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A B S T R A C T

Published evidence has demonstrated the several toxic characteristics of mycotoxins and their considerable risk
to human and animal health. One of the most common uncertainties regards whether if very low concentrations
of the mycotoxin deoxynivalenol (DON), easily consumed within the Mediterranean Diet, can cause metabolic
alterations; some of them produced by the interaction between DON and gut microbiota. Accordingly, faecal
samples were collected from Wistar rats that had consumed the mycotoxin DON at low levels (60 and 120 μg
kg-1 body weight of DON per day), and were analysed by ultra-high performance liquid chromatography coupled
with tandem mass spectrometry detection, in order to monitor the mycotoxin DON and its metabolite de-epoxy
deoxynivalenol (DOM-1). The obtained results showed an evolution in DON excretion and the metabolite DOM-1
which has less toxic properties, over the course of the days of the study. To elucidate whether intestinal micro-
biota had a role in the observed detoxification process, the changes in microbial gut biodiversity were explored
through 16s rRNA high throughput sequencing. No main changes were detected but significant increase in Co-
prococcus genus relative abundance was found. Further studies are needed to confirm if intestinal microbiota
composition and function are affected by low mycotoxin concentrations.

1. Introduction

The mycotoxin deoxynivalenol (DON) is a secondary metabolite pro-
duced by several Fusarium molds and it is considered the most wide-
spread mycotoxin in food and feed matrices (Payros et al., 2016),
especially in cereals and cereal-based products. The consumption of
DON may have numerous hazardous effects, ranging from vomiting, di-
arrhoea, gastroenteritis, growth impairment and immune dysfunction
(Pestka, 2007, 2010), to leukopenia, haemorrhage, endotoxemia and
shock-like death (Pestka, 2010). The toxicology of DON is dose-de-
pendent and its susceptibility is determined by differences between
animal species in terms of DON metabolism, absorption, distribution
and secretion. Thus, pigs are the most sensitive animals, while rats
have medium sensitivity and ruminants are the least sensitive (Pestka,

2007). There are certain toxicological parameters for examining the de-
gree of toxicity of hazardous compounds, such as the median lethal
dose (LD50), the minimum emetic dose (MED) and the no-observed ad-
verse effect level (NOAEL). These parameters also vary between species
and the type of administration. In the case of orally administered DON
in rats, the estimated NOAEL was found between 150μgkg−1 body
weight (b.w.)/day (Pestka, 2007, 2010; European Commission, 1999)
and 500μgkg−1 b. w./day (Pestka, 2010; European Commission, 1999),
which means that, at this dose, no adverse effects should be observed,
but does not mean that intestinal microbiota modifications may not oc-
cur. European regulations have set maximum levels for DON in different
kind of matrices, especially in cereal and cereal derivatives (Commission
Regulation (EC) No. 1126/2007 of 28 September 2007, 2007), varying
from 500μgkg−1 to 1750μgkg−1 in adult foodstuffs, to 200μgkg−1 in
foods for infants and young children.

∗ Corresponding author.
Email address: mariarosa.ras@urv.cat (R. Ras)

https://doi.org/10.1016/j.fct.2018.08.006
Received 27 April 2018; Received in revised form 19 June 2018; Accepted 3 August 2018
Available online xxx
0278-6915/ © 2018.



UN
CO

RR
EC

TE
D

PR
OO

F

E. Miró-Abella et al. Food and Chemical Toxicology xxx (2018) xxx-xxx

Once DON is consumed, it is mostly absorbed and rapidly distrib-
uted to all tissues, with blood, the gastrointestinal tract, the lymphatic
system and the immune system being the main targets. Then, it is even-
tually eliminated, mostly in urine and faeces (Payros et al., 2016), with-
out bioaccumulation, which means that trace concentrations found in
food of animal origin are not a public health problem (Pestka, 2007).
Of the entire DON structure, the 12,13-epoxy-trichothec-9-ene skeleton
can be modified by intestinal bacteria in order to detoxify the myco-
toxin. It is known that the 12,13-epoxide group is responsible for the
elevated toxicity of the molecule and, specifically, this group is removed
by intestinal microbiota for DON detoxification, generating the toxin
de-epoxy deoxynivalenol (DOM-1), which is less toxic than its precursor
(Payros et al., 2016). This modification of DON into DOM-1 has been
observed in vitro (Binder et al., 1997; Gratz et al., 2013) and also in vivo
(Turner et al., 2010) experiments, mostly by anaerobic bacteria from
the gut lumen (Maresca, 2013). Nevertheless, not all bacteria can gen-
erate DOM-1 through DON detoxification (Karlovsky, 2011). Some re-
searchers suggest that chronic consumption of certain mycotoxins may
change the intestinal microbiota in order to try to acquire or increase
the detoxification capability (Maresca, 2013; Eriksen et al., 2002). Thus,
it is reported that the presence of ochratoxin A and DON can modify
animals' intestinal functions (Maresca, 2013) and intestinal microbiota
(Guo et al., 2014; Saint-Cyr et al., 2013). In 2009, it was demonstrated
for the first time that DON modifies intestinal microflora in pigs (Waché
et al., 2009). However, as yet, there has been no identification of the
taxonomic categories responsible of these changes in the gut microbiota,
which may differ between animal species.

The main objective of the present research is to evaluate gut micro-
biota to find the bacteria population responsible of the DON metabo-
lism through its administration at NOAEL. Over the course of the pre-
sent work, the concentration of DON and its derivative DOM-1 in rat
faeces were determined by ultra-high performance liquid chromatog-
raphy coupled with tandem mass spectrometry detection (UHPLC-MS/
MS), to monitor and evaluate the possible changes in mycotoxin metab-
olism. Since the dose of DON administered to rats is low, the presence
of this mycotoxin together with their metabolites deoxynivalenol-3-glu-
coside (DON3G), 3-acetyl-deoxynivalenol (3AcDON) and 15-acetyl-de-
oxynivalenol (15AcDON) easily found in cereal samples (European Food
Safety Authority and EFSA, 2017), was also controlled. These deriv-
atives are easily metabolised to DON by rat gut intestinal microflora
(European Food Safety Authority and EFSA, 2017) and their presence
might interfere the results of the present research.

2. Results

2.1. Mycotoxin monitoring with UHPLC-MS/MS

2.1.1. UHPLC-MS/MS parameters optimisation
The instrumental optimisation was done for DON and its metabolite

DOM-1, but also for DON3G, 3AcDON and 15AcDON, in order to control
their possible presence in feed samples. The mobile phase and the chro-
matographic gradient was selected in accordance with previous research
studies in which DON and DON derivatives were separated, except for
DOM-1 (Miró-abella et al., 2018). Under these conditions, DOM-1 was
injected individually by flow injection analysis (FIA) and its precursor
and product ions were selected, with its optimised collision energy. The
precursor and product ions for DON, DON3G, 3AcDON and 15AcDON
were the same as in the previous research (Miró-abella et al., 2018),
ionised in positive mode. DOM-1 also displayed greater abundance in
positive mode, with the [M+H]+ ion. Three MRM transitions were se-
lected for every target compound, as detailed in Table 1, so as to enable
the correct identification of the mycotoxins in accordance with the rec-
ommendations of the EU Directive (SANTE, 2015).

With respect to instrumental optimisation, the detection limits (LOD)
and the quantification limits (LOQ) were established by assuming the
criteria of a signal-to-noise ratio (S/N) equivalent to 3 for LOD and
equivalent to 10 for LOQ. Thus, LODs ranged from 0.01μgL−1 to
0.25μgL−1, and LOQs from 0.02μgL−1 to 0.5μgL−1. Suitable linear-
ity was obtained (with r2≥0.994) of the linear range which was from
LOQ to 200μgL−1 for DON, 3AcDON and 15AcDON, to 100μgL−1 for
DON3G, and to 40μgL−1 for DOM-1.

2.1.2. Faecal extraction optimisation
Since only DON and DOM-1 are expected to be quantified in the fae-

cal samples, the method optimisation was developed only for these two
mycotoxins. The selection of the solid liquid extraction technique took
into account previous studies that extracted mycotoxins from faecal
samples (Nagl et al., 2012, 2014; Schwartz-Zimmermann et al., 2014).
The selected method was adapted from the literature (Nagl et al., 2012,
2014; Schwartz-Zimmermann et al., 2014), but using a small quantity
of faeces, less organic solvents and avoiding a final dilution step if the
matrix effects (ME) were sufficiently low to quantify at lower concen-
tration levels.

First of all, faecal samples were analysed as to detect and quan-
tify the possible natural presence of the target mycotoxins, DON and
DOM-1, and no presence of these mycotoxins was observed. For the
method

Table 1
Parameters of LC-MS/MS for mycotoxin determination in feed and faecal samples.

Start time
(min) Mycotoxin

Retention time
(min) Precursor ion (m/z)

Dwell Time
(ms)

Product ion (m/z) and q/Q
relation

CE
(eV)

0 DON 2.9 297.1 [DON + H]+ 90 248.9 (100) 8
231.1 (55) 10
203.1 (60) 8

DON3G 3.6 297.1 [DON3G –
3G + H]+

248.9 (100) 8

231.1 (60) 10
203.1 (50) 8

4.4 DOM-1 5.8 281.0 [DOM-1 + H]+ 180 233.2 (100) 8
109.1 (96) 14
215.1 (83) 10

7.5 3AcDON 9.8 339.2 [3AcDON + H]+ 90 231.0 (100) 8
203.0 (44) 24
175.0 (30) 18

15AcDON 10.1 356.2 [15AcDON + NH4]+ 339.1 (100) 16
321.0 (38) 12
136.9 (35) 4
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optimisation, faecal samples were spiked and were blended with 1mL
of two different solvents in order to ascertain which is better for ex-
traction: MeOH and MeOH 1% of HCOOH. These samples were soni-
cated for 15min, and centrifuged at 15,000 rpm for 10min. A volume
of 700μL of supernatant which is the maximum quantity of solvent pos-
sible to subtract, was evaporated to dryness under nitrogen flow. The
extraction was performed twice with the purpose of assessing whether a
second extraction was necessary in order to completely extract the my-
cotoxins. To do so, 1mL of solvent was added to the wet faecal sam-
ples repeating the same procedure as before, but 1mL of supernatant
was evaporated to dryness, instead than 700 μL. Samples were re-dis-
solved in 1mL of MeOH/water (20:80, v/v), filtered and analysed by
UHPLC-MS/MS.

To obtain quantifiable results, extraction recovery (ER) and the ME
were considered. The presence of ME can interfere and cause a system-
atic error in the determination of the analyte of interest, distorting the
signal by enhancing or suppressing it. Thus, the determination of the ME
as well as the identification of the %ER, are useful tools for the method
validation, which were calculated as follows:
%ER= (C before – C non-spiked) / (C after – C non-spiked) x100, (1)

%ME=[(C after – C non-spiked) / (C calibration curve) x100] -
100, (2)

C indicates concentration, ME=0 indicates no ME, ME>0 indicates
ion enhancement and ME<0 indicates ion suppression. The obtained
%ER from both types of extraction solvents were similar but slightly
higher in the case of MeOH alone (detailed in Table 2) than in the
case of MeOH with HCOOH (which were 50% and 70% for DON and
DOM-1, respectively). The extraction results obtained from the second
extraction were below than 10% and, consequently, one extraction was
considered sufficient. Regarding the ME in the tested faecal samples,
there was ion suppression due the elevated presence of interferences
since the obtained percentage results were −67% for DON and −62%
for DOM-1. These results were similar to those obtained from faeces ex-
tractions in previous studies (Nagl et al., 2012, 2014). In order to re-
duce these %ME, samples were diluted 1:1 with MeOH/water (20:80, v/
v) before injection into the UHPLC-MS/MS. As a result, MEs were sig-
nificantly decreased, as detailed in Table 2. Considering these results,
faecal sample extractions were finally extracted once with MeOH and
re-suspended after supernatant evaporation with 2mL of MeOH/water
(20:80, v/v), since more diluted extracts obtained better results. Ob-
tained method limits for DON and DOM-1 were appropriate for their de-
tection and quantification in faeces and are detailed in Table 2, together
with the linearity of the method which was acceptable for both myco-
toxins with the r2 higher than 0.996.

.



2.1.3. Faecal mycotoxin monitoring
First of all, the feed given to the rats was analysed in order to quan-

tify the possible presence of natural mycotoxins which could contribute
to consumption. For that, the presence of DON, DON3G, DOM-1, 3Ac-
DON and 15AcDON was determined. DON was quantified in the tested
samples at 3.8μgkg−1, and the rest of the mycotoxins were not detected.
Taking into account the weekly feed controls –each rat consumed daily
an average of 24g of feed– and the daily DON dose administered, the
consumption of DON through the feed was below 0.5% of the dose.
Thus, the amount of DON consumed through the feed is insignificant
and it was discarded.

The target mycotoxins DON and DOM-1, which are those involved
in the de-epoxidation process, were monitored and quantified in each
faecal sample (35 samples per subject) in order to assess possible con-
centration variations on all the days of the study. Faecal samples were
monitored due to the main excretion of DON metabolites by faeces in
rats (Lake et al., 1987).

The quantity of DON and DOM-1 excreted in faeces ranged from
20μgkg−1 to 230μgkg−1 and from 5μgkg−1 to 50μgkg−1, respectively.
These values are very low in comparison to the DON consumed, and
it may be due to the excretion of DON sulfonates and DOM sulfonates
as major DON metabolites in faeces from rats treated with DON
(Schwartz-Zimmermann et al., 2014). From all the faecal concentrations
found during the present study, different comparisons were performed
between groups using the Student's t-test statistic. As a result, signifi-
cant differences were found between the control group and the group
treated with 60μgkg−1 b.w. of DON per day (P60) and between the con-
trol group and the group treated with 120μgkg−1 b.w. of DON per da
(P120) in the case of both mycotoxins, DON and DOM-1. At all time
points, the concentration of DON found between P60 and P120 was
higher than those found in the control faeces. Moreover, comparing
both groups of rats that consumed DON at different concentrations (P60
and P120 groups), there were no significant differences in the DON con-
centration levels present in faeces.

Regarding DOM-1, its concentration is higher in P120 than in P60,
in almost all the weeks of study as it is detailed in Fig. 1. The pres-
ence of DOM-1 in faecal samples also increased over the seven weeks
of study, especially after the fifth week of DON consumption (Fig. 1).
The gradual increase in the DOM-1 concentration level was as expected,
although the great increase produced in the fifth week surprised the au-
thors. This increase is more prominent in the faeces from rats that con

Fig. 1. Concentration of DOM-1 quantified in faecal samples over the 7 weeks of study. Statistic significant differences are shown (one-way ANOVA with Bonferroni post-hoc correction),
* p < 0.05; ** p < 0.01.
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sumed 120μgkg−1 per dose, than in faeces from rats that consumed
60μgkg−1 per dose, in which the growth is more progressive. Additional
unexpected results were those obtained during the sixth week of the re-
search, where the concentration excreted of DOM-1 decreased instead
than increase, as it was expected. Although one should take also into ac-
count the great variability of P60 results at sixth week.

2.2. Microbial diversity analysis by high-throughput sequencing

In order to determine and quantify differences between the intesti-
nal microbiota compositions of the three groups in the present research,
metagenomic analysis was performed at the end point. The sequencing
run produced a total of 6,697,663 paired-end reads that were reduced
to 4,117,943 readings after quality filtering. The criteria for quality fil-
tering considered that reads shorter than 50 bp were removed as well
as reads with Phred score under 20. These readings were then analysed
with QIIME and SPSS. The two phyla Bacteroidetes and Firmicutes dom-
inated the community in all samples (Fig. 2) with varying relative abun-
dance (16.7–45.5% and 52.2–82.2%, respectively), which is consistent
with previously published mammalian gut microbiome descriptions (Del
Bas et al., 2018; Lamendella et al., 2011).

When the microbial relative abundance between groups was com-
pared, no difference was found at any taxonomic level, except at genus
level. The one-way ANOVA test revealed that the relative abundance of
the Coprococcus genus was slightly higher in the P60 group compared

to the control group (0.24% vs 1.6%, p=0.039) and also higher in
the P120 group than in the control group (0.24% vs 1.7%, p=0.030),
data not shown. However, when a Kurskall-Wallis test was done with
multiple test correction using false descovery rate (q), onlyFig. 3 sig-
nificant differences were found in Coprococcus genus abundance when
treated rats (independently of the dose) and control group were com-
pared (Figure 3b, q=0.031). Those differences were not found when
both treated groups were separately compared with control group (Fig-
ure 3a, q=0.34).

3. Discussion

As has already been hypothesised (Maresca, 2013; Eriksen et al.,
2002), the observed rise of the faecal presence of DOM-1 must presum-
ably be caused by gut microbiota increasing detoxification capability.
Probably, intestinal microbiota from rats increased the detoxification
ability during the treatment. These results can be compared with a study
of faecal samples from pigs (Eriksen et al., 2002) in which the de-epox-
idation ability was found only in animals fed with contaminated feed
from the second week of exposure onwards. Additionally, the intesti-
nal microbiota composition was different between animals that had in-
creased the ability to de-epoxidate mycotoxins in comparison to animals
that were not exposed to mycotoxins.

Regarding the microbial diversity analysis, the gut abundance of Co-
prococcus has changed due the treatment with the mycotoxin DON.

Fig. 2. Phylum-level taxonomic distribution. Bars represent the relative abundance (percentage) of each phylum detected per sample.

Fig. 3. Graphics from Kurskall-Wallis tests comparing the abundance of the Coprococcus genus from the tested groups (applying false discovery rate correction). Abundance refers to the
number of readings for the Coprococcus genus. (a) Comparison between the group control, P60 and P120; (b) Comparison between the treated and the non-treated rats; P60+P120 refers
to a whole group of treated rats with DON (P60 together with P120), *q < 0.05.
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However, Coprococcus belongs to a group of anaerobic cocci that are
known to produce butyrate, which is an essential metabolite in the hu-
man colon. Butyrate is the preferred energy source for the colon epithe-
lial cells. It contributes to the maintenance of the gut barrier functions,
and has immunomodulatory and anti-inflammatory properties (Rivière
et al., 2016). Evidence indicating that disruption of the intestinal ep-
ithelial barrier due to DON exposure is well established (Robert et al.,
2017). Further research is needed to know if the Coprococcus genus
can play a role in the detoxification of DON, which may explain the in-
creased amount of DOM-1 in faeces, described in the UHPLC-MS/MS re-
sults section.

Nevertheless, the results reported here do not agree with already
published in vivo studies. For example, Saint-Cyr and colleagues
(Saint-Cyr et al., 2013) used quantitative PCR to determine an incre-
ment of Bacteroides and Prevotella genera, as well as a decrease in
Escherichia coli in stool samples from rats after the administration of
100μgkg−1 b. w. for four weeks. These findings were not corroborated,
probably because the microbiota of these rats was of human origin and
transplanted. Another study by Waché and colleagues (Waché et al.,
2009) reported that DON had a moderate effect on cultivable bacteria
and on capillary electrophoresis single strand conformation polymor-
phism patterns corresponding to the Eubacteria genus in the pig intes-
tine. They found that aerobic mesophilic bacteria increased while anaer-
obic sulphite-reducing bacteria remained unchanged. These outcomes
were not replicated in our tests nor in a later study conducted also on a
pig model (Piotrowska et al., 2014), in which, moreover, no change in
microbiota composition in response to DON administration was found.
However, our study is the first to apply a metagenomic approach se-
quencing regions of 16s RNA gene, providing a general overview of mi-
crobiota composition, and all the previous publications mentioned only
looked for specific bacteria. Therefore a variation in the Coprococcus
genus may have gone unnoticed.

Additionally, some in vitro studies have demonstrated the ability of
certain bacterial species to promote DON metabolism, by binding or
detoxification (Gratz et al., 2013; Kollarczik et al., 1994; Zou et al.,
2012; Young et al., 2007), but none of the genus where these species
belong to were found to be significantly increased in our treated groups.
An explanation for this may be that these species do not react to my-
cotoxin exposure in vivo or perhaps they respond by increasing gene
expression of proteins related to DON detoxification rather than by in-
creasing their cellular abundance.

Overall, technical issues coupled with the dose and the extent and
duration of treatment, as well as the animal model, could explain the
discordances between the results of the in vitro studies published and
our in vivo study.

4. Conclusions

Mycotoxins are fungal secondary metabolites, potentially hazardous
to human and animal health following direct consumption through con-
taminated food or feed. The impact of mycotoxin consumption in micro-
bial gut composition has already been demonstrated and our results sup-
port the hypothesis that microbiota composition slightly changes in re-
sponse to mycotoxin consumption. In this regard, several in vitro and in
vivo studies have identified a modulation of certain groups of intestinal
bacteria due to mycotoxin exposure but, to date, this is the first metage-
nomic study that assesses the response of gut microbial composition to
DON administration. An increase in DOM-1 was found in faecal samples
due to mycotoxin consumption and a correlation of this rise with a sig-
nificant increase in the relative abundance of the Coprococcus genus.

Long-term exposure to mycotoxins may produce significant changes
in microbiota composition and their metabolic activity, and these is-
sues require further experimentation to elucidate the mechanism of ac

tion in order to promote them and find a new way of preventing or
treating the effects of mycotoxin. Thus, further in vivo and in vitro stud-
ies are needed to shed some light on the response of microbiota to my-
cotoxins. According to present knowledge, the identification of specific
bacterial genus or species that have detoxification capability opens the
possibility of their use as feed additives (Vinderola and Ritieni, 2014).
For example, Eubacterium strains reduce the epoxy group from mycotox-
ins and their effect has already been reported in chicken models (Awad
et al., 2006). Thus, the administration of this species as feed additives
in high-probably exposed populations could prevent, palliate or even re-
store the chronic damage caused by DON and other mycotoxins.

However, metagenomic analysis is restricted to the identification of
microbial diversity, while the molecular functionality of this commu-
nity remains ignored. As most biological mechanisms involve more than
one type of biomolecule, further studies should combine multiple omic
strategies (i.e. metagenomics and metaproteomics) to achieve a compre-
hensive, structured and interactive overview of the mycotoxin-micro-
biota interplay.

5. Materials and methods

5.1. Experimental design

Male Wistar rats (7-weeks-old, 200–240gb. w.) were purchased
from Charles River Laboratories (Barcelona, Spain). Water and radiated
pelleted feed from Teklad Global Diets (Madison, WI, USA), free of fungi
that can generate mycotoxins, were provided ad libitum. The eighteen
rats were housed individually in polycarbonate cages under controlled
conditions in terms of temperature (22±2°C), humidity (50–60% rela-
tive humidity) and a light/dark cycle (12h). The animals were acclima-
tised for five days and were distributed fairly into three groups taking
into account their b. w. and their contents in fat, lean tissue, free water
and total water, obtained through Nuclear Magnetic Resonance (NMR)
measurements. The study groups (N=6) were depending on the my-
cotoxin administration: P60 group was treated with 60μgkg−1 b.w. per
day of DON and P120 group was treated with 120μgkg−1 b.w. of DON
per day, using in all cases 600μL of diluted condensed milk, five days
per week for eight weeks. Following the same administration protocol,
600μL of diluted condensed milk were used as the vehicle for the con-
trol group. The individual dose of toxin was revised weekly according to
their b.w. Faecal samples were individually collected five days per week
for seven weeks and stored at −80 °C until analysis. Water, feed and
b. w. controls were performed weekly. At the end of the eighth week
of study, the rats were anaesthetised using pentobarbital sodium and
then decapitated. The kidneys, liver, brain, muscle, the caecum and the
heart were removed and weighed as a control parameter, and caecum
was frozen with liquid nitrogen and stored at −80 °C until metagenomic
analysis. The Animal Ethics Committee of the University Rovira i Virgili
(Tarragona, Spain) approved all of the procedures.

5.2. Standard mycotoxin solutions

Methanol (MeOH, for LC-MS grade) and ethanol (EtOH) were pur-
chased from Panreac (Barcelona, Spain), and formic acid (HCOOH)
∼98% was acquired from Fluka (St. Louis, MO, USA). Acetone, 10M
ammonium formate (NH4HCOO) aqueous solution and pentobarbital
sodium salt were obtained from Sigma-Aldrich (St. Louis, MO, USA). Ul-
trapure-grade water was obtained by a Milli-Q water purification system
(Millipore, Darmstadt, Germany).

The target mycotoxins were DON and DOM-1, both obtained from
Bioser (Barcelona, Spain), and DON3G, 3AcDON and 15AcDON were
purchased from Romer Labs (Union, MO, USA). DON, 3AcDON and
15AcDON were obtained in powder form and DOM-1 and DON3G were

5
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purchased in acetonitrile (ACN) solution at 50mgL−1 and at 50.9mgL−1,
respectively. DON was dissolved at 1.8·103 mgL−1 and 3AcDON and
15AcDON were dissolved at 104mgL−1, all in water/EtOH (80:20, v/
v) and stored at 4 °C during the experiment. A mixed stock solution of
all mycotoxins was prepared at different concentrations depending on
their response in (ESI)MS/MS, in order to obtain similar response val-
ues. Thus, DON, DON3G, 3AcDON and 15AcDON were at 0.5mgL−1 and
DOM-1 was at 0.1mgL−1, in water/MeOH (80:20, v/v), and this mix so-
lution was stored at −20 °C for six months.

5.3. Faecal mycotoxin monitoring

5.3.1. Mycotoxin faecal sample extraction and method validation
Aliquots of 100mg of freeze-dried and homogenised faecal samples

were blended with 1mL MeOH and sonicated for 15min. Samples were
centrifuged at 15,000 rpm for 10min, and 700μL aliquots of supernatant
were evaporated to dryness under nitrogen air and re-suspended in 2mL
of MeOH/water (20:80, v/v). Before analysis by UHPLC-(ESI)MS/MS,
the extracts were filtered with a 0.45μm nylon filter (Phenomenex, Tor-
rance, CA, USA) and stored at 4 °C. For the method optimisation, faecal
samples without the presence of mycotoxins, or the least possible pres-
ence, were used to obtain the ER and ME values. To do so, 100 mg of ho-
mogenised freeze-dried faecal samples were spiked with the mycotoxins
at two different concentrations: DON was at 50 µg kg-1 and DOM-1 was
at 10 µg kg-1. Samples were spiked with 200 µL of mycotoxin solution in
acetone in order to distribute it homogeneously throughout the matrix,
and left overnight. Then, samples were treated as detailed above. The
method validation was done for the two faecal target mycotoxins DON
and DOM-1. It was performed by studying the method detection limits
(MDL) and method quantification limits (MQL), linear range, accuracy,
repeatability and reproducibility. To do so, 100 mg of faecal sample
was analysed following the extraction method described above. MDLs
and MQLs were estimated by the criteria of a signal-to-noise ratio (S/N)
equivalent to 3 and 10, respectively. The repeatability (n=5, intra-day)
and the reproducibility (n=5, inter-day) of the method were below
4% and 12%, respectively, expressed as the relative standard deviation
(%RSD). These results were obtained by spiking the samples at a con-
centration near to the MQL and at a concentration ten times higher than
the MQL, for each compound. Thus, repeatability and reproducibility
were acceptable in accordance with current guidelines (SANTE, 2015).

5.3.2. UHPLC-MS/MS analysis
DON and DON derivatives were analysed chromatographically on an

Agilent 1290 Infinity LC Series UHPLC system (Agilent Technologies,
Waldbronn, Germany), and separated using a Cortecs UHPLC C18 col-
umn (100mm×2.1mm, 1.6μm) from Waters (Wexford, Ireland). The
column was kept at 40 °C and mycotoxins were eluted at a flow rate
of 0.45mLmin−1 using a binary mobile phase constituted of water (elu-
ent A) and MeOH (eluent B), both with 5mM of NH4HCOO and 0.1%
of HCOOH. The gradient elution was the same as the previous research
(Miró-abella et al., 2018), the injection volume was 10μL and the au-
tosampler was kept at 4 °C.

Then, the LC eluent was directed into a 6495 iFunnel Triple Quadru-
pole MS/MS with an electrospray ionization (ESI) interface from Ag-
ilent Technologies. Source parameters were taken from previous re-
search (Miró-abella et al., 2018) for DON, DON3G, 3AcDON and 15Ac-
DON, and they were also applied for DOM-1 as follows: capillary volt-
age of 3500V, desolvation gas flow of 18Lmin−1, desolvation gas tem-
perature of 160 °C, nebuliser pressure of 35 psi, nozzle voltage of 500V,
fragmentor voltage of 380V, cell acceleration voltage of 5V, sheath
gas flow of 11Lmin−1 and sheath gas temperature of 350 °C. The high
and low pressure funnel parameters were 150 and 60V, respectively.
All compounds were acquired by Multiple Reaction Moni

toring (MRM) mode in positive polarity, in which three characteristic
MRM transitions were monitored for each mycotoxin, in accordance
with the European Commission guidelines (SANTE, 2015). Suitable col-
lision energies were tested for each transition, and different time seg-
ments were optimised in order to improve analyte sensitivity. All these
parameters mentioned above are detailed in Table 1.

5.4. 16s rRNA-metagenomics

5.4.1. DNA extraction
To obtain DNA from caecum samples, the QIAmp DNA Stool Kit (Qi-

agen, Venlo, the Netherlands) was used replacing the 70 °C lysis incu-
bation recommended by the protocol, by a 95 °C lysis. DNA purity and
integrity were assessed using spectrophotometry (NanoDrop, Thermo
Fisher Scientific, Massachusetts, USA).

5.4.2. Partial 16S rRNA gene amplification and purification
Sequences from the V3 and V4 regions of 16S rRNA gene were

amplified from the extracted faecal DNA through two primer pairs:
341F-532R (5′-CCTACGGGRSGCAGCAG-3’; 5′-ATTACCGCGGCT-
GCT-3′) for the V3 region, 515F-806R (5′-GTGCCAGCMGCCGCG-
GTAA-3’; 5′-GGACTACHVGGGTWTCTAAT-3′), for the V4 region. These
primers comprise, at their 5′ end, one of the two adaptor sequences
used in the Ion Torrent sequencing library preparation protocol linking
a unique Tag barcode of 10 bases to identify different samples. To per-
form the V3 region amplification, 1μL of extracted DNA (50ngmL−1),
7.5μL of water, 12.5μL of AmpliTaq Gold 360 (Applied Biosystems, Cal-
ifornia, USA), 2μL of each primer Forward (5μM) and 2μL of the primer
Reverse (5μM) were mixed in this order. Meanwhile, to perform the V4
region amplification, 1μL of extracted DNA (50ngmL−1), 8.5μL of wa-
ter, 12.5μL of AmpliTaq Gold 360, 1.5μL of each primer Forward (5μM)
and 1.5μL of the primer Reverse (5μM) were mixed, also in this or-
der. Different Polymerase Chain Reaction (PCR) cycle parameters were
used for the V3 and V4 regions. For the V3 region, the parameters were
5minat 95 °C, 35 cycles of 30 sat 94 °C, 30 sat 55 °C and 1.3minat 72 °C,
followed by 10minat 72 °C. For the V4 region, the parameters were
3minat 94 °C, 30 cycles of 30 sat 94 °C, 45 sat 57 °C and 1minat 72 °C,
followed by 2minat 72 °C. Reactions were carried out by using a Ver-
ity Thermocycler (Applied Biosystems, Waltham, MA, USA). In order to
confirm the PCR products, a 2% agarose gel was used and the specific
bands were excised and purified with the Nucleospin Gel and the PCR
clean-up kit (Macherey-Nagel, Berlin, Germany). The concentration of
the PCR amplicons was analysed by electrophoresis on a Bioanalyser
(Agilent Technologies). Equimolar pools of each fragment and sample
were combined to obtain a multiplexed pool.

5.4.3. Sequenced-based microbiome analysis and statistics
The library pool was diluted to a DNA concentration of 60 pM prior

to clonal amplification. The Ion 520 & Ion 530 Kit-Chef (Life Technolo-
gies, Carlsbad, California, USA) was employed for template prepara-
tion and sequencing according to the manufacturer's instructions. Pre-
pared samples were loaded on to a 530 chip and sequenced using the
Ion S5 system of the Ion Torrent Platform (Life Technologies). Once se-
quencing was achieved, Ion Torrent Suit software removed low quality
and polyclonal sequences and those readings were then analysed using
QIIME (v1.9.1), selecting only sequences with 150–200 bp and omit-
ting homopolymers greater than 6 (Caporaso et al., 2011; Edgar, 2010;
Altschul et al., 1990; McDonald et al., 2012; Lozupone and Knight,
2005). QIIME was used to summarise the relative abundance of mi-
crobial clades at different taxonomic levels, generating an OTU (op-
erational taxonomic unit) table for each taxonomy level. Afterwards,
SPSS (IBM Corp. Released, 2013. IBM SPSS Statistics for Windows, Ver-
sion 22.0. Armonk, NY: IBM Corp) was used with data contained in
each OTU table to determine significant differences between phylum,
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classes, orders, families and genus between the groups of interest. To
perform statistical analysis, relative abundance of microbial clades
lower than 0.01% were ignored. A one-way ANOVA test with a Bon-
ferroni correction for post hoc analysis was performed between all the
groups for each taxonomy level.

Transparency document

Transparency document related to this article can be found online at
https://doi.org/10.1016/j.fct.2018.08.006.
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