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Abstract: Zearalenone (ZEA) and its derivatives are mycotoxins with estrogenic effects on
mammals. The biotransformation for ZEA in animals involves the formation of two major
metabolites, a- and B-zearalenol (a-ZOL and B-ZOL), which are subsequently conjugated
with glucuronic acid. The capability of Saccharomyces cerevisiae strains isolated from silage
to eliminate ZEA and its derivatives a-ZOL and B-ZOL was investigated as, also, the
mechanisms involved. Strains were grown on Yeast Extract-Peptone-Dextrose medium
supplemented with the mycotoxins and their elimination from medium was quantified over
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time by HPLC-FL. A significant effect on the concentration of ZEA was observed, as all the
tested strains were able to eliminate more than 90% of the mycotoxin from the culture
medium in two days. The observed elimination was mainly due to ZEA biotransformation
into B-ZOL (53%) and a-ZOL (8%) rather than to its adsorption to yeast cells walls. Further,
the biotransformation of a-ZOL was not observed but a small amount of B-ZOL (6%)
disappeared from culture medium. ZEA biotransformation by yeasts may not be regarded as
a full detoxification process because both main end-products are still estrogenic.
Nonetheless, it was observed that the biotransformation favors the formation of B-ZOL
which is less estrogenic than ZEA and a-ZOL. This metabolic effect is only possible if active
strains are used as feed additives and may play a role in the detoxification performance of
products with viable S. cerevisiae cells.
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1. Introduction

The growth of filamentous fungi on agricultural commodities determines their deterioration and
quality loss, aside from their eventual contamination with mycotoxin. Mycotoxins are toxic substances
for humans and animals through ingestion, contact, and inhalation, which are produced by fungal
secondary metabolism. The major mycotoxins found in agricultural products are aflatoxins (AFs),
zearalenone (ZEA), deoxynivalenol and its derivatives, fumonisins, patulin, and ochratoxin A (OTA).
For livestock production, the presence of mycotoxins in feed determines economic losses derived from
poor growth and feed conversion, increased mortality, carcass refuse and many other associated
problems. In fact, numerous health syndromes in livestock are likely to result from the ingestion of
mycotoxins present in spoiled silage or feed [1].

Zearalenone has relatively low acute toxicity, but it interferes strongly with the reproductive tract of
animals. Among other effects, ZEA decreases animal fertility, induces fibrosis in the uterus, breast
cancer, and endometrial carcinoma [2]. The biotransformation of ZEA in animals involves the formation
of two major metabolites, a-zearalenol and B-zearalenol (a-ZOL and f-ZOL), which are subsequently
conjugated with glucuronic acid. a-ZOL shows higher estrogenicity than ZEA, but B-ZOL is
less estrogenic [3,4].

Pigs have been found to convert ZEA predominantly to a-ZOL in the liver, the small intestines, and
even in granulose cells. This, together with the low glucuronidation capacity seen in most pig breeds,
might explain the high sensitivity of pigs towards the endocrine effects of ZEA [3]. This hypothesis is
also supported by the observed insensitivity of rats and cows to ZEA estrogenicity because they
predominantly convert ZEA to B-ZOL, the least active ZEA metabolite [5].

Anti-mycotoxin additives (AMA) are defined as a group of products able to adsorb, inactivate, or
neutralize mycotoxins in the gastrointestinal tract of animals. Some of them are based on yeast cell walls
and use the natural structure of Saccharomyces cerevisiae cell walls to bind several mycotoxins
such as AFs, OTA, and ZEA [6-8], reducing the mycotoxins gastrointestinal absorption. In addition,
yeast based products may act as a probiotic contributing to improve general animal health because they
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stimulate their immune systems and promote the integrity of intestinal mucosa [9]. The composition of
yeast cell walls determines their binding performance; mannan oligosaccharides (MOS) components of
S. cerevisiae cell walls play the major role in mycotoxin binding [10]. Nonetheless,
Yiannikouris et al. [11,12] proposed that the B-D-glucan portion of the yeast cell wall also interacts
with mycotoxin molecules in a very favorable and stable association. Mannan esterified with glucan has
also been found to have important binding characteristics. Aravind et al. [13] suggested that addition of
dietary esterified glucomannan is effective in broilers to counteract in vivo toxic effects of feed naturally
contaminated with AFs, OTA, ZEA, and T-2 toxin.

Currently, the adsorbent capacity displayed by the cell wall and whole cells of S. cerevisiae has
become the focus of numerous in vitro and in vivo studies worldwide [10,14—16]. Their binding
performances are strain-dependent as well as sensitive to in vivo conditions such as the variations of pH
in animal’s gastrointestinal tract. Therefore, yeast-based AMA should be tested individually for its
beneficial properties. Cell walls and viable whole cells are already being used as a prebiotic or probiotic
for improving animal performance [6,17,18]. Probiotics and AMA, are today a real tool in modern
livestock farming, proving that research in this subject offers improvements for the sustainable
development of animal livestock.

The aim of this study was to determine the in vitro performance of three S. cerevisiae strains isolated
from bovine forages for the detoxification of ZEA, a-ZOL, and B-ZOL. The adsorption and biodegradation
capacities of each strain were evaluated.

2. Results and Discussion
2.1. Adsorption of ZEA, a-ZOL, and -ZOL by S. cerevisiae Strains

Adsorption of ZEA to yeast cell walls was observed in the first 24 hours but, thereafter, adsorption
declined and was no longer observed after 2 days of growth (Figure 1A). The maximum adsorption of
ZEA was observed with strain LL74 and reached 26% of the initial concentration of ZEA. Under these
conditions, the less active strain was CS, which only adsorbed about 15% of the total initial amount of
the mycotoxin. These results indicate that yeasts cells can effectively adsorb ZEA.

In the supernatant, a decline in the amount of ZEA in solution was also observed (Figure 1B).
Nonetheless, this decline continued after the first day of incubation, which may be explained by the
co-occurrence of an adsorption and a reaction phenomenon. In the beginning of yeast cultivation, higher
ZEA concentration in the supernatant has favoured its adsorption to cell walls, approaching the
equilibrium state between bound and free ZEA. However, as ZEA concentration in the supernatant
decreased due to its transformation by the yeast, a release of ZEA from the cell wall occurred (again to
approach the equilibrium state between bound and free ZEA). These observations are indicative of a
metabolization of ZEA by yeasts and further studies were conducted to evaluate the involved
mechanisms. Comparing the adsorption capacity of the tested strains, a lower adsorption capability of
the commercial strain was observed.
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Figure 1. ZEA over time in cells and supernatants when they were extracted separately.
(A) ZEA detected in cell fraction; (B) ZEA detected in liquid fraction. Values are expressed
in percentage of initial amount of ZEA added to culture media. Data are means =+ standard

deviation of three repetitions.

To evaluate if yeasts were also able to adsorb the major ZEA metabolic products (a-ZOL and
B-ZOL), experiments with Yeast Extract-Peptone-Dextrose broth (YPD) supplemented with those
metabolites were also performed. The most effective yeast (strain LL74) was able to adsorb 28% of
a-ZOL from culture media and about 11% of B-ZOL, after an incubation period of four days. a-ZOL

and B-ZOL detected in cells and supernatants over time are presented in Figure 2.
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Figure 2. 0-ZOL and B-ZOL over time in cells and supernatants when they were extracted
separately. (A) a-ZOL and B-ZOL detected in cell fraction; (B) a-ZOL and B-ZOL detected
in liquid fraction. Values are expressed in percentage of initial amount of a-ZOL and
B-ZOL added to culture media. Data are means + standard deviation of three repetitions.

It is known that adsorption of mycotoxins by yeast used as probiotic can be affected by the
gastrointestinal environment. Therefore the adsorption of ZEA was also evaluated under simulated
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gastrointestinal environment. At pH 3, yeasts cells could adsorb between 31% and 43% of ZEA
(Table 1). The adsorption at pH 3 was significantly greater than at pH 6, which ranged only from 13%
to 24%. This is consistent with what is described in the literature, where more acidic conditions favor
the adsorption on yeast cell walls [19]. Strain LLO8 exhibited a significant higher adsorption at pH 3 and
pH 6. The remaining strains showed no significant differences between them.

Table 1. Adsorption of ZEA by S. cerevisiae strains in gastric and intestinal simulation
experiments conducted at pH 3 and 6.

Strains ZEA Yeast cells pH3 pH 6
(ng/mL) (mg/mL) Adsorption * (%)  Adsorption * (%)
Controls 2.1 0.0 --- -

CS 2.1 2.0 31.2+23° 17.1+1.8?
LL74 2.1 2.0 33.1£1.5° 144+25%
LLO8 2.1 2.0 43.1£3.1° 23.7+1.6°
LL83 2.1 2.0 342+26° 13.2+1.0%

* Data are expressed as means + standard deviation of three repetitions. ** Data with different letters in each

column are significantly different (p < 0.05).

A good performance at acidic and neutral conditions is a requirement for any anti-mycotoxin additive,
which requires binding sites for adsorption during the passage through the all gastrointestinal tract. More
interesting than the adsorption effect, presented by the AMA, is the positive effect of viable cells
(probiotic) on animal health. The effect of viable S. cerevisiae is described below.

2.2. Biotransformation of ZEA, a-ZOL, and p-ZOL by S. cerevisiae Strains

The concentration of ZEA detected in culture broth after the first day of incubation is presented in
Table 2. Its disappearance from culture broths and cells (extracted together) was observed for all the
tested strains. ZEA elimination from culture media over time by tested yeasts is depicted in Figure 3.
The CS, LL74, and LL83 strains were the fastest eliminating strains, achieving eliminations of 93%,
94%, 95%, respectively, during the first 20 h of incubation. Strain LL0O8 was the slowest one, exhibiting
a significant lower transformation of ZEA.

The elimination capacity of strains showed as the time taken by strains to eliminate 50% and 90% of
ZEA from culture media is also depicted in Table 2. The most active strains (S. cerevisiae CS, LL74 and
LL83) were able to eliminate more than 90% of ZEA present in the culture media in one day (Figure 3).
The time required by those strains to eliminate 50% and 90% of ZEA was estimated at 9 h and 18 h,
respectively (Table 2). For the same level of elimination, the less active strain (S. cerevisiae LLOS)
required 17 and 28 h, respectively.
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Table 2. ZEA concentration in culture broths after day 1 of incubation and time taken by
S. cerevisiae strains to biotransform 50% and 90% of ZEA (DT50 and DT90, respectively).

Strains ZEA * Logistic model Curve Fitted Errors
(ng/mL) DT50 (h) DT90 (h) R? Sy.x (%)
Controls 1.95+£0.08 - -—- - -
CS 0.04+0.01° 9 18 0.9996 1.2
LL74 0.06 £0.02* 9 18 0.9995 1.3
LLO8 0.12+0.05° 17 28 0.9925 4.9
LL83 0.08 +0.02 *° 9 18 0.9961 3.8

* Data are expressed as means * standard deviation of three repetitions. ** Data with different letters are
significantly different (p < 0.05)
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Figure 3. Elimination of ZEA by S. cerevisiae strains over time when cells and supernatants
were extracted together. Values were expressed in percentage of initial amount of ZEA
added to culture media. Data are means + SD (standard deviation) of three repetitions.

An example of the chromatograms obtained for strain LLO8 is depicted in Figure 4.
The biotransformation effect was seen in all strains tested and, therefore, it is important to emphasize
that strains isolated from silages metabolize ZEA in a similar way to the commercial strain (S. cerevisiae,
CS). This is indeed important, because it demonstrates that the metabolization mechanism of ZEA is
widespread to commercial and wild strains of S. cerevisiae and, therefore, wild strains may have
potential for developing new anti-mycotoxin products.
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Figure 4. Chromatograms obtained for S. cerevisiae LLO8 concerning ZEA and its
derivatives a-ZOL and B-ZOL (a to f: 0, 6, 20, 28, 48 and 96 h).

The metabolization of ZEA into a-ZOL and B-ZOL was also investigated because it was observed
before [20]. 0a-ZOL and B-ZOL were detected in chromatograms using commercial standards to identify
the retention times (Figure 4). On average, at the end of the incubation period, ZEA represented about
4% of its initial amount, a-ZOL represented 8% of the initial amount of ZEA added to culture media and
B-ZOL represented 53%, meaning that about one third of the ZEA added to culture media has been
metabolized into other compounds that could not be identified with the current methodology. Also in a
previous work, the fermentation of a wort-containing ZEA with a strain of S. cerevisiae resulted in a
conversion of 69% of the mycotoxin into -ZOL, a metabolite with lower estrogenic activity than the
parent compound [21]. Despite not being complete, this biotransformation managed to reduce the
bioavailability of ZEA, and consequently the exposure to this toxin.

The yeast S. cerevisiae is frequently used in human and animal nutrition, offering beneficial
properties. They can be used as an additive for animal nutrition, enhancing productivity and health
parameters, and also minimizing the bioavailability of mycotoxins present in the diet [22].

Finally, an evaluation of yeasts biotransformation ability of a-ZOL and B-ZOL was undertaken.
Experiments with YPD supplemented with these ZEA modified forms were performed and culture media
and cells were extracted together. The yeasts were not able to biotransform a-ZOL from culture media
but they were able to biotransform 6% of the B-ZOL added to culture media. These observations
strengthen the conclusion that ZEA is being subsequently metabolized into another compound by
the yeasts. This metabolic effect is only possible with the use of active strains. Therefore, when living
S. cerevisiae are added to animal feed the earnings may go beyond productivity and health
performance parameters.
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3. Experimental Section
3.1. Biological Material

Three strains of S. cerevisiae isolated from bovine forage coded as S. cerevisiae LL74, LLOS, and
LL83 were used. Strains were deposited in the culture collection of the Research Center for Mycology
and Mycotoxicology from the Federal Rural University of Rio de Janeiro (NPMM-UFRRJ) and in the
National University of Rio Cuarto (Cérdoba, Argentina) collection center. A commercial S. cerevisiae
strain NCYC996 (coded as CS) was used as a control strain. Yeasts were propagated at 30 °C for 2 days
in falcon tubes containing 10 mL of YPD broth (1% yeast extract, 2% peptone and 2% glucose) and
D.O. was determined at 600 nm and adjusted to 2.0 with sterile distilled water. Throughout the study,
the strains were maintained active in YPD broth and preserved at 4 °C.

3.2. Adsorption of ZEA, a-ZOL and p-ZOL by S. cerevisiae Strains

Strains were tested in YPD + ZEA: YPD broth supplemented with 2 pg/mL of ZEA
(Sigma-Aldrich, Sintra, Portugal). Falcon tubes with 5 mL of YPD + ZEA were inoculated in triplicate
with 0.1 mL of inoculum. Negative controls were also prepared using 0.1 mL of sterile distilled water.
Incubation was performed at 30 °C for 4 days. Throughout the incubation period, for each strain,
triplicates were extracted and analyzed for the presence of ZEA at 0, 6, 20, 28, 48 and 72 h. Tubes were
centrifuged at 10000x g for 10 min and the supernatants were collected. Zearalenone was determined
separately in yeast pellets and supernatants as described below. This procedure was repeated for a-ZOL
and B-ZOL (Sigma-Aldrich, Sintra, Portugal).

Adsorption of ZEA on yeasts cell walls was confirmed in a static gastrointestinal model. First, yeasts
were cultivated in 250 mL YPD at 30 °C in an orbital shaker (150 rpm), culture broths were centrifuged
at 10000 g for 10 min, supernatant was discarded, and pellets were frozen at —80 °C and lyophilized to
obtain dried cells. The gastric simulation solution was composed by physiologic solution and enzymes:
125 mM NaCl, 7 mM KCl, 45 mM NaHCOs3 and 3 g/L pepsin (porcine gastric mucosa, 800-2500 U/mg)
at pH 3. The intestinal simulation solution was composed by physiologic solution and enzymes: 0.5%
bile (w/), 1 mg/mL trypsin type IX-S (1300020000 BAEE U/mg) and 1 mg/mL a-chymotrypsin type
II (pancreas, >40 U/mg) at pH 6 (all from Sigma-Aldrich, Sintra, Portugal). All reaction solutions were
prepared at the time of use and supplemented with 2 pg/mL of ZEA. Experiments were conducted in
triplicate, by adding yeasts lyophilized powder at a concentration of 2.0 mg/mL. The concentration
of 2.0 mg/mL corresponds to the recommended dose of the commercial product (2 kg/ton, with a cell
count > 10° CFU/g). Reaction assays were incubated during 1 h at 37 °C (150 rpm). Solutions were then
centrifuged at 10000x g for 10 min, supernatants collected and ZEA determined by HPLC-FL as
described below. The percentage of ZEA adsorbed by yeast cells was calculated using Equation (1).

Adsorption (%)= [1 ZEA concentration in supernatant <100
SOTPHON 17 ZEA concentration in positive control ey
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3.3. Biotransformation of ZEA, a-ZOL and -ZOL by S. cerevisiae Strains

Strains were tested in YPD+ZEA as described previously. Incubation was also performed at 30 °C
for 4 days. Throughout the incubation period, for each strain, triplicates were extracted and analyzed for
the presence of ZEA at 0, 6, 20, 28, 48 and 96 h. Culture media were extracted together with yeast cells
as described below.

The time required for 50% and 90% of ZEA degradation (DT50 and DT90, respectively) was
determined by fitting a logistic model to the concentration of ZEA over time according to Equation (2).

Amax

a r
S =S x [ max )
° Qmax — Qg + ap * e (r+t) @

where, S is the percentage of ZEA present at time t, So is the initial percentage of ZEA present in the
assay, amax 1S the maximum value of the degradation constant, ao is the initial value of the degradation
constant, r is the microbial growth rate and t is the time as described in [23].

Data were fitted using a nonlinear least squares fit regression using GraphPad Prism version 6.05
(GraphPad Software, California, USA). To perform the regression analysis, ZEA data were converted
to a 0% to 100% scale. So was constrained to 100%. The amax, @o, and » parameters were estimated using
by fitting Equation (2) to experimental data and estimated parameters were used to calculate the DT50
and DT90 according to Equations (3) and (4), respectively.

1 Amax _r_
DT50 = ; * In [1 — a * (1 — Zamax>] (3)
0
1 r
DT90 = —1n |1 — %, (1 — 10mar @)
r a,

For the comparison of means of quantitative variables, samples were first tested for homogeneity of
variances by Levene’s test. Since samples followed this criterion, variances were analyzed by one-way
ANOVA, and multiple comparisons between samples pairs were made by Bonferroni’s test. In all cases,
the mean differences were significant at p < 0.05.

3.4. Extraction and Detection of Mycotoxins

Culture media with or without yeast cells and gastro-intestinal simulation solutions were extracted
with an equivalent volume of acetonitrile/methanol/acetic acid (78:20:2, v/v/v) using vortex agitation for
1 min. Two mL samples were collected and filtered into clean amber borosilicate glass vials using
syringe-fitted PP filters with 0.45 um pores (VWR, Carnaxide, Portugal). Cell pellets were extracted
with I mL of the same solution and 1 mL of H2O4 during an agitation period of 1 h and filtered into glass
vials. The samples were preserved at 4 °C until HPLC analysis.

The HPLC system comprised a Prostar 210 pump, a Prostar 410 autosampler (all Varian, Porto, Portugal)
and a FP-920 fluorescence detector (Jasco, Tokyo, Japan). The instrument and the chromatographic data
were managed by a Varian 850-MIB data system interface and a Galaxie chromatography data system
(all from Varian, Porto, Portugal), respectively. The chromatographic separation was performed at
30 °C on a C18 reversed-phase YMC-Pack ODS-AQ analytical column, 250 x 4.6 mm, 5 um (YMC,
Kyoto, Japan) that was fitted with a pre-column with the same stationary phase. To analyze ZEA and its
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derivatives [24], samples were eluted using a flow rate of 1.0 mL/min for a 23 min isocratic run with
methanol/water/acetic acid (65:35:1, v/v/v). The injection volume was 50 pL and the fluorescence
detection was performed at Aexc = 236 nm, Aem = 418 nm and gain = 1000. Recorded retention times for
a-ZOL, B-ZOL and ZEA were approximately 12.5, 18.5, and 21.0 min, respectively. Calibration curves
were prepared with a-ZOL and ZEA standards (Sigma-Aldrich, Sintra, Portugal) at concentration
between 0.25 and 2.0 pg/mL. To quantify -ZOL, a calibration curve at concentration between 2.5 and
20.0 pg/mL was prepared with standards (Sigma-Aldrich, Sintra, Portugal).

4. Conclusions

S. cerevisiae strains LL74, LL83, and LLO08 isolated in this study tolerate the in vitro gastrointestinal
conditions passage and have the ability to adsorb the toxin at a first stage, and later to metabolize it in
other compounds. The main ZEA metabolite detected was the less estrogenic f-ZOL (representing about
53% of initial ZEA amount), being the more estrogenic a-ZOL present at much lower amounts (about
8%). Although at a lower level, B-ZOL is still estrogenic for what it is desirable to have a full picture on
the estrogenicity of all transformation products obtained from ZEA. The simple elimination of ZEA is
not enough to guarantee the safety of the feed. These isolates are promising alternatives for the
development of new additives with probiotic, as well as anti-mycotoxin activity. This factor may show
that new products can be developed from this modelling research. This promising development
reinforces the idea that the additives of biological origin can be a viable solution in animal husbandry.

Acknowledgments

This study was carried out with grants from CYTED, CNPq, CAPES-DS, and FAPUR/UFRRJ
(Brazil). This work was also funded by FEDER funds through the “Programa Operacional Factores de
Competitividade-COMPETE” and by national funds through “Funda¢do para a Ciéncia e a
Tecnologia -FCT”, Ref. FCOMP-01-0124-FEDER-028029 and PTDC/AGR-TEC/3900/2012,
respectively. The authors also thank the FCT Strategic Project PEst-OE/EQB/LA0023/2013 and the
Project “Biolnd - Biotechnology and Bioengineering for improved Industrial and Agro-Food processes,
REF. NORTE-07-0124-FEDER-000028" Co-funded by the Programa Operacional Regional do Norte
(ON.2-O Novo Norte), QREN, FEDER. Luis Abrunhosa was supported by the grant
Incentivo/EQB/LA0023/2014 from ON.2-O Novo Norte.

Author Contributions

L.K. and L.A. conceived, designed and performed the experiments; K.K. conceived, designed and
performed the experiments concerning the simulated gastrointestinal environment; C.A.R. and L.C.
contributed with biological material and made the critical revision of data and paper; L.K., L.A. and
A.V. analyzed the data and wrote the paper. All authors analyzed and approved the paper final version.

Conflicts of Interest

The authors declare no conflict of interest.



Toxins 2015, 7 3307

References

10.

11.

12.

13.

14.

15.

16.

Hussein, H.S.; Brasel, J.M. Toxicity, metabolism, and impact of mycotoxins on humans and animals.
Toxicol. 2001, 167, 101-134.

Zinedine, A.; Soriano, J.M.; Molto6, J.C.; Mafies, J. Review on the toxicity, occurrence, metabolism,
detoxification, regulations and intake of zearalenone: An oestrogenic mycotoxin. Food Chem.
Toxicol. 2007, 45, 1-18.

Malekinejad, H.; Maas-Bakker, R.F.; Fink-Gremmels, J. Bioactivation of zearalenone by porcine
hepatic biotransformation. Vet. Res. 2005, 36, 799—-810.

Shier, W.T.; Shier, A.C.; Xie, W.; Mirocha, C.J. Structure-activity relationships for human
estrogenic activity in zearalenone mycotoxins. Toxicon 2001, 39, 1435-1438.

EFSA Panel on Contaminants in the Food Chain (CONTAM). Scientific Opinion on the risks for
public health related to the presence of zearalenone in food. EFSA J. 2011, 9, 124.

Celyk, K.; Denly, M.; Savas, T. Reduction of toxic effects of aflatoxin B1 by using baker yeast
(Saccharomyces cerevisiae) in growing broiler chicks diets. Rev. Bras. Zootec. 2003, 32, 615-619.
Santin, E.; Paulillo, A.C.; Krabbe, E.L.; Alessi, A.C.; Polveiro, W.J.C.; Maiorka, A. Low level of
aflatoxin in broiler at experimental conditions. Use of cell wall yeast as adsorbent of aflatoxin.
Arch. Vet. Sci. 2003, 8, 51-55.

Joannis-Cassan, C.; Tozlovanu, M.; Hadjeba-Medjdoub, K.; Ballet, N.; Pfohl-Leszkowicz, A.
Binding of zearalenone, aflatoxin Bi, and ochratoxin A by yeast-based products: a method for
quantification of adsorption performance. J. Food Prot. 2011, 74, 1175-1185.
Chaucheyras-Durand, F.; Durand, H. Probiotics in animal nutrition and health. Benef. Microbes.
2010, 7, 3-9.

Shetty, P.H.; Jespersen, L. Saccharomyces cerevisiae and lactic acid bacteria as potential mycotoxin
decontaminating agents. Trends Food Sci. Tech. 2006, 17, 48-55.

Yiannikouris, A.; Poughon, L.; Cameleyre, X.; Dussap, C.G.; Francois, J.; Bertin, G.; Jouany, J.P.
A novel technique to evaluate interactions between Saccharomyces cerevisiae cell wall and
mycotoxins: Application to zearalenone. Biotechnol. Lett. 2003, 25, 783—789.

Yiannikouris, A.; Andre, G.; Buleon, A.; Jeminet, G.; Canet, I.; Francois, J.; Bertin, G.; Jouany, J.P.
Comprehensive conformational study of key interactions involved in zearalenone complexation
with beta-D-glucans. Biomacromolecules 2004, 5, 2176-2185.

Aravind, K.L.; Patil, V.S.; Devegowda, G.; Umakantha, B.; Ganpule, S.P. Efficacy of esterified
glucomannan to counteract mycotoxicosis in naturally contaminated feed on performance and
serum biochemical and hematological parameters in broilers. Poult. Sci. 2003, 82, 571-576.
Yildiz, A.O.; Parlat, S.S.; Yildirim, 1. Effect of dietary addition of live yeast (Saccharomyces
cerevisiae) on some performance parameters of adult Japanese quail induced by aflatoxicosis.
Rev. Med. Vet. 2004, 155, 38—41.

Sahebghalam, H.; Mohamadi Sani, A.; Mehraban, M. Assessing the ability of Saccharomyces
cerevisiae to bind Aflatoxin B1 from contaminated medium. Nutr. Food Sci. 2013, 43, 392-397.
Piotrowska, M.; Masek, A. Saccharomyces Cerevisiae cell wall components as tools for ochratoxin
A decontamination. Toxins 2015, 7, 1151-1162.



Toxins 2015, 7 3308

17.

18.

19.

20.

21.

22.

23.

24.

Baptista, A.S.; Horii, J.; Calori-Domingues, M.A.; da Gléria, E.M.; Salgado, J.M.; Vizioli, M.R.
Thermolysed and active yeast to reduce the toxicity of aflatoxin. Sci. Agric. 2002, 59, 257-260.
Keller, K.M.; De Oliveira, A.A.; De Almeida, T.X.; Keller, L.A.M.; Queiroz, B.D.; Nunes, L.M.T.;
Cavaglieri, L.R.; Rosa, C.A.D.R. Effect of yeast cell wall on the performance of broiler chickens
intoxicated with aflatoxin B1. Rev. Bras. Med. Vet. 2012, 34, 101-105.

Armando, M.R.; Pizzolitto, R.P.; Dogi, C.A.; Cristofolini, A.; Merkis, C.; Poloni, V.
Dalcero, A.M.; Cavaglieri, L.R. Adsorption of ochratoxin A and zearalenone by potential probiotic
Saccharomyces cerevisiae strains and its relation with cell wall thickness. J. Appl. Microbiol. 2012,
113,256-264.

Boswald, C.; Engelhardt, G.; Vogel, H.; Wallnofer, P.R. Metabolism of the Fusarium mycotoxins
zearalenone and deoxynivalenol by yeast strains of technological relevance. Nat. Toxins 1995, 3,
138-144.

Scott, P.M.; Kanhere, S.R.; Daley, E.F.; Farber, .M. Fermentation of wort containing deoxynivalenol
and zearalenone. Mycotoxin Res. 1992, 8, 58—66.

Gonzélez Pereyra, M.L.; Sulyok, M.; Baralla, V.; Dalcero, A.M.; Krska, R.; Chulze, S.; Cavaglieri, L.R.
Evaluation of zearalenone, a-zearalenol, B-zearalenol, zearalenone 4-sulfate and P-zearalenol
4-glucoside levels during the ensiling process. World Mycotoxin J. 2014, 7, 291-295.

FOCUS. Guidance Document on Estimating Persistence and Degradation Kinetics from
Environmental Fate Studies on Pesticides in EU Registration; Report of the FOCUS work group
on degradation kinetics. EC Document Reference Sanco/10058/2005 version 2.0, 2006; pp. 1-434.
Niderkorn, V.; Morgavi, D.P.; Pujos, E.; Tissandier, A.; Boudra, H. Screening of fermentative
bacteria for their ability to bind and biotransform deoxynivalenol, zearalenone and fumonisins in
an in vitro simulated corn silage model. Food Addit. Contam. 2007, 24, 406—415.

© 2015 by the authors; licensee MDPI, Basel, Switzerland. This article is an open access article

distributed under the terms and conditions of the Creative Commons Attribution license

(http://creativecommons.org/licenses/by/4.0/).



