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Abstract

The aim of the present study was to determine the ability of four different
sources of Saccharomyces cerevisiae (autolyzed yeast, brewer’s yeast, cell wall yeast
and inactivated yeast) to adsorb aflatoxin B, through adsorption isotherms.
For this, a phosphate buffered saline solution containing 2 pg of AFB /ml was
prepared and the yeast with a variant concentration of 0.05 g to 1.0 g was added
and incubated at 10, 20 and 30 mins. After the incubation time the quantification
was made by high performance liquid chromatography. It was verified through
the isotherms that the absorption of aflatoxins increased as a result of yeast
concentration and that the best time for action was 20 mins. Also, the application
of the extended Langmuir model was more adequate for brewer’s yeast and cell
wall, and these were more effective in the adsorption. In contrast, the autolyzed
and inactivated yeast presented an inverse behavior, reducing the percentage of
adsorption by increasing the amount of free aflatoxin; being able to be recurrent of
the reversibility of the reaction (30 min) and reduction in the adsorptive capacity
(10 min); related to the state of the B-D-glucans present in the cell membrane
and the occupation of the yeast binding sites; adapting better to the Freundlich
model.
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Introduction

Mycotoxins are a result of secondary metabolism of molds, have high toxicity,
low molecular weight and are thermally stable [1, 2]. Various genera of molds can
produce mycotoxins in foods under favorable conditions. The factors that affect
the development of mycotoxins are relative humidity (must be greater than 80%)
and temperature (varies according to the fungal species) [3, 4]. The presence of
mycotoxins in foods is a serious problem from both a public health concern and
for industry and consumers because of the reduced quality of the food [5].

Aflatoxins are of great importance in feed and food (peanuts, beans, corn, rice,
wheat, etc.). They are produced by different genera of fungi, Penicillium, Fusarium
and especially Aspergillus (flavus, parasiticus and nomius) [6-9]. Currently, there are
18 similar compounds known as aflatoxin, however, aflatoxin B, (AFB,), aflatoxin
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B, (AFB), aflatoxin G, (AFG,) and aflatoxin G, (AFG,) are

the most relevant public health concerns [10].

Aflatoxin B, is the most important metabolite due to
its higher toxicity and is considered to be the most potent
hepatocarcinogen in mammals. This mycotoxin which has
received increased attention because it has been classified by
the International Agency for Research on Cancer (IARC) as
a Group 1 carcinogen and is responsible for the formation of
hepatocellular carcinoma in humans [11-13]. When ingested
by animals, especially dairy cattle, aflatoxin B, is absorbed from
the gastrointestinal tract and biotransformed by the hepatic
system, into aflatoxin M, (AFM,), a compound that can be
excreted in milk and biological fluids of these animals [14-16].

Chronic exposure to aflatoxins can cause reduced
productivity in animals and agricultural inputs, resulting
in decreased quality of products which poses a great risk to
consumers. Therefore, to reduce the exposure of consumers,
methods of decontamination are needed, that can be chemical,
physical or biological methods [17, 18].

'The research on detoxification procedures for aflatoxins in
contaminated food products have historically been conducted
by using two main approaches, one aiming to modify the
chemical structure of the toxin into less toxic compounds
(decontamination),and another aiming to remove the unaltered
aflatoxins from the product or reduce its bioavailability in
the food or feed. In both cases, the procedures may be based
on physical (for example inactivation of the aflatoxins by
high temperatures and removal by extraction with solvents),
chemical (for example degradation of aflatoxin molecules by
means of acids, bases, aldehydes) and biological (involve the
use of bacteria, yeast or respective enzymes) methods [19, 20].

Currently, biological methods are being widely studied
as a means of controlling aflatoxins to protect the quality of
food or feed because they are considered safer. This is because
most inorganic adsorbents cannot adsorb a wide range of
mycotoxins and may have adverse nutritional effects, need to
be used in large quantities to obtain a noticeable effect and
may also reduce the bioavailability of minerals or vitamins in
diets. In addition, due to consumer resistance to physical and
chemical treatments [17,21-23].

As reported by Joannis-Cassan et al. [24], several studies
have tested the adsorption capacity of yeast products for
various mycotoxins. However, most of these studies involved
a single test, that is, the determination of the adsorption in
only one concentration. These single concentration studies do
not allow comparison of different experiments in wvifro and
extrapolation to other concentrations is difficult.

According to the literature, the isotherms were used in the
evaluation of a number of mycotoxin sequestering agents [25,
26]. This kind of study (isothermal adsorption) are preferred
because they give a more complete and reliable image of

adsorption [25].

In this context, the objective of this study was to evaluate
the ability of different sources of Saccharomyces cerevisiae
to adsorb aflatoxin, by analyzing their behavior at different

incubation times, through their adsorption isotherms.

Materials and Methods

Sources ofSaccbaromyces cerevisiae

'The four different sources of Saccharomyces cerevisiae used
in the experiment were immuno wall (prebiotic additive and
functional fiber consisting of MOS and -glucans), autolyzed
yeast (soluble solids of fermentation - dry yeast together with
the fermentative medium), inactivated yeast (inactivated yeast
from the fermentation of sugarcane ethanol) and brewer’s
yeast (100% natural yeast by S. cerevisiae) were provided by
ICC® (Brazil) to the Laboratory of Food Microbiology
and Mycotoxicology, College of Animal Science and Food
Engineering of University of Sao Paulo, Brazil.

The number of yeast cells in the products was determined
by light microscopy using a modified Neubauer chamber. The
products were weighed to reaching a cell concentration of 1.0 x
10" cells mL*. All SC cells were heat-killed, being inactivated
by autoclaving at 121 °C for 10 mins before the binding assays,
to avoid any possible fermentation during the contact time.

Aflatoxin adsorption trials

AFB, was purchased from Sigma Aldrich Company (St.
Louis) and dissolved in acetonitrile to get a stock solution
containing 100 ug AFB./mL. The stock solution was used to
prepare the working standard solution, containing 2 g AFB./
mL. The trials intended to evaluate the affinity of the different
sources of yeast to adsorb aflatoxin were carried out using
adsorption isotherms. Four isotherms were made to each type
of yeast, aiming to evaluate the influence of the incubation
time on the adsorption capacity.

'The yeast products were prepared by weighing from 0.05
to 1.0 g (of each yeast) and 3 mL of working standard solution
were added to them. Samples were subjected to three different
incubation periods (10, 20, 30 mins), then placed on a shaker
and incubated at 25 °C and then centrifuged at 4000 rpm
for 20 mins. The supernatant was filtered through a PTFE
filter (0.45 mm) and analyzed using high-performance liquid
chromatography.

Aflatoxin quantification using HPLC

To evaluate the AFB, samples a Shimadzu® High
Performance Liquid Chromatograph (HPLC) system (Tokyo,
Japan) was used, consisting of an RF-10A XL fluorescence
detector (Shimadzu®) equipped with a Synergy Fusion 4 pm
C18 column 4.6 x 150 mm (Phenomenex®, Torrance, USA)
and the SIL-10AF autosampler (Shimadzu®). A flow rate of
1 ml/min with a mobile phase containing water, acetonitrile
and methanol (60: 20: 20) was used. Detection was done at an
excitation wavelength of 360 nm and emission at 440 nm. The
limit of detection (LOD) was calculated based on a signal/
noise ratio of 3:1, its value being 0.5 pg/kg.

A={[B-C-D]/B} * 100  Eq.(1)
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With a being the percentage of AFB, adsorbed by the
yeast products. B, concentration of the buffered standard of
AFB,. C, the concentration in the yeast + solution of AFB,
and D concentration of interferences- negative control (buffer
solution + yeast).

Statistical analysis

The results of the experiment were submitted to analysis of
variance according to the procedures established in the Genera/
Linear Model of SAS [27] to verify statistically significant
differences between the means of the studied variables.

Results and Discussion

In order to obtain the isotherms, it was necessary to
calculate the amount of aflatoxin adsorbed by the percentage
resulting from the calculation with the areas; using Equation
2. By means of the study of the adsorption isotherms of the
different sources of yeasts, some analyzes were done in relation
to the binding capacity of AFB, with Saccharomyces cerevisiae,
being observed a variation in the behavior according to the
time of contact (10, 20 and 30 mins) and with the yeast
concentration used (0.05 to 1.0 g).

AFBlubsarbed {%\J _ 2(£]AFBI " 3(ml)
g mL [veast](mg)

x % Eq.(2)

In the isotherms, the adsorption model was applied,
which presented the best coefficient of determination for the
adjustment of non-linear models (X?), so that the models used
were extended Langmuir and Freundlich classic and extended
models. The Langmuir model (equation 3 and 4) considers
homogeneous surface and the formation of only one layer,
occurring then an absorption in only a finite number of sites. In
the derivation of this model, homogeneous adsorption occurs
in which each molecule has an activation and enthalpy energy
[28]. Thus, the adsorption isotherms were obtained according
to the equations that govern the model, being observed below:

Cads = —PC4_ g4 (3)
(1+ aCeq)
1-¢
Cads = % Eq.(4)
1+ aCeq ™

In which Cads represents the concentration of mycotoxin
adsorbed in equilibrium, Ceq is the concentration of mycotoxin
in the solution, o is the adsorption constant K; (L/mg) and f
is the maximum amount retained on the surface Qmax (mg/g).
Therefore, by applying the model to the isotherms, one can
obtain the parameters K; and Qmax, and thus compare the
behavior of yeasts and their absorptive potential [28].

However, the Freundlich model (equations 5 and 6)
considers the formation of several layers and the logarithmic
decrease of adsorption energy according to this increase [29].
The equations describing the classical and extended model
are shown below, respectively; where corresponds to the

Freundlich exponent and K, is constant (mg/g). Both models
cited for single-component1/ 7], systems only, are the most
used since multicomponent mixtures can be complex to
characterize the adsorption equilibrium [30].

1
— * Qeq :KF

* C,, Eq.(5)
ur

s

Thus, it is possible to subdivide the isotherms according
to the behavior of the different Saccharomyces cerevisiae sources
(adsorption rate, how much aflatoxin was adsorbed and the
amount of aflatoxin in solution) during the incubation time.
For the time of 10 mins, brewer’s yeast (RLC) and autolyzed
yeast (RYLA) can be grouped because they have a lower
spectrum (0.0012 - 0.0024 mg/L) relative to cell wall yeast
(IWPC) and inactivated yeast (SYL), which presented a
higher amount of AFB, in solution (0.005 - 0.025 mg/L), as

can be seen in figure 1.
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Figure 1: AFB; adsorption isotherm applying the classic Freundlich
model (A) and the extended Langmuir and Freundlich classic (B) in time
of 10 minutes.
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It can be observed that lower values of aflatoxin in
solution indicate faster adsorption, thus occurring in beer yeast
and autolyzed. However, IWPC and SYL showed an unusual
behavior, with the reduction of adsorption according to the
increase of aflatoxin in solution, which may be the result of the
reversion of the yeast binding with aflatoxin. The RLC and
IWPC showed the increase of the adsorption according to the
increase of aflatoxin in solution.

For the time of 20 mins, the yeasts SYL, RLC and RYLA
showed the expected behavior, that is, increased adsorption of
aflatoxins indicating the application of the Langmuir model
as the most appropriate for the time. By the isotherms, it
is observed that the application of cell wall yeast was more
effective, since it indicated larger amounts of aflatoxins
adsorbed in lower concentrations. For the IWPC, a separate
isotherm was applied, since it presented different behavior
from the others, resulting in lower values of free AFB, (0.0003
- 0.0012 mg/L), as can be seen in figure 2.
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Figure 2: AFB1 adsorption isotherm applying the extended Langmuir
model (A) and the extended Langmuir model (B) in the time of 20
minutes.

Then, for the longer incubation time, all yeasts showed
a concentration of aflatoxin in a similar solution (0.2-0.8
mg/L). However, two isotherms were constructed to facilitate
visualization of yeast behavior (Figure 3). It was observed
that the autolyzed and inactivated yeast presented a behavior

similar to the autolyzed yeast in the time of 10 mins, that is,
decrease of the adsorption of 0.45 mg/L of free AFB, in the
medium, being able to indicate that this yeast is not ideal for
application in aflatoxin adsorption.
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Figure 3: AFB; adsorption isotherm applying the extended Langmuir
model (A) and Freundlich extended model (B) in the time of 30 minutes.

In addition, it is observed that although the TWPC
and RLC present the expected increase in adsorption, the
construction of the adsorptive curve was different; and
therefore it will be necessary to evaluate the significance
behind the behavior of the curves to understand which yeast
obtained the greatest efficiency at this time. Also, it is noted
that brewer’s yeast required high concentrations of aflatoxin
in the medium to start the adsorption process, however it
presented the highest amount of adsorption among all yeasts
at this time.

It is observed that each yeast tested showed a behavior at
each incubation time. Thus, the best incubation time, at which
time the yeast adsorbed the highest amount of aflatoxin at
lower concentrations, differed among the yeasts. For cell wall
yeast IWPC), the best time was 10 min because, although
it began to adsorb more rapidly in the time of 20 min, the
adsorbed amount was lower. For inactivated (SYL), the best
time was 20 mins, as well as for the autolyzed yeast (RYLA),
since, during the time of 10 and 30 min, presented unusual
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behavior. And for brewer’s yeast (RLC), the best time was the
lowest, 10 mins.

The Giles classification can be used to evaluate the
isotherms and curves behavior, as it was observed that the
yeasts presented different behaviors. In this, the isotherms
are classified into four classes: “spherical”, “langmuir”, “high
affinity” and “constant partition”. Each class of these is divided
into subgroups according to the shape of the curve, totaling
twelve types of classification [31]. These can be seen in figure
4,
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Figure 4: Adapted from Gyles classification for adsorption isotherms.

following data were obtained from the parameters calculated
with the aid of the program Origin, found in table 1 below.

Table 1: Application parameters of the extended Langmuir model.
Yeast IWPC RYLA RLC SYL
Time | 10min | 20min | 30 min | 20 min | 20 min | 30 min | 20 min
K, 3E+14 | 2E+04 | 1IE-02 76 65 1061 366
Q. | 0124 | 0031 | 7288 | 0.113 | 0.075 | 0.048 | 0.097
-c 7.444 0.449 0.704 | 2.461 | 14.938 | 27.727 | 8.200
X 0.972 0.991 0.947 | 0.998 | 0.998 | 0.986 | 0.951

Therefore, it can be verified that, although the previous
analysis indicates that brewer’s yeast was closer to the
other classification, the application of the Langmuir model
generated a high coefficient of determination, with 20 mins
the time that generated the largest X*. The maximum amount
adsorbed was very high for the cell wall yeast in the 30 mins,
with 7.288 (mg/g), which may be due to the high contact time
and the high value of the Langmuir coefficient, since smaller
K| values indicate that the absorbance has higher afhinity with
the absorbent [33].

In the isotherms in which the Freundlich model was
applied, it was observed that the value of the determination
coefficient for autolyzed yeast in 10 mins was lower than
those observed in this experiment, justified by its adsorption
reduction behavior that does not apply to the adsorptive
models. Furthermore, the negative values in the Freundlich
exponent were also the result of the non-adsorbing behavior
of the yeasts autolyzed and inactivated at most times. The
parameter c, used in the extended model, was only necessary
for these to yeast in 30 mins, since at this time both aflatoxin
uptake and expulsion can be observed (Table 2).

When analyzing the obtained isotherms, it can be
observed that the cell wall and the brewer’s yeast resemble
the “spherical” class, in the time of 10 mins and 20 mins
for the RLC and 30 mins for the IWPC. This type of
curve indicates that the adsorption increases according to
the number of molecules adsorbed, according to [24, 32], a
cooperative interaction between the adsorbed molecules may
have occurred, resulting in a low affinity between yeast and
aflatoxin. However, the autolyzed, inactivated and cell wall
ferment for the time of 20 mins and the brewer for 10 and 30
mins can be classified as Langmuir, since a behavior close to
a concavity can be observed. The isotherm for inactivated and
autolyzed yeasts at maximal tested time cannot be analyzed
because their behavior does not fit those described by [31].

These differences may have occurred because the
comparison of single tests, frequently used in previous studies,
assuming linear mycotoxin adsorption, is inadequate. When
isotherms are not linear, comparing the adsorption capacity of
yeast products can lead to opposite conclusions, depending on
the initial concentration of mycotoxins tested [24].

From the application of the Langmuir model, the

Table 2: Application parameters of the classic and extended Freundlich model.
Yeast RYLA RLC SYL
Time 10 min 30 min 10 min 10 min 30 min
1/ -6.98 -7.07 9.16 -2.00 -5.00
K, 3.49E - 22 | 0.00161 | 1.35E +24 | 2.78E-07 | 0.00125
'S 0.622 0.949 0.962 0.927 0.977
-c - 1.385 - - 0.889

In general, it is noticed that the time of 20 mins presented
the best development of the absorptive curve and the best
adaptation to the Langmuir model; indicating therefore that
this is the best time of application. Also, it was necessary to
apply the extended Langmuir model to most of the yeasts, since
the great dispersion of the values indicated the requirement of
a more complex model, for a multicomponent system.

Regarding yeast binding capacity, [34] observed that the
adsorption by yeast application showed a higher efliciency
when smaller concentrations of mycotoxin were used. Also, in
vitro studies indicated that the adsorption is concentration-
dependent and reversible, which may justify the behavior
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of the autolyzed and inactivated yeast in 30 mins, in which
absorption decreased [35].

This behavior was observed by the study of [36], in
which a proportional inverse relationship between the
toxin concentration and the adsorption process occurred
in the application of §. cerevisiae in maize with AFB . Low
adsorption percentages (16 to 66%) were obtained for high
concentrations of aflatoxin 800 pg/kg when compared as
percentages obtained at a concentration below 150 pg/kg (40
to 93%); being justified by the saturation of the yeast binding
sites in a nonlinearity line in the absorptive process.

Brewer’s yeast and cell wall yeast, in general, had the
highest amount of aflatoxin adsorbed. It is important to note
that B-D-glucans located in the yeast cell wall are responsible
for the adsorption of mycotoxin, as well as the presence of
weak intermolecular bonds in yeast, such as Van der Waals

[37].

For autolyzed yeast, there is cell wall breakdown and
release of B-D-glucans not previously available in the medium;
however, studies indicate that there is a reduction in the
adsorptive capacity when there is lysis of the cell wall [38].
Inactivated yeast is obtained through drying, which can result
in the reduction of carbohydrate content by cell autolysis; and
therefore, reduction in the amount of B-D-glucans [39].

Conclusion

'The application of autolyzed yeast, inactivated yeast, cell
wall and brewer’s yeast for adsorption of aflatoxins is feasible.
Among the incubation times, the yeast showed the best
behavior was that of 20 mins, since all showed an increase in
the amount of AFB, adsorbed. In addition, it was observed
that, in general, the application of the extended Langmuir
model was the most adequate for cell wall and brewer’s yeasts,
since it had high determination coefhicients and Qmax values,
being considered more efficient in the adsorption of AFB,.
However, the autolyzed and inactivated yeast did not show
the expected behavior in the time of 10 and 30 min, and may
be justified by the reduction of the adsorption capacity when
there are changes in the cell membrane and occupation of
the binding sites. These fit better into the Freundlich model,
which predicts the formation of a multilayer, which may be
justified by the reversibility of adsorption and interaction
between aflatoxin itself.
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