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Abstract

Fumonisins, mycotoxins primarily produced by Fusarium verticillioides and Fusarium proliferatum, occur
predominantly in cereal grains, especially in maize. The European Commission asked EFSA for a
scientific opinion on the risk to animal health related to fumonisins and their modified and hidden
forms in feed. Fumonisin B; (FB;), FB, and FBs are the most common forms of fumonisins in
feedstuffs and thus were included in the assessment. FB;, FB, and FB3 have the same mode of action
and were considered as having similar toxicological profile and potencies. For fumonisins, the EFSA
Panel on Contaminants in the Food Chain (CONTAM) identified no-observed-adverse-effect levels
(NOAELSs) for cattle, pig, poultry (chicken, ducks and turkeys), horse, and lowest-observed-adverse-
effect levels (LOAELs) for fish (extrapolated from carp) and rabbits. No reference points could be
identified for sheep, goats, dogs, cats and mink. The dietary exposure was estimated on 18,140 feed
samples on FB; 3 representing most of the feed commodities with potential presence of fumonisins.
Samples were collected between 2003 and 2016 from 19 different European countries, but most of
them from four Member States. To take into account the possible occurrence of hidden forms, an
additional factor of 1.6, derived from the literature, was applied to the occurrence data. Modified forms
of fumonisins, for which no data were identified concerning both the occurrence and the toxicity, were
not included in the assessment. Based on mean exposure estimates, the risk of adverse health effects
of feeds containing FB,_3 was considered very low for ruminants, low for poultry, horse, rabbits, fish
and of potential concern for pigs. The same conclusions apply to the sum of FB; 3 and their hidden
forms, except for pigs for which the risk of adverse health effect was considered of concern.
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Summary

Following a request from the European Commission, the EFSA Panel on Contaminants in the Food
Chain (CONTAM) assessed the risk to animal health related to the presence of Fumonisins and their
modified and hidden forms in feed. The CONTAM Panel was asked to consider all relevant adverse
health effects, and in particular to address the co-occurrence of fumonisins and their modified and
hidden forms, and to estimate the dietary exposure of different animal species.

Previous risk assessments from the European Food Safety Authority (EFSA) on fumonisins in feed
(2005), modified forms of certain mycotoxins in food and feed (2014) and on the appropriateness to
set a group health-based guidance value for fumonisins and their modified forms (2018) have been
used as a starting point for the present assessment.

Fumonisins are mycotoxins produced predominantly by Fusarium verticillioides and Fusarium
proliferatum. In terms of chemical structure, fumonisins are long-chain aminopolyols with two
tricarballylic acid side chains. The most relevant compounds are the B-type fumonisins (FBs), FB;, FB,
and FB3 which differ in the number and position of hydroxy groups at the backbone. The most relevant
modified forms are hydrolysed fumonisins B (HFBs) and partially hydrolysed fumonisins B (pHFBs). FBs
may react during food processing, giving rise to the formation of Maillard-type modified forms, such as
NCM-FBs and NDF-FBs.

Due to the chemical structure, FBs may strongly interact through non-covalent binding with the
matrix macroconstituents, giving rise to the so-called hidden FBs. Hidden forms may be disrupted upon
digestion, leading to the release of the unchanged parent forms of FBs in the gastrointestinal tract.

Analytical methods for FB; 3 are well established and are mainly based on mass spectrometry (MS).
Modified forms of FB; are commonly analysed under the same conditions as their parent compound.
However, the strong physical interaction of fumonisins with the food matrix, which is well documented
in the literature, may significantly affect the analytical performance in a matrix-related way. For the
determination of hidden fumonisins, the food/feed matrix is usually treated under alkaline conditions
prior to the analysis. Only FB; 3 are available on the market as calibrant solutions. Except for HFB;,
analytical standards for modified forms are not commercially available.

There is poor information on the absorption, distribution, metabolism and excretion (ADME) of
fumonisins in farm animal species, and the available studies are almost limited to FB;. In orally
exposed animals, fumonisins are in general poorly bioavailable, rapidly distributed mainly to liver and
kidney, extensively biotransformed and rapidly excreted mostly via the faecal route. Hydrolytic
biotransformations largely prevail; the main metabolites are pHFB; and HFB;; both may be found in
limited amounts in tissues. Unlike in rats, no further metabolites (e.g. N-acyl derivatives of FB; and its
hydrolysed forms) have been detected in farm and companion animals. A very limited excretion of
fumonisins in milk and negligible excretion in eggs have been documented. No information on FB; 3
kinetics could be identified for farmed rabbits, fish, horses, farmed mink, dogs and cats.

In ruminants, the scant information available data indicate a very limited oral bioavailability and a
remarkable biotransformation to the hydrolysed pHFB; and HFB,. Hydrolytic biotransformation appear
not occur in rumen or liver. Excretion in milk has been investigated and only been documented in cows.

In pigs, FB; 3 are poorly bioavailable but extensively hydrolysed to pHFB; and HFB; in the enteric
tract. Measurable amounts of the toxin and of both hydrolysed metabolites are detectable in livers and
kidneys up to several days after treatment cessation. The faecal excretion largely outweighs the
urinary one; the extent of biliary excretion might vary according to the dose and the duration of the
exposure. The bioavailability of FB; is likely to be much lower than that of FB;.

There is very limited knowledge on FB;_3 kinetics in avian species, with no information of FB{
biotransformations. Oral bioavailability is poor and in the order turkey>duck>chicken. Kinetic studies
point to a more rapid elimination in ducks and chickens than in turkeys. In birds fed with feed,at, or
approaching the European Union (EU) recommended guidance, residues were detected only in the'liver.
The kinetics of FB, in ducks and turkeys is similar to that of FB,, with evidence of a lower bioavailability.

Fumonisins are structural analogues of sphingoid bases and they inhibit ceramide synthase. This
induces a disruption of sphingolipid metabolism and pathological changes. Even if the disruption of the
sphingolipid metabolism at an early stage is closely related with fumonisin toxicity, there is no evidence
that fumonisin-induced ceramide synthase inhibition is in itself an adverse effecti Therefore, reference
points for fumonisins have been derived using endpoints other than the solesalteration of sphingolipid
ratio in serum or organs. The implication of the disruption of sphingolipid metabolism in some of the
observed critical adverse effects still remains to be established. At the cellular‘level, FB,;, FB, and FBs
have the same mode of action and are considered as having similar toxicological profiles and potencies.
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Ruminants are considered less sensitive than horses and pigs. Gross and histopathological lesions,
as well as changes in serum enzymes and biochemistry indicate an impairment of liver and possibly
kidney function. Taking as endpoints the increase in serum enzymes, cholesterol and bilirubin as well
as the decrease in lymphocyte blastogenesis a no-observed-adverse-effect level (NOAEL) of (31 mg
FB; 3/kg feed) could be set only for cattle. However, a very limited data set indicates that sheep and
goats would not seem to be more susceptible to fumonisins than cattle.

Porcine pulmonary oedema syndrome is the specific effect produced by FB; in pigs and
cardiovascular toxic effects of FBs could play a role in the development of this abnormality. Increased
sphinganine/sphingosine (Sa/So) ratio in serum and tissues, liver and kidney toxicity, delay in sexual
maturity and reproductive functionality alterations, impairment of innate and acquired immune
response, histological lesions in internal organs as well as alterations of brain physiology have been
reported in many studies irrespective of the FBs concentration. A NOAEL of 1 mg FBs/kg feed and a
lowest-observed-adverse-effect level (LOAEL) of 5 mg/kg feed could be identified for pigs based on
lung lesions.

Fumonisins affect the liver and the immune system in investigated poultry species. In addition,
decreases in feed intake and body weight gain were reported from feeding studies with ducks and
Japanese quail, but not from studies with chickens and turkeys. Increased Sa and Sa/So levels have
also been reported from low feed concentrations (2 mg FB;/kg feed) in investigated poultry species. A
NOAEL of 8 mg/kg feed based on alterations of liver enzymes indicative of liver toxicity was identified
for ducks. A NOAEL of 20 mg/kg feed, corresponding to 2 mg/kg body weight (bw) per day was
identified for chickens. This NOAEL was identified based on an increase in liver lipids which was
considered as an adverse effect taking into consideration the observed liver toxicity in all investigated
species. A NOAEL of 20 mg/kg feed per day was also identified for turkeys. This was the highest dose
used in the studies published since the last EFSA opinion and no adverse effects were observed in
these studies.

A NOAEL of 0.2 mg FB;/kg bw per day, recalculated from an intravenous (i.v.) study (corresponding
to 8.8 mg FBy/kg feed) was identified for horses, based on neurological and cardiovascular effects.

Decreased performance, biochemical alterations in serum and blood formula, liver and kidney
congestion, impaired spermatogenesis and delay of the onset of puberty as well as increased Sa level
and the Sa/So ratio in urine, serum and liver were associated with exposure of rabbits to FBs. A LOAEL
of 5 mg FBs/kg feed was identified based on alterations in liver.

There is limited information available from feeding studies with fish, and no information is available
on the effects of FBs on salmonids. Observed effects of FBs in fish species include pathological
damages in several organs, reduced body weight gain and haematological and immunological
alterations. A NOAEL of 10 mg/kg feed has been identified for Nile tilapia based on reduced weight
gain. This corresponds to 0.4 mg/kg bw per day. Similarly, a LOAEL of 10 mg/kg feed was identified
for carp, corresponding to 0.5 mg/kg bw per day. This LOAEL was based on pathological alterations,
changes in haematological parameters and reduced body weight gain. A NOAEL of 20 mg/kg feed was
identified for catfish. This was based on reduced body weight gain and microscopic liver lesions.

No data could be identified concerning the effects of FBs in cats, dogs or farmed mink.

No data were available to establish a reference point for any modified form of fumonisin, for any of
the animal species considered.

The dietary exposure was estimated using a final data set of 18,140 feed samples on FBs (i.e. FBy,
FB, and FB3) representing most of the feed commodities with potential presence of fumonisin.
Samples were collected between 2003 and 2016 in 19 different European countries, but most of them
came from four Member States. The total concentration of FBs was estimated by summing available
analytical concentrations for each sample. For samples for which no concentration was available, the
levels were estimated by using the mean concentration of available data.

The percentage of left-censored data reported (results below limit of detection and/orulimit of
quantification) was high (~ 80%). The highest number of reported analytical results were inythe feed
group ‘Cereal grains’ (~47%) and in particular for maize, wheat and barley. Other feed groups
included forages, land animal products, legume seeds, minerals, oil seeds and tubers. High quantified
values were reported for maize wheat and compound feed. The compound feeds with highest levels
were for unspecified species and were therefore not used for the exposuresassessment. The animal
exposure was presented as dietary concentrations because the animal risk characterisation was carried
out on a feed concentration basis. Exposure to FBs and the hidden formswis primarily from the
consumption of maize (corn) and its by-products. Except for forage maize; and maize silage produced
from it, levels on forages are generally low.
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The highest estimated dietary concentrations to FBs by cattle was for lactating dairy cows on a
maize silage-based diet (mean lower bound (LB) =368 and 95th percentile upper bound
(UB) = 1,894 ng/kg feed), reflecting both the high levels of FBs in forage maize and the inclusion of
cereal grains in the complementary compound feeds. For other cattle, the lowest overall dietary
concentration was for beef cattle on a straw-based ration (LB mean = 14 UB P95 = 270 ug/kg feed).
For sheep and goats, the calculated lowest LB to highest UB mean dietary concentrations of FBs were
25 and 187 pg/kg feed, respectively, while at the 95th percentile the range was from 42 (LB) to 716
(UB) ng/kg feed. For horses, the calculated mean LB and UB diet concentrations of FBs were 22 and
203 pg/kg feed, respectively, while for the 95th percentile the range (LB-UB) was 22-223 nug/kg feed.
The calculated mean LB and UB exposures to FBs by pigs, derived from data for species-specific
compound feeds, ranged from 23 to 413 pg/kg feed, respectively, while the 95th percentile exposures
ranged from 568 (LB) to 943 (UB) pg/kg feed. For poultry, the calculated mean exposure ranged from
58 (LB) to 575 (UB) ug/kg feed, based on levels in individual feeds and their inclusion in diets. The
equivalent range for the 95th percentile estimates of exposure was 72 and 1,749 pg/kg feed,
respectively. For farmed salmonids and carp, the calculated mean LB and UB for dietary concentrations
ranged from 121 to 370 ng/kg feed, respectively. At the 95th percentile, LB and UB estimates dietary
concentrations ranged from 421 (LB) to 1,110 (UB) ug/kg feed. The calculated mean diet
concentration for farmed rabbits ranged from 7.0 (LB) to 233 (UB) pg/kg dry matter (DM), while the
equivalent range for the 95th percentile was from 20 to 296 pug/kg DM. The mean calculated diet
concentration for farmed mink ranged from 58 (LB) to 84 (UB) ng/kg DM, while the equivalent range
for the 95th percentile was 241 and 260 ug/kg DM. For companion animals (cats and dogs), the
calculated LB and UB mean diet concentrations of FBs were 365 and 465 pg/kg DM, respectively, while
at the 95th percentile the range was from 1,501 (LB) to 1,765 (UB) ug/kg DM.

Fumonisins hidden forms are assumed to be 60% of the dietary concentrations for FBs. The sum of
FBs plus the hidden forms may be calculated by multiplying the values given above (for FBs) by 1.6.

The risk of exposure to fumonisins was evaluated taking into consideration the comparison between
the exposure of the sum of FBy, FB, and FBs, and the identified NOAELs/LOAELs for chronic adverse
effects. The risk characterisation of exposure to FBs and their hidden forms was evaluated based on
the comparison between the exposure of FBs and their hidden forms (exposure to FBs multiplied by a
factor of 1.6), and the identified NOAELs/LOAELs for chronic adverse effects of FBs. For dogs, cats and
mink, the health risk from the exposure to FBs and to FBs and their hidden forms could not be
assessed as no NOAEL or LOAEL have been identified. For cattle, the risk of an adverse health effects
from feed containing FBs was considered very low. It is expected that sheep and goat have similar
sensitivity to FBs as cattle and the risk was considered very low also for those species. For poultry,
horses, rabbits and fish, the risk of adverse health effects of feed containing FBs was considered low.
For pigs, the risk of adverse health effects of feed containing FBs was considered low for pigs exposed
to mean levels but of potential concern for animals exposed to levels at the 95th percentile. The same
conclusions apply to the sum of FBs and their hidden forms except for pigs for which the risk of
adverse health effects from feeds containing FBs was considered low for exposure at the mean levels
and of concern for animals exposed to levels at the 95th percentile.
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1. Introduction

1.1. Background and Terms of Reference as provided by the European
Commission

BACKGROUND

Following a request from the European Commission, the risks to human and animal health related
to modified forms of the Fusarium toxins zearalenone, nivalenol, T-2 and HT-2 toxins and fumonisins
were evaluated in the scientific opinion on the risks for human health related to the presence of
modified forms of certain mycotoxins in food and feed, adopted by the EFSA Panel on Contaminants in
the Food Chain (CONTAM) on 25 November 2014.

The CONTAM Panel indicated in the recommendations that the animal health effects of fumonisins
needed to be re-assessed in order to possibly set NOAELs/LOAELs for fumonisins in order to be able to
assess the risk for animal health related to the presence of fumonisins and their modified forms in
feed.

TERMS OF REFERENCE

In accordance with Art. 29 (I) (a) of Regulation (EC) No 178/2002, the Commission asks EFSA for a
scientific opinion on the risks for animal health related to the presence of fumonisins and their
modified forms in feed.

1.2. Interpretation of the Terms of Reference

The CONTAM Panel assumed that the previous EFSA risk assessment of fumonisins in feed (EFSA,
2005) comprehensively covered all relevant aspects of fumonisins and therefore used it together with
the recent opinion on modified mycotoxins (EFSA CONTAM Panel, 2014) and the opinion on
appropriateness to set a group health based guidance value for Fumonisins and modified forms (EFSA
CONTAM Panel, 2018) as a starting point for the present assessment.

The CONTAM Panel noted that, in addition to FB; and FB,, FB3 and FB, are among the most
common forms of fumonisins, and therefore decided to also consider these in the assessment. The
CONTAM Panel reviewed the new relevant data on FB; 4 (i.e. published after 2004) to evaluate
whether reference points for risk characterisation identified for FB; in some animal species need to be
revised and to possibly set no-observed-adverse-effect levels (NOAELSs)/lowest-observed-adverse-effect
levels (LOAELs) for fumonisins to assess the risk for animal health related to the presence of
fumonisins and their modified forms in feed.

The Panel decided to present the modified forms of FB, 3 identified to date and reviewed the
appropriateness of the methods currently available for their analysis as in the previous EFSA opinion
(EFSA CONTAM Panel, 2018). FB; was not considered in this opinion as it occurs mainly in grapes,
which are not a major feedstuff. In addition, data on the occurrence, toxicity and toxicokinetics could
not be identified for FB,.

In this opinion, the CONTAM Panel have considered the parent compound, the modified forms and
‘physical entrapped’ or *hidden’ forms’ of fumonisins, as described in Section 1.3.1.

1.3. Additional information

1.3.1. Fumonisins, modified forms and hidden forms considered in this opinion
1.3.1.1. Fumonisins

Based on their different substituent groups, fumonisins are classified as A-, B-, C- and P-series
(EFSA CONTAM Panel, 2018). Those belonging to group B such as fumonisin B; (FB), B, (EB,), Bs
(FBs), B4 (FB4) occur mainly in feed commodities (Gelderblom et al., 1988; Cawood /et al;, 1991).
Other fumonisins belonging to group B, or those classified as A-, C- and P-series, usually/account for
less than 5% of the total fumonisin (Rheeder et al., 2002).

In view of their occurrence in grains (see Section 3.2 Feed occurrenceddata); the CONTAM
Panel decided to include FB;, FB, and FBs as parent compounds, since theserare the most abundant
forms of fumonisins of the B-type. However, the CONTAM Panel decided not to include other
fumonisins of the B-type, or fumonisins of the A, C and P series, since these=usually represent less
than 5% of total fumonisins.
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— Modified forms
Fumonisins, as with other mycotoxins, may undergo modification according to two different routes:

1) Biotransformation in the fungus, infested plant and animal organism. This includes phase I
metabolism through hydrolysis of the parent toxin, and phase II metabolism involving
conjugation with endogenous molecules.

2) Processing of food and feed by thermal or chemical treatment. This causes degradation
reactions during processing, as well as covalent binding to food and feed matrices.

However, few data about the occurrence of modified forms are available in the literature.
1.3.1.2. Hidden forms

Due to their chemical structure, fumonisins may form non-covalent binding products with food or
feed matrices as modified forms, although there is no change of the chemical structure involved. Such
non-covalent interactions may be mediated by hydrogen-bonding or ionic bonding and are therefore of
particular importance for fumonisins as they can seriously affect the analytical determination of the
parent fumonisins in food and feed, leading in some cases to underestimation of their content (see
Section 1.3.4 Methods of analysis). The complete disruption of such non-covalent interactions in the
gastrointestinal tract of animals may lead to the release of parent forms, thus contributing to the total
load of fumonisins. Therefore, the CONTAM Panel has decided to include hidden forms of fumonisins in
this exposure assessment.

1.3.2. Previous animal health risk assessments

The Scientific Opinion related to fumonisins as undesirable substances in animal feed (EFSA, 2005)
evaluated the toxicity of fumonisins in feed for different animal species. The CONTAM Panel concluded
that FB; was the most prevalent and toxic derivative and derived NOAELs and LOAELs for a humber of
livestock species and farmed animals based on FB;. Pigs and horses were identified as the most
sensitive species to FB;. LOAELs of 200 pg/kg body weight (bw) per day for FB; were derived for pigs
and horses based on increased sphinganine/sphingosine (Sa/So) ratio levels detected at that dose in
serum of both species. In ruminants, a NOAEL of 600 ug/kg bw per day for FB; was derived based on
liver changes and impaired lymphocyte blastogenesis. A LOAEL of 10 mg FB;/kg feed was identified for
fish (carp) based on pathological alterations in liver, pancreas, kidney, heart and brain. At the time of
the evaluation, experimental data available for catfish and Nile tilapia suggested a NOAEL
corresponding to 20 mg FB,/kg feed. A LOAEL of 2,000 pg/kg bw per day for FB; was identified for
poultry based on increased Sa and Sa/So ratios in liver (EFSA, 2005).

In 2014, the EFSA CONTAM Panel developed a Scientific Opinion on the risks for human and animal
health related to the presence of modified forms of certain mycotoxins in food and feed (EFSA CONTAM
Panel, 2014). The toxicity for animals and humans of metabolites and masked or bound forms of
mycotoxins, including fumonisins, was evaluated. The EFSA occurrence database contained no data on
modified fumonisins, and therefore occurrence was based on limited information reported in the literature.

An estimation of the human dietary exposure and animal feed exposure compared with the
exposure to the parent mycotoxins and assessments of the human and animal health risks was
performed. Based on occurrence data collected at the time of the evaluation (EFSA CONTAM Panel,
2014), modified forms® of fumonisins, which included physically entrapped forms, occurred — together
with their precursor — occurred predominantly in corn and maize-based products. The exposure
assessment was performed, and included an additional 60% to account for modified mycotoxins to
the parent compound. Risk characterisation was done by comparing exposure scenarios with the
NOAELs/LOAELs for the parent compounds.

The CONTAM Panel identified several uncertainties and data gaps for ‘modified mycotoxins™ and
recommended re-assessing the animal health effects of zearalenone and fumonisins in"order to set
NOAELs/LOAELSs for these compounds.

! Fumonisins modified forms: In the EFSA CONTAM Panel (2014) opinion, modified forms included: both covalently and non-
covalently (i.e. physically entrapped) bound forms (Covalent binding to food and feed matrix (hidden forms)).
In the CONTAM opinion on appropriateness to set a group health-based guidance value for fumonisins and modified forms
(EFSA CONTAM Panel, 2018) and in the present opinion, non-covalently bound forms (hidden, forms) are not considered as
modified forms. Modified forms of FBs are phase I and phase II metabolites formed in.fungi‘or infested plants or food or feed
products of animal origin as well as forms arising from food or feed processing( including  covalent adducts with matrix
constituents.
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Recently, the CONTAM Panel assessed the appropriateness to set a group health-based guidance
value (HBGV) for fumonisins and modified forms (EFSA CONTAM Panel, 2018). The CONTAM
Panel considered modified forms of fumonisins phase I and phase II metabolites formed in fungi or
infested plants or food or feed products of animal origin. In addition, the Panel considered forms
arising from food or feed processing, including covalent adducts with matrix constituents. The
CONTAM Panel established a tolerable daily intake (TDI) for FB; of 1.0 ug/kg bw per day based on
increased incidences of megalocytic hepatocytes found in a chronic study with mice, and found it
appropriate to include FB,, FBs and FB,4 in a group TDI with FB; and exclude the modified fumonisins
in the group TDI for FB; 4 (EFSA CONTAM Panel, 2018).

1.3.3. Chemistry
1.3.3.1. Fumonisins

The chemical structure of fumonisins, and their classification into groups based on different
chemical features, has been described in the EFSA CONTAM Opinion on the appropriateness to set up
a group HBGV for fumonisins and their modified forms (EFSA CONTAM Panel, 2018), see Figure 1.

Briefly, fumonisins are formed by a C20 (or C19) long-chain amino-polyol backbone carrying two
methyl groups. On the backbone, two propane-1,2,3-tricarboxylic acid (also named tricarballylic acid,
TCA) side chains are esterified to hydroxy groups at positions C14 and C15.

Structurally the B-type fumonisin backbone resembles the sphingoid bases sphinganine (Sa) and
sphingosine (So) especially with the amino and hydroxy functions in positions C2 and C3 (Figure 1).

According to IUPAC, FB; is named (2R,2'R)-2,2'-((((5R,6R,75,9S,11R,16R,185,195)-19-amino-11,16,
18-trihydroxy-5,9-dimethyleicosane-6,7-diyl)bis(oxy))bis(2-oxoethane-2,1-diyl))disuccinic acid (CAS No.
116355-83-0, C34H59NO;5, MW 721).

Fumonisins are highly polar compounds, soluble in water and in polar solvents, carrying various
reactive groups, i.e. four carboxylic groups, two esterified tricarballylic side chains, one primary amine
and several hydroxy groups. Therefore, they can react under thermal processing conditions giving rise
to a number of modified forms.

R1 R2 Polar Log P

Tricarballylic acid surface
(TCA) FBL  OH OH 28851  -0.044
B2  H OH 268.27  1.3169
FB3  OH H 26827  1.3169
FB4  H H 248.04  2.5538

Figure 1: Chemical structure of the main parent fumonisins FB,, FB,, FBs and FB4

1.3.3.2. Modified forms of fumonisins

Based on the presence of several reactive groups on the fumonisin backbone, several modified
forms have been elucidated, especially generated by thermal processes applied during foed or feed
production (Figure 2). However, phase I and phase II metabolites formed in plants, fungi, and animals
have also been described.
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Phase I modification

Little is known about the phase I metabolism of fumonisins in living organisms. Due to their high
polarity, FB;_3 show a lower absorption, compared to other mycotoxins, and are often excreted as
parent forms. The hydrolysis of the tricarballylic moieties, leading to the release of HFB;_3, is the only
phase I modification described in the literature. Hydrolysed and partially hydrolysed fumonisins may be
formed by microbial and animal metabolism (Hahn et al., 2015), while the low occurrence of these
forms in grains may be related to fungal/plant metabolisms as well as to chemical reactions occurring
at harvest. It must be underlined that the hydrolysed form of FB, is often referred to as aminopentol
in animal studies. Hydrolysed fumonisins can be formed through use of enzyme-based feed additive
(EFSA FEEDAP Panel, 2014; EFSA FEEDAP Panel, 2016).

Phase II modification

Minor modified forms of fumonisins are O-fatty acyl fumonisin B; (EFB;). These compounds are
formed by the esterification of a long-chain fatty acid on the fumonisin backbone (3-O-, 5-O- or 10-O-
acyl-fumonisins) (Figure 2) (Bartok et al., 2010a,b, 2013a; Falavigna et al., 2016). Besides O-fatty acyl-
fumonisins, the corresponding N-fatty acyl-fumonisins were also detectable in low amounts in Fusarium
(Bartdk et al.,, 2013b). These phase II metabolites have been found in maize in the field, but it is still
unclear if their formation is due to fungal or plant metabolism.

N-fatty acyl-fumonisins and N-fatty acyl-hydrolysed fumonisins with fatty acid chain length ranging
from C16:0 to C24:1 are also described as in vitro and in vivo metabolites of fumonisins (Seiferlein
et al., 2007; Harrer et al., 2013, 2015).

H 2
CHs o NH; EFB1

Ry, Ry or Rz =acyl group or H

(a)

o] OH
m
HO
HyC " v
CHy H
HO a
m
o] 'OH
o] OH
m
HO
HiC H H
oy £
HO o
TIT
o OH

N acylation
(b)

HaG

>=o
N-acyl-FB, >:° N-acyl-HFB; R

(a) formation of fatty acid esters of fumonisins (EFB,); (b) formation of N-acyl-fumonisin B; and N-acyl-hydrolysed
fumonisin B;.

Figure 2: Formation of Phase I and Phase II metabolites of fumonisins

Process-derived forms

Fumonisins bear four carboxylic moieties, a primary amino group and several hydroxyl groups,
which are prone to react with other molecules under thermal processing, conditions commonly applied
in food and feed production, leading to process-derived modified forms of fumenisins.

TCA side chains can be cleaved under alkaline conditions giving rise"to_hydrolysed fumonisins HFB,
(Humpf and Voss, 2004). When the hydrolysis is incomplete, partially ‘hydrolysed fumonisins (pHFB; 3)
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are produced as isomeric forms from the cleavage of one of the two tricarballylic side chains on the
fumonisin backbone. Their structure has been described in the EFSA opinion on Fumonisins HBGVs
(EFSA CONTAM Panel, 2018 section on chemistry). pHFB; 3, (Figure 3) are formed by cleavage of only
one of the two TCA side chains. Hydrolysed fumonisin B; (HFB;) occurs in nixtamalised corn products
and canned yellow corn, but usually at lower concentrations than FB;.

The primary amine group of fumonisins may easily react with reducing sugar upon heating,
originating from Maillard-type products. Among possible degradation products, only N-
(carboxymethyl)-fumonisin B; (NCM-FB;) and N-(1-deoxy-p-fructos-1-yl)-fumonisin B; (NDF-FB;) have
been detected in food and feed so far (Figure 3) (Humpf and Voss, 2004). These reactions have been
primarily shown for FB; and HFB; but all other fumonisins with a free primary amino group can react
in the same way. Recently, NDF derivatives of FB, and FBs; have been identified in corn samples
(Matsuo et al., 2015).

Fumonisins can also covalently bind to macromolecules such as starch and proteins via their two
reactive TCA side chains. These matrix-bound forms of fumonisins were first described and partially
characterised by Shier et al. (2000a,b) in model experiments with radiolabelled FB, (Shier, 2000; Resch
and Shier, 2000; Shier et al., 2000a,b), and were further characterised by Seefelder et al. (2003).

Such covalent binding has been described so far only for FB;, which is the most abundant
fumonisin in crops. However, due to the chemical similarity of FB; with other B-type fumonisins, the
formation of modified forms of FB, and FB; is very likely. Although these compounds have been
isolated and characterised in model systems, their direct determination in food as such is not possible,
as the covalently bound fumonisins have to be released first by chemical hydrolysis. Therefore, these
matrix-bound forms of fumonisins can be determined indirectly by quantifying free FB; 3 and HFB; 3
before and after chemical hydrolysis or after digestion of the macromolecules (Dall’Asta et al., 2010).
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NCM-FBy

(a) Formation of matrix-bound forms; (b) formation of hydrolysed (HFB,) and partially hydrolysed fumonisins B; (pHFB;); (c) N-alkylation with sugars (N-(carboxymethyl)-fumonisin By
(NCM-FB;), N-(1-deoxy-p-fructos-1-yl) fumonisin B; (NDF-FBy).

Figure 3: Process-derived modified fumonisins ’\O
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1.3.3.3. Hidden forms/Non-covalently bound fumonisins

While modified fumonisins have been isolated and structurally characterised, the presence of other
non-covalent forms of fumonisins have been assumed based on experimental observation, such as
poor recovery rates from different food matrices in interlaboratory studies (Dall’Asta et al., 2009b;
Bryfa et al., 2015). These forms have been already discussed by EFSA CONTAM Panel (2018).

Due to their chemical structure, which is highly prone to form hydrogen bonds as well as apolar
interactions, fumonisins may undergo non-covalent binding with macromolecules occurring in food
(e.g. starch, proteins, lipids, etc.). This gives rise to the formation of non-extractable, non-covalent
forms, often described as ‘hidden’ or ‘physically entrapped’ fumonisins. In the same context, the
extractable fraction is commonly referred to as ‘free fumonisins. Within this opinion, ‘hidden
fumonisins’ will be the term used for defining such non-covalent forms.

Due to the non-covalent nature of these non-specific interactions and the structural diversity of
such complexation, which can range from quite weak to very strong, such forms cannot be isolated
and chemically characterised.

Although the physicochemical nature of such interaction has not been fully described, data collected
so far indicate that biopolymers — preferentially amylose and amylopectine, but also proteins — may form
inclusion complexes with fumonisins. These complexes are stable under the routine extraction conditions,
but can be easily destroyed under in vitro digestion conditions, when biopolymers are enzymatically
degraded (Dall’Asta et al., 2010).

Such interactions have been indicated as responsible for the difficulties in obtaining comparable and
reproducible results using different analytical methods. Complexation may be disrupted during the
extraction process as a consequence of different experimental parameters (i.e. pH, solvents,
temperature, etc.). This will lead to the release of parent forms, and thus to changes in the final
recovery of analytes (Dall’Asta et al., 2009b). Moreover, it has been demonstrated that the instability of
fumonisins in stored analytical samples, and in particular spiked samples used in collaborative method
studies (Kim et al., 2002), may involve the formation of hidden fumonisins.

Unfortunately, current protocols for matrix macrocompounds disruption are based on alkaline
treatment, and cannot avoid the simultaneous hydrolysis of fumonisins. Therefore, as a result, hidden
fumonisins are determined indirectly as hydrolysed fumonisins, and not as parent compounds.

Data reported in the literature indicated that such forms can be related to the chemical composition
of maize hybrids, as well as to other environmental factors (Dall’Asta et al., 2012). In addition,
technological processes may affect the distribution ratio between extractable and non-extractable
fumonisins, mainly in consideration of starch-related phenomena (Bryta et al., 2015).

It has been demonstrated that matrix-fumonisin complexes can be destroyed by human digestive
enzymes in an artificial system, thus releasing the corresponding parent forms (Oomen et al., 2003;
Versantvoort et al., 2005; Dall'Asta et al., 2010). Indeed, enzymatic activity may induce the formation
of hidden forms which may significantly contribute to the overall fumonisins exposure. Therefore,
these should be considered to avoid underestimation of the exposure in risk assessment.

1.3.4. Methods of analysis
1.3.4.1. Fumonisins

The methods of analysis for fumonisins have been largely described by the EFSA CONTAM Panel (2018).

Group B fumonisins are soluble in water and polar solvents, and therefore, they can be extracted from
raw and processed materials with water/methanol or water/acetonitrile mixtures. As for other
mycotoxins, sample clean-up strategies may involve the use of SPE cartridges, as well as immunoaffinity.
columns (Hubner et al., 2012; Berthiller et al., 2014).

The analytical determination of fumonisins is usually carried out by reverse phase liquid
chromatography separation, using water/methanol or water/acetonitrile as elution solvents*(Moller/and
Gustavsson, 2000; Bartok et al., 2010b). Due to the lack of UV-absorbing or fluorescent chromophores,
measurement of fumonisins involves a derivatisation step with fluorescent labels, 'such as o-
phthaldialdehyde (OPA) (Wilkes and Sutherland, 1998; Arranz et al., 2004). Such/derivatisation is not
needed when liquid chromatography-mass spectrometry (LC-MS) methods are implemented.

These high-performance liquid chromatography coupled with fluorescence “detection (HPLC-FLD)
methods are still in use for routine purposes, but LC coupled to tandem mass ‘spectrometry (LC-MS/MS)
has over the last decade become the method of choice for fumonisin determination. Common procedures
are based on electrospray ionisation (ESI) in positive mode. The sensitivity is often very good, reaching
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the limit of quantification (LOQ) in the range 50-100 pg/kg for FB; and FB,. However, the inclusion of
fumonisins in multitoxin methods is still difficult, due to the different polarity and the increased matrix
effect, compared to other mycotoxins, i.e. trichothecenes. Therefore, such approaches often suffer from
poor recovery (< 60%) and lower accuracy for fumonisins, when compared to other analytes. Such
effects can be counteracted by using stable isotopic standards or matrix-matched calibration (Rychlik and
Asam, 2008; Varga et al., 2012).

Several tests, based on immunochemical detection, are available on the market for FBi s
determination. The limit of detection (LOD) for enzyme-linked immunosorbent assay (ELISA) kits is
usually in the range 25-50 pg FBs/kg, with specificity of 100% for FB; and FBs and of 40% for FB,.
Lateral flow devices have been developed for semiquantification in maize and show a limit of detection
in the range 0.3-3.0 mg FBs/kg feed.

1.3.4.2. Modified forms of fumonisins

Methods for analysing modified fumonisins are commonly based on two different approaches, i.e.
direct analysis, or indirect analysis obtained by alkaline hydrolysis or enzymatic digestion of the
sample. According to the selected strategies, the monitored final analyte may be different, and the
result may require a correction based on stoichiometric factors for the evaluation of the contamination
in terms of FBs. Since the calculation step may introduce an additional factor of uncertainty, this
should be considered in the exposure assessment procedure.

Direct methods
Phase I metabolites

Extraction and analysis methods for modified fumonisins are very similar to the parent compounds,
and therefore FB;_3, as well as HFB; 3 and other modified forms, are often determined within the same
chromatographic run. Historically, many protocols were based on HPLC-FLD with OPA derivatisation, as
already used for FBs. However, recent methods mainly involve mass spectrometry (MS) (De Girolamo
et al., 2014), and pHFB; 5 are less frequently measured because of their lower stability, although the
protocols in use are the same proposed for FB;_3 and HFB;_3.

Phase II metabolites

Phase II metabolites of fumonisins are often characterised by the conjugation with long-chain fatty
acids. These forms are, therefore, less polar than the parent compounds, and their co-extraction with
parent compounds can be challenging in terms of recovery and chromatographic separation. For this
reason, few studies are reported in the literature and the incidence of these forms compared to parent
compounds could be under- or over-estimated.

Fatty acid esters of FB; have been recently reported in rice and maize (Bartok et al., 2010a;
Falavigna et al., 2013). These rather apolar compounds are commonly extracted from the matrix using
water: methanol (25/75, v/v), then the sample is directly analysed by LC-MS/MS. Similar conditions
have been applied to the determination of N-acyl forms of fumonisins (Bartok et al., 2013b).

Process-derived forms

Process derived forms of fumonisins are mainly Maillard-type compounds that can be easily
extracted from the matrix under the same conditions applied for parent compounds.

The main N-alkyl-conjugates of fumonisins, NDF-FB; and NCM-FB,, are extracted with the same
methods used for FB;, mainly based on the use of water/methanol or water/acetonitrile mixture. The
clean-up step is usually avoided (Castelo et al., 2001; Seefelder et al., 2001, 2003; Voss et al., 2001).

Following the extraction, the analysis of modified fumonisins is almost exclusively based on LCG-MS/
MS. The separation is obtained on a C18 column, using 0.1% aqueous formic acid or acetic acid,and
methanol/water or acetonitrile/water as mobile phase, under positive ESI as an ionisation mode. ‘As
with the parent compounds, modified fumonisins determination suffers from matrix effect. Therefore,
the use of matrix-matched calibration or of isotopic standards (when available), is strongly fequired.

Indirect methods

Starting from the 1990s, it has been observed that performing alkaline hydrolysis of contaminated
corn products often leads to a higher amount of released hydrolysed fumonisins than that
stoichiometrically derived by the conversion of the fumonisins detectable by routine analytical
methods. This additional amount of FBs may be due to both non-covalently and covalently bound
fumonisins, although it is not possible to distinguish between the two.
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Under alkaline conditions, FB;_3 lose their side chains (TCAs) and, if the reaction is complete, they
can be fully recovered as HFB; 3. As sugar, starch, peptide or protein conjugates are also attached to
the side chains, fumonisins can be liberated by this treatment and measured (Dall’Asta et al., 2009a,
2010; Bryfa et al., 2014, 2015). However, although often used for total fumonisin determination, the
protocol may be easily affected by bias, especially when calculation is applied for obtaining free and
bound FB amounts (Dall’Asta et al., 2009b; Bryta et al., 2014, 2015).

The main drawback of this approach is the lack of information about the single modified forms
occurring in the samples, since all forms are detected as HFB; 3 and results are given as FB; 3
equivalents. Besides modified forms, under this approach non-covalently bound fumonisins are also
detected as HFB,_3, thus leading to additional difficulties in the estimation of exposure.

1.3.4.3. Hidden forms/non-covalently bound fumonisins

The term ‘hidden forms’ refers to the fraction of fumonisins associated with the matrix via strong
non-covalent interaction, and thus non-extractable. Such non-covalent interactions may be weakened
when matrix macrocompounds are disrupted, i.e. following protein denaturation, starch hydrolysis, etc.
Therefore, changes in extraction parameters such as pH, salts, temperature, particle size, etc.,, may
strongly affect the extractability of fumonisins.

To address this analytical issue, several approaches have been proposed, mainly based on the use of
strong chemical and/or enzymatic hydrolysis of the matrix. Alkaline hydrolysis, already discussed as an
indirect determination of modified forms, is actually the most widely used approach, in spite of possible
bias due to analytical difficulties (Dall’Asta et al., 2009b; Bryfa et al., 2013, 2014, 2015). In addition, the
enzymatic digestion of the matrix has been proposed by several authors (Dall’Asta et al., 2010; Bertuzzi
et al., 2016).

1.3.5. Legislation

Directive 2002/32/EC on undesirable substances in animal feed stipulates that rules on feedingstuffs
are needed to ensure agricultural productivity and sustainability and to ensure public and animal health
and animal welfare. Annex I of this Directive contains maximum levels of a number of undesirable
substances (chemical contaminants) that may be tolerated in products intended for use as animal
feed. Fumonisins are not regulated under this Directive.

Guidance values for fumonisins (fumonisins B; + B,) have been recommended under Commission
Recommendation 2016/1319/EC.? The guidance values are shown in Table 1. Currently, modified forms
of fumonisins are not considered in the legislation.

Table 1: Guidance values for fumonisins B; + B, in products intended for animal feed in the EU
(Commission Recommendation 2016/1319/EC)

Guidance value in mg/kg relative to a

Products intended for animal feed feedingstuff with a moisture content of 12%

Feed materials®

e  Maize by-products®™ 60
Compound feed for

e pigs, horses (Equidae), rabbits and pet animals 5
e fish 10
e poultry, calves (< 4 months), lambs and kids 20
e adult ruminants (> 4 months) and mink 50

(a): Particular attention has to be paid to cereals and cereals products fed directly to the animals that their use/in a‘daily ration
should not lead to the animal being exposed to a higher level of these mycotoxins than the corresponding levels of
exposure where only the complete feedingstuffs are used in a daily ration.

(b): The term ‘Maize and maize products’ includes not only the feed materials listed under heading 1 ‘Cereal.grains and products
derived thereof’ of the list of feed materials referred to in part C of the Annex to Regulation (EU) No 68/2013 but also other
feed materials derived from maize in particular maize forages and roughages.

2 Commission Recommendation (EU) 2016/1319 of 29 July 2016 amending Recommendation 2006/576/EC as regards
deoxynivalenol, zearalenone and ochratoxin A in pet food. OJ L 208, 2.8.2016, p. 58-60.
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2. Data and methodologies

2.1. Data

2.1.1. Feed occurrence data

Following an European Commission mandate to EFSA, a call for an annual collection of chemical
contaminant occurrence data in food and feed, including fumonisins, was issued by the former EFSA
Dietary and Chemical Monitoring Unit (now DATA Unit)® in December 2010 with a closing date of 1
October of each year. The data submissions to EFSA followed the requirements of the EFSA Guidance
on Standard Sample Description for Food and Feed (EFSA, 2010a); occurrence data were managed
following the EFSA standard operational procedures (SOPs) on ‘Data collection and validation” and
‘Data analysis and reporting”. By the end of July 2017, a total of 18,273 analytical results from 8,057
samples on fumonisins in feed were available in the EFSA database. Data received after that date were
not included in the data set used to estimate dietary exposure. No data on the modified forms of
fumonisins were available in the EFSA Chemical Occurrence database.

Following the EFSA SOP on ‘Data analysis and reporting’ to guarantee an appropriate quality of the
data used in the exposure assessment, the initial data set was carefully evaluated applying several
data cleaning and validation steps. Special attention was paid to different parameters such as
‘Sampling strategy’, ‘Sampling year’, ‘Sampling country’, ‘Analytical methods’ and the ‘Reporting unit’.
Feeds were classified based on the catalogue of feed materials specified in the Commission Regulation
(EU) No 68/2013%.

Analytical results were reported either on a whole weight basis or with a dry matter (DM) content
of 88%. Before estimating dietary exposure, all results were converted into 88% DM mg/kg. For those
samples expressed on whole weight basis, the moisture content was used to convert the analytical
result into 88% DM; when the moisture content was missing, whenever possible, the moisture content
was estimated from reported values (see Section 3.2.2).

In analysing the occurrence data of fumonisins, the left-censored data (results below LOD or below
LOQ>) were treated by the substitution method as recommended in the ‘Principles and Methods for the
Risk Assessment of Chemicals in Food” (WHO/IPCS, 2009) and in the EFSA scientific report
‘Management of left-censored data in dietary exposure assessment of chemical substances’ (EFSA,
2010b). The guidance suggests that the lower bound (LB) and upper bound (UB) approach should be
used for 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)/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.

According to the previous studies reported in the literature, hidden fumonisins contribute to the
overall fumonisins occurrence for an additional amount ranging from 40% to 70% of the parent
compounds, and in a few cases may reach an additional 100% (See Appendix D). In maize, the
presence of hidden fumonisins is influenced by the growing season, the genotype, and on the
processing (Dall’Asta and Battilani, 2016). As a general observation, the ratio of modified fumonisins is
higher when the overall contamination is low, while it is lower in highly contaminated samples
(Dall'Asta and Battilani, 2016). Although this percentage can vary depending on the processing,
different factors cannot be derived for single products, due to the lack of sufficient data from the
literature.

Therefore, the CONTAM Panel agreed that the exposure assessment would be performed assuming
an additional contribution of 60% with respect to the parent compound.

2.1.2. Feed consumption data

Fumonisins and their modified forms are predominantly found in cereal crops, cereal grains and by-
products of cereal processing and the highest levels are generally reported in maize'grains and maize

3 From 1 January 2014 onwards, Evidence Management Unit (DATA).

4 Commission Regulation (EU) No 68/2013 of 16 January 2013 on the Catalogue of feed materials.0J L 29, 16.1.2013, p. 1-64.

5> The LOD can be defined as the lowest concentration level that can be determined tosbe statistically different from a blank.
Similarly, the LOQ is the minimum concentration or mass of the analyte that can be’ quantified with acceptable accuracy and
precision (Keith et al., 1983. Principles of environmental analysis, Analytical Chemistry 55 (14), 2210-2218).
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by-products. Cereals and their by-products are widely used as feed for livestock, almost all of which
(> 95%) are grown or produced in the EU.°

Forages are also important constituents of livestock diets (principally for ruminants and horses),
and frequently are the sole feed. Since fumonisins and modified forms have been identified in certain
forages — and particularly maize silage — estimates of intake of forages are also required to assess
likely exposure.

In this opinion, two approaches have been adopted to estimate exposure to fumonisins and its
modified forms. For many livestock in the EU, part or all of the daily ration is provided in the form of
manufactured compound feeds, and where data on levels of fumonisins in species-specific compound
feeds’ are available these have been used to estimate exposure. Since compound feeds represent the
complete diet for many livestock, this is the preferred method of calculating exposure. However, for
some livestock categories, information on levels in compound feeds has not been given, or insufficient
data have been provided to allow reliable estimates of exposure to be made, and for these, the
occurrence data on individual feed materials have been used, together with example diets
(Appendix C) to estimate exposure. It should be stressed that these do not represent ‘average’ diets,
nor are the feeding systems ‘typical’ for all of Europe. Instead, they are used to estimate levels of
exposure to fumonisins and their modified forms that might be indicative. They are based on published
guidelines on nutrition and feeding (AFRC, 1993; Carabano and Piquer, 1998; NRC, 2007a,b; Leeson
and Summers, 2008; McDonald et al.,, 2011; EFSA FEEDAP Panel, 2012; OECD, 2013) and expert
knowledge of production systems in Europe. Details of the rations used and live weights assumed are
given in Appendix C.

2.1.3. Toxicokinetic and toxicological data
Data were obtained from the scientific literature as described in 2.2.2.

2.2. Methodologies

2.2.1. Use of default value for Fumonisins, modified forms and hidden forms
included in the assessment

2.2.1.1. Modified forms

As described in Section 1.3.1 (Fumonisins, modified forms and hidden forms considered in this
opinion) FB; 3 as parent forms, modified forms of fumonisins and hidden forms of fumonisins have
been included in the assessment, according to the available occurrence data.

Due to the lack of information on their toxicity, the CONTAM Panel was unable to derive any
relative potency factor (RPF) for modified fumonisins (EFSA CONTAM Panel, 2018).

In consideration of the lack of occurrence data for modified forms of fumonisins in the EFSA
database, and since studies from the literature indicate a low occurrence (less than 10%) of these
forms compared to the parent compounds, modified forms of FB; 3 were not included in the exposure
assessment.

FB; was not considered in this opinion since it occurs mainly in grapes, which is not a major
feedstuff. In addition, data on the occurrence, toxicity and toxicokinetics (TK) could not be identified
for FBj4.

2.2.1.2. Hidden forms

As discussed in Section 1.3.3.3, hidden fumonisins may be available after digestion along with‘the
parent compounds, thus increasing the total fumonisin exposure.

Although the proportion of hidden fumonisins may vary depending on the food processydifferent
factors cannot be derived for different matrices due to the lack of appropriate information.

Based on the data from the literature and in agreement with the previous assessment. (EFSA
CONTAM Panel, 2014), an additional factor of 60% was applied for hidden fumonisins to the
occurrence of parent compounds in feed. Therefore, two exposure scenarios were calculated, one for
the parent fumonisins (FB; + FB, + FB3) and one increased by a factor of 60% to take into account
the contribution of hidden fumonisins.

6 Source: FEFAC Feed and Food Statistical Yearbook 2014. Available online: www.fefac.€u
7 Complete and complementary feedingstuffs.
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2.2.2. Methodology for data collection and study appraisal

In 2015, the CONTAM Panel received from European Commission the mandate for an assessment
of the risk to animal health of fumonisins and their modified forms. In addition, a mandate was
received to assess whether it is appropriate and feasible to set a group HBGV for fumonisin B; and B,
and their modified forms identified in the CONTAM opinion on the risks for human health related to the
presence of modified forms of certain mycotoxins in food and feed (EFSA CONTAM Panel, 2018), and
to consider, if relevant, the appropriateness to use the parent compounds as a marker for presence
and toxicity of fumonisin B; and B, and their modified forms.

A call for a literature search and review was launched in March 2016 within the Framework
Contract (FWC) No OC/EFSA/AMU/2014/01 Lot 2 Chemical/toxicological — FWC 6 with the aim of
identifying and collecting relevant literature related to fumonisins and their modified forms to support
preparatory work for the present opinion and that on HBGVs (EFSA CONTAM Panel, 2018). A final
project report was delivered in November 2016 and published on 23 February 2018, together with the
opinion on HBGVs for fumonisins (EFSA CONTAM Panel, 2018; NFI-DTU, 2018). Briefly, nine search
strings were designed to identify potentially relevant studies and after removal of duplicates and
applying inclusion/exclusion criteria (as described in NFI-DTU, 2018) potentially relevant references
were identified. Papers published in the period from 1/1/2000 (the year of publication of the SCF
opinion) until 21/7/2016 were considered (except for adverse effects in farm and companion animals
where the starting date was 1/1/1980). The total number of publications identified, and the humber of
publications identified as potentially relevant for each of the scientific areas, were: Chemistry and
analysis (4,456/532), toxicokinetics (2,262/114), mode of action (1,649/273), in vivo toxicity (3,555/
87), in vitro toxicity (1,632/138), observations in humans (2,424/38), adverse effects in farm and
companion animals (5,087/270), occurrence in food (3,284/709) and occurrence in feed and animal
exposure (3,283/270). The report contains as an annex all abstracts screened together with an
evaluation of their relevance and the corner points of the individual publications.

The abstracts proposed as potentially relevant in the report were then screened by the working
group (WG) members and, by applying expert judgement, were used in the assessment if considered
relevant for animal risk assessment.

Since a series of previous assessments of either EFSA or other scientific bodies were available
(IARC, 1993, 2002; SCF, 2000, 2003; FAO/WHO 2001, 2012; EFSA, 2005; EFSA CONTAM Panel, 2014,
2018), these were also considered for the present assessment. Whenever necessary, original
publications referenced in these previous assessments were retrieved.

In addition to the systematic search and the use of previous evaluations for retrieval of relevant
literature, a ‘forward snowballing’ approach® was applied by all WG members in order to obtain any
relevant information published up to 1 October 2017.

2.2.3. Methodologies for dietary exposure assessment in animals

Exposure to fumonisin by livestock is a function of its concentration in their diets and the amount of
the diet consumed. In the absence of a comprehensive database on the amounts or types of feed
consumed by livestock in the EU, estimates of feed consumed for each of the main categories of
farmed livestock and companion animals are based on published guidelines on nutrition (e.g. Carabano
and Piquer, 1998; NRC, 2007a,b; Leeson and Summers, 2008; McDonald et al., 2011; EFSA FEEDAP
Panel, 2012; OECD, 2013), together with expert knowledge of production systems in Europe.

For many farmed livestock and companion animals, their nutritional requirements are provided in
commercially manufactured complete (compound) feeds. Where sufficient (reliable) data on .the
concentrations of fumonisins in compound feeds have been provided, these have been used\to
estimate exposure. However, where insufficient compound feed data were available, the CONTAM
Panel identified example diets and feed inclusion rates, and used concentrations of fumonisin“in
individual feed materials to estimate P95 and mean exposure both LB and UB. Details of the intakes
and composition of diets used in estimating animal exposure to fumonisins are given in Appendix C.

8 Identifying articles that have been cited in articles found in a search.
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2.2.4. Methodology applied for risk assessment

The CONTAM Panel applied the general principles of the risk assessment process for chemicals in
food as described by WHO/IPCS (2009), which include hazard identification and characterisation,
exposure assessment and risk characterisation. The principles described by WHO/IPCS (2009) and
EFSA guidances pertaining to risk assessment have been applied for the present assessment. For
details on the specific EFSA guidances applied, see Appendix A.

3. Assessment
3.1. Hazard identification and characterisation

3.1.1. Toxicokinetics
3.1.1.1. Fumonisins

The absorption, distribution, metabolism and excretion, (ADME) of fumonisins was reviewed by
EFSA in 2005 (EFSA, 2005) and, more recently in 2018 (EFSA CONTAM Panel, 2018), in an opinion
addressing the appropriateness to set an HBGV for fumonisins and their modified forms in humans.

Based on a limited data set in laboratory species, farm animals and humans, it was concluded that,
upon oral exposure, fumonisins display a limited bioavailability (3-6%) and exhibit peak plasma levels
a few hours after the exposure. The poor bioavailability is mainly due a very limited absorption rate, as
confirmed by in vivo investigations with the labelled toxin and in vitro studies using differentiated
Caco-2 cells, an established model of human enteric absorption.

Once absorbed, fumonisins are rapidly cleared from the systemic circulation with half-lives of few
hours. Although relatively higher concentrations are usually detected in the liver and kidney, no specific
target tissues for fumonisins accumulation have been found.

Overall, fumonisins are known to be biotransformed to a limited extent in mammalian species. The
first step entails the hydrolysis of the ester groups yielding two metabolites of pHFB; (also referred to
as aminopolyols) and HFB;. The generation of HFB; is of note due to the higher lipid solubility (and
hence potential bioavailability) of this metabolite compared to FB; (Humpf et al., 1998). Accordingly,
an in vitro study performed with differentiated Caco-2 cells, HFB;, but not FB;, was able to cross the
epithelial cell barrier and its absorption appeared to be regulated by the drug transporter P-gp (De
Angelis et al., 2005).

Most of the hydrolytic reactions appear to be carried out by microorganisms occurring in the lower
enteric tract. Unlike studies with chyme suspensions, a number of in vitro experiments conducted with
primary cell cultures and/or tissue subfractions failed to detect any hydrolysed derivatives or other
metabolites following the incubation of the parent compounds. This notwithstanding, the incubation of
clofibrate-induced® pig liver microsomes with 2-100 uM FB; has been reported to generate a type I
spectrum upon ultraviolet-visible (UV-vis) absorption spectroscopy, indicating that the toxin may be a
substrate of CYP4A with an affinity of around 5 uM; a putative hydroxylated metabolite distinct from
the hydrolysed ones was tentatively identified (Marvasi et al., 2006).

Despite the scant information concerning the role of drug transporters and tissue biotransformation
enzymes in fumonisins kinetics, it has been reported that both may be modulated by fumonisins. The
modulation of biotransformation enzymes has been recently reviewed by Wang et al. (2016) and Wen
et al. (2016). For example, the intraperitoneal (i.p.) administration of FB; (0.125, 0.25, 2.5 mg/kg bw
per day for 6 days) was documented to upregulate CYP1A and CYP4A in rat liver (Martinez-Larranaga
et al., 1996). In addition, the oral administration of 0, 5, 15 and 45 mg FB;/day to ducks over 12 days
resulted in the increase in a number of hepatic CYP-mediated biotransformations (mainly CYP3A) even
at the lowest dose, while phase II enzymes were less affected (Raynal et al., 2001). More, recently
(Antonissen et al., 2017), a trial was conducted on broiler chickens which were offered for,15'days a
diet containing FBs at levels approaching the EU guidance ones (20 mg/kg). Treated animals showed
an almost 25-fold increase in jejunum CYP1A4, an isoform which is orthologous to“mammalian
CYP1A1; at the same time, a threefold increase in MDR1/ABCB1 (P-gp) expression ‘was also noticed.
Interestingly, birds exposed to same dosages revealed minor but detectable changes in enrofloxacin
kinetic parameters following an oral bolus administration of the drug. Althodgh theveffects of FBs on

9 Clofibrate is a typical CYP4A inducer and peroxisome proliferator in mammalian species; @YP4A metabolizes mainly fatty acids
at their omega carbon.
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biotransformation enzymes and drug transporters have not been thoroughly investigated, there is the
potential for the alteration of the kinetics of xenobiotics that are substrates of the affected enzymes/
drug transporters.

A further metabolic pathway, i.e. the N-acylation of the hydrolysed forms at the primary amino
group with fatty acids of various chain length, has been documented in cell lines and in rodents, but
not in livestock or companion species; the in vivo formation of N-acyl-FB; has been also demonstrated
in rats. It is generally accepted that the N-acylation reactions are carried out by tissue ceramide
synthase. The main metabolic pathways of fumonisins are depicted in Figure 4.
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Figure 4: Metabolic pathways of fumonisins
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Biliary excretion of FBs has been documented in a number of species, followed by enterohepatic
circulation. Urinary excretion has been reported as a minor route, fumonisins being primarily excreted
via the faecal route.

No data on fumonisin biotransformations are available for avian species and no information on
fumonisin kinetics could be identified for companion animals, horses, rabbits, farmed mink and fish.

Appreciable interspecies differences in fumonisin TK have been reported (see Section 3.1.1.2).
However, due to a limited data set, a link between such differences, the various peculiar syndromes
occurring in farm animals and species sensitivity has not yet been established. Although contrasting
results have been reported in rats (reviewed in Wang et al., 2016), the majority of the available in vivo
studies carried out in laboratory species point to a lower toxicological significance of FB metabolites
(mainly HFB;) vs the unmodified toxins. There is a limited knowledge concerning food producing
species. Based on plasma and liver Sa/So ratios, liver and enteric morphology, and cytokine
expression, a much lower effect of HFB; compared to FB; was documented in piglets fed a diet
contaminated compound feed at a concentration of approximately 37-44 mg/kg for 14 days (Grenier
et al.,, 2012). More recently, the toxic effects of FB; or HFB; were compared in turkeys and piglets
(Masching et al., 2016). Animals were offered a contaminated diet in the presence or absence of a
commercial carboxylesterase, which was intended to cleave FB; into its hydrolysed metabolites. As
expected, marked reductions in FB; content and a parallel rise in HFB; concentration were detected in
the excreta of animals receiving the carboxylesterase fortified diet; this finding was matched by a
significant reduction in the Sa/So ratio which was taken as a biomarker of FB; toxicity. Although the
study was not performed with the purified metabolite, the results reinforce the view that FBs
hydrolysis should be considered as a detoxification mechanism.

3.1.1.2. Species-related kinetics
Ruminants
Cattle

According to Smith and Thakur (1996) and Caloni et al. (2000), using an artificial model of a cow’s
rumen, a very limited decline (9-12%) in the amount of measurable fumonisins was observed after up
to 72 h incubation, and it was not possible to detect any hydrolysed metabolic derivative. A limited
degradation (8-10%) of FB; was also reported by Gurung et al. (1999) following incubation of 50 or
100 mg FB;/kg in ruminal fluid.

Cattle hepatic microsomes were incubated with FB; (7, 14 or 28 uM) for up to 60 min in the presence
of an NADPH-generating system and the incubates were analysed for the presence of FB;, pHFB; and
HFB; by HPLC. Neither an appreciable decrease in the parent molecule concentration nor the
appearance of measurable amounts of the examined metabolites could be detected (Spotti et al., 2001).

To gain insight into the excretion of FB; in milk, in vitro experiments were carried out with the
isolated and perfused udder (Spotti et al., 2001). For each udder (n = 3), 2 mg of FB; were injected in
the perfusion blood of a pair of quarters to reach a concentration of 400 ng/mL, while the other two
were left untreated. The concentration of FB; was measured in both serum and milk samples at 0, 30,
60, 120 and 150 min after dosing. At the end of the monitoring period, serum FB; concentrations were
about the half of those measured after 30 min, with no appreciable binding to erythrocytes.
Measurable levels of FB; (up to around 20 ng/mL) were found in milk samples. The authors concluded
that FB, is able to cross the mammary barrier but did not provide evidence of the mycotoxin fate in
the udder tissue.

In a study specifically designed to set up analytical methods to measure FB; and metabolites in
feeding stuffs and animal excreta (Rice and Ross, 1994), cattle (gender, breed and trial duration not
reported) were administered with a diet containing 200 or 400 mg FBi/kg (n = 5/dose). Faecal, and
urine samples (sampling time not specified) were collected and analysed by HPLC for the presence»of
FB; and the sum of pHFB; and HFB; (the latter only in faeces). Faeces were found to contain” FB;
(1-6 mg/kg) and a higher amount of pHFB; + HFB; (14 mg/kg), whereas a lower concentration of FB;
(0.1-0.7 mg/kg) was measured in urine. For comparison, the dietary exposure of rats to a“higher FB;
concentration (1,000 mg/kg) resulted instead in a prevalent faecal excretion of the parent compound
with respect to pHFB; + HFB; (530 vs 282 mg/kg) and in urine FB; concentrations,of the same order
of magnitude as those reported for cattle. The study suggests that, upen oral exposure of cattle, FB;
is largely excreted via the faecal route and to a lesser extent via urinej.faeces also contain a
measurable amounts of hydrolysed metabolites.
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Prelusky and collaborators (1995) investigated FB; kinetics in four dairy cows (452-630 kg bw,
unspecified breed) following either i.v. dosing (50 or 200 pg/kg bw) or oral gavage (1 or 5 mg/kg bw).
Both FB; (LOD = 4 ng/mL) and HFB; (aminopentol) (LOD = 8 ng/mL) were assayed in plasma using
an HPLC technique with fluorescence detection. Data from the i.v. administration best fitted a two-
compartment model, with similar values irrespective of the dose. There was a very rapid distribution
phase (ty, o ~ 2 min) and a slower but still rapid elimination phase (t,, p 15-18 min) with the parent
compound and the metabolite being no longer detectable 120 min after dosing. Similar and relatively
low values also occurred for the volume of distribution (V4 ~ 0.25 L/kg) pointing to a prevalent
presence of the toxin in the extracellular compartments before being excreted. Whatever the dosage,
no measurable amounts of either compound were recovered in plasma from orally exposed animals.
The authors concluded that a low absorption and/or a very efficient pre-systemic metabolism might
explain the observed results.

Sheep

The temporarily isolated rumen model is an experimental technique performed in living animals to
assess both the ruminal metabolism and the systemic absorption across ruminal walls of a given
molecule. Applying this technique to Texel wethers (N = 3, average weight 65 kg), no ruminal
degradation of FB; (1 pg/mL) or systemic absorption could be demonstrated (Pantaya et al., 2014).

The only paper identified dealing with the in vivo TK of FB; in sheep is the study of Rice and Ross
(1994). Sheep (gender, breed, sampling time and trial duration not reported) were exposed to a diet
containing 50 mg FB;/kg (n = 5/dose). The proportion of FB;/pHFB; + HFB; recovered in faeces
(6/10 pg/g) and the urinary levels (0.1-3.8 ug/g) were of the same orders of magnitude as those
reported for cattle.

Goats

Eight weanling female Angora goats (15 + 2.1 kg bw) were randomly allotted to a control group
(<1 mg/g FB;) and a treated group receiving a contaminated diet (95 mg of FBi/kg diet) for
112 days, with four goats per diet (Gurung et al., 1998). Using an HPLC method with a low sensitivity
(LOD 1 mg/kg), an average daily consumption of 45 + 4 mg FB; could be estimated for the whole
trial. Only 21 4+ 4 mg FB; (47%) of the daily ingested toxin was excreted as such in faeces during the
last 7 days trial; in addition, no FB; residues > LOD could be detected in the liver, kidneys or hearts of
the treated animals (metabolites not determined). Taken together, these results point to an extensive
biotransformation of the toxin, but no indication about FB; bioavailability could be derived.

In conclusion, there is scant information on the kinetics of fumonisins in ruminants, and all what is
known refers to FB;. The available data indicate a very limited bioavailability of the toxin per se, along
with an extensive biotransformation to HFB; and pHFB;. The in vitro data would exclude the
substantial involvement of either the ruminal microbiota or microsomal liver drug metabolising
enzymes in the generation of the hydrolysed derivatives. Both the parent compound and the
hydrolysed metabolites are mainly eliminated via the faeces, the urinary route representing only a
minor excretion pathway. Excretion in milk has been investigated and documented in cows only.

Pigs

To study the in vitro metabolism of FB; in pigs, cecal chyme suspensions were incubated
anaerobically with 5 uM FB; up to 72 h. Samples were collected at 12 h intervals and analysed for the
presence of FBy, pHFB; and HFB; with LC-MS. A very low amount of HFB; was detected at each time
point, overall accounting for less than 1% conversion of the parent molecule. By contrast, a negative
correlation was found between FB; and pHFB; concentrations at the different sampling times; ovetrall,
the conversion of FB; into the measured metabolites amounted to about 50%. It was concluded that
under in vitro conditions, a significant portion of FB; is biotransformed into its hydrolysed derivatives
(Fodor et al., 2007).

A previous evaluation (EFSA, 2005) reported a study in which the kinetics of *C-EB; was
investigated in pigs after i.v. (0.40 mg/kg bw) or oral (intragastricc 0.50 mg/kg “bw) single
administration. After i.v. dosing, a tri-exponential concentration-time profile was, observed, with
apparent plasma half-lives of 2.2 min (ti, o), 10.5 min (t,, B), and 192 min (t., ¥), respectively. The
latter was assumed to reflect a significant enterohepatic re-circulation. Biliary recovery was 70.8% of
the administered dose, while 3 days after treatment 21.2% and 58.3% of the administered FB;, were
found in urine and faeces, respectively. Based on plasma and .excretion data, FB; systemic
bioavailability in orally exposed pigs was estimated to be very limited (3-4%). No FB; residues
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(LOD = 1 mg/kg) were found in milk from sows exposed to a diet containing 100 or 200 mg FB;/kg
for 14 days (Becker et al., 1995).

Meyer et al. (2003) investigated the tissue distribution of FB; in 13 weaned castrated pigs
(12-14 kg bw, breed and age not mentioned) exposed to a diet contaminated by
Fusarium verticillioides fungal culture to ensure a daily intake of 100 mg FB;/head. Five individuals
died during the treatment. Six of the remaining animals were sacrificed after 5 days, while the two
remaining (living) animals were euthanised after 10 days of treatment. The amount of FB; was
determined by a LC-MS analysis on plasma, bile and samples of lungs, liver, bile, kidney, brain, spleen,
pancreas, heart, eye, muscle (m. longissimus dorsi, m. biceps femoris and m. psoas major),
subcutaneous and abdominal fat. On average, FB; content was highest in kidneys (1,530 pg/kg)
followed by spleen (1,020 ug/kg), liver (379 nug/kg) and lungs (204 ng/kg). Taken together, muscles
were found to contain 43 pg/kg and fat 6 pg/kg. Relatively high levels (384 pg/kg) were recovered in
the bile, likely indicating the occurrence of an important enterohepatic cycling.

Distribution and elimination of fumonisins in tissues was investigated in weaned barrows (breed not
specified, 12-14 kg bw) (Fodor et al., 2006). Piglets (N = 10) received a diet containing F. verticillioides
fungal culture to provide a daily intake of 50 mg FB;, 20 mg FB,, and 5 mg FBs per animal for 22 days,
corresponding to 2.2, 0.88 and 0.22 mg FB,, FB, or FB3/kg bw, respectively. Total collection of quantity
of faeces and urine was undertaken for 5 days, i.e. between days 13 and 17 of the treatment period. At
the end of the trial, animals were necropsied and samples of liver, lungs, kidney, brain, spleen, heart,
muscle longissimus dorsi and psoas, abdominal and subcutaneous fat, as well as bile, were collected. All
samples were analysed for FB; and FB, by a LC-MS method. Tissue levels of FB; were in the order liver
(99 £ 37 ug/kg) > kidney (31 & 10 pg/kg) > myocardium ~ spleen (7-9 pg/kg) > lung (about 3 ng/
kg). No appreciable levels were detected in brain and muscles or in fat. Measurable levels of FB, could
only be found in livers, lungs and fat from some animals in very low concentrations, with an estimated
ratio of 1:19 with FB;. As regards excretion, only bile samples from 1 out of 10 individuals were found
to contain measurable FB; levels. During the 5-day test collection, faecal excretion of FB; largely
outweighed that in urine, being on average 28.2 mg vs 4.5 mg. In the same period, it could be
calculated that only 13% of the ingested FB; was eliminated, faecal and urinary excretion amounting to
86% and 14%, respectively. By contrast, the extent of the excretion of FB, appeared to be much less
pronounced since concentrations of 1/9 and 1/14 with respect to those of FB; were measured in urine
and faces, respectively. Overall, due to the large discrepancy between the amount of the ingested toxin
and that recovered in the excreta, the results point to an extensive biotransformation of FB; and FB,.

To address this issue, a further study was designed involving sixteen weaned barrows (Hungarian
Large White, 12-14 kg bw) (Fodor et al., 2008). For the assessment of FB; absorption, as calculated
from the Cr-FB; ratio in feed, piglets were offered a Cr,Os-fortified diet containing F. verticillioides
fungal culture to provide a concentration of 45 mg FB,/kg (36.6 + 6.5 mg/day), 8.6 mg FB,/kg and
4.6 mg FBs/animal for 10 days, respectively. Half of the experimental animals (five treated and three
controls) were sacrificed at the end of the trial, while the remaining were killed 10 days after
treatment cessation. A special T-cannula was implanted into the distal part of the ileum to allow for
the determination of FB; absorption from the Cr-fortified feed. During the whole 10-day treatment
faeces and urines were quantitatively collected and samples of chymus and of the same tissues as
described in the previous paper (Fodor et al.,, 2006) were taken. The amounts of FB;, FB, and the
hydrolysed metabolites pHFB; and HFB; were determined by a GC-MS method. On average, it could
be calculated that the amount of the absorbed FB; over the treatment was of 4%. It could also be
estimated that in the colonic chymus the conversion rate of FB; into pHFB; and HFB; amounted to
3.9% and 1%, respectively. At the end of the treatment, all examined organs contained measurable
amounts of FB; and FB,, the latter being present at much lower concentrations in all tissues
but muscles, where FB, levels were of the same order of magnitude. As regards FBj,uliver
(17.4 £+ 1.7 ug/kg) and kidney (9.9 4 0.3 ng/kg) exhibited the highest values, but remarkable levels
could also be found in m. longissimus dorsi (11.2 + 1.2 pg/kg) and m. psoas major (4.75 4 1.5 nug/kg).
Besides FB,;, both metabolites were consistently recorded, with HFB; levels being similar of lower than
those of pHFB; in most tissues but the kidney. Overall, taking into account the levels of FB; and its
hydrolysed metabolites recovered in the examined organs after 10-day of exposure, 50% was made by
the parent compound while HFB; and pHFB; accounted for 30% and 20%, respectively. After comparing
these results with those from the colonic chymus, the authors concluded that the hydrolysed metabolites
are also likely to be generated in the proximal enteric tracts, where a significant'absorption may occur. Of
note, measurable levels (ug/kg) of both FB; and HFB; were still detected in,most of the organs 10 days
after treatment.
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In the same study, during the 10-day feeding period, about 360 mg FB; was calculated to be
ingested by piglets; of this, during the toxin exposure and the 10-day recovery period, 69% (247 mg)
appeared in the excreta as the sum of the parent compound and its hydrolysed metabolites. The faecal
route accounted for the majority of the eliminated toxins (98.5%), with 41% as FB;, 47% as pHFB;,
and 12% as HFB;. Conversely, only a very limited amount (1.5%) of the ingested toxins appeared in
urine during the entire trial, and in this case about one-third was represented by the parent compound,
the remaining being pHFB; (~ 20%), and HFB; (~ 15%). As regards FB,, 23% of the ingested toxin was
eliminated via the faeces and only 0.6% via the urine. On the whole, results from this study are
consistent with a low absorption and an extensive biotransformation of FB; to pHFB; and to a lesser
extent HFB;, both of which may be detected in tissues even after treatment cessation.

The kinetics of FB; in blood and excreta was investigated with an HPLC method in four 8-week-old
weaned pigs (Landrace x Large White x Duroc, average weight 25 kg) exposed to a single oral dose
(gavage) of culture material of F verticillioides containing 5 mg FB;/kg bw'® (Dilkin et al., 2010).
Samples of blood were taken at 1 h interval up to 6 h and at 12 h intervals up to 60 h. Urine and
faeces were collected up to 72 and 96 h from dosing, respectively. Bile samples were not collected. The
toxin was rapidly absorbed, as reflected by the occurrence of measurable plasma levels as early as 1 h
post-dosing (average 125 + 13! ng/mL). FB; concentrations plateaued at 2 h (average 282 + 38 ng/mL)
and rapidly declined so that detectable levels could be measured in 2/4 animals and in 0/4 animals 36 and
48 h after treatment, respectively. A significant amount of the toxin (average 551 + 117 pg'?) was
excreted in urines within 8 h of FB; administration, and a similar amount (average 561 4+ 102 ng) occurred
within 24 h. On the whole, a very limited amount of the administered toxin was detected in urine (0.93%)
while approximately 76.5% of FB; was measured in faeces. According to the authors, the unaccounted
fraction in faeces could be due to a limited absorption rate, an intense enterohepatic circulation and
biotransformation to FB; hydrolysed derivatives.

In summary, the studies published since the previous EFSA evaluations (EFSA CONTAM Panel,
2014) do not modify the earlier conclusions on FB; kinetics in pigs, and indicate a very limited oral
bioavailability followed by a rapid tissue distribution and an extensive biotransformation into pHFB; and
HFB;. Both metabolites are also detectable in tissues. This suggests that the generation of pHFB; and
HFB; could not only occur in the distal enteric tract but might also take place in the proximal tract,
where a higher absorption rate may be expected. Both the parent compound and its hydrolysed
metabolites tend to accumulate in liver and kidney, while conflicting results are reported for muscles.
Measurable levels of FB; and HFB; (ug/kg) may be detected several days after treatment cessation.
The faecal excretion largely outweighs the urinary one, while the extent of biliary excretion might vary
according to the dose and the duration of the exposure.

Very little is known about FB, kinetics. No evidence has been identified of a higher bioavailability
compared to FB;. Both the urinary and faecal excretion, as well as tissue deposition, appears to be
much lower than that displayed by FB;, pointing to a high rate of biotransformation of FB, into
hydrolysed and possibly other metabolites.

Poultry

The TK of FB; in avian species has been recently reviewed by Guerre (2015).

Little is known concerning fumonisin ADME in chickens. In the only report found (Vudathala et al.,
1994), the kinetics of *C-FB; (2 mg/kg bw) was investigated in 30-week-old White Leghorn laying
hens (1.3-1.7 kg bw) following i.v. or oral administration. After 24 h, animals were sacrificed and in
the i.v. study, the kinetics was described as bi-exponential with a very rapid equilibrium (t;;
o = 2.5 min) and a short t;,; B (40-69 min), which is consistent with a very low V4 (0.063-0.125,L/kg)
and a rapid clearance of the toxin, which was present in the systemic circulation as largely unbound.
Following the oral exposure, Cax Was reached at 1.5-2.5 h in different birds with plasma levels'in the
range 28-103 ng/FB; equivalents; no radioactivity was detected in the 24 h plasma sample. The
estimated bioavailability was 0.71 4 0.5%, indicating a very limited systemic absorption: The largest
fraction of the administered dose (80%) appeared in the excreta collected between 2 and 6 h post-
dosing; excretion was virtually completed after 24 h from toxin administration. Besides”crop and
intestine, liver and kidney were the only organs with measurable levels of radioactivity; no radioactivity
could be measured in eggs.

10" According to the authors, this dose corresponded to 83 mg FB,/kg feed.
11 Mean + SD.
12 As such in the paper.
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It was concluded that, in laying hens exposed to a single oral dose, FB; is poorly absorbed and
quickly eliminated, giving rise to negligible residues in edible tissues and eggs.

In a more recent paper (Antonissen et al., 2015a), six 24-day-old Ross broiler chickens were
administered 1.91 mg FB;/kg bw and 0.59 mg FB,/kg bw as a single intracrop administration. Blood
was collected at 10 min intervals up to 60 min and at 240 min and plasma FB; levels were quantified
by a LC-MS/MS method. The dose was calculated according to the EU guidance levels for fumonisins
in poultry feed (20 mg/kg for the sum of FB; + FB,) and a feed consumption of 125 g/kg bw.
Relatively low peak levels (about 35 pg/L) were reached after 20 min, indicating a rapid but limited
absorption rate. In addition, chicks exhibited elimination half-life (t;/,ef 106 min) and mean residence
time (MRT 165 min) values consistent with a rapid elimination.

Turkeys

Very little is known about fumonisin TK in turkeys. In the only paper that could be identified, Tardieu
et al. (2008) investigated the comparative (i.v. vs oral) FB; TK in 1-week-old BUT9 male turkeys. For
i.v. studies, eight individuals were dosed with 10 mg FB;/kg bw and blood samples were taken at
different intervals up to 2,000 min after treatment. For studies using the oral route, further eight
animals received a single dose of 100 mg FB;/kg bw and blood sampling was performed at 30-60 min
intervals up to 600 min after dosing. Plasma and tissue levels of FB; were measured by an HPLC
method (fluorescence detector, LOD 13 pg/kg). Data after i.v. dosing were best fitted to a three-
compartment open model and were consistent with a rapid (t;;, o 3.5 min) and notable distribution
within the body (V4 area around 1 L/kg) along with a rapid clearance (ti, p 85 min, MRT 52 min,
clearance around 8 mL/min per h). Following the oral administration, a Cax Of nearly 1,000 ug/mL was
reached after 180 min, while a bioavailability of 3.2% was estimated. A considerable V4 area (More than
2 L/kg) and both relatively long MRT (around 400 min) and t;,, 3 (214 min) indicate the potential for
tissue accumulation of FB; (and possibly its derivatives) in turkeys exposed to contaminated feed. To
test this hypothesis, the same animals used in the oral study were sacrificed 20 h after dosing (100 mg
FB,/kg bw); measurable values of FB; were detected in serum (279 + 30 pg/L), liver (5,458 + 509 ng/kg),
kidney (5,785 + 1,002 pg/kg), and muscle (113 + 15 ug/kg).

The FB; TK was examined by Benlashehr et al. (2011) in BUT9 turkeys (6- to 7-week-old, 2 kg bw)
using the purified toxin. In the i.v. study, five individuals were dosed with 1 mg FB,/mg bw and blood
samples were taken at different intervals up to 240 min after treatment. For the study by the oral
route, eight animals received a single dose of 1 mg FB,/mg bw; blood samples were collected up to
600 min after treatment. In i.v. dosed turkeys, the toxin was cleared very rapidly, with extremely short
values of both MRT (around 5 min) and t;,, B (about 12 min) along with a very limited extent of tissue
distribution (Vq4 area @round 0.15 L/kg). Accordingly, plasma levels declined very quickly, reaching values
below the LOQ (25 ng FB,/mL) already 60 min after toxin administration. As to the study involving the
oral route, measurable (> LOQ) FB, plasma levels were found in only two out of eight animals and
data could not be fitted to any TK model. Data are therefore consistent with a very limited oral
bioavailability of FB, in turkeys.

Ducks

There is scant information about fumonisin ADME in ducks and only one report could be identified
in the open literature (Tardieu et al., 2009). Kinetic parameters were first investigated in 42-day-old
ducks treated by either the i.v. or the oral route using the purified toxin (96%). For the i.v. study, six
animals received 10 mg FB;/kg bw in the jugular vein and blood samples were taken at different
intervals up to 1,200 min after dosing. The TK via the oral route was investigated in further six animals
which were administered a single dose of 100 mg FB;/kg bw and subjected to blood sampling up. to
1,200 min after treatment. A second study (oral route only) was carried out on 96-day-old ducks,after
a force feeding period of 12 days with an uncontaminated diet, using the same protocol as above.
After the last blood sampling, all animals were sacrificed and liver, kidney and muscle samplesswere
taken. Plasma and tissue levels of FB; were measured by an HPLC method (fluorescence'detector, LOD
13 pg/kg).

A two-compartment open model was demonstrated in i.v. dosed animals, showing a very rapid
distribution phase (2.6 + 0.3 min) which was followed by a relatively slower, elimination phase
(26 + 2 min); the V4 was about 800 mL/kg, while the MRT and the clearance were 24 + 1 min and
19 4+ 2 mL/min per kg, respectively. A three-compartment open model best described the kinetic data
in orally dosed ducks. The toxin was rapidly absorbed, with maximtum serum levels of the toxin
(628 pg/mL) being reached 60 min after dosing, extensively distributed (Vg4 area = 1.7 L/kg bw) but
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also rapid cleared (MRT 200 min, t;,, B around 70 min). A very limited bioavailability (2.3%) could be
calculated. Measurable levels of FB; (see Section 3.1.1.5) could be detected only in liver.

The FB, TK in ducks (male mule ducks, 10 weeks old, 2 kg bw) was examined in the study of
Benlashehr et al. (2011) cited above. In the i.v. study, five individuals received 1 mg FB,/kg bw and
blood samples were taken at different intervals up to 240 min after treatment. For the study by the
oral route, eight subjects were treated with a single dose of 1 mg FB,/kg bw; blood samples were
collected up 600 min after dosing. In i.v. dosed animals, there was a rapid decline in plasma levels and
values below the LOQ (25 ng FB,/mL) were reached already 120 min after toxin administration. A
rapid clearance of the toxin was observed, with very short values of both MRT (around 13 min) and
ti> B (about 32 min) along with a limited extent of tissue distribution (V4 area around 0.40 L/kg).
Measurable (> LOQ) FB, plasma levels were not detected in any of the orally treated animals. Data
point to a negligible oral bioavailability of FB, in ducks.

In conclusion, sparse information is available concerning FB; kinetics in avian species.
Bioavailability is very low and in the order turkey>ducks>chickens. In general, the toxin is rapidly
absorbed and distributed, but also rapidly cleared. Kinetic parameters (MRT and t;,,¢)) suggest a lower
FB, clearance in turkeys compared to ducks and chickens, with the potential for tissue accumulation in
turkeys (see Section 3.1.1.5). Currently, there is no information on FB; metabolism in avian species.

Only one study could be identified on FB, kinetics for turkeys and ducks, indicating that the oral
bioavailability of the toxin seems to be even lower than that of FB;. No data on chickens could be
retrieved.

No information 