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ABSTRACT: Aflatoxin B4 (AFB+), ochratoxin A (OTA), zearalenone (ZON), deoxynivalenol (DON) and
T-2 toxin are the most extensively studied toxic fungal metabolites. Once mycotoxins enter the
food/feed production chain keeping their toxic characteristics, it is very difficult to remove or eliminate
them. One of promising methods to reduce mycotoxins in contaminated food/feedstuffs is the use of
mycotoxin binders. This paper presents the results of in vitro investigations of mineral mycotoxin
binders (bentonite - BEN, diatomite — DIA and zeolite - ZEO), and organic mycotoxin binders -
agricultural waste materials (Myriophillium spicatum, peach and sour cherry pits). Chemical
compositions of the adsorbents have showed that they do not consist of elements toxic to the animals.
Inorganic adsorbents (BEN, DIA and ZEO) tested in vitro were better binders of AFB1 (94.97% -
96.90%), while the biosorbents were more efficient in adsorption of OTA (19.98% - 66.66%), ZON
(33.33% - 75.00%) and T-2 toxin (16.67% - 50.00%). Inorganic adsorbents and organic waste
materials expressed similar binding capacity for DON in vitro, with the exception of M. spicatum that
did not at all adsorb this type B trichothecene. Our results indicate that feed contamination with
different types of mycotoxins might be diminished by a product that combines different inorganic and
organic adsorbents with diverse mycotoxin binding properties.
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INTRODUCTION

Mycotoxins, secondary metabolites of fila-
mentous fungi, are considered to be a
major risk factor affecting human and ani-
mal health. They are small and stable
molecules with different chemical struc-
tures that have diverse biological effects,
such as mutagenicity, cancerogenicity,
teratogenicity, oestrogenicity, neurotoxi-
city, immuno-modulation, etc. Scientists
have already identified about 400 toxic

metabolites biosynthesized by about 100
fungal species. Among them, most ex-
tensively investigated are mycotoxins,
such as aflatoxin By (AFB;), ochratoxin A
(OTA), zearalenone (ZON), deoxyniva-
lenol (DON), T-2 toxin (T-2) and fumo-
nisins (FB; and FB,). It is extremely dif-
ficult to remove or eliminate these sub-
stances when they enter the feed pro-
duction chain while keeping their toxic pro-
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perties (Kolosova and Stroka, 2011).

Although there is a lot of innovative stra-
tegies for the reduction of mycotoxins in
food/feed (Shanakhat et al., 2018) one of
the most common approaches to their de-
toxification includes the use of diverse,
non-nutritive mycotoxin binders, i.e. sor-
bent materials.

These agents are supposed to detoxify
feedstuffs as they pass through the di-
gestive system of animals by adsorbing
and/or degrading mycotoxins selectively
under pH, temperature and moist con-
ditions in the digestive system (Déll and
Danicke, 2004). This mycotoxin-binder
complex is eliminated by means of feces
(Devreese et al., 2013). These additives
reduce mycotoxin uptake and subsequent
distribution to blood and target organs.

Adsorbent efficacy depends on the pro-
perties of both the binder and the myco-
toxin - physical structure of the bin-der
(total charge and charge distribution, pore
size, surface accessibility, etc.) and phy-
sical and chemical characteristics of the
mycotoxin (polarity, solubility, molecular
size, shape charge distribution, etc.) (Jard
et al., 2011; Di Gregorio et al., 2014). In
the Commission Regulation No
386/2009/EC, a new functional group of
feed additives was established, including
products for suppression and reduction of
mycotoxins adsorption, promotion of their
excretion or modification of their mode of
action.

SUBSTANCES FOR REDUCTION OF
MYCOTOXIN CONTAMINATION

Mineral adsorbents

Some of the most common feed additives
are aluminosilicate minerals, such as ben-
tonites, diatomaceous earth and zeolite
materials.

Bentonites (BENs) are hydrated alumina-
silicates of volcanic origin. The impure clay
consists of minerals from the smectite
group, mostly of montmorillonite (50-90%).
The crystal structure of these mineral ad-
sorbents is composed of SiO, tetrahe-
drons and Al,O; octahedrons, linked to
build three-layer plates with a negative
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charge, while the edges of the lamellae
have positive charges. In the presence of
water, lamellae are separated and their
volume is increased. In the feed industry,
BENs are used in the pelleting process
since they increase the hardness and
toughness of pellets. It is well known that
they can adsorb some mycotoxins (Huwig
et al,, 2001), as well as radionuclides,
toxic metals and ammonia (Adamovic¢ et
al., 2009).

Diatomite (DIA) is sediment formed in la-
custrine and marine environments. It is
composed of very small (from 0.01 to 0.4
mm) shells of silicon, unicellular algae
(Diatomeae), whose number amounts to
10-30 millions in cm®. DIA has small mass
(0.5-0.8 g/cm?®) and high porosity.

Due to a high content of silicon dioxide,
this adsorbent has large porosity and,
consequently, a high adsorption capacity.
DIA is used as a component for the pro-
duction of certain mycotoxin adsorbents
(Whitlow, 2006), for remediation of diar-
rhoea in animals and uranyl ion adsorption
(Adamovi¢ et al., 2011).

Zeolites (ZEOs) are hydrated alumina-
silicates of alkaline and alkaline earth me-
tal ions, which possess an infinite three-
dimensional crystal structure. Natural
ZEOs are characterized by their ability to
lose or receive water and change cations
without major changes of the structure.

A primary building unit in the structure of
zeolites is a tetrahedron, in the centre of
which is the silicon or aluminium atom,
while at the top there are oxygen atoms
shared by two tetrahedra.

These minerals are rich in channels and
cavities in one, two or three directions.
The cations placed in the channels can be
replaced with other metal ions.

The ability of natural ZEO with a high
proportion of clinoptilolite (over 80%) to
adsorb (more or less successfully) specific
mycotoxins on its negatively charged sur-
face is based on this fact (TomaS3evic-
Canovié et al., 2003). This mineral adsor-
bent can also bind radionuclides, toxic me-
tals and ammonia (Adamovi¢ et al., 2003
and 2011).
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Biosorbents

Biosorption has proved to be an efficient,
low cost and sustainable treatment with
cheap and abundant biomaterials, usually
declared as waste. These organic mate-
rials are used for removing heavy metals
l., 2012a and 2012b; Lopici¢ et al., 2013a
and 2013b).

Biosorbents can usually be: primary agri-
cultural waste (straw, chaff, husk, corn
cobs, pea pods, etc.), by-products of the
food industry (sugar beet pulp, brewery
spent grain, seeds and pulp of fruits, shell
walnuts, hazelnuts, almonds, coconuts,
etc.) or wood industry (bark, sawdust,
wood chips, leaves, pine needles, moss,
etc.).

Agricultural waste materials mostly consist
of cellulose, lignin, hemicellulose, pectin,
lipids and other organic compounds that
are rich in differrent functional groups,
responsible for binding of pollutants. Bio-
sorbents also have a multilayer, porous

structure, filled with ca-vities and channels
that provide a huge volume per unit of
sorbent surface area, which is favourable
in the process of bio-sorption. The ave-
rage pore diameter of less than 1 pm
might be beneficial for diffusion and ad-
sorption of mycotoxins (Hubbe et al.,
2011). The mechanisms underlying the
biosorption process are single or multiple
ion exchange, building complexes, ad-
sorption, electrostatic interaction, deposi-
tion and building chelates.

There are many different types of modi-
fications that can be used for improving
adsorption capacities of biomaterials, such
as physical, chemical, thermal or com-
bined treatments. In most cases, chemical
modification of cellulosic materials impro-
ves the absorbing capacity of the materials
(Sun, 2010). Acid pre-treatment that re-
moves some soluble organic impurities
also changes the structure of functional
cell compounds and results in much more
binding sites.

Table 1.
Chemical composition (% w/w) of the investigated mineral adsorbents (BoCarov Stanci¢ et al., 2011)
Adsorbent
Ingredient Bentonite Diatomite Zeolite
SiO, 48.48 79.79 65.69
AlLO 22.39 9.41 14.03
CaO 5.86 0.63 3.57
Fe,O; 4.73 1.1 2.34
MgO 1.71 0.14 1.09
K,O 0.40 0.79 1.39
Na,O 0.07 0.08 1.41
TiO, 0.34 0.21 0.17
Loss by ignition 16.02 7.84 10.29
CEC mEg/100 g 141.23 42.75 142.24

CEC - cation enhance capacity

Table 2.
Chemical composition (% w/w) of tested unmodified biosorbents (Milojkovi¢ et al., 2012; Lopici¢ et al.,
2013b)

Biosorbent
Parameter M. spicatum Peach pits Sour cherry pits
Crude protein 17.95 1.26 1.48
Crude fat 1.28 0.05 0.04
Crude cellulose 23.33 58.05 54.74
Ash 17.64 0.42 0.33
NFE 30.91 32.45 37.50
NDF 33.38 71.12 65.18
ADF 30.96 66.12 62.47
Dry matter 91.11 92.23 94.09
Moisture 8.98 7.77 5.91
Lignin 6.33 16.54 17.47

NFE-nitrogen free extracts, NDF-neutral detergent fiber, ADF-acid detergent fiber
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PHYSICAL AND CHEMICAL
CHARACTERISTICS OF
INVESTIGATED ADSORBENTS

Mineral sorbents

Calcium bentonite was obtained from Si-
povo, Bosnia and Herzegovina; diatomite
was originated from the diatomite mine
Kolubara - Lazarevac, in BaroSevac, field
"B", while zeolite (with over 80% of clino-
ptilolite) was obtained from Igros, Ko-
paonik, Serbia.

The preparations of the samples were
done at the Institute for Technology of Nu-
clear and Other Mineral Raw Materials in
Belgrade, following the previously des-
cribed procedures (BoCarov Stanci¢ et al.,
2011).

All three inorganic adsorbents had a high
content of SiO, (48.48 to 79.79%) (Table
1). The highest content of SiO, was found
in DIA. On the other hand, DIA had a
significantly lower content of other cations,
mainly Al,O; CaO and MgO, which had a
great impact on its cation exchange ca-
pacity (CEC) (Table 1). Despite differen-
ces in the chemical composition, the com-
mon trait of all the investigated mineral ad-
sorbents was their porosity. Their cavities
and channels spread in different direc-
tions, allowing them to exchange cations
and thus to adsorb certain mycotoxins.

The particle size of all mineral adsorbents
was below 63 pm. The smallest particles
were found in DIA (95.45% of mass was
below 12 ym). BEN had 75.00% of particle
mass below 15 ym, while ZEO had 49.04
% of particle mass smaller than 13 pm.
These data indicate that, to some extent,
there was a difference in distribution of
particle sizes.

Biosorbents

The biomass of aquatic weed Myriophy-
llum spicatum L. (MS) was obtained from
Sava Lake (Belgrade), while agricultural
waste materials - peach pits (PP) and sour
cherry pits (CP), were obtained from “Vino
Zupa’ company from Aleksandrovac,
Serbia, where they had been disposed as
a by-product waste from the juice factory.
All biosorbents (unmodified and modified
with hydrochloric acid) were prepared at
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the Institute for Technology of Nuclear and
Other Mineral Raw Materials in Belgrade,
following the procedures described in de-
tail in some previous papers (Milojkovi¢ et
al., 2012; Lopigi¢ et al., 2013b). Only the
hard part of the fruit pits was used in the
experiments. The diameter of the particles
was less than 100 ym.

The data presented in Table 2 indicate
that the content of crude protein, fat and
cellulose in M. spicatum was very similar
to the content of the same substances in
the leguminous plants from Fabaceae fa-
mily (alfalfa - Medicago sativa L. and clo-
ver - Trifolium repens L.), grown in Serbian
agricultural areas. These plants are often
used as animal feed — fresh, dried (hay) or
preserved (silage or haylage).

Peach and sour cherry pits (Table 2) had a
very similar or approximate chemical
composition to the composition of peanuts
or sunflower husks. Both materials had an
extremely small content of crude proteins
(1.26 and 1.48%, respectively) as well as
fat (0.04 and 0.05%, respectively). On the
other hand, the content of crude cellulose,
NDF (celluloset+hemicellulose+lignin) and
ADF (cellulose+lignin) was the dominant
one (amounted to > 54%). Lignin content
was also rather high (amounted to > 16%).
The presence of these three biological
polymers (cellulose, lignin, and hemicel-
lulose) makes peach pits rich in hydroxyl
and phenol groups, which can be further
chemically modified in order to produce
adsorbent materials with improved adsor-
bing properties (LopiCi¢ et al., 2013a and
2013b).

Peach and sour cherry pit particles
contained several important micro- and
macro elements, in the first place calcium
(0.14% and 0.52%, respectively) and po-
tassium (0.089% and 0.073%, respect-
tively) (Lopi€i¢ et al., 2013a and 2013b).
They did not consist of elements that could
be toxic to living organisms. Thus they can
be used in animal feedstuffs as energetic
material. They can even be used as car-
riers of certain active substances or ingre-
dients of complex mycotoxin-binding ad-
ditives for food and animal feed, which at
the same time can have double effect
(fungistatic and bacteriostatic), as des-
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cribed in the Patent Application Number
US20120070516 (2012).

IN VITRO ADSORPTION OF
MYCOTOXINS

In the in vitro adsorption experiments,
crude extracts of following six mycotoxins
were used : aflatoxin B4 (AFB;), ochratoxin
A (OTA), deoxynivalenol (DON), zeara-
lenone (ZON), diacetoxyscirpenol (DAS)
and T-2 toxin (T-2) (Boc¢arov Stancic¢ et al.,
2007, 2009a, 2009b and 2010).

The efficacy of the investigated natural mi-
neral adsorbents and biosorbents (un-
modified and modified) for binding myco-
toxins was evaluated in the electrolyte
0.1M K;HPO,, pH 3.0 and 6.9 or 7.0,
respectively. These pH values were cho-
sen having in mind the fact that pH in the
major part of the digestive system of
animals (stomach and intestines) is in the

Table 3.

range of tested values, because myco-
toxin-adsorbent complex should be stable
to prevent desorption of the toxin during
digestion. The mass ratio of individual
mycotoxin and particular adsorbent was
1:5000. The experimental mixture was
incubated for 1 hour on a rotary shaker
(185 rpm) at room temperature (22-25 °C).
After the incubation, the extraction of non-
adsorbed mycotoxin from the filtrate was
performed with an organic solvent, and its
quantification was done by thin-layer
chromatography (TLC), as described in
detail in the previous paper (Bocarov-Stan-
¢i¢, 2011).

The adsorption efficiency of the natural ad-
sorbents was expressed as the adsorption
index, where C;is the initial and C is the
equilibrium concentration of a particular
mycotoxin:

Adsorption index = [(Ci - Ceq)/Ci] - 100.

Adsorption indices of investigated natural mineral adsorbents at different pH values (BoCarov Stanci¢

et al.,, 2011 and 2012b)

Adsorbent pH

Adsorption index of individual mycotoxins (%)

AFL OTA DON ZON T-2
3.0 96.90 + 0.20 0 50.03 + 0.86 37.03+0.76 25.00 £ 0,42
Bentonite 6.9 96.90 + 1.44 0 0 2497+116  33.33+0.73
, . 3.0 95.00 + 1,14 66.67+ 1.27 2497 +1.45 2493 +1.43 33.33+1.12
Diatomite
6.9 94.97 £ 1.50 0 0 25.00 £.60 33.33+1.06
. 3.0 95.50 £ 0.65 0 49.98 £1.23 12.20 £2.05 0
Zeolite
6.9 95.50 £ 0.92 0 0 12.30 £ 0.92 16.67 £ 0.92
Presented data are the average values of three independent determinations rounded to two decimal points +
standard deviation
Table 4.

Adsorption indices of investigated biological adsorbents at different pH values (Boc¢arov Stanci¢ et al.,
2012a; Lopici¢ et al., 2013a and 2013b; Milojkovic¢ et al., 2012)

Biosorbent

pH

Adsorption index of individual mycotoxins (%)

AFL OTA DON ZON T-2
Myriophillum 3.0 95.97 +0.57 49.97 +1.67 0 70.00 +1.43 16.67 +0.75
spicatum 6.9 94.68 +1.18 30.00 + 1.57 0 75.00 + 0.99 33.33 +0.90
Peach pits 3.0 58.82 +0.88 42.85+0.48 23.08 £ 1.56 50.00 + 1.32 25.00 +0.88
(PP) 7.0 58.82 + 0.85 33.32+0.87 39.97 +1.05 33.33+1.03 39.98 + 1.00
Modified peach 3.0 41.18 £0.92 42.85 +0.60 40.03 £1.17 33.33+1.04 50.00 + 0.98
pits (MPP) 7.0 4118 +1.12 33.32+1.08 49.98 +1.24 58.34 + 0.65 39.97 £1.22
Cherry pits 3.0 58.82 + 1.30 66.66 +0.73 21.97 £1.52 33.33 + 1.06 50.00 + 1.16
(CP) 7.0 4118 +1.18 19.98 + 1.14 30.00 + 1.27 33.33+1.70 40.00 +1.40
Modified 3.0 5882+105  76.20+049  2203+0.30  50.00+1.08  49.97+0.73
em 70  58.82£072  2000:020 21.88+095  50.00+0.86  40.00 0.84

Presented data are the average values of three independent determinations rounded to two decimal points +

standard deviation
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Aflatoxin B,

The adsorption of this mycotoxin by all na-
tural (inorganic and organic) adsorbents
has been detected when tested in vitro
(Tables 3 and 4). The highest adsorption
indices of applied AFB; were recorded
when it came to mineral binders - BEN,
DIA and ZEO, and biosorbent - M. spica-
tum (> 94.5%). Unlike the results of Thimm
et al. (2001), during these experiments,
the pH value of the electrolyte had no sig-
nificant influence on the binding of this my-
cotoxin. Results similar to ours were re-
ported by following authors. At all 3
investigated pH values (pH 3, 7, and 10)
different BEN agents bound more than
95% of AFB, (Diaz et al., 2002). The inves-
tigations of Spotti et al. (2005) also sho-
wed that ZEO was very efficient in binding
this mycotoxin. Last authors found that
100% of AFB,; was adsorbed in rumen
juice. Modirsanei et al. (2008) demon-
strated that tectosilicate - DIA reduced
some toxic effects of AFB; in broilers
(decrease in body weight gain and feed
intake). The obtained results are not sur-
prising, since it is known that the surface
of alumosilicate adsorbents when satu-
rated with water attracts polar functional
groups of AFB4 and other polar mycotoxins
(Tomaéevié-éanovic’: et al.,, 2003; Kollo-
sova et al., 2009). Biagi (2009) cited that
different clays (zeolite, bentonite etc.) im-
proved animal performances in an ex-
periment with piglets diets contaminated
with aflatoxins.

With the exception of M. spicatum (Table
4), other tested biosorbents (modified and
unmodified fruit pits) bound less AFB;
(from 41.18% to 58.82%) than tested mi-
neral binders. Hydrochloric acid modifica-
tion of peach pits was unfavourable for the
process of adsorption.

Ochratoxin A

When it comes to OTA, the highest adsor-
ption indices of binders were recorded in
case of modified and unmodified sour
cherry pits (76.20% and 66.66%, respect-
tively), at pH 3.0 (Table 4).

Among alumosilicate binders, only DIA ad-
sorbed this toxin — the adsorption index
was 66.67% at pH 3.0 (Table 3). The fact
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that most mineral binders showed higher
adsorption indices of OTA at pH 3.0 than
at pH 6.5 was noted by other authors as
well (Thimm et al., 2001). According to the
literature available (Whitlow, 2006; Manafi
et al., 2009), besides binding AFL and
OTA, diatomaceous earth has a potential
to adsorb in vitro other mycotoxins as well
(ZON, T-2 toxin and sterigmatosystin).
Contrary to the results of Kurtbay et al.
(2008), in which bentonite and montmo-
rillonite could bind from 40 to 100% of
OTA from wine, BEN used in our inves-
tigation did not express that ability.

Opposite to sour cherry pits, the modifica-
tion of peach pits did not improve the bio-
sorption capacity of that material. Adsor-
ption indices were the same in both cases
- at acidic pH (42.85%) and at neutral pH
(33.32%), respectively. The effect of the
pH value on the binding capacity of or-
ganic adsorbents was very much ex-
pressed (Table 4). As in the case of DIA,
higher adsorption indices in vitro were
detected at pH 3.0. The presented data on
OTA biosorption capacity (Table 4) match
the data on the possibility of mycotoxin
biosorption of indigestible dietary fibres.
Aoudia et al. (2008 and 2009) demon-
strated significant protective effects of mi-
cronized wheat fibres against toxicity of
the same mycotoxin in vivo for rats and
piglets, by reducing OTA intestinal ab-
sorption and increasing its faecal excre-
tion.

Deoxynivalenol

Adsorption indices of DON varied from
21.88% to 50.03%, depending on the type
of natural adsorbents (Tables 3 and 4).
The best binding capacity of this type B
trichothecene was expressed by BEN,
ZEO and modified peach pits. The effect
of electrolyte pH value on the adsorption
of DON was quite different. In the case of
mineral adsorbents, in vitro binding of this
fusariotoxin was detected only at pH 3.0
(Table 3), while biosorbents - modified
cherry pits, bound larger amounts of DON
at a neutral pH (Table 4). The modification
of peach pits resulted in an increased
adsorption capacity of DON (from 23.08%
to 40.03% at pH 3.0, and from 39.97% to
49.98% at pH 7.0, respectively) while in
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the case of sour cherry pits, the adsorption
capacity remained almost unchanged. M.
spicatum did not show any capacity for
binding this mycotoxin.

Contrary to our results, other authors (Ddll
et al., 2004; Sabater-Vilard et al., 2004)
found that most of the commercially avail-
able mineral adsorbents were not able to
bind DON in appreciable percentage. Ac-
cording to them, activated carbon was the
best adsorbent of this mycotoxin. Although
we used not activated, only raw or acid-
treated biosorbents with a high content of
cellulose (PP - 58.05% and CP - 54.74%),
they showed a similar adsorption capacity
as activated carbon as stated by DAl et al.
(2004).

Zearalenone

In most cases, agricultural waste materials
showed a higher binding capacity of this
oestrogenic mycotoxin (from 33.33% to
75.00%) than inorganic adsorbents (from
12.20% to 37.03%) (Tables 3 and 4). The
effect of the electrolyte pH value on the
adsorption of ZON differed, although in
most cases it was not expressed at all. In
the case of mineral adsorbent, the best
one was BEN (37.03% at pH 3.0) (Table
3). Other investigators (Bueno et al., 2005)
also observed that bentonite can bind zea-
ralenone to some extent, although ZON
adsorption rates were higher. Adsorption
indices that were up to 100% have been
detected only in the case of organophylic
bentonites (Dakovic et al., 2001; Sabater-
Vilard et al., 2004).

The best binder of ZON in vitro was
aquatic weed M. spicatum — 70.00% at pH
3.0 and 75.00% at pH 6.9, respectively
(Table 4). The presented data on ZON
biosorption capacity match the data on the
possibility of the same mycotoxin bio-
sorption by similar plant materials, such as
alfalfa (Smith, 1980). PP and CP modified
by hydrochloric acid demonstrated a
higher binding capacity of ZON (58.34%
and 50.00%, respectively) than untreated
material (33.33%) at pH 7.0 (Table 4).

Type A trichothecenes

In the investigated in vitro conditions, mi-
neral adsorbents (BEN, DIA, and ZEO) did
not bind diacetoxyscirpenol (Table 3). Ra-

ther small quantities of this mycotoxin
were adsorbed only by some of organic
materials: peach pits (16.67% at pH 7.0),
modified peach pits (16.67% at pH 3.0,
and 33.33% at pH 7.0, respectively) and
modified cherry pits (16.67% at pH 7.0).
Little or no beneficial effect on DAS bin-
ding by different mineral adsorbents was
also shown in the results of other authors
(Devegovda and Aravind, 2002).

In most cases, agricultural waste materials
demonstrated a higher adsorption capacity
of T-2 toxin (from 16.67% to 50.00%) than
inorganic adsorbents (from 16.67% to
33.33%) (Tables 3 and 4). With the excep-
tion of DIA, higher indices of mycotoxin
adsorption by mineral materials were
recorded at pH 6.9 (Table 3). On the other
hand, most of the investigated plant ma-
terials bound more T-2 toxin at the acidic
pH (Table 4). Our finding is not surprising
because T-2 toxin is a non-polar com-
pound. Bocarov Stanci¢ et al. (2000a and
2000b) and Nesi¢ et al. (2007) observed
similar in vitro binding capacities of com-
mercial mineral adsorbents. A much
higher adsorption index (95%) of T-2 toxin
in vitro conditions was obtained by hec-
torite, another natural mineral adsorbent
(Stojanovi¢ et al., 2008). In vivo ex-
periments of Carson and Smith (1983a)
demonstrated a slightly positive effect of
the addition of BEN in T-2 toxin conta-
minated diet for rats.

The best in vitro T-2 toxin binders were
unmodified sour cherry pits and modified
fruit pits of both kinds (Table 4). In the
available literature there are reports that
some similar plant materials can reduce,
to a greater or lesser extent, toxic effects
of this type A ftrichothecene. In vivo ex-
periments with rats demonstrated that
alfalfa and indigestible dietary fibres can
decrease the effects of T-2 toxin (Carson
and Smith, 1983b).

CONCLUSIONS

Although many siliceous materials are
efficient binders of aflatoxin, in the case of
other mycotoxins, such as OTA, ZEA or
trichothecenes of types A and B, their op-
tions are very often limited. The chemical
composition of mineral adsorbents varies
greatly, resulting in differences in their
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affinities and capacities for mycotoxins. An
alternative to inorganic adsorbents can be
organic binders, which, among others, in-
clude waste materials from agriculture
(aquatic plant M. spicatum and various
fruit pits). Some studies in the available
literature, and our own results presented in
this paper, indicate that these natural plant
adsorbents are effective against a large
range of mycotoxins. Mineral adsorbents
(BEN, DIA and ZEO) tested in vitro were
better binders of AFB1 (94.97% - 96.90%),
while the biosorbents were more efficient
in adsorption of OTA (up to 66.66%), ZON
(up to 75.00%) and T - 2 toxin (up to
50.00%).

Following in vitro studies, it is also ne-
cessary to perform in vivo studies of
efficiency, safety, and potential interac-
tions of the adsorbent with nutrients, as
well as purity of adsorbent, i.e. the ab-
sence of hazardous contaminants.

Although many siliceous materials are ef-
ficient binders of aflatoxin, in the case of
other mycotoxins such as OTA, ZEA or
trichothecenes of types A and B, their
options are limited. So, in the case of
contamination of feed with a number of
mycotoxins the solution could be the
product which is a combination of different
inorganic and organic adsorbents with
diverse mycotoxin binding properties.

ACKNOWLEDGEMENTS

The research was financially supported by
the Ministry of Education, Science and
Technological Development of the Re-
public of Serbia within the projects No Ill-
46005 and TR 31023.

REFERENCES

1. Adamovi¢, M., Stojanovi¢, M., Grubisi¢, M., lles, D.,
Milojkovi¢, J. (2011). Importance of aluminosilicate
minerals in safe food production. Macedonian Journal
of Animal Science, 1 (1), 175-180.

2. Adamovi¢, M., Stojanovi¢, M., Grubisi¢, M., Kova-
Cevi¢, D., Milojkovi¢, J. (2009). Moguénost koris¢enja
alumosilkatnih  mineralnih  sirovina u proizvodnji
bezbedne hrane. XIV savetovanje o biotehnologiji,
Faculty of Agriculture, Cagak, Serbia, Proceedings,
pp. 367-376.

3. Adamovi¢, M., Tomasevi¢ Canovi¢, M., MiloSevié, S.,
Dakovi¢, A., Lemi¢, J. (2003). The contribution of
mineral adsorbent in the improvement of animal
performance, health and quality of animal products.
Biotehnology in Animal Husbandry, 5-6, 383-395.

4. Aoudia, N., Callu, P., Grosjean, F., Larondelle, Y.
(2009). Effectiveness of mycotoxin sequestration

94

10.

1.

12.

13.

14.

15.

16.

17.

18.

19.

activity of micronized wheat fibres on distribution of
ochratoxin A in plasma, liver and kidney of piglets fed
a naturally contaminated diet. Food and Chemical To-
Xicology, 47, 1485-1489.

Aoudia, N., Tangni, E.K., Larondelle, Y. (2008). Dis-
tribution of ochratoxin A in plasma and tissues of rats
fed a naturally contaminated diet amended with mi-
cronized wheat fibres: effectiveness of mycotoxin
sequestering activity. Food and Chemical Toxicology,
46, 871-878.

Biagi, G. (2009). Dietary supplements for the re-
duction of mycotoxin intestinal absorption in pigs.
Biotechnology in Animal Husbandry, 25 (5-6), 539-
546.

Bocarov Stanci¢, A., Adamovi¢, M., Salma, N., Bod-
roza Solarov, M., Vugkovi¢, J., Panti¢, V. (2011). In
vitro efficacy of mycotoxins adsorption by natural
mineral adsorbents. Biotechnology in Animal Hus-
bandry, 27 (3), 1241-1251.

Boc¢arov Stanci¢, A.S., Jadevié, V.M., Resanovi¢,
R.M., Bijeli¢, M.B. (2007). Optimisation of laboratory
conditions for biosynthesis of type A trichothecenes.
Proceedings for Natural Sciences Matica srpska, 113,
35-44.

Bocdarov Stanéi¢, A.S., Levi¢, J.T., Dimi¢, G.R,,
Stankovi¢, S.Z., Salma, N.M. (2009a). Investigation of
toxigenic potential of fungal species by the use of
simple screening method. Proceedings for Natural
Sciences Matica srpska, 116, 25-32.

Bocarov Stanéi¢, A.S., Levi¢, J.T., Stankovi¢, S.Z.,
Stanisi¢, M.M., Bilek, S.0. (2009b). Dynamics of
deoxynivalenol and zearalenone production by Fu-
sarium graminearum under laboratory conditions.
Proceedings for Natural Sciences Matica srpska, 116,
15-24.

Bocarov Stanci¢, A., Lopici¢, Z., Milojkovi¢, J., Ada-
movié, M., Salma, N., Panti¢, V. (2012a). The
efficiency of in vitro adsorption of mycotoxins by ad-
sorbents of plant origin. 6" Central European
Congress on Food, Institute of Food Technology, Novi
Sad, Serbia, Proceedings, pp. 1131-1136.

Bocarov Stanci¢, A., Masi¢, Z., Golosin, B., Bokorov,
M. (2000a). Ispitivanje sposobnosti klinoptilolita (Mi-
nazel) za adsorpciju T-2 toksina. Acta Periodica
Technologica, 31 (A), 371-378.

Bocarov Stanci¢, A., Milojkovi¢, J., Lopici¢, Z.,
Stojanovi¢, M., Panti¢, V., Stankovi¢, S., Adamovic,
M. (2012b). Evaluation of natural adsorbents to ad-
sorb fusariotoxins in vitro. The First International
Symposium on Animal Science, Instite for Animal
Husbrandy, Belgrade, Serbia, Proceedings, pp. 654-
664.

Bocarov Stanci¢, A.S., Miljkovi¢, A.D., Resanovi¢,
R.M., Nesi¢, K.D., Jacevi¢, V.M., Mihalj¢i¢, D.N.
(2010). Ochratoxin A in vitro biosynthesis by As-
pergillus ochraceous isolate. Proceedings for Natural
Sciences Matica srpska, 117, 69-77.

Bodarov Stangié, A., TomaSevié¢ Canovi¢, M., Da-
kovi¢, A. (2000b). The possibility of clinoptilolite (Mi-
nazel) use in prevention of trichothecene type A my-
cotoxicosis. Ecologica, 7 (2), 162-164.

Bueno, D.J., Di Marco, L., Oliver, G, Barddén, A.
(2005). In vitro binding of zearalenone to different
adsorbents. Journal of Food Protection, 68 (3), 613-
615.

Carson, M.S., Smith, T.K. (1983a). Role of bentonite
in prevention of T-2 toxicosis in rats. Journal of
Animal Science, 57 (6), 1498-1506.

Carson, M.S., Smith, T.K. (1983b). Effect of feeding
alfalfa and refined plant fibers on the toxicity and
metabolism of T2 toxin in rats. Journal of Nutrition,
113 (2), 304-313.

Commision Regulation No. 386/2009 (2009). Com-
mission regulation (EC) No. 386/2009 of 12 May
2009 amending Regulation (EC) No. 1831/2003 of
the European Parliament and of the Council as



Aleksandra S. Bocarov Stancic¢ et al., In vitro removing of mycotoxins by using different inorganic adsorbents and organic waste
materials from Serbia, Food and Feed Research, 45 (2), 87-96, 2018

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

regards the establishment of a new functional group
of feed additives. Official Journal of the European
Union, L 118, 66.

Dakovic, A., Tomasevic Canovic, M., Dondur, V.,
Stojsic, D., Rottinghaus, G. (2001). 32-0O-04 - In vitro
adsorption of zearalenone by octadecyldimethyl-
benzyl ammonium-exchanged clinoptilolite-heulandite
tuff and bentonite. Studies in Surface Science and
Catalysis, 135, 171.

Das, N., Vimala, R., Karthika, P. (2008). Biosorption
of heavy metals - An overview. Indian Journal of
Biotechnology, 7, 159-169.

Devegowda, C., Aravind, K.L. (2002). Mycotoxins:
Economic risk and control. Grain and Feed Milling
Technology, April-May, 13-16.

Devreese, M., De Backer, P., Croubels, S. (2013).
Different methods to counteract mycotoxin production
and its impact on animal health. Viaams Diergene-
eskundig Tijdschrift, 82, 181-190.

Di Gregorio, M.C., de Neeff, D.V., Jager, AV,
Corassin, C.H., de Pinho Cardo, A.C., de Albu-
querque, R., de Azevedo, A.C., Oliveira, C.AF.
(2014). Mineral adsorbents for prevention of myco-
toxins in animal feeds, Toxin Reviews, 33 (3), 125-
135.

Diaz, D.E., Hagler Jr., W.M., Hopkins, B.A., Whitlow,
L.W. (2002). Aflatoxin binders I: in vitro binding assay
for aflatoxin B1 by several potential sequestering
agents. Mycopathologia, 156, 223-226.

Dall, S., Danicke, S. (2004). In vivo detoxification of
Fusarium toxins. Archives of Animal Nutrition, 58,
419-441.

Doll, S., Danicke, S., Valenta, H., Flachowsky, G.
(2004). In vitro studies on the evaluation of mycotoxin
detoxifying agents for their efficacy on deoxynivalenol
and zearalenone. Archives of Animal Nutrition, 58 (4),
311-324.

Hubbe, M.A., Hasan, S.H., Ducoste, J.J. (2011). Me-
tal ion sorption — Review. BioResource, 6, 2167-
2287.

Huwig, A., Freimund, S., Ké&ppeli, O., Dutler, H.
(2001). Mycotoxin detoxication of animal feed by dif-
ferent adsorbents. Toxicology Letters, 122, 179-188.
Jard, G., Liboz, T., Mathieu, F., Guyonvarc'h, A.,
Lebrihi, V. (2011). Review of mycotoxin reduction in
food and feed: from prevention in the field to
detoxification by adsorption or transformation. Food
Additives and Contaminants: part A: Chemistry, Ana-
lysis, Control, Exposure and Risk Assesment, 28
(11), 1590-1609.

Kolosova, A., Stroka, J. (2011). Substances for
reduction of the contamination of feed by mycotoxins:
a review. World Mycotoxin Journal, 4 (3), 225-256.
Kollosova, A., Stroka, J., Breidbach, A., Kroeger, K.,
Abbrosio, M., Bouten, K., Ulberth, F. (2009). Eva-
luation of the effect of mycotoxin binders in animal
feed on the analytical performance on standardized
methods for determination of mycotoxins in feed.
EUR 23997 ENJRC Scientific and Technical Reports,
1-46.

Kurtbay, H.M., Bekgi, Z., Merdivan, M., Yurdakoc, K.
(2008). Reduction of ochratoxin A levels in red wine
by bentonite, modified bentonites, and chitosan. Jour-
nal of Agricultural and Food Chemiistry, 56 (7), 2541—
2545,

Lopici¢, Z.R., Bo¢arov Stanci¢, A.S., Stojanovi¢, M.D.,
Milojkovi¢, J.V., Panti¢, V.R., Adamovi¢, M.J. (2013a).
In vitro evaluation of the efficacy of peach stones as
mycotoxin binders. Proceedings for Natural Sciences
Matica srpska, 124, 289-296.

Lopici¢, Z., Bocarov Stanci¢, A., Stojanovi¢, M.,
Milojkovi¢, J., Panti¢, V., Mihajlovi¢, M., Adamovi¢, M.
(2013b). In vitro mycotoxins adsorption by sour cherry

36.

37.

38.

39.

40.

41,

42.

43.

44.

45.

46.

47.

48.

49.

50.

stones. 10" International Symposium Modern Trends
in Livestock Production, Institute for Animal Hus-
brandy, Belgrade, Serbia, Proceedings, pp. 1142-
1153.

Manafi, M., Narayanaswamy, H.D., Pirany, N. (2009).
In vitro binding ability of mycotoxin binder in com-
mercial broiler feed. African Journal of Agricultural
Research, 4 (2), 141-143.

Milojkovi¢, J.V., Lopi¢i¢, Z.R., Stojanovi¢, M.D.,
Adamovi¢, M.J., Bocarov Stanci¢, A.S., Mihajlovi¢,
M.L., Soétari¢, T.D. (2012). Pollutants removal by the
wasted biomass. 2™ International Symposium on
Environmental and Material Flow Management, Fa-
culty of Mechanical Engineering, Zenica, Bosnia and
Hercegovina, Proceedings, pp. 211-216.

Modirsanei, M., Mansoori, B., Khosravi, A.R., Kiaei,
M.M., Khazraeinia, P., Farkhoy, M., Masoumi, Z.
(2008). Effect of diatomaceous earth on the per-
formance and blood variables of broiler chicks during
experimental aflatoxicosis. Journal of the Science of
Food and Agriculture, 88, 626-632.

Nesi¢, V.D., Ostojin, M.V., Nesi¢, K.D., Resanovi¢,
R.D. (2007). Evaluation of efficacy of different feed
aditives to adsorb T-2 toxin in vitro. Proceedings for
Natural Sciences. Matica srpska, 116, 55-59.

Patent Application Number US20120070516 (2012).
Mycotoxin binding food and feed additive and
processing aids, fungistatic and bacteriostatic plant
protecting agents and methods of utilizing the same.
Retrieved from
(www.fags.org/pattents/app/20120070516).

Sabater-Vilar, M., Malekinejad, H., Selman, M.H.J.,
van der Doelen, M., Fink-Gremmels, J. (2004). In
vitro assessment of adsorbents aiming to prevent
deoxynivalenol and zearalenone mycotoxicoses.
Mycopathologia, 163 (2), 81-90.

Shanakhat, H., Sorrentino, A., Raiola, A., Romano,
A., Masi, P., Cavella, S. (2018). Current methods for
mycotoxin analysis and innovative strategies for their
reduction in cereals: an overview. Journal of the
Science of Food and Agriculture, 98 (11), 4003-4013.
Smith, T.K. (1980). Influence of dietary fiber, protein
and zeolite on zearalenone toxicosis in rats and
swine. Journal of Animal Science, 50, 278-285.
Spotti, M., Fracchiolla, M.L., Arioli, F., Caloni, F.,
Pompa, G. (2005). Aflatoxin B1 binding to sorbents in
bovine ruminal fluid. Veterinary Research Commu-
nication, 29 (6), 507-515.

Stojanovié, A.l., Dakovi¢, A.S., Matijasevi¢, S.D.,
Rottinghaus, G.E., Sekuli¢, Z.T., Stanié, T.T. (2008).
Adsorpcija T-2 toksina mineralnim adsorbensima.
Hemijska industrija, 62 (2), 59-68.

Sud, D., Mahajan, G., Kaur, M.P. (2008). Agricultural
waste materials as potential adsorbent for se-
questering heavy metal ions from aqueous solutions -
a review. Bioresource Technology, 99, 6017-6027.

Sun, R. (2010). Cereal Straw as a Resource for Sus-
tainable Biomaterials and Biofuels, Elsevier, Am-
sterdam, pp. 219-234.

Thimm, N., Schwaighofer, B., Ottner, F., Froschl, H.,
Greifenender, S., Binder, E.M. (2001). Adsorption of
mycotoxins. Mycotoxin Research, 17(2), 219-223.
Tomasevié-Canovié, M., Dakovi¢, A., Rottinghaus, G.,
Burici¢, M. (2003). Surfactant modified zeolites - new
efficient adsorbents for mycotoxins. Microporous and
Mesoporous Materials, 61 (1-3), 173-180.

Whitlow, L.W. (2006). Evaluation of mycotoxin bin-
ders. 4™ Mid-Atlantic Nutrition Conference, Faculty of
Maryland, College Park, Maryland, Proceedings, pp.
132-143.

95



Aleksandra S. Bocarov Stancic et al., In vitro removing of mycotoxins by using different inorganic adsorbents and organic waste
materials from Serbia, Food and Feed Research, 45 (2), 87-96, 2018

IN VITRO YKINAHKAHE MUKOTOKCUHA KOPULLREHLEM
PA3JNIMMUTUX HEOPrAHCKUX AQCOPBEHATA U OPrAHCKUX
OTNAQHUX MATEPUJAJA U3 CPBUJE

Anekcarngpa C. boyapos CraHuuh*', 3opuua P. NMonnunh?, Mapwuja L. Bogpoxxa Conapoa3, Cnasuua
K. Ctankosuh®, CHexana M. Jankosuh', Jenena B. MMJ‘IOjKOBVIh2, JeneHa A. prn:3

! WHcTuTyT 3a NnpuMeHy Hayke y norsonpuspeau, 11000 Beorpaa, Bynesat gecnota CtedaHa 686,
Cpbuja
2 MHCTUTYT 3a TeXHOMorunjy HykneapHux u apyrux MuHepanHmx cuposuHa, 11000 beorpaga,
®paHwe o’ Enepea 86, Cpbuja
® YuuBepanteT y HoBom Cagly, HayuHu MHCTUTYT 3a npexpambeHe TexHornorvje, 21000 Hoeu Cap,
Bbynesap uapa Jlazapa 6p. 1, Cpbuja
4 WHcTuTyT 3a kykypy3 3emyH lNorbe, 11185 Beorpag, Cnobopana bajuha 1, Cpbuja

Caxetak: AdnatokcuH bB1  (A®Bb1), oxpatokcuH A (OTA), 3eapaneHoH (30H),
aesokcuHmBaneHon (OH) n T-2 TOKCUH Cy HajBuULE M3y4aBaHM TOKCUYHM MeTabonuTu ribmBa. Kaga
MUWKOTOKCWMHM YRy Y NPOM3BOAHWN NaHal, 3a XpaHy/XpaHy 3a XUBOTUHE, 3aapKaBajyhun cBoje TOKCUYHe
KapaKkTepucTuke, TELIKO WX je YKIMOHWTM unu enumuHucaTtu. JegHa of obehasajyhux meTtoga 3a
CMakere HMBOA MUKOTOKCUHA Yy KOHTAMUHWPAHO] XpaHW/XpaHW 3a XUBOTUHE je kopuwhere
MUKOTOKCUHCKMX Be3uBa. OBaj pag npeacTaBrba pesyntate in Vifro ncTpaxmBakma MWHEpanHux
MUWKOTOKCUHCKUX Be3uBa (b6eHTouuT - BEH, guatomut - OVA n 3eonut - 3EO) n opraHckux BesuBa
MUWKOTOKCMHA — MOSbONpMBPeRHOr oTnaaHor Mmatepujana (Myriophillium spicatum, xowTnue 6peckse n
BULWHE). Xemujckn cacTaBu agcopbeHaTa nokasanu Cy [a He cafpXe eneMeHTe TOKCUYHe 3a
XnBoTure. HeopraHcku agcopbertn (BEH, OVA n 3EO) Tectupanum in vitro 6or.e cy Beanann A®B1
(94,97% - 96,90%), ook cy 6uocopbeHTn Gunu edukacHmjn y agcopnumju OTA (19,98% - 66,66%),
30H-a (33,33% - 75,00% ) n T-2 TokcuHa (16,67% - 50,00%). HeopraHcku agcopbeHTr U OpraHcku
oTNagHW maTepujanu cy nokasanu crivdaH kanauuteT in vitro Be3uBawa [QOH-a, ca msysetkom M.
spicatum koju yornwTe Huje agcopboBao OBaj TpuxoTeleH Tuna b. Haww pesyntaTtu koju cy npukasaHu
oBe nokasyjy Aa 3arafuBakbe XpaHe W XpaHe 3a XMBOTUHE pasnUuMTMM BpCTama MUKOTOKCUHA
MOXe BuTM cManeHO fofaBaweM npenapaTta go0ujeHor KOMOMHALMjOM Pas3nUYUTUX HEOPraHCKUX Y
opraHckunx agcopbeHaTa Koju noceayjy pasnuuuTe KapakTepucTuke BesnBakba MUKOTOKCUMHA.

Krby4yHe peun: muHepanHu adcopbeHmu, 6uocopbeHmu, MUKOMOKCUHU, in Vitro ee3usame
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