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ARTICLE INFO ABSTRACT

Article History Aflatoxin B1 (afl B1) binding capacity of a mixed toxin binder used in poultry nutrition were determined using the
Received 14 November 2023 central composite design technique. Experimental conditions such as pH, temperature and incubation time for the
Revised 2 January 2024 determination of the binding capacity of a mix binder were optimized for Central Composite Design. The impact of

these three independent variables on the % binding of aflatoxin B1 was evaluated at different five levels (-1.68, -1,
0, 1, 1.68). The optimum experimental conditions were 5.8, 42°C, 94.11 min for pH, temperature and incubation
time, respectively using quadratic model and desirability function. A significant effect of each independent variable

Accepted 5 February 2024

Keywords was observed on the % binding efficiency of aflatoxin B1. In optimum experimental conditions, aflatoxin B1 binding
Aflatoxin B1 capacity with mix toxin binder was found 97%. The results of the present study indicated that the mix binder is
Binding capacity very suitable for binding of aflatoxin B1 and the central composite design can be used effectively in determining
Central composite design the optimized parameters for improving toxin binding capacity of aflatoxin B1.
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Arastirma Makalesi

Aflatoksin B1 Baglama Kapasitesinin Karisik Toksin Baglayic1 ile Merkezi Kompozit
Tasarim Kullanilarak Degerlendirilmesi

MAKALE BILGISI 0z

Makale Gegmisi Kanatli beslenmesinde kullanilan karisik bir toksin baglayici olan aflatoksin B1'in baglama kapasitesi, merkezi
Gelis 14 Kasim 2023 kompozit tasarim teknigi kullanilarak belirlenmistir. Karisim baglayicinin baglama kapasitesinin belirlenmesi igin
Revizyon 2 Ocak 2024 pH, sicaklik ve inkiibasyon siiresi gibi deneysel kosullarin optimizasyonu i¢in merkezi kompozit tasarim
Kabul 5 Subat 2024 kullanilmistir. Bu li¢ bagimsiz degiskenin aflatoksin B1'in baglanma yiizdesi iizerindeki etkisi bes seviyede (-1.68,

-1, 0, 1, 1.68) uygulanmistir. Bu degiskenlerin 3 boyutlu grafikler dikkate alindiginda aflatoksin B1 baglanmasi
tizerinde 6nemli etkiye sahip oldugu gézlenmistir. Kuadratik model ve desirability fonksiyonu yardimiyla optimum
deneysel kosullar pH 5.8, sicaklik 42°C ve inkiibasyon siiresi 94.11 dakika olarak tespit edilmistir. Her bir bagimsiz
degisken, aflatoksin B1'in baglanma ytizdesi lizerinde anlamli bir etkiye sahipti. Optimum deney kosullarinda

Anahtar Kelimeler
Aflatoksin B1

Baglama kapasitesi karisik toksin baglayicinin aflatoksin B1'i %97 gibi yliksek bir oraninda bagladig belirlenmistir. Sonuglar, karisim
Merkezi kompozit tasarim baglayicinin aflatoksin B1'in baglanmasi i¢in ¢ok uygun oldugunu ve merkezi kompozit tasarimin toksin
(CCD) baglayicilarin toksin baglama kapasitesinin belirlenmesinde etkin bir sekilde kullanilabilecegini géstermistir.
Optimizasyon

Toksin baglayici
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1. Introduction

Mycotoxins are secondary metabolites produced by the
growth of various fungal species under suitable
environmental conditions (humidity, temperature, etc.)
during processes such as harvesting and storage conditions,
climate change, inappropriate drying and packaging (Milani,
2013; Mannaa and Kim, 2017; Kovac et al,, 2018). Aflatoxin
B1, deoxynivalenol, zearalenone, ochratoxin A, fumonisin B1
and trichothecenes (T-2 and HT-2) are the most important
ones out of 400 identified mycotoxins in terms of their
prevalence, economic aspects and negative effects on public
health (Pitt, 2000; Eskola et al, 2020). While these
mycotoxins can cause digestive disorders, oral lesions,
immunological effects, hematological disorders and cancer,
they exhibit many toxic effects, including teratogenicity,
mutagenicity, = nephrotoxicity, = hepatogenicity, = and
genotoxicity (Frizzell et al., 2011; Bui-Klimke and Wu, 2015;
Rushing and Selim, 2019). In mycotoxicosis, the severity of
symptoms varies according to animal species, sex, age,
exposure time, mycotoxin type, current level, and synergistic
effect of these parameters by being present in more than one
number (Schiefer, 1990).

Contamination of food and feed with mycotoxins is an
important problem all over the world. They constitute a
major risk factor for human and animal health. For this
reason, various methods such as physical, chemical and
biological are used in the detoxification of mycotoxins in
order to minimize the negative effect (Gomaa et al., 1997;
Raters and Matissek, 2008; Calado et al., 2014; Trombete et
al, 2017; IPCAK et al., 2019; Lyagin and Efremenko, 2019;
Taheur et al., 2019). Binders, which are feed additives, are
widely preferred by breeders and feed industry (De Mil et al,,
2015). Binders are used to prevent clumping in feeds, but
they also reduce toxin absorption from the digestive system
by adsorbing mycotoxins. The toxin complex formed by toxin
binders is then excreted in the feces. Toxin binders are
basically classified as organic (yeast cell wall and
glucomannan) and inorganic binders (clay minerals such as
aluminosilicate, bentonite and zeolite) (Vila-Donat et al,,
2018).

Feed additives can be used in animal nutrition to improve
feed quality, performance and health of animals. These
substances, which are scientifically proven to have no
harmful effects on human and animal health and the
environment, can be placed on the feed market with the
permissions granted. The properties of the additives such as
purity, physical properties (dusting potential, particle size,
distribution, etc.), efficiency and reliability must be in the
desired conditions (HUB; Commission, 1998; Additives et al.,
2018). In the present work, central composite design as an
experimental design was used to evaluation of % binding of
aflatoxin B1 capacity for a mix toxin binder used in poultry
nutrition.

2. Materials and Methods
2.1. Chemicals and standards

The all chemicals in the analyzes were chromatographic
purity and were purchased from Merck and Sigma-Aldrich.
The toxin binder which has 20% yeast and 80% active
clinoptilolite was provide from local market in Konya,
Turkey. The aflatoxin B1 stock solution, which was
purchased from Sigma-Aldrich, were prepared in amber
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bottle to 10 ppm and stored at +4°C until test was performed.
Solutions that have different pH's were prepared with HCI
and NaOH.

2.2. Experimental design and desirability function (DF)

The central composite design parameters consisting of
pH, time and temperature independent variables and
experimental runs have 5 levels (-1.68, -1, 0, +1, +1.68) were
given in Table 1. For response surface methodology (RSM),
aflatoxin B1 was used as response value (RSD < 0.5%). The
version 12 of the Design Expert software (Stat-Ease
corporation, USA) was used for chemometric design. All
samples were analyzed in triplicate (n= 3).

Table 1. CCD for the three independent variables.

Incubation Time

Run pH Temperature (°C) (min) % Binding
1 6,69 41 95 87.14
2 4,5 41 69,7731 81.43
3 4,5 41 95 96.07
4 58 42 80 94.64
5 4,5 41 95 93.93
6 4,5 41 95 97.14
7 58 42 110 94.29
8 4,5 41 95 94.29
9 3,2 42 110 73.21
10 58 40 80 79.64
11 3,2 40 80 76.79
12 45 39,32 95 96.07
13 45 42,68 95 86.07
14 32 40 110 79.29
15 32 42 80 80.36
16 58 40 110 77.14
17 45 41 95 94.64
18 231 41 95 93.21
19 45 41 120,23 86.79
20 45 41 95 93.57

2.3. Sample collection and preparation

10 mg of toxin binder was weighed into 15 mL falcon
tube. 50 upL stock afl Bl standard solution (final
concentration of 100 ppb) and 5 mL of the pH-adjusted
solution were added and vortexed. The samples were shaken
in the incubator with a stirrer at the specified temperature
and time. Later samples were centrifuged at 1000 rpm/min
for 3 minutes. After waiting for 10 minutes, 800uL of
supernatant and 800uL of methanol were added to 2mL
vials, vortexed and analyzed in HPLC.

2.4. HPLC and its parameters

An Agilent 1260 series HPLC system consisted of
florescence detector set at wavelengths 362 nm and 440 nm
for excitation and emission, respectively, and on ACE C18
column (250x 4.6 mm, 5 pum,) was used for aflatoxin analysis.
Photochemical derivatization (LC Tech -UVE) was used in
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analysis. An isocratic separation of water, methanol and
acetonitrile (57.2 /28.6/14.2 v/v/v/) was carried out at a
flow rate of 1.0 ml min-! as mobile phase

3. Results and Discussion

Working samples containing afl B1 were prepared and
incubated according to central composite design. After
incubation, afl B1 analysis were carried out by using HPLC.
The remaining afl B1 amount were utilized as response
values and 3D plots were drawn. The optimum conditions for
maximum afl B1 adsorption were detected by second-order
quadratic model and desirability function.

The prepared and incubated samples were subjected to
HPLC analysis. The % bindings of afl B1 were calculated by
using the remaining Afl B1 amounts and were taken as
response values. In order to determine the most accurate
design after incubations under different conditions, the
coded equation was calculated using the Design Expert
software program. The design program determined that the
quadratic model was the most suitable among 2FI, linear,

Table 2. ANOVA for the model predicted.

quadratic and cubic models. While determining the suitable
model, high R-square (R2), appropriate coefficient of
variation (CV) and low standard deviation (S.D) values were
taken into account and the following equation was obtained:

AflIB1=+95.1382+1.89293A+0.938874B+0.11089C+4.33
25AB+0.225AC-0.9375BC-2.97997A2-2.66353B2-5.12427C2

where A, Band C are pH, temperature and incubation
time, respectively (Topkafa and Ayyildiz, 2017). Statistical
results obtained from an analysis of variance (ANOVA) are
shown in Table 2. The adjusted R2and P for % bindings of afl
B1 was calculated calculated as 0.6230, 0.1787, respectively.
The S.D value of 6.70 proved the performance of the model.
The CV of 7.63% indicated that the model was reasonably
reproducible as the CV was not greater than 10%. [23]. In
terms of % bindings of afl B1 the model, F-value of 1.84
implies the model is not significant. The Lack of Fit F-value of
46.06 implied the Lack of Fit is not significant relative to the
pure error. There is only a 0.03% chance that a Lack of Fit F-
value this large could occur due to noise.

Source SS DF MS F-value p-Value Comment R? Std. Dev. CV.%
Model 740.78 9 82.31 1.84 0.1787 not significant

Error (Residual) 448.29 10 44.83

Lack of Fit 438.77 5 87.75 46.06 0.0003 significant 0.6230 6.70 7.63
Pure Error 9.53 5 191

Total 1186.08 19

By using regression models, the 3D surface plots were
plotted for % bindings of afl B1. The 3D plots indicate the
effects of pH, incubation time and temperature on % binding
of afl B1.In 3D plots (Fig 1), one factor is kept constant at the
center (0) while the other two factors are changed. The effect
of pH (A) and temperature (B) on % bindings of afl B1 (Y),
while incubation time (C) at the center point, are shown in
Fig. 1a. Fig. 1b shows effect of pH (A) and incubation time (C)
on % bindings of afl B1 (Y), while temperature (B) at the
center point. Fig. 1c shows effect of temperature (B) and
incubation time (C) on % bindings of afl B1 (Y), while pH (A)
at the center point. Corresponding to these plots, pH, time
and temperature had a relevant effect on % bindings of afl
B1. In studies where the incubation time was kept at the
central point, the % binding of afl B1 on toxin binder
increased at high temperature and pH values.

The present study aimed to determine quickly the
optimum % bindings of afl B1 with fewer experiments. For
this reason, desirability function (D) was used for
determining the optimum experimental conditions (Fig. 2).
The desirability function (D) can be used to deal with the
optimization of multiple response problems in which too
many variables are affected. The desirable ranges according
to the goal can be changed from zero to one or target value.
The target value was set at maximize for % bindings of afl B1.
Desirability values (optimum experimental conditions) of
maximize for % bindings of afl B1 were found to be pH 5.8,
temperature 42°C and incubation time 94.11 min by using
desirability function. In the study which was carried out
under optimum experimental conditions, % bindings of afl
B1 was found to be 97%.

Many articles have been published about the binding of
afl B1 in chicken feeds on inorganic toxin binders such as
active clinoptilolite and bentonite and organic toxin binders
such as glucomannan and yeast (Diaz et al.,, 2003; Faucet-
Marquis et al.,, 2014; Bocarov-Stanci¢ et al., 2018; Yalcin et
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al, 2018; Ahn et al,, 2022). These studies are usually focused
on single toxin binding studies. The mix binder including
clinoptilolite and yeast was used in our study. While the
binding capacity of zeolite containing clinoptilolite was 21.9
% in the study performed by Vekiru et al. (2015), the binding
capacity of zeolite was found to be 95.5% in a study
conducted by Bocarov-Stanci¢ et al. (2018). Faucet-Marquis
etal. (2014) and Ahn etal. (2022) found that max % bindings
of afl B1 were 70% and 92.3%, respectively, in the studies in
which yeast was used as binder. However, in our study
where a mixture binder containing clinoptilolite and yeast
was used, the maximum max % bindings of afl B1 was found
to be 97%. The reason for the higher % bindings of afl B1 is
thought to be due to the synergistic effect of both organic
yeast and inorganic clinoptilolite binders.

4., Conclusions

In this study, % binding capacity of afla B1 of mixed toxin
binder used as toxin binder in poultry nutritions was
evaluated using central composite design technique. pH,
temperature and incubation time were used as variables in
the binding capacity experiments and it was observed that
these variables they had a significant effect on afl B1 binding
when taking into consideration to 3D plots. With the help of
the proposed quadratic model, ANOVA, desirability function
and 3D graphics, it was found that the optimum experimental
conditions for the highest % binding capacity of afl B1 were
pH 5.8, temperature 42°C and incubation time 94.11 min. It
was observed that the mixed toxin binder binds 97% afl B1
when optimum experimental conditions were used. It was
found that mixed toxin binder had binding of afl B1 at a high
rate. As a conclusion, it has been seen that the CCD can be
used effectively in determining the toxin binding capacity of
toxin binders.
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Fig. 1. The three-dimension response surface plots (3D) and normal plot of the residuals of % Binding (Y), A: pH; B: Temperature ( °C); C: Incubation
Time (min).
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Fig. 2. Desirability bar graph.
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