment, the LOQs inserted in MCRA
were expressed as total fumonisins (free + bound/hidden
FB1+FB2+FB3), total deoxynivalenol (DON + 3AcDON/15AcDON),
and total zearalenone (ZON + a-ZOL), since the toxicological safety
thresholds are established for the mycotoxin group. The LOQs were
defined as the lowest LOQ among the individual mycotoxins in the
group.

3. Results
3.1. Food consumption

A summary of consumption data (food-as-analyzed and food-as-
eaten) for the relevant foods estimated from the 2008/2009 POF is

shown in Table 1. Wheat flour has the highest number of food-as-eaten
records (n = 68; Tables S2 and S3, Suplementary Material), reported in
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Table 1

Summary of Brazilian individual consumption data obtained from the Brazilian
Household Budget Survey (2008/2009 HBS) with individuals from 10 to 102
years old.

Food (n° of food- % of consumption Mean consumption Main food-as-

as-eaten)” days” days (g)° eaten
Maize flour/meal 8.1 169 Maize

(10) couscous
Degermed maize’ 0.3 82.1 Canjica

@
Popcorn (1) 0.7 26.5 Popcorn
Maize starch (3) 0.0 200 Maize starch
Maize grits (1) 0.1 211 Canjiquinha
Breakfast cereals 0.0 34.9 Breakfast

1 cereals
Wheat flour (68) 24.3 58.3 Bread
Pasta (6) 8.6 163 Pasta
Crackers (1) 7.3 42,5 Crackers
Snacks (1) 0.6 101 Snacks

# Foods-as-eaten are listed in Table S1 (Supplementary Material), n = 92
(some preparations may include more than one food as analyzed).

b Related to the total number of consumption days (67,704).

¢ Mean consumption of the person-days at which the consumption of the food
was reported.

4 White and yellow

24.3% of consumption days, mainly as bread. Maize meal/flour products
and pasta were reported in 8.1% (mean of 169 g) and 8.6% of con-
sumption days (mean of 163 g), respectively. The highest mean con-
sumption was found for products using maize grits (211 g) and maize
starch (200 g), although the frequency of reporting was very low for
these products (up to 0.1% of consumption days).

3.2. Mycotoxin occurrence

A total of 646 food samples were analyzed: 317 samples of maize
products, 285 samples of wheat products, and 44 samples of rice and rice
products. DON, FB1, FB2 and ZON were the most prevalent mycotoxins
in the samples analyzed, and they were positive in 57.1, 48.1, 44.3 and
12.5% of the samples, respectively. Detailed data on mycotoxin occur-
rence are shown in the Supplementary Material (Table S4).

At least one fumonisin was found in all maize products, with FB1
and/or FB2 found in 89-92% of the 317 samples analyzed and FB3 in
23% of the 97 samples analyzed for this mycotoxin (Table S4). HFB1 was
found in 14 samples of breakfast cereals, degermed maize, maize flour,
maize meal, maize snacks, and popcorn (Table S4). DON was found in
96.5% of the wheat product samples analyzed, in 30% of the maize
product samples, mainly maize flour (n = 89), and in one breakfast
cereal, which was made of maize, rice, and wheat flour (Table S1). D3G
was found in 20 samples, 60% of them cracker samples; 15AcDON was
found only in a pre-cooked maize flour that also contained D3G and
DON and in one sample of degermed white maize. ZON was found in 46
wheat products (16%), including all 14 cracker samples, in addition to
35 maize products, mainly maize flour (n = 27), and a-ZOL was found in
only one sample of wheat snack.

Bound/hidden fumonisins were found in all 85 maize product sam-
ples analyzed for these forms, even in those without quantifiable
amounts of the free forms, except for one breakfast cereal sample
(Table 2). The levels of bound/hidden and total fumonisins (free forms
+ bound/hidden) are also shown in Table 2. On average, bound/hidden
forms account for about 5% of total fumonisins, with the highest
contribution found in maize pasta and maize flour (up to 16%).

Table 3 summarizes the occurrence data for total fumonisins, total
DON (DON + acetylDON) and total zearalenone (ZON + «-ZOL),
showing the means and the concentration ranges. The highest total
fumonisin concentrations were found in maize flour (19,087 pg/kg), the
highest total DON level in wheat flour (3,186 pg/kg) and highest total
ZON level in maize flour (630 pg/kg). None of these mycotoxins were
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Table 2
Occurrence of bound/hidden fumonisins in maize-based products, and % of
increase in total fumonisins caused by the presence of bound/hidden forms®.

Products N Bound/hidden Total fumonisins Increase in Total
fumonisins Median (range), pg/ fumonisins”
Median kg Median (range),
(range), pg/kg %
Maize flour 18  4.8(2.8-13.0) 380.2 (43.3-1051.7) 1.3 (0.6-16.2)
Maize meal 9 8.4 (3.8-29.9) 526.8 (328.7-1101) 1.6 (0.7-6.4)
Degermed 14 3.5(2.7-8.4) 49.7 (26.6-1516.8) 4.7 (0.5-10.5)
maize
Popcorn 13  5.0(3.0-13.8) 197.2 (66.4-1042.2) 2.7 (0.8-10.6)
Maize starch 6 3.0 (2.9-3.7) 31.7 (31-32.8) 9.3(8.7-11.2)
Maize grits 3 3.3(2.7-3.7) 136.2 (68.5-136.3) 2.7 (2.4-3.9)
Breakfast 5 3.3(2.7-5.9) 92.3 (34.7-544.0) 4.5 (1.3-9.0)
cereals
Maize 15 3.4 (3.0-10.7) 85.2 (39.3-303.5) 4.9 (1.2-9.5)
snacks
Maize pasta 1 9.4 59 16

# Only samples containing free fumonisins and bound/hidden fumonisins
were considered.

b percentage of increase in total fumonisin content when the bound/hidden
forms were added to the free forms.

Table 3
Total fumonisins, deoxynivalenol and zearalenone occurrence in maize and
wheat product samples.

Products N Number of positive samples/mean of all samples® (range),
ng/kg
Total fumonisins Total Total
deoxynivalenol zearalenone
Maize flour/ 248 237/776.1 89/58.2 (<LOQ- 27/31.9 (<LOQ
meal® (<LOQ-19087) 836.2) -630)
Degermed 18 18/170.1 2/28.4 (<LOQ 2/13.9 (<LOQ
maize (2.7-1523) -121) -31.8)
Maize snacks 18 18/83.2 1/21.1 (<LOQ 1/14.3 (<LOQ
(2.9-303.5) -40.4) -54)
Popcorn 13 13/294.9 1/26.6 (<LOQ 3/20 (<LOQ
(28.3-1042.2) -106.4) -61.2)
Maize starch 6 6/31.7 (31-32.8) 0/<LOQ 0/<LOQ
Maize grits 3 3/113.7 1/44.5 (<LOQ 2/21.5 (<LOQ
(68.5-136.3) -93.6) -27.8)
Maize pasta 1/59 (59) 0/<LOQ 0/<LOQ
Breakfast 10 10/72.8 1/30.1 (<LOQ 0/<LOQ
cereals (2.7-551.8) -120.8)
Wheat flour 235 0/24 (4.0-25) 227/417.3 (<LOQ 6/25 (<LOQ
-3,186) -79.2)
Wheat pasta 30 4/16.5 (<LOQ 30/366.2 22/42.5 (<LOQ
-130) (83.9-860.8) -205.6)
Crackers 14 0/<LOQ 14/560.7 14/60.7
(139.4-916.1) (26.5-117.6)
Wheat 6 0/<LOQ 4/255 (<LOQ 4/75 (<LOQ
snacks -476.5) -209.2)

N: number of samples analyzed; ® Samples below LOQ were replaced by /4 LOQ
to estimate the mean; LOQs for total mycotoxins were defined as the lowest LOQ
of each group; ® Includes products with different grinding sizes and that may
have been submitted to thermal treatment; Total fumonisins = free + bound/
hidden FB1-+FB2+FB3; Total deoxinivalenol = DON +3AcDON/15AcDON;
Total zearalenone = ZON + «ZOL; Rice samples were not showed in this table
since there was no positive sample detected.

found at levels equal to or above the LOQ in maize starch and maize
pasta samples; no zearalenone was found in breakfast cereal samples;
and fumonisins were not found in crackers and wheat snacks. Fumoni-
sins, DON and ZON were not found in rice and rice products.

The incidence of the other mycotoxins investigated in this study was
low (Table S2). AFB1 was found in 27 samples, mainly maize flour (n =
25; range of 1-13 pg/kg), and AFB2 in five maize flour/meal samples
(1-133 pg/kg) that also contained AFB1, and in one breakfast cereal
sample. OTA was found in 8 samples (maize flour, pasta, breakfast
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cereals, and maize snacks) and CTV was found in 5 rice grain samples
(19.8-3472 pg/kg) and in one cracker sample at a very high level (8,640
pg/kg). T-2 and a-ZOL were found in only two samples (maize flour and
wheat snack). AFG1, AFG2, DAS, 3AcDON, DOM and HT-2 were not
found in any sample analyzed.

3.3. Processing factors

Unprocessed and processed commodities were analyzed, and the
estimated processing factors are shown in Table 4. Fumonisins were not
found in some samples of cooked degermed maize (FB1,n = 2; FB2,n =
1) and popped popcorn (FB2, n = 3). ZON was not found in processed
wheat pasta after cooking. Median (best estimate) processing factors
were below 1 in all cases, indicating a decrease in mycotoxin concen-
tration after processing.

3.4. Dietary risk assessment for total fumonisins, total DON and total
ZON

The incidences of aflatoxins, OTA, CVT, T2/HT2, in the samples
analyzed were low and no assessments were conducted for these my-
cotoxins. Chronic exposure was evaluated for total fumonisins, total
DON and total ZON and acute exposure for total DON, the only myco-
toxin with an ARfD established.

Table 5 shows the chronic dietary exposure assessment for total
fumonisins, total DON and total ZON for the Brazilian population at the
various percentiles of exposures and the 95% confidence intervals (be-
tween 2.5% and 97.5% percentiles of the uncertainty interval). For total
fumonisins, the MTA model that showed the best fit of the Q-Q plots
modeled maize flour, snacks and pasta separately using logistic Normal-
Normal (LNN), and the remaining foods (n = 7) using observed indi-
vidual means (OIM). This approach was used for all population subsets.
For the general population and for women of child-bearing-age, the
mean intake exceeded the PMTDI of 2 pug/kg bw at the 99P of exposure
(122 and 105%, respectively). For teenagers, exceedance occurred at the
97.5P (106%). The consumption of maize couscous, a Brazilian dish
prepared from maize flour or meal, contributed to about 90% of the total
exposure for all the population subsets (Fig. 1).

For total DON, the best fit of the MTA Q-Q plots was found by
modeling maize flour, degermed maize, popcorn, pasta, and wheat flour
using LNN, and the remaining foods (n = 5) with OIM. The mean chronic
intake exceeded the PMTDI (1 pg/kg bw) for the general population at
the 99P of exposure (126%) and for teenagers at the 95P (104%)
(Table 5). The consumption of different types of bread contributed to
about 30% of the total DON intake, followed by pasta (17-21%) and
crackers (16%) (Fig. 1).

The best fit of the MTA Q-Q plots for ZON was found after modeling
degermed maize, wheat flour, popcorn and maize flour with LNN, and
the remaining foods (n = 5) with OIM. The mean chronic intake did not

Table 4

Processing factors (PF) obtained from naturally contaminated samples, used to
estimate concentration of fumonisins, total deoxynivalenol (DON) and zear-
alenone (ZON).

Food Processing ~ Mycotoxin Number of PF
trials® -
Range Median
Maize meal Cooking Fumonisins 6 0.85-1.48 0.98
Degermed Cooking Fumonisins 5 <LOQ- 0.33
maize 0.69
Popcorn Popping Fumonisins 8 <LOQ- 0.27
1.38
Maize grits Cooking Fumonisins 2 0.72-0.97 0.84
Wheat flour Baking DON 2 0.89-0.97 0.93
Wheat pasta Cooking DON 10 0.47-0.86 0.56

ZON 1 <LOQ <LOQ

# Number of samples analyzed before and after processing.

Food and Chemical Toxicology 143 (2020) 111572

exceed the TDI for any of the percentiles evaluated (Table 5), and the
consumption of maize couscous, bread and crackers contributed to
16-31% of the total exposure for both subpopulations (Fig. 1).

The mean acute intake for total DON reached 4.86 pg/kg bw at the
99.9P for the general population and 6.35 pg/kg bw for teenagers
(Table 6), below the ARfD of 8 pg/kg bw, even when considering the
upper limit of the confidence interval (7.51 pg/kg bw for teenagers).
Bread, pasta, and crackers were the foods that most contributed to DON
acute exposure, accounting for about 70% of the total intake (Fig. 2).

4. Discussion

This study included contamination data for mycotoxins in 646 food
samples (rice and rice products, maize products, and wheat products)
collected in the Federal District, which is in the Midwest region of Brazil
and where Brasilia, the capital of the country is located, and in Rio
Grande do Sul state (RS), in the Southern region of the country. RS is
responsible for about 90, 87, and 21% of wheat, rice, and maize national
production, respectively (CONAB, 2019). Levels of fumonisins found in
the samples did not exceed the current Brazilian maximum limit (ML) of
1500 pg/kg (Brazil, 2011), except for one sample of degermed maize
(1523 pg/kg), and only a whole-wheat pasta sample exceeded the ML for
ZON (205.6 pg/kg; ML = 200 pg/kg). For DON (ML = 750 pg/kg), 19
maize flour samples (836.2-19,087 ng/kg), and 30 wheat flour samples
were above the legal level (804-3186 pg/kg). No sample exceeded the
ML established for aflatoxins in cereals and their products (Brazil, 2011).

In general, there is a low prevalence of mycotoxins in rice samples
collected in Brazil (Almeida et al., 2012; Carvalho et al., 2010; Dors
et al., 2011; Franco et al., 2019a; Katsurayama et al., 2018; Savi et al.,
2018; Silva et al., 2019), but the incidence of aflatoxins in some Asian
and Middle Eastern countries is high (Ali, 2019; Taghizadeh et al.,
2020). In the present study, only CVT was detected in the 39 rice sam-
ples analyzed, at levels ranging from 19.8 to 3472 ug/kg (Table S1). The
incidence (12.8%) and the levels are much higher than the only two
studies that analyzed CVT in Brazilian rice (up to 6%; 0.9-254 pg/kg),
both related to samples collected in the region of a beriberi outbreak that
occurred in the country in 2007-2009 (Rosa et al., 2010; Almeida et al.,
2012). These results indicate the need to further investigate this myco-
toxin in the country. CVT is an ATP synthase inhibitor and one of the
etiology factors of cardiac beriberi and Keshan disease (Feng et al.,
2019).

Fusarium verticillioides and Fusarium proliferatum, the main fumonisin
producers, are known to be the most common pathogens in maize (Zea
mays) (Marasas, 2001), and high prevalence of these mycotoxins in
maize and maize products is expected. Indeed, all maize-based product
samples analyzed had at least one fumonisin present, with a mean level
of 518.4 pg/kg (FB1+FB2+FB3). High prevalence of fumonisins in
maize-based products was also reported in other studies in Brazil
(Andrade et al., 2018; Barroso et al., 2017; Bordin et al., 2014; Bordini
et al., 2019; Caldas and Silva, 2007; Franco et al., 2019b; Martins et al.,
2012) and elsewhere (see the review by Lee and Ryu, 2017). In this
study, fumonisins were also found in breakfast cereals not exclusively
made of maize (up to 386 pg/kg FB1) and in wheat pasta (up to 67.6
ng/kg FB1; Table S2).

Fumonisins can covalently or non-covalently bind to matrix food
constituents, mainly during thermal processes, and may not be extracted
during the usual analytical methods, which can underestimate the di-
etary human exposure to these mycotoxins (Dall’Asta et al., 2008; Ber-
thiller et al., 2013). In this study, bound/hidden fumonisins accounted
for up to 16% of total fumonisin concentration, lower than what was
found in other studies (Dall’ Asta et al., 2009, 2008; Park et al., 2004; Hu
et al., 2019). Oliveira et al. (2015) showed that hidden fumonisins (not
covalently bound to maize components) in maize grain corresponded to
1.5-3.8 times the concentration of free fumonisins (FB1 and FB2).

Fusarium graminearum is a major pathogen in wheat, causing the
Fusarium head blight disease that affects wheat production worldwide;
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Table 5
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Chronic dietary risk assessment of total fumonisins, total deoxynivalenol and total zearalenone for the Brazilian population.

Percentile Total fumonisins PMTDI = 2 pg/kg bw per day® Total deoxynivalenol PMTDI = 1 pg/kg bw per day” Total zearalenone PMTDI = 0.25 pg/kg bw per day*
Mean intake’ (CI) ~ %PMTDI® Mean intake* (CI) %PMTDI® Mean intake? (CI) %PMTDI®

General population (10-102 years)

Mean 0.07 (0.06-0.09) 4 0.05 (0.05-0.06) 5 0.005 (0.004-0.006) 2

90 0.39 (0.33-0.49) 19 0.54 (0.50-0.58) 54 0.05 (0.04-0.05) 20

95 0.91 (0.77-1.14) 46 0.74 (0.68-0.80) 74 0.07 (0.06-0.08) 28

97.5 1.51 (1.27-1.88) 76 0.96 (0.89-1.04) 96 0.10 (0.09-0.11) 40

99 2.44 (2.04-3.08) 122 1.26 (1.17-1.36) 126 0.15 (0.13-0.16) 60

Teenagers (12-18 years)

Mean 0.1 (0.08-0.12) 5 0.09 (0.77-0.10) 0.008 (0.007-0.01) 3

90 0.62 (0.45-0.82) 31 0.77 (0.70-0.84) 0.07 (0.07-0.08) 28

95 1.28 (1.02-1.69) 64 1.04 (0.93-1.13) 104 0.10 (0.09-0.12) 40

97.5 2.11 (1.61-2.78) 106 1.25 (1.16-1.35) 125 0.14 (0.12-0.16) 56

99 3.17 (2.37-4.22) 159 1.60 (1.42-1.76) 160 0.18 (0.16-0.21) 72

Women of child-bearing-age (12-45 years)

Mean 0.08 (0.07-0.1) 4 - - -

90 0.38 (0.30-0.47) 19 - - -

95 0.83 (0.67-1.01) 42 - - -

97.5 1.39 (1.14-1.73) 70 - - -

99 2.09 (1.71-2.62) 105 - - -

2 FB1 + FB2+ FB3; JECFA, 2001.
> DON +3 acetyl DON +15 acetyl DON; JECFA, 2001.
¢ Include metabolites; EFSA, 2016.

4 In pg/kg bw per day. CI = lower (LL, 2.5%) - upper (UL, 97.5%) limits at 95% confidence interval.

¢ Rounded up to 3 significant figures.

the fungus is also the main producer of trichothecenes (Khan et al.,
2020). In this study, 96% of the wheat flour (53-3186 pg/kg), all wheat
pasta (84.0-861 pg/kg) and cracker (139.4-916.1 pg/kg) samples con-
tained DON (Table S2). High levels and incidence of DON were also
found in some studies in the country (Almeida et al., 2016; Lanza et al.,
2019), while in others the incidences were lower (35-58%; Machado
et al., 2017; Rocha et al., 2017; Savi et al., 2016). In China, over 70% of
the wheat flour and maize flour contained DON (Sun and Wu, 2016),
while less than 40% of the maize flour samples analyzed in the present
study contained this mycotoxin. In general, the occurrence of ZON in
wheat and wheat flour available in Brazil is low (Lanza et al., 2019;
Tralamazza et al., 2016), but both the level of contamination and the
percentage of positive samples may change significantly over the years
(Mallmann et al., 2017). In this study, about 10% of the maize flour
samples contained ZON, and although the incidence in wheat flour was
low (2.5%), 73% of the wheat pasta and all cracker samples contained
this mycotoxin. The occurrence of DON and ZON in maize and its
products has also been reported in other studies in Brazil (Oliveira et al.,
2017; Pante et al., 2019).

AFB1 is a genotoxic compound, and constant monitoring of its levels
in cereals and continuous action by health authorities to decrease afla-
toxin exposure are necessary (JECFA, 2018). Jager et al. (2016) found
that 57% of the 28 samples of maize flour collected in the state of Sao
Paulo contained AFB1, and up to 40% of the rice samples analyzed in
other studies conducted in Brazil had aflatoxins (Katsurayama and
Taniwaki, 2017; Katsurayama et al., 2018). However, data presented in
this paper showed a low incidence of AFs, which were present only in
maize flour (10.5% contained AFB1), in one sample of maize snacks, and
in one sample of rice pasta.

To avoid high uncertainties in the probabilistic exposure assessment
due to the large number of censored data (<LOQ) for aflatoxins, OTA,
CVT, DAS, HT2 and T-2, the exposure assessments and the potential risks
to Brazilian consumers were estimated only for fumonisins (free and
bound/hidden), DON (including its acetylated forms) and ZON
(including a-ZOL), which had the highest incidence of positive samples.
The chronic exposure to fumonisins exceeded the PMTDI only at higher
percentiles (at the 99P for the general population and women of child-
bearing-age, at the 97.5P for teenagers), with consumption of maize
couscous accounting for most of the total intake for all population
subsets evaluated. Chronic exposure to DON exceeded the PMDI at the

99P for general population and the 95P for teenagers, with bread, pasta
and crackers, all wheat-based products, contributing the most to the
total DON intake. The mean exposure to ZON and the acute exposure to
DON did not exceed the safe exposure level, even at the highest per-
centiles of the intake distributions for both populations. One challenge
for risk management authorities when evaluating the results of a risk
assessment is to identify the level of exposure that should raise a health
concern and require actions to decrease the exposure. For mycotoxins,
the 95P has been used as the chronic exposure level of concern to drive
management actions, and higher percentiles may be considered for
acute exposure (Marin et al., 2013; EFSA, 2014). The European Food
Safety Authority (EFSA) used the 95P of exposure to evaluate the safety
of the maximum levels of deoxynivalenol (DON), fumonisins and zear-
alenone (ZON) in maize and maize products in the region (EFSA, 2014).

All the chronic dietary risk assessment studies conducted in the
country for fumonisins, DON and ZON used the deterministic approach
to estimate exposure, but most included only a few food products and
analyzed samples and were limited to certain Brazilian regions; only one
considered the consumption of food-as-eaten (such as bread), and none
included bound fumonisins, and DON and ZON metabolites. Most as-
sessments did not find any risk to humans from the chronic exposure.
Although a direct comparison with the results obtained in present study
is limited, some published studies will be discussed here.

Bordin et al. (2014) estimated a FB1 intake of 0.06 pg/kg bw for a
Sao Paulo state city population using concentration data from 129 maize
product samples and consumption data obtained from a Food Frequency
Questionnaire collected from 39 residents. Savi et al. (2016) estimated a
similar fumonisin intake level (0.07 pg/kg bw) by the Santa Catarina
State population from the consumption of milled maize and maize-based
products using data from the 2008,/2009 HBS (mean availability of each
food in the household). Using the same consumption data, Bordini et al.
(2019) estimated a fumonisin (FB1+FB2) intake of 0.096 pg/kg by the
Brazilian population, using concentration data in maize endosperm,
maize meal and maize grits. Using the individual consumption data from
the 2008/2009 HBS, Andrade et al. (2018) estimated that the intake of
fumonisins (FB1+FB2+FB2) through the consumption of popcorn
ranged from 0.0051 pg/kg bw (lower bound; <LOD = 0) to 0.1943
ng/kg bw (upper bound; <LOD = LOD) for total population and from
4.85 to 26.9 pg/kg bw for high consumers. This last approach over-
estimates the risks from chronic exposure to fumonisins, as it is unlikely
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Fig. 1. Food categories that most contributed to chronic intake of fumonisins, deoxynivalenol and zearalenone. Cookies include biscoito recheado (biscuits with cream
filling) and biscoito doce (sweet biscuits); Full description of foods grouped into the category ‘others’ can be found in the Supplementary Material (Table S3).

Table 6
Acute dietary exposure assessment of total deoxynivalenol (ARfD = 8 ug/kg bw)
for the Brazilian population.

Percentile General population (10-102 years) Teenagers (12-18 years)
Intake (CI) % ARfD Intake (CI) % ARfD*

90 0.61 (0.55-0.65) 8 0.88 (0.81-0.94) 11

95 1.03 (0.94-1.12) 13 1.43 (1.30-1.53) 18

97.5 1.55 (1.40-1.69) 19 2.08 (1.87-2.29) 26

99 2.33(2.10-2.63) 29 3.06 (2.71-3.40) 38

99.9 4.86 (3.94-6.0) 61 6.35 (4.87-7.51) 79

CI = lower (LL, 2.5%) - upper (UL, 97.5%) limits at 95% confidence interval; *
rounded up to 2 significant figures.

that an individual would be a high consumer of popcorn on a daily basis.
In the present study, the consumption of popcorn accounted for only
0.2% of the total dietary fumonisin intake.

Savi et al. (2016) evaluated the exposure of the Southern Brazilian
population to DON through the consumption of wheat-based products
(food availability from the 2008/2009 HBS) and samples collected in
Santa Catarina State, showing that the estimated intake did not exceed
the PMTDI even when the highest consumption data was used. In the
study conducted by Silva et al. (2018), 172 wheat flour samples in

Parana State were analyzed for DON and the amount of wheat flour in
the products was estimated, assuming that wheat flour is 9.8% protein.
The DON intake by the Brazilian population ranged from 0.31 pg/kg bw
for elderly males to 0.62 pg/kg bw for female teenagers, below the
PMTDI.

The exposure of the Brazilian population to ZON through the con-
sumption of maize meal samples collected in the state of Parand, Brazil
(food availability from the 2008/2009 HBS) estimated by Pante et al.
(2019) ranged from 1.6 ng/kg bw day (Midwest region; upper level) to
6.4 ng/kg bw day (Northwest; upper level). Franco et al. (2019a)
assessed the exposure of residents from rural areas of Sao Paulo and
Santa Catarina states to multiple mycotoxins using two different ap-
proaches: the direct (analysis of biomarkers in urine samples) and the
indirect (24 h dietary recall and occurrence data on rice, beans, wheat
flour, maize flour and maize meal). The two approaches gave different
results, with the daily intake estimated from the biomarkers exceeding
the TDI for ZON and the PMTDI for OTA, and the daily intake estimated
through the consumption exceeding the PMTDI for DON, which agrees
with our results using consumption data. Exposure to mycotoxins is
primarily dietary, and it is possible that the inconsistency found between
the two approaches is related to the uncertainty of the consumption data
(Franco et al., 2019a).

Dietary exposure to mycotoxins has also been assessed in various
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Fig. 2. -Food categories that most contributed to total acute intake of deoxynivalenol.

other countries. De Boevre et al. (2013) evaluated human exposure to
trichothecenes, ZON, metabolites and their hidden forms through the
consumption of cereal-based foods in Belgium, using both deterministic
and probabilistic approaches. The authors concluded that, although the
intake for most of the Belgian population did not exceed the safe
exposure levels for DON, ZEN and the sum of T-2 and HT-2, there is a
large subpopulation exceeding those safety values. The probabilistic
dietary risk assessment conducted by Sun and Wu (2016) in China
considering the consumption of a range of cereals showed that the intake
for total DON exceeded the PMTDI at the 99P (3.5 pg/kg bw day). The
probabilistic exposure to DON through the consumption of bread by the
Hungarian population was estimated by Ambrus et al. (2011) and
showed that the intake exceeded the PMTDI in 5-15% of the cases,
depending on the approach used. The authors found that health risks
may be present at lower percentiles (from the 85P) for chronic exposure
and at the 99.9P for acute exposure, which is a worse situation than what
was found in the present study for the Brazilian population, considering
other food contributors in the exposure.

The intake estimations and the assessed risks reported in this study
have uncertainties that are inherent to dietary exposure risk assess-
ments. Uncertainties in the exposure assessment are related to the
limited sample size for concentration and/or food consumption and can
be decreased if more data are made available (Kettler et al., 2015;
Tenant et al., 2017). In this study, these uncertainties were quantified by
the bootstrap approach, and reported as 95% confidence intervals (be-
tween the 2.5% and 97.5% percentiles of the uncertainty interval)
around the percentiles of exposure. The highest percentiles have larger
uncertainties than moderate ones, since they are based on fewer data
points. Additional uncertainties can be assessed qualitatively. Un-
certainties in the concentration data are related primarily to the sam-
pling procedure, which in this study was limited to two Brazilian
regions, the uncertainty inherent to the analytical method and the un-
certainty related to the PFs applied to the concentration data, which in
some cases were estimated based on only a few trials. Uncertainties
related to food consumption in this study were mostly due to the
extrapolation of the food consumption data obtained during the years of
2008-2009 for the years that the samples were collected for analysis
(2013-2016), and the conversion of foods/ingredients (food-as-eaten)
to their food-as-analyzed counterparts, which were obtained mainly
from reference books. Finally, uncertainties on the risk characterization
are related to the toxicological data and on how the reference doses
(PMTDI, TDI or ARfD) were derived, a process that occurs during the
hazard characterization of the risk assessment process. Traditionally, the
reference doses are estimated by dividing the NOAEL (No Observed
Adverse Effect Level) obtained in animal studies by a safety factor to
extrapolate to humans, both values having a great degree of uncertainty
(WHO, 2018; Chiu et al., 2018). A probabilistic approach to estimate
reference doses has been proposed (WHO, 2018). Using DON as an
example, the degree of uncertainty was estimated as 200, i.e., the true
target human dose (HD) could be considered 200 times higher than the

probabilistic estimated reference dose (WHO, 2018).

To the best of our knowledge, this is the first study to conduct a
probabilistic dietary assessment to evaluate the exposure of the Brazilian
population to mycotoxins. The study included metabolites and bound/
hidden forms in the assessment, although their contribution to the total
mycotoxins was low. Furthermore, the intake considered the consump-
tion of all food prepared with wheat and maize flour for which con-
sumption data are available and used processing factors to refine the
assessment. However, the study has two major limitations that should be
commented on. A small number of rice samples were analyzed, which
may have hampered the detection of the investigated mycotoxins in this
cereal. Rice is a staple food in the Brazilian diet and dietary exposure
assessment to mycotoxins through its consumption is essential in the
country. Furthermore, the individual consumption data available for the
Brazilian population do not include children under 10 years, a popula-
tion that has a higher consumption rate per body weight than adults for
some foods and therefore a higher exposure level. In a study conducted
with Portuguese children (one to three years old), a potential adverse
health effect from aflatoxin exposure through the consumption of cereal
products was found at intake percentiles of 50P or higher (Assuncao
et al., 2018). Using urinary biomarkers, Gratz et al. (2019) showed that
children in the United Kingdom were frequently exposed to levels of
DON and OTA exceeding the tolerable daily intake (52 and 95% of cases,
respectively).

5. Conclusion

The probabilistic dietary risk assessment to mycotoxins in Brazil
showed that the chronic intake only exceeds the safe exposure level at
the 95P of the intake distribution for DON (teenagers; 104% of the
PMTDI). This information could be used as a guide for future manage-
ment decisions by government authorities. Exposure to DON was mainly
due to contamination of wheat flour and consumption of bread and
pasta). Maize couscous, widely consumed by the Brazilian population,
was the food that most contributed to fumonisin and zearalenone
intakes.

This was a very extensive risk assessment study that covered a large
range of cereal-derived foods that are potentially a source of mycotoxin
exposure, but new studies should be conducted when more recent con-
sumption data for the Brazilian population are available. These data
should include information for individuals younger than 10 years old.
Human biomonitoring studies linked with food surveys and health
studies are also necessary to contribute to a more accurate assessment of
the Brazilian population’s exposure to mycotoxins.

Fusarium species infect maize and wheat grains and produce DON,
fumonisins and zearalenone mainly at the pre-harvesting stage. Various
strategies could be used to decrease mycotoxin contamination and
minimize the potential health effects on consumers. Farmers in Brazil, as
well in other countries, should apply good agricultural practices,
including controlling insect damage and fungal infection with pest
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management program and using hybrids adapted to environmental
stresses that favor fungal growth. Additionally, Brazilian government
should periodically revise its legislation concerning maximum limits for
mycotoxins, in addition to a continuous surveillance of mycotoxins in
grain and cereal-based products.
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