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ABSTRACT

Zearalenone is a mycotoxin produced by several Fusarium species. It is commonly found in maize but can be
found also in other crops such as wheat, barley, sorghum and rye. The European Commission asked the
European Food Safety Authority to review the safety of zearalenone and the risk to consumers of a possible
increase of the maximum level (ML) for zearalenone in breakfast cereals. A total of 13,075 analytical results
obtained on food samples and 9,877 results on unprocessed grains sampled by 19 European countries in
2005-2010 were used in the evaluation. The highest concentrations of zearalenone were reported for wheat
bran, corn and products thereof (e.g. corn flour, cornflakes). Grains and grain-based foods, in particular grains
and grain milling products, bread and fine bakery wares, made the largest contribution to the estimated
zearalenone exposures. Vegetable oils also made an important contribution to the zearalenone exposure. The
critical effects of zearalenone result from its oestrogenic activity. Based on recent data in the most sensitive
animal species, the pig, and taking into account comparisons between pigs and humans, the Panel on
Contaminants in the Food Chain established a tolerable daily intake (TDI) for zearalenone of 0.25 pg/kg b.w.
Estimates of chronic dietary exposure to zearalenone based on the available occurrence data are below or in the
region of the TDI for all age groups and not a health concern. A potential increase in the ML for zearalenone in
breakfast cereals from 50 pg/kg to 75, 100, 125 or 150 pg/kg is unlikely to result in a chronic dietary exposure
exceeding the TDI. In a worst case scenario it is possible that an individual could consume the same batch of
breakfast cereal containing zearalenone at the ML every day for 2 to 4 weeks, in which case exposures may
exceed the TDI.
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SUMMARY

Zearalenone is a phenolic resorcyclic acid lactone mycotoxin produced by several Fusarium species,
particularly F. graminearum (formerly called F. roseum) and also F. culmorum, F.equiseti and
F. verticillioides. It is commonly found in maize but can be found also in other crops such as wheat,
barley, sorghum and rye throughout various countries of the world. Generally, the Fusarium species
grow and invade crops in moist cool field conditions. F graminearum also produces trichothecenes,
such as  deoxynivalenol, 15-acetyldeoxynivalenol, 3-acetyldeoxynivalenol,  nivalenol,
4-acetylnivalenol and fusarenon-X. Whilst zearalenone is primarily a field contaminant, toxin
production may also occur under poor storage conditions.

Zearalenone has previously been evaluated by the Joint Food and Agriculture Organization of the
United Nations (FAO)/World Health Organization (WHO) Expert Committee on Food Additives
(JECFA) which established a provisional maximum tolerable daily intake (PMTDI) of 0.5 pg/kg
bodyweight (b.w.) in 2000, based on the oestrogenic activity of zearalenone and its metabolites, in the
most sensitive animal species, the pig. Also, in 2000, the Scientific Committee on Food (SCF)
established a temporary TDI (t-TDI) of 0.2 pg/kg b.w. This TDI was designated as temporary and
included an additional uncertainty factor because of some ’deficiencies in the data base (e.g. the
question of a higher sensitivity of prepubertal vs adult pigs raised by new information from the study
of Bauer et al., 1987)’. The SCF recommended that additional studies were needed to determine the
no-hormonal-effect level in pre-pubertal pigs, on the potential genotoxicity of zearalenone, on species
differences in metabolism, and on blood levels of zearalenone in humans in order to help clarify the
toxicokinetic behaviour.

The European Commission (EC), in considering if changes are needed to the current legal provisions
for the presence of zearalenone in bran and breakfast cereals, asked the European Food Safety
Authority (EFSA) to provide a scientific opinion on the effects on consumer health risk of a possible
increase of the maximum level (ML) for zearalenone in breakfast cereals. The request also specified a
review of the opinion of the SCF in the light of results of more recent toxicological studies.

Methods for analysis of zearalenone in food and feed are well established and are also suitable for
analysis of biological samples with appropriate clean-up procedures, such as use of immunoaffinity
columns. Analysis mostly uses high performance liquid chromatography coupled to fluorescence
detection or triple quadrupole mass spectrometers. Quantification can be achieved via matrix
calibration or by using stable isotope labelled standards.

Following a call for data issued in July 2010, a total of 13,075 analytical results obtained on food
samples and 9,877 results on unprocessed grains sampled by 19 European countries in 2005-2010
were used in the evaluation. Zearalenone was reported at quantifiable levels in 15 % of the samples.
The highest concentrations of zearalenone were reported for wheat bran, corn and products thereof
(e.g. corn flour, cornflakes). Notably high levels have been found in corn germ oil and wheat germ
oil. There were indications that soy can be contaminated with zearalenone but there were insufficient
data to draw conclusions. The EFSA Panel on Contaminants in the Food Chain (CONTAM Panel)
used a lower bound-upper bound (LB-UB) approach in its assessment of the occurrence data. The
lower bound assigns a value of zero to non-detects; the upper bound assigns the value of the limit of
detection (LOD) or limit of quantification (LOQ) to results below the LOD and LOQ, respectively.

Levels of zearalenone in the group ‘Unprocessed grains’ were considerably higher than in the group
‘Grains for human consumption’. This suggests that cleaning and selection steps applied to grains
after harvesting result in lower zearalenone concentrations in grains intended for human consumption.
In general, zearalenone is redistributed between the milling fractions. The by-products from cleaning
the raw cereal grains (dust, hulls and others) were characterised by 3- to 30-fold higher zearalenone
concentrations than the cleaned cereal grains while bran contained up to 2-fold higher concentrations.
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Zearalenone is generally stable during cooking, except under alkaline conditions or during extrusion
cooking (heating under a high degree of pressure).

The CONTAM Panel estimated total chronic dietary exposures to zearalenone across 19 European
countries, using LB and UB mean concentrations of zearalenone in foods, and consumption data for
different age groups. For adults the minimum LB to maximum UB was 2.4 to 29 ng/kg body weight
(b.w.) per day for average consumers (average consumption in total population), and 4.7 to 54 ng/kg
b.w. for high consumers (95" percentile consumption in total population).The highest exposure
estimates are for toddlers (aged > 12 months to < 36 months), at 9.3 to 100 ng/kg b.w. per day for
average consumers, and 23 to 277 ng/kg b.w. for high consumers.

Grains and grain-based foods, in particular grains and grain milling products, bread and fine bakery
wares, made the largest contribution to the zearalenone exposure in all age classes. Vegetable oils,
especially corn germ oil and wheat germ oil, make an important contribution to the zearalenone
exposure.

From the average values across the European countries, breakfast cereals provide a contribution of
0.4-17 % to total dietary exposure of zearalenone in adults. Increasing the ML from 50 pg/kg up to
150 ng/kg has the potential to increase chronic total dietary exposure to zearalenone by up to 35 %.
From the average values across the European countries, breakfast cereals provide a contribution of
0.1-5.1 % to total dietary exposure of zearalenone in toddlers (age > 12 months to < 36 months).
Increasing the ML from 50 pg/kg up to 150 pg/kg has the potential to increase chronic total dietary
exposure to zearalenone by up to 16 %. Short-term mean dietary exposure in consumers of breakfast
cereals could increase to up to 357 ng/kg b.w. per day and the 95" percentile exposure up to
1029 ng/kg b.w. per day if the ML for zearalenone were to be increased from 50 pg/kg up to
150 pg/kg.

Limited data indicate that dietary exposure of vegetarians to zearalenone could be up to 2-fold higher
than for the general population.

Zearalenone is extensively absorbed and metabolised by three major routes. Reduction results in
formation of a-zearalenol, which is more oestrogenic, and -zearalenol, which is less oestrogenic than
zearalenone. Efficient glucuronidation of zearalenone in the small intestine and liver significantly
reduces the amounts of unconjugated (i.e. receptor-active) parent compound that reaches the
circulation. It is possible that fetuses and neonates could be more susceptible than adults to the
oestrogenic effects of zearalenone, based on higher internal exposures due to metabolic and
physiological immaturity. Cytochrome P450-mediated oxidation produces catechol metabolites that
are subject to redox cycling to reactive quinones.

Of the laboratory and domestic animals studied, pigs are the most sensitive species for oestrogenic
effects of zearalenone, with females being more sensitive than males. The greater formation of
a-zearalenol in the pig, relative to other animal species studied, may contribute to this sensitivity.

In well-conducted carcinogenicity bioassays, no increase in tumors was observed in two rat studies,
while in mice, significant increases in pituitary and liver adenomas, but not carcinomas, were
observed in one study, providing limited evidence of carcinogenicity. Zearalenone does not cause
gene mutations in bacterial test systems but is clastogenic and aneugenic in vitro and has been
confimed as an in vivo clastogen in the mouse. A plausible mechanism for the clastogenic effects has
been proposed, namely formation of catechols that can be oxidised to quinones that undergo redox-
cycling.

The oestrogenic effects of zearalenone in pigs are observed at doses around three orders of magnitude
lower than doses reported to cause clastogenicity and increases in adenomas in mice. The CONTAM
Panel therefore decided to establish a TDI for zearalenone based on its oestrogenic effects. Adverse
effects of zearalenone and its metabolites on testosterone synthesis, sexual behaviour, sex organ

EFSA Journal 2011;9(6):2197 3



-efsam

.
European Food Safety Autharity Zearalenone in food

weights, testicular histology and spermatogenesis have been observed in male animals. In females,
adverse effects of zearaleneone on the reproductive tract, fertility and embryo survival have been
reported. The female pig is the most sensitive, with immature pigs possibly more sensitive than
mature pigs. Effects include disturbance of the oestrous cycle, ovulation, conception and implantation,
embryonic death, reduced fetal weight, reduced litter size and impaired neonatal survival. In female
pigs, the tissues that are most sensitive to the oestrogenic effect of zearalenone and its metabolites are
the ovary, uterus and vulva. Lowest-observed-effect-levels (LOELs) for these tissues in mature and
immature gilts range from 17 to 200 pg/kg b.w. per day, with an overall no-observed-effect-level
(NOEL) of 10 pg/kg b.w. per day.

Toxicodynamic information indicates that it is likely that the human female would not be more
sensitive to zearalenone and its metabolites than the female pig. For derivation of a TDI, it is therefore
not necessary to include an uncertainty factor of 2.5 for toxicodynamic differences between pigs and
humans. Using the NOEL of 10 pg/kg b.w. per day and an uncertainty factor of 40 (4 for interspecies
differences in toxicokinetics and 10 for interhuman variability), a TDI of 0.25 pg/kg b.w. can be
derived. As a number of relevant studies, including in the pig, have become available since the
previous t-TDI was established by the SCF in 2000, the CONTAM Panel concluded that a full TDI of
0.25 pg/kg b.w. can now be established.

Estimates of chronic dietary exposure to zearalenone based on the available occurrence data are below
or in the region of the TDI for all age groups and not a health concern. A potential increase in the ML
for zearalenone in breakfast cereals from 50 pg/kg to 75, 100, 125 or 150 pg/kg is unlikely to result in
a chronic dietary exposure exceeding the TDI.

In a worst case scenario it is possible that an individual could consume the same batch of breakfast
cereal containing zearalenone at the ML every day for 2 to 4 weeks. The highest estimated short-term
exposure is for children aged > 3 to < 10 years old and, at the current ML, is 60 % above the TDI.
Increasing the ML from 50 pg/kg up to 150 pg/kg has the potential to increase the short-term
exposure of children aged > 3 to < 10 years old to up to approximately 1 pg/kg b.w. per day. High
fibre breakfast cereals, which are the most likely to be contaminated with zearalenone due to the high
content of wheat bran, are more likely to be consumed by adults than by children. For adults the
highest estimates of short-term exposure are below the TDI for ML scenarios up to a concentration of
100 pg/kg zearalenone in breakfast cereals.

The mycotoxins that usually co-occur with zearalenone do not have oestrogenic effects. Combined
effects of zearalenone and other mycotoxins are not expected to arise in humans at dietary exposures
below the respective health-based guidance values of the individual toxins. The possible impact of
combined exposure to zearalenone with other oestrogenic substances in food (such as phytoestrogens
in soya) or the environment could be additive or antagonistic.
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BACKGROUND AS PROVIDED BY THE EUROPEAN COMMISSION

Zearalenone is a mycotoxin that can be produced by several field fungi including Fusarium
graminearum (Gibberella zeae), F. culmorum, F. cerealis, F. equiseti and F. semitectum. Fungi of the
genus Fusarium infect cereals pre-harvest in the field during blooming, but growth and toxin production
may also occur post-harvest under poor storage conditions. The toxin is common in maize, but because
the spores of Fusarium are ubiquitous, cereal crops such as barley, oats, wheat, rice, sorghum and soy
beans are also susceptible to contamination with zearalenone, both in the temperate and warmer climate
zones.

The opinion from the Scientific Committee for Food and the JECFA

The Scientific Committee on Food issued on 22 June 2000 an opinion on Fusarium toxins Part 2:
Zearalenone (ZEA).*

The Scientific Committee on Food concluded that the safety of zearalenone could be evaluated on the
basis of the dose that had no hormonal effects in pigs, the most sensitive species, and established a
temporary tolerable daily intake (t-TDI) for zearalenone of 0.2 ug/kg of body weight (b.w.). This
decision was based on the no-observed-effect-level (NOEL) of 40 ug/kg of b.w. per day obtained in a
15-day study in pigs and the lowest observed effect level of 200 pg/kg b.w. per day in this study. A
safety factor of 200 was used because it is a temporary TDI due to some deficiencies in the data base.

Also the JECFA concluded in its assessment in 2000’ that the safety of zearalenone could be evaluated
on the basis of the dose that had no hormonal effect in pigs, the most sensitive species, but used a safety
factor of about 100, for the establishment of a provisional maximum tolerable daily intake (PMTDI) for
zearalenone of 0.5 ng/kg b.w.

The problem:

Commission Regulation (EC) No 1881/2006 of 19 December 2006° lays down maximum levels for
certain contaminants in foodstuffs, including maximum levels for zearalenone.

In spring 2009, the Commission was informed by the professional stakeholder organisation CEEREAL
(the European Breakfast Cereal Association) of serious supply problems experienced for wheat bran
from the harvest 2008 to be used in high fibre breakfast cereals due to increased levels of zearalenone
found in wheat bran

Although no maximum level for wheat bran used as ingredient has been established, the wheat bran for
use in the high fibre breakfast cereals should not have a level of higher than 75 pg/kg in order to enable
high fibre breakfast cereal producers to comply with the existing maximum level of 50 pg/kg for
breakfast cereals other than maize based breakfast cereals.

Therefore CEEREAL requested a temporary increase of the level of zearalenone in high-fibre breakfast
cereals from currently 50 pg/kg to 135 ug/kg. Based on a risk assessment performed by the Food
Standards Agency (FSA) UK, it could be concluded that there is unlikely to be a health risk from the
increase of the zearalenone limit.

* Opinion of the Scientific Committee on Food on Fusarium toxins — Part 2: Zearalenone (ZEA), adopted on
22 June 2000. (SCF/CS/CNTM/MY C/22 Rev 3 Final) http://ec.curopa.eu/food/fs/sc/scf/out65_en.pdf.

> FAO/WHO, 2000. Zearalenone. Safety evaluation of certain food additives and contaminants Prepared by the
Fifty-third meeting of the Joint FAO/WHO Expert Committee on Food Additives (JECFA). WHO Food Additives
Series 44, World Health Organization, Geneva, Switzerland, p- 393-482.
http://www.inchem.org/documents/jecfa/jecmono/v44jec14.htm

SoIL 364, 20.12.2006, p. 5-17.
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Based on this assessment and to ensure the supply and availability of high-fibre breakfast cereals, given
their beneficial health effects, it was recommended to the Member States to apply on a temporary basis
for a limited period of time (i.e. high-fibre breakfast cereals with production date before 31 October
2009) a level of 100 pg/kg of zearalenone for high-fibre breakfast cereals other than maize based
breakfast cereals (the current maximum level of zearalenone in maize-based breakfast cereals is
100 pg/kg).

Although no maximum level for wheat bran used as ingredient has been established, the wheat bran for
use in the high fibre breakfast cereals should not have a level of higher than 125 pg/kg in order to
enable high fibre breakfast cereal producers to comply with the proposed temporary level of 100 ug/kg
for high fibre breakfast cereals other than maize based breakfast cereals

It cannot be excluded that, due to the change in weather conditions, also in the future increased levels of
zearalenone could be observed more frequently in wheat bran and cereal bran in general. If this would
be the case, it would then be appropriate to consider if changes are needed to the current legal
provisions as regards the presence of zearalenone in bran and breakfast cereals. Therefore, EFSA is
requested to provide a scientific opinion on the effects on consumer health risk of a possible increase of
the maximum level for zearalenone in breakfast cereals.

TERMS OF REFERENCE AS PROVIDED BY THE EUROPEAN COMMISSION

In accordance with Art. 29 (1) of Regulation (EC) No 178/2002 the European Commission asks the
European Food Safety Authority to provide a scientific opinion on the potential consumer health risk by

a) reviewing the opinion of the Scientific Committee on Food of 22 June 2000 on zearalenone in food in
the light of results of toxicological studies published since that time.

b) assessing the potential increase of consumer health risk by a possible increase of the currently
existing maximum level of 50 pg/kg to 75 pg/kg, 100 pg/kg, 125 pg/kg or 150 pg/kg for zearalenone in
breakfast cereals taking into account the exposure to zearalenone from other food sources considering

- occurrence data provided,

- specific consumption patterns of breakfast cereals in the different Member States;

- specific (vulnerable) groups of the population, including children, and high level consumers.

EFSA Journal 2011;9(6):2197 9
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ASSESSMENT

1. Introduction

Zearalenone is a phenolic resorcyclic acid lactone mycotoxin produced by several Fusarium species,
particularly F. graminearum (formerly called F. roseum) and also F. culmorum, F.equiseti and
F. verticillioides. It is commonly found in maize but can be found also in other crops such as wheat,
barley, sorghum and rye throughout various countries of the world. Generally, the Fusarium species
grow and invade crops in moist cool field conditions during blooming, but growth and toxin production
may also occur post-harvest under poor storage conditions. F. graminearum also produces
trichothecenes, such as deoxynivalenol, 15-acetyldeoxynivalenol, 3-acetyldeoxynivalenol, nivalenol,
4-acetylnivalenol and fusarenon-X.

Zearalenone exhibits oestrogenic activity and has been implicated in numerous mycotoxicoses in farm
animals, especially pigs, resulting in alterations in the reproductive tract, decreased fertility, increased
number of resorptions and reduced litter size.

1.1. Previous assessments

Zearalenone was evaluated by the Joint Food and Agriculture Organization of the United Nations
(FAO)/World Health Organization (WHO) Expert Committee on Food Additives (JECFA) at its
53" meeting (FAO/WHO, 2000). The JECFA noted that the toxic effects appeared to be dependent on
the oestrogenic activity of zearalenone and its metabolites, and that pigs and sheep were more sensitive
than rodents. The no-observed-effect-level (NOEL) in pigs was 40 ug/kg bodyweight (b.w.) per day on
the basis of oestrogenic effects in responsive tissues, compared with NOEL of 3 mg/kg b.w. per day in
rats. The JECFA concluded that hepatocellular adenomas and pituitary tumours observed in mice were a
consequence of the oestrogenic effects of zearalenone, and that the safety could be evaluated on the
basis of the dose having no hormonal effect in the most sensitive species, pigs. A provisional maximum
tolerable daily intake (PMTDI) of 0.5 pug/kg b.w. was established based on the NOEL of 40 ug/kg b.w.
per day in a 15-day study in pigs, using a safety factor of “about 100”. This was based on the study of
Edwards et al. (1987), in which young sexually mature non-pregnant sows (gilts) were given 2 kg of
feed containing 0, 1, 5 or 10 mg/kg zearalenone between day 5 and day 20 of oestrus (equivalent to 0,
40, 200 and 400 ug/kg b.w. per day). In the gilts given 5 or 10 mg/kg zearalenone in the diet, the inter-
oestrous interval was significantly increased, accompanied by increased plasma concentrations of
progesterone and prolonged maintenance of corpora lutea. The PMTDI also took into account that the
lowest-observed-effect-level (LOEL) in the pig study was 200 pg/kg b.w. per day and that an acceptable
daily intake (ADI) of 0-0.5 pg/kg b.w. had been previously established for the metabolite a-zearalanol
(FAO/WHO, 1988). The PMTDI applied to the total intake of zearalenone and its metabolites including
a-zearalanol.

In 2000, the Scientific Committee on Food (SCF) similarly concluded that the safety of zearalenone
could be evaluated on the basis of the dose that had no hormonal effects in pigs (SCF, 2000). The SCF
also used the NOEL of 40 ug/kg b.w. per day from the pig study of Edwards et al. (1987), but applied a
safety factor of 200 to establish a temporary TDI (t-TDI) of 0.2 ug/kg b.w. This was due to some
“deficiencies in the data base (e.g. the question of a higher sensitivity of prepubertal vs adult pigs raised
by new information from the study of Bauer et al., 1987)”. The SCF recommended that additional
studies were needed to determine the no-hormonal-effect level in prepubertal pigs, on the potential
genotoxicity of zearalenone, on species differences in metabolism, and on blood levels of zearalenone in
humans in order to help clarify the toxicokinetic behaviour.
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The European Food Safety Authority (EFSA) Panel on Contaminants in the Food Chain (CONTAM
Panel) has previously evaluated zearalenone as an undesirable substance in animal feed (EFSA, 2004a).
The CONTAM Panel confirmed that pigs are the most sensitive animal species, and that it can be
expected that animal-derived foods contribute only marginally to total human dietary exposure, as
compared to cereals and grain products. The t-TDI was not reviewed at that time. Similarly, other
authorities that have conducted risk assessments of zearalenone have cited the SCF t-TDI and/or the
JECFA PMTDI (e.g. Cressey and Thomson, 2006 (New Zealand Food Safety Authority (NZFSA));
AFSSA, 2006; 2009)

o-Zearalanol (Zeranol®), a metabolite of zearalenone, has been evaluated by the JECFA as a veterinary
drug for use as a growth promoter (FAO/WHO, 1988). It increases liveweight gain in food animals
following implantation. o-Zearalanol was shown to be a weak oestrogen in mice, rats, dogs, and
monkeys. Tumours of the pituitary gland were considered to result from the oestrogenic properties, and
the JECFA concluded that the safety assessment could be based on determination of a no-hormonal-
effect level. In ovariectomized female cynomolgus monkeys the no-hormonal-effect level was
0.05 mg/kg b.w. per day. The JECFA concluded that this model could be relevant to the human
population and, since the ovariectomized female cynomolgus monkey is highly sensitive to oestrogenic
substances, considered that using this study as a basis for establishing an ADI was a conservative
approach. Applying a safety factor of 100, an ADI of 0-0.5 ug/kg b.w. was proposed.

The use of a-zearalanol for growth promotion in food animals was banned in the European Union (EU)
in 1985.

The United Kingdom (UK) Food Standards Agency (FSA) submitted a risk assessment to the European
Commission (EC) in 2009 in support of a proposed temporary revised maximum level (ML) of
100 pg/kg for high-fibre breakfast cereals, which has been forward to EFSA by the EC. The FSA
assessment was based on UK data for consumption of high-fibre breakfast cereals with wheat, and
scenarios in which zearalenone was present at the current EU ML of 50 pg/kg, at 135 pg/kg, as
proposed by industry for the ML, or at 100 pg/kg. Estimated 97.5™ percentile exposures of adults were
below the SCF t-TDI of 0.2 pg/kg b.w. The FSA noted that for toddlers aged 1.5-4.5 years, high level
(97.5™ percentile) consumption of high-fibre breakfast cereals containing zearalenone at 135 pg/kg
would result in an exposure of 0.35 ug/kg b.w. per day and zearalenone at 100 pug/kg would result in an
exposure of 0.26 pg/kg b.w. per day. Since in reality not all the breakfast cereal would be at the ML,
these toddlers would only potentially exceed the t-TDI on some but not all days.

1.2. Chemistry

Zearalenone (3,4,5,6,9,10-hexahydro-14,16-dihydroxy-3-methyl-1H-2-benzoxacyclotetradecin-1,7(8H)-
dione; C;sH»0s; molecular weight: 318.36; Chemical Abstracts Service (CAS) Registry Number
17924-92-4) is a macrocyclic B-resorcylic acid lactone. It is a non-steroidal mycotoxin produced by
Fusarium spp. (reviewed in Chetkowski, 1998). Different abbreviations for zearalenone, such as ZON
or ZEA, are used in the literature. It is biosynthesized via the polyketide pathway (see review by
Huffmann et al., 2010). Zearalenone was first isolated in 1962 from Fusarium-infected corn by Stob et
al. (1962) and its chemical structure including the stereochemistry at position 3 was elucidated by Urry
et al. (1966) and Kuo et al. (1967) (Figure 1).
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Zearalenone

Figure 1: Chemical structure of zearalenone.

Zearalenone is heat stable up to 150°C. Degradation has been observed only at higher temperatures or
under alkaline conditions (see Section 4.3. for details). Besides zearalenone there are several other
closely related metabolites formed in fungal cultures e.g. a-zearalenol, B-zearalenol, a-zearalanol and
B-zearalanol. However, there is only limited evidence that these metabolites occur in food (see Section
4.1.) (Figure 2).
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Figure 2: Chemical structures of a-zearalenol, f-zearalenol, a-zearalanol and -zearalanol.

2. Legislation

Currently the Commission Regulation (EC) No 1881/2006 of 19 December 2006’ lays down MLs for
certain contaminants in foodstuffs, including MLs for zearalenone (Table 1). The MLs apply to the
edible part of the foodstuffs unless it is otherwise specified. The MLs set for unprocessed cereals and
unprocessed maize apply to unprocessed cereals placed on the market for first-stage processing. The
Regulation specifies that © “First-stage processing” shall mean any physical or thermal treatment, other
than drying, of or on the grain. Cleaning, sorting and drying procedures are not considered to be “first-
stage processing” insofar no physical action is exerted on the grain kernel itself and the whole grain
remains intact after cleaning and sorting. In integrated production and processing systems, the ML
applies to the unprocessed cereals in case they are intended for “first-stage processing” ’. Because of the
low concentration levels of Fusarium toxins found in rice, no MLs are set for rice or rice products.
Therefore for the application of MLs for zearalenone, rice is not included in ‘cereals’ and rice products
are not included in ‘cereal products’.

7 OJ L 364, 20.12.2006, p. 5-17, and its amendment Commission Regulation (EC) No 1126/2007 of 28 September 2007. OJ L
255,29.9.2007, p. 14-17.
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The Article 2 of the Regulation (EC) No 1881/2006 specifies that when ‘applying the MLs to foodstuffs
which are dried, diluted, processed or composed of more than one ingredient, the following shall be
taken into account:

(a) changes of the concentration of the contaminant caused by drying or dilution processes;
(b) changes of the concentration of the contaminant caused by processing;

(c) the relative proportions of the ingredients in the product;

(d) the analytical limit of quantification.’

For the zearalenone content in food colours, the Commission Directive 2008/128/EC of 22 December
2008® laying down specific purity criteria concerning colours for use in foodstuffs requires an absence
of zearalenone in the crystallised product of beta-carotene (food orange) obtained by a fermentation
process.

Table 1:  The maximum levels (MLs) for zearalenone as laid down in Commission Regulation (EC)
No 1881/2006. See the original regulations for further definitions and explanations of individual food
commodities.

Foodstuffs ML
(ng/ke)
1 Unprocessed cereals other than maize 100
) Unprocessed maize with the exception of unprocessed maize intended to be processed by
wet milling® 350
Cereals intended for direct human consumption, cereal flour, bran and germ as end product
3 marketed for direct human consumption, with the exception of foodstuffs listed below in 6,
7,8,9and 10 75
4 Refined maize oil 400
5 Bread (including small bakery wares), pastries, biscuits, cereal snacks and breakfast cereals,
excluding maize snacks and maize based breakfast cereals 50
Maize intended for direct human consumption, maize-based snacks and maize-based
6
breakfast cereals 100
Processed cereal-based foods (excluding processed maize-based foods) and baby foods for
T S dren®: ©
infants and young children 20
8 Processed maize-based foods for infants and young children®" © 20
Milling fractions of maize with particle size >500 micron falling within CN code 1103 13 or
9 1103 20 40 and other maize milling products with particle size >500 micron not used for
direct human consumption falling within CN code 1904 10 10 200

Milling fractions of maize with particles size <500 micron falling within CN code 1102 20
10 and other maize milling products with particle size <500 micron not used for direct human
consumption falling within CN code 1904 10 10 300

ML: maximum level; CN: Combined Nomenclature (Maize milling fractions are classified according to the particle size in

different headings in the Combined Nomenclature based upon a rate of passage through a sieve with an aperture of

500 microns).

(a): The exemption applies only for maize for which it is evident e.g. through labelling, destination, that it is intended for use
in a wet milling process only (starch production);

(b): The maximum levels refer to dry matter;

(c): Foodstuffs listed in this category as defined in Commission Directive 96/5/EC of 16 February 1996 on processed cereal-
based foods and baby foods for infants and young children’ as last amended by Directive 2003/13/EC."

$0JL 6, 10.1.2009, p. 20-63.
° OJ L 49, 28.2.1996, p. 17-28.
1 0J L 41, 14.2.2003, p. 33-36.
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3. Methods of analysis

3.1. Sample collection and storage

The methods of sampling and analysis for concentrations of zearalenone in foodstuffs are stipulated in
the Commission Regulation (EC) No 401/2006 of 23 February 2006'" which lays down the methods of
sampling and analysis for the official control of the levels of mycotoxins in foodstuffs, and as regards
groundnuts (peanuts), other oilseeds, tree nuts, apricot kernels, liquorice and vegetable oil. The
foodstuffs for which the regulation stipulates the sampling and analytical methods include cereals and
cereal products, baby foods and processed cereal based foods for infants and young children and
vegetable oils.

The Annex 1 of the Regulation (EC) No 401/2006 defines the methods of sampling e.g. how to take
samples from different types of lots. The regulation also stipulates the requirements for the analytical
results for accepting and rejecting the lots and sub-lots. For the acceptance, the result of the laboratory
sample needs to conform to the ML when the recovery correction and measurement uncertainty have
been taken into account. The lot or sub-lot is rejected if the result of the laboratory sample exceeds the
ML beyond reasonable doubt taking into account the correction for recovery and measurement
uncertainty.

For official control the samples should be collected as described in the legislation. Only a few studies
published in recent years included comprehensive sample analysis of wheat or wheat based products.
Collected samples have been taken from the retail market or directly from mills (Schollenberger et al.,
1999; Cramer et al., 2007; Ghali et al., 2008; Bankole et al., 2010; Giraud et al., 2010). Breakfast
cereals have not been subject to a specialized examination, but have been used for method development
(Cunha and Fernandes, 2010). Some surveys compared the occurrence of mycotoxins in organic and
conventional foodstuff (Hoogenboom et al., 2008; Bernhoft et al., 2010). As the products were
recommended to be kept cool and dry by the manufacturers, analysts take this as guidance for storage
before the analysis.

3.2. Methods of analysis of zearalenone in food

The Annex 2 of the Regulation (EC) No 401/2006 stipulates the criteria for sample preparation and for
analytical methods used for the official control. The treatment of the laboratory sample, the replicate
samples, method of analysis to be used and laboratory control requirements are prescribed. The control
requirements define the performance criteria of the analytical methods for zearalenone setting the
recoveries, relative standard deviation under repeatability conditions and under reproducibility
conditions. Also a fitness-for-purpose approach can be applied if a limited number of fully validated
methods are available. Estimation of measurement uncertainty, recovery calculation and reporting of the
results are also specified. The analytical results corrected for recovery shall be used for controlling
compliance and the analytical results must be reported together with the expended measurement
uncertainty.

Methods used for the analysis of mycotoxins vary widely. There are hyphenated chromatographic-mass
spectrometric (MS) approaches (Tanaka et al., 2000; Sulyok et al., 2007; Spanjer et al., 2008; Vendl et
al., 2009; Martos et al., 2010; Tanaka et al., 2010) besides more conventional coupling of high
performance-liquid chromatography (HPLC) with optical detection (Schollenberger et al., 1999; Arranz
et al., 2007; CEN, 2010). Gas chromatography (GC) is also coupled to flame ionization or electron
capture detectors based on the derivatization used (Jimenez et al., 1997; Tanaka et al., 2000). Fast on-
site testing can be done by antibody-based techniques (Shim et al., 2009), and is also used in the
laboratory (Suzuki et al., 2007; Thongrussamee et al., 2008).

' 0J L 70, 9.3.2006, p. 12-70 and its amendment Commission Regulation (EU) No 178/2010 of 2 March 2010. OJ L 52,
3.3.2010, p. 32-43.
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The coupling of HPLC and MS clearly dominates the spectrum of used techniques. In general, it has to
be differentiated between methods focusing on a single mycotoxin like zearalenone or a group of toxins,
like the trichothecenes or the Fusarium toxins (Tanaka et al., 2006; Cramer et al., 2007). These methods
are often combined with a sample clean-up via immunoaffinity columns and differ from multi-
contaminant analyses which lack a clean-up (Sulyok et al., 2007; Spanjer et al., 2008). However the first
LC-MS/MS multi-mycotoxin method using multi-mycotoxin immunoaffinity columns have been
published recently (Romagnoli et al., 2010).

A reference method, standardised and validated by the European Committee for Standardization (CEN),
for the determination of zearalenone in maize-based baby food, barley flour, maize flour, polenta, wheat
flour and cereal based foods for infants and young children using HPLC with immunoaffinity clean-up
and fluorescence detection (FLD) is available (CEN, 2010). This method has been validated in two
interlaboratory studies. The first study was for the analysis of samples of maize based baby food, barley
flour, maize flour, polenta and wheat flour with zearalenone concentrations ranging from 10 pg/kg to
335 ug/kg, and the second study was for samples of cereal based foods for infants and young children
with zearalenone concentrations ranging from 9 ug/kg to 44 pug/kg.

A standard for zearalenone is commercially available. In addition, certified reference material for
zearalenone in maize is available from the Institute for Reference Materials and Measurements
(IRMM)" and quality control materials for breakfast cereals, baby food and animal feed from
FAPAS™." Also proficiency tests for zearalenone are organized by FAPAS."

Non-chromatographic methods such as enzyme linked immunosorbent assays (ELISA) or bioassays are
of minor relevance. The former have proven value as a fast screening technique on-site (Shim et al.,
2009) or as a preselection tool (Krska et al., 2001; Thongrussamee et al., 2008).

In addition to zearalenone and its mammalian metabolites, other plant-specific conjugated metabolites,
e.g. zearalenone glucosides, have been described. For the analysis of these conjugated metabolites
LC-MS is the method of choice (Schneweis et al., 2002; Vendl et al., 2009).

3.2.1. Sample preparation

The extraction of the mycotoxins from foodstuff is done by liquid extraction using acetonitrile or
methanol and water or buffer. Vigorous mixing is performed by ultra turrax, horizontal shakers or
stomacher (Shephard et al., 2009; Martos et al., 2010). Afterwards centrifugation steps separate the
phases. For methods using column clean-up before injection, the amount of organic solvent is reduced
in a nitrogen stream under gentle heating or with a rotary evaporator (Shephard et al., 2009).

Columns for clean-up and concentration may be immunoaffinity columns, more or less specific for
zearalenone and its metabolites a-zearalenol, B-zearalenol, a-zearalanol or B-zearalanol. These columns
are quite expensive as the antibodies are denaturated during elution of the analyte. Therefore,
endeavours are made for the development of molecular imprinted materials that combine ruggedness of
conventional solid phase extraction columns with a better selectivity (Urraca et al., 2006; Choi et al.,
2009; Lucci et al., 2010). Besides this, experimental bead-based extraction is under study, possibly
offering alternatives in the future (Hervas et al., 2009; Siegel et al., 2010).

A proper quantification of zearalenone can effectively be done by matrix matched calibration with an
internal standard. Often zearalanone or a-zearalanol have been used, as these do not usually occur
naturally in samples (Berthiller et al., 2005; Klotzel et al., 2006). The more sophisticated way is the
usage of stable isotope labelled standards (Cramer et al., 2007; Sulyok et al., 2007) if they are available

12 European Commission, Joint Research Centre, Institute for Reference Materials and Measurements (EC-JRC-IRMM),
http://www.irmm.jrc.be.

3 FAPAS®, Food Analysis Performance Assessment Scheme, The Food and Environment Research Agency.
http://www.fapas.com/proficiency-testing-schemes/fapas.
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in sufficient amounts and purity. As these underlie the same conditions during clean-up,
chromatography and ionisation a reliable quantification can be achieved.

Multi-mycotoxin methods are being developed using solid phase extraction columns or multifunctional
columns (Tanaka et al., 2010). Although the matrix is not so far removed effectively by these methods,
they can be used to control the MLs listed in Table 1) (Sulyok et al., 2007; Spanjer et al., 2008).
However, these methods are not useful for foodstuffs for special dietary needs (baby food, infants and
young children) as the MLs are much lower for these products.

3.2.2. Instrumental techniques

As GC requires derivatisation, which inevitably causes a labour intensive sample clean-up, its
importance for the determination of zearalenone in foods is decreasing (Josephs et al., 2001).

One of the standard methods for the analysis of zearalenone in foods is HPLC-FLD. This technique in
combination with immunoaffinity clean-up is also used in the CEN reference method (CEN, 2010).

Recently mostly HPLC coupled with triple quadrupole MS is used, since it is most applicable based on
quantification and qualification. The chromatographic separation is usually done on C18-columns with
water or ammonium-based buffers and acetonitrile or methanol as organic solvents. Details are
described in the literature (Driffield et al., 2003; Biselli and Hummert, 2005; Klotzel et al., 20006;
Cramer et al., 2007; Sulyok et al., 2007; Driehuis et al., 2008; Spanjer et al., 2008; Jin et al., 2010;
Romagnoli et al., 2010). MS techniques other than triple quadrupole are used more seldom (Tanaka et
al., 2006; Herebian et al., 2009). lonisation is mostly done by electrospray ionization (ESI). The
negative mode has advantages of better sensitivity and signal-to-noise ratio as there are only [M — H]
-ions for zearalenone in contrast to competing [M + H] -ions and ammonium or alkaline metal adducts
in the positive mode. ESI mode is for example used in the multi-mycotoxin method of Spanjer et al.
(2008) as the number of analytes does not allow permanent switching between polarities, and positive
mode is required for other mycotoxins. Even if small molecules like mycotoxins would be good targets
for atmospherical pressure chemical ionisation, especially if matrices are complex, this is not common.

With the currently available methods, limits of detection (LODs) and limits of quantification (LOQs)
below 1-5 and 5-20 pg/kg, respectively, can easily be reached (see Section 4).

3.2.3.  Quantitative analysis of zearalenone and its metabolites for toxicokinetic studies

Extraction of parent zearalenone and its unconjugated reduced metabolites is often performed using
liquid-liquid extraction (Shin et al., 2009). Sometimes an enzymatic deconjugation step involving
B-glucuronidase and sulphatase activities is used in order to distinguish between unconjugated species,
which are active in oestrogen receptor (ER) binding, and Phase II metabolites, which are inactive (Biehl
et al., 1993; Dénicke et al., 2005a). The same analytical methods used for foods have also been applied
for the quantification of zearalenone and its major metabolites for toxicokinetic studies. Biehl et al.
(1993) used LC with radiochemical detection. The applicability of available HPLC-FLD methods to a
pharmacokinetic study is limited, requiring relatively large biological sample volumes and
time-consuming sample clean-up procedures (Trenholm et al., 1981; Olsen et al., 1981; Prelusky et al.,
1989; Danicke et al., 2005a). ELISA offers greater sample throughput and high sensitivity but, due to
cross reactivity, a complementary method such as HPLC needs to be used for analyte identification
(Warner et al., 1986; Nuryono et al., 2005). GC-MS has been used to simultaneously determine
zearalenone and its metabolites, but the major drawbacks include the need for derivatization and extra
sample preparation procedures (Tanaka et al., 2000; Blokland et al., 2006). LC-MS/MS methods have
been used to simultaneously determine zearalenone and related metabolites in urine (Jodlbauer et al.,
2000; Zollner et al., 2002; Launay et al., 2004; Schmidt et al., 2008), milk (Serensen and Elbzk, 2005)
and tissues (Jodlbauer et al., 2000; Zollner et al., 2002; Mallis et al., 2003; Songsermsakul et al., 2006;
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Shin et al., 2009). In general, LC-MS/MS in the multiple-reaction monitoring mode provides a rapid,
simple, and highly sensitive method for the quantification of zearalenone and its metabolites using small
volumes of serum for pharmacokinetic studies (Shin et al., 2009).

3.24. Conclusions

Analysis of zearalenone in food and feed as well as biological samples is mostly done with HPLC
coupled to triple quadrupole MS. Quantification can be achieved via matrix calibration or by using
stable isotope labelled-standards. The application of clean-up steps is required for samples for special
dietary purposes (baby food, infants and young children) as the MLs are much lower for these products,
and also for biological samples. Further developments are expected in the coming years using
multifunctional columns, probably offering opportunities for multiple analytes in screening methods.

4. Occurrence of zearalenone in food

4.1. Previously reported occurrence results

The occurrence data on zearalenone in foods of plant origin have previously been reviewed by JECFA
(FAO/WHO, 2000) and of animal origin by EFSA (EFSA, 2004a). The occurrence data on zearalenone
in food in Europe published since these reviews are reported below. If the numerical value for the LOD
or LOQ are not mentioned in the section below they were not reported in the study.

4.1.1. Foods of plant origin

Zearalenone is a field contaminant of crops, because toxin production takes place before the harvest and
to a lesser extent during the storage of the crops. The weather conditions, especially at growing and
flowering time, greatly influence the Fusarium infection of the plant and the mycotoxin production, and
therefore zearalenone concentrations vary from year to year.

In 1999 in Germany, Schollenberger et al. (1999) analysed 20 baby and infant food samples but did not
detect zearalenone or its metabolites a- and P-zearalenol. Later the same authors analysed 60 wheat
flour samples and reported the total incidence of 38 % for zearalenone with a median concentration of
3 ug zearalenone/kg of the positive samples (Schollenberger et al., 2002). In another German study a
total of 219 samples of foodstuffs of plant origin (84 cereal based-samples, 85 vegetables and fruit
samples and 35 oilseed and nuts samples) were collected in 2000-2001 and analysed for zearalenone
and its metabolites. In the group of 84 cereal-based samples, 32 samples were positive for zearalenone
(38 %) with a range of concentration of 2-67 ug/kg. The level of 50 pg/kg of zearalenone was exceeded
in only one wheat bran sample containing 67 ug/kg. Seven of the 85 vegetable and fruit samples were
positive for zearalenone with a range of 2-17 ug zearalenone/kg, while in oilseeds and nuts zearalenone
was found in 4 out of 35 samples with a range of 2-4 ug/kg. No a- or B-zearalenol was detected in any
of the samples (Schollenberger et al., 2005). Kappenstein et al., (2005) analysed in total 77 edible oil
samples including wheat germ oil, soy oil, wheat germ oil and ’other oils’ for zearalenone in Germany.
All of the 38 wheat germ oil samples were positive for zearalenone with the mean concentration of
170 pg/kg while 70 % of the soy oil samples (n = 20) gave a positive result with the mean concentration
of 4 pg zearalenone/kg (LOD = 0.3 pg/kg). Of the 11 wheat germ oil samples 10 were positive for
zearalenone with the mean concentration of 13 pg/kg. Zearalenone was not found in ’other oil’ samples
(Kappenstein et al., 2005).

Zearalenone concentrations were investigated in a total of 99 cereal samples (41 samples of wheat, 17 of
oats and 41 of corn) in Germany (Schollenberger et al., 2006). In wheat, oats and corn samples the
incidences of zearalenone were 63, 24 and 85 %, respectively, and the mean concentrations 15, 21, and
48 ng/kg, respectively. In the later study of Schollenberger et al. (2007) 45 samples of soy food,
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purchased from food stores in Germany, were analysed for zearalenone and its metabolites.
Zearalenone, a-zearalenol and B-zearalenol were found in 7, 5 and 2 samples, respectively. Zearalenone
was found to co-occur with a-zearalenol in 5 samples and 2 of these samples contained also
B-zearalenol. The zearalenone levels ranged between 2 and 214 pg/kg. The level of 50 pg
zearalenone/kg was found in one soy protein sample and it was exceeded in one soy flour sample
(Schollenberger et al., 2007). In 2008 Schollenberger et al. (2008) investigated the presence of
zearalenone also in edible oils. Zearalenone was found in 12 samples (n = 110). Three samples of
soybean oil and 9 samples of corn germ oil were contaminated and the mean and maximum zearalenone
concentrations were 385 and 1730 pg/kg, respectively. The zearalenone concentration was lower in
refined oils.

In the earlier German study, soybean feedstuffs collected arbitrarily from the local feed industry did not
reveal significant contamination with zearalenone, deoxynivalenol or aflatoxin B1 (Valenta et al.,
2002). The median and maximum zearalenone concentration of 25 soybean meal samples with hulls
amounted to 5 and 18 pg/kg, respectively, while 25 soybean meal samples without hulls (so-called high
protein soybean meal) contained < 3 ug/kg (LOD) and 12 pg/kg, respectively. One soybean hull sample
contained 6 ug zearalenone/kg. However, 4 suspicious samples of high protein soybean meal were
characterized by rather high median and maximum zearalenone levels of 280 and 363 ug/kg.

In a German survey from 2000-2007, 407 samples of wheat and 514 of rye were tested for zearalenone.
Zearalenone was detected in 41 % of the wheat samples with maximum, mean and median values of
451, 72 and 35 pg/kg, respectively (Meister, 2009). The ML of 100 ug/kg was exceeded in 9 % of the
wheat samples. Only 16 % of the rye samples were positive for zearalenone and maximum, mean and
median values were 37, 23 and 23 ug/kg, respectively. Cereal samples from the harvest of years 2002
and 2007 had higher zearalenone levels compared to the other years (Meister, 2009). In a two-year
survey in Germany, Goertz et al. (2010) found that 27 % of the maize samples analysed (n = 44) in 2006
were contaminated with zearalenone with a mean level of 70 ug/kg. In 2007 zearalenone was found in
93 % of the maize samples (n = 40), with a mean concentration of 480 pg/kg, and a-zearalenol was
detected in 10 % of samples (mean concentration 5 pug/kg, n = 40).

In a UK study on raw maize imported mainly from France and Argentina, zearalenone was detected in
almost all of the samples analysed (n = 139) (Scudamore and Patel, 2000). Only in four samples were
the zearalenone levels < LOD (4 pg/kg). In 42 % of samples the zearalenone concentration exceeded
100 pg/kg (maximum level 584 pg/kg) (Scudamore and Patel, 2000). Later the same authors reported
that 33 maize samples originating from France were contaminated with zearalenone at a mean level of
26 pg/kg (n = 56) (Scudamore and Patel, 2009). In a recent study (Vendl et al., 2010) a total of
84 cereal-based food products were collected in the UK and Austria. For every product three to four
different commercial brands were purchased and combined into one composite sample. A total of
25 composite samples were analysed for zearalenone and its metabolites. The most abundant
zearalenone metabolite was zearalenone-4- sulphate found in 13 composite samples but with low
concentrations (1.3-6.1 ug/kg). Zearalenone was detected in seven composite samples, while none of the
other metabolites analysed (zearalenol-4-glucopyranoside, o- and B-zearalenol, a- and B-zearalenol-4-
glucopyranoside) was detected. The composite sample of bran flakes showed the highest levels with
6.1 pg/kg of zearalenone-4-sulphate and 44.2 pg/kg of zearalenone. The 3 bran flake samples used for
the composite sample were then analysed individually. All the three samples contained
zearalenone-4-sulphate and zearalenone with concentrations similar to those reported for the composite
sample.

In a French total diet study, 176 food types were sampled in three different regions and in two different
seasons (Leblanc et al., 2005). A total of 2,280 individual samples were collected and 245 composite
samples were prepared by combining 5 individual food samples and tested for zearalenone. Only 2 % of
the composite samples showed zearalenone levels above the LOD (approximately 10 pg/kg): muesli
(200 ug/kg), cornflakes (22 pg/kg), canned soybean (53 pg/kg) and sesame seeds (18 ug/kg).
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In 2007-2008 zearalenone was monitored in wheat in Luxemburg and was observed only in 2 wheat
samples with 200 and 113 pg zearalenone/kg (Giraud et al., 2010). A Belgian survey (Pussemier et al.,
2006) on organic and conventional wheat in 2002 and 2003 reported a higher and more frequent
zearalenone contamination in conventionally than organically cultivated wheat. In 2002 the incidence
rates of zearalenone were 85 and 52 % in conventional and organic samples, respectively. Six samples
of conventional wheat showed zearalenone concentrations above 100 pg/kg, while none of the organic
samples exceeded this level. Almost all the samples collected in 2003 were below the LOD (1.5 pg/kg)
and only three samples had trace levels of zearalenone (< LOQ of 4 ug/kg) (Pussemier et al., 2006).
Hoogenboom et al. (2008) collected organically (n = 31) and conventionally (n = 40) cultivated summer
and winter wheat samples in the Netherlands in 2003 and 2004. In these samples the zearalenone
concentrations varied from < 50 pg/kg (LOD) up to 5700 ug/kg. The high concentrations of zearalenone
were detected in wheat after heavy rainfall in the autumn 2004. Overall there was no significant
difference in zearalenone concentrations between organic and conventional wheat.

Wheat and rye flour samples were collected in 1998-2001 from mills and retail market in Denmark
(Rasmussen et al., 2003). Zearalenone was detected in 10 of 30 wheat flour samples and in 2 of 30 rye
flour samples. The concentration levels were close to the LOD of 1 pg/kg. The maximum level did not
exceed 2 png/kg (Rasmussen et al., 2003). Bernhoft et al. (2010) analysed 248 samples of organic and
conventionally produced barley, oats and wheat harvested during 2002 and 2003 in Norway.
Zearalenone was detected in only a few samples (not specified) and the maximum concentrations were
9 and 27 pg/kg in organic and conventional oats, respectively. In Lithuania, Suproniene et al. (2010)
detected zearalenone in nearly all the organically cultivated spring and winter cereal (barley, oat, what
and triticale) samples at low concentrations ranging from 0 to 50.4 ug/kg in 2005 and 2006 (n = 36).

A total of 91 grain samples (54 wheat, 18 barley and 19 maize samples) were collected in Bulgaria
during 2007 and tested for zearalenone (Manova and Mladenova, 2009). The incidence of positive
samples was higher in maize (21 %) than in barley (11 %) and wheat samples (2 %). The mean levels in
the wheat, barley and maize samples were 29.0, 10.0 and 80.6 ug zearalenone/kg, respectively. The
highest level was observed in maize (148.0 ug/kg) (Manova and Mladenova, 2009). Zearalenone was
determined in 54 corn, 35 wheat and 21 barley samples collected in Romania in 2002-2004. More than
90 % of the samples were contaminated with zearalenone and 33 %, 40 % and 71 % of maize, wheat
and barley samples, respectively, had levels above 100 ug/kg (Tabuc et al., 2009).

A total of 46 maize samples collected in 2002 in Italy was analysed for zearalenone and its metabolites
o- and B-zearalenol, a- and [P-zearalanol and zearalanone (Cavaliere et al., 2005). Zearalenone was
detected in 30 % of the samples with levels ranging between 8 and 969 ug/kg, while a- and B-zearalenol
were detected in 28 % of samples with concentrations up to 33 ug/kg. The other metabolites were only
rarely detected. B-Zearalanol and zearalanone were found in only two samples while a-zearalanol was
not found (Cavaliere et al., 2005). The samples of breakfast cereal (n = 43) and baby food (n = 44)
marketed in Italy were collected under the official monitoring plan and analysed for zearalenone (LOD
= 10 pg/kg) (Romagnoli et al., 2010). All the samples were < EU MLs and only 4 breakfast cereal
samples and 1 baby food sample contained zearalenone.

In Portugal, 300 samples including 132 samples of maize and maize-based foods, 82 wheat and
wheat-based foods, 25 barley, 53 soybean and 8 sunflower, were analysed for zearalenone. It was
detected in 178 samples (56 %). The mean level was 70 pg/kg and the highest concentration
(900 ug/kg) was found in a maize sample (Marques et al., 2008). In Spain, Santos et al. (2010) collected
64 paprika and 35 chilli pepper samples and reported zearalenone incidences of 39 % in paprika and
46 % in chilli pepper samples. The level of 100 pg/kg was exceeded in 3 % of paprika and 9 % of chilli
pepper samples.

Nine European countries provided occurrence data for a total of 4,918 cereal and cereal-based food
samples within the Scientific co-operation (SCOOP) task 3.2.10 (collected 1990-2002) (SCOOP, 2003).
Zearalenone was detected in 1,591 samples with an incidence of 32 %. The food commodities that
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showed the highest incidences and levels of zearalenone were maize, wheat and their respective
products. Zearalenone was detected in 70 % out of 1,265 maize and maize product samples (10 %
showed concentrations above 200 pg zearalenone/kg). The highest concentration of 6492 ng/kg was
reported in a maize grain sample from Italy. Regarding wheat and wheat products (n = 1,900) 25 % of
samples were positive for zearalenone but only two samples exceeded the level of 200 pg/kg (the
highest concentration of 510 pg/kg was observed in a wheat bran sample from Italy). A high incidence
of zearalenone was also found in oat samples from Finland and 44 % of the samples contained more
than 200 pg zearalenone/kg with the reported maximum concentration of 1310 pg zearalenone/kg
(SCOQP, 2003).

4.1.2.  Foods of animal origin

4.1.2.1. Carry over studies

The EC responded to the EFSA opinions on deoxynivalenol, zearalenone, ochratoxin A and fumonisins
in feedstuffs (EFSA, 2004a, 2004b, 2005, 2006a) with the release of a recommendation for critical
orientation (guidance) values for these toxins in feedstuffs and for monitoring of the simultaneous
occurrence of these mycotoxins (Commission Recommendation of 17 August 2006 on the presence of
deoxynivalenol, zearalenone, ochratoxin A, T-2 toxin and HT-2 toxin and fumonisins in products
intended for animal feeding (2006/576/EC)'*). Compliance with these guidance values ensures that no
adverse effects on animal health and performance occur under practical production conditions and that
no significant transfer of mycotoxins into animal foodstuffs occurs. For all mentioned mycotoxins the
lowest guidance values for critical concentrations in feedstuffs were established for pigs because of their
special sensitivity among farm animals. For zearalenone complementary and complete feedingstuffs
(i.e. the daily ratio) for piglets and gilts (young sows) must not exceed 0.1 mg/kg (88 % dry matter
content), while the critical limit for sows and fattening pigs was set at 0.25 mg/kg, and those for calves,
dairy cattle, sheep (including lambs) and goats (including kids) at 0.5 mg/kg.

These orientation values for critical mycotoxin concentrations for complete feedingstuffs should be kept
in mind when evaluating carry-over studies with farm animals where, often, higher contaminated diets
were tested. Thus, the cited residue levels below do not necessarily reflect levels in food on the market
(see Section 4.2) but give an indication of transfer and of the possible contribution of mycotoxin
residues in animal products to the overall dietary exposure.

Zearalenone and o-zearalenol were detected in livers of laying hens fed a diet containing 1.1 mg
zearalenone/kg diet for 112 days at concentrations of < 1-3.2 pg/kg (46 % free, 54 % conjugated with
glucuronic acid) 3.5-3.8 pg/kg (36 % free, 28 % conjugated with glucuronic acid, and 36 % with
sulphate), respectively. LODs for zearalenone and o-zearalenol in liver were 1 and 0.5 pg/kg,
respectively. No residues were detected in yolk, albumen, breast muscle, abdominal fat, ovary and
follicles and in the magnum (Dénicke et al., 2002b). The concentrations of the other measured
metabolites -zearalenol, zearalanone, a-zearalanol and 3-zearalanol were all < LODs. The LODs were
3-7 ng/kg for B-zearalenol, 20-35 pg/kg for zearalanone and o-zearalanol, and 40-70 pg/kg for
[B-zearalanol in tissues, yolk, albumen, abdominal fat, ovary, follicles and magnum.

Similarily, residue levels of zearalenone and its metabolites were not detected (LOD of 0.1 pg/kg) in
eggs collected from laying hens fed a diet containing 0.5 mg zearalenone/kg (Sypecka et al., 2004).

Dietary zearalenone concentrations of 0.05 to 0.06 mg/kg fed to Peking ducks for 49 days resulted in a
dose-dependent increase in the concentration of total zearalenone, a- and B-zearalenol in bile, but
concentrations were < LODs for zearalenone, a-zearalenol, 3-zearalenol, zearalanone, o-zearalanol and
B-zearalanol, respectively, in the liver. LODs were 1, 0.5, 5, 100, 50 and 200 pg/kg in bile and liver for

4 OJ L 229, 23.8.2006, p. 7-9.
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zearalenone, o-zearalenol, [(-zearalenol, zearalanone, a-zearalanol and [-zearalanol, respectively
(Dénicke et al., 2004).

Zearalenone or its metabolites were not detectable in plasma, liver or breast meat of turkeys fed diets
containing up to 0.04 mg zearalenone/kg from day 21 to 56 of age while the concentrations of total
zearalenone and a-zearalenol in bile increased with dietary zearalenone concentration. (LODs for all
specimens were 1, 0.5, 5, 100, 50 and 200 pg/kg for zearalenone, a-zearalenol, B-zearalenol,
zearalanone, ai-zearalanol and -zearalanol, respectively) (Dénicke et al., 2007b).

In piglets fed diets with increasing zearalenone concentrations of 0.01, 0.06, 0.15, 0.22, 0.42 mg/kg diet
for 5 weeks (mean body weight ~ 12-33 kg) the mean total zearalenone and a-zearalenol concentrations
in the liver were 1.8 and 0.3, 0.2 and 0.1, 2.1 and 1.1, 2.9 and 1.7, and 5.3 and 2.8 pg/kg, respectively
(Dol et al., 2003b). The concentrations of B-zearalenol, zearalanone, a-zearalanol and B-zearalanol were
< LODs of 5, 100, 50 and 200 pg/kg liver, respectively. The LODs for zearalenone and a-zearalenol in
liver were 1 and 0.5 pg/kg, respectively (D6ll et al., 2003b).

Maximum total zearalenone, a-zearalenol and B-zearalenol concentrations of 3.1, 12 and 4.8 ng/kg
were measured in the liver of fattening pigs fed a diet containing 0.7 mg zearalenone/kg for 18 days
while in muscle a-zearalanol and a-zearalenol contents of up to 13.3 and 14.5 pg/kg where measured.
The LODs for zearalenone and its metabolites varied 0.1-0.3 pg/kg liver (Zdllner et al., 2002). At a
much lower dietary zearalenone concentration of 0.05 mg/kg diet only a-zearalenol could be detected in
the liver of fattening pigs at a concentration level of 1 pg/kg (LOD) while zearalenone and [-zearalenol
concentrations were lower than the LODs of 1 and 4 pg/kg liver, respectively) (Goyarts et al., 2007).

For sows fed a diet containing zearalenone (0.358 mg/kg) from gestation days 75 to 110 maximum total
zearalenone and o-zearalenol concentrations of 2.3 and 3.4 pg/kg were determined in their livers while
[-zearalenol, zearalanone, a-zearalanol and -zearalanol concentrations were < LODs of 5, 100, 50 and
200 pg/kg liver, respectively. The LODs for zearalenone and a-zearalenol in liver were 1 and 0.5 pg/kg.
The corresponding zearalenone, a- and B-zearalenol contents in bile were 627, 388 and 22 pug/kg. From
regressive evaluation of the corresponding sow and full-term piglet data it was determined that the
concentration of these metabolites increased by 0.04 pg/kg in the bile of the piglets when the
corresponding concentrations in the bile of the sows increased by 1 pg/kg (Déanicke et al., 2007a).

Zearalenone, a-zearalenol, 3-zearalenol, zearalanone, a-zearalanol and -zearalanol concentrations in
the milk of Holstein dairy cows were < LODs of 1, 0.5, 5, 100, 50 and 200 pg/kg, respectively, at daily
zearalenone intakes between 0.075 and 1.125 mg corresponding to a dietary zearalenone concentration
of 0.051 mg/kg dry matter (Seeling et al., 2005). Dry matter intake varied between 5.6 and 20.5 kg/day,
and milk yields ranged between 10 and 42 kg fat corrected milk per day in this study.

Total maximum zearalenone, a-zearalenol and B-zearalenol concentrations of 24, 11 and 53 pg/kg were
measured in the bile of growing bulls fed a ration containing 0.11 mg zearalenone/kg dry matter for up
to 160 days while the concentrations of zearalenone, o-zearalenol, B-zearalenol, zearalanone,
a-zearalanol, f-zearalanol were < LODs of 1, 0.5, 5, 100, 50 and 200 pg/kg, respectively, in muscle,
liver, kidney and back fat (Danicke et al., 2002a).

In a heifer given 1.274 mg zearalenone per day for 84 days the maximum liver zearalenone,
a-zearalenol and B-zearalenol concentrations were 1.2, 1.2 and 11.5 pg/kg, respectively (LOD of
1.0 pg/kg liver), while residues in muscle were < LOD of 0.5 pg/kg (Kleinova et al., 2002).

For an evaluation of risks to the consumer arising from possible residues of zearalenone and its
metabolites in foods of animal origin due to feeding of zearalenone contaminated diets to food-
producing farm animals, the ratio between experimentally measured zearalenone residues in food and its
concentration in feed (also referred as the ‘carry over factor’) might provide a rough estimate. Due to
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the high entero-hepatic recirculation of zearalenone and its metabolites, the liver is at special risk for
possible contamination. Carry over factors for this edible tissue of 0.016, 0.067 and 0.005 have been
reported for sows, fattening pigs and laying hens at diet any concentrations of 0.358, 0.009 and
1.1 mg/kg, respectively (Dénicke et al., 2002b, 2007a,b). Neglecting the differences in exposure time,
species, diet concentration and other variables potentially influencing the carry over factor, it can be
estimated that a 70 kg human would have to consume 18, 4 and 56 kg of such contaminated sow,
fattening pig and laying hen liver daily to approach the SCF t-TDI of 0.2 pg/kg b.w. Given the fact that
consumption of contaminated foodstuffs of plant origin lacks this dilution by the animal it seems
reasonable to conclude that the possible contribution of zearalenone residues in animal products is
negligible for the total zearalenone exposure of the consumer.

4.1.2.2. Foods of animal origin that could be consumed

A total of 20 egg samples from laying hens collected from private breeders in Belgium in autumn 2006
and spring 2007 were analysed for zearalenone, a-zearalenol and B-zearalanol (Tangni et al., 2009).
None of the samples were reported to have quantifiable concentrations of zearalenone, a-zearalenol and
[-zearalanol. However, trace levels (< LOQ) were reported for most of the samples collected during the
autumn period. From 6 to 9 samples out of 10 samples contained zearalenone, a-zearalenol and/or
[-zearalanol. For most of the 10 samples collected in spring < LOD concentrations for zearalenone,
a-zearalenol and [-zearalanol were reported. The reported LODs were 3.0, 1.5 and 6.0 pg/kg for
zearalenone, o-zearalenol and [-zearalanol, respectively and the LOQs 10.0, 5.0 and 20.0 pg/kg,
respectively (Tangni et al., 2009).

In a French total diet study, 176 food types were sampled in three different regions and in two different
seasons (Leblanc et al., 2005). A total of 2,280 individual samples were collected and 245 composite
samples were prepared by combining 5 individual food samples and tested for zearalenone. Out of
245 composite samples 30 were egg and egg product samples and 6 offal samples. Zearalenone was not
detected in any of these animal product samples (LOD approximately 10 ug/kg) (Leblanc et al., 2005).

In Greece 300 bovine meat samples were analysed for steroids including zearalenone, a-zearalenol,
B-zearalenol, a-zearalanol and B-zearalanol during the national residue control (Kaklamanos et al.,
2009). The decision limits (CCa) were from 0.09 to 0.11 pg/kg and the detection capabilities (CCP)
from 0.15 to 0.24 pg/kg. Zearalenone and its metabolites were not found in any of the samples analysed
(Kaklamanos et al., 2009).

4.2. Current occurrence results

4.2.1. Data collection summary

The Dietary and Chemical Monitoring Unit (DCM) (former Data Collection and Exposure Unit,
DATEX) call for data on zearalenone in food"> was launched in July 2010. European national food
authorities and similar bodies, research institutions, academia, food business operators and any other
stakeholders were invited to submit analytical data on zearalenone in food by November 2010. The data
submission to EFSA followed the requirements of the EFSA Guidance on Standard Sample Description
for Food and Feed (EFSA, 2010a).

Data were received from national food authorities or similar bodies, research laboratories and
associations of food and feed business operators. They covered food but also unprocessed grains of
undefined end-use (hereafter referred as unprocessed grains) and even feed. Based on the information
provided, separate data sets were extracted for food and for unprocessed grains, respectively.

15 http://www.efsa.europa.eu/en/dataclosed/call/datex 100729 htm
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Analytical results with incomplete or incorrect description of the relevant variables (e.g. parameter type,
food classification, result value, LOD or LOQ were not included in the data set used in this assessment.
The data set was checked for duplicates (same samples transmitted twice or repeated analysis of the
same sample) and all duplicates were excluded. Results obtained on samples collected before 2005 were
not included in the final data set as they may not reflect the zearalenone contamination found in recent
years. In this case, five years (2005-2009) were fully covered in the sampling. The year 2010 was not a
complete sampling year, as the closing date of the call for data on zearalenone was November 2010.
Data on food samples collected before 2005 as well as data on feed are stored in the EFSA database and
might be used in the future for other assessments.

After applying the cleaning and validation steps, a total of 13,075 analytical results obtained on food
samples and 9,877 results on ‘Unprocessed grains’ were retained for the evaluation. Data on food and
‘Unprocessed grains’ samples were obtained on samples collected in 19 European countries. The
sampling country and the country which submitted the data to EFSA was not always the same. The
distribution of food samples across the European countries where food samples were collected is
illustrated in Figure 3. Most of the results (62 %) were on samples collected in Germany followed by
France (12 %) and Slovakia (8 %). The distribution of food samples over the sampling years is
presented in Figure 4. The yearly sampling size varied roughly between 1,000 and 3,000 samples.

The distribution of ‘Unprocessed grains’ samples across the European countries and over the sampling
years is presented in Figure 5 and Figure 6, respectively.
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Figure 3: Distribution of food samples across European countries.

EFSA Journal 2011;9(6):2197 23



e D
y

i Efsa 0]
European Food Safety Autharity

Zearalenone in food

3500

3000

2500
2000
1500
1000 -
500 4
0 T T T T T

2005 2006 2007 2008 2009 2010

Number of samples

Sampling years
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Figure 5: Distribution of ‘Unprocessed grains’ samples across European countries.
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Figure 6: Distribution of ‘Unprocessed grains’ samples over the years of sampling.

4.2.2. Distribution of samples across food groups

The food samples were classified according to the FoodEx classification system (EFSA, 2011a).
FoodEx is a flexible food classification system developed by the DCM Unit in 2009 with the objective
of simplifying the linkage between occurrence and food consumption data when assessing the exposure
to hazardous substances. It contains 20 main food groups (first level), which are further divided into
subgroups having 140 items at the second level, 1,261 items at the third level and reaching about
1,800 end-points (food names or generic food names) at the fourth level. The spread of the analytical
results for zearalenone across the several FoodEx groups prevented calculation of summary statistics at
a very detailed level of the food classification system. Thus, food items were aggregated to an upper
level where the number of samples was sufficiently large to provide robust statistics. Broad food groups
with only a limited number of samples (n < 30), e.g. ‘Legumes, nuts and oil seeds’ (n=20; 90 %
non-detects), ‘Sugar and confectionary’ (n = 5; all non-detects), ‘Fish and other seafood’ (n= 14; all
non-detects), ‘Composite food’ (n = 27; all non-detects), or not classifiable foods were all included in
the group ‘Other foods’.

The vast majority of data were on grains and grain-based foods. The group ‘Grain milling products’
dominated the product coverage with 37 % of the total samples, followed by “Grains for human
consumption” (17 %), ‘Bread and rolls’ (9.5 %), ‘Breakfast cereals’ (11 %), ‘Fine bakery wares’(6.2 %)
and ‘Pasta’ (2.5 %). Other food groups represented were ‘Meat and meat products’ (9.6 %), ‘Food for
infants and small children’ (3.2 %), ‘Vegetable oils’ (1.7 %), ‘Vegetables and vegetable products’
(0.8 %), ‘Products for special nutritional use’ (0.4 %), ‘Beer’ (0.3 %) and ‘Snacks’ (0.9 %).

The distribution of samples across the aggregated food groups is shown in Figure 7. A more detailed
distribution in less aggregated food groups is presented in Section 4.2.4.
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Figure 7: Distribution of samples across the aggregated food groups.

4.2.3.  Analytical methods used

Data on zearalenone in food were obtained by applying HPLC-based methods (e.g. LC-MS/MS, HPLC-
FLD) (45 %), ELISA (13 %) and GC-MS (0.3 %). For 42 % of the food samples, the method of analysis
was not reported. However, the data provider communicated that most of the samples were analysed by
LC-MS/MS and other HPLC methods.

LODs and LOQs were not reported for all observations. To enable a comparison of the LOQs applied
across food groups, missing LOQs (2.4 %) were estimated by multiplying the reported LODs by three.
All the measurements were converted to pug/kg or pg/L.

The LOQs varied with the method applied, the food matrix and the laboratory (Figure 8). The median
value for LOQ in grains, milling products and food groups based on cereal grains varied between 5 and
10 pg/kg. Higher LOQs have been observed for commodities with high fibre content (bran, certain
breakfast cereals) which can absorb a high portion of the extraction solvent during sample extraction
and thus a higher dilution factor is applied compared to matrices with low fibre content.
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Figure 8: Distribution of the limit of quantification (LOQ) across aggregated food groups. (Box-plot:
whiskers at 5™ percentile and 95™ percentile, box at 25™ percentile and 75" percentile with line at
50™ percentile).

The non-detects accounted for more than 80 % of the observations in the majority of food groups
(Figure 9). The lowest proportion of non-detects was observed in ‘Vegetable oils’ (13 %). The high
contamination frequency in ‘Vegetable oils’ is linked to the corn germ oil samples which dominate the
group (see Section 4.2.4). Compared to other cereal-based food groups, a relatively lower percentage of
non-detects (76 %) was observed in the ‘Fine bakery wares’. A possible explanation could be the high
content of wheat bran in certain types of biscuits.
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Figure 9: Percentage of analytical results below the limit of quantification (LOQ).

4.2.4. Occurrence data by food group

The proportion of analytical records reported as quantified values was only 15 % out of
13,075 observations in food. Therefore, left-censored data (non-quantifiable results) had to be carefully
considered. As recommended in the ‘Principles and Methods for the Risk Assessment of Chemicals in
Food’ (WHO, 2009) left-censored data were treated by the substitution method. The same method is
indicated in the EFSA scientific report ‘Management of left-censored data in dietary exposure
assessment of chemical substances’ (EFSA, 2010b) as an alternative in the treatment of left-censored
data. The guidance suggests that the lower-bound (LB) and upper-bound (UB) approach should be used
for chemicals likely to be present in the food (e.g. naturally occurring contaminants, nutrients and
mycotoxins). The LB is obtained by assigning a value of zero (minimum possible value) to all samples
reported as lower than the LOD (< LOD) or LOQ (< LOQ). The UB is obtained by assigning the
numerical value of LOD to values reported as < LOD, and LOQ to values reported as < LOQ (maximum
possible value), depending on whether LOD or LOQ is reported by the laboratory.

The analytical results were transmitted by the data providers as either corrected or not corrected for
recovery. Where results were not corrected by the data provider a correction has been applied by using
the reported recovery rate. Where recovery was not available, no correction has been applied.

4.2.4.1. Grains for human consumption

The food group ‘Grains for human consumption’ consists of 2,190 samples covering the most cultivated
cereals. The highest contamination levels and the highest contamination frequency in the group ‘Grains
for human consumption’ were observed in corn (LB mean = 13 pg/kg; UB mean = 15 pg/kg) (Table 2).
Wheat, barley, rice and oats had similar mean concentrations. Lower concentrations were observed in
rye and spelt.
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Table 2:  Occurrence of zearalenone in the food group ‘Grains for human consumption’.

Food group N®  >LOD (%) Concentration (ng/kg)
LB/UB Mean P50 P75 P95 Maximum
Grains for human 2190 17 LB 2.7 0.0 0.0 14 140
consumption UB 5.7 3.0 5.0 20 140
Wheat 1013 22 LB 2.4 0.0 0.0 10 76
UB 54 4.0 10 13 76
Barley 193 12 LB 2.6 0.0 0.0 15 73
UB 5.6 3.0 4.0 26 73
Corn 137 33 LB 13 0.0 6.4 94 140
UB 15 33 12 94 140
Rye 415 6.0 LB 0.7 0.0 0.0 3.7 32
UB 34 2.0 5.0 6.0 32
Spelt 73 5.5 LB 0.3 0.0 0.0 2.2 14
UB 3.5 3.0 5.0 10 14
Oats 182 15 LB 2.0 0.0 0.0 11 86
UB 3.7 2.0 2.5 12 86
Rice 132 15 LB 3.8 0.0 0.0 30 87
UB 9.7 2.7 20 38 87
Other grains 43 17 LB 0.9 0.0 0.0 5.0 20
UB 34 2.0 4.0 14 20

N: number of samples; > LOD: indicates the percentage of results above the LOD or LOQ; LB: lower-bound; UB: upper-
bound; P50: 50" percentile; P75: 75" percentile; P95: 95" percentile.
(a): If N < 60 then the calculated P95 should be considered only as an indicative value (EFSA, 2011b).

4.2.4.2. Grain milling products

‘Grain milling products’ was the dominating food group (n = 4,793). Among wheat milling products the
highest concentrations and contamination frequency were reported for wheat bran (LB
mean = 18 pg/kg; UB mean = 33 pg/kg). Zearalenone was more frequently found in wholemeal wheat
flour compared to white wheat flour but the mean concentration was higher in white wheat flour. This is
explained by the high levels of zearalenone reported in a few samples (maximum = 460 pg/kg). Wheat
semolina was less contaminated compared to wheat flour. This is in line with the studies which
demonstrated that zearalenone is selectively distributed in the different milling fractions. Similarly to
the ‘Grains for human consumption’, high concentrations and contamination frequency were observed
in ‘Corn milling products’ (LB mean = 12 pg/kg; UB mean = 14 pg/kg) with higher levels in corn flour
compared to corn semolina. Milling products of rye, oats and spelt were less frequently contaminated
with zearalenone. There was no significant difference between the mean concentrations in the different
types of rye flour (Table 3).
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Table 3:  Occurrence of zearalenone in the food group ‘Grain milling products’.

Food group N®  >LOD Concentration (ng/kg)
()  LB/UB Mean P50 P75 P95 Maximum

Grain milling products 4793 18 LB 5.4 0.0 0.0 30 509
UB 12 5.0 10 50 509

Wheat milling products 3088 14 LB 4.9 0.0 0.0 28 507
UB 13 5.0 10 50 507
Wheat flour, white 1944 5.5 LB 1.8 0.0 0.0 2.0 460
UB 9.3 5.0 10 40 460

Wheat flour, wholemeal 287 28 LB 1.5 0.0 2.4 7.7 23
UB 4.7 3.0 5.0 11 50

Wheat bran 615 37 LB 18 0.0 17 94 507
UB 33 23 50 97 507

Wheat semolina, Durum 123 4.1 LB 0.06 0.0 0.0 0.0 3.2
UB 3.0 3.0 3.0 3.0 75

Wheat semolina, soft wheat 42 4.8 LB 0.21 0.0 0.0 0.0 8.2
UB 6.6 2.0 5.0 40 50

Rye milling products 482 6.4 LB 0.6 0.0 0.0 3.7 30
UB 4.1 3.0 5.0 10 50

Rye flour, light 162 11 LB 0.9 0.0 0.0 7.0 22
UB 4.4 3.0 5.0 12 50

Rye flour, medium 207 43 LB 0.5 0.0 0.0 0.0 30
UB 3.5 2.7 5.0 10 50

Rye flour, wholemeal 96 5.2 LB 0.4 0.0 0.0 4.3 10
UB 4.1 3.0 5.0 10 40

Buckwheat milling products 12 8.3 LB 0.4 0.0 0.0 5.0 5.0
UB 3.5 4.0 4.5 5.0 5.0
Corn milling products 838 44 LB 12 0.0 12 52 509
UB 14 5.0 13 54 509
Corn flour 382 57 LB 20 4.9 22 73 509
UB 22 7.5 24 78 509

Corn semolina 351 35 LB 4.8 0.0 6.9 22 69
UB 6.8 4.0 10 23 69

Oat milling products 52 7.5 LB 2.9 0.0 0.0 33 50
UB 9.0 2.0 3.0 50 50

Spelt milling products 126 7.9 LB 0.3 0.0 0.0 2.0 10
UB 3.6 3.0 5.0 10 15

Grain milling products 175 9.0 LB 0.8 0.0 0.0 10 16
(undefined) UB 5.7 3.0 10 16 20
Other milling products 20 10 LB 2.8 0.0 0.0 28 34
UB 10 10 10 42 50

N: number of samples; > LOD: indicates the percentage of results above the LOD or LOQ; LB: lower-bound; UB: upper-
bound; P50: 50" percentile; P75: 75" percentile; P95: 95" percentile.
(a): If N < 60 then the calculated P95 should be considered only as an indicative value (EFSA, 2011b).

4.2.4.3. Bread and rolls, and pasta

Zearalenone was found in 7.5 % of the 1,247 bread samples, and in relatively low concentrations (LB
mean = 0.9 pg/kg; UB mean = 5.2 pg/kg). The mean concentrations in the different types of bread were
very similar independently of the type of flour used for the bread preparation (Table 4). Concentrations
of zearalenone in pasta (n=330)was similar to those observed in bread (LB mean = 0.6 ng/kg;
UB mean = 5.8 pg/kg).
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Table 4:  Occurrence of zearalenone in the food groups ‘Bread and rolls’ and ‘Pasta’.

Food group N®  >LOD Concentration (ng/kg)
(%) _LB/UB__Mean P50 P75 P95  Maximum
Bread and rolls 1247 7.5 LB 0.9 0.0 0.0 4.6 70
UB 5.2 4.0 6.0 12 70
Wheat bread and rolls 227 1.8 LB 0.2 0.0 0.0 0.0 20
UB 4.7 4.0 5.0 10 50
Rye bread and rolls 72 5.6 LB 0.2 0.0 0.0 1.5 54
UB 3.5 3.0 5.0 6.7 12
Mixed wheat/ rye bread and 194 6.7 LB 0.9 0.0 0.0 4.9 40
rolls UB 4.5 4.0 5.0 12 40
Multigrain bread and rolls 56 7.1 LB 0.6 0.0 0.0 5.8 13
UB 4.1 4.0 5.0 5.8 13
Crisp bread and rusk 181 5.0 LB 0.5 0.0 0.0 0.0 34
UB 3.8 2.0 5.0 10.0 34
Other bread 280 12 LB 1.1 0.0 0.0 6.4 63
UB 7.7 10 10 12 63
Pasta 330 3.9 LB 0.6 0.0 0.0 0.0 48
UB 5.8 3.0 6.7 20 50

N: number of samples; > LOD: indicates the percentage of results above the LOD or LOQ; LB: lower-bound; UB: upper-
bound; P50: 50™ percentile; P75: 75™ percentile; P95: 95" percentile.
(a): If N < 60 then the calculated P95 should be considered only as an indicative value (EFSA, 2011b).

4.2.4.4. Breakfast cereals, fine bakery wares and snacks

In the food group ‘Breakfast cereals’ (n = 1,377), zearalenone was found most frequently in corn flakes
(17.3 %) followed by wheat flakes (14.3 %) and mixed breakfast cereals (12 %). Amongst the breakfast
cereals, the highest mean zearalenone concentration was recorded in wheat flakes (LB
mean = 8.4 png/kg; UB mean = 25 pg/kg) (Table 5).

A relatively high contamination frequency (24.3 %) was observed in fine bakery wares. In the sub-
groups ‘Biscuits”, 33.2 % of the samples contained zearalenone which is about 3-fold higher than in
‘Pastries and cakes’. The higher contamination frequency and higher concentrations in ‘Biscuits’
compared to ‘Pastries and cakes’ could be explained by the high content of wheat bran in certain types
of biscuits and by the use of zearalenone-containing vegetable oil as ingredient. The group ‘Snacks’
(n=121) included a large variety of cereal-based snack foods. The relatively high mean concentrations
(LB mean = 2.6 ug/kg; UB mean = 12 pg/kg) can be related to the high content of corn in certain snack
foods and also to the addition of corn germ oil in this type of food.
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Table 5:  Occurrence of zearalenone in the food groups ‘Breakfast cereals’, ‘Fine bakery products’
and ‘Snacks’.

Food group N®  >LOD Concentration (ng/kg)
(%) LB/UB Mean P50 P75 P95 Maximum
Breakfast cereals 1377 8.7 LB 1.2 0.0 0.0 5.0 172
UB 5.7 3.0 6.7 20 172
Corn flakes 405 17 LB 1.7 0.0 0.0 8.9 136
UB 5.6 3.0 5.0 20 136
Cereal flakes 333 4.5 LB 2.2 0.0 0.0 10 37
UB 10 10 10 20 37
Oat flakes 222 4.5 LB 0.5 0.0 0.0 0.1 30
UB 3.1 1.2 4.5 10 30
Spelt flakes 77 0.0 LB 0.0 0.0 0.0 0.0 0.0
UB 4.8 4.0 10 10 10
Wheat flakes 34 14 LB 8.4 0.0 0.0 69 69
UB 23 10 40 69 69
Muesli 261 2.7 LB 1.2 0.0 0.0 1.7 69
UB 5.5 3.0 5.0 15 69
Mixed breakfast cereals 50 12 LB 0.3 0.0 0.0 0.0 23
UB 4.8 2.0 10 10 40
Grits 75 5.3 LB 2.6 0.0 0.0 1.5 172
UB 3.9 0.9 1.0 5.0 172
Breakfast cereals (undefined) 105 12 LB 1.0 0.0 0.0 34 49
UB 6.8 1.8 5.0 30 49
Other breakfast cereals 152 3.9 LB 0.3 0.0 0.0 1.0 10
UB 6.3 4.9 10 10 50
Fine bakery wares 813 24 LB 4.2 0.0 2.2 24 98
UB 7.7 5.0 10 25 98
Pastries and cakes 156 9.6 LB 1.4 0.0 0.0 7.1 50
UB 4.8 4.0 5.0 12 50
Biscuits (cookies) 541 33 LB 5.8 0.0 5.3 28 98
UB 9.0 5.0 10 29 98
Fine bakery wares 116 3.0 LB 0.1 0.0 0.0 0.0 5.0
(undefined)

UB 4.5 3.0 10 10 10
Snacks 121 16 LB 2.6 0.0 0.0 20 50
UB 12 10 20 20 50

N: number of samples; > LOD: indicates the percentage of results above the LOD or LOQ; LB: lower-bound; UB: upper-
bound; P50: 50" percentile; P75: 75" percentile; P95: 95™ percentile.
(a): If N < 60 then the calculated P95 should be considered only as an indicative value (EFSA, 2011b).

4.2.4.5. Vegetables and vegetable products, vegetable oils, meat and meat products and beer

The sample size of the food group ‘Vegetables and vegetable products’ was low (n = 108) and was
dominated by sweet corn samples (87 %). Thus, the mean concentrations cannot be extrapolated to all
vegetables and vegetable products. A very high contamination frequency (86.4 %) with zearalenone
concentration up to 823 pg/kg was recorded in vegetable oils. In fact, most of the samples in this group
were corn germ oil (also known as corn oil) and wheat germ oil, both highly contaminated with
zearalenone. Mean concentration in corn germ oil (LB mean =90 pg/kg; UB mean =90 pg/kg) was
about 3-fold higher compared to wheat germ oil (LB mean =31 pg/kg; UB mean =35 pg/kg). High
zearalenone concentrations in corn germ oil and wheat germ oil have been mentioned in previous
studies (Kappenstein et al., 2005).

In the group “Meat and meat products” all observations (n = 1,256) were non-detects and therefore this
food group will not be considered in the exposure assessment. Under alcoholic beverages, only
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35 observations on beer were available. Zearalenone was detected only in two samples and in low
concentrations. The maximum UB value given in Table 6 for beer is not a quantified result but the value
of the highest LOQ applied in substituting the left-censored data.

Table 6:  Occurrence of zearalenone in the food groups ‘Vegetables and vegetable products’, ‘Meat
and meat products’, ‘Vegetable oils’ and ‘Beer’.

Food group N®  >LOD Concentration (ng/kg)
(%) LB/UB Mean P50 P75 P95 Maximum
Vegetables and  vegetable 108 15 LB 2.6 0.0 0.0 13 80
products UB 53 3.0 4.0 26 80
Sweet corn 94 11 LB 1.4 0.0 0.0 7.1 50
UB 4.8 4.0 5.0 12 50
Vegetables and vegetable 5 0.0 LB 0.0 0.0 0.0 0 0.0
products (undefined) UB 2.8 1.0 1.0 10 10
Other vegetables 9 67 LB 3.8 4.5 6.9 7.1 7.1
UB 4.6 4.5 6.9 7.1 7.1
Meat and meat products 1256 0.0 LB - - - - -
UB - - - - -
Vegetable oils 221 86 LB 70 49 91 200 823
UB 72 49 91 200 823
Corn germ oil 139 97 LB 90 59 110 243 823
UB 90 59 110 243 823
Wheat germ oil 58 76 LB 31 23 39 110 150
UB 35 23 39 110 150
Vegetable oils (undefined) 12 17 LB 85 93 126 163 163
UB 87 93 126 163 163
Other vegetable oil 12 83 LB 10 0 0 74 74
UB 20 10 30 74 74
Beer 35 5.7 LB 0.1 0.0 0.0 1.8 2.2
UB 1.0 0.5 1.0 2.2 10

N: number of samples; > LOD: indicates the percentage of results above the LOD or LOQ; LB: lower-bound; UB: upper-
bound; P50: 50® percentile; P75: 750 percentile; P95: 95t percentile; -: not calculated as all results were < LOD.
(a): If N < 0 then the calculated P95 should be considered only as an indicative value (EFSA, 2011b).

4.2.4.6. Food for infants and small children and products for special nutritional use

The group ‘Food for infants and small children’ (n = 420) was dominated by samples in the sub-group
‘Cereal-based food for infants and young children’ (67 %). The frequency of quantifiable results in all
sub-groups was in the range of 0 to 5 %. Also, the concentration of zearalenone was at a low level
(maximum quantified result = 19 pg/kg) (Table 7).

The group ‘Products for special nutritional use’ includes bakery products for diabetics, formulas for
metabolic disorders and other specially formulated medical foods. The contamination was similar to
other cereal-based food groups.
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Table 7:  Occurrence of zearalenone in the food groups ‘Food for infants and small children’ and
‘Products for special nutritional use’.

Food group N®  >LOD Concentration (ng/kg)
(%) LB/UB Mean P50 P75 P95 Maximum

Food for infants and small children 420 4.0 LB 0.3 0.0 0.0 0.0 19
UB 7.0 6.7 10 15 20
Infant formulae, powder 19 5.0 LB 0.3 0.0 0.0 5.0 5.0
UB 8.2 10 10 15 15
Follow-on formulae, powder 49 2.0 LB 0.2 0.0 0.0 0.0 10
UB 11 15 15 15 15
Cereal-based food for infants and 280 1.8 LB 0.2 0.0 0.0 0.0 19
young children UB 6.0 5.0 10 20 20
Ready-to-eat meal for infants and 28 0.0 LB 0.0 0.0 0.0 0.0 0.0
young children UB 5.5 50 6.7 10 10
Food for infants and small 44 23 LB 1.0 0.0 0.0 10 10
children (undefined) UB 4.6 1.8 10 15 15
Products for special nutritional use 49 14 LB 1.5 0.0 0.0 15 20
UB 4.2 4.0 5.0 15 20

N: number of samples; > LOD: indicates the percentage of results above the LOD or LOQ; LB: lower-bound; UB: upper-
bound; P50: 50® percentile; P75: 750 percentile; P95: 95t percentile;
(a): If N < 60 then the calculated P95 should be considered only as an indicative value (EFSA, 2011b).

4.2.4.7. Occurrence data on unprocessed grains of unknown end-use

The group ‘Unprocessed grains’ (n = 9,877) includes grains of undefined end-use. Since their end-use is
not established and normally grains for human and animal consumption undergo several processing
steps before being used it has been considered appropriate to evaluate them separately. High
concentrations have been reported in corn grains (LB mean =76 pg/kg; UB mean = 87 ng/kg) and in
sorghum grains (LB mean = 96 pg/kg; UB mean = 116 pg/kg). The lowest zearalenone concentrations
were reported in rice (LB mean = 0.8 pg/kg; UB mean = 5.5 pg/kg) (Table 8).

Comparing the mean concentrations in grains for human consumption and unprocessed grains, a
constantly higher contamination was observed in unprocessed grains (Figure 10). This suggests that
cleaning and selection steps applied to grains after harvesting result in lower zearalenone concentration
in grains intended for human consumption.
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Table 8:  Occurrence of zearalenone in the group ‘Unprocessed grains’.

Food group N®  >LOD Concentration (ng/kg)
(%)  LB/UB Mean P50 P75 P95 Maximum
Unprocessed grains 9877 41 LB 33 0.0 15 160 2969
UB 40 7.0 27 161 2969
Wheat 5318 38 LB 22 0.0 7.0 89 2969
UB 27 5.0 20 90 2969
Barley 1071 37 LB 10 0.0 5.0 49 775
UB 13 5.0 10 50 775
Corn 2460 56 LB 76 16 76 319 2700
UB 87 40 78 319 2700
Oats 596 23 LB 21 0.0 0.0 76 1590
UB 23 1.5 5.0 98 1590
Rice 43 7.0 LB 0.8 0.0 0.0 10 15
UB 5.5 5.0 5.0 10 15
Sorghum 55 53 LB 96 50 147 450 700
UB 116 50 147 450 700

N: number of samples; > LOD: indicates the percentage of results above the LOD or LOQ; LB: lower-bound; UB: upper-
bound; P50: 50" percentile; P75: 75™ percentile; P95: 95™ percentile.
(a): If N < 60 then the calculated P95 should be considered only as an indicative value (EFSA, 2011b).
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Figure 10: Comparison of zearalenone concentrations (pug/kg) in ‘Grains for human consumption’ (a)
and ‘Unprocessed grains’ (b). (Box-plot: whiskers at 5™ percentile and 95" percentile, box at
25™ percentile and 75™ percentile with line at 50" percentile).

4.2.5. Comparison of zearalenone occurrence in foods from organic and conventional farming

Of the 13,075 food samples, the production method was provided only for 948 observations (organic
farming n = 862; conventional farming n = 86). For the comparison exercise, it was assumed that all
samples where the method of production was not specified were from conventional farming. Food
groups with more than 30 samples (‘Wheat grain’, ‘“Wheat milling products’, ‘Corn milling products’,
‘Pasta’, ‘Corn flakes’ and ‘Cereal flakes’) were selected for the comparison. In the tested food groups,
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the zearalenone contamination in products of organic farming was lower than in products of
conventional farming (Figure 11). However, since the sampling size of the organic food was smaller
compared to the conventional food and the sampling-countries and sampling years were not the same,
this result should be interpreted with caution. Nevertheless, the data indicate that organic samples are
not more contaminated than those conventionally cultivated.

Wheat grain (n= 76) (a) _i-[-—l
Wheat grain (n=937) (b) | T

Wheat milling products (n =116) (a) _»-E-—l
Wheat milling products (n =2972) (b)

=l
Commilling products(n=102) (a) | H ]}
H T

Cornmilling products (n = 736) (b)
Pasta(n=150)(a) |{I—
Pastam=280)() | TIIN—
Comflakes (n=37)(a) HE—
Comflakes (n=368) (1) [ J}——
Cereal flakes (n=288%) (a) {_——
Cereal flakes m=246)(b) H_ IR

0 10 20 30 40 50 60

ng’kg

Figure 11: Comparison of the zearalenone contamination (ug/kg) in selected food groups from organic
farming (a) and conventional farming (b). (Box-plot: whiskers at 5 percentile and 95™ percentile, box
at 25" percentile and 75" percentile with line at 50" percentile).

4.2.6. Comparison of zearalenone occurrence over the sampling years

An important factor for the development of Fusarium spp. and the production of Fusarium toxins are
the climatic conditions, mainly low temperature and high humidity. As these conditions can vary
between the years, it is expected that Fusarium toxins may occur with higher frequency and at higher
concentrations in the years when the climatic conditions are favourable. It seemed therefore interesting
to evaluate the contamination frequency and zearalenone concentrations in foods over the years 2005 to
2010. An important constraint in this exercise is the overlapping of at least two harvests in one sampling
year. As most grains are harvested in summer they will predominantly enter into the food chain in the
second half of the harvest year and in the first half of the following year. In addition, grains might be
stored and used after more than one year. An exercise comparing the occurrence of zearalenone over the
sampling years was performed but given the aforementioned limitations no clear variation over years
could be observed (results not shown in this scientific opinion).

4.3. Milling and food processing

Concerning the milling of wheat only a few studies are available. It was shown by Palpacelli et al.
(2007) that stone milling results in a 40-50 % reduction of zearalenone in wheat flour which was
significantly lower compared to use of a modern roller mill. In another publication Wolff (2005) studied
the effect of sorting, cleaning and milling on the zearalenone concentration. During cleaning and sorting
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84 % of zearalenone could be removed. After milling the zearalenone content was low in the produced
flour, however higher concentrations were found in the by-products such as wheat bran.

Generally, the milling process determines the degree of mycotoxin contamination of the resulting bran
in general, and that of zearalenone in particular as demonstrated by milling experiments where the
zearalenone concentration of bran made of naturally contaminated barley amounted to 38, 33, 33,
28 and 24 pg/kg when the proportion of husking losses were 17 to 22, 27, 32 and 37 %, respectively
(Smith et al., 1994). The concentrations in the remaining meal decreased at the same time. Similar
relationships were determined for deoxynivalenol and nivalenol. This husking loss related decrease in
mycotoxin concentration of the bran is due to the increase in the proportion of lower contaminated
starch endosperm in the resulting bran.

In a comprehensive German survey different by- and waste products obtained during the cleaning
process of wheat and rye were analysed for an array of undesirable substances such as anthropogenic
and natural contaminants (Wolff et al., 2004). Among the natural contaminants the mycotoxins
zearalenone, deoxynivalenol, ochratoxin A and total ergot alkaloids were analysed. A total of
352 samples were analysed, of which 57 were cleaned cereal and 56 were bran samples. The samples
were provided by 16 mills from four sample collections and represented 6,635 tonnes of cereal grains
sampled. In general, the waste products from cleaning the raw cereal grains (dust, hulls and others) were
characterized by 3- to 30-fold higher zearalenone concentrations than the cleaned cereal grains while
bran contained up to 2-fold higher concentrations. In particular, the median zearalenone concentrations
of the four sample collections varied between 1.7 and 4.9 pg/kg for the cleaned cereal grain samples,
and between 2.4 and 7.2 ug/kg for the bran samples. The corresponding minimum and maximum values
were 1 and 25.7 pg/kg for the grains, and 1 to 50.3 pug/kg for the bran (LOD = 1 pg/kg).

From a chemical point of view zearalenone seems to be unstable due to the macrocyclic lactone ring and
the double bond. However, zearalenone is classified as a rather stable mycotoxin which e.g. is not
degraded during storage (Krska et al., 2003). The degradation during food processing has been studied
in different model systems where a strong difference between the various processing techniques
occurred. Heating of pure zearalenone or zearalenone contaminated grain for several hours at 150°C did
not lead to a significant loss of zearalenone. Starting at 200°C a moderate degradation was observed
(Lauren and Smith, 2001; Yumbe-Guevara et al., 2003). Heating of zearalenone in an aqueous solution
or under alkaline conditions led to degradation starting at 150°C whereas boiling in water did not
influence the zearalenone content (Ryu et al., 1999).

In bread-baking experiments using wheat flour with a zearalenone concentration of 1-20 mg/kg,
34-40 % of zearalenone were degraded at approximately 200°C for 30 minutes. The production of
instant noodles with the addition of 1 % potassium carbonate resulted in a 48-62 % reduction of
zearalenone. In biscuits with 3 % sodium bicarbonate zearalenone was decreased by 16-27 % (Matsuura
etal., 1981).

The roasting of barley kernels (3.89 mg =zearalenone/kg) at 220°C resulted in a zearalenone
decomposition of approximately 80 % after 18 minutes (Yumbe-Guevara et al., 2003). During the
traditional preparation of tortillas using naturally contaminated corn the reduction ranged from 59 to
100 % (Abbas et al., 1988). This strong degradation can be explained by the alkaline conditions during
nixtamalization (traditional preparation of corn by cooking under alkaline conditions using limewater)
(Abbas et al., 1988).

A high degradation rate was also observed during extrusion cooking of maize grits or maize meal spiked
with 22-38000 pg/kg of zearalenone. Depending on the extrusion parameters (temperature, moisture
content, screw speed) the zearalenone concentration was reduced by 66-83 % (Ryu et al., 1999),
66-81 % (Cetin and Bullerman, 2005) and 6-54 % (Scudamore et al., 2008a). The loss of zearalenone
seems not to be affected much by the presence of dextrose. The addition of salt resulted in higher
zearalenone levels indicating a lower reduction rate (Scudamore et al., 2008a). Extrusion cooking of
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wheat spiked with 305 pg/kg of zearalenone resulted in a reduction rate of 3-17 % depending on the
parameters used (Scudamore et al., 2008b).

In most studies only the degradation of zearalenone was analysed and the chemical structures of
zearalenone degradation products have not been elucidated. Only a decarboxylated zearalenone formed
after opening of the lactone ring has been described (Urry et al., 1966).

In general, zearalenone is redistributed between the milling fractions. The by-products from cleaning the
raw cereal grains (dust, hulls and others) were characterised by 3- to 30-fold higher zearalenone
concentrations than the cleaned cereal grains while bran contained up to 2-fold higher concentrations.
Generally zearalenone is not affected by cooking. Only under alkaline conditions or during extrusion
cooking (heating under a high degree of pressure) a reduction of above 40 % was observed.

5. Food consumption

5.1. EFSA Comprehensive European Food Consumption Database

In 2010, the EFSA Comprehensive European Food Consumption Database (Comprehensive Database)
has been built from existing national information on food consumption at a detailed level. Competent
authorities in the European countries provided EFSA with data from the most recent national dietary
survey in their country at the level of consumption by the individual consumer. This included food
consumption data concerning infants (2 surveys from 2 countries), toddlers (8 surveys from
8 countries), children (17 surveys from 14 countries), adolescents (14 surveys from 12 countries), adults
(21 surveys from 20 countries) elderly (9 surveys from 9 countries) and very elderly (8 surveys from
8 countries) for a total of 32 different dietary surveys carried out in 22 different European countries.
Surveys on children were mainly obtained through the Article 36 project “Individual food consumption
data and exposure assessment studies for children” (acronym EXPOCHI) (Huybrechts et al., in press).

Overall, the food consumption data gathered at EFSA in the Comprehensive Database are the most
complete and detailed data currently available in the EU. However, consumption data were collected by
using different methodologies and thus they are not suitable for direct country-to-country comparison.

5.2. Food consumption data for different age and consumer groups

The CONTAM Panel considered that only acute dietary exposure to zearalenone did not need to be
assessed. Therefore, as suggested by the EFSA Working Group on Food Consumption and Exposure
(EFSA, 2011Db) dietary surveys with only one day per subject were not considered for the calculation of
zearalenone exposure, as they are not adequate to assess repeated dietary exposure. Similarly, subjects
who participated only one day in the dietary studies where the protocol prescribed more reporting days
per individual were excluded. Thus, for the present assessment, food consumption data were available
from 28 different dietary surveys carried out in 17 different European countries as follows:

1. Infants: 2 countries; 2 dietary surveys

2. Toddlers: 7 countries: 9 dietary surveys

3. Other children: 13 countries; 17 dietary surveys
4. Adolescents: 10 countries; 12 dietary surveys
5. Adults: 14 countries; 15 dietary surveys

6. Elderly: 7 countries; 7 dietary surveys

7. Very elderly: 6 countries; 6 dietary surveys
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Within the dietary studies, subjects were classified in different age classes as defined below:

1. Infants: < 12 months old

2. Toddlers: > 12 months to < 36 months old
3. Other children: > 36 months to < 10 years old
4. Adolescents: > 10 years to < 18 years old

5. Adults: > 18 years to < 65 years old

6. Elderly: > 65 years to < 74 years old

7. Very elderly: > 75 years old

In particular, results from consumption surveys from 13 different European countries for children
gathered by means of the EFSA Article 36 project ’Individual food consumption data and exposure
assessment studies for children’ (acronym EXPOCHI) (Huybrechts et al., in press) were incorporated in
the database. Consumption records were codified according to the FoodEx classification system, which
has been developed by the DCM Unit in 2009 (EFSA, 2011a).

The dietary surveys considered for the dietary exposure assessment and number of subjects in the
different age classes are presented in Table 9. Further details on how the Comprehensive Database is
used are published in the Guidance of EFSA ‘Use of the EFSA Comprehensive European Food
Consumption Database in Exposure Assessment’ (EFSA, 2011Db).
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Table 9:  Dietary surveys considered for the chronic dietary exposure assessment and number of subjects in the different age classes.

Country Dietary survey(a) Abbreviation® Number of subjects
Total Infants Toddlers Other Adolescents  Adults _Elderly Very elderly

Belgium Diet National 2004 BE/1 3118 584 1304 518 712

Regional Flanders BE/2 661 36 © 625
Bulgaria NUTRICHILD BG 1721 860 428 433
Cyprus Childhealth CY 303 303
Czech Republic ~ SISP04 Ccz 2353 389 298 1666
Denmark Danish Dietary Survey DK 4120 490 479 2822 309 20©
Finland DIPP FI/1 1430 497 933

FINDIET 2007 F1/2 2038 1575 463

STRIP F1/3 250 250
France INCA2 FR 4079 482 973 2276 264 84
Germany DONALD 2006 DE/1 303 92 211

DONALD 2007 DE/2 311 85 226

DONALD 2008 DE/3 307 84 223

National Nutrition Survey II DE/4 1392 1011 1041 2006 490
Greece Regional Crete GR 839 839
Hungary National Repr Surv HU 1360 1074 206 80
Ireland NSIFCS IE 958 958
Italy INRAN SCAI 2005 06 IT 3323 16© 36 193 247 2313 290 228
Latvia EFSA TEST LV 1965 189 470 1306
The Netherlands DNFCS 2003 NL/1 750 750

VCP_kids NL/2 1279 322 957
Spain AESAN ES/1 410 410

AESAN FIAB ES/2 1067 86 981

NUT INKO5 ES/3 1050 399 651

enKid ES/4 382 17 156 209
Sweden Riksmaten 1997 98 SE/1 1210 1210

NFA SE/2 2491 1473 1018
United NDNS UK 1724 1724

BE: Belgium; BG: Bulgaria; CY: Cyprus; CZ: Czech Republic; DK: Denmark; FI: Finland; FR: France; DE: Germany; GR: Greece; HU; Hungary; IE: Ireland; IT: Italy; LV: Latvia; NL; The
Netherlands; ES: Spain; SE: Sweden; UK: United Kingdom; (a): More information on the dietary surveys is given in the Guidance of EFSA “Use of the EFSA Comprehensive European Food
Consumption Database in Exposure Assessment” (EFSA, 2011b); (b): Abbreviations to be used consistently in all tables on exposure assessment; (c): The 95" percentile calculated over a
number of observations lower than 60 require cautious interpretation as the results may not be statistically robust (EFSA, 2011b) and therefore for these dietary surveys/age classes the 95
percentile estimates will not be presented in the exposure assessment.
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5.2.1.  Specific consumption patterns of breakfast cereals in European countries

Consumption data for breakfast cereals were analysed in all dietary studies specified in Section 5.1. The
consumption of breakfast cereals varies between European countries and age classes. Overall, the
highest median value for breakfast cereal consumption in the total population across all countries and
dietary surveys was observed in the group ‘Other children’ (10 g/day) followed by
‘Adolescents’(9.8 g/day) (Table 10). In the other age classes, the median value for breakfast cereal
consumption was lower (< 5 g/day). However, high variation was observed between the dietary surveys
within each age class (Table Al, Appendix A). In ‘Infants’, the reported consumption of breakfast
cereal was negligible (0.03 g/day in one dietary study).

The 95™ percentile breakfast cereal consumption in the total population followed a similar pattern to the
mean consumption. The highest median values were observed in ‘Adolescents’ (50 g/day) and in ‘Other
children’ (46 g/day). Maximum average consumption across the dietary surveys was recorded in ‘Other
children’ (140 g/day), ‘Adolescents’ (100 g/day) and ‘Adults’ (100 g/day). Similarly to the total
population, there is high variation between the dietary surveys (Table A2, Appendix A).

Table 10: Overview on breakfast cereal consumption (g/day) in the total population by age class.
Minimum, median and maximum values across European countries and dietary surveys.

Toddlers Other children Adolescents Adults Elderly Very elderly
Mean consumption in the total population (g/day)
Minimum 0.3 1.1 3.2 1.6 0.5 0.6
Median 4.0 10 9.8 5.0 2.1 1.4
Maximum 5.8 29 19 25 17 3.5
95™ percentile consumption in the total population (g/day)®
Minimum 11 23 20 13 0.0® 0.0®
Median 21 46 50 30 11 0.0®
Maximum 23 140 100 100 50 30

(a): The 95" percentile estimates obtained on dictary surveys/age classes with less than 60 observations may not be statistically
robust (EFSA, 2011b) and therefore they were not included in this table.
(b): In certain dietary surveys, at least 95 % of the subjects did not report breakfast cereal consumption thus the 95™ percentile

equals zero.
6. Human exposure assessment
6.1. Previously reported human exposure assessments

A review of the zearalenone exposure assessments performed before the year 2000 is presented in the
JECFA evaluation of zearalenone (WHO, 2000). Several exposure assessments included in this
document were based on occurrence data in raw commodities thus some of those estimates have a very
high degree of uncertainty.

In a total diet study carried out in France in 2000, Leblanc et al., (2005) estimated the dietary exposure
to zearalenone in the French population. Zearalenone was found in concentrations above the LOD only
in 5 (2 %) of the 245 analysed samples thus the left-censored data had a considerable influence on the
estimates.'® The mean dietary exposure in total population was estimated at 33 ng/kg b.w. per day and
the 95" percentile dietary exposure at 70 ng/kg b.w. per day. In children (3-14 years old), the mean

'® Left censored data were treated by the middle bound substitution method (non detected values = 1/2 LOD; <LOQ =
112 LOQ).
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dietary exposure was 66 ng/kg b.w. per day and the 95" percentile dietary exposure 132 ng/kg b.w. per
day. For the vegetarian population, the estimated average dietary exposure was between 50 and
200 ng/kg b.w. per day, depending on the groups studied. The 95™ percentile dietary exposure was
between 110 and 570 ng/kg b.w. per day.

The zearalenone dietary exposure to the European population was assessed in 2003 in the SCOOP task
3.2.10 (SCOQOP, 2003). The average daily dietary exposures ranged among adults from 4 to 29 ng/kg
b.w. per day. Small children had the highest average daily dietary exposures ranging from 6 to 55 ng/kg
b.w. per day. Main contributors to the dietary exposure were found to be corn, wheat and the
corresponding products.'’

A study on occurrence of zearalenone in food and dietary exposure of the population to zearalenone was
performed between 2001 and 2004 in Germany. Mean zearalenone exposure in the adult population
was estimated at 6 ng/kg b.w. per day and the 95" percentile dietary exposure at 20 ng/kg b.w. The
highest exposure was estimated in 4 to 6 years old children: mean dietary exposure = 16 ng/kg b.w. per
day; 90" percentile dietary exposure = 57 ng/kg b.w. per day.’ No food consumption data were
available for infants thus the exposure in this age class was calculated based on estimated food
consumption. The estimated exposure was below 30 ng/kg b.w. per day (Curtui et al., 2006).

In 2008, the Finnish Food Safety Authority EVIRA estimated the dietary exposure to zearalenone in the
Finnish population. The mean daily dietary exposure in adult Finnish women was estimated at 22 ng/kg
b.w. per day and in men at 24 ng/kg b.w. per day. The 95" percentile dietary exposure,” the dietary
exposure was 44 ng/kg b.w. per day for women and 51 ng/kg b.w. per day for men (EVIRA, 2008).

Although the left-censored data were treated in different ways and different methodologies were applied
for calculating exposure, the estimated dietary exposures across studies were of the same order of
magnitude. Grains and grain products were the main sources of dietary intake of zearalenone.

6.2. Mean and high chronic dietary exposure to zearalenone

For calculating zearalenone exposure, food consumption and body weight data at the individual level
were accessed in the Comprehensive Database. For each country, exposure estimates were calculated
per dietary survey and age class (see Section 5.2). Exposure estimates were therefore calculated for
28 different dietary surveys carried out in 17 different European countries. Not all countries provided
consumption information for all age groups or in certain cases more than one consumption survey was
provided by the same country.

The mean dietary exposure (average consumption in total population) and the high dietary exposure
(95" percentile food consumption in total population) to zearalenone were calculated separately for each
dietary survey using consumption data recorded at the individual level. Exposure estimates were
calculated for both LB and UB scenarios. The LB and UB mean zearalenone concentrations of the most
detailed food groups described in Section 4.2.4 (‘Meat and meat products’ not included) were combined
with the consumption information at the individual level and each individual body weight was used to
express zearalenone exposure in ng/kg b.w. per day.

' Left-censored data were treated in the following way: results lower than the LOD were replaced by the LOD/2; results
between LOD and LOQ were used; if only LOQ was available, or if numerical values between LOD and LOQ were not
available, results were substituted by LOQ/6.

'8 Left-censored data were treated by substitution with the half of the LOD (middle-bound scenario). The mean dietary
exposure was estimated by using the median occurrence values and the median values for food consumption. For the
90™ percentile dietary exposure, the median occurrence values were multiplied by the 90™ percentile food consumption.

' Average consumers: median concentration x average consumption; high consumers = median concentration x 95 percentile
consumption.
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In a preliminary exercise, the zearalenone exposure was calculated separately for each gender. There
were only slight differences between the estimates for the two genders within the same age class and the
same dietary survey. Compared to the variation observed between the dietary exposure estimates
obtained across European countries and dietary surveys, the difference between the estimates for the
two genders in the same dietary study was negligible. In addition, no constant higher exposure was
observed in consumers of one gender across dietary studies and age classes. Therefore, the dietary
exposure to zearalenone is reported from females and males combined. Minimum, median and
maximum values are reported as estimated across dietary studies (Table 11). Detailed mean and
95™ percentile dietary exposure estimates calculated for each of the 28 dietary surveys are presented in
Tables B1 and B2 (Appendix B).

6.2.1.  Infants (< 12 months old)

Despite the high proportion of non-detects, the CONTAM Panel decided to estimate the exposure to
zearalenone for infants from 0 to 1 years old, by using the available consumption data from the
Comprehensive Database (including EXPOCHI data). Only two dietary surveys reported consumption
data for children younger than 1 year, therefore the exposure estimate should be considered as not
representative of the European infant population.

Taking into account all the above mentioned limitations, the mean dietary exposure estimates ranged
from 3.3 to 88 ng/kg b.w. per day (minimum LB to maximum UB). The 95" percentile exposure
estimates ranged from 33 to 217 ng/kg b.w. per day (Table 11).

6.2.2.  Children and adolescents (> 1 to < 18 years old)

The zearalenone dietary exposure in children and adolescents decreased with increasing age. This is
explained by the higher intake of food per kg b.w. in younger age groups. The highest exposure was
estimated in toddlers; mean exposure ranged from 9.3 to 100 ng/kg b.w. per day; the 95" percentile
exposure ranged from 24 to 277 ng/kg b.w. per day (minimum LB to maximum UB) (Table 11).

6.2.3.  Adults (=18 to < 65 years old)

In the adult population, the mean dietary exposure to zearalenone across survey studies ranged from
2.4 to 29 ng/kg b.w. per day (minimum LB to maximum UB). The 95™ percentile exposure ranged from
4.7 to 54 ng/kg b.w. per day (Table 11).

6.2.4.  Elderly and very elderly (= 65 years old)

The mean dietary exposure to zearalenone in elderly and very elderly population was slightly lower
compared to adults. The mean values across the survey studies ranged from 2 to 29 ng/kg b.w. per day
(minimum LB to maximum UB). The 95" percentile dietary exposure ranged from 3.5 to 47 ng/kg b.w.
per day (Table 11).

6.2.5. Summary

It can be concluded that the chronic dietary exposure to zearalenone is higher in younger consumers
compared to adults. Also, there is a relatively high variation between the exposure estimates across
European countries and dietary surveys within each age class. The exposure estimates found in this
assessment are in line with those reported in the previous studies (see Section 6.1). A summary of the
chronic dietary exposure to zearalenone in all age classes is presented in Table 11.
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Table 11: Summary statistics of the chronic dietary exposure to zearalenone (ng/kg b.w. per day).

Age class Summary statistics of exposure (ng/kg b.w. per day)
Minimum Median Maximum
LB UB LB UB LB UB

Mean dietary exposure in total population

Infants® 33 87 6.4 87 9.4 88
Toddlers 9.3 51 13 83 23 100
Other children 5.7 29 11 44 22 75
Adolescents 3.6 17 6.1 26 12 42
Adults 2.4 14 4.3 18 7.2 29
Elderly 2.0 13 34 16 6.4 26
Very elderly 2.3 12 2.9 16 7.1 29
95™ percentile exposure in total population®
Infants 33(0) _@ _@ _@ _@ 21 7(0)
Toddlers 24 104 31 182 50 277
Other children 9.9 59 22 80 42 124
Adolescents 7.5 38 15 53 26 76
Adults 4.7 28 9.5 35 14 54
Elderly 3.5 25 7.5 31 12 42
Very elderly 7.0 26 7.7 35 13 47

b.w.: body weight; LB: lower-bound; UB: upper-bound.

(a): Estimates based on only two dietary surveys;

(b): The 95™ percentile estimates obtained on dietary surveys/age classes with less than 60 observations may not be statistically
robust (EFSA, 2011b) and therefore they should not be considered in the risk characterisation. Those estimates were not
included in this table.

(c): Estimates are based on one dietary survey only.

(d): Not calculated.

6.3. Contributions of different food groups to zearalenone exposure

The contribution of individual food groups to total dietary exposure to zearalenone varied between the
European countries and dietary surveys. This can be explained by the specific food consumption
patterns in the individual European countries and even in the different regions of one country. The
contribution of the individual food groups to the zearalenone exposure was calculated for both LB and
UB scenarios. It is to note that in two dietary surveys foods (e.g. bread, fine bakery products) were
disaggregated to ingredients (flour) and therefore these studies did not qualify for the calculation of the
contribution of food groups to the exposure. A summary of the median values calculated from the
average contribution of each food group across the dietary surveys and the range of the lowest and
highest average contribution is shown in Table 12.

Grains and grain-based foods, in particular grains and grain milling products, bread and fine bakery
wares, made the largest contribution to the zearalenone exposure in all age classes. Although the
zearalenone concentration in bread was very low, the relatively high contribution to exposure is due to
the high consumption in all age classes, except infants. The important contribution of fine bakery wares
can be explained by the higher concentration in this food group compared to other cereal-based food
groups. The higher zearalenone concentrations in this food group could be linked to the use of vegetable
oils as ingredient in pastries and certain biscuits. Pasta contributed to a lesser extent to zearalenone
exposure in all age classes apart from one study in infants. The contribution of breakfast cereals was
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also low in all age classes with slightly higher values in adolescents and adults. In infants, the
contribution of breakfast cereal was negligible (maximum 0.04 %).

Due to the high zearalenone concentrations found in vegetable oils, especially in corn germ oil and
wheat germ oil, this food group made a notable contribution to the exposure. Although the amount of
vegetable oil consumed is smaller compared to cereal-based foods, in some dietary studies it accounted
for up to 50 % of zearalenone exposure. Beer and snacks made only a minor contribution to zearalenone
exposure. Infant food accounted in UB scenarios for up to 84 % of exposure in infants and up to 60 % in
toddlers.
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Table 12: Contribution (%) of the different food groups to chronic dietary exposure to zearalenone in lower-bound (LB) and upper-bound (UB) scenarios.

Median values across dietary surveys and range of the average contribution.

Food group Median contribution across dietary studies (Lowest average contribution — Highest average contribution)
Infants Toddlers Other children Adolescents Adults Elderly Very elderly

Lower-bound %

Grains 29 (12-45) 13 (0.0-32) 13 (0.9-39) 18  (6.4-44) 18  (6.5-40) 14 (9.2-26) 11 (8.0-23)
Grain milling products 4.0 (3.843) 40 (0.1-8.0) 39 (0.0-29) 3.6 (0.2-32) 55 (0.3-25) 15 (0.5-26) 7.5 (0.4-36)
Bread and rolls 1.9 (0.4-3.4) 24  (3.7-40) 15 (3.4-37) 13 (5.1-33) 99  (6.5-30) 13 (8.8-38) 16 (9.8-37)
Pasta 12 (09-24) 14 (0.0-14 13 (0.0-12) 1.6 (0.1-93) 19 (0.1-95) 12 (0.2-11) 1.7 (0.2-12)
Breakfast cereals 0.02 (0.0-0.04) 15 (0.145) 44 (04-11) 37 (09-12) 28 (04-17) 19 (0.1-29) 0.6 (0.1-2.4)
Fine bakery wares 21 (0.0-41) 29 (16-64) 30 (6.1-65) 33 (5.6-46) 29  (3.3-42) 19  (4.4-33) 24 (5.4-40)
Vegetables/vegetable products 0.4 (0.0-0.7) 2.1 (03-38) 15 (0.0-69) 1.6 (0.1-89) 2.5 (0.5-10) 3.0 (04-10)0 14 (0.1-10)
Vegetable oils 10 (0.0-21) 14 (1.3-40) 73 (0.2-47) 11 (0.0-27) 8.6 (0.2-51) 9.5 (0.3-48) 16 (0.8-50)
Beer 0.0 (0.0-0.0) 0.0 (0.0-0.0) 0.0 (0.0-0.0)0 0.1 (0.0-2.0) 4 (0.0-11) 1.2 (0.0-15) 2.6 (0.0-14)
Infant food 21 1527y 1.7 (04-79) 0.0 (0.0-1.3) 0.0 (0.0-0.0) 0 (0.0-0.0)0 0.0 (0.0-0.00 0.0 (0.0-0.0)
Products special nutrition 0.0 (0.0-0.0) 0.0 (0.0-0.1) 0.0 (0.0-0.0)0 0.0 (0.0-0.0) 0 (0.0-0.1) 0.0 (0.0-0.1) 0.0 (0.0-0.2)
Snacks 1.0 (0.0-2.0) 33 (0.8-10)0 59 (1.0-81) 64 (1.2-14) 4 (0.5-11) 04 (0.0-1.1) 0.2 (0.0-0.7)
Upper-bound %

Grains 3.9 (3.4-43) 5.1 (0.0-16) 93  (0.5-24) 10 (4828 89 (3.3-23) 7.1 (3.7-13) 64 (3.1-11)
Grain milling products 2.4 (2.1-2.7) 50 (0.1-9.3) 53 (0.1-21) 4.1 (03-23) 55 (0.2-20) 13 (04-19) 6.7 (0.5-20)
Bread and rolls 3.8 (0.4-7.2) 20 (13-55) 36 (21-59) 37 (28-52) 37 (29-55) 47 (36-58) 51 (36-57)
Pasta 4.6 (0.6-85) 13 (0.0-27) 22 (0.0-26) 33 (0.2-21) 3.1 (0.2-20) 2.2 (0.7-23) 34 (0.6-23)
Breakfast cereals 0.01 (0.0-0.02) 2.5 (0.1-5.1) 7.8 (0.5-19) 42 (1.4-13) 30 (0.6-16) 19 (0.2-2.2) 09 (0.2-1.8)
Fine bakery wares 3.8 (0.0-7.5) 7.2 (4.7-22) 18 (1.8-35) 16 (1.8-24) 13 (1.2-21) 95 (1.5-17) 11 (1.9-19)
Vegetables/vegetable products 0.1 (0.0-0.1) 0.8 (04-1.2) 08 (0.0-3.1) 0.6 (0.1-26) 1.0 (04-3.7) 0.7 (0.1-3.2) 04 (0.1-2.6)
Vegetable oils 2.2 (0.0-43) 43 (0.8-22) 4.0 (0.1-260) 52 (0.1-16) 4.7 (0.1-24) 7.2  (0.1-23) 10 (0.2-24)
Beer 0.0 (0.0-0.0) 0.0 (0.0-0.0) 0.0 (0.0-000 0.1 (0.0-39) 65 (0.0-18) 2.0 (0.0-18) 4.1 (0.0-19)
Infant food 79 (73.8-84) 20 (6.8-60) 1.2 (0.0-7.3) 0.0 (0.0-0.2) 0.0 (0.0-0.1) 0.0 (0.0-0.0) 0.0 (0.0-0.1)
Products special nutrition 0.0 (0.0-0.0) 0.0 (0.0-0.1) 0.0 (0.0-0.0) 0.0 (0.0-0.0) 0.0 (0.0-0.0) 0.0 (0.0-0.0) 0.0 (0.0-0.1)
Snacks 0.5 (0.0-1.0) 2.1 (0.8-8.0) 6.7 (1.2-100 6.6 (1.5-13) 34 (0.5-85) 04 (0-0.9) 0.2 (0.0-0.5)
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6.4. Influence of possible increases in MLs of zearalenone in breakfast cereals on chronic
total dietary exposure

EFSA has been asked to assess the potential effect on consumer health of possible increases in the
currently existing maximum level of 50 ug/kg to 75, 100, 125 or 150 ug/kg for zearalenone in
breakfast cereals. For this, the dietary exposure to zearalenone from other food sources, the occurrence
data provided and the specific consumption patterns of breakfast cereals in the different European
countries should be taken into account.

In a conservative approach, it was assumed that when setting the maximum permitted level for
zearalenone in breakfast cereals to a different level from the current one, the distribution of the
individual results would follow the same pattern. It was also assumed that the mean zearalenone
concentration would change by the same order of magnitude. In a statistical evaluation based on
random simulation of the samples distribution (see Appendix C), this conservative approach was
found to be plausible. Since both the statistical evaluation and the conservative approach have several
limitations it was decided to consider that the average concentration would increase by the same factor
as the proposed changes to the ML (1.5, 2.0, 2.5, and 3.0).

The contribution of breakfast cereals to total dietary exposure in the different scenarios was calculated
based on estimated mean concentrations (Table 13), the contribution of the breakfast cereals to the
zearalenone exposure in average consumers in each dietary survey and each age class. The age class
‘Infants’ was not included as the consumption of breakfast cereals and their contribution to the
exposure was considered negligible. The estimates obtained for each scenario were compared to the
exposure calculated based on the available occurrence data (see Section 6.2). The difference between
the current exposure and the exposure estimates found for the scenarios was also calculated. The
ranges for the estimated exposure in each scenario and age class are presented in Table 14. The
increase in exposure in relation to the assumed mean concentrations was highly variable across the
dietary studies. The increase was from negligible up to 30-40 % in certain dietary surveys.

Table 13: Mean concentration used for the calculation of zearalenone dietary exposure in the
different scenarios.

Scenarios Mean LB (ng/kg) Mean UB (ug/kg)
Current concentration (see Table 5) 1.2 5.7
Scenario 75 pg/kg 1.8 8.6
Scenario 100 pg/kg 24 11.4
Scenario 125 pg/kg 3.0 143
Scenario 150 pg/kg 3.6 17.1

LB: lower-bound; UB: upper-bound
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Table 14: Influence of possible increases in maximum levels of zearalenone in breakfast cereals on chronic total dietary exposure.

Scenarios Minimum and maximum dietary exposure estimates in ng/kg body weight per day (increase of exposure in %)

Toddlers Other children Adolescents Adults Elderly Very elderly
Mean dietary exposure: Lower-bound
Current exposure 9.3-23 5.7-22 3.6-12 24-72 20-6.4 23-7.1
Scenario 75 pg/kg 93-24 (0.05-2.3) 5.7-23 (0.2-5.7) 36-13 (0.5-5.9) 24-178 (0.2-8.6) 2.0-6.6 (0.05-3.8) 23-72 (0.05-1.2)
Scenario 100 pg/kg 93-24 (0.10-4.6) 57-25 (0.4-12) 36-13 (0.9-12) 24-84 (0.4-17) 2.0-6.9 (0.1-7.6) 23-73 (0.1-2.4)
Scenario 125 pg/kg 93-25 (0.15-6.9) 5.7-26 (0.6-17) 3.6-14 (1.4-18) 24-9.1 (0.6-26) 20-71 (0.15-11) 23-74 (0.15-3.6)
Scenario 150 pg/kg 93-25 (0.20-9.2) 5.7-27 (0.8-23) 3.7-15 (1.8-24) 24-97 (0.8-35) 20-74 (0.2-15) 23-74 (0.2-4.8)
Mean dietary exposure: Upper-bound
Current exposure 51-100 29 -75 17 -42 14 -29 13-26 12-29
Scenario 75 pg/kg 51-104 (0.05-4.0) 29-82 (0.25-9.4) 17 - 45 (0.7-6.5) 14 -31 (0.3-7.9) 13-27 (0.1-3.9) 12-29 (0.1-0.9)
Scenario 100 pg/kg 51-108 (0.1-7.9) 29 -89 (0.5-19) 17 - 45 (1.4-13) 14 -34 (0.6-16) 13-28 (0.2-7.8) 12 -30 (0.2-1.8)
Scenario 125 pg/kg 51-112 (0.15-12) 29 - 96 (0.75-28) 17 -50 (2.1-19) 14 - 36 (0.9-24) 13-29 (0.3-12) 12 -30 (0.3-2.7)
Scenario 150 ug/kg 51-116 (0.2-16) 29-103 (1.0-38) 17-53 (2.8-26) 14 - 38 (1.2-32) 13-30 (0.4-16) 12 -30 (0.4-3.6)
95™ percentile dietary exposure: Lower-bound®
Current exposure 24 - 50 9.9-42 7.5-26 4.7-14 35-12 7.0-13
Scenario 75 pg/kg 24 -51 (0.05-2.3) 9.9-44 (0.2-5.7) 7.5-28 (0.5-6.0) 4.7-15 (0.2-8.7) 35-125 (0.05-3.8) 7.0-13 (0.05-1.2)
Scenario 100 pg/kg 24 -52 (0.1-4.6) 9.9 -47 (0.4-11) 7.6-29 (0.9-12) 4.7-16 (0.4-17) 3.5-129 (0.1-7.6) 7.0-13 (0.1-2.4)
Scenario 125 pg/kg 24 -54 (0.2-6.9) 10 -49 (0.6-17) 7.6-31 (1.4-18) 4.7-18 (0.6-26) 35-134  (0.15-11) 7.0-14 (0.15-3.6)
Scenario 150 pg/kg 24 -55 (0.2-9.2) 10 - 52 (0.8-23) 7.6-32 (1.8-24) 4.7-19 (0.8-35) 35-138 (0.2-15) 7.0-14 (0.2-4.8)
95™ percentile dietary exposure: Upper-bound®
Current exposure 104 - 277 59 -124 38-76 28 - 54 25-42 26 - 47
Scenario 75 pg/kg 104 - 288 (0.05-3.9) 59 -136 (0.3-9.5) 38-81 (0.7-6.5) 28 - 58 (0.3-7.9) 25-44 (0.1-3.9) 26 -47 (0.1-0.9)
Scenario 100 pg/kg 104 - 299 (0.1-7.9) 59 - 147 (0.5-19) 39 - 86 (1.4-13) 28 - 63 (0.6-16) 25-45 (0.2-7.8) 26 -48 (0.2-1.8)
Scenario 125 pg/kg 104 - 310 (0.15-12) 59 -159 (0.8-28) 39-91 (2.1-19) 28 - 67 (0.9-24) 25 -47 (0.3-12) 26 - 48 (0.3-2.7)
Scenario 150 pg/kg 104 - 321 (0.2-16) 60 -171 (1.0-38) 39-96 (2.8-26) 28-71 (1.2-32) 25-49 (0.4-16) 26 - 49 (0.4-3.6)

(a): Dietary surveys/age classes with less than 60 observations were not considered for the calculation of the 95™ percentile estimates as they may not be statistically robust (EFSA, 2011b).
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6.5. Dietary exposure to zearalenone for specific groups

6.5.1.  Vegetarians

Vegetarian diets include more cereal and cereal-based products thus it was considered that zearalenone
exposure in this consumer group could be higher. The Comprehensive Database contains only limited
data on food consumption of vegetarians. Dietary surveys with at least 15 adult vegetarians in each
survey were selected, zearalenone dietary exposure was calculated and compared to the exposure of all
subjects included in the respective dietary study. Generally, a higher mean and 95" percentile exposure
was observed in vegetarians but the difference between values observed in all subjects and vegetarians
only varied among the dietary studies (LB mean exposure up to 36 %; LB 95" percentile exposure: up
to 228 %; UB mean exposure: up to 22 %; UB 95™ percentile exposure: up to 210 %) (Table 15).
Limited data on vegetarians indicate that dietary exposure to zearalenone could be up to 2-fold higher
than for the general population.

Table 15: Comparative dietary exposure to zearalenone (ng/kg b.w. per day) in adult vegetarians and
total adult population.

Dietary survey N Veget. N ng/kg b.w. per day
Al Mean exposure 95" percentile exposure

Veget. All Veget. All
Lower-bound
FI/2 39 1575 3.0 3.0 9.3® 6.6
FR 15 2276 6.0 45 13® 10
DE/4 237 10419 4.2 3.4 12 8.7
SE/1 18 1210 4.4 3.4 18® 7.7
UK 77 1724 6.8 5.0 15 11
Upper-bound
FI1/2 39 1575 14 15 29@ 30
FR 15 2276 21 18 47 35
DE/4 237 10419 17 15 40 33
SE/1 18 1210 18 15 59@ 28
UK 77 1724 27 22 51 43

FI: Finland; FR: France; DE: Germany; SE: Sweden; UK: United Kingdom; N: number of subjects in the dietary surveys;

Veget.: vegetarians; All: total adult population; b.w.: body weight.

(a): The 95™ percentile estimates for dietary surveys/age classes with less than 60 observations may not be statistically robust
(EFSA, 2011b) and therefore they should not be considered in the risk characterisation.

6.5.2.  Short-term dietary exposure to zearalenone by daily consumption of breakfast cereals
containing zearalenone equal to the ML

Breakfast cereals are sold in packages containing several eating portions which are then consumed for
several days. It is also common practice to purchase at the same time more packages from the same
batch of breakfast cereals which would be consumed over a few weeks. Therefore, in a worst case
scenario it was considered that breakfast cereals possibly containing zearalenone at the concentration
equal to the ML are consumed daily until finishing the whole quantity purchased at once. For this
scenario, the dietary exposure was calculated only for subjects who reported consumption of breakfast
cereals (consumers only). Dietary surveys with limited numbers of breakfast cereal consumers (< 20) in
an age class were excluded from the exposure assessment of the respective age class as they do not
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provide reliable estimates. Dietary surveys excluded were: Belgium/2 (BE/2), Bulgaria (BG), Italy (IT)
and Spain/4 (ES/4) in ‘toddlers’; Spain/2 (ES/2) in ‘adolescents’; France (FR), Hungary (HU) and Italy
(IT) in ‘elderly’; Denmark (DK), France (FR), Hungary (HU) and Italy (IT) in ‘very elderly’. The
number of subjects included in the dietary surveys considered for the exposure assessment in consumers
of breakfast cereals is presented in Table 16.

The dietary exposure estimates in consumers of breakfast cereals containing zearalenone in
concentrations of 50, 75, 100, 125 and 150 pg/kg are shown in Table 17. At the concentration of
50 pg/kg, the mean dietary exposure estimates across dietary surveys ranged from 13 to 136 ng/kg b.w.
per day and the 95" percentile exposure ranged from 32 to 399 ng/kg b.w. per day. When considering
the highest potential ML, the mean dietary exposure estimates increased up to 357 ng/kg b.w. per day
and the 95™ percentile exposure up to 1029 ng/kg b.w. per day. Such dietary exposure would result from
daily consumption of breakfast cereals containing zearalenone at the level of ML, which would occur
only for a limited period of time and is likely to be a rare event.
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Table 16: Number of subjects included in the dietary surveys considered for the dietary exposure
assessment in consumers of breakfast cereals.

Dietary survey Number of subjects (consumers only)

Toddlers Other children = Adolescent Adults Elderly  Very elderly
s

BE/I 197 207 28© 40©

BE/2 300

BG 21®

CcY 178

Cz 80 581 152

DK 285 246 960 69

FI/1 203 590

F1/2 747 288

F1/3 159

FR 276 491 405

DE/1 39@ 126

DE/2 33@ 130

DE/3 27® 129

DE/4 212 1516 251 62

GR 249

HU 107

IE 656

IT 50@ 55@ 251

LT 82 118 202

NL/1 110

NL/2 85 226

ES/1 84

ES/2 125

ES/3 170 222

ES/4 57® 53@

SE/1 616

SE/2 928 554

UK 1049

BE: Belgium; BG: Bulgaria; CY: Cyprus; CZ: Czech Republic; DK: Denmark; FI: Finland; FR: France; DE: Germany;

GR: Greece; HU; Hungary; IE: Ireland; IT: Italy; LV: Latvia; NL; The Netherlands; ES: Spain; SE: Sweden; UK: United

Kingdom.

(a): Dietary surveys/age classes with less than 60 observations were not considered for the calculation of the 95" percentile
estimates as they may not be statistically robust (EFSA, 2011b).
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Table 17: Worst case scenarios for short-term dietary exposure to zearalenone through consumption of breakfast cereals at the concentration equal to the
potential maximum levels (MLs). Exposure assessment on subjects who reported breakfast cereal consumption (consumers only).

Scenarios Minimum and maximum exposure estimates in consumers only ng/kg body weight per day (increase of exposure in % compared to the 50 pg/kg scenario)
Toddlers Other children Adolescents Adults Elderly Very elderly

Mean exposure: Lower-bound

Scenario 50 pg/kg 49 -71 27-117 17 - 67 13-58 16 - 27 21-29

Scenario 75 pg/kg 68 - 96 (39-35) 37-173 (37-48) 24 -98 (41-46) 18 -85 (38-47) 24 -39 (50-44) 30-42 (43-45)

Scenario 100 pg/kg 87-121 (78-70) 48 - 228 (78-95) 31-130 (82-94) 23-113 (77-95) 31-52 (94-93) 40 -56 (90-93)

Scenario 125 ng/kg 106 - 146 (116-106) 59 -284 (119-143)  37-161 (118-140)  28-140 (115-141) 38-64 (138-137) 49 - 69 (133-138)

Scenario 150 pg/kg 126 - 171 (157-141) 69 -339 (156-190)  44-192 (159-187) 33 -168 (154-190) 45-76 (181-181) 58-82 (176-183)

Mean exposure: Upper-bound

Scenario 50 pg/kg 105 - 127 57 -136 36 - 81 24 - 67 29 -38 30 - 40

Scenario 75 pg/kg 130 - 152 (24-20) 68 - 191 (19-40) 43-113 (19-40) 29-95 (21-42) 37-50 (28-32) 39-53 (30-33)

Scenario 100 pg/kg 149 - 178 (42-40) 79 - 247 (39-82) 50 - 144 (39-78) 34-122 (42-82) 44 - 62 (52-63) 48 - 66 (60-65)

Scenario 125 pg/kg 168 - 203 (60-60) 89 -302 (56-122) 57-175 (58-116) 39 -150 (63-124) 51-75 (76-97) 58-79 (93-98)

Scenario 150 pg/kg 187 -229 (78-80) 100 - 357 (75-163) 63 - 206 (75-154) 44 - 177 (83-164) 58 -87 (100-129) 67-92 (123-130)

95" percentile exposure: Lower-bound®

Scenario 50 pg/kg 145 - 175 70 - 342 50 - 163 32-122 37-49 44®

Scenario 75 pg/kg 213 -241 (47-38) 103 - 493 (47-44) 72 - 245 (44-50) 46 - 180 (44-48) 55-72 (49-47) 65 (48)

Scenario 100 pg/kg 281 -320 (94-83) 136 - 644 (94-88) 93 -326 (86-100) 61 -238 (91-95) 72-95 (95-94) 86 95)

Scenario 125 ng/kg 349 - 399 (141-128) 169 - 795 (141-132)  115-407  (130-150) 76 -297 (138-143) 90 - 117 (143-139) 108 (145)

Scenario 150 pg/kg 418 - 477 (188-173) 201 - 946 (187-177)  137-489  (174-200) 90 - 355 (181-191) 107-140  (189-186) 129 (193)

95™ percentile exposure: Upper-bound®

Scenario 50 pg/kg 190 - 232 104 - 399 67 - 181 49 - 142 49 - 63 61®

Scenario 75 pg/kg 258 -314 (36-35) 129 - 569 (24-43) 88 -263 (31-45) 64 - 198 (31-39) 67 - 86 (37-37) 81 33)

Scenario 100 pg/kg 333-383 (75-65) 158 - 727 (52-82) 111-344  (66-90) 77 - 254 (57-79) 85-108 (73-71) 101 (66)

Scenario 125 pg/kg 408 - 451 (115-94) 191 - 878 (84-120) 135-425  (101-135) 91-312 (86-120) 102-130  (108-106) 121 (98)

Scenario 150 pg/kg 476 - 520 (151-124) 223 -1029 (114-158)  160-507  (139-180) 106-371  (116-161) 120 - 151  (145-140) 142 (133)

(a): Dietary surveys/age classes with less than 60 observations were not considered for the calculation of the 95™ percentile estimates as they may not be statistically robust (EFSA, 2011b).
(b): Only one dietary study had more than 60 subjects in the age class ‘Very elderly’.
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7. Hazard identification and characterisation
7.1. Toxicokinetics

7.1.1.  Absorption

Zearalenone appears to be rapidly and extensively absorbed after oral administration in rats, rabbits,
pigs, and humans (Kuiper-Goodman et al., 1987). The total absorption in pigs after a single oral dose of
10 mg/kg b.w. was estimated to be 80-85 % (Biehl et al., 1993). The absolute bioavailability of
zearalenone in rats, which is defined as the ratio of parent compound area under the time-concentration
curve (AUC) following oral vs intravenous (i.v.) administration, was low (2.7 %) and linearly related to
dose in the range of 1-8 mg/kg b.w. The low bioavailability (2.7 %) is consistent with the extensive pre-
systemic metabolism of zearalenone discussed below.

7.1.2.  Distribution

In male rats, the elimination half-life for unconjugated zearalenone was 0.6-2.8 hours following i.v.
administration, 16.8 hours after oral administration, and 7.0 hours following oral administration in bile
duct-cannulated rats (Shin et al., 2009). These results from comparisons of pharmacokinetic parameters
using bile duct cannulation and untreated rats provided evidence for a major role of enterohepatic
recirculation on the metabolism and disposition of zearalenone in rats (Shin et al., 2009). In male rats,
zearalenone is extensively distributed to tissues other than the gastrointestinal (GI) tract, including
kidney > liver > adipose > lung > heart, spleen, muscle, brain, and testes (Shin et al., 2009).

Zearalenone, a-zearalenol and B-zearalenol in unconjugated and glucuronide forms have been measured
in pig liver and, unconjugated and sulphate conjugates of a-zearalenol and a-zearalanol were observed
in pig muscle (Zollner et al., 2002).

In pigs, the disappearance of zearalenone from plasma is closely related to the formation of its
glucuronide, the reduced metabolite, a-zearalenol, and its glucuronide conjugate (Biehl et al., 1993).
This finding is in general agreement with other studies where glucuronide conjugates of zearalenone and
a-zearalenol were reported to be the major metabolites in the pig following i.v. administration (Dénicke
et al., 2005a). The plasma time-concentration profile of a-zearalenol was different from that of
zearalenone, because no distribution phase was observed for a-zearalenol (Dénicke et al., 2005a). An
elimination half-life of 2.94 hours for a-zearalenol was close to that for zearalenone of 2.63 hours
(Dénicke et al., 2005a). In pigs, there is also consistent evidence for extensive biliary secretion of the
glucuronide conjugates of zearalenone and a-zearalenol resulting in enterohepatic recirculation (Biehl et
al., 1993).

Placental transfer of zearalenone and o -zearalenol has been demonstrated in rats following i.v.
administration. The zearalenone and - zearalenol levels in the whole fetus were 5 to 38 % and 2 to
6 %, respectively, of the maternal liver levels, and the placental levels were approximately twice those
of the fetus (Bernhoft et al., 2001).

The transfer of zearalenone from the pregnant sow to the piglet was evaluated by feeding a diet
containing 9.57 mg deoxynivalenol and 0.358 mg zearalenone/kg from day 75 to 110 of gestation and
by examining various specimens for mycotoxin metabolites (Dénicke et al., 2007a). Results were
expressed as diet ratio (sum of concentrations of all metabolites in the physiological specimen divided
by the dietary toxin concentration) which is also referred to as carry over factor, and as piglet ratio (sum
of concentrations of all metabolites in the physiological specimen of the piglet divided by that of the
sows). The zearalenone carry over factor for the liver (sows only) was 0.016. The diet ratios of
zearalenone in bile reached up to 2.896 and 0.128 for sows and piglets, respectively. The piglet ratio in
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bile varied up to 0.518 for zearalenone. Deoxynivalenol and its metabolite de-epoxy-deoxynivalenol
were also detected in all specimens. Thus, the full-term piglet is exposed both to zearalenone and
deoxynivalenol when their mothers are fed contaminated diets. Similar conclusions could be drawn for
deoxynivalenol when diets with lower zearalenone and deoxynivalenol concentrations (0.048 and
4.42 mg, respectively) were fed to pregnant sows in the period of day 35 and 70 of gestation (Goyarts et
al., 2007). In contrast, due to the lower dietary concentration zearalenone and its metabolites could only
be detected in bile and urine of sows but were <LODs of 1, 0.5, 5, 100, 50 and 200 pg/kg for
zearalenone, a-zearalenol, B-zearalenol, zearalanone, a-zearalanol and 3-zearalanol, respectively, in all
specimens of fetuses.

The distribution and elimination half-lives of zearalenone in goats were found to be 3.15 and
28.58 hours, respectively, after i.v. injection of a single bolus of 1.2 mg zearalenone/kg b.w. (Dong et
al., 2010).

Distribution into bovine milk of only the conjugated forms of zearalenone, a-zearalenol, B-zearalenol
has been reported (Prelusky et al., 1990). At a dose of 6 g of zearalenone given over a one day feeding
period, maximum levels of conjugated forms of zearalenone (6 ng/mL), a-zearalenol (4 ng/mL), and
B-zearalenol (7 ng/mL) were measured in milk with a corresponding maximum level of conjugated
zearalenone in plasma of 13 ng/mL.

7.1.3. Metabolism

The in vivo metabolism of zearalenone has been investigated in several animal species and in humans
(Kuiper-Goodman et al., 1987). Three important biotransformation pathways for zearalenone in animals
have been reported as shown in Figure 12.

1. Enzymatic reduction of zearalenone catalyzed by 3a- and 3p-hydroxysteroid dehydrogenases (HSDs)
produces a- and B-zearalenol, respectively, and smaller amounts of the corresponding zearalanols. The
primary reduced forms of zearalenone have different oestrogenic activities relative to the parent
compound in the order: o-zearalenol > zearalenone > f-zearalenol based on rat, pig, and chicken
uterine/oviduct cytosolic ER binding affinity (Fitzpatrick et al., 1989) and MCF7 cell proliferation
(Shier et al., 2001). Malekinejad et al. (2006) reported differences between mammalian species in
hepatic transformation of zearalenone to its reduced and glucuronide metabolites. All these mammalian
species converted large percentages of zearalenone and metabolites to the corresponding glucuronides
(Malekinejad et al., 2006). When the specificity constants (V,.x/K.,) for hepatic microsomal reduction
to the zearalenols were compared on a normalized basis (i.e., pig formation of a-zearalenol = 1), pig
(1.0) > rat (0.6) > cattle (0.5) > sheep (0.2) for a-zearalenol formation and rat (35) > cattle (2.2) > sheep
(1.2) > pig (0.2) for B-zearalenol formation (Malekinejad et al., 2006). This comparison suggests that
pigs, which preferentially produce a-zearalenol over the § analogue by 5-fold, are predicted to be more
sensitive than these other species to the oestrogenic effects of zearalenone based on pharmacokinetics
(cf. rats that preferentially form B-zearalenol by 60-fold and cows by 4.3-fold). Similar differences are
observed in whole animals. A significant fraction of zearalenone was found in pig to be in the form of
a-zearalenol and the respective glucuronide conjugates (Biehl et al., 1993), while cows convert
zearalenone predominantly to f-zearalenol (Jodlbauer et al., 2000). Smaller amounts of further reduced
metabolites (i.e., a- and B-zearalanols) are observed in some other ruminant species (Zdllner et al.,
2002). Ovine metabolism of zearalenone produces at least five compounds including a- and -
zearalenols, a- and [-zearalanols, and zearalanone (Miles et al., 1996). Limited data suggest that
humans produce significant amounts of both primary reduced species with a-zearalenol > -zearalenol
based on excretion in urine (Mirocha et al., 1981).

2. Zearalenone is also monohydroxylated by recombinant human cytochromes P450 (CYPs) (Bravin et
al., 2009; Pfeiffer et al., 2009) and human liver microsomes (Bravin et al., 2009) in vitro.
Hydroxylation occurs at the 6/8-position (aliphatic; see Figure 12) and 13/15-positions (aromatic).
Studies with zearalenone oxidation by recombinant human CYP isoforms suggest that CYP 1A2 is the
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major isoform with a lesser contribution from CYP 3A4 (Pfeiffer et al., 2009). The major oxidative
metabolites appear to arise through aromatic hydroxylation and are catechols. These metabolites
undergo oxidation to quinones, which can redox cycle and covalently modify biological
macromolecules (Pfeiffer et al., 2009). The redox cycling of zearalenone catechols to reactive ortho-
and para-quinones in vitro is highlighted by the reported formation of glutathione-S-conjugates and
8-oxoguanine (M. Metzler, 2011, personal communication). The catechol metabolites of zearalenone, o-
zearalenol and [-zearalenol are also substrates for catechol-O-methyl transferase, which leads to
identification of monomethyl catechol ethers in rat liver slices ex vivo (Pfeiffer et al., 2009), and rat bile
in vivo (M. Metzler, 2011, personal communication). A study of recombinant human CYP isoforms
identified CYP 2C8 and CYP 3A4/5 as the most active in aliphatic C6/8-hydroxylation of zearalenone
(Bravin et al., 2009). Based on in vitro metabolism of zearalenone by hepatic microsomes, humans
produce low amounts of C6/8 hydroxy-zearalenone relative to most other species (monkey > dog >
rabbit > rat > human >> mouse) (Bravin et al., 2009). While the oestrogenic properties of zearalenone
catechols are unknown, the aliphatic C6/8 hydroxy-zearalenone appears to be approximately an order of
magnitude less active than the parent compound, based on transcriptional activation through human ER-
o and ER-f (Bravin et al., 2009).

3. Phase II conjugation of zearalenone and its reduced metabolites with glucuronic acid and sulphate, is
catalyzed by uridinediphosphate-glucuronosyltransferases (UGTs) and sulphotransferases (SULTS),
respectively. Based on in vitro studies, zearalenone, a- and B-zearalenol, and the further reduced
metabolites (a- and B-zearalanols) are readily glucuronidated both in the liver and intestine as well as in
other extrahepatic organs of humans and various animal species (Pfeiffer et al., 2010). The highest
activity among the human UGTs resided in UGT1A1, 1A3 and 1AS, consistent with the efficient
glucuronidation by both hepatic and intestinal human microsomes. Extrapolated to the in vivo situation,
these data imply that the zearalenone and its reduced metabolites are readily glucuronidated both in the
human intestine and liver, and probably also in extrahepatic tissues. Based on in vitro results using
human hepatic microsomal UGTs, the major glucuronide formed in vivo is likely to be the
14-O-glucuronide (Pfeiffer et al., 2010). The preponderance of the Phase II conjugated forms of
zearalenone and its reduced metabolites in the circulation of pigs treated with zearalenone has been
reported (Biehl et al., 1993; Dinicke et al., 2005b).

7.1.4. Excretion

Following i.v. (5 mg/kg b.w.) or oral (10 mg/kg b.w.) administration of *H-labeled zearalenone to pigs,
the percentage of total administered radioactivity excreted into urine was 57 or 45 %, respectively, and
into faeces was 7 or 22 %, respectively (Biehl et al., 1993). Rats excreted approximately 55 % of the
administered dose (1 or 100 mg/kg b.w.) in the faeces with 15-20 % excreted in urine (Fitzpatrick et al.,
1988). Faecal (97-98 %) and urinary zearalenone (86-88 %) was primarily in the unconjugated form.
Approximately 10 % of the administered dose was excreted as a-zearalenol. The respective zearalenone,
a-zearalenol and B-zearalenol concentrations found in human male urine exclusively as glucuronide
conjugates after a single oral dose of 100 mg zearalenone were: 3.7 ug/mL, 3 pg/mL, and < LOD after
6 hours; 6.9, 6, and 2.7 pg/mL after 12 hours; and 2.7, 4 and 2 pg/mL after 24 hours (Mirocha et al.,
1981). The presence of C6/8-hydroxy-zearalenone in rat liver and urine has been reported (Bravin et al.,
2009). High levels of zearalenone and its reduced metabolites are excreted in the urine as glucuronides
by grazing sheep (Cheeke, 1998).
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Figure 12: Major metabolic pathways for zearalenone.

7.1.5. Observations in humans

Urinary excretion data suggest that humans convert zearalenone to a- and B-zearalenols, with a small
preference for the a-isomer (Mirocha et al., 1981). When comparing species differences in the in vitro
metabolism of zearalenone to a- and P-zearalenols by hepatic microsomes (o: mouse > rat > pig >
monkey > human > dog > rabbit; B: pig > rabbit >>human, mouse, rat, dog, monkey), humans are
intermediate in producing the reduced metabolites with a preference for the more oestrogenic a-isomer
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(Bravin et al., 2009). Human liver and intestinal microsomal preparations convert zearalenone and its
reduced metabolites to the corresponding glucuronides (Pfeiffer et al., 2010). While enzyme kinetics
show that human liver microsomes catalyze glucuronidation slower than other species, additional
information regarding organ sizes, blood flows, extraction ratios, etc. would be needed to predict actual
pharmacokinetic differences across species. The activity of several human liver and GI tract UGTs for
zearalenone and its reduced metabolites would predict low oral bioavailability, as seen in other species.
Recombinant human CYP isoforms convert zearalenone to catechol metabolites with a preference for
15-hydroxylation, a modification associated with greater propensity for oxidative stress associated with
redox cycling relative to that in rat, pig and cow microsomes in which hydroxylation at the 13-position
is preferred (M. Metzler, 2011, personal communication).

7.1.6. Conclusions

The metabolism and disposition of zearalenone are predicted to affect strongly its oestrogenic effects in
mammals by the balance between competing activation and deactivation pathways. Efficient
glucuronidation in the GI tract and liver significantly reduces the amounts of unconjugated (i.e.,
receptor-active) zearalenone that reaches the circulation through presystemic metabolism. As an
example, oral administration to rats of an 8 mg/kg b.w. dose yields maximal serum levels of parent
zearalenone of approximately 2 ng/mL (6 nM) (Shin et al., 2009). On the other hand, enzymatic
reduction to a-zearalenol produces a metabolite with greater affinity for ER than the parent compound,
whereas reduction to B-zearalenol produces a metabolite with lower affinity. While very limited
toxicokinetic data from young animals are available for zearalenone, it is often assumed that fetuses and
neonates could be more susceptible to the effects of such phenolic oestrogens because of metabolic and
physiological immaturity (i.e., lower Phase II metabolism in liver and GI tract and renal excretory
function, relative to adults). In addition, hepatic oxidation of zearalenone by CYP isoforms produces
catechol metabolites that are subject to redox cycling to reactive quinones, which make possible the
oxidation and/or covalent modification of biological macromolecules including glutathione, proteins
and nucleic acids. While considerable inter-species differences have been demonstrated for each of
these metabolic pathways, there is evidence that all are operative in humans. The known excretion of
zearalenone and its metabolites in human urine suggests that oestrogenic and reactive species derived
from consumption of zearalenone in foods could be monitored in different populations.

7.2. Toxicity in animals

The toxicity of zearalenone has been extensively reviewed by Nordic Council of Ministers, (1998), the
JECFA (FAO/WHO, 2000) and SCF (2000). Hence, only the most relevant and recent findings are
described below.

It is evident from the literature that, in addition to zearalenone and its major mammalian metabolites the
zearalenols, other plant-specific metabolites may also be present (Berthiller et al., 2006; Vendl et al.,
2009). They comprise glucose and and sulphate conjugates of zearalenone and are known as ‘masked’
mycotoxins because they are not detected by the usual methods of analysis for zearalenone and its main
metabolites. Such conjugates can be enzymatically cleaved to zearalenone in the GI tract of mammals
such as pigs and rats (Gareis et al., 1990; Plasencia and Mirocha, 1991) and may therefore contribute to
exposure to oestrogenically active substances from contaminated food and feed. It is not yet known with
what frequency and at what concentrations such plant-specific metabolites may be present in
contaminated food and feed. A single study on 24 wheat samples indicated that zearalenone-glucosides
were present in just under half of them and that the amounts were in the range of 10-20 % that of
zearalenone itself (Schneweis et al., 2002). Thus in the studies described below in which contaminated
feed was used as test material, it is possible that exposure to oestrogenic substances was higher than that
measured.
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7.2.1.  Acute toxicity

As generally reported (Kuiper-Goodman et al., 1987; FAO/WHO, 2000; SCF, 2000), zearalenone is
known to exhibit low acute toxicity after oral administration in mice, rats and guinea pigs (oral LDs
values of more than 2000 mg/kg b.w.).

In female rats given single intraperitoneal (i.p.) doses (1.5, 3 and 5 mg/kg b.w.) of zearalenone, the
number of platelets was significantly reduced in all treated groups (Maaroufi et al., 1996). Haematocrit,
haemoglobin, erythrocyte volume and white blood cell count were increased in animals receiving the
two highest doses. Several biochemical markers like aspartate and alanine aminotransferases, alkaline
phosphatase, serum creatinine and bilirubin were increased in all treated groups. These data indicated
effects on liver and blood resulting from high exposure to zearalenone.

In addition, in a study by Abbeés et al. (2006), mice orally treated with a single dose of zearalenone
(40 mg/kg b.w.) in olive oil, were found to have lymphoid infiltration of the liver and shrunken
glomeruli of the kidney.

7.2.2.  Subacute and subchronic toxicity

7.2.2.1. Mice

B6C3F1 mice of each sex (groups of 10 animals) were fed diets containing zearalenone at 0, 30, 100,
300, 1000 or 3000 mg/kg of diet, equivalent to 0, 4.5, 15, 45, 150 or 450 mg/kg b.w. per day, for
13 weeks (NTP, 1982). Two of the female mice given 450 mg/kg b.w. per day died. In male mice
receiving 150 and 450 mg/kg b.w. per day, the weight gain was depressed by 14 % or more. In the same
animals, atrophy of the seminal vesicles and testes and cytoplasmic vacuolization of the adrenals were
found. Squamous metaplasia of the prostate was observed in males given 450 mg/kg b.w. Endometrial
hyperplasia of the uterus was seen in all groups of treated females, but the incidence was not dose-
related. Osteoporosis was observed in animals of each sex fed doses higher than 15 mg/kg b.w. per day,
and myelofibrosis of the bone marrow was seen in mice given more than 45 mg/kg b.w. per day.

Female B6C3F1 mice (26 control and 8 exposed animals) were fed diets containing 0 or 10 mg/kg of
zearalenone, equivalent to 0 or 1.5 mg/kg b.w. per day, for 8 weeks (Forsell et al., 1986). No differences
between treated animals and controls were seen in body-weight gain or feed intake. Gross and
histopathological evaluation of the thymus, spleen, liver, kidney, uterus, small intestine, colon, heart,
brain, lungs, and bone marrow showed no alterations due to zearalenone. The organ weights of treated
and control animals were similar. Haematological examination revealed a statistically significant
increase in the number of erythrocytes in treated animals, while other parameters appeared unchanged.

ICR mice (groups of 12 females, 15 day-old animals) were given diets containing zearalenone at 0 or
6 mg/kg, equivalent to 0 or 0.9 mg/kg b.w. per day (Underhill et al., 1995). After 5 days, the relative
weight of the uterus was higher in treated mice (p < 0.01) than in controls.

7.2.2.2. Rats

Fischer 344/N rats of each sex (groups of 9 or 10 animals weighing 77 to 88 g, age not specified) were
fed diets containing 0, 30, 100, 300, 1000 or 3000 mg/kg zearalenone, equivalent to 0, 3, 10, 30, 100 or
300 mg/kg b.w. per day, for 13 weeks (NTP, 1982). Weight gain was depressed by more than 17 % in
rats of each sex receiving doses higher than 10 mg/kg b.w. per day. Atrophy of the seminal vesicles and
fibromuscular hyperplasia of the prostate were observed in rats given 100 or 300 mg/kg b.w. per day of
zearalenone. Ductular hyperplasia of the mammary gland was observed in animals of each sex at the
highest dose. Endometrial hyperplasia of the uterus was seen in rats fed more than 10 mg/kg b.w. per
day. Hyperplasia of the pituitary was seen in both males and females at the two higher doses and in one
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female receiving 10 mg/kg b.w. per day. Osteoporosis was observed in males at the two highest doses
and in all treated females.

7.2.2.3. Rabbits

Groups of 6 female rabbits were given zearalenone in the diet for 18 days, at concentrations of 0, 0.5 or
1 mg/kg of feed, equivalent to 0, 0.015 or 0.03 mg/kg b.w. per day (4 month-old animals), or at
concentrations of 0, 1 or 4 mg/kg of feed, equivalent to 0, 0.03 or 0.12 mg/kg b.w. per day (8-month-old
animals) (Abdelhamid et al., 1992). Some of the treated animals died during the study. The 4-month-old
rabbits showed a treatment-related increase in body-weight gain, food and water consumption,
haemoglobin percentage, packed cell volume, and serum concentrations of calcium, phosphorus and
vitamin C. In contrast, the 8 month-old animals showed treatment-related decreases in these parameters.
No explanation was given for these contradictory observations. Histopathological alterations due to
zearalenone were observed in the liver, kidney, lungs, heart, adrenal glands, spleen, and uterus of only
the 8- month-old animals. The histopathological alterations were not described quantitatively, and the
number of rabbits surviving at the end of the study was not reported.

Rabbits (groups of 5 female animals, 1-year-old) received 0, 10 or 100 pg/kg b.w. per day doses of
zearalenone administered orally by gavage for 14 days (Conkova et al., 2001). Selected blood serum
enzyme activities of aspartate aminotransferase (AST), alanine aminotransferase (ALT), alkaline
phosphatase (ALP), gamma-glutamyltransferase (GGT), and total lactate dehydrogenase (LD) were
studied. In the group receiving 10 pg/kg b.w. per day of zearalenone, a significant increase in ALP
activity was observed at 168 and 336 hours during the experiment. In the group receiving 100 pg/kg
b.w. per day, significant increases in activities of AST, ALT, ALP, GGT, and LD were observed at
168 and 336 hours. According to the authors, these data would indicate possible liver toxicity due to
chronic effects of low doses of zearalenone. However, the CONTAM Panel did not consider that the
increase in ALP activity observed in rabbits receiving 10 pg/kg b.w. per day of zearalenone is a specific
sign of liver toxicity. The CONTAM Panel noted also that only GGT activity was increased in rabbits
exposed to 100 pg/kg b.w. per day of zearalenone when compared to corresponding sham controls
receiving 1 mL of 8 % ethanol per kg b.w. Overall the CONTAM Panel considered that this subacute
toxicity study was not convincing enough to be considered as pivotal for deriving a TDI for
zearalenone.

7.2.2.4. Pigs

Two recent studies using pigs, investigated the adverse effects of zearalenone on growth, nutrient
availability and genital organs (Jiang et al., 2010b) and on the liver and kidney functions in female
piglets (Jiang et al., 2010a). The basal diet, to which 1 mg zearalenone/kg diet was added, was co-
contaminated with naturally occurring zearalenone (0.3 mg/kg), aflatoxin Bl (12.9 pg/kg) and
fumonisins (4.73 mg/kg), but not deoxynivalenol. The animals (35 days old) were given for 24 days, the
diet containing a total of 1.3 mg/kg of zearalenone (equivalent to approximately 0.07 mg/kg b.w. per
day). The efficacy of dietary montmorillonite clay in preventing zearalenone-induced adverse effects
was also determined. When compared to control animals, pigs fed with zearalenone-containing diet
showed reduced apparent digestibility of crude proteins and reduced metabolic rate of gross energy.
Final body weight, average daily feed intake, vulva length, width and area were increased in mycotoxin-
treated animals. Histopathological changes suggested that the ovaries were inflamed and
hyperoestrogenized in zearalenone-treated piglets. The same group of animals showed also significant
decreases in platelets, haemoglobin, globulin, triglycerides and high density lipoproteins in serum, and
increases in serum enzymes activities, cholesterol, urea and creatinine. Degeneration of the liver and
kidney tissues was also observed in treated animals. Dietary addition of clay showed a positive
protection effect on zearalenone feeding and hepatic effects. The authors suggested that feeding
zearalenone at 1.3 mg/kg diet for 24 days may result in deleterious effects in female piglets. However,
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the exposure to multiple mycotoxins made this study unsuitable for evaluating the toxicity of
zearalenone alone.

7.2.2.5. Poultry

As generally described (Kuiper-Goodman et al., 1987; Fink-Gremmels and Malekinedjad 2007), poultry
do not appear to be significantly affected by ingestion of zearalenone. For instance, young mature
chickens given high doses of zearalenone (50 mg/kg b.w. per day) for 7 days showed no signs of
toxicity or impairment of reproductive performance (Chi et al., 1980).

7.2.2.6. Conclusions

These studies devoted to subacute and subchronic toxicity of zearalenone indicate that haematological
changes, hepatic disturbances and oestrogenic effects are observed in rodents receiving high oral doses
of zearalenone. The present data further support the view that pigs can be considered as the most
sensitive animal species to the oestrogenic activity of zearalenone. Due to experimental insufficiencies
or exposure to multiple mycotoxins, all these studies were unsuitable for establishing a no-observed-
adverse-effect level (NOAEL) for zearalenone.

7.2.3.  Chronic toxicity and carcinogenicity

7.2.3.1. Mice

B6C3F1 mice of each sex (groups of 50 70-week-old animals) were fed diets containing zearalenone at
a concentration of 0, 50 or 100 mg/kg of diet (maximum tolerated dose) for 103 weeks (NTP, 1982).
The daily intake of zearalenone was approximately 0, 8 and 17 mg/kg b.w. for males and 0, 9 and
18 mg/kg b.w. for females. No significant difference in survival was seen between groups. Body-weight
gain was unchanged and no treatment-related non-neoplastic lesions were found in male mice. In
females, oestrogen-related effects were observed in several tissues, including fibrosis in the uterus and
cystic ducts in mammary glands, as well as myelofibrosis in the bone marrow. Hepatocellular adenomas
were found in 8, 6 and 14 % and 0, 4 and 14 % in males and females, respectively. This effect was
statistically significant only in the high-dosed females. Statistically significant trends in the incidence of
pituitary adenomas were observed in both males (0, 9 and 14 %) and females (7, 5 and 31 %). Pituitary
carcinomas were found in one male at the low dose and in two females at the high dose. However, the
incidence of pituitary carcinomas in treated and control animals was not statistically significantly
different.

7.2.3.2. Rats

Wistar rats of each sex (groups of 90 treated and 140 control animals) were fed diet containing
zearalenone at doses of 0, 0.1, 1 or 3 mg/kg b.w. per day for 104 weeks (Becci et al., 1982). The rats
were derived from FO parents fed equivalent concentrations for 5 weeks before mating and throughout
mating and gestation, but not during lactation. Zearalenone had no effect on reproductive parameters in
the parent generation. No statistically significant differences were seen among F1 groups with respect to
haematological, biochemical or urinary parameters. Significantly increased liver weights were found in
males and females exposed to 3 mg/kg b.w., and the uterine weights were increased in females exposed
to 1 and 3 mg/kg b.w. per day Rats receiving the highest dose showed increased trabeculation of the
femur, but no histopathological changes were seen and no treatment-related tumours were found. The
CONTAM Panel noted that a NOEL of 0.1 mg/kg b.w. per day for zearalenone can be identified from
this study.
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Fischer 344 rats of each sex (groups of 50 5-week-old animals) were fed diets containing zearalenone at
doses of 0, 1 or 2 mg/kg b.w. per day for 103 weeks (NTP, 1982). Mean body weight gains of treated
rats were lower than those of control animals, and the depression in mean body weight (by 19 % in
males and 11 % in females at the high dose group after 44 weeks of exposure) was dose-related. No
significant difference in survival was observed between groups. Non-neoplastic lesions were observed
including inflammation of the prostate gland, testicular atrophy, cysts or cystic ducts in mammary
glands of males, increased incidence of hepatocellular cytoplasmic vacuolization in males, and an
increased incidence of chronic progressive nephropathy in animals of each sex. Increases in the
incidence of retinopathy and cataracts were observed in all treated males, and in low-dose females. No
treatment-related increase in tumour incidence was found in this study.

7.2.3.3. Conclusions

These chronic toxicity and carcinogenicity studies of zearalenone confirm the oestrogenic effect in
rodents exposed to long-term administration of this mycotoxin. From a long-term toxicity study in rats,
a NOEL of 0.1 mg/kg b.w. per day can be derived, based on the absence of increase in weight of uterus
at this dose level. These studies provide limited evidence of carcinogenic activity of zearalenone in
experimental animals (hepatocellular adenomas in female mice and pituitary adenomas in both male and
female mice but no effects in rats). This conclusion is in agreement with the evaluation of zearalenone
by the International Agency for Research on Cancer (IARC, 1993). Zearalenone was allocated in Group
3 (not classifiable as to their carcinogenicity to humans), based on inadequate evidence in humans and
limited evidence in experimental animals (IARC, 1993).

7.2.4. Genotoxicity

7.2.4.1. In vitro studies

As reported in previous reviews (Kuiper-Goodman et al., 1987; TARC, 1993; FAO/WHO, 2000),
zearalenone did not induce SOS error-prone DNA repair in Escherichia coli, and mutation in
Salmonella typhimurium or mitotic crossing over in Saccharomyces cerevisiae. Contrasting data were
reported by Ghedira-Chekir et al. (1998) on the induction of SOS repair in Bacillus subtilis by this
mycotoxin. Zearalenone induced sister chromatid exchanges, chromosome aberrations in Chinese
hamster V79 lung cells (Thurst et al., 1983) and induced polyploidy in Chinese hamster ovary (CHO)
cells in the absence of exogenous metabolic activation (Galloway et al., 1987).

More recently, Lioi et al. (2004) investigated the cytogenetic and cytotoxic effects of zearalenone in
cultured bovine lymphocytes treated with 0, 0.1, 0.5, 1 and 2 pM of the toxin. This study provides
evidence of significant increases of structural chromosome aberrations and sister chromatid exchanges
at all four concentrations. The increases were associated with a reduction of the mitotic index only at the
two highest concentrations.

Ouanes et al. (2003) evaluated the genotoxic potential of zearalenone by using the cytokinesis block
micronucleus assay in Vero monkey kidney cells. In cells treated with 5, 10 and 20 uM of zearalenone a
dose-dependent induction of micronuclei was reported. Zearalenone was also found to cause a
concentration-dependent increase of unscheduled DNA synthesis and of chromosomal aberrations in
Vero monkey kidney cells (Ouanes Ben-Othmen et al., 2008).

7.2.4.2. In vivo studies

El-Makawy et al. (2001) evaluated the genotoxic effects of zearalenone administered i.p. to adult males
and pregnant mice with two single dose levels (5 and 10 pg/kg b.w.). Chromosome aberrations were
investigated in bone marrow and spermatocytes of the adult male mice. Chromosome analysis was
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conducted on the fetuses on gestation day (GD) 13. Zearalenone was found to reduce the mitotic activity
in treated males and in the fetuses at both doses. Structural abnormalities like breaks were observed on
mice spermatocytes at the higher dose. Some the pregnant mice were killed on GD 17 and the fetal
skeleton was examined. However, this study did not report any significant cytogenetic or teratogenic
effect on albino mice treated with zearalenone.

Mice (groups of 3 females) received single or repeated i.p. doses (2, 4, 10, 15, 20 or 40 mg/kg b.w. per
day) of zearalenone for 1, 2 or 3 days (Ouanes et al., 2005). Zearalenone induced a dose-dependent
increase of chromosomal aberrations including breaks, rings, gaps and centric fusions in bone marrow
cells. Interestingly, when the total dose of zearalenone (40 mg/kg b.w. per day) was fractionated into
two to four repeated doses given every 24 hours, the percentage of chromosomal aberrations increased
significantly as compared to the single dose. According to the authors, these findings suggest that
zearalenone would act by reversible binding to receptors that could become saturated.

In the study by Ouanes et al. (2003) the genotoxic potential of zearalenone in the in vivo mouse bone
marrow micronucleus assay was also evaluated. In mice (groups of 5 males) given single oral doses of
10, 20 and 40 mg/kg b.w., a dose-dependent increase of the frequency of micronuclei was observed.
Vitamin E was found to prevent from 30 to 50 % of these toxic effects, likely acting as an anti-oxidant.

Six-week-old female Balb/c mice were treated orally with a single dose of zearalenone (40 mg/kg b.w.)
and hydrated sodium calcium aluminosilicate (HSCAS) (400 mg/kg b.w., a phyllosilicate that has been
shown to prevent diseases associated with aflatoxicosis in farm animals). All mice were sacrificed by
cervical dislocation 48 hours after the treatment and the femur and tibia dissected out and analysed.
Treatment with zearalenone increased the frequency of micronuclei and chromosomal aberrations in
bonemarrow cells. Co-treatment with HSCAS resulted in a reduction of the number of micronucleated
cells, a decrease in the frequency of chromosomal aberrations and an increase in the number of
polychromatic erythrocytes in bone marrow (Abbes et al., 2007).

7.2.4.3. In vivo**P-postlabelling studies

Various in vivo postlabelling studies have been described in rodents (FAO/WHO, 2000; SCF 2000). Li
et al. (1992) did not find any DNA adducts in liver, kidneys or uterus of female rats receiving a diet
containing zearalenone at 0.05 mg/kg (equivalent to 5 ug/kg b.w. per day) for three weeks. DNA
adducts were detected in the kidney, liver and ovary of mice treated i.p. (single dose of 2 mg/kg b.w. or
repeated dose of 1 mg/kg b.w. every 2 days for 10 days) or orally with zearalenone (single dose of
2 mg/kg b.w.) (Pfohl-Leszkowicz et al., 1995). In another study, several DNA adducts were found by
32p-postlabelling in female BALB/c mice treated i.p. with a single dose of zearalenone at 2 mg/kg b.w.
in olive oil (Grosse et al., 1997).

7.2.4.4. Conclusions

Zearalenone was found to be negative in bacteria mutation studies while it was described to be
clastogenic in a variety of cell culture systems such as CHO and V79 hamster cells, Vero monkey
kidney cells and bovine lymphocytes. Regarding in vivo studies, zearalenone was found to induce
micronuclei in mouse bone marrow cells following oral doses of 10-40 mg/kg b.w. per day and
chromosomal aberrations following i.p. dosing (2-40 mg/kg b.w. per day). Overall, the CONTAM Panel
concluded that zearalenone can be considered as a clastogenic compound.

DNA adducts were identified by the *’P-postlabelling method in mice treated i.p. or orally with
zearalenone but the interpretation of these data is hampered by the absence of structural identification of
the adducts. However, the CONTAM Panel considered recent data (Pfeiffer et al., 2009) indicating that
human liver cytochrome CYP1A2 catalyzed the formation of zearalenone catechols. Such catechols can
also form depurinating DNA adducts that have been inferentially linked with carcinogenesis by
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oestradiol (Cavalieri and Rogan, 2010). This mechanism could be relevant for genotoxicity of
zearalenone but at present there are no data to evaluate its importance as a contributor to clastogenicity
of zearalenone. On the other hand the amelioration of some genotoxic effects of zearalenone by
antioxidants as reported above is consistent with oxidative stress related mechanisms.

7.2.5. Immunotoxicity

7.2.5.1. In vitro studies

As previously reviewed by JECFA (FAO/WHO, 2000), the effect of zearalenone on induced
lymphocyte proliferation was measured by the incorporation of *H-thymidine into lymphocytes.
Concentrations of 2.5 and 14 pg/mL, were found to inhibit by 50 % the proliferation of rat and human
peripheral lymphocytes, respectively (Atkinson and Miller, 1984; Cooray, 1984). In another study
(Forsell and Pestka, 1985), zearalenone and 4 of its metabolites were also found to reduce the uptake of
*H-thymidine in mitogen-stimulated human lymphocytes. The uptake was decreased by 50 % at
3.5 ug/mL for zearalenone, 6.3 pug/mL for a-zearalenol, 36 pug/mL for B-zearalenol, 3.8 ug/mL for
a-zearalanol, or 33 pg/mL for B-zearalanol. The concentration of each analogue that caused a 50 %
reduction in *H-thymidine uptake was similar for all mitogens tested (leuko-agglutinin, concanavalin A
and pokeweed mitogen), suggesting that zearalenone and its metabolites can inhibit mitogen-induced
proliferation by both B and T lymphocytes.

The effects of zearalenone on interleukin (IL) production were investigated by using T cells of the EL-4
murine thymoma cell line (Marin et al., 1996). These cells were stimulated with phorbol-2-myristate-13-
acetate and exposed for 5 days to zearalenone or o-zearalenol at concentrations of 0.05, 0.5, 1, 5 or
10 ug/mL. Control cells were exposed to the vehicle (ethanol) only. The production of IL-2 and IL-5
was significantly increased in the presence of zearalenone or o-zearalenol at 5 and 10 pg/mL. The two
compounds did not affect cell proliferation or viability, as shown in the 3-(4,5-dimethylthiazol-2-yl)
2,5-diphenyltetrazolium bromide (MTT) cytotoxicity assay.

The immunological effects of Fusarium mycotoxins were tested on human peripheral blood
mononuclear cells (PBMC) from different blood donors (Berek et al., 2001). Trichothecene mycotoxins,
zearalenone, o-zearalenol, B-zearalenol were investigated for their effects on T and B cells in a
proliferation assay, antibody-dependent cellular cytotoxicity and natural killer cell activity on human
PBMC. The concentrations applied in this study were in a range of those which could be found in
normal human peripheral blood system (0.0002-1.8 pg/mL). By contrast to the trichothecenes,
T-2 toxin, fusarenon-X, nivalenol and deoxynivalenol, only high concentrations of zearalenone and its
metabolites exerted a measurable immunosuppressing effect on human PBMC in vitro.

Vlata et al. (2006) investigated the in vitro effects of zearalenone (at concentrations of 0.1, 1, 5, 10 and
30 pug/mL) on freshly isolated human PBMC in relation to proliferation and to cell death patterns of
untreated and mitogen-activated cells. The higher concentration of 30 ug/mL zearalenone was found to
totally inhibit T and B lymphocytes proliferation from the stimulation with phyto-haemagglutinin and
pokeweed mitogen. The inhibitory effects of zearalenone were further related to cell necrosis/apoptosis.
Flow cytometry analysis showed a distinct necrotic effect on PBMC, irrespective of mitogen
stimulation, whereas the induction of apoptosis was less evident. Necrosis was observed in both the
lymphocyte and monocyte/granulocyte gates. Measurements of zearalenone-induced intracellular
calcium ion (Ca®") mobilisation showed an increase of Ca”" levels and of the number of cells with high
Ca”™ only in the monocyte/granulocyte gated cells. Using phenylmethyl sulfonyl fluoride (PMSF), a
serine protease inhibitor, and ammonium chloride (NH4CI), a lysosomal inhibitor, both associated with
cell necrosis inhibition, PMSF at 0.05 mM and NH4CI at 1 and 10 mM were shown to reduce the
cytopathic effects induced by 30 pg/mL zearalenone, whereas apoptosis was less affected. Exposure of
PBMC to 1 pg/mL zearalenone did not alter the viability of the cells. According to the authors, these
results suggest that high zearalenone concentrations in the blood could exert cytotoxic effects.
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Marin et al. (2010) compared the effects of zearalenone and its metabolites a-zearalenol, -zearalenol
and zearalanone on various neutrophil functions: proliferation, cytokine synthesis and oxidative stress in
a porcine polymorphonuclear (PMN) model. By using the MTT test, the concentrations of toxins
necessary to inhibit viability by 50 % were: 73.4 uM for zearalenone; 59.0 uM for a-zearalenol;
56.8 uM for B-zearalenol and 53.1 uM for zearalanone, with zearalenone being less toxic than its
metabolites. A significant increase of superoxide-synthesis compared to the control, as shown by nitro-
blue tetrazolium reduction, was observed at 1 mM concentration for only B-zearalenol and zearalanone.
At 10 pM of a-zearalenol, B-zearalenol, zearalanone, but not zearalenone, induced a significant
decrease of the IL-8 synthesis in swine PMN with 49.2, 45.6 and 45.1 % respectively, compared to the
control. According to the authors, these results suggest that zearalenone and its metabolites could have
differential effects on important parameters of swine innate immunity like cell proliferation, IL-8 and
superoxide-synthesis. In this study, metabolites of zearalenone appeared as more immunotoxic than
zearalenone itself.

7.2.5.2. In vivo studies

As reported by JECFA (FAO/WHO, 2000), the in vivo immunotoxicity of zearalenone was investigated
in mice receiving zearalenone by subcutaneously (S.c.) (Pung et al., 1984) or oral administration (Forsell
et al.,, 1986; Pestka et al., 1987). In these studies, zearalenone did not affect either the sensitivity to
Listeria monocytogenes infection, the serum immunoglobulins concentration or the leucocyte cell count
in blood.

In order to explore the possible protective role of Tunisian radish extract against immune system
disorders, Ben Salah-Abbés et al. (2008) used zearalenone as the immunotoxic agent. Balb/c mice
(groups of 10 males) received a high oral dose of the toxin (40 mg/kg b.w. per day) for two weeks. Mice
treated with zearalenone alone showed a significant decrease in lymphocytes of the total white blood
cells, immunoglobulin profile (IgG and IgM), B cells, T-cell sub-types (CD3+, CD4+ and CD8+) and
natural killer and pro-inflammatory cytokines. Mice treated with Tunisian radish extract (5, 10 or
15 mg/kg b.w. per day) for 7 days before, during or after zearalenone treatment, showed a significant
effect protecting against zearalenone-induced immunological disorders. According to the authors,
Tunisian radish extract would contain compounds that are able to prevent or inhibit zearalenone
toxicity.

Two recent studies described the immunotoxic effects of experimental diets naturally contaminated with
zearalenone in calves (Martin et al., 2010) and in primiparous sows during the perinatal period (Malovrh
and Jakovac-Strajn, 2010). Unfortunately the diets used in these studies contained other mycotoxins and
particularly high levels of deoxynivalenol, a well known potent immunosuppressive agent. In
consequence, such exposures to multiple mycotoxins made these two studies unsuitable for assessing
the specific immunotoxicity of zearalenone in these breeding animal species.

7.2.5.3. Conclusions

These data demonstrated that zearalenone exerts immunotoxic effects in in vitro models. These effects
consist of inhibition of human and rat peripheral blood lymphocyte proliferation and increased
interleukin production in cultured T-lymphocytes. In human peripheral blood mononuclear cells and
porcine neutrophils, cell proliferation, and cytokine production were inhibited. In some of these studies,
zearalenone appeared to be less immunotoxic than its metabolites o- and -zearalenol. In vivo studies in
mice did not show immunotoxicity of orally administered zearalenone, with the exception of one study
in which mice were exposed to a high oral dose (40 mg/kg b.w. per day) of zearalenone for 2 weeks for
assessing the protective effect of a vegetable extract.
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7.2.6. Endocrine, reproductive and developmental effects

In the earlier SCF opinion (SCF, 2000), two extensive reviews on the reproductive and developmental
effects of zearalenone were summarised (Kuiper-Goodman et al., 1987; FAO/WHO, 2000). Zearalenone
was reported to cause alterations in the reproductive tract of females, both in laboratory animals (mice,
rat, guinea-pigs, hamsters and rabbits) and in domestic animals. Various effects were described, such as
persistent oestrus, decreased fertility, increased embryo-fetal resorptions, reduced litter size, alterations
in the weight of adrenal, thyroid and pituitary glands, and changes in serum levels of progesterone and
oestradiol. However, no teratogenic effects were reported in mice, rats, guinea pigs or rabbits. Pigs and
sheep appeared to be more sensitive than rodents to reproductive disturbance after exposure to
zearalenone.

7.2.6.1. Effects on males
7.2.6.1.1. Rodents

In vitro studies

In an in vitro study, the effect of zearalenone and its metabolite a-zearalenol on steroidogenesis in
mature mouse Leydig cells was investigated (Yang et al., 2007a). Testosterone secretion and
transcription level of three key steroidogenic enzymes, including 3B-hydroxysteroid
dehydrogenase/isomerase (3p-HSD-1), cytochrome P450 side chain cleavage enzyme (P450scc) and
steroidogenic acute regulatory protein (StAR), were measured in cells co-treated with zearalenone or a-
zearalenol and human chorionic gonadotropin (hCG) at 10 ng/mL. Zearalenone and a-zearalenol, at
concentrations of 10*-10® M, significantly suppressed hCG-induced testosterone secretion. The
suppressive effect was correlated with a significant decrease in the level of transcription of 33-HSD-1,
P450scc and StAR.

In vivo studies

Adult male mice were given i.p. injections of zearalenone or a-zearalenol at 0, 25, 50 or 75 mg/kg b.w.
daily for 7 days, with 10 mice per dose group (Yang et al., 2007b). Semen quality, serum testosterone
concentrations and fertility were assessed. Male mice exposed to the highest dose of zearalenone had
significant reductions in body weight, as did mice exposed to the mid- and high dose of a-zearalenol.
Testis and epididymal weights were unaffected, but relative seminal vesicle weights were significantly
increased by all doses of zearalenone and relative preputial gland weights were significantly increased
by all doses of oa-zearalenol. Abnormal spermatozoa were increased and live spermatozoa were
significantly decreased at all zearalenone doses. Testicular and cauda epididymal sperm counts,
efficiency of sperm production and serum testosterone concentrations were significantly reduced in all
mice treated with zearalenone or a-zearalenol, in a dose-dependent manner. For the investigation of
fertility, the males were mated, 24 hours after the last injection, with sexually mature, untreated,
superovulated females and the females were killed on GD 15 for examination of the uterine contents.
Statistically significant, dose-related reductions in numbers of viable fetuses and increased numbers of
animals with resorptions were observed at all doses of zearalenone and a-zearalenol. In the a-zearalenol
groups given 25 or 50 mg/kg b.w. per day, there were no implantation sites, indicating that the ova were
either not fertilised or fertilised ova were severely damaged.

In a study on mice, adult males were injected i.p. with a known toxic dose of zearalenone (4 % of the
LDs), with or without a simultaneous protective dose of vitamin E i.p. Testicular function and
morphology were examined (Abou Nazel and El-Shanawany, 2007). Males were allocated into 5 groups
of 8 mice per group. They comprised 3 control groups — a negative control group (no treatment), a
vehicle control group given olive oil for 3 days, and a positive control group given vitamin E at
100 mg/kg b.w. per day for 3 days. Two zearalenone-treated groups were given 20 mg zearalenone/kg
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b.w. per day for 3 days, or the same dose of zearalenone together with 100 mg/kg b.w. per day of
vitamin E for 3 days. Serum testosterone was significantly decreased in the zearalenone-treated group
compared to the control groups, while the vitamin E-protected group showed no significant difference
from the control groups. Testicular tissue in animals treated with zearalenone alone showed loss of
normal architecture, with seminiferous tubules showing disorganisation of spermatogenic cells and
dissolution of intercellular connections. Ultrastructural examination of the same group revealed many
degenerated cells with electron dense cytoplasm and dense irregular nuclei, multiple apoptotic
spermatogenic cells, spermatids with various degrees of degeneration and failure of acrosomal cap
formation, together with multiple abnormal spermatozoa with irregular heads. The zearalenone-treated,
vitamin E-protected group showed some degeneration of testicular tissue and spermatozoa, but it was
much less severe than that in the group receiving zearalenone alone. The authors noted that the effects
on testis structure and testosterone secretion were similar to those seen with other oestrogens, such as
diethylstilboestrol, bisphenol A and 17-f oestradiol (Nair and Shaha, 2003; Toyama and Yuasa, 2004;
Yang et al., 2007a).

Ben Salah-Abbeés et al. (2009) investigated the protective effect of an extract of the plant Raphanus
sativus, which is rich in antioxidants, on zearalenone-induced male toxicity in mice. Mice were divided
into 5 groups (n = 10/group): untreated controls; olive oil-treated; treated with zearalenone at 40 mg/kg
b.w. per day; treated with an extract of R. sativus alone (15 mg/kg b.w. per day); or treated with R.
sativus extract plus zearalenone. Treatments were given orally for 28 days. In the group treated with
zearalenone alone, there were significant decreases in testis, seminal vesicle and prostate weights, and
significant decreases in epididymal sperm number, sperm motility, testosterone level and antioxidant
enzyme status (glutathione, catalase and superoxide dismutase) in the testis. The plant extract alone did
not cause any significant toxicity compared to controls and was effective in counteracting the oxidative
stress and protecting against the toxicity induced by zearalenone.

Kim et al. (2003) investigated whether apoptosis is involved in zearalenone-induced testicular toxicity
in rats and identified the stage and target germ cell type affected. Ten-week-old male rats were given a
single i.p. dose of zearalenone at 5 mg/kg b.w. and sacrificed 3, 6, 12, 24, or 48 hours later. Germ cell
degeneration from apoptosis was found at stages I-VI of spermatogenesis 12 hours after dosing. This
study indicates that rapid apoptosis is the principal mechanism contributing to germ cell depletion and
testicular atrophy following zearalenone exposure in rats.

Yuan et al. (2010) investigated the effects of a traditional medicinal plant on zearalenone-induced
apoptosis in mouse male germ cells. Groups of 10 male mice 25 days of age were given Gynostemma
pentaphyllum at 0, 50, 100 or 200 mg/kg b.w. per day, together 0 or 10 pg per animal per day of
zearalenone. G. pentaphyllum had a marked effect on protecting male germ cells against apoptosis
induced by zearalenone. In addition, G. pentaphyllum reversed other effects of zearalenone, remarkably
improving the pathologic changes in testicular tissue, reducing the content of malondialdehyde (a
marker of lipid oxidation), and increasing the activity of superoxide dismutase. These results indicate
that G. pentaphyllum protects against toxicity caused by zearalenone through its properties of anti-
oxidation and anti-apoptosis. A study investigated the testicular effects of zearalenone on very young
male rats, 5-15 days of age (Filipiak et al., 2009). Groups of 7-13 animals were given S.C. injections
daily of vehicle alone, 17B-oestradiol (1.25 or 12.5 pg), diethylstilboestrol (1.25 or 12.5 pg), or
zearalenone (4 or 40 pg). The animals were killed at 16 days of age and the testes examined. Testis
weight, seminiferous tubule diameter and length were significantly decreased by all three treatments at
both doses. Both doses of 17p-oestradiol and diethylstilboestrol also significantly reduced the numbers
of germ cells (spermatogonia and spermatocytes) and the number of Sertoli cells, but zearalenone only
reduced the number of spermatogonia and Sertoli cells at the higher dose. Zearalenone was the weakest
of the three oestrogenic substances.
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7.2.6.1.2. Pigs

In vitro studies

Tsakmakidis et al. (2006) investigated the effects of zearalenone or its metabolite, a-zearalenol, on boar
sperm parameters such as motility, viability and spontaneous acrosome reaction. Semen was collected
from a single boar of proven fertility and incubated for 4 hours with zearalenone or a-zearalenol at
concentrations of 125, 187.5 and 250 uM. The lowest concentration tested was equivalent to 40 pg/mL.
Sperm parameters were assessed at 1, 2, 3 and 4 hours of the incubation period. Both zearalenone and a-
zearalenol significantly affected sperm characteristics in a concentration-related manner at all time
points, except for the low concentration of a-zearalenol, which did not decrease the percentage of live
reacted spermatozoa.

In a follow-up study (Tsakamakidis et al., 2008), 12 semen collections from 4 boars were incubated for
4 hours in vitro with lower concentrations of 10, 20 or 30 pug/mL of zearalenone or a-zearalenol.
Motility and nuclear chromatin integrity were assessed at 0 and 4 hours of incubation. There were no
significant differences in motility and chromatin instability was significantly higher in spermatozoa of
only one boar independently of the dose of zearalenone or a-zearalenol.

In another study, Tsakamakidis et al. (2007) assessed the ability of boar spermatozoa to bind to the zona
pellucida of the oocyte. Boar semen was exposed to zearalenone or a-zearalenol at concentrations of 40,
60 or 80 pg/mL for 1 hour. The semen was then washed and incubated with homologous oocyte
hemizona for 4 hours. Significant decreases in the number of tightly attached spermatozoa on the
hemizona were obtained at concentrations of 60 and 80 pg/mL of both zearalenone and a-zearalenol.

Effects on boar sperm exposed to zearalenone, a-zearalenol or B-zearalenol at varying concentrations
were investigated (Benzoni et al., 2008). Twelve semen collections from 3 boars of proven fertility were
incubated with the mycotoxins for up to 48 hours. Viability, apoptosis and chromatin stability were
assessed after 24 and 48 hours of incubation with 1x10™® to 1 uM. Motility was assessed at 5, 16 and
24 hours using higher concentrations of mycotoxins ranging from 2x10” to 20 uM. Zearalenone and
B-zearalenol reduced sperm viability at picomolar concentrations, a-zearalenol at nanomolar
concentrations. Sperm chromatin stability was adversely affected by a-zearalenol at picomolar
concentrations and by [-zearalenol at nanomolar concentrations; [3-zearalenol reduced sperm motility at
micromolar concentrations at 5 hours. These results differ from those of Tsakamakidis et al. (2007) in
finding effects at much lower concentrations, but the CONTAM Panel noted that longer incubation
times were used and that the short elimination half-lives for zearalenone and its metabolites in vivo (see
Section 7.1) would not compatible with contact times of 24-48 hours.

In vivo studies

The earlier literature records adverse effects of feeding zearalenone-contaminated corn on the male
reproductive tract and sexual function of pigs. Adverse effects have been recorded at concentrations of
zearalenone in feed of 20 mg/kg or more (reviewed by Diekman and Green, 1992).

In an in vivo study, the absence of any effect of low levels of zearalenone in feed was confirmed
(Sutkeviciene et al., 2009). Six mature boars were fed with naturally contaminated diet containing
zearalenone at 1 mg/kg of feed for 2 months. No changes were observed in testis weight, epididymal
weight, histopathology or the sperm quality parameters of concentration, motility, viability and
abnormalities.
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7.2.6.1.3. Horses

In vitro studies

A study assessed the effects of exposure of sperm in vitro to extracts of urine taken from male horses
naturally exposed to zearalenone (Minervini et al., 2010). Zearalenone and its metabolites in urine were
measured by ELISA. Thirty-eight urine extracts were tested on frozen-thawed spermatozoa to evaluate
effects on sperm chromatin structure. Urine samples gave a mean level of 32.3 ng zearalenone/mL.
Adverse effects of zearalenone-containing urine samples on sperm chromatin were found.

7.2.6.1.4. Conclusions on males

Adverse effects of zearalenone and its metabolites have been observed in male rodents but only at high
dose levels. The protective effect of antioxidants on male reproductive disturbance in rodents suggests
that the effects of zearalenone at high doses in males may be secondary to generation of reactive oxygen
species.

Pigs are more sensitive, and adverse effects on testosterone concentrations, sexual behaviour, testis and
secondary sex organ weight, testicular histology and spermatogenesis have been observed following
exposure of boars to zearalenone or its metabolites. However, the exposures at which such effects occur
in male pigs are higher than those at which effects on female pigs have been observed (see below).

7.2.6.2. Effects on females
7.2.6.2.1. Ovary, oocyte and zygote studies
7.2.6.2.1.1. Pigs

In vitro studies

The effects of a-zearalenol and B-zearalenol on in vitro maturation and degeneration rates of porcine
cumulus-oocyte complexes (COCs) were investigated (Alm et al., 2002). Concentrations tested ranged
from 3.75-90 uM and 60-88 COCs were examined at each concentration. Both substances affected
maturation and degeneration rates in a dose-dependent manner, but to different extents. Significant
delays in maturation of COCs were obtained at concentrations of a-zearalenol > 7.5 pM and at
concentrations of P-zearalenol > 30.0 puM. Significant increases in degeneration were seen at
concentrations > 30 uM for both a-zearalenol and B-zearalenol. The influence of a-zearalenol at
concentrations of 3.75-30 uM on the developmental competence of in vivo-derived zygotes during
5 days of in vitro culture was also investigated. The number of zygotes examined at each concentration
ranged from 29-32. Significant reductions in transition from zygote to blastocyst and reduced numbers
of cell nuclei in blastocysts were observed at concentrations of a-zearalenol > 15 uM. This study
demonstrated an adverse effect of direct exposure to zearalenone metabolites on meiosis progression in
oocytes and on embryonic development.

Tiemann et al. (2003a) investigated whether a-zearalenol and B-zearalenol in vitro affected the enzymes
P450scc and 3B-HSD involved in progesterone synthesis in cultured porcine granulosa cells. No
differences in basal progesterone levels or numbers of viable cells were observed between untreated
granulosa cells and those treated with a-zearalenol or B-zearalenol at 15 and 30 uM. Follicle stimulating
hormone (FSH) (0.01 pg/mL) or forskolin (10 uM) enhanced the low basal progesterone secretion in the
absence of the mycotoxin metabolites. The addition of a-zearalenol or B-zearalenol at 7.5, 15 and 30 uM
to cultures stimulated with FSH or forskolin reduced progesterone synthesis and the levels of P450scc
and 3B-HSD transcripts in a dose-dependent manner, reaching statistical significance at the highest
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concentration of 30 uM. The enzymatic activity of 3f-HSD and the abundance of P450scc protein were
also reduced by these mycotoxins.

Jakimiuk et al., (2010a) studied the impact of zearalenone in vitro on the production and secretion of
steroid sex hormones by granulosa cells in monoculture and granulosa cells with theca interna cells in
co-culture. Follicular cells were obtained from ovarian follicles of pre-pubertal gilts. They were exposed
to zearalenone at concentrations of 0, 0.4, 4, 40, or 400 ng/mL (0, 1.2, 12, 120 or 1200 uM) for
48 hours. The concentrations of progesterone, testosterone, and 17f-oestradiol in the medium were
determined by radioimmunoassay. In accordance with the results of Tiemann et al. (2003a), who used
the main zearalenone metabolites, there was no effect of zearalenone on progesterone secretion in
granulosa cells in monoculture. Nor was there any effect on 17p-oestradiol secretion in granulosa cells
in monoculture. Testosterone secretion was slightly but significantly reduced by zearalenone at 0.4,
4 and 400 ng/mL, but not at 40 ng/mL. However, in co-cultures, progesterone secretion was
significantly increased at all tested concentrations of zearalenone, and secretion of 17B-oestradiol and
testosterone were increased at 400 ng/mL. Thus, the stimulating and inhibitory effect of zearalenone on
basal steroidogenesis in porcine ovarian follicular cells was dependent on the type of cultures and
concentrations of zearalenone.

Ranzenigo et al. (2008) investigated the effect of the metabolite a-zearalenol in vitro on cell
proliferation, steroidogenesis and gene expression in cultured pig granulosa cells. a-Zearalenol had
biphasic effects on oestradiol production induced by insulin-like growth factor (IGF-1) and FSH in
combination, increasing production at smaller concentrations of 30 ng/mL (0.0937 uM) and inhibiting it
at larger concentrations of 300 (0.937 uM) and 3000 ng/mL (9.37 uM). At 3000 ng/mL, a-zearalenol
also increased FSH plus IGF-I-induced progesterone production but not at the two lower concentrations.
Progesterone production induced by FSH alone was increased by the lower concentrations of 30 and
300 ng/mL a-zearalenol, but was decreased by the higher concentration of 3000 ng/mL. At 3000 ng/mL
a-zearalenol inhibited FSH plus IGF-I-induced CYP19A1 and CYP11A1 mRNA abundance.
aZearalenol had no effect on granulosa cell numbers. This study also illustrates the stimulatory and
inhibitory effects of a zearalenone metabolite on steroidogenesis in porcine cells in culture, dependent
on the concentration of the test substance and the culture conditions.

Chen et al. (2009) studied the effects of maturing pig oocytes in vitro in the presence of zearalenone or
its metabolites, a- and B-zearalenol at concentrations of 0, 0.312, 3.12 or 31.2 umol/L). They caused a
concentration-related inhibition of oocyte, maturation abnormal formation of aberrant spindle and
abnormal nuclei. The developmental competence of oocytes matured in the presence of zearalenone
(3.12 umol/L) was also investigated after in vitro fertilization. Exposure during maturation significantly
reduced the percentages of oocytes that cleaved and formed a blastocyst and increased the percentage of
aneuploid blastomeres.

In vivo studies

Of the studies commented on by the SCF, there were several experimental studies with pigs. The pivotal
one was a study with sexually mature non-pregnant gilts, given 2 kg of feed per day containing 0, 1, 5
or 10 mg purified zearalenone/kg of feed between day 5 and day 20 of oestrus, equivalent to 0, 40,
200 or 400 pg/kg b.w. per day (Edwards et al., 1987). The study was replicated in winter and summer
and the number of gilts per dose group from the two seasons combined was 24-25. Similar results were
obtained from the two seasons. In the combined results, the inter-oestrous interval increased
significantly from 21.0 + 0.3 days in the control group to 29.2 + 2.9 and 32.7 & 3.3 days in gilts fed 5 or
10 mg zearalenone/kg of feed. The inter-oestrous interval was not affected in gilts given 1 mg
zearalenone/kg diet. Increased plasma progesterone and prolonged maintenance of corpora lutea were
observed in gilts with prolonged oestrous cycles. The corpora lutea regressed when zearalenone was
withdrawn from the diet. A NOEL of 40 pg/kg b.w. per day can be taken from this study.
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In a limited study (Bauer et al., 1987) using a low number of prepubertal female pigs, and pure
zearalenone added to the diet, oestrogenic effects were reported at lower doses than in the previous
study by Edwards et al. (1987). Two pigs were fed 0.25 mg zearalenone/kg diet (equivalent to 10 pg/kg
b.w. per day) for 11 days, followed by 5 days of feed without zearalenone. Two additional pigs were fed
0.05 mg zearalenone/kg diet (equivalent to 2 pg/kg b.w. per day) for 21 days. Only 1 pig was used as a
control. The higher dose resulted in redness and swelling of the vulva, swelling of the mammaries, and
numerous vesicular follicles and some cystic follicles on the ovaries. With the low dose, no external
changes were seen at the end of the experimental period, but autopsy showed that the number of
vesicular follicles on the ovaries was higher in treated animals than in the control animal. The SCF
considered that these reported effects would require confirmation using larger numbers of animals to
establish a clear NOEL.

Obremski et al. (2003a) studied ovarian cell proliferation in sexually immature gilts given zearalenone
orally at doses of 0.2 and 0.4 mg/kg b.w. per day for 7 days. At the end of the treatment period,
numerous histopathological changes in ovarian follicle structure were observed, including ovarian
follicle atresia and apoptosis-like changes in granule cells. Intensified cell proliferation was also
observed in the uterus and oviduct.

In a study on apoptosis in the ovaries (Wasowicz et al., 2005), gilts before first oestrus were given
zearalenone in gelatine capsules at doses of 0, 20 or 40 pg/kg b.w. per day for 63 days. They were then
sacrificed and the ovaries were studied for apoptosis and for the presence of apoptosis-promoting
protein Bax. Apoptosis was detected only in medium-sized antral ovarian follicles in control and low-
dose animals. There were no differences in the distribution and intensity of staining for Bax. The results
indicate that zearalenone did not induce apoptosis in pig ovaries, and that inhibition of proliferation
observed in earlier studies is associated with other mechanisms.

Zwierzchowski et al. (2005) investigated how an oral dose of zearalenone of 200 pg/kg b.w. per day
given for 8 days influences the level of zearalenone and a-zearalenol in blood plasma and the
occurrence of histopathological changes in the cells of the ovarian follicles in sexually immature gilts
(4 treated, 4 controls). On day 8 the animals were sacrificed and their ovaries were taken for
histopathological examination. In the treated animals, the highest blood serum concentration of
zearalenone plus a-zearalenol was noted on day 5; external symptoms of oestrus without standing reflex
were observed on day 4. A few ovarian follicles were found, but they were located in the cortical layer
and were filled with a liquid substance rich in protein and without the granulosa layer. There was
disintegration with apoptotic-like changes of cells in the granulosa layer of single mature follicles. The
CONTAM Panel noted that this effect level is the same as that in the earlier pivotal study by Edwards et
al. (1987). A NOEL was not established.

Following up on their earlier in vitro study (Tiemann et al., 2003a), Alm et al. (2006) investigated in
vivo, the influence of Fusarium-toxin contaminated feed on cumulus cell morphology and maturation of
porcine oocytes. Wheat that was naturally contaminated with deoxynivalenol and zearalenone was
included in feed for gilts in increasing dietary concentrations. In mg toxin/kg feed the amounts were:
Group 1 (control), 0.21 and 0.004, Group 2, 3.07 and 0.088, Group 3, 6.1 and 0.235, Group 4, 9.57 and
0.358, for deoxynivalenol and zearalenone, respectively. There were 9 gilts per group. Feed was refused
by some gilts in Groups 2, 3 and 4 during the first 21 days of the 35 days of treatment. The mean daily
exposure to deoxynivalenol and zearalenone during this period amounted to 3.6 and 0.1, 52.4 and 1.5,
104.2 and 4.0, and 169.1 and 6.3 pg/kg b.w. for animals of Groups 1-4, respectively. Deoxynivalenol
and zearalenone exposures increased to 3.8 and 0.1, 54.9 and 1.6, 104.6 and 4.0, to 146.5 and 5.5 pg/kg
b.w. for Groups 1-4, respectively, when the average feed-intake over the whole experimental period was
used. At the end of the treatment period, the gilts were anaesthetised and oocytes and granulosa cells
recovered from the ovaries were analyzed for the expression of enzymes involved in progesterone
synthesis (P450scc and 33-HSD mRNA and additionally for P450scc protein). At post-mortem, no signs
of hyperoestrogenism or uterotrophic effects were observed due to feed treatments. In contrast to their
earlier observations in vitro, progesterone synthesis enzyme parameters were unchanged. Cumulus cell

EFSA Journal 2011;9(6):2197 70



~ efsam

European Food Safety Autharity Zearalenone in food

morphology did not differ significantly between treatment groups. The proportion of oocytes with
degenerated meiotic chromatin was significantly higher in Group 4 than in the other groups. The
proportion of oocytes reaching metaphase Il in culture was significantly lower in Groups 3 and 4 than in
Group 1, and tended to be lower in Group 2 than in Group 1.

7.2.6.2.1.2. Cattle

In vitro studies

Zearalenone, a-zearalenol and zearalanone were tested to evaluate effects on the in vitro maturation rate
of bovine oocytes and on the formation of 17B-oestradiol in supernatants of mural granulosa cell
cultures (Minervini et al., 2001). Concentrations tested ranged from 0.3-30 pg/mL and 7-25 oocytes or
2-4 supernatants were examined at each concentration. Maturation of oocytes to metaphase II stage was
inhibited in the presence of 30 pg/mL zearalenone, a-zearalenol or zearalanone, with a significant
increase in chromatin abnormalities occurring in the presence of zearalenone and a-zearalenol. Higher
concentrations of 17B-oestradiol were found in the presence of a-zearalenol compared with zearalenone
and zearalanone. These data demonstrated an adverse effect of zearalenone and its metabolites on
meiotic progression of bovine oocytes, possibly attributable to independent effects on steroidogenesis
not related to the binding affinity of these compounds to ER sites, and supports previous observations
(Olsen, 1989) that a-zearalenol acts as a stronger oestrogenic inducer than zearalenone.

Bovine oocytes were cultured in a medium containing zearalenone concentrations of 0, 1, 10, 100, and
1000 pg/L, fertilised, and cultured further (Takagi et al., 2008). There were 108-131 oocytes per
concentration. The oocyte maturation rate was significantly decreased at the highest concentration of
1000 pg/L and 50 % of oocytes in the 1000 pg/L group were arrested in metaphase I, without affecting
the fertilisation rate. Blastocyst-formation rates did not significantly differ among the groups.

7.2.6.2.2. Reproductive tract studies

7.2.6.2.2.1. Rodents

In vivo studies

Nikaido et al. (2003) gave rats zearalenone by S.C. injection of 0, 0.1 or 10 mg/kg b.w. per day (n = 30
per group) for 4 consecutive days, from 15-19 days of age. Six rats per group were killed at 28 days of
age and the remaining animals later. At 28 days of age there were no histological effects on the uterus,
vagina, ovaries or mammary glands. Vaginal opening was significantly accelerated by one day at the
high dose of zearalenone, and oestrous cycles were significantly disturbed, with the majority of animals
in both treated groups showing either persistent oestrus or prolonged dioestrus. The absence of effects in
this study on mammary gland tissue, which was investigated both qualitatively and quantitatively, is in
contrast to a later study in which effects on the mammary gland were observed at 30 days of age when
zearalenone exposure occurred prenatally as opposed to postnatally (see Belli et al., 2010 in Section
7.2.6.2.3.1.).

Female rats were fed with zearalenone (0.03-10 mg/kg b.w. per day) for 3 days starting on postnatal day
21 using a validated OECD protocol for the immature rat uterotrophic assay (Heneweer et al., 2007).
Zearalenone significantly increased uterine weight at doses of 1 and 10 mg/kg b.w. per day, and
significantly increased uterine epithelial cell height at 10 mg/kg b.w. per day. Zearalenone, at doses as
low as 0.1 mg/kg b.w. per day, produced oedema and vacuolization in some animals. Zearalenone doses
greater than 1 mg/kg b.w. per day of zearalenone produced extensive degeneration and necrosis of the
uterine epithelial layer. The main uterine gene-regulated pathways that were significantly up- or down-
regulated by zearalenone treatment included inflammation, water regulation, remodelling of
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extracellular matrix, alternative complement activation, cell proliferation, and oestrogen-mediated
calcium signalling. Zearalenone also recruited coregulator inhibitor of kappaB and induced expression
of the matrix metalloproteinase 7 gene (6.9-fold upregulation), which plays an important role in the
maintenance of the integrity of the epithelial layer of the uterus during proliferation and growth.

Several measures of oestrogenic responses to a-zearalanol and zearalenone were compared to the
reference oestrogens, oestradiol or diethylstilboestrol, using female CD-1 mice injected S.C. on postnatal
day 17 at various doses ranging from 0.01 to 1,000,000 pg/kg b.w. per day (Jefferson et al., 2002). A
uterotrophic bioassay showed that a-zearalanol and zearalenone caused significant increases in uterine
wet weight at doses > 10 000 pg/kg b.w. per day. Uterine morphological parameters (e.g., uterine
epithelial cell height and gland number) also showed significant increases at doses of a-zearalanol and
zearalenone > 10,000 pg/kg b.w. per day, and induction of the oestrogen-responsive protein, lactoferrin,
occurred at doses of a-zearalanol and zearalenone > 1,000 pug/kg b.w. per day. In addition, the in vivo
results were compared with an in vitro assay using the BG1Luc4E2 cell line to measure transcriptional
activation of ER-a (i.e., effective concentration (ECsy) values for a-zearalanol (122 pM) and
zearalenone (1,700 pM) in comparison with oestradiol (8 pM) and diethylstilboestrol (18 pM)).

7.2.6.2.2.2. Pigs

In vitro studies

A study by Tiemann et al. (2003b) investigated the in vitro effects a-zearalenol and B-zearalenol at
concentrations of 7.5, 15 and 30 pM on porcine uterine cell cycle distribution in combination with the
proliferating cell nuclear antigen marker by flow cytometry. The viability of uterine cells was not
impaired at 30 uM a-zearalenol, whereas B-zearalenol at this concentration significantly decreased cell
number. Some cells showed ultrastructural features of cell death indicated by swollen mitochondria,
disrupted cell membranes, and many vacuoles. After 24 and 48 hours of exposure to a-zearalenol up to
30 uM, the cell cycle distribution was still comparable to the control groups. An anti-proliferative effect
of B-zearalenol up to 30 UM was detected by a significant reduction in the S-phase together with arrest
of cells in the GO/Gl-phase. A significant decrease in the expression of the proliferation marker
proliferating cell nuclear antigen (PCNA) amounts indicated that B-zearalenol disengaged cells from
active cycling. The study confirmed that a-zearalenol binds to the porcine uterine cytoplasmic ER.

In vivo studies

As previously reported by JECFA (FAO/WHO, 2000), pathological alterations were observed in the
reproductive tract of female pigs given Fusarium culmorum extracts containing 80 mg/kg of zearalenone
(equivalent to 3.2 mg/kg b.w. per day) and 5 mg/kg of deoxynivalenol (Palyusik et al., 1990). Vulvar
swelling and reddening were observed in gilts within 7 days of exposure to diet containing purified
zearalenone at a concentration of 2 mg/kg (equivalent to 0.08 mg/kg b.w. per day) (Rainey et al., 1990).
In ovariectomized piglets weighing ~ 41 kg the feeding of diets containing 0.18 and 0.36 mg of
crystalline zearalenone/kg diet the weights of the uteri were increased dose-independently (Coenen and
Boyens, 2001). This study is reported in abstract only.

Feeding of diets containing increasing zearalenone concentrations of 0.01, 0.06, 0.15, 0.22, 0.42 mg/kg
from naturally contaminated maize to female piglets for 5 weeks corresponding to a mean exposure of
0.5, 3.0, 7.4, 10.4 and 17.6 ug zearalenone/kg b.w. per day (mean body weight range ~ 12-33 kg)
resulted in an apparent dose related increase in the number of piglets with swollen and reddened vulva
and cervix at all exposure levels, which was only statistically significant at the highest dose (n = 20 per
group) (Doll et al., 2003b). Also, the weights of the uteri were significantly increased only at the highest
dose when evaluated both on an absolute weight basis (13.9, 18.0, 13.3, 16.4 and 24.0 g, respectively)
and relative to body weight (0.41, 0.53, 0.40, 0.51 and 0.81 g/kg b.w., respectively). As naturally
contaminated maize was used in this study the piglets were additionally exposed to deoxynivalenol at
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0.2, 0.8, 1.0, 1.9 and 3.9 mg deoxynivalenol/’kg diet (9.8, 39.6, 49.1, 90.2 and 163.5 ug
deoxynivalenol/kg b.w. per day). It should be noted that the effects on the uteri were detected although
body weight declined at the same time (significant at the highest dose), probably due to the feed intake
depressing effects of deoxynivalenol (34, 34, 34, 32 and 30 kg of final b.w., respectively). This study
indicates a NOEL 10.4 pg/kg b.w. per day for zearalenone.

No effects were found on luteinising hormone (LH) while FSH decreased independently of dose.
Histopathologically, no marked effects on the general appearance of the uterus sections were seen and
no conspicuous alterations in morphometric parameters were found (n = 10 per group) (Doll et al.,
2003a).

Feeding zearalenone containing capsules to pigs weighing ~ 49 kg corresponding to 0.18 and 0.36 mg
zearalenone/kg b.w. per day for 7 days the observed clinical hyperoestrogenism (oedema and reddening
of vulva) was more pronounced at the higher dosage whereas no correlations between plasma
zearalenone and o-zearalenol concentrations and signs of hyperoestrogenism could be established
(Obremski et al., 2003b).

The effects of in vivo perinatal zearalenone exposure on the expression of oestrogen-sensitive, uterine
genes associated with endometrial development in neonatal female pigs were studied (Chen et al.,
2009). The genes were relaxin/insulin-like factor 3 receptors RXFP1 and RXFP2, the morphoregulatory
genes Wnt4, Wnt7a and Hoxal0, and ER-a. Pregnant sows were fed zearalenone at a concentration of
1500 pg zearalenone/kg of feed per day or vehicle from 14 days before farrowing until postnatal day
(PND) 20-21. It is unclear whether the diet was naturally contaminated or if purified zearalenone was
added. At birth, the piglets were cross-fostered to generate four zearalenone exposure groups
(5-6/group), i.e. unexposed controls, prenatal exposure only, postnatal exposure only, or pre- and
postnatal (continuous) exposure. Neonatal uterine tissues were collected at PND 20-21. Uterine Wnt7a,
Hoxal0, ER-a and RXFP2 mRNA levels were significantly decreased in neonates exposed continuously
to zearalenone. Uterine RXFP1 mRNA was decreased in postnatally and continuously exposed groups.
Neonatal uterine Wnt4 mRNA levels were unchanged.

Jiang et al. (2010b) investigated the effect of zearalenone added to the diet in pre-pubertal female pigs.
The basal diet, to which 1 mg zearalenone/kg diet was added, was co-contaminated with naturally
occurring zearalenone, aflatoxins and fumonisins, but not deoxynivalenol. The total zearalenone
concentration in the diet was 1.3 mg/kg. The diet was fed from 42 days of age for 24 days and the
animals were then killed. There were 5 animals per group. The dimensions of the vulva were measured
at 4-day intervals during the study and the weight of the uterus plus ovary at termination. Data on body
weight and feed intake from the same study but reported separately (Jiang et al., 2010a) indicate that
exposure to zearalenone ranged from 0.150 mg/kg b.w. per day at the start of the study to 0.06 mg/kg
b.w. per day at the end of the study. The length, width and area of the vulva were significantly increased
in those given added zearalenone in the diet, as was the weight of the uterus plus ovary. Other
observations on general toxicity from this study have been described in Section 7.2.2.4.

The performance, heart, liver, kidney and spleen weights, and morphology of the vulva were evaluated
in pre-pubertal gilts fed control diet without zearalenone, or diet containing zearalenone at a
concentration of 2 mg/kg for 28 days (Andretta et al., 2008). There were 6 animals per group. The
amount of zearalenone consumed ranged from 0.17 mg/kg b.w. per day on day 1 to 0.08 mg/kg b.w. per
day on day 28. There were no differences between the two groups in daily feed intake, average daily
weight gain, feed conversion ratio, or organ weights. However, zearalenone significantly increased the
length and weight of the reproductive tract. The final volume of the vulva was on average 820 % larger
in gilts fed diets containing zearalenone compared with those fed control diet. Similar results were
obtained in a subsequent replica experiment (Andretta et al., 2010).

In a study on prepubertal gilts (Oliver et al., 2010), the effects of zearalenone on growth performance
and reproductive tract development were investigated. After weaning at 21 days of age, animals were

EFSA Journal 2011;9(6):2197 73



~ efsam

European Food Safety Autharity Zearalenone in food

randomly assigned after one further week to consume a commercial basal diet containing zearalenone at
0 or 1.5 mg/kg of feed for 4 weeks (controls 9 gilts, treated 10 gilts). They were then killed, urine
collected, and tissue collected and frozen. Zearalenone, a-zearalenol, and pB-zearalenol were detected at
levels of less than 4 pg/kg in urine of controls, but were significantly increased to 292 + 76, 113 + 20,
and 15 + 3 pg/kg, respectively, in pigs consuming zearalenone. There were no effects on feed intake or
growth. In gilts fed zearalenone, reproductive tract size was significantly increased 1.5-fold and uterine
endometrial gland development was increased by 50 %. Uterine ER-o mRNA and protein were
unchanged, but in those fed zearalenone, there was a 2- and 3-fold higher abundance of ER-fp mRNA
and protein, respectively, compared with controls. This study is reported in abstract only. It is described
here because the study subjects were prepubertal gilts, pure zearalenone was given rather than naturally
contaminated feed, and the concentration in feed was only slightly higher than the level in feed of
1 mg/kg that was without any effect in the earlier pivotal study using mature gilts by Edwards et al.
(1987). The exposure on a body weight basis was not stated but young gilts would be lighter than
mature gilts.

Twelve 2-month-old, sexually immature gilts, weighing on average 40 kg at the start of the study, were
given zearalenone orally in gelatine capsules at doses of 0, 20 or 40 pg/kg b.w. per day for 48 days and
the ovaries and uterus were examined morphometrically at the end of the period of treatment (Jakimiuk
et al., 2010b). There were 4 gilts per group. The authors stated that the standard feed was analysed for
aflatoxin, ochratoxin, zearalenone, a-zearalenol and deoxynivalenol, but no information was given on
the LODs or the results of the analyses. No significant changes were noted, except for an increase in the
number of medium-sized ovarian follicles in those given the lower dose of zearalenone. However, the
size of the follicles would also depend on the stage of the cycle at which they were examined. There
were no changes in the numbers of small or large ovarian follicles and the authors concluded that these
doses of zearaleneone were without effect.

The same group have investigated whether oral administration of zearalenone resulted in changes in
uterine histology in sexually immature gilts (Gajecka et al., 2011). The description of the study was the
same as that above with 4 gilts per group (and possibly the same animals were used). The authors again
stated that the standard feed was analysed for other mycotoxins but no further information was given.
Both doses of zearalenone of 20 and 40 pg/kg b.w. per day given for 48 days induced
hyperoestrogenism and atypical endometrial hyperplasia. The accompanying uterine hyperaemia caused
uterine reddening and swelling. The authors suggested that this study raises the possibility of
detrimental health effects when the level of endogenous oestrogen is low and the body is supplied with
an additional dose of exogenous oestrogen. This study indicates an effect of zearalenone in immature
gilts at exposures as low as 20 pg/kg b.w. per day. Although it seems contrary to what they reported
previously (Jakimiuk et al., 2010b), it is possible that histopathological examination is more sensitive
than morphometry (weight and length only).

7.2.6.2.2.3. Horses

In vivo studies

In a study on horses, mares were given daily oral doses of 7 mg of zearalenone starting 10 days after
ovulation and continuing until the next ovulation (Juhasz et al., 2001). There was no effect on inter-
ovulatory intervals, or the luteal or follicular phases of the oestrous cycle. Similarly, there were no
effects on plasma progesterone, follicular number, growth and size, or uterine oedema.

Six mature, fertile mares were fed oats twice daily that were free from mycotoxins or were naturally
contaminated with zearalenone and deoxynivalenol for 5 consecutive oestrous cycles (Aurich et al.,
2006). There was no separate control group, animals serving as their own controls. In cycles 1, 3 and
5 the mares received mycotoxin-free oats and in cycles 2 and 4 mycotoxin-contaminated oats. The
concentrations of mycotoxins were 1 and 12 mg/kg for zearalenone and deoxynivalenol, respectively. In
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cycle 2 or 4 they were fed 3 kg of contaminated oats per day and in cycle 4 or 2 they were fed 1.5 kg of
contaminated oats and 1.5 kg of uncontaminated oats per day. They were monitored every other day by
rectal palpation and ultrasound examination of the ovaries and uterus. Samples were taken at 2-day
intervals and analysed for concentrations of progesterone, oestradiol and LH with assays validated for
the horse. Endometrial biopsies were collected on day 10 (ovulation = day 0) in all cycles. There were
no effects on the release of reproductive hormones, cycle length or uterine histology. Although the cycle
length was shorter than reported for untreated mares, the authors considered this was not an effect of the
mycotoxins, but most likely caused by collection of endometrial biopsies on day 10 of the cycle.
However, the mycotoxins tended to increase the number of growing follicles during the second half of
the cycle. In addition, in the cycles when there was exposure to mycotoxins, there was a high incidence
of haemorrhagic corpora lutea and follicular haematomas, which did not occur during control cycles.
The authors concluded that, in contrast to pigs and ruminants, horses seem to be less sensitive to the
effects of mycotoxins on reproductive functions.

7.2.6.2.3. Effects on the pregnant animal, embryo, fetus and offspring
7.2.6.2.3.1. Rodents

In vivo studies

The effects of zearalenone on pregnancy and embryo-fetal development of rats were investigated
(Collins et al., 2006). Pregnant female Sprague-Dawley rats were given zearalenone once daily by oral
gavage at doses of 0, 1, 2, 4, or 8 mg/kg b.w. per day on GD 6-19, and killed on GD 20. There were
27 females per dose group. Reproductive and developmental parameters were measured and blood was
taken for gonadotrophin (LH, FSH, prolactin) and sex steroid hormone analyses. Significant, dose-
related decreases were seen in maternal feed consumption and body weight gain in all treated groups. At
4 and 8 mg/kg per day, maternal liver-body weight ratios were significantly increased and organ-brain
weight ratios for weights of liver, heart, spleen, kidneys, and ovaries were significantly decreased. At
8 mg/kg b.w. per day, the pregnancy rate was significantly reduced, the number of viable fetuses was
significantly reduced, and the proportion of embryo-fetal deaths was significantly increased. Fetal body
weight was significantly decreased in both sexes in all treated groups. Skeletal ossification was
significantly retarded at 4 and 8 mg/kg b.w. per day, in a dose-related manner. Fetal anogenital distance
was not affected but fetal anogenital index (anogenital distance normalized for body weight) was
increased in all treated groups, indicating an androgenic effect of zearalenone. LH and FSH were not
significantly affected. Prolactin was significantly increased at 8 mg/kg b.w. per day. Progesterone was
decreased at 2, 4, and 8 mg/kg b.w. per day and the decreases were significant at 2 and 4 mg/kg b.w. per
day. There was a dose-related decrease in oestradiol at 2, 4, and 8 mg/kg, which was statistically
significant at 8 mg/kg b.w. per day. This study showed that zearalenone was maternally toxic and
fetotoxic but not teratogenic. The NOEL for reproductive and fetotoxic effects was less than 1 mg/kg
b.w. per day. The CONTAM Panel noted the unexpected observation of an androgenic effect.

In a study in mice (Nikaido et al., 2004), pregnant animals were given s.c. injections of zearalenone at
either 0.5 or 10 mg/kg b.w. per day for 4 consecutive days, beginning on GD 15. The female offspring
were examined at 4, 8, 12 and 16 weeks of age. In the group given the high dose, mammary growth was
reduced and there was a lack of corpora lutea and vaginal cornification.

A study in female Wistar rats investigated the effect of administration of zearalenone during the fetal
period and the first days of life on mammary gland development (Belli et al., 2010). Zearalenone was
given to groups of 9 pregnant animals from GD 9 until delivery by s.C. injection, at doses of 0, 0.2 pg,
20 pg, 1 mg and 5 mg/kg b.w. per day, and then the same doses were administered to the pups by s.c.
injection into the neck for the first 5 PNDs. In the group treated with 5 mg/kg b.w. per day of
zearalenone, two dams died during pregnancy and one during delivery; another was euthanized for
dystocia. The necropsy observations showed traces of fetal resorption and abnormalities in the size of
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the fetuses (no details given), which the authors considered may have been responsible for the deaths by
dystocia. The remaining mothers presented no clinical or behavioural changes. Mammary tissue was
examined for development and maturation by morphologic analyses and immunochemistry at PND 30, a
period of active terminal bud development, and/or at PND 180 (adulthood). At PND 30, the mean length
of terminal buds was significantly enhanced in all of the zearalenone-exposed females, in a dose-related
manner. Mammary tissue was more differentiated in the zearalenone-exposed groups in a dose-related
manner compared with controls, reaching statistical significance in the 1 mg/kg b.w. per day treated
group. There was no effect of zearalenone on epithelial cell proliferation at PND 30. At PND 180,
mammary tissue was more differentiated in all of the zearalenone-exposed groups and some females
exposed to 5 mg/kg b.w. per day showed hyperplasia of the ductal epithelium. No such lesions were
seen in the lower dose groups. These effects differ from those observed in the mouse at a higher s.c.
dose of 10 mg/kg b.w. per day (Nikaido et al., 2004). The CONTAM Panel noted that although the
above-described rat study also showed effects at low doses given by s.c. injection, the bioavailability in
rats of zearalenone administered by that route is considerably higher than bioavailability from oral
dosing (Mallis et al., 2003).

7.2.6.2.3.2. Pigs

In vivo studies

A study investigated the effects of feeding grains naturally contaminated with Fusarium mycotoxins on
reproductive performance, serum chemistry, feed intake and weight gain of gilts, and tested the ability
of a polymeric glucomannan mycotoxin adsorbent (GMA) to reduce or eliminate the effects of the
contaminated feeds (Diaz-Llano and Smith, 2006). Only deoxynivalenol (5.5 mg/kg of feed), 15-acetyl
deoxynivalenol (0.5 mg/kg of feed) and zearalenone (0.3 mg/kg of feed) were detected in the feed. Gilts
were fed one of 3 diets (n = 12 gilts/diet) from GD 91 + 3 until farrowing. Diets were (1) control,
(2) contaminated grains, and (3) contaminated grains plus 0.2 % GMA. Control diet contained
deoxynivalenol at 0.2 mg/kg of feed; zearalenone was not detected (LOD 0.2 mg/kg of feed). Diets
contaminated with mycotoxins did not affect average daily feed intake, but average daily weight gain
and gain:feed ratio were significantly reduced in groups 2 and 3. Serum chemistry was unaffected. The
frequency of stillborn piglets was significantly greater in gilts fed contaminated grains (15.5 %),
compared with that of gilts fed contaminated grains plus GMA (4.6 %), or controls (6.3 %). Since only
average starting weight on the day of artificial insemination, average daily feed intake and average daily
weight gain were reported, only a rough estimate of the exposure to zearalenone during the feeding of
contaminated grains can be made. Estimated exposure in group 2 would have ranged from
approximately 2.7 down to 2.5 ug/kg b.w. per day on GDs 91-114. The exposure to deoxynivalenol was
higher and, as with other studies on co-contaminated feed, it is not possible to reach a conclusion about
the contribution of the individual contaminants to the stillbirths.

Pregnant sows were fed either a control diet (n = 8, 0.21 mg deoxynivalenol and 0.004 mg
zearalenone/kg diet) or a diet containing 40 % of a Fusarium toxin contaminated wheat (n = 7, 9.57 mg
deoxynivalenol and 0.358 mg zearalenone/kg diet) from day 75 to 110 of gestation (Déanicke et al.,
2007a). There was observed a clear deoxynivalenol-related decrease in feed intake resulting in
practically no weight gain during the exposure period (+ 43 g/day), while control sows gained 636 g/day
at the same time. However, no abortion occurred during the experimental period. Piglets were delivered
by Caesarean section at the end and 12.5 and 12.7 live piglets were delivered in the control and the
exposed group, respectively. Piglets of the exposed group appeared macroscopically normal. Necrotic
alterations of tails and ears were not observed in any of the piglets. The vulvae and mammary ridge
were neither reddened nor swollen. The piglet weight of control piglets amounted to 1.34 kg and was
reduced by 16 % in exposed piglets. The weights of the spleens of the in utero exposed piglets were
significantly reduced by 25 %, whereas liver, kidneys and heart weights remained unaffected. As the
insulin-like growth factor (IGF) system regulates fetal and placental growth and can potentially be
influenced by dietary factors some major IGF genes in the livers of sows and fetuses were examined.
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Feeding of the contaminated diet exerted no effects on these genes. This suggests that deoxynivalenol
and zearalenone-contaminated diets can induce growth depression in sows and piglets during pregnancy
without affecting hepatic transcription of major IGF genes (Tiemann et al., 2008a).

Haemoglobin concentration and haematocrit were significantly decreased in exposed piglets while no
changes were observed in their mothers (Dénicke et al., 2007a). However, in those sows enhanced iron
particle deposition was detected in the spleen and the liver cells. As this was not accompanied by
anaemia this effect can be viewed as a mild haemosiderosis without clinical relevance. Moreover, beside
the hepatic haemosiderosis other hepatocellular effects such as ultrastructural organelle changes were
observed in exposed sows (Tiemann et al., 2008c). Based on the appearance of more fatty vacuoles, a
subsequent impairment of hepatocyte function was hypothesized. Moreover, a significant decrease in
cellular immune response to the mitogen concanavalin A in splenocytes was observed in these sows; an
effect which was ascribed rather to deoxynivalenol than to zearalenone. Similarly, haemosiderosis was
observed in sows fed diets containing 0.048 mg zearalenone and 4.42 mg deoxynivalenol per kg in the
period of day 35 and 70 of gestation (Tiemann et al., 2008b). In this experiment indirect effects of
deoxynivalenol on feed (and hence energy and nutrient) intake were avoided by applying a restricted
feeding regimen to ensure that control sows and exposed sows consumed similar feed amounts.

7.2.6.2.3.3. Conclusions on females

Taking into account both the earlier literature and more recent literature (see above and also reviews by
Kuiper-Goodman et al., 1987, FAO/WHO, 2000; Zinedine et al., 2007; Kanora and Maes, 2009;
Golinski et al., 2010), the effects of zearalenone in female laboratory species such as mice, rats, guinea
pigs and rabbits, illustrate its oestrogenic activity. They include decreases in fertility, reproductive tract
alterations, increases in embryonic resorptions, reductions in litter size, changes in weight of adrenal,
thyroid and pituitary glands, and changes in serum levels of progesterone and 17B-oestradiol. However,
zearalenone is not teratogenic in rodents. The overall NOEL for these effects is 0.1 mg/kg b.w. per day
orally (Kuiper-Goodman et al., 1987; Fink-Gremmels and Malekinejad, 2007).

Pigs appear to be the most susceptible species to zearalenone and readily exhibit signs of
hyperoestrogenism, such as swelling and thickening of the vagina and vulva within a few days of onset
of exposure. There is uterine hypertrophy and disturbance of oestrous cycles, ovulation, conception and
implantation. Zearalenone exposure during pregnancy causes embryonic death, reduced fetal weight,
reduction in litter size and impaired neonatal viability. Some of these effects have been reported in pigs
given pure zearalenone, while others have been reported in pigs fed cereals that have been naturally co-
contaminated with zearalenone and other mycotoxins such as deoxynivaleneol. In vitro studies indicate
that zearalenone also affects granulosa cell steroidogenesis, oocytes and fertilised ova.

At low oral exposures, gilts are more susceptible than sows and some evidence suggests that prepubertal
gilts may be more susceptible than sexually mature gilts. In mature gilts, prolongation of the luteal
phase of the oestrous cycle, accompanied by high serum progesterone levels, appears to be the most
sensitive adverse effect, with a lowest effect level of 200 pg/kg b.w. per day and a NOEL of 40 pg/kg
b.w. per day (Edwards et al., 1987). In immature gilts, ovarian follicle atresia, apoptosis-like changes in
granule cells and intensified cell proliferation in the uterus and oviduct have been reported at 200 pg/kg
b.w. per day (Obremski et al., 2003b; Zwierzchowski et al., 2005). NOELs were not established in those
studies but a NOEL of 40 ug/kg b.w. per day for these effects was reported by the same group in later
studies (Wasowicz et al., 2005; Jakimiuk et al., 2010b). However, histological observation of uterine
cell proliferation and hyperaemia in immature gilts has also been reported by the same group at
20 pg/kg b.w. per day (Gajecka et al., 2011). Swelling and lengthening of the vulva has been reported in
immature gilts at oral exposures of zearalenone of 17.6 ug/kg b.w. per day (Doll et al., 2003b),
80-170 pg/kg b.w. per day (Andretta et al., 2008; 2010) and at doses of 60-150 pg/kg b.w. per day
(Jiang et al., 2010b).

EFSA Journal 2011;9(6):2197 77



~ efsam

European Food Safety Autharity Zearalenone in food

Thus, some of the more recent oral studies in immature gilts, based on observations of various effects in
the uterus and the ovary have reported effect- and no-effect levels similar to those noted in the study by
Edwards et al. (1987). There are also indications from other studies on immature gilts of oestrogenic
effects on the uterus and vulva at zearalenone exposures ranging from 17.6 to 170 pg/kg b.w. per day.
The study of D&l et al. (2003b) indicated a NOEL of 10.4 ng/kg b.w. per day for these effects. In this
study, which used feed co-contaminated with zearalenone and deoxynivalenol, there was no effect on
body weight at the LOEL or NOEL, indicating that there was unlikely to be any influence on the
outcome measures from the co-exposure to deoxynivalenol.

7.3. Mode of action

7.3.1.  QOestrogenic activity

In vivo and in vitro studies have shown that zearalenone, and its metabolites bind to both ER-a and
ER-B, with a higher affinity for ER-a, inducing oestrogenic-like effects by activating gene transcription
via oestrogen-responsive elements. The stereoisomers differ considerably in their oestrogenic activity,
since the activity of a-zearalenol and a-zearalanol is greater than zearalenone and B-zearalenol. Beside
steroisomer differences, there are also species differences in binding affinity. Relative binding affinity
of a-zearalenol to ERs in different species has been shown to be pig > rat > chicken (as reviewed by
Metzler et al., 2010).

The proliferation assay with MCF-7 human mammary carcinoma cells has shown that zearalenone
induces cell cycle progression and that the metabolite a-zearalenol is the most potent in inducing cell
proliferation. In contrast, B-zearalenol blocks cell cycle in granulosa cells. a-Zearalenol is more potent
than zearalenone also in the uterotrophic assay. Oocyte maturation is also affected by zearalenone at a
concentration (0.3 uM) that is equimolar to the physiological concentrations of oestradiol in follicle
fluid. Zearalenone also acts as an oestrogen agonist in the brain (reviewed in Fink-Gremmels and
Malekinejad, 2007).

7.3.2.  Effects on transcription factors

Recent data indicate that zearalenone can activate the pregnane X receptor (PXR), a human xenobiotic
receptor member of ligand activated nuclear transcription factors (Ding et al., 2006). The expression of
genes involved in the metabolism of endobiotics and xenobiotics, such as the cytochrome P450 enzymes
CYP3A4, is regulated by PXR. In addition, PXR has a role in the transcriptional regulation of
glutathione-S-transferases, sulfotransferases and UGTs, organic anion transporters and ATP-binding
cassette (ABC) efflux transporters (Kast et al., 2002; Maher et al., 2005). In primary cultures of human
hepatocytes, zearalenone at concentrations as low as 0.1 uM, activates, in addition to PXR, constitutive
androstane receptor (CAR) and aryl hydrocarbon receptor (AhR) mRNA levels. In addition some of the
phase I target genes are also activated, mainly CYP3A4, CYP2B6 and CYP1A1 and to a lesser extent
CYP3AS5 and CYP2C9 (Ayed-Boussema et al., 2010).

7.3.3. Oxidative stress and cell death

Exposure of Vero cells (from green monkey kidney) and Caco-2 cells (human colon cancer epithelial
cell line) to 1-60 uM zearalenone for 72 hours induces cell cycle perturbation, inhibition of protein and
DNA syntheses and increased malondialdehyde (MDA) formation in a concentration-dependent manner
(Abid-Essefi et al., 2004). Caco-2 cells exposed to 0-100 uM of zearalenone, or to its two major
metabolites o-zearalenol or B-zearalenol for 24-48 hours undergo apoptotic cell death as revealed by
DNA fragmentation, caspase-3 activation and poly (adenosine diphosphate (ADP)-ribose) polymerase
(PARP) cleavage. Oxidative stress is also induced as shown by MDA generation (Abid-Essefi et al.,
2009), but also in the Chinese Hamster Ovary cells CHO-K1 (Ferrer et al., 2009). Exposure of the
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CaCo-2 cells to zearalenone for 24 hours has also been shown to result in lysosomal destabilization
(Kouadio et al., 2005). Human liver carcinoma cell line HepG2 exposed to zearalenone (1-100 pM)
show an inhibition of cell proliferation and total protein synthesis as well as an induction of Hsp 70
expression observed at early time points (Hassen et al., 2005; Gazzah et al., 2010). At later time points,
cells undergo apoptosis with increased Bax, decreased Bcl-2, altered mitochondrial membrane potential
(Aym), release of cytochrome € and activation of caspase-9 and -3 (Gazzah et al., 2010). Pre-exposure
of HepG2 cells to sub-lethal heat shock, which is known to increase tolerance to cellular insults, reduces
zearalenone (25-100 uM) cytotoxic effects (Hassen et al., 2005). Also the antioxidant 4-(methylthio)-3-
butenyl isothiocyanate (MTBITC) (32 uM) could counteract the toxic effects of zearalenone (40 uM) in
Balb/c mice keratinocyte cell line C5-O cells by reducing lipid peroxidation and subsequently apoptotic
cells death (Ben Salah-Abbes et al., 2010). Altogether, these data indicate that oxidative stress plays a
major role in zearalenone cytotoxicity. However, zearalenone exerts anti-apoptotic effects in MCF-7
cells at 32-100 nM (Ahamed et al., 2001; Yu et al., 2005).

7.4. Combined effects with other mycotoxins

In addition to zearalenone Fusarium species produce trichothecenes, such as deoxynivalenol, and
fumonisins. Consequently there is a need to consider whether the combined effects of exposure to the
different mycotoxins, could be additive or interactive.

The effects of combinations of Fusarium toxins have been studied in vitro. Tajima et al. (2002) studied
the effects of zearalenone, deoxynivalenol, nivalenol, T-2 toxin and fumonisin B1 on DNA synthesis in
mouse fibroblast L929 cells. Individually, zearalenone, deoxynivalenol, nivalenol and T-2 toxin caused
a concentration-related inhibition of DNA synthesis whereas fumonisin B1 increased it at the highest
concentrations tested. The effects of combinations of mycotoxins were mostly additive or less than
additive. Kouadio et al. (2007) studied the effects of zearalenone, deoxynivalenol and fumonisin B1 on
human intestinal Caco-2 cells, with a number of endpoints of viability, lipid peroxidation and effects on
DNA. The authors reported the combination of zearalenone and deoxynivalenol resulted in greater than
additive lipid peroxidation, whereas fumonisin B1 antagonised the effects of zearalenone on cell
viability. Fumonisin B1 also antagonised the effects of B-oestradiol on cell viability, indicating an anti-
oestrogenic effect. These studies were conducted at cytotoxic concentrations of the mycotoxins, and
without full investigations of the concentration-response relationships.

In an early study, the potential effects of zearalenone on the toxicity of deoxynivalenol were
investigated in female B6C3F1 mice (Forsell et al., 1986). Administration of deoxynivalenol in the diet
for 8 weeks resulted in a dose-related decrease in body weight gain and changes in white blood cell
counts and serum immunoglobulins, with a NOAEL at a dietary concentration of 0.5 mg/kg. Co-
administration of zearalenone at 10 mg/kg diet with deoxynivalenol at 5 mg/kg diet did not modify the
effects observed with deoxynivalenol alone.

In pigs, many of the cited studies have used naturally contaminated feedstuffs as a source for
zearalenone. In many cases such contaminated feedstuffs are often co-contaminated with
deoxynivalenol. The interactive effects of zearalenone and deoxynivalenol on porcine reproductive
tracts were recently addressed in a review (Tiemann and Dinicke, 2007). From a mode of action
viewpoint, deoxynivalenol affects protein synthesis and influences humoral and cellular immune
responses in pigs depending on dose, exposure and timing of the functional immune assay. The
modifying effects of deoxynivalenol might provide a mechanistic rationale for its effects on fertility and
reproduction. High deoxynivalenol concentrations impair oocyte and embryonic development both in
vivo and in vitro. In vitro exposure of uterine cells to deoxynivalenol inhibits their proliferation rate and
modulates the process of translation at a different molecular level when compared with the in vivo
application. As the effects of oestrogen or zearalenone effects might be mediated via protein synthesis
too, it seems reasonable to assume interactive effects of zearalenone or its metabolites and
deoxynivalenol at the molecular level. For example, [3-zearalenol and deoxynivalenol exert pronounced
effects on mitogen-activated protein kinases (MAPKSs), which are involved in different signalling
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pathways important for transcription and thus translation, resulting in the inhibition of cell proliferation
after B-zearalenol and deoxynivalenol exposure (Wollenhaupt et al., 2004, 2006).

Beside the effects at the molecular level, it needs to be considered further that deoxynivalenol is known
to reduce feed intake, which determines not only the amount of toxins entering the organism but also the
metabolically available nutrients and energy which might also markedly modulate processes involved in
fertility.

The key effects of zearalenone result from its oestrogenicity. The studies using naturally contaminated
feed do not allow direct comparison of combined effects with the effects of the individual mycotoxin.
However, they indicate that at doses not resulting in reduced feed intake, body weight gain and protein
synthesis, the observed effects are likely to be due to zearalenone, with no impact of deoxynivalenol,
whereas at higher doses interaction between zearalenone and deoxynivalenol can occur.

In view of the available studies on combined effects of zearalenone and other mycotoxins, and also the
fact that zearalenone exerts its effects via oestrogenicity whereas other mycotoxins have different modes
of action, the CONTAM Panel concluded that combined effects are not expected to occur in animals at
doses below those at which the individual toxins have effects. Similarly, combined effects of
zearalenone and other mycotoxins are not expected to arise in humans at dietary exposures below the
respective health-based guidance values of the individual toxins.

However, it is possible that zearalenone could have additive or interactive effects with other oestrogens
in the diet, such as phytoestrogens in soya, or with xenoestrogens present in food or the environment.
The impact of combined exposure to dietary oestrogens are not predictable since it would depend on the
relative potency in binding to ERs and any competitive antagonism between oestrogenic substances
present in the body. Thus there is potential for additivity, or for antagonism by weakly oestrogenic
substances (Riley, 1998).

7.5. Observations in humans

There is little substantive information on the effects of zearalenone in humans. However, observations
of high concentrations of zearalenone in foodstuffs and the occurrence of oestrogen-related pathologies
in humans, such as precocious puberty and breast cancer has resulted in speculation that zearalenone
may contribute to such effects.

Between 1978 and 1981, a 3-fold increase in premature thelarche (premature breast development in girls
under 8 years of age) compared with previous years was reported in Puerto Rico (Pérez-Comas, 1982).
There was no increase in other forms of early sexual development in boys or girls. From 552 cases
recorded in a 1982 survey of endocrinologists in Puerto Rico, 120 cases were compared with
120 controls matched for age (Freni-Titulaer et al., 1986). Family medical histories and potential
exposures to oestrogenic substances via food, occupation of household members, use of creams, drugs,
ointments and pesticides were evaluated by home interview. Seventy percent of subjects were under
2 years of age at diagnosis. In subjects with onset of premature thelarche before 2 years of age, there
were significant positive associations with maternal history of ovarian cysts and consumption of soy-
based infant formula, various meat products and fresh chicken. There was a statistically significant
negative association with consumption of corn products, suggesting that zearalenone was unlikely to be
a causal factor. A subsequent analysis for oestrogenic activity in a limited number of food samples and
for zearalenone, its metabolites and a-zearalanol in serum samples collected from cases and controls did
not provide clear evidence for a role in the epidemic (Hannon et al., 1987).

In 1997, an increased incidence since 1989 of early thelarche was reported in patients in south-eastern
Hungary. Oestrogenic mycotoxins were detected in 5 of 36 early thelarche patients with serum
zearalenone levels of 18.9-103 pg/mL. Food samples collected from the patients were also analysed but
no quantitative results were given (Szuets et al., 1997).
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A high incidence of precocious puberty has been reported in Viareggio, a small region of North-West
Tuscany, Italy (Massart and Saggese, 2010). The incidence of precocious puberty was 22-29 times
higher than that in neighbouring areas or currently published. Of 63 subjects studied, high serum
zearalenone levels of 933.7 + 200.3 pg/mL and a-zearalenol levels of 106.5 = 1.9 pg/mL were detected
in 6 precocious puberty patients at diagnosis. The authors commented that although this finding might
be incidental, it may be related to the precocious puberty occurrence in zearalenone-exposed girls, but
that zearalenone could not explain the epidemic, suggesting that other environmental factors may be
involved.

Fusarium-contaminated grain has been linked to ‘endemic breast enlargement disease’ in China
(Yonghang et al., 1995 cited by Fugh-Berman, 2003). It was later determined that all samples of
buckwheat grown in the area were infected with mold; 34 % were infected with Fusarium and
zearalenone was extracted from the affected buckwheat (Zhang et al., 1995 cited by Fugh-Berman,
2003).

The hypothesis that zearalenone in foodstuffs may contribute to the increasing occurrence of breast
cancer has been discussed but not widely investigated. In in vitro studies, zearalenone stimulates the
proliferation of human breast cancer MCF-7 cells containing human ER by activation of cell cycle
progression, and this forms the basis of a widely used in vitro assay for the detection of oestrogenic
activity of chemicals (reviewed by Fink-Gremmels and Malekinejad, 2007).

The concentrations of zearalenone and its metabolites, a-zearalenol and p-zearalenol, present in the
plasma of patients with breast (n = 28) and cervical carcinoma (n = 54) were compared with levels in
patients presenting with other diagnoses (n = 26) and healthy volunteers (n = 24). There were no
significant differences between the groups (Pillay et al., 2002).

Zearalenone was measured in normal and abnormal endometrial tissue from 49 women. Zearalenone
concentrations were 47.8 £ 6.48, 167 £ 17.69 ng/mL, and < LOD in 27 endometrial adenocarcinoma,
11 endometrial hyperplasia, and 11 normal proliferative endometrium samples, respectively. In 8 cases
of hyperplastic and 5 cases of neoplastic endometrial tissue zearalenone was not detected (Tomaszewski
etal., 1998).

In summary, human observations have not definitively linked exposure to zearaleneone in the diet with
adverse outcomes due to oestrogenicity.

7.6. Dose response modelling

Since, zearalenone has shown limited evidence of carcinogenicity, and is clastogenic, the CONTAM
Panel modelled the dose response relationship in order to identify a point of departure. Liver and
pituitary adenomas were observed in a mouse carcinogenicity assay. As an example, the incidence of
pituitary adenomas in male B6C3F1 mice (NTP, 1982) was selected for dose-response modelling (see
Section 7.2.3.1.). There was an increase in incidence of the pituitary adenomas at the low dose in male
mice and tumours in pituitary glands of mice are more likely to be treatment related than liver tumours.
Zearalenone was administered in the diet resulting in doses of approximately 0, 8 and 17 mg/kg b.w. per
day. The incidence of pituitary adenomas was 0/40, 4/45 and 6/44 (in Section 7.2.3.1. expressed as 0, 9
and 14 %, respectively).

The benchmark response (BMR) was chosen as 10 % extra risk, the default response level for quantal
response data as recommended by EFSA (2009) in its Scientific Opinion on the use of the benchmark
dose (BMD) approach. The outcomes of that dose-response analysis are shown in Appendix D. All
quantal dose response models in the US EPA’s Benchmark dose software® (BMDS) 2.1.2 were used.
Acceptability of a model was assessed using the log-likelihood value associated with the fitted model

2 http://www.epa.gov/ncea/bmds/about.html
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(when tested versus the full model). In accordance with the Scientific Opinion of the EFSA (EFSA,
2009) a goodness-of-fit was judged as sufficient if the fit showed a p-value not smaller than 0.1 (i.e.
p = 0.1), using the likelihood ratio test.

The models providing acceptable fits resulted in BMD,, values ranging from 10.95-14.67 mg/kg b.w.
per day, and 95 % lower confidence limit of the benchmark dose (BMDL,,) values ranging from 6.39 to
11.32 mg/kg b.w. per day. In line with the guidance of EFSA (2009), the CONTAM Panel selected the
lowest BMDL,, of 6.39 mg/kg b.w. per day, obtained using the restricted Log-Logistic model, as the
appropriate point of departure to be used in calculating the margins between the BMDL, and the TDI.

7.7. Derivation of TDI

Zearalenone does not cause gene mutations in bacterial test systems but is clastogenic and aneugenic in
vitro and has been confimed as an in vivo clastogen in the mouse. The CONTAM Panel noted that a
plausible mechanism for the clastogenic effects has been proposed, namely formation of catechols that
can be oxidised to quinones that undergo redox-cycling.

In well-conducted carcinogenicity bioassays, no increase in tumors was observed in two rat studies,
while in mice, significant increases in pituitary and liver adenomas, but not carcinomas, were observed
in one study. This was considered by IARC as limited evidence of carcinogenicity in animals, and they
allocated it, along with other related mycotoxins, to group 3 (not classifiable as to carcinogenicity in
humans).

The CONTAM Panel took into account that there is wide variability between species in sensitivity to
the oestrogenic effects of zearalenone and that such effects are observed in pigs at doses around 3 orders
of magnitude lower than doses reported to cause clastogenicity and increases in adenomas in mice. The
CONTAM Panel therefore decided to establish a TDI for zearalenone based on its oestrogenic effects.

Review of the recent literature on laboratory and domestic animals confirms that the female pig is the
most sensitive species and sex to the oestrogenic effects of zearalenone. It is possible that the greater
formation of a-zearalenol in the pig, relative to other animal species studied, is in part responsible for
this sensitivity. The available in vivo information from pigs includes both studies using pure zearalenone
mixed into the feed and studies using naturally contaminated feed in which zearalenone and other
mycotoxins were present.

The difficulties of interpreting studies using feed that is co-contaminated with zearalenone and other
mycotoxins have been considered and such studies were treated as follows for the risk assessment:

e studies showing no effects were taken into account;

e studies showing effects for which it was not possible to attribute causality to zearalenone alone
were not taken into account;

e studies showing effects that were clearly attributable to an oestrogenic mode of action of
zearalenone and its metabolites were taken into account.

With this in mind, the CONTAM Panel made a weight-of-evidence assessment, considering studies on
both immature and mature female pigs. The study by Edwards et al. (1987) that was previously used to
establish the t-TDI, showing lengthening of the oestrous cycle in mature gilts, with an effect level of
200 pg/kg b.w. per day and a NOEL of 40 pg/kg b.w. per day, remains important for the risk
assessment. Some of the more recent studies in immature gilts, based on observations of various effects
in the uterus and the ovary (Obremski et al., 2003a; Wasowicz et al., 2005; Zwierzchowski et al., 2005;
Jakimiuk et al., 2010b), have reported effect- and no-effect levels similar to those noted above in the
study by Edwards et al. (1987). There are also indications from other studies on immature gilts of
oestrogenic effects on the uterus and vulva at zearalenone exposures ranging from 17.6 to 170 pg/kg
b.w. per day (Ddll et al., 2003b; Andretta et al., 2008, 2010; Oliver et al., 2010; Gajecka et al., 2011).
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The study of Déll et al. (2003b) indicated a NOEL of 10.4 ng/kg b.w. per day for these effects. In this
study, which used feed co-contaminated with zearalenone and deoxynivalenol, there was no effect on
body weight at the LOEL or NOEL, indicating that there was unlikely to be any influence on the
outcome measures from the co-exposure to deoxynivalenol. The CONTAM Panel considered that these
are NOELSs rather than NOAELs because it is not possible to conclude that the effects described above
in pigs at the LOEL are adverse in terms of later fertility and reproductive performance. However,
although the estrogenicity per se may not be adverse it is undesirable and indicative of adverse effects
and therefore was considered as the appropriate basis for establishing a TDI.

The study of D4ll et al. (2003b), supported by the data from other studies in female pigs, was considered
the critical study for establishment of a TDI. In the selection of an appropriate uncertainty factor to
apply to the NOEL of 10 pug/kg b.w. per day, the comparative sensitivity of the female pig and human to
oestrogens and to zearalenone and its metabolites was considered.

The CONTAM Panel noted that in both pigs and humans the main estrogenic metabolite of zearalenone
is a-zearalenol, which is more potent than zearalenone in oestrogenic activity assays. Comparison of the
range of endogenous 17B-oestradiol concentration in plasma during the pig oestrous cycle (0-70 pg/mL)
and the human menstrual cycle (30-350 pg/mL) indicates that the two ranges are within an order of
magnitude (Baird and Guevara, 1969; Knobil and Neill, 1994; Knox et al., 2003). The background
levels of 17B-oestradiol during the early follicular phase are similar between the two species and the
amount of 17f-oestradiol required to trigger the preovulatory surge of gonadotrophins is less than an
order of magnitude higher in women compared with pigs.

From the analysis above, it is likely that the human female would not be more sensitive to oestrogens in
general, or zearalenone and its metabolites in particular, than the female pig. It is therefore not
necessary to include an uncertainty factor of 2.5 for toxicodynamic differences between pigs and
humans. Using the NOEL of 10 pg/kg b.w. per day and an uncertainty factor of 40 (4 for interspecies
differences in toxicokinetics and 10 for interhuman variability), a TDI of 0.25 pg/kg b.w. can be
derived. As a number of relevant studies, including in the pig, have become available since the previous
t-TDI was set by the SCF in 2000, the CONTAM Panel concluded that a full TDI of 0.25 pg/kg b.w.
can now be established. The results of these new studies also account for the difference between the TDI
established by the CONTAM Panel and the PMTDI established by the JECFA.

8. Risk characterisation

The margin between the BMDL,, of 6.39 mg/kg b.w. per day for 10 % extra risk of pituitary adenomas
in male mice, and the newly established TDI of 0.25 pg/kg b.w. was in the region of 25,000, which in
line with the guidance of EFSA (2009), would be of low concern for a genotoxic carcinogen. Taking
also into account that the genotoxicity of zearalenone may be related to oxidative stress mediated
mechanisms, and that it is at most a weak carcinogen, the CONTAM Panel concluded that the critical
effects of zearalenone relate to its oestrogenicity.

It is possible that elevated circulating levels of oestrogens could lead to adverse effects either from long-
term exposure or from short-term exposure during a sensitive stage of development. The CONTAM
Panel therefore focussed its risk characterisation on estimates of chronic dietary exposure to zearalenone
and, a worst case scenario in which dietary exposure could be elevated for a relatively short period of
time.

Estimates of mean and high level chronic total dietary exposure to zearalenone were based on the
available data on mean occurrence of zearalenone in foods, and mean and high level consumption of
those foods in different European countries. For adults, the estimated exposures are within the ranges of
2.4 to 29 ng/kg b.w. per day and 4.7 to 54 ng/kg b.w. per day for mean and 95" percentile consumers,
respectively (range represents the minimum LB to maximum UB from the different countries). The
highest estimated chronic dietary exposures are for the toddler age group (= 12 months to < 36 months),
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being in the ranges of 9.3 to 100 ng/kg b.w. per day and 23 to 277 ng/kg b.w. per day for mean and
95" percentile consumers, respectively. Due to the high percentage of samples with levels of
zearalenone below the LOD, it is unlikely that the actual exposures are close to the UB, and therefore
dietary exposure would be below the TDI of 0.25 pg/kg b.w. and not a health concern.

In line with the terms of reference provided by the EC, the CONTAM Panel assessed the impact of
increasing the ML for zearalenone from 50 pg/kg up to 150 pg/kg in breakfast cereals. Such an increase
has the potential to increase chronic total dietary exposure to zearalenone by up to 35 % in adults, and
by up to 16 % in toddlers. The maximum 95" percentile estimate of chronic dietary exposure in toddlers
would be 55-321 ng/kg b.w. per day (LB to UB). Again, due to the high percentage of samples with
levels of zearalenone below the LOD, it is unlikely that the actual exposures would be close to the UB.
In addition, the CONTAM Panel assumed that the distribution of occurrence data would be unchanged
if the ML increases, i.e. if the ML were to be doubled, then the mean concentration would also double,
which is considered to be a conservative assumption.Thus it is likely that dietary exposure would be
below the TDI of 0.25 ng/kg b.w. Therefore the CONTAM Panel concluded that the chronic dietary
exposure that would result from increasing the ML from 50 pg/kg up to 150 pg/kg is not a health
concern.

In a worst case scenario it is possible that an individual could consume the same batch of breakfast
cereal containing zearalenone at the ML every day for 2 to 4 weeks. The highest estimated exposure
calculated for consumers of breakfast cereals were for children aged > 3 to < 10 years old. At the current
ML of 50 pg/kg zearalenone in breakfast cereal, this scenario would result in short-term dietary
exposure in this age group within the ranges of 27 to 136 ng/kg b.w. per day and 70 to 399 ng/kg b.w.
per day for mean and 95" percentile consumers, respectively (minimum LB to maximum UB from the
different countries). This highest estimated exposure is 60 % above the TDI. Increasing the ML from
50 pg/kg up to 150 pg/kg has the potential to increase the short-term exposure of children aged > 3 to
<10 years old to up to approximately 1000 ng/kg b.w. per day.

High fibre breakfast cereals, which are the most likely to be contaminated with zearalenone due to the
high content of wheat bran, are more likely to be consumed by adults than by children. For the adults
the highest estimates of short-term exposure are below the TDI for ML scenarios up to a concentration
of 100 pg/kg zearalenone in breakfast cereals.

There are limited data on dietary habits of vegetarians with data available for only 5 European countries,
with very few subjects in 4 of them. Estimates of dietary exposure for these vegetarian populations
indicate that dietary exposure to zearalenone could be up to 2-fold higher than for the general
population.

9. Uncertainty analysis

The evaluation of the inherent uncertainties in the assessment of exposure to zearalenone has been
performed following the guidance of the Opinion of the Scientific Committee related to Uncertainties in
Dietary Exposure Assessment (EFSA, 2006b). In addition, the report on ‘Characterizing and
Communicating Uncertainty in Exposure Assessment’ has been considered (WHO/IPCS, 2008).
According to the guidance provided by the EFSA opinion (2006b) the following sources of uncertainties
have been considered: assessment objectives, exposure scenario, exposure model, and model input
(parameters).

9.1. Assessment objectives

The objectives of the assessment were clearly specified in the terms of reference. The CONTAM Panel
reviewed the t-TDI established by the SCF in 2000 and revised it in the light of results of toxicological
studies published since that time. The CONTAM Panel also assessed the new occurrence data that were
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collected by EFSA, carried out an exposure assessment and assessed the impact of potential changes in
the ML for zearalenone in breakfast cereals taking into account exposure from other food sources. The
uncertainty in the assessment objectives is considered to be negligible.

9.2. Exposure scenario and exposure model

The occurrence data provided were mainly on grains and grain-based foods, there were insufficient data
for soy-based products, which could lead to underestimation of exposure. The use of the UB approach
for high percentage of occurrence data < LOQs is conservative.

There is uncertainty in the impact on dietary exposure to zearalenone of potential changes to the MLs
for breakfast cereal. The CONTAM Panel assumed that the distribution of occurrence data would be
unchanged if the ML increases, i.e. if the ML were to be doubled, then the mean concentration would
also double. This is considered to be a conservative approach. The worst case scenario of assuming an
individual consumes breakfast cereal containing zearalenone at the ML repeatedly for 2-4 weeks is also
conservative.

The estimates of the dietary exposure for children assume they may eat any type of breakfast cereal.
However, high fibre breakfast cereals, which are the most likely to be contaminated with zearalenone
due to the high content of wheat bran, are more likely to be consumed by adults than by children.

9.3. Model input (parameters)

There is uncertainty regarding the mode of action and human relevance of the increased incidence of
adenomas in a carcinogenicity study of zearalenone in mice. The calculation of the margin between the
BMDL, and the newly established TDI suggests that this would be a low concern, even if a genotoxic
mechanism was involved. The CONTAM Panel established a TDI based on the NOEL for oestrogenic
effects of zearalenone in pigs, which are not clearly adverse in terms of later fertility and reproductive
performance. An uncertainty factor for toxicodynamic differences between pigs and humans was not
considered necessary because of the evidence that the human female would not be more sensitive to
zearalenone and its metabolites than the female pig. In addition, pigs preferentially produce the more
active metabolite a-zearalenol over the B analogue by 5-fold, indicating that an uncertainty factor lower
than the default value of 4 for toxicokinetic differences. Overall the approach to establishing the TDI is
considered to be conservative.

It is possible that zearalenone could have combined effects with other oestrogenic substances in the diet,
such as phytoestrogens.

94. Summary of uncertainties

In Table 18, a summary of the uncertainty evaluation is presented, highlighting the main sources of
uncertainty and indicating an estimate of whether the respective source of uncertainty might have led to
an over- or underestimation of the exposure or the resulting risk.
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Table 18: Summary of qualitative evaluation of the impact of uncertainties on the risk assessment of
the dietary exposure of zearalenone.

Sources of uncertainty Direction

Occurrence data not representative of all foods in which zearalenone could be present

_@

Impact of increasing the ML on the distribution of zearalenone occurrence data +
Use of LB bound occurrence data in the dietary exposure estimations -

Use of UB bound occurrence data in the dietary exposure estimations +

Consumption data for vegetarians from few European countries +/-
Use of oestrogenic activity without clear adverse consequences as the basis for deriving a TDI +
Assumption that humans could be as sensitive as pigs to the oestrogenic effects of zearalenone +
Combined effects with other oestrogenic substances in food +/-

ML: maxi

mum level; LB: lower bound; UB upper bound; TDI: tolerable daily intake.

(a): + = uncertainty with potential to cause over-estimation of exposure/risk; - = uncertainty with potential to cause under-
estimation of exposure/risk.

The CONTAM Panel considered that the impact of the uncertainties on the risk assessment of exposure
to zearalenone, and of possible increases in the ML for breakfast cereals, and concluded that the risk
assessment is likely to be conservative, i.e. more likely to over- than to under-estimate the risk.

CONCLUSIONS AND RECOMMENDATIONS

CONCLUSIONS

General

Zearalenone is a phenolic resorcyclic acid lactone mycotoxin produced by several Fusarium
species, particularly F. graminearum (formerly called F. roseum).

It is commonly found in maize but can be found also in other crops such as wheat, barley,
sorghum and rye throughout various countries of the world. Generally, the Fusarium species
grow and invade crops in moist cool field conditions. F graminearum also produces
trichothecenes, such as deoxynivalenol, 15-acetyldeoxynivalenol, 3-acetyldeoxynivalenol,
nivalenol, 4-acetylnivalenol and fusarenon-X. Toxin production may also occur under poor
storage conditions.

Methods of analysis

Analysis of zearalenone in food and feed as well as biological samples is mostly done with high
performance liquid chromatography coupled to fluorescence detection or triple quadrupole mass
spectrometers. Quantification can be achieved via matrix calibration or by using stable isotope
labelled standards.

The application of clean-up steps is required for samples for special dietary purposes (baby
food, infants and young children) as the European Union (EU) maximum levels (MLs) are
much lower for these products, and also for biological samples. Immunoaffinity columns are
mainly used for clean-up.
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e A standardised method is available for the determination of zearalenone in maize-based baby
food, barley flour, maize flour, polenta, wheat flour and cereal-based foods for infants and
young children using high performance liquid chromatography with immunoaffinity clean-up
and fluorescence detection.

Occurrence and effects of processing

e A total of 13,075 analytical results obtained on food samples and 9,877 results on unprocessed
grains sampled by 19 European countries in 2005-2010 were used in the evaluation.
Zearalenone was reported at quantifiable levels in 15 % of the samples.

e The highest concentrations of zearalenone were reported for wheat bran, corn and products
thereof (e.g. corn flour, cornflakes). Notably high levels have been found in corn germ oil and
wheat germ oil.

e There were indications that soy can be contaminated with zearalenone but there were
insufficient data to draw conclusions.

e Limited data indicate that organic samples are not more contaminated than those conventionally
cultivated.

e Levels of zearalenone in the group ‘Unprocessed grains’ were considerably higher than in the
group ‘Grains for human consumption’. This suggests that cleaning and selection steps applied
to grains after harvesting result in lower zearalenone concentrations in grains intended for
human consumption.

e In general, zearalenone is redistributed between the milling fractions. The by-products from
cleaning the raw cereal grains (dust, hulls and others) were characterised by 3- to 30-fold higher
zearalenone concentrations than the cleaned cereal grains while bran contained up to 2-fold
higher concentrations.

e Generally zearalenone is not affected by cooking. Only under alkaline conditions or during
extrusion cooking (heating under a high degree of pressure) a reduction of above 40 % was
observed.

Exposure

e The estimated chronic total dietary exposures to zearalenone of adults across 19 European
countries, using lower bound and upper bound concentrations, range from 2.4 to 29 ng/kg body
weight (b.w.) per day for average consumers, and 4.7 to 54 ng/kg b.w. for 95" percentile
consumers.

e The highest chronic exposure was estimated in toddlers (age > 12 months to < 36 months)
ranging from 9.3 to 100 ng/kg b.w. per day for average consumers, and 23 to 277 ng/kg b.w. for
95™ percentile consumers.

e Grains and grain-based foods, in particular grains and grain milling products, bread and fine
bakery wares, made the largest contribution to the zearalenone dietary exposure in all age
classes. Vegetable oils, especially corn germ oil and wheat germ oil, make an important
contribution to the zearalenone exposure.
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e From the average values across the European countries, breakfast cereals provide a contribution
of 0.4-17 % to total dietary exposure of zearalenone in adults. Increasing the ML from 50 pg/kg
up to 150 pg/kg has the potential to increase chronic total dietary exposure to zearalenone by up
to 35 %.

e From the average values across the European countries, breakfast cereals provide a contribution
of 0.1-5.1 % to total dietary exposure of zearalenone in toddlers (age > 12 months to
<36 months). Increasing the ML from 50 pg/kg up to 150 pg/kg has the potential to increase
chronic total dietary exposure to zearalenone by up to 16 %.

e Short-term mean dietary exposure in consumers of breakfast cereals could increase to up to
357 ng/kg b.w. per day and the 95" percentile exposure up to 1029 ng/kg b.w. per day if the ML
for zearalenone were to be increased from 50 pg/kg up to 150 pg/kg.

e Limited data indicate that dietary exposure of vegetarians to zearalenone could be up to 2-fold
higher than for the general population.

Hazard identification and characterisation
e Zearalenone is rapidly and extensively absorbed from the gastrointestinal tract in mammals.

e Efficient glucuronidation of zearalenone in the small intestine and liver significantly reduces the
amounts of unconjugated (i.e. receptor-active) parent compound that reaches the circulation.

e [t is possible that fetuses and neonates could be more susceptible than adults to the oestrogenic
effects of zearalenone, based on higher internal exposures due to metabolic and physiological
immaturity.

e Enzymatic reduction of zearalenone produces a-zearalenol, a metabolite with greater affinity for
oestrogen receptors than the parent compound, and B-zearalenol, a metabolite with lower
affinity.

e Cytochrome P450-mediated oxidation of zearalenone produces catechol metabolites that are
subject to redox cycling to reactive quinones.

e Toxicity studies of zearalenone and its main reductive metabolites demonstrate that the
oestrogenic activity is the critical mode of action.

e Of the laboratory and domestic animals studied, pigs are the most sensitive species for
oestrogenic effects, with females being more sensitive than males. It is possible that the greater
formation of o-zearalenol in the pig, relative to other animal species studied, is in part
responsible for this sensitivity.

e In well-conducted carcinogenicity bioassays, no increase in tumours was observed in two rat
studies, while in mice, significant increases in pituitary and liver adenomas, but not carcinomas,
were observed in one study, providing limited evidence of carcinogenicity.

e Zearalenone does not cause gene mutations in bacterial test systems but is clastogenic and
aneugenic in Vvitro and has been confirmed as an in vivo clastogen in the mouse.

e A plausible mechanism for the clastogenic effects has been proposed, namely formation of
catechols that can be oxidised to quinones that undergo redox-cycling.
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e There is wide variability between species in sensitivity to the oestrogenic effects of zearalenone
and such effects are observed in pigs at doses around three orders of magnitude lower than
doses reported to cause clastogenicity and increases in adenomas in mice. The Panel on
Contaminants in the Food Chain (CONTAM Panel) therefore decided to establish a tolerable
daily intake (TDI) for zearalenone based on its oestrogenic effects.

e Adverse effects of zearalenone and its metabolites on testosterone synthesis, sexual behaviour,
sex organ weights, testicular histology and spermatogenesis have been observed. Effects occur
in male rodents only at high dose levels. Effects in male pigs occur at lower doses, but not as
low as the doses causing effects in female pigs.

e In females, adverse effects of zearalenone on the reproductive tract, fertility and embryo
survival have been found in laboratory animals such as mice, rats, guinea pigs and rabbits but
zearalenone is not teratogenic. Such effects generally occur at doses in the range 1-10 mg/kg
b.w. per day and above. The overall no-observed-adverse-effect-level (NOAEL) for these
effects is 0.1 mg/kg b.w. per day.

e Among domestic animals, such as horses, cattle, sheep and pigs, the female pig is the most
sensitive, with immature pigs possibly more sensitive than mature pigs. Effects of zearalenone
include disturbance of the oestrous cycle, ovulation, conception and implantation, embryonic
death, reduced fetal weight, reduced litter size and impaired neonatal survival.

e In female pigs, the tissues that are most sensitive to the oestrogenic effect of zearalenone and its
metabolites are the ovary, uterus and vulva. Lowest-observed-effect-levels (LOELs) for these
tissues in mature and immature gilts range from 17 to 200 pg/kg b.w. per day, with an overall
no-observed-effect-level (NOEL) of 10 pg/kg b.w. per day.

e Toxicodynamic information indicates that it is likely that the human female would not be more
sensitive to zearalenone and its metabolites than the female pig. For derivation of a TDI, it is
therefore not necessary to include an uncertainty factor of 2.5 for toxicodynamic differences
between pigs and humans.

e Using the NOEL of 10 ug/kg b.w. per day and an uncertainty factor of 40 (4 for interspecies
differences in toxicokinetics and 10 for interhuman variability), a TDI of 0.25 pg/kg b.w. can be
derived. As a number of relevant studies, including in the pig, have become available since the
previous temporary TDI (t-TDI) was established by the SCF in 2000, the CONTAM Panel
concluded that a full TDI of 0.25 pg/kg b.w. can now be established.

Risk characterisation

e Estimates of chronic dietary exposure to zearalenone based on the available occurrence data are
below or in the region of the TDI for all age groups and not a health concern.

e A potential increase in the ML for zearalenone in breakfast cereals from 50 pg/kg to 75, 100,
125 or 150 pg/kg is unlikely to result in a chronic dietary exposure exceeding the TDI and is
also not a health concern.

e In a worst case scenario it is possible that an individual could consume the same batch of
breakfast cereal containing zearalenone at the ML every day for 2 to 4 weeks. The highest
estimated short-term exposure is for children aged > 3 to < 10 years old and, at the current ML,
is 60 % above the TDI.

e Increasing the ML from 50 pg/kg up to 150 pg/kg has the potential to increase the short-term
exposure of children aged > 3 to < 10 years old to up to approximately 1 pg/kg b.w. per day.
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e High fibre breakfast cereals, which are the most likely to be contaminated with zearalenone due
to the high content of wheat bran, are more likely consumed by adults than by children. For
adults the highest estimates of short-term exposure are below the TDI for ML scenarios up to a
concentration of 100 pg/kg zearalenone in breakfast cereals.

e The mycotoxins which usually co-occur with zearalenone do not have oestrogenic effects.
Combined effects of zearalenone and other mycotoxins are not expected to arise in humans at
dietary exposures below the respective health-based guidance values of the individual toxins.

e The possible impact of combined exposure to zearalenone with other oestrogenic substances in
food (such as phytoestrogens in soya) or the environment could be additive or antagonistic.

RECOMMENDATIONS

e More occurrence data on zearalenone in soy and soy-based foods should be collected.
e More food consumption data for vegetarians should be obtained.

e Any proposal to raise the MLs for zearalenone would need to take into account the likely
consequence that exposure to other Fusarium toxins might also be increased.

e [fthe MLs for zearalenone in wheat bran and breakfast cereals are increased, monitoring should
be conducted to establish whether the distribution of concentrations of zearalenone in these
products changes.
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1. Cressey P and Thomson B, 2006. Risk profile: Mycotoxins in the New Zealand food supply.
Prepared as part of a New Zealand Food Safety Authority contract for scientific services by Peter
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APPENDIXES

A. MEAN AND 95" PERCENTILE BREAKFAST CEREAL CONSUMPTION IN EUROPEAN COUNTRIES
Mean and 95" percentile breakfast cereal consumption in European countries are presented in Tables Al

and A2.

Table A1: Mean breakfast cereal consumption (g/day) in total population by European country, dietary
survey and age classes.

Dietary survey® Average breakfast cereal consumption (g/day)
Toddlers  Other children  Adolescents  Adults  Elderly Very elderly
BE/1 13 5.0 1.9 2.0
BE/2 5.8 9.3
BG 0.3 1.1
CYy 17
CzZ 7 6.9 35
DK 6.1 6.8 5.0 4.7 3.1
FI/1 4.0 6.8
F1/2 10 17
FI/3 29
FR 10 13 4.0 2.1 0.6
DE/1 4.9 14
DE/2 4.1 13
DE/3 2.9 13
DE/4 8.1 4.7 3.8 3.5
GR 5.5
HU 1.8 0.47 0.7
IE 19
IT 0.4 44 3.2 1.6 0.7 0.7
LV 28 15 12
NL/1 4.1
NL/2 3.7 3.8
ES/1 7.0
ES/2 4.0 3.1
ES/3 11 12
ES/4 53 12 8
SE/1 7.2
SE/2 17 19
UK 25

BE: Belgium; BG: Bulgaria; CY: Cyprus; CZ: Czech Republic; DK: Denmark; FI: Finland; FR: France; DE: Germany;
GR: Greece; HU; Hungary; IE: Ireland; IT: Italy; LV: Latvia; NL; The Netherlands; ES: Spain; SE: Sweden; UK: United
Kingdom.

(a): Original acronyms of the dietary surveys and the number of subjects is given in Table 9.
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Table A2: 95" percentile of breakfast cereal consumption (g/day) in total population by European
country, dietary survey and age classes.

Dietary survey® 95™ percentile breakfast cereal consumption (g/day)
Toddlers  Other children  Adolescents  Adults Elderly Very elderly

BE/1 62 30 10 7

BE/2 43® 40

BG 0.0 0.0

CY 50

cz 50 50 20

DK 24 27 26 26 21®
FI/1 22 23

F1/2 41 50

FI/3 117

FR 41 54 28 11 0.0©
DE/1 18 61

DE/2 21 55

DE/3 11 52

DE/4 40 30 30 30

GR 30

HU 15 0.0© 0.0©
IE 64

IT 7® 23 23 13 0.0© 0.0©
LV 140 100 100

NL/1 25

NL/2 23 25

ES/1 43

ES/2 20 25

ES/3 60 45

ES/4 60® 40 60

SE/1 34

SE2 84 93

UK 91

BE: Belgium; BG: Bulgaria; CY: Cyprus; CZ: Czech Republic; DK: Denmark; FI: Finland; FR: France; DE: Germany;

GR: Greece; HU; Hungary; IE: Ireland; IT: Italy; LV: Latvia; NL; The Netherlands; ES: Spain; SE: Sweden; UK: United

Kingdom.

(a): Original acronyms of the dietary surveys and the number of subjects is given in Table 9.

(b): If the number of subjects is < 60 then the calculated 95™ percentile should be considered as an indicative value only due to
the limited number of data (EFSA, 2011b).

(c): In certain dietary surveys, more than 95 % of the subjects did not report breakfast cereal consumption thus the 95™
percentile equals zero.
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B. MEAN AND 95" PERCENTILE DIETARY EXPOSURE TO ZEARALENONE IN EUROPEAN COUNTRIES

Mean and 95" percentile dietary exposure to zearalenone (ng/kg b.w. per day) for average and high

consumers (95" percentile) in European countries are presented in Table B1 (lower bound (LB
p

scenario) and Table B2 (upper bound (UB) scenario).
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Table B1: Mean and 95™ percentile dietary exposure to zearalenone (ng/kg body weight (b.w.) per day) for average and high consumers (95" percentile) in
lower-bound (LB) scenario.

Dietary survey® Infants Toddlers Other children Adolescents Adults Elderly Very elderly

Average P95 Average P95 Average P95 Average P95 Average P95 Average P95 Average P95

BE/1 6.2 15 4.4 12 2.8 8.1 2.6 7.7
BE/2 9.3 23® 9 19

BG 9.4 33 23 43 22 42

CcY 5.2 12

CczZ 17 35 12 26 6.7 14

DK 5.7 9.9 3.6 7.5 2.4 4.7 2.0 3.5 2.3 5.1®
FI/1 20 50 16 35

FI/2 3.0 6.6 2.5 5.2

FI/3 7.6 16

FR 15 30 7.6 17 4.5 10 3.2 75 2.9 7.1
DE/1 13 33 10 21

DE/2 11 25 11 20

DE/3 12 24 11 22

DE/4 3.9 11 3.4 8.7 2.9 7.2 2.8 7.0
GR 12 26

HU 72 13 6.4 12 7.1 13
IE 4.7 9.5

IT 33 27® 16 420 14 30 8.5 19 5.5 12 4.6 10 4.7 10
LV 7.1 19 4.6 14 2.6 9.0

NL/1 3.3 7.8

NL/2 14 28 13 25

ES/1 43 10

ES/2 5.0 12 3.8 8.7

ES/3 14 31 8.6 19

ES/4 10 30® 9.5 21 6.3 15
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Table B1: Continued.

Dietary survey® Infants Toddlers Other children Adolescents Adults Elderly Very elderly
Average P95 Average P95 Average P95 Average P95 Average P95 Average P95 Average P95

SE/1 3.4 7.7

SE/2 9.0 19 6.0 14

UK 5.0 11

BE: Belgium; BG: Bulgaria; CY: Cyprus; CZ: Czech Republic; DK: Denmark; FI: Finland; FR: France; DE: Germany; GR: Greece; HU; Hungary; IE: Ireland; IT: Italy; LV: Latvia; NL; The

Netherlands; ES: Spain; SE: Sweden; UK: United Kingdom; P95: 95t percentile.
(a): Original acronyms of the dietary surveys and the number of subjects is given in Table 9.

(b): If the number of subjects < 60 then the calculated P95 should be considered as an indicative value only due to the limited number of data (EFSA, 2011b).

EFSA Journal 2011;9(6):2197

112



~ - efsam

European Food Safety Autharity

Zearalenone in food

Table B2: Mean and 95" percentile dietary exposure to zearalenone (ng/kg body weight (b.w.) per day) for average and high consumers (95" percentile) in

upper-bound (UB) scenario.

(2)

Dietary survey Infants Toddlers Other children Adolescents Adults Elderly Very elderly
Average P95 Average P95 Average P95 Average P95 Average P95 Average P95 Average P95

BE/1 31 63 25 54 18 39 16 35

BE/2 51 86 46 83

BG 87 217 83 134 75 12

CY 20 42

Ccz 56 10 42 76 24 45

DK 38 59 23 43 17 29 15 25 15 28®

FI/1 56 130 46 81

F1/2 15 30 13 25

F1/3 37 68

FR 48 90 27 55 18 35 16 31 15 30

DE/1 100 241 42 74

DE/2 89 229 42 73

DE/3 99 277 42 80

DE/4 17 38 15 33 13 30 12 26

GR 32 66

HU 29 49 26 42 29 47

IE 24 44

IT 88 268 83 143® 61 105 37 66 25 43 22 38 23 39

LV 29 68 21 49 14 33

NL/1 19 39

NL/2 57 104 50 89

ES/1 18 35

ES/2 22 50 17 32

ES/3 51 95 34 61

ES/4 62 210" 44 75 31 66
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Table B2: Continued.

Dietary survey® Infants Toddlers Other children Adolescents Adults Elderly Very elderly

Average P95 Average P95 Average P95 Average P95 Average P95 Average P95 Average P95

SE/1 15 28
SE/2 36 77 24 49
UK 22 43

BE: Belgium; BG: Bulgaria; CY: Cyprus; CZ: Czech Republic; DK: Denmark; FI: Finland; FR: France; DE: Germany; GR: Greece; HU; Hungary; IE: Ireland; IT: Italy; LV: Latvia; NL; The
Netherlands; ES: Spain; SE: Sweden; UK: United Kingdom; P95: 95" percentile.

(a): Original acronyms of the dietary surveys and the number of subjects is given in Table 9.

(b): If the number of subjects < 60 then the calculated P95 should be considered as an indicative value only due to the limited number of data (EFSA, 2011b).
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C. STATISTICAL ANALYSIS OF THE IMPACT ON DIETARY EXPOSURE OF INCREASING THE
MAXIMUM LEVEL (ML) FOR ZEARALENONE IN BREAKFAST CEREALS

The change in the average occurrence level of zearalenone in breakfast cereals due to an increase in
the maximum level (ML) was evaluated against simulated samples (occurrence scenarios) that were
generated applying a random sampling from statistical distributions.

The basic assumption under which hypothetical occurrence samples are simulated is that, by changing
the ML, the range will change according to the increased ML, but the shape of the distribution of
occurrence data will remain the same. The type of distribution and implicitly its shape is determined
by the behaviour of breakfast cereal producers and represents the main limitation of the evaluation.

The assumption that the type of distribution will not change requires knowledge of the statistical
distribution that best fits the original occurrence data set. The occurrence of zearalenone in breakfast
cereals (UB) is described by 1,377 samples included in the assessment (see Section 4.2.4). Distribution
fitting was tested over 55 statistical distributions and the results were ranked according to the
Kolmogorov-Smirnof test, which does not show a robust fitting for any of the 55 distributions.
However, the best fitting distribution in rank is a Lognormal distribution with ¢ = 1.262 and u = 0.984
(Figure C1).
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Figure C1: Occurrence of zearalenone in breakfast cereals (range upper-bound (UB) 0.05-172 ng/kg).
Distribution is best fitted by a lognormal distribution with 6 = 1.262 and p = 0.984.

The simulated data sets were generated applying a sequence of random samplings from a lognormal
distribution with the same standard deviation as the original data and an average that changes at any
sequence. The average increases up to a limit defined by the constraint that the percentage of data
exceeding the new threshold should be maintained as close as possible to the percentage of
exceedances calculated in the original samples. The constraint is respected when the difference among
the two limits is below 1 %.
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C1. Simulation assuming a change in the ML from 50 pg/kg to 75 ng/kg

Randomly sampled data are distributed as a lognormal with a constant standard deviation
(0 =1.262) and the average changing at each simulation step. After 1000 simulations, only a subset of
these were in line with the constraint (difference of the percentiles < 1 %). The maximum of the
acceptable averages was 1.67 (1.8 times the original average when the potential maximum level is
1.5 times the current one). The average of the acceptable averages was 1.40 (1.51 times the original
average) (Figure C2).
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Figure C2: Frequency distribution of the original data set and simulated lognormal distributions. The
random simulated lognormal has o =1.262 and p = 1.67.

C2: Simulation assuming a change in the ML from 50 png/kg to 100 pg/kg

Randomly sampled data are distributed as a lognormal with a constant standard deviation
(0 =1.2615) and the average changing at each simulation step. After 1000 simulations, only a subset
of these were in line with the constraint (difference of the percentiles < 1 %). The maximum of the
acceptable averages was 1.97 (2.1 times the original average when the potential ML is 2 times the
current one). The average of the acceptable averages was 1.53 (1.64 times the original average)
(Figure C3).
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Figure C3: Frequency distribution of the original data set and simulated lognormal distributions. The
random simulated lognormal has ¢ = 1.262 and p = 1.97.

C3. Simulation assuming a change in the ML from 50 pg/kg to 125 pg/kg

Randomly sampled data are distributed as a lognormal with a constant standard deviation
(0 =1.262) and the average changing at each simulation step. After 1000 simulations, only a subset of
these were in line with the constraint (difference of the percentiles < 1 %). The maximum of the
acceptable averages was 2.16 (2.3 times the original average when the potential ML is 2.5 times the
current one). The average of the acceptable averages was 1.67 (1.8 times the original average) (Figure
C4).
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Figure C4: Frequency distribution of the original data set and simulated lognormal distributions. The
random simulated lognormal has o = 1.262 and p = 2.16.

C4. Simulation assuming a change in the ML from 50 pg/kg to 150 png/kg

Randomly sampled data are distributed as a lognormal with a constant standard deviation
(0 =1.262) and the average changing at each simulation step. After 1000 simulations, only a subset of
these were in line with the constraint (difference of the percentiles < 1 %). The maximum of the
acceptable averages was 2.36 (2.5 times the original average when the potential ML is 3 times the
current one). The average of the acceptable averages was 1.78 (1.9 times the original average) (Figure
C5).

EFSA Journal 2011;9(6):2197 118



~ efsam

Eurogean Faad Safety Autharity Zearalenone in food

m Criginal samples
Simulated Lognormal (original parameters)

—-- Simulated Lognormal (changing parameters)

Frequencies of samples

a I Bl T S |
- O A SO SR

£y
%
6\6
s
&
Le
gy
£
k]
s
1’0‘9
K3
]
L
%,

Figure CS: Frequency distribution of the original data set and simulated lognormal distributions. The
random simulated lognormal has ¢ = 1.262 and p = 2.36.

In conclusion, changing the ML for zearalenone in breakfast cereals from 50 pg/kg to 75, 100, 125 or
150 pg/kg would most likely lead to an increase in the mean concentration of zearalenone by a factor
of 1.51, 1.64, 1.8 or 1.9 with a maximum factor of 1.8, 2.1, 2.3 and 2.5.
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D. DOSE RESPONSE MODELLING

The incidence of pituitary adenomas in male B6C3F1 mice (NTP, 1982) were selected for modelling
of the benchmark dose (BMD) for a 10 % extra risk of pituitary adenomas. Zearelenone was
administered in the diet resulting in doses of approximately 0, 8 and 17 mg/kg b.w. per day. The
incidence of pituitary adenomas was 0/40, 4/45 and 6/44 (in Section 7.2.3.1. expressed as 0, 9 and
14 %, respectively).

All quantal dose response models in the US EPA’s benchmark dose software’’ (BMDS) 2.1.2 were
used, using both unrestricted and restricted options where provided (Table D1). Acceptability of a
model was assessed using the log-likelihood value associated with the fitted model (when tested vs the
full model). When unrestricted, the Log-Logistic, LogProbit and Weibull models all resulted in a
computation failure with the 95 % lower confidence limit of the benchmark dose (BMDL,¢) including
zero. The Gamma model did not give an acceptable fit when unrestricted. The results of running the
Multistage model unrestricted resulted in an error in computing chi-square, a p-value of 2, and error
messages regarding the BMDL,y. Therefore the results of this model were also considered not
acceptable.

The remaining models all provided acceptable fits with BMDj, values ranging from
10.95-14.67 mg/kg b.w. per day, and BMDL,, values ranging from 6.39-11.32 mg/kg b.w. per day.
The results of the Log-Logistic model, which provided the lowest BMDL,, of 6.39 mg/kg b.w. per day
are shown in Figure D1.

Table D1: Results of dose-response modeling for pituitary adenomas in male B6C3F1 mice.

Model Number of Log- Accepted BMD,, BMDL,;,
parameters likelihood p > 0.05 (mg/kg b.w. (mg/kg b.w.
per day) per day)
Reduced 1 -35.17 No - -
Full 3 -31.02 - - -
Gamma unrestricted 2 -31.02 No 9.83 3.68e-016
Gamma restricted 1 -31.13 Yes 10.95 6.78
Logistic 2 -32.34 Yes 14.67 11.32
Log-Logistic unrestricted 2 -31.02 No - Failed
Log-Logistic restricted 1 -31.10 Yes 10.77 6.39
LogProbit unrestricted 2 -31.02 No - Failed
LogProbit restricted 1 -32.00 Yes 11.54 8.67
Multistage unrestricted 2 -32.00 >1,no 9.45 3.26
Multistage restricted 1 -31.13 Yes 10.95 6.78
Probit 2 -32.20 Yes 14.15 10.72
Weibull unrestricted 2 -31.02 1 - Failed
Weibull restricted 1 -31.13 Yes 10.95 6.78
Quantal Linear 1 -31.13 Yes 10.95 6.78

b.w.: body weight; BMD: benchmark dose; BMDL,: 95 % lower confidence limit of the benchmark dose with 10 % extra
risk.

2! http://www.epa.gov/ncea/bmds/about.html
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Figure D1: Illustration of dose-response modeling for pituitary adenomas in male B6C3F1 mice using
the restricted Log-Logistic model.
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ABBREVIATIONS

3B-HSD-1 3B-hydroxysteroid dehydrogenase/isomerase

ABC ATP-binding cassette

ADP Adenosine diphosphate

ADI Acceptable Daily Intake

AESAN Spanish Food and Drink Industry Federation

AESAN FIAB Spanish Food and Drink Industry Federation — Spanish dietary survey

AhR Aryl hydrocarbon receptor

ALP Alkaline phosphatise

ALT Alanine aminotransferase

AST Aspartate aminotransferase

AUC Area under the time-concentration curve

b.w. Body weight

BE Belgium

BG Bulgaria

BMD Benchmark dose

BMDL The 95 % lower confidence limit of the benchmark dose

BMDS Benchmark dose software

BMR Benchmark response

CA Chromosome aberration

Ca** Calcium ion

CAR Constitutive androstane receptor

CAS Chemical Abstracts Service

CCa Decision limits

CCB Detection capabilities

CEEREAL The European Breakfast Cereal Association

CEN European Committee for Standardization

Childhealth Childhealth (Cyprus, Dietary survey)

CHO Chinese hamster ovary

CN Combined Nomenclature

COC Cumulus-oocyte complex

CONTAM Panel EFSA Panel on Contaminants in the Food Chain

CY Cyprus

CYP Cytochrome

Cz Czech Republic

Danish_Dietary Survey Danish Dietary Survey

DATEX Data Collection and Exposure Unit (EFSA), currently DCM Unit
(EFSA)

DE Germany

Diet National 2004 Diet National 2004 (Belgium, Dietary survey )

DIPP DIPP (Finland, Dietary survey)

DK Denmark

DNFCS 2003 Dutch National Food Consumption Survey

DONALD 2006
DONALD 2007
DONALD 2008
EC

ECso

EFSA

EFSA TEST
ELISA

enKid

DONALD 2006 (Germany, Dietary survey)
DONALD 2007 (Germany, Dietary survey)
DONALD 2008 (Germany, Dietary survey)
European Commission

Effective concentration

European Food Safety Authority

EFSA TEST (Latvia, Dietary survey)
Enzyme-linked immunosorbent assay

Food preferences of Spanish children and young people
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ER

ES

ESI

EU
EXPOCHI

FAO
FAPAS
FI
FINDIET 2007
Regional Flanders
FLD
FR
FSH
FSA
GC

GD
GGT
GI
GMA
GR
hGC
HPLC
HSCAS
HSD
HU
IARC
IE

IGF

Ig

IL
INCA2

INRAN_SCAI 2005 06
i.p.
IRMM
IT

i.v.
JECFA
LB
LC-MS
LC-MS/MS
LD
LDso
LH
LOD
LOEL
LOQ
LV
MAPK
MDA
ML
MS
MTT

Oestrogen receptor
Spain

Electrospray ionization
European Union

Article 36 project “Individual food consumption data and exposure

assessment studies for children”

Food and Agriculture Organization of the United Nations
Food Analysis Performance Assessment Scheme
Finland

FINDIET 2007 (Finland, Dietary survey)
Regional Flanders (Belgium, Dietary survey)
Fluorescence detection

France

Follicle stimulating hormone

Food Standards Agency, UK

Gas chromatography

Gestation day

Gamma-glutamyltransferase

Gastrointestinal

Glucomannan mycotoxin adsorbent

Greece

Human chorionic gonadotropin
High-performance liquid chromatography
Hydrated sodium calcium aluminosilicate
Hydroxysteroid dehydrogenase

Hungary

International Agency for Research on Cancer
Ireland

Insulin-like growth factor
Immunglobulin
Interleukin

Enquéte Individuelle et
Alimentaires

Italian National Food Consumption Survey
Intraperitoneal

Institute for Reference Materials and Measurements
Italy

Intravenous

Joint FAO/WHO Expert Committee on Food Additives
Lower bound

Liquid chromatography-mass spectrometry

Liquid chromatography-tandem mass spectrometry
Lactate dehydrogenase

Lethal dose

Luteinising hormone

Limit of detection

Lowest-observed-effect-level

Limit of quantification

Latvia

Mitogen activated protein kinase

Malondialdehyde

Maximum level

Mass spectrometry
3-(4,5-Dimethylthiazol-2-yl)-2,5-diphenyltetrazolium bromide

Nationale sur les

Consommations
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N

National Nutrition_Survey Il
National Repr Surv
NDNS

NFA

NH,Cl

NL

NOAEL

NOEL

NSIFCS

NUT _INKOS5
NUTRICHILD
NZFSA

OECD

P450scc

PARP

PBMC

PCNA

PMN

PMSF

PMTDI

PND

PXR

Regional Crete
Riksmaten 1997 98
S.C.

SCE

SCF

SE

StAR

SULT

t-TDI

UB

UGT

TDI

TRE

WHO

ZEA

ZOL

Number of samples/subjects

National Nutrition Survey II (Germany, Dietary survey)
National Repr Surv (Hungary, Dietary survey)
National Diet and Nutrition Survey (United Kingdom)
National Food Administration (Sweden, Dietary survey)
Ammonium chloride

The Netherlands

No-observed- adverse-effect-level
No-observed-effect-level

North/South Ireland Food Consumption Survey

NUT _INKOS5 (Spain, Dietary survey)

Bulgarian dietary survey

New Zealand Food Safety Authority

Organisation for Economic Co-operation and Development
Cytochrome P450 side chain cleavage enzyme

poly (ADP-ribose) polymerase

Peripheral blood mononuclear cells

Proliferating cell nuclear antigen

Polymorphonuclear

Phenylmethyl sulfonyl fluoride

Provisional maximum tolerable daily intake

Postnatal day

Pregnane X receptor

Regional Crete (Greece, Dietary survey)

Swedish national food survey 1997 98

Subcutaneous

Sister chromatid exchanges

Scientific Committee on Food

Sweden

Steroidogenic acute regulatory protein
Sulfotransferase

Temporary TDI

Upper bound

Uridinediphosphate- glucuronosyl transferase
Tolerable daily intake

Tunisian radish extract

World Health Organization

Zearalenone

a-zearalenol
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