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Abstract

The main objective of this research was to perform an exposure assessment of mycotoxin intake through consumption
of wheat-based products in Serbia, Croatia, and Greece by estimating deoxynivalenol (DON) and zearalenone (ZEA)
exposure from wheat. Food consumption survey of wheat-based products has been performed during 2017 in the
three countries with at least 1000 interviewees per country. Values for the concentration of DON and ZEA were
extracted from available research published in this decade. Finally, a Monte Carlo analysis of 100,000 simulations
was performed to estimate the intake of DON and ZEA from consumption of wheat-based products. Results
revealed that the estimated daily wheat-borne intake of DON of the adult population in Croatia was 0.121 pg/kg
bw/day, followed by Greece with 0.181 pg/kg bw/day and Serbia with 0.262 pg/kg bw/day. This shows that 0.25% of
Croatian, 1.19% of Greek and 3.96% of Serbian adult population is exposed to higher daily dietary intakes of DON
than recommended. Estimated daily wheat-borne intake of ZEA was 0.017 pg/kg bw/day in Greece, 0.026 pg/kg
bw/day in Croatia and 0.050 ug/kg bw/day in Serbia. Higher intake of ZEA is associated with 0.62% of the Greek
population, followed by 0.95% Croatian and 2.25% of Serbian citizens. This type of research is helpful to assess
accurately the risk by DON/ZEA intake associated with the consumption of wheat-based products by consumers
in these three countries. Distributions of potential mycotoxin intakes were highly right-skewed.

Keywords: mycotoxins, wheat products, consumption risks, Monte Carlo

1. Introduction to the great variation in ingredients as well as rising and
baking methods (Sandvik et al., 2018). Being consumed

Wheat (Triticum aestivum) is considered as one of the on such scale throughout the world a prevention of wheat

most important food grains and ranks second in the total
production of cereal crops behind maize (Gonzalez-
Osnaya and Farres, 2011). In 2017, world wheat output
was estimated at 754.8 million tons (FAO, 2018). In wheat-
dominant countries such as south-European countries (EU,
2017), wheat may be categorised as the primary source of
calories and protein originated from plant sources in the
human diet (Khaneghah et al., 2018). There is a wide range
of commerecial, traditional and modern wheat products due

contamination with mycotoxins is crucial to food safety
(Calori-Domingues et al., 2016).

Mycotoxins are a series of secondary metabolites generated
by various fungi species (Liu et al., 2015). Under favourable
conditions, cereals may be contaminated by toxigenic fungal
strains throughout the food chain (Savi et al., 2014). Among
the fungal diseases of wheat, Fusarium head blight (FHB) is
one of the most damaging (Siou et al., 2015). The Fusarium
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species predominantly associated with FHB are Fusarium
graminearum, Fusarium avenaceum and Fusarium
culmorum (Bottalico and Perrone, 2002). Infection and
colonisation of cereal heads by these pathogens not
only reduce crop yield but also results in mycotoxin
contamination (Kimura et al., 2007). Mycotoxins most
frequently encountered in FHB of wheat are deoxynivalenol
(DON) with its derivatives and zearalenone (ZEA), both
produced by E graminearum and F. culmorum (Bottalico
and Perrone, 2002). DON belongs to a major class of
mycotoxins known as trichothecenes. All mycotoxins in
this group have small molecular weights, the same basic
ring structure, and a characteristic 12,13-epoxide group (He
et al., 2010). Various surveys for the presence of DON and
ZEA have indicated the world-wide occurrence of these
mycotoxins primarily in cereals, such as wheat (Denardi de
Souza et al., 2015; Khaneghah et al., 2018; Li et al., 2016;
Manova and Mladenova, 2009; Savi et al., 2016; Stanciu et
al., 2015; Vidal et al., 2016).

Based on animal studies it was established that DON can
affect the immune system food consumption, growth,
reproduction, neuroendocrine signalling, and intestinal
function (Pestka, 2010; Pinton et al., 2010). Concerning
toxicity in humans there is historical evidence suggesting
that DON causes acute gastroenteritis with had nausea,
diarrhoea and vomiting as their primary symptoms (Pestka,
2010). The toxicity of DON initiated many countries to
set up regulations for its control in wheat grains and
their products intended for human consumption (Savi
et al., 2016). As DON is usually accompanied with his
acetylated and modified forms Joint FAO/WHO Expert
Committee on Food Additives (JEFCA) established a
provisional maximum tolerable daily intake (PMTDI) of
1 pg/kg body weight per day for the total amount of DON
and its acetylated derivatives, 3-acetyldeoxynivalenol (3-
ADON) and 15-acetyldeoxynivalenol (15-ADON) (FAO/
WHO, 2010). This was also confirmed by CONTAM Panel
where TDI of 1 pg/kg bw/day was established for the sum
of DON, 3-ADON, 15-ADON and DON-3-glucoside and
an acute reference dose (ARfD) of 8 pg/kg bw was defined
(Knutsen et al., 2017). Presence of DON derivatives were
rarely investigated in countries included in the present
study. Therefore, the exposure assessment for the whole
group was evaluated based only on DON occurrence which
could lead to certain level of underestimation.

ZEA is a phenolic resorcylic acid lactone mycotoxin
with dominating biological oestrogenic activity, i.e. the
ability to act like the endogenous steroidal sex hormone
17 b-oestradiol (EFSA, 2017). The current tolerable daily
intake (TDI) for ZEA is 0.25 pug/kg bw/day established in
2011 by the EFSA Panel for Contaminants in the Food
Chain (EFSA, 2011b). In 2016 the CONTAM Panel found
it appropriate to set a group TDI of 0.25 pug/kg bw per day

expressed as ZEA equivalents for ZEA and its modified
forms (phase I and phase II metabolites) (EFSA, 2016).

Exposure assessment implies a calculation of mycotoxin
occurrence in food joint with analysis of consumption of
the same food in a particular population (Pacin et al., 2011).
In the mycotoxin field, exposure assessment methods are
mainly deterministic. However, EFSA encourages the use
of probabilistic approaches to capture the variability in
refined models (EFSA, 2011a). Therefore, food consumption
patterns play a significant role in all risk assessment
activities in order to estimate the impact of different
nutrients and food hazards on consumer health (Vilone
etal., 2014).

The aim of this study was to provide a quantitative exposure
assessment to DON and ZEA through the consumption of
wheat-based products in three countries (Serbia, Croatia,
and Greece) using food consumption survey and established
Monte Carlo simulations.

2. Materials and methods
Consumer survey

Food consumption survey of wheat-based products has been
performed during 2017 in all countries. A questionnaire
has been designed according to general principles and
EFSA guidelines on data collection of national food
consumption (EFSA, 2009). To the best of our knowledge,
this study is currently the only survey to provide individual
consumptions data on wheat-based products in these three
countries.

The tested population sample was predetermined in
terms of age (all respondents were 20 years or older),
number of respondents per country (1000) and locality
of residence (large cities). The recruitment of the
respondents was performed outdoors, in front of various
food retails, randomly choosing citizens, as well as using
an existing professional and family network, and by further
dissemination of the questionnaire through their networks.
The number of participants that were approached in the
survey but refused to participate was below 5% for each
country. Brief explanations about aims of the research
were given to the respondents before interviewing to avoid
ambiguity.

Demographic characteristics were not stratified due to
restrictions in resources when interviewing three countries
at the same time (Table 1). The authors recognise that
this method does not provide a truly random sample of
consumers, but instead, represents a ‘convenience sample’
and evaluates the dietary habits of wheat-based products
of urban population. In spite of its limited size per country,
the sample used here is comparable to similar published
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Table 1. Demographic and consumption profile of the sample (n=3,014).12

Total Serbia Croatia Greece

Gender male 1445 (47.9%) 463 (45.8%) 481 (48%) 501 (50.1%)

female 1569 (52.1%) 548 (54.2%) 522 (52%) 499 (49.9%)

Total 3,014 (100%) 1,011 (100%) 1,003 (100%) 1000 (100%)

Age less than 24 years 788 (26.1%) 330 (32.6%) 114 (11.4%) 344 (34.4%)

2534 years 715 (23.7%) 312 (30.9%) 227 (22.6%) 176 (17.6%)

35-49 years 563 (18.7%) 181 (17.9%) 201 (20%) 181 (18.1%)

50-64 years 519 (17.2%) 12 (11.1%) 233 (23.2%) 174 (17.4%)

Over 65 years 429 (14.2%) 76 (7.5%) 228 (22.7%) 125 (12.5%)

Average body weight [kg] 73.14£15.03 72.97+16.25 74.21£13.93 72.23+14.77
Average daily intake of wheat from wheat-based products [kg] 0.087+0.061 0.081£0.056A 0.07020.0548 0.110£0.064¢
Average daily intake of wheat from male 1.194+0.836 1.128+0.7348 0.884+0.7203A  1.552:+0.893C
wheat-based products [g/per kg bw] female 1.257+0.947 1.129+£0.836A8  1.039£0.765°A  1.625+1.110B
total 1.227+0.895 1.129+0.791A 0.965+0.7488 1.588+1.007¢

1 (n) represents the number of respondents; (%) represents their share in the sample; bw = body weight.
2 |tems denoted with different small letters are significantly different within the demographic category and items denoted with different capital letters are
significantly different between the countries. Statistical significance was set at P<0.05.

consumer surveys related to food consumption patterns and
the results under a certain dose of caution may be projected
to the general population level of the three countries.

A structured three-section questionnaire was developed
considering similar research on risk assessments/exposure
assessment published in scientific manuscripts (EFSA,
2009; Pacin et al., 2011). The first section included general
demographic information about the respondents, namely
gender, age, and weight (Table 1). The second section
examined consumers’ consumption patterns of bread as
the most consumed wheat-based products and covered
frequency of consumption of bread and number of slices
usually consumed. The third section gave the respondents
opportunity to analyse consumption of wheat-based
products in the last seven days giving them the possibility
to state type of product and quantity of consumed products
(in grams).

Before the field research, authors placed all investigated
wheat-based products on plates/dishes as usually served,
determined values of product portions (in grams) and made
photographs of the products. In terms of visual aid, the
interviewees were provided with photographs of wheat-
based products and provided values of portions. Wheat
content in the analysed products is presented in Table 2,
taking into account values in ‘ready-to-eat’ conditions.
The values were captured from literature (Hsu et al., 2004;
Nestle, 2018; Regulation, 2018a,b; Sununtnasuk, 2013).

Concentration of deoxynivalenol and zearalenone

A bibliographic search was carried out to obtain preliminary
estimates of the average concentration of DON and ZEA
in wheat in Serbia, Croatia and Greece. Figures of DON
and ZEA in these three countries that were published
in this decade were used to calculate values and ranges
(Table 3). Values above limit of detection (LOD) were
amended using correction factors in order to take into
account effect of cleaning, sorting, milling (correction
factors taken from the literature; see results section) and
baking (correction factors determined experimentally in

Table 2. Content of wheat in wheat-based products included
in this study.

Food item Portion [g] Content of wheat
in final product [%]
White bread 40 74
Brown bread 40 59
Wholegrain bread 40 59
Fine bakery products 35 55
Bakery products 35 55
Pastas 250 45
Crepes 25 40
Breakfast cereals 30 40
Cooked wheat 30 40
Pizza 90 35
Bars 25 30
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Table 3. Deoxynivalenol (DON) and zearalenone (ZEA) concentration (ug/kg) in wheat in Serbia, Croatia and Greece provided in

literature in the last decade.
Serbia

Concentration of DON
Number of samples (positive samples) 243 (189)

Mean 709 uglkg

Range 10-4,800 pg/kg
Concentration of ZEA

Number of samples (positive samples) 131 (78)

Mean 176 pglkg

Range 5-1,079 pglkg

References (Jaji¢ et al., 2013, 2014; Jaksi¢
etal., 2012; Kmjaja et al., 2011,

2015)

this study and provided in the next section). Fixed mean
values as provided in the publications were used in further
simulations for performing dietary exposure assessment.

Effect of baking on mycotoxins content

In order to analyse the effects of baking, naturally
contaminated flour was used to prepare sample breads
were prepared following the recipe: 370 g of naturally
contaminated flour, 7.4 g salt and 9.25 g bakers yeast mixed
with approximately 200 ml water in order to obtain a 500 g
loaf after baking (Ordinance, 2017). Temperature of baking
was 200 °C for 20 min. Dough and bread samples were oven
dried for 24 h at 48 °C to reach constant dry weight. Baking
tests, for both DON and ZEA, were performed in triplicate.

DON and ZEA in dough and bread samples were
determined by ELISA method, using Celer *Techna (Tecna
S.rl, Trieste, Italy) test kits with a LOD of 40 and 10 pg/
kg, respectively. Analyses were performed according to
the manufacturer instructions. In particular, 5 g of dried
dough/bread were mixed with 1 g of NaCl and 25 ml of 70%
methanol. After 3 min of shaking, samples were filtered
through Whatman 1 filters (Whatman, Maidstone, UK).
The filtrate was used in ELISA the assay. ELISA tests were
evaluated using a Tecan’s Sunrise™ absorbance micro plate
reader (Tecan Trading AG, Ménnedorf, Switzerland) with
an absorbance filter at 450 nm.

Exposure estimation

The exposure to mycotoxins (DON and ZEA) through
product consumption was calculated using data on wheat
based products consumption, mycotoxin concentration
and body weight, as follows (Pacin et al., 2011):

Croatia Greece

147 (90) 67 (45)

376 uglkg 495 pglkg
10-3,880 pg/kg 10-2,446 pg/kg
156 (88) 151 (91)

98 pglkg 34 pglkg
5-982 pglkg 5-921 pglkg

(Pleadin et al., 2013, 2017a,b)

(Binder et al., 2007; Griessler

et al., 2010; Irakli et al., 2017
Skendi et al., 2016)

Xi PW 1

EDI = = * b * Gy (1)
EDI is the estimated daily intake of a certain mycotoxin
[ug/kg bw/day]. P, is the amount of wheat-based products
consumed weekly [kg]. Average daily intake of wheat was
calculated when P, was divided by seven. W/, is the content
of wheat in the wheat-based product [%]. Body weight (bw)
is expressed in [kg]. C, is the concentration of mycotoxins

[ng/kg].

Statistical analysis

Chi-Square test for association was used to discover if there
are relationships between bread consumption patterns
and demographic characteristics of the sample (gender,
age and country). The Mann-Whitney U test has been
performed to compare the consumption patterns between
two groups-categorical variables, such as gender and age.
The Kruskal-Wallis H test has been carried out to compare
consumption patterns between more than two groups, such
as country. To distinguish statistical differences related to
average daily intake, t-test, one-way ANOVA and Tukey’s
HSD post hoc test were used.

This study used the Monte Carlo analysis of 100,000
simulations — a probabilistic computer simulation
method to estimate the intake of DON and ZEA from
consumption of wheat-based products. The uncertainty
of Monte Carlo variation was assessed in the form of
approximate confidence intervals (95% Cls) of the mean
values of exposure to DON and ZEA (Sun and Wu, 2016).
Basic descriptive statistical processing was performed using
MS Excel (Microsoft, Redmond, WA, USA). Probability
distribution fitting for body weight and weekly intake of
wheat-based products as well as Monte Carlo simulation
was performed using Minitab.
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3. Results and discussion
Consumption patterns

Overall, demographic profile (Table 1) shows that female
population slightly prevailed (52.1%). Distribution of
respondents regarding their age showed that half of the
sample was considered as younger (below 34 years of age)
and a half as older than 35. Average body weight in the three
countries was between 72 and 74 kg. Average daily intake
of wheat from wheat-based products taking into account
content of wheat provided in Table 2 was statistically
different between the three countries (P<0.05) and showed
the highest results in Greece (0.110+0.064 kg) followed
by Serbia (0.081+0.056 kg) and Croatia (0.070+0.054 kg).
Comparing the same genders, average daily intake of
wheat from wheat-based products also showed statistically
different between the three countries (P<0.05). Also, in
Croatia consumption of wheat is statistically different
between the genders (P<0.05).

In north European countries, bread appears to be the most
consumed wheat based product (Sandvik et al., 2018) and
the likely primary source of DON exposure (Pacin et al.,
2011). Based on the analysis of the frequency of bread
consumption in the three countries, Table 4, it seems
that bread is the mostly consumed wheat-based product.
Slightly more than half of the respondents confirmed they
consume bread more than once a day, whereas twice a day
is the most frequent pattern. In addition, this study showed
significant association between countries and consumption

Exposure assessment of consuming wheat products

patterns (P<0.05). Based on the seven days consumption
data, quantity of consumed bread compared to other types
of wheat-based products was 22.13% in Greece, 28.98% in
Croatia and 34.34% in Serbia.

The results also showed that in the three European
countries surveyed, 27.8% of the male population eat
bread three times a day or more while only 12.9% of
females eat bread so frequently (Table 4). Chi-Square test
for association confirmed slightly different consumption
patterns between male and female respondents (P<0.05).
Also, statistically significant differences were confirmed
in consumption patterns between the younger and older
population (P<0.05).

In Serbia and Greece, the majority of the population
consumes two slices of bread per meal, while in Croatia
it is one slice (P<0.05, data not shown). Regarding gender,
the majority of females (45.7%) consume one slice of bread
per meal, while 36.6% of men consume two slices per
meal (x? = 216.155; P<0.05, data not shown). There was
no statistically significant difference between the younger
and older population, they all consume a 1-2 slices of bread
per meal (P>0.05).

Fate of mycotoxins from wheat to ready to eat form

In order to obtain exposure assessment to Fusarium
mycotoxins, analysis in raw materials must be treated with
due care to avoid biased overestimations that do not take
impact of milling and processing (EFSA, 2013).

Table 4. Frequency of consumption of bread in Serbia, Croatia and Greece (n=3,014).!

Morethan3  Twiceaday Onceaday  5-6timesa 3-4times a Twice aweek Once aweek Total
times a day week week or rare
Country?
Serbia? 251 (24.8%)  358(35.4%) 159 (15.7%) 68 (6.7%) 82 (8.1%) 51 (5.0%) 42 (4.2%) 1,011 (100%)
Croatia® 222 (22.1%) 306 (30.5%) 237 (23.6%) 56 (5.6%) 63 (6.3%) 34 (3.4%) 85 (8.5%) 1,003 (100%)
Greece® 130 (13.0%)  301(30.1%) 280 (28.0%) 62 (6.2%) 62 (6.2%) 73 (7.3%) 92 (9.2%) 1000 (100%)
Overall 603 (20.0%)  965(32.0%) 676 (22.4%) 186 (6.2%) 207 (6.9%) 158 (5.2%) 219 (7.3%) 3,014 (100%)
2 = 118.622; P<0.05
Gender
Male? 401 (27.8%)  421(291%) 261 (18.1%) 82 (5.7%) 93 (6.4%) 78 (5.4%) 109 (7.5%) 1,445 (100%)
FemaleP 202 (12.9%) 544 (34.7%)  415(26.4%) 104 (6.6%) 114 (7.3%) 80 (5.1%) 110 (7.0%) 1,569 (100%)
2 = 116.292; P<0.05
Age
Young 260 (17.3%) 457 (30.4%) 339 (22.6%) 116 (7.7%) 122 (8.1%) 90 (6.0%) 118 (7.9%) 1,502 (100%)
(<34y)?
Older (>34y)° 343 (22.7%) 508 (33.6%) 336 (22.2%) 70 (4.6%) 85 (5.6%) 68 (4.5%) 102 (6.7%) 1,512 (100%)

X2 = 36.317; P<0.05

1 (n) represents the frequency of consumption of bread during the observed period; (%) represents their share in the sample.
2 ltems denoted with different superscript letters are significantly different at the level of 5%.
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Sorting and cleaning, a common steps prior to milling, may
reduce mycotoxin contamination in wheat, by removing
kernels with extensive mould growth, broken kernels,
fine materials, and dust (Bullerman and Bianchini, 2007;
Kushiro, 2008). This is the material in which most of
the toxins accumulate (Pascale et al., 2011; Visconti et
al., 2004). The concentration of mycotoxins in cleaned
wheat, compared to the uncleaned ranges from 7 to 63%
for DON, and from 7 to 40% for ZEA out of their initial
concentrations (Edwards et al., 2011; Lancova et al., 2008;
Neuhof et al., 2008).

Milling is the procedure by which whole wheat grains are
grounded. During milling mycotoxins may be redistributed
and concentrated in certain milling fractions. Most of the
studies on milling distribution of mycotoxins in wheat were
carried out on DON. Depending on method employed the
concentration of DON in white flour or semolina, compared
to that in the wheat grain, has ranged from 11 to 89% of
the initial concentration (Abbas et al., 1985). Edwards et
al. (2011) reported milling distribution of ZEA of 44%.
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Literature review on thermal processing has shown
variable reductions in DON depending on the time and
temperatures applied. Decrease of DON concentrations
was in range from 19.1 to 69.4% (Abbas et al., 1985), 6 to
16% (Dropa et al., 2014), while Valle-Algarra et al. (2009)
reported reduction rate of 48.6%. ZEA is relatively heat
stable and given the thermal stability of the molecule it
often survives the treatment (Maragos, 2010). An early
report by Gilbert (1989) indicated that about 60% of
ZEA remained after baking of bread, 40-50% remained
after the noodle manufacturing, and 80% remained after
biscuit manufacturing. Due to relatively low number of
studies performed on effect of thermal processing on
DON and ZEA and high variability of presented results
we performed our own study in order to asses this effect.
Our study showed a decrease of approximately 20 and
15% in concentrations of DON and ZEA after baking,
respectively, and this was also used as a correction factor
in our study. Initial concentrations of DON and ZEA, in
dough prior to baking, were 211.0+33.7 and 27.8+3.4 ug/kg,
while their concentrations in baked bread were 169.6+6.8
and 23.7+3.2 pg/kg, respectively.
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Figure 1. Comparison among estimated total daily intake of mycotoxins after a Monte Carlo analysis of 100,000 simulations. (A)
Deoxynivalenol (DON) Serbia; (B) Zearalenone (ZEA) Serbia; (C) DON Croatia; (D) ZEA Croatia; (E) DON Greece; (F) ZEA Greece.
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For this study, following reduction factors along the wheat
production chain were taken into the calculation of the
concentration of mycotoxins in final, ready to eat products:
(a) high correction factor of 60% regarding DON and 40%
regarding ZEA presence in wheat after cleaning and sorting;
(b) medium correction factor regarding to mycotoxins
presence in flour milling fraction of 40%, regarding DON,
based on the usual methods of milling, and 44% regarding
ZEA; (c) reduction factor of 20 and 15% for DON and
ZEA, respectively, based on baking test. As most products
used in this study goes through heat treatment similar to
baking, and since bread is the most consumed product,
reduction factors obtained via baking tests were used for all
products. Concerning products with different production
patterns, such as pasta, Visconti et al. (2004) concluded that
the retention level of DON from grains on the market to
cooked pasta in the plate can be conservatively assessed
at 25% or less. This is in line with final reduction for DON
used in this study.

Exposure assessment

The FAO/WHO (1995) defines exposure assessment as
a ‘qualitative and/or quantitative evaluation of the likely
intake of a chemical agent via food, as well as exposure from
other sources if relevant. To perform such an analysis in
this study, contamination and food consumption data were
combined to obtain an estimation of the exposure level to
DON and ZEA. Consumption data were mathematically
treated to represent the average amount (kg) of wheat-based
products consumed per day based on weekly consumption
reported during field research. This was performed to
determine possible risks associated with this type of food
since ‘risk is a function of the probability of an adverse
health effect and the severity of that effect, consequential
to a hazard(s) in food’ (FAO/WHO, 1995).

Exposure assessment of consuming wheat products

Monte Carlo simulation is a method widely used in risk
assessment to account for the variability of biological
systems (Lindboe et al., 2012). This probabilistic model can
quantify which percentage of the population are exposed
to risk levels above the TDI/PMTDI (Morales et al., 2011).
Our Monte Carlo simulation (Figure 1, Table 5) showed that
average exposure of general adult population to DON in
Croatia was 0.121 pg/kg bw/day followed by Greece with
0.181 pg/kg bw/day and Serbia with 0.262 pg/kg bw/day.
This is below the estimation of FAO/WHO assuming that
the total intake of DON is 1.4 ug/kg bw/day considering
European diet (FAO/WHO, 2001). Also, this value is below
the TDI/PMTDI values of 1 pg/kg bw/day for DON.

Results obtained in this study were in the range of data
obtained by EFSA exposure assessment carried out in
2013 for 21 Member States and Norway (EFSA, 2013).
The mean exposure levels for adults, depending on the
country, were between 0.17 and 0.32 pg/kg bw/day at the
lower bound and 0.25 and 0.46 pg/kg bw/day at the upper
bound. The 95t percentile of exposure was between 0.31
and 0.61 pg/kg bw/day at the lower bound and 0.49 and
1.02 pg/kg bw/day at the upper bound. The percentage of
adults exposed to DON above 1 pg/kg bw/day was estimated
between 0.3 and 5.5% at the upper bound. Deployed by food
groups, the main contributor to mean lower bound DON
exposure were ‘bread and rolls’ representing between 32.1
and 72.3% of the total exposure. This was followed by ‘fine
bakery wares’ (15.7-34.0%) in all countries, except in Italy,
where ‘pasta, raw’ was the main contributor (23.9-27.6%),
and Denmark and Hungary, where the food group ‘grain
milling products’ was the main contributor (13.9-23.2%). In
general, with an exception of oat flour, other food groups
did not contribute more than 10% of the total exposure.
When considering the upper bound estimates, beer and
beer-like beverages were found to contribute to more than
10% of above 1 pg/kg bw/day per day exposure.

Table 5. Estimated daily wheat-borne intake of deoxynivalenol (DON) and zearalenone (ZEA) for the three countries.!

DON pg/kg bw/day ZEA uglkg bw/day

Serbia Croatia Greece Serbia Croatia Greece
Mean 0.262 0.121 0.181 0.050 0.026 0.017
5t percentile 0.065 0.032 0.046 0.013 0.007 0.004
1t quartile 0.141 0.066 0.098 0.027 0.014 0.009
3 quartile 0.351 0.164 0.229 0.068 0.035 0.022
95t percentile 0.570 0.259 0415 0.109 0.055 0.041
Population exposed = 1pg/kg bw DON 3.96% 0.25% 1.19%
Population exposed = 0.25 puglkg bw ZEA 2.25% 0.95% 0.62%

T All values are derived from a Monte Carlo simulation.
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Our results showed that 0.25% of Croatian, 1.19% of
Greek and 3.96% of Serbian populations are exposed to
higher daily dietary intakes as recommended by WHO
and FAO. This is below the results revealed in the research
in Argentina where 13.5% of the population would reach
the suggested daily dietary intakes for DON (Pacin et al.,
2011). The estimated exposure of the adults in Norway
to DON from cereal-based food was in the range of 0.27-
0.45 pg/kg bw/day for mean exposure and in the range
of 0.55-0.93 pg/kg bw/day for high (95t percentile)
exposure in years with low and high DON contamination,
respectively (Sundheim et al., 2017). Wheat flour was the
main contributor to overall exposure with intake in the
range of 141-325 g/day for mean and 95 percentile. Similar
results were obtained by Leblanc et al. (2005) as they
estimated DON daily intakes by French adult population
in the range of 0.28 and 0.57 pg/kg bw, for the mean and
95th percentile exposure, respectively. However, those
estimations were a part of Total Diet Study so other types
of food were included in calculating estimated exposure
to DON. Cereal-derived products contributed over 90%
to this exposure, and particularly the bread/rusk group
(between 45 and 70%) while other non-cereal food groups
contributed less than 2% to the total exposure.

Monte Carlo simulation (Figure 1, Table 5) showed that
average exposure of general adult population to ZEA in
the three countries was 0.017 pg/kg bw/day in Greece,
0.026 pg/kg bw/day in Croatia and 0.050 pg/kg bw/day
in Serbia. These values are below the TDI/PMTDI value
of 0.25 pg/kg bw/day for ZEA as recommended by EFSA.
Further analysis showed that below one third of the
population in these three countries (0.62% in Greece, 0.95%
in Croatia and 2.25% in Serbia) is exposed to this toxin
above tolerable daily intakes.

EFSA exposure assessment from 2001 showed that mean
dietary exposure to ZEA of the adult population ranged
between 0.0024 and 0.029 pg/kg bw/day (minimum lower
to maximum upper bound). The 95t percentile exposure
ranged from 0.0047 to 0.054 pg/kg bw/day. Grains and grain
milling products, bread and fine bakery wares made the
largest contribution to the ZEA exposure in all age classes.
Although the ZEA concentration in bread was very low, the
relatively high contribution to exposure is due to the high
consumption. The important contribution of fine bakery
wares was explained by the higher concentration of ZEA in
this food group due to the high ZEA concentrations found
in vegetable oils, especially in corn germ oil and wheat
germ oil. Beer and snacks made only a minor contribution
to ZEA exposure (EFSA, 2011b).

Another study also identified bread and bread products as
major contributors to the exposure to ZEA in adults and
children (41% and 20%, respectively) (Sirot et al., 2013).
Survey conducted in the community of Valencia (Spain)

indicated that ZEA was detected in 65% analysed bread
samples, where concentration ranged from 27 to 905 pg/
kg. Also, results from the same study showed that 30%
of total analysed bread samples exceeded the maximum
concentration according to EU legislation (Saladino et
al., 2017). The EDIs calculated for ZEA were 0.0024 and
0.0029 pg/kg bw/day considering the lower and upper
bound scenarios, respectively. The %TDI was 0.95% for
lower upper and 1.17% for upper bound. Consumption
of bread loaves was 0.12, 0.03, 0.07 and 0.03 g/kg bw/day
respectively for white, whole wheat, special and crust less
breads loaves with assumed 70 kg of average bw (Saladino ez
al.,2017). Aldana et al. (2014) reported that 31.6% of wheat
flour samples obtained from Portugal and Dutch market
were contaminated with ZEA. They also estimated that
ZEA daily intake from wheat flour consumption for male
and female Dutch populations and whole Portuguese adult
population, represent 34.8, 38.8 and 19.6%, respectively, of
the value proposed by EFSA. These estimations were made
based on wheat consumption of 317.3 g/day for Portuguese
population and total cereals consumption of 625.5 and
470.6 g/day for male and female Dutch population,
respectively. Cano-Sancho et al. (2012) estimated ZEA
daily intakes by the adults in Catalonia considerably lower
than the TDI/PMTDI value. Values were in the range of
0.0009-0.0015 and 0.0025-0.0042 pg/kg bw/day, for the
mean and 95™ percentile exposure, respectively. Estimates
of ZEA intake by the French adult population of 0.033 pg/kg
bw/day were also significantly lower than our estimates
(Leblanc et al., 2005). Both of the two latter studies have
taken into account several different food types as a source
of the ZEA exposure. In Catalonian study next to the pasta
and bread, which contributed to the total intake of ZEA
with 24.0 and 16.3%, respectively, major contributors were
bear and sweet corn with 29.7 and 14.9% of total ZEA
intake, respectively. In France, the food groups contributing
with more than 60% to this exposure in both population
groups were cereal-derived products, and particularly the
breakfast cereals group.

Fusarium species have optimal temperature and moisture
conditions for infection of the cereals, defining their spread
and occurrence over regions and years, and subsequent
mycotoxin production (Magan et al., 2011). Depending
on the climate conditions, the contamination levels of
mycotoxins differ worldwide, and therefore maximum
admissible levels of mycotoxins in food vary from one
country to another (Liu et al., 2015). Good agricultural
practices are needed to limit the presence of fungi and
mycotoxins in cereal grains during cultivation, followed by
good manufacturing/storage practices, further within the
cereal production chain (Van der Fels-Klerx et al., 2012).

Our results indicate moderate risks in consuming wheat-
based products in these three countries. Prevention of
the formation of DON and ZEA should be considered as
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the most effective measure to reduce the levels of these
mycotoxins in foodstuffs (Gonzalez-Osnaya and Farres,
2011).

A certain limitation of this study is the complex and
dynamic system involved in dietary intake of mycotoxins
from the diet, taking into account food processing/cooking
steps, mixing with other food matrices and transformation
into conjugated mycotoxins, known as the ‘masked
mycotoxins’ (Cano-Sancho et al., 2013). Besides this, food
processing plays a role in the chemical transformation of
Fusarium toxins, and their potential impact on human
health (Berthiller et al., 2013).

This study has a moderate level of uncertainty as a
consequence of the considered assumptions such as sample
size/country, type of wheat-based products analysed, wheat
content in products, correction factors related to food
processing steps, derivates of mycotoxins in focus, data
used from manuscripts published in the last decade and
specification that values below LOD are counted as LOD/2
and certain underestimations for the mycotoxins. The
result of uncertainty analysis of Monte Carlo variation
shows that for DON, 95% CI of the mean values for Serbia
is 0.2608-0.2628, for Croatia is 0.1204-0.1213, for Greece
0.1797-0.1812. For ZEA, 95% CI of mean values for Serbia
is 0.0502-0.0506, for Croatia is 0.0254-0.0257, for Greece is
0.0172-0.0173. These results have little effect on the upper
percentile exposures.

4. Conclusions

High variability between reported data on prevalence and
concentrations of mycotoxins in wheat, as well as a need
on more accurate determination of distribution factors in
final products require statistically and bio-technologically
relevant sampling plans. Well-designed sampling plans
and accurate computation/determination of dilution
(or concentration) factors should take into account pre-
harvest and postharvest variabilities, including spatial and
temporal agro-climatic impacts. Moreover, it is necessary
to recognise contamination of other products with DON /
ZEA, and correlate this with respective consumption data
to obtain estimates of the overall quantity of mycotoxin to
which different segments of Serbian, Croatian, and Greek
consumers are exposed to.

Knowing that mycotoxin contamination varies between
harvests and based on the literature on DON and ZEA
contamination of wheat in East Europe, the authors believe
that further research should be focused on monitoring these
toxins to re-assess the risks to the population. It is more
than necessary to ensure control of wheat-based food by
identifying and monitoring the contaminant mycobiota
and assessing the levels of these mycotoxins.

Exposure assessment of consuming wheat products

This type of research is helpful to assess accurately the
risk by DON/ZEA intake associated with the consumption
of wheat-based products by consumers in these three
countries providing a more adequate quantitative measure
of risk. Results may be used by various risk managers/policy
makers when making decisions on recommendations and
when risk mitigation strategies have to be implemented.
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