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Introduction

Corn is a main energy source in broiler feed.

ABSTRACT

Aflatoxin B, is a toxin produced by the fu.nls Aspergillus flavies which reduces
the developmentand function of organs in broilers. The aim of this study was to determine
the effect of ads binder toxin from different bentonite to feed contaminated with AFB,
on productivity. intestinal morphology. and liver toxicity in broilers. A total of 60-day old
chick male broilers were placed in 12 pens. Each treatment consisted of three replicates,
each replicate containing five broilers. Treatment in the study consisted of PO (control,
basal diet. without the addition of AFB,), P1 (PO + 100 gg/kg AFB, + 4 g/kg calcium
bentonite Type A). P2 (PO + 100 pg/kg AFB) + 4 g/kg calcium bentonite Ty ). and
P3 (PO + 100 pg/kg AFB, + 4 g/kg calcium bentonite Type B + kerolite onite ).
Treatment diets were given to broilers from day 227 to 35% (finisher phase). The results
showed that the tﬁ1 binder on AFB, contaminated feed had no effect on feed
consumption, body weight 8l and feed conversion (p=0.05). Addition of toxin binder
on AFB, contaminated feed increased the relative weight of the duodenu p=0024),
although P3 was not significantly different. Treatments had no effect on villus length,
crypt depth. and ratio of villus length to erypt depth (p=0.05). but decreased villus width
(p=0.013). The addition of toxin binder tended to decrease the villus area (p=0.055)
SGOT and SGPT did not show differences between treatments. AFB, contamination with
the addition PFoxin binder showed signs of toxicity on liver histopathological
observations. Based on the research, it can be concluded that the addition of binder toxin
in feed contaminated with AFB, can reduce the negative effect on the development of
intestinal villus and chemical effect to the liver. Toxin binder Type B has the best efficacy
for reduce the negative effect.

Keywords: Aflatoxin. Broiler, Feed. productivity, Toxin binder

Mycotoxins are secondary metabolites of
fungi which are synth@Bed during growth.
Mycotoxins in feed include AFBs1, ochratoxin (OTA),

However, corn is very susceptible for fungus
infection and mycotoxin contamination that can be
started from the field until to the storage. Mycotoxin
contamirfiflions are a big issue in animal feed
industry due to its impact on animal health and
performance. Mycotoxins are toxic compounds
generally caused by the fungus Aspergillus flavus.
Indonesia, which has a tropical climate, makes it
EEBy for fungi to grow, resulting in very high
mycotoxin contamination in feed raw materials
(Mahato et al, 2019; Nuryono et al, 2012).
PreviolfE) study indicated high occurrence and
levels of aflatoxin B1 (AFB41) contamination in feed
raw materials and commercial complete feed from
Indonesia (Sumantri et al., 2017).

deoxynivalenol (DON), zearalenone (ZEA), T-2
toxin, and fumonisin M). This type of mycotoxin
is produced by the toxigenic fungi of the genera
Aspergillus, Penicillium, and Fusarium (Widiyanti
and Maryam, 2017). The type of mycotoxin that has
been widely studied is AFB1 whichisincludedin the
categor f class | carcinogenic compounds
(Hamid et al, 2013; Marchese @R/, 2018) and
cause a decrease in productivity in poultry (Fouad
et al, 2019; Monson et al., 2015).

Poultry livestock has a high level of toxicity
to aflatoxin compared to other livestock (Diaz et al.,
2008). AFB1 contamination in feed has an impact
on increasing intestinal mucin  secretion,
decreasing absorption of feed nutrients, increasing
feed conversion ratio (FCR), metabolic disorders,
causing liver damage, impaired immunity, and
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decreased productivity (Fouad et al., 2019; Magnoli
et al, 2011; Xu et al, 2022). The degression in
performance in productivity causes huge economic

losses for breeders. 4
One of the methods to reduce AFB; toxicity
in poultry is the addition of toxin binders in feed
(Zabiulla ea.-’., 2021). Toxin binders are
compounds that can bind to mycotoxins in the
stive tract so that these toxic compounds can
be excreted through the excreta (Ahlberg et al.,
2019; Oguz et al., 2022). The most widely used
a'lder toxins in the poultry world are phyllosilicate,
including bentonite, zeolite, montmorillonite, and
hydrated sodium calcium aluminosilicate (Rejeb et
al., 2020). Bentonite is a clay containing aluminum
silicate which is capable of binding aflatoxins.
Bentonite has a hollow surface with alffZhium (Al)
minerals that can bind aflatoxin (Hojati et al., 2021;
Oguz et al., 2022; Pappas et al., 2016). As much
as 25 mg of bentonite-based adsorbent or toxin
binder can absorb AFB: (200 ng/mL) within 15
minutes (Nuryono et al., 2012). Bentonite in vitro
can bind AFB10.54 ppb wit effectiveness of 88-
95% (Oguz et al, 2022). The use of a smectite
clay-based toxin binder i€EBle to bind AFB1 better
because it has a large surface area, allows ion
exchange capacity, and has the ability to expand in
water (Zabiulla et al, 2021). AFB41, which can be
excreted, from the bird's body will reduce the effect
aless than optimal villus growth (Galarza-Seeber
et al., 2016; Wang et al., 2018) and reduce broiler
liver ddfilage (Yunus et al, 2011; Zabiulla et al.,
2021). This study aims to determine the effect of
adding toxin binders derived from various types of
bentonites on productivity, intestinal morphology,
and liver toxicity in broiler fed AFB+ contamination.

Materials and Methods

ResedfE] management and procedures
have been approved by the research ethics
committee of the Faculty of Veterinary Medicine
Universitas Gadjah Mada (UGM) with ethical
clearance number 00013/EC-FKH/Eks./2021.

Production and analysis. AFB:.
Aspergillus flavus was grown on PDA (Merck,
Germany) as an initial cultufilo produce AFB; on
the substrate. A. flavus was incubated for 7 days at
30°C. Fungi are stored at 5°C to make them
dormant. The AFB: production method on comn
media uses the method used by A et al. (2020).
The moisture content in the corn was adjusted to
25% by adding sterile distilled water. The corn was
then sterilized by autoclaving (YX-24HDD, GEA,
Indonesia) for 15 minutes at 121°C and 105 atm
pressure. Corn substrate was weighed 250 g and
placed in a plastic tube. The substrate was
inoculated with 1 mL of a mixture of A. flavus and
10% Tween 80 solution (Merck, Germany). The
substrate[{ERt had been inoculated with A. flavus
was then incubated for 7 days at 30°C.

AFB1 levels were analyzed using the
Agraquant ELISA Aflatoxin Bs ELISA kit protocol
(Romers Labs, Singapore). The sample
preparation stage for AFBi-contaminated maize
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samples involved weighing 2 grams of the sample,
which was then placed into an extraction tube. 10
ml of 70% methanol (Merck, Germany) was added
to the tube and vortexed. The sample was filtered
using Whatman number 1 paper (Cytiva, China),
and the supernatant was transferred to a microtube
for the AFB{fffletermination stage. For the
determination, 200 pL of conjugate solution was
added to the dilution wells. Standard solutions (0,
4,10, 20, and 40 ppb) and the supernatant from the
sample were added to the ﬁion wells. The
mixture from the dilution wells was transferred to
antibody-coated wells and incubated for 15
minutes. The so n was washed with distilled
water five times. Substrate solution (100 pL) was
added to the antibody-coated wells and incubated
for 5 minutes. Stop solution (100 pL) was added to
the antibody-coat ells. The standard and
sample solutions in th tibody-coated wells were
read at a wavelength of 450 nm and a differential
filter of 630 nm to obtain their absorbance values.
The absorbance values obtained were used to
calculate the AFB1 concentration using the
Microsoft Excel software provided by Romers
Labs, Singapore.

1 Feed treatment and broiler maintenance.
A total of 60 DOC male broilers were used in the
study for 35 days of rearing. Broilers have been
vaccinated with ND1, Gumboro and ND2 in the
hatchery. Feed treatment consists of: PO = Control
(basal diet, without the addition of toxin binder and
AFB1); P1 = PO + 4 g/kg calcium bentonite Type A
+ 100 pgkg AFB:; P2 = PO + 4 gkg calcium
bentonite Type B + 100 pg/kg AFB4, and P3 = PO +
4 g/kg calcium bentonite Type B + kerclite and
saponite + 100 pgkg AFBi. Each treatment
consisted of three replicates with 5 birds per
repetition. Cacium bentonite Type A (Terana 313)
is produced by PT Clariant Indonesia and cacium
bentonite Type B (TOXISORB®Classic) produced
by Clariant Germany. Feed treatment is given from
22 to 35 days of age (finisher phase). Chickens
aged 1 to 21 days were fed commercial feed with
chemical composition isting of metabolite
energy (ME) 2800 kcal/kg, crude protein (CP) 21%,
ether extract (EE) 5%, crude fiber (CF) 5%, ash
7%).

Broilers are maintained in a pen with a size
of 1 x 1 m. Closed House is sanitized and
fumigated 2 weeks before maintenance begins
using formalin (Formades, Medion, Bandung,
Indonesia). Temperature and wind speed are set
according to broiler needs based on age. At the
beginning of maintenance (d 1-3) the temperature
of the cage was kept at 32°C and reduced HZE}°C
every week until it reached 23°C at the end of the
period. Food and water were given ad libitum. Feed
consumption was recorded from the start of feed
treatment from day 21 to d 35" Body weight was
calculated on day 21 and 35™.

Sampling. On the day 35" of rearing, one
broiler from each replicate in each treatment was
taken based on body weight that was close to the
average body weight in the colony. Boilers Eflled
for five hours before blood collection. Blood
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samples were taken through the branchial vein
using a 3 mL syringe (Onemed, Surabaya,
Indonesia) and then collected in a tube (Vaculab
EDTA K3, Onemed, Surabaya, Indonesia) with
ethylenediaminetetraacetic-acid (EDTA)
anticoagulant. Blood samples were stored at -20°C
before analysis. Broilers were then necropsied
after being slaughtered, then samples of the
jejunum and liver were fixed with 10%
formaldehyde so n for histomorphological tests.
Analysis of Serum Glutamic Oxaloacetic
Transaminase (SGOT) and S Glutamic
Pyruvic Transaminase (SGPT). urement of
SGOT and SGPT levels each using 10 pL of blood
serum sample added 1000 pL of SGOT mix
reagent (| -110100) and SGPT (GPT-10100).
Samples were incubated at room temperature for
one minute and then read with a Microlab 300
spectrophotometer (Thermo Fisher Genesys 10s
UV-Vis, USA) with a wavelength of A340 nm.
Hematoxylin-Eosin staining. The jejunum
and liver organs that had been fixed with
formaldehyde solution 10% were then transferred
to a 70% alcohol container as a stop point. The
protocol for making histopathological preparations
with hematoxylin-eosin (HE) staining refers to
Kiernan (2008). The incisions of the jejunum and
r were placed in hematoxylin for 30 seconds
then washed with distilled water. After that, the
incision was put back in alcohol (30, 50, and 70%).
The incisions were placed in eosin for 15 minutes
and washed again with distilled water. The final
step is deparaffinization of the incision with serial
alcohol from high to low concentration. All stages

of HE staining were carried out at room
temperature.
Intestinal morphology and liver

histopathology analysis. The morphology of the
jejunum and liver was observed with an XSZ2-107
BN binocular microscope (Zhejiang, China) and
photographed with Optilab Advance MTN 004 with
3 fields of view. The magnification of the lens used
on the jejunum is 100X and 400X on the liver.
Intestine images were analyzed using Image
Raster 3 software on the variable length of villus,
width of villus, depth of crypts, and are villus.
The length of villi was measured from the crypt
border to the tip of the villus. The width of villi was
measured on both ss of the central part of the
small intestine vill. The depth of the crypt was
measured from the crypt border to the border of the
small intestine wall. The area of the vili was
measured by measuring the perimeter of the entire
villus. Each measurement was repeated 3 times
and averaged. Analysis of liver damage and
identification of aflatoxicosis was carried out on
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liver images by the Pathology and Anatomy
Labor , Faculty of Veterinary Medicine UGM.

Statistical analysis. The data obtained
were analyzed using analysis of variance from a
one-way randomized design with the SPSS version
25 application with a probability value of less than
5%. Data wittZinificant differences will be tested
further with Duncan's Multiple Range Test. A
completely randomized design mathematical
model with a unidirectional pattern (Gomez and
Gomez, 1976).

Table 1. Formulation and composition of treated feed

Ingredients (%)

52.75

Soy bean meal (SBM) 21.88
Com gluten meal (CGM) an
t bone meal (MBM) 4.00
oil 3.50
L - Lysine 0.24
DL - Methionine 017
L — Threonine 0.08
Limestone/CaCO3 0.80
Salt 018
Sodium bicarbonate 0.18
Chaline chloride 010
Trace mineral mix .11
Vitamin mix 0.25
Toxins binders 0.40

Total 100%

Nutrient composition

Water content 11.43
Fat 6.50
Coarse fiber 2.63
Ash 7.30

Proteins 23.52
EM (Kcalkg) 3100

bran 0%+21% of coffee pulp meal
Results and Discussion

Effect of the addition of toxin binder on the
productivity of the finisher phase

The effect of the addition of binder toxin to
AFB1 in AFB1 contaminated feed on feed
consumption of broiler productivity during the
finisher period is shown in[Z&ble 2. The addition of
bentonite toxin binder to feed contaminated with
AFB1 at a level of 100 pg/kg has no significant
effect on reducf®) feed consumption to
consumption feed, body weight gain, and broiler
FCR (P=0.05).

The result of Yunus et al. (2011) research
showed that AFB1 contamination below 100 pg/kg
no effect on broiler productivity. However, an
increase in the AFB.1 level in the feed causes a
decrease in body t and an increase in feed
conversion (Indresh et al,, 2013; Mohaghegh et al.,
2017). Aflatoxin contamination can be categ d
as realistic (<0.3 mg/kg), occasional (<0.3-2
mg/kg), and unrealistic (<2 mg/kg) (Grenier and

Table 2. Feed consumption, w weight gain, and FCR of finisher phase broilers fed calcium bentonite on feed contaminated with AFB4

Treatment! Feed consumption (g) Body weight gain (g) Feed conversion ration
PO 2.339,57+76.25 1.315+27.83 1.7820.06
P1 2659,10+475.90 1.524+366 95 1.7740.28
P2 2512,87+312.48 1.327+166 22 1.90+0.03
P3 2.334,96+100.02 1331211815 1.76+0.07
p-value 0.09 0.30 0.82

'P0 (basal feed without the addition of toxin binder and AFB+). P1 (PO + 100 pg/kg AFB+ 4 g/kg calcium bentonite Type A), P2 (PO + 100
uakg AFBi+ 4 g/kg calcium bentonite Type B), and P3 (PO + 100 pgkg AFBi+ 4 ghkg calcium bentotine Type B + kerolite + saponite).
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Applegate, 2013). Broiler has a lower sensitivity
level than turkey, quail, and duck. This is related to
the kinetics of the cytochrome P450 enzyme in
converting AFB1 to AFBO. Therefore, aflatoxin
contamination at a realistic level tends not to affect
broiler productivity (Diaz and Murcia, 2019; Lozano
and Diaz, 2006; Murcia et al, 2011; Rawal and
Coulombe, 2011).

The addition bentonite in toxin binder
capable of binding to AFB1 so that it is not absorbed
by the small intestine. This is in accordance with
the statement from McClure et al. (2014) that the
binder toxin made from bentonite has the ability to
bind AFBi. Indresh ef al (2013) stated that
bentonite binds to AFB1 in the small intestine so
that it can prevent the absorption of AFB1 by the
small intestine. Bentonite has a layer that is
positively charged and binds to AFB1 which is
negatively charged. Therefore, the addition of toxin
binder can prevent a decrease in the productivity of
broilers fed high amounts of AFB1 contaminated
feed (Nazarizadeh and Pourreza, 2019; Zabiulla et
al., 2021).

Effect of toxin binder addition on liver weight
and SGPT SGOT broiler levels

The addition toxin binder to AFB1
contaminated feed had no significant effect
(P=0.05) on liver weight and SGPT SGOT broiler
levels (Table 3). hContamination of 100 pg/kg AFB-+
in feed has not affected relative liver weight
because it is included in the low dose toxicity level
(Fouad et al, 201E}but can increase broiler liver
weight (Slizewska et al., 2019). The result of Riahi
et al. (2021) reasearch showed that addition of
toxin binder made from zeoliteable to reduce liver
weight in broilers fed mycotoxin-contaminated
feed. Administration of binder toxins with various
active ingredients such as calcium bentonite,
zeolite, kerolite, and saponite is able to bind AFB+1
to cats in the interlayer (Fowler et al, 2015;
Akbar et al., 2022).

The addition of toxin binder to feed
contaminated with AFB1 did not significantly affect
broiler SGPT and SGOT levels. AFB;
contamination in high amounts (0.5 mg/kg)
increase SGOT and SGPT levels (Amiridumari et
al., 2013; Liu et al,, 2022; Valchev et al, 2014).
AFB1 contamination level of 100 ppb has no effect
on SGOT and SGPT levels because broilers are
still able to carry out the detoxification process in
the liver. The research results have similarities with
Saminathan et al. (2018) that AFB1 contamination
at a level of 100 pg/kg had no effect on SGOT and
SGPT levels, however AFB1 contamination at a

Effect of Phyllosilicates as Toxin Binder on Productivity, Intestinal Morphology

level of 1 mg/kg significantly increased SGOT
levels by 7.93% and SGPT by 12l3% (Farooqui et
al, 2019; Attia et al., 2019). Nazarizadeh and
Pourreza (2019) reported that the additiofflbf 1 g/kg
mycotoxin binder in feed contaminated with AFB1
at a level of 2 mg/kg reduced the activity of SGPT
and SGOT enzymes caused by impaired
hepatocyte cell necrosis. The secretion of these
two enzymes is an indicator of damage to
hepatocyte cells and functions 1o assist protein
synthesis (Senanayake ef al., 2015).

Effect of of toxin binder addition on broiler liver
histopathology

The effect of adding toxin binder to feed
contaminated with AFB:1 on broiler liver
histopathology is shown in Figure 1. Histology of
the control treatment (PO) liver was normal or no
signs of aflatoxicosis were found. The addition of
calcium bentonite Type A (P1) to feed
contaminated with AFB: found hydropic and focal
degeneration of lymphocyte follicles. Effect of
adding toxin binder with the active ingredient
European calcium bentonite on feed treatment (P2)
of hydropic degeneration, liver cell necrosis, and
focal lymphocyte follicles. Treatment of P3 feed
with the active ingredient calcium bentonite +
kerolite and saponite found signs of liver damage
in the form of hydropic degeneration, liferation
of bile ducts, and hepatocyte necrosis. The addition
of a type B toxin binder is thought to reduce the
effects of liver damage with the fewest signs AFB1
(Figure 1 P2). Contamination causes liver damage
characterized by increased fat syn@is‘ vascular
degeneration, lobe inflammation (Kraieski et al.,
2017, Sumantri et al., 2018). The higher the AFB4
contamination in the feed can increase the level of
aflatoxicosis effect (Slizewska et al., 2019; Hua et
al, 2021). The ability to bind toxin binders will have
an impact on the level of liver damage. The higher
activation of AFB1 by toxin binder will prevent the
accumulation of AFB1 in the liver, thus minimizing
the detoxification process and liver damage. The
binding ability of AFB1 by toxin binder is influenced
by the particle size ofthe material, surface area, the
optimum pH of the material for work. The result of
Oguz et al. (2022) research showed that different
types of toxin binder materials have different
mycotoxin binding abilities. The binding ability is
affected by the content of materials that will bind to
the active site of mycotoxin. Raw materials that are
able to bind mycotoxin optimally wilfElevent the
maximum level of toxicity (Zabiulla et al., 2021;
Rashidi ef al., 2020; Tarasova ef al., 2020). Study
on duck showed low levels of AFB1 in feed (30 to

Table 3. Broier liver weight and SGPT SGOT enzyme activity in broilers treated with calcium bentonite on feed contaminated with AFB1

Treatment!
Parameter 5o = 55 5 p-value
Liver weight (g) 42.33+1.53 37.00+£1.00 42.33+5.13 45.33+1.02 0.460
Liver weight (3) 2.86+0.15 2.34+0.40 2.81+0.44 2.06+0.80 0.570
SGPT? (UN) 7.43+2.00 B8.63+1.89 B8.03+2. 11 11.63+1.60 0104
SGOT (U1) 171.85+5.95 209.83+56.84 217.60+25.00 221 .70+48.41 044

PO (b eed without the addition of toxin binder and AFB.), P1 (PO + 100 pgkg AFB+ 4 g/kg calcium bentonite Type A), P2 (PO + 100
FB1+ 4 g/kg calcium bentonite Type B), and P3 (PO + 100 yg/kg AFB1+ 4 g/kg calcium bentotine Type B+kerolite+saponite)
23GPT (Serum glutamic oxaloacetic transaminase ), SGOT (serum glutamic pyruvic transaminase).
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Figure 1. Histopathology of liver treated with toxin binder on feed contaminated with AFB, (400X magnification). PO (basal feed without
the addition of toxin binders and AFB+), P1 (PO + 100 ygkg AFB1+ 4 g/kg calcium bentonite Type A), P2 (PO + 100 pg/kg AFBi+ 4 g/kg
calcium bentonite Type B), and P3 (PO + 100 pg/kg AFB1+ 4 gkg calcium bentotine Type B +kerolite+saponite).

70 ppb) resulted in mild acute liver vacuoles
degeneration and 2% zeolite inclusion in AFB:
contaminated f could reduce the hepatic
lesions (Sumantri et al., 2018).

The effect of thfZhddition of toxin binder on the
morphology of the small intestine of broilers
The length and weight of the small intestine
are shown in Table 4. The additigjjof toxin binder
to feed contaminated with AFB+ had no effect on
the length of the duodenum, jejunum and ileum.
Kévesi et al. (2020) reported that exposure to
aflatoxin 50 to 100 ppb is included in a low
exposure dose which does not make a difference
to the length of the gastrointestinal tract, but AFB1
contamination of 700 ppb can increaathe length
of the jejunum and duodenum (Yunus et al., 2011).
The addition of toxin binder in AFBi-
taminated feed significantly increased the
weight of the duodenum (P=0.024) an@ileum
(P=0.049) compared to the control but had no

effect on the weight of the jejunum (P=0.367). AFB1
contamination of less than 200 pg/kg in the feed
does not cause a decrease in small intestine weight
(Manafi et al, 2012). Holanda and Kim (2022)
showed that AFB1 contamination with a level of 950
Lg/kg could inhibit the growth and performance of
the intestinal tract of broilers, and reduce the weight
of the small intestine of broilers by 11%. The
presence of AFB1 in the small intestine causes
inflammation of the epithelial cells as an immune
response so tal the swelling can increase the
weight of the small intestine (Domingues et al.,
2021; Rashidi et al., 2020).

Effect of toxin binder addition on the
histomorphology of small intestinal villus in
broilers

The effect of adding toxin binder to feed
contaminated with AFB+ on the villus morphology
of the small intestine of broilers is shown in Table
5. Addition of toxin binder to feed contaminated

14

Table 4. Effect of adding calcium bentonite to feed contaminated with AFB, on the length and weight of the small intestine of broilers

Parameter Treatment” p-value

PO P1 P2 P3

Gastrointestinal length
Duodenum (cm) 28.33+0.58 2867+ 0.58 2767+ 2.52 30.0044.58 0.749
Jejunum (cm) 70.00+7 .81 T467+11.72 77331721 75.3343.79 0.875
lleumn (cmj) 68.00+6.93 6967+ 513 50.67+23.50 70.00+1.00 0.725
Gastrointestinal weight
Duodenum (%) 0.5400.7* 0.89+0.14"% 0.79+0.14"% 0.73+0.06% 0.024
Jejunum (35) 1.06+0.23 1.22+0.08 1.50+0.66 1.36+0.15 0.367
lleum (%) 0.79+40.13* 0.73+0.068* 0.84+0.20 1.10+0.13" 0.049

PO (basal feed without the addition of toxin binder and AFB+), P1 (PO + 100 pg/kg AFB+ 4 g/kg calcium bentonite Type A), P2 (PO + 100
uakg AFBi+ 4 g/kg calcium bentonite Type B), and P3 (PO + 100 pg/kg AFB1+ 4 g/kg calcium bentotine Type B+kerolite+saponite).
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Figure 2. Histology of small intestinal villus (jejunum) of broilers fed AFB1-contaminated feed with the addition of calcium bentonite (100X
magnification). PO (basal feed without the addition of toxin binders and AFB.), P1 (PO + 100 pyg/kg AFB++ 4 g/kg calcium bentonite Type
A}, P2 (PO + 100 pgkg AFB++ 4 g/kg calcium bentonite Type B), and P3 (PO + 100 pg/kgAFB1+ 4 g'kg calcium bentotine Type
B+kerolite+saponite).

Table 5. Villus morphology of the small intestine of broilers fed AFB1-contaminated feed with the addition of calcium bentonite

Parameter Treatment' p-value

PO P1 P2 P3
Villus length (mm) 1.61+0.14 1.85+0.10 1.6320.12 1.61+0.23 0.249
Villus width {mm) 0.26+0.03" 0.16+0.012 0.15+0.04 0.1940.042 0013
Crypte depth (mm) 0.28+0.02 0.29+005 0.30+0.02 0.344007 0443
Area (mm?) 0.44+0.10" 0.29+0.02* 0.30+0.05* 0.3240.05* 0.055
Villusferypta length ratio 567+0.18 B6.55+1.41 5.52+0.78 4.97+1.74 0479

PO (basal feed without the addition of toxin binder and AFB1), P1 (PO + 100 pgkg AFB1+ 4 g/kg calcium bentonite Type A), P2 (PO + 100
ugkg AFB1+ 4 g/kg calcium bentonite Type B), and P3 (PO + 100 pg/kg AFB1+ 4 g/kg calcium bentotine Type B+kerolite+saponite).

AFB: decreased the width of the villus
(P=0.013) afllended o decrease the area of villus
P=0.055) in the small intestine of broilers.
bever, it did not significantly affect villus length,
crypt depth, and ratio of villus length to crypt depth
(P=0.05).
The AFB: contamination at a dose of 60
pakg will decrease the villus width by 20%,
exposure to AFB1 with a higher level of 250 ppb
decreases the villus width by up to 52%, the higher
the AFB1 exposure level will reduce the wider villus
width (Xie et al, 2022; Ashry et al, 2022). At a
contamination level of 82.4 ppb, it can reduce the
villus area by 13% (Yang et al., 2012). Aflatoxin
compounds in the small intestine reduce the ability
of fight junctions in the phenomenon of leaky gut
syndrome, thereby inhibiting the development of
villus and triggering a decrease in the area of
absorption of broiler nutrients (Galarza-Seeber et
al,, 2016). In addition, aflatoxin causes pathological
damage to the intestinal mucosa which reduces cell
proliferation (Wang et al., 2018). The use of toxin
binders in research Dogi . (2017) able to
reduce the effect of AFB1 on villus length and crypt
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depth in broilers fed AFB1 contaminated feed with
a level of 100 pg/kg. Research result (Alharthi et al.,
2022) with the addition of 0.4% bentonite to 24
ppb AFB+ contamination was able to increase the
height, width, and area of the villus compared to
positive controls contaminated with AFB;.

Conclusions

The conclusion of the research that has
been done isthe &fdlition of a toxin binder made
from phyllosilicate in feed contaminated with AFB1
100 pgkg had no effect on the productivity of the
finisher phase broilers, although it reduced the
villus area. Calcium bentonite able to reduce the
effects of liver damage due to AFB4 contamination
in feed.

Acknowledgement
This research was supported by PT.

Clariant Indonesia. Also, thanks to An'nisa Tiana
and M. Igbal Bayusejati who assisted the study.




Gardika Windar Prahara et al.

References

Ahlberg, S., D. Randolph, S. Okoth, and J. Lindahl.
2019. Aflatoxin binders in foods for human
consumption-can this be promoted safely
and ethically? Toxins (Basel) 11: 410-416.

Akbar, S., M. S. Akhtar, A. Khan, G. Jilani, and T.
Ahmad, 2022. Efficacy of clay minerals for
confrolling  Aflatoxin  B1  foxicity in
commercial broilers. Pakistan J. Agric.
Sci. 59: 231-239.

Alharthi, A. S., A. R. Al Sulaiman, R. S. Aljumaabh,
A. A. Alabdullatif, G. Ferronato, A. H.
Alghtani, M. A. Al-Garadi, H. Al-sornokh,
and A. M. Abudabos. 2022. The efficacy of
bentonite and zeolite in reducing Aflatoxin
B1 toxicity on production performance and
intestinal and hepatic health of broiler
chickens. Ital. J. Anim. Sci. 21: 1181-
1189.

Amiridumari, H., H. Sarir, N. Afzali, and O.
Fanimakki. 2013. Effects of milk thistle
seed against Aflatoxin B+ in broiler model.
J. Res. Med. Sci. 18: 786-790.

Anas, M. A., L. M. Yusiati, C. T. Noviandi, and A.
Agus. 2020. Aflatoxin research
development study in Indonesia and
decreasing aflatoxin B+ toxicity on broilers.
Dissertation Livestock Research for Rural
Development. 32. httpJ//etd.repository.
ugm.ac.id/penelitian/detail/ 192097

Ashry, A., N. M. Taha, M. A. Lebda, W. Abdo, E. M.
El-Diasty, S. E. Fadl, and E. M. Morsi.
2022. Ameliorative effect of nanocurcumin
and Saccharomyces cell wall alone and in
combination against aflatoxicosis in
broilers. BMC Vet. Res. 18: 1-18.

Attia, K., M. Asser, F. Tawfeek, and H. Basuney.
2019. Efficacy of N-Acetylcysteine and
hydrated sodium calcium aluminosilicate
fo reduce the effects of aflatoxin B
intoxication in broiler chickens. Alexandria
J. Vet. Sci. 61: 727-734.

Diaz, G. J., E. Calabrese, and R. Blain. 2008.
Aflatoxicosis in chickens (Gallus gallus):
An example of hormesis? Poult. Sci. 87:
T27-732.

Diaz, G. J. and H. W. Murcia. 2019. An unusually
high production of hepatic Aflatoxin Bs-
dihydrodiol, the possible explanation for
the high susceptibility of ducks to Aflatoxin
Bi. Sci. Rep. 9: 18-21.

Dogi, C., A. Cristofolini, P. M. L. Gonzélez, G.
Garcia, A. Fochesato, C. Merkis, A. M.
Dalcero, and L. R. Cavaglieri. 2017.
Aflatoxins and Saccharomyces
cerevisiae: Yeast modulates the intestinal
effect of aflatoxins, while Aflatoxin B+
influences yeast ultrastructure. World
Mycotoxin J. 10:171-181.

Domingues, J. M., S. S. Barbara, A.W. D. Sanches,
B. L. Belote, E. Santin, and R. Wagner.
2021. The use of histological parameters
fo assess intestinal and liver health on
broilers challenged isolatedly and

Effect of Phyllosilicates as Toxin Binder on Productivity, Intestinal Morphology

simultaneously with cyclopiazonic acid
and Aflatoxin B1. 29: 67-76.

Faroogui, M. Y., A. Khaligue, M. A. Rashid, S.
Mehmood, and M. . Malik. 2019.
Aluminosilicates and yeast-based
mycotoxin binders: Their ameliorated
effects on growth, immunity and serum
chemistry in broilers fed aflatoxin and
ochratoxin. South African J. Anim. Sci. 49:
619-627.

Fouad, A. M., D. Ruan, H. A. K. El Senousey, W.
Chen, S. Jiang, and C. Zheng. 2019.
Harmful effects and control strategies of
Aflatoxin B+ produced by Aspergillus
flavus and aspergillus parasiticus strains
on poultry: Review. Toxins (Basel) 11: 1—
21.

Fowler, J., W. Li, and C. Bailey. 2015. Effects of a
kalsium bentonite clay in diets containing
aflatoxin when measuring liver residues of
Aflatoxin B+ in starter broiler chicks.
Toxins (Basel). 7: 3455-3464.

Galarza-Seeber, R., J. D Latorre, L. R. Bielke, V. A.
Kuttappan, A. D. Wolfenden, V.
Hernandez-Velasco, R. Merino-Guzman,
J. L. Vicente, A. Donoghue, D. Cross, B.
M. Hargis, and G. Tellez. 2016. Leaky Gut
and Mycotoxins: Aflatoxin B1 does not
increase gut permeability in broiler
chickens. Front. Vet. Sci. 3: 1-8.

Gomez, K. A. and A. A. Gomez. 1976. Statistical
Procedures for Agricultural Research.
Lohn Wiley and Sons, Los Banos.
Filiphina.

Grenier, B. and T. J. Applegate. 2013. Modulation
of intestinal functions following mycotoxin
ingestion: Meta-analysis of published
experiments in animals. Toxins (Basel) 5:
396-430.

Hamid, A. S., S. G. Tesfamariam, Y. Zhang, and Z.
G. Zhang. 2013. Aflatoxin Bi-induced
hepatocellular carcinoma in developing
countries:  Geographical  distribution,
mechanism of action and prevention
(Review). Oncol. Lett. 5: 1087-1092.

Hojati, M., M. A. Norouzian, A. A. Alamouti, and A.
Afzalzadeh. 2021. In vitro evaluation of
binding capacity of different binders to
adsorb aflatoxin. Vet. Res. Forum 12:
211-215.

Holanda, D. M. and S. W. Kim. 2022. Impacts of
weaning  weights and  mycotoxin
challenges on jejunal mucosa-associated
microbiota, intestinal and systemic health,
and growth performance of nursery pigs.
J. Anim. Sci. Biotechnol. 13: 1-18.

Hua, Z., R. Liy, Y. Chen, G. Liu, C. Li, Y. Song, Z.
Cao, Li, Wen, Li, Weifeng, C. Lu, Y. Liu.
2021. Contamination of Aflatoxins Induces
Severe Hepatotoxicity Through Multiple
Mechanisms. Front. Pharmacol. 11: 1-14.

Indresh, H. C., G. Devegowda, S. W. Ruban, and
M. C. Shivakumar. 2013. Effects of high
grade bentonite on performance, organ
weights and serum biochemistry during

88




Gardika Windar Prahara et al.

aflatoxicosis in broilers. Vet. World 6: 313—
317.

Kiernan, J. A. 2008. Histological and Histochemical
Methods. Theory and Practice. 4" Ed.
Canada: Pergamon Press. pp. 90-97.

Kévesi, B., M. Cserhati, M. Erdélyi, E. Zandoki, M.
Mézes, and K. Balogh. 2020. Lack of
dose- And time-dependent effects of
Aflatoxin B1 on gene expression and
enzymes associated with lipid
peroxidation and the glutathione redox
system in chicken. Toxins (Basel) 12: 1-
11.

Kraieski, A. L., R. M. Hayashi, A. Sanches, G. C.
Almeida, and E. Santin. 2017. Effect of
aflatoxin  experimental ingestion and
Eimeira vaccine challenges on intestinal
histopathology and immune cellular
dynamic of broilers: Applying an Intestinal
Health Index. Poult. Sci. 96: 1078-1087.

Liu, W. C., Y. Y. Yang, K. Pushparaj, and B.
Balasubramanian. 2022. Evaluation of
hepatic detoxification effects  of
Enteromorpha prolifera Polysaccharides
against Aflatoxin B+ in broiler chickens.
Antioxidants 11: 1-13.

Lozano, M. C. and G. J. Diaz. 2006. Microsomal
and cytosolic biotransformation  of
Aflatoxin Bi in four poultry species. Br.
Poult. Sci. 47: 734-741.

Magnoli, A. P., M. P. Monge, R. D. Miazzo, L. R.
Cavaglieri, C. E. Magnali, C. |. Merkis, A.
L. Cristofolini, A. M. Dalcero, and S. M.
Chiacchiera. 2011. Effect of low levels of
Aflatoxin B4 on performance, biochemical
parameters, and Aflatoxin B+ in broiler
liver tissues in the presence of monensin
and sodium bentonite. Poult. Sci. 90: 48—
58.

Mahato, D. K., K. E. Lee, M. Kamle, S. Devi, K. N.
Dewangan, P. Kumar, and S. G. Kang.
2019. Aflatoxins in Food and Feed: An
Overview on Prevalence, Detection and
Control Strategies. Front. Microbiol. 10: 1—
10.

Manafi, M. U., B. Mohmand, N. Ali, and H. Swamy.
2012. Study of the combination effects of
aflatoxin and T-2 toxin on performance
parameters and internal organs of
commercial broilers. 393-396.

Marchese, S., A. Polo, A. Ariano, S. Velotto, S.
Costantini, and L. Severino. 2018.
Aflatoxin B1 and M1: Biological properties
and their involvement in cancer
development. Toxins (Basel) 10: 1-19.

McClure, R., C. Smith, and J. B. Dixon. 2014.
Bentonite properties, formation, and
distribution as adsorbents of aflatoxin in
grain. The Texas case study. In Aflatoxin
Control: Safeguarding Animal Feed with
Calcium Smectite. American Society of
Agronomy. USA.

Mohaghegh, A., M. Chamani, M. Shivazad, A.A.
Sadeghi, and N. Afzali. 2017. Effect of
esterified glucomannan on broilers

89

Effect of Phyllosilicates as Toxin Binder on Productivity, Intestinal Morphology

exposed to natural mycotoxin-
contaminated diets. J. Appl. Anim. Res.
45: 285-291.

Monson, M. S., R. A. Coulombe, and K. M. Reed.
2015. Aflatoxicosis: Lessons from Toxicity
and Responses to Aflatoxin Bi. Poultry
Agric. 5: 742-777.

Murcia, H. W., G. J. Diaz, and S. M. Cepeda. 2011.
Enzymatic activity in turkey, duck, quail
and chicken liver microsomes against four
human cytochrome P450 prototype
substrates and Aflatoxin B1. J. Xenobiotics
1:17-21.

Nazarizadeh, H. and J. Pourreza. 2019. Evaluation
of three mycotoxin binders to prevent the
adverse effects of aflatoxin B 1 in growing
broilers. J. Appl. Anim. Res. 47: 135—-139.

Nuryono, A. S., Y. Agus, M. S. Wedhastri, D.
Meryudhani, Y. Pranowo, and E. Razzazi-
Fazel. 2012. Adsorbtion of Aflatoxin B1 in
corm on natural zeolite and bentonite.
Indo J. Cham. 12: 279-285.

Oguz, H., E. Bahcivan, T. Erdogan, N. F. Yalcin, A.
Ozdas, M. K. Isik, and O. Altunbas. 2022.
In vitro mycotoxin binding capacities of
clays, glucomannan and their
combinations. Toxicon 214: 93-103.

Pappas, A. C., E. Tsiplakou, D. I. Tsitsigiannis, M.
Georgiadou, M. K. lliadi, K. Sotirakoglou,
and G. Zervas. 2016. The role of bentonite
binders in single or concomitant mycotoxin
contamination of chicken diets. Br. Poult.
Sci. 57: 551-558.

Rashidi, N., A. Khatibjoo, K. Taherpour, M. Akbari-
Gharaei, and H. Shirzadi. 2020. Effects of
licorice extract, probiotic, toxin binder and
poultry litter biochar on performance,
immune function, blood indices and liver
histopathology of broilers exposed to
aflatoxin-B1. Poult. Sci. 99: 5896—-5906.

Rawal, S. and R. A. Coulombe. 2011. Metabolism
of Aflatoxin B+ in Turkey liver microsomes:
The relative roles of cytochromes P450
1A5 and 3A37. Toxicol. Appl. Pharmacol.
254: 349-354.

Rejeb, R., 5. D. Baere, M. Devreese, R. Ducatelle,
S. Croubels, M. H. Ayed, A. Ghorbal, and
G. Antonissen. 2020. Calcination
improves the in vivo efficacy of a
montmorillonite clay to bind Aflatoxin G1
in broiler chickens: a toxicokinetic
approach. Toxins 12: 1-15.

Riahi, I., A. J. Ramos, J. Raj, Z. Jakovéevi¢, H.
Farkas, M. Vasiljevic, A. M. Pérez-
Vendrell. 2021. Effect of a mycotoxin
binder (MMDA) on the growth
performance, blood and carcass
characteristics of broilers fed ochratoxin a
and T-2 mycotoxin contaminated diets.
Animals 11:1-14.

Saminathan, M., J. Selamat, A. A. Pirouz, N.
Abdullah, and |. Zulkifli. 2018. Effects of
nano-composite adsorbents on the growth
performance, serum biochemistry, and
organ weights of broilers fed with




Gardika Windar Prahara et al.

aflatoxin-contaminated  feed.  Toxins
(Basel). 10: 1-15.

Senanayake, S. S. H. M. M. L, J. G S.
Ranasinghe, R. Waduge, K. Nizanantha,
B. Cukrowska, S. Smulikowska, and J.
Cielecka-Kuszyk. 2019. The effect of
prabiotic supplementation on performance
and the histopathological changes in liver
and kidneys in broiler chickens fed diets
with aflatoxin B1. Toxins (Basel) 11: 1-15.

Sumantri, 1., A. Agus, B. lIrawan, H. Habibah, N.
Faizah, and K. J. Wulandari. 2017.
Aflatoxins contamination in feed and
products of Alabio duck (Anas
platyrinchos Borneo) collected from south
kalimantan, Indonesia. Bull. Anim. Sci. 41:
393-396.

Sumantri, ., H. Herliani, M. Yuliani, and Nuryono.
2018. Effects of zeolite in aflatoxin B1
contaminated diet on aflatoxin residues
and liver histopathology of laying duck.
IOP Conf. Ser. Earth Environ. Sci. 207: 1-
6.

Tarasova, E. Y., L. E. Matrosova, S. A. Tanaseva,
N. N. Mishina, R. M. Potekhina, O. K.
Ermolaeva, S. Y. Smolentsev, A. M.
Tremasova, |. R. Kadikov, V. . Egorov, R.
M. Aslanov, and E. |. Semenov. 2020.
Protective effect of adsorbent complex on
morphofunctional state of liver during
chicken polymycotoxicosis. Syst. Rev.
Pharm. 11: 264-268.

Valchev, |., D. Kanakov, T. S. Hristov, L. Lazarov,
R. Binev, N. Grozeva, and Y. Nikolov.
2014. Investigations on the liver function
of broiler chickens with experimental
aflatoxicosis. Bulg. J. Vet. Med. 17: 302—
313.

Wang, F., Z. Zuo, K. Chen, C. Gao, Z. Yang, S.
Zhao, J. Li, H. Song, X. Peng, J. Fang, H.
Cul, P. Ouyang, Y. Zhou, G. Shu, and B.
Jing. 2018. Histopathological injuries,

Effect of Phyllosilicates as Toxin Binder on Productivity, Intestinal Morphology

ultrastructural changes, and depressed
TLR expression in the small intestine of
broiler chickens with Aflatoxin B1. Toxins
(Basel) 10: 1-16.

Widiyanti, P. M. and R. Maryam. 2017. Kontaminasi
aflatoksin dan fumonisin dalam pakan
ayam pedaging. Prosiding Seminar
Nasional Teknologi Peternakan dan
Veteriner. Balai Besar Penelitian
Veteriner. Bogor, p. 452-459.

Xie, K., X. He, G. Hu, H. Zhang, Y. Chen, D. X. Hou,
and Z. Song. 2022. The preventive effect
and mechanisms of adsorbent
supplementation in low concentration
Aflatoxin - B1  contaminated diet on
subclinical symptom and histological
lesions of broilers. Poult. Sci. 101: 1-12.

Xu, R., E. G. Kiarie, A. Yiannikouris, L. Sun, and N.
A. Karrow. 2022. Nutritional impact of
mycotoxins in food animal production and
strategies for mitigation. J. Anim. Sci.
Biotechnol. 13: 1-19.

Yang, J., F. Bai, K. Zhang, X. Lv, S. Bai, L. Zhao,
X. Peng, X., Ding, Y. Li, and J. Zhang.
2012. Effects of feeding corn naturally
contaminated with AFB:1 and AFB2 on
performance and aflatoxin residues in
broilers. Czech J. Anim. Sci. 57: 506-515.

Yunus, A. W., E. Razzazi-Fazeli, and J. Bohm.
2011. Aflatoxin B+ in affecting broiler's
performance, immunity, and
gastrointestinal tract: A review of history
and contemporary issues. Toxins (Basel)
3: 566-590.

Zabiulla, 1., V. Malathi, H. V. L. N. Swamy, J. Naik,
L. Pineda, and Y. Han. 2021. The efficacy
of a smectite-based mycotoxin binder in
reducing Aflatoxin  B:  toxicity on
performance, health and histopathology of
broiler chickens. Toxins (Basel) 13: 1-15.

90




Effect of Phyllosilicates as Toxin Binder on Productivity,
Intestinal Morphology, and Liver Toxicity in Broiler Fed AFB1
Contaminated Feed

ORIGINALITY REPORT

16, 13

SIMILARITY INDEX INTERNET SOURCES

10%

PUBLICATIONS

1o

STUDENT PAPERS

PRIMARY SOURCES

.

www.science.gov

Internet Source

2%

o

www.frontiersin.org

Internet Source

T

e

www.researchgate.net

Internet Source

T

-~

dergipark.org.tr

Internet Source

T

o

tru.uni-sz.bg

Internet Source

T

zombiedoc.com
H Internet Source <1 %
Submitted to American University of Beirut <1
Student Paper %

Wu, Y.B.. "Influence of whole wheat inclusion <1
%

and xylanase supplementation on the

performance, digestive tract measurements



and carcass characteristics of broiler
chickens", Animal Feed Science and
Technology, 20040901

Publication

ejournals.epublishing.ekt.gr
n In"!ernet Source p g g <1 %
rr.hec.gov.pk
IFr?ternetSourcge p <1 %
Venkataramana Mudili, Chandra Nayaka <1 o
Siddaih, Madhukar Nagesh, Phanikumar ’
Garapati et al. "Mould incidence and
mycotoxin contamination in freshly harvested
maize kernels originated from India", Journal
of the Science of Food and Agriculture, 2014
Publication
atrium.lib.uoguelph.ca
Internet Source g p <1 %
jjbs.hu.edu.jo
JI-rl1ternetSource J <1 %
worldwidescience.or
Internet Source g <1 %
www.veterinaryworld.or
Internet Source y g <1 %
Hsin-Bai Yin, Chi-Hung Chen, Anup Kollanoor- <1 o
0

Johny, Michael J. Darre, Kumar
Venkitanarayanan. "Controlling Aspergillus



flavus and Aspergillus parasiticus growth and
aflatoxin production in poultry feed using
carvacrol and trans-cinnamaldehyde", Poultry
Science, 2015

Publication

—
~N

gspace.qu.edu.ga <'I o

Internet Source

Ahmad F. Alshannagq, John G. Gibbons, Mi-
Kyung Lee, Kap-Hoon Han, Seung-Beom
Hong, Jae-Hyuk Yu. "Controlling aflatoxin
contamination and propagation of Aspergillus
flavus by a soy-fermenting Aspergillus oryzae
strain", Scientific Reports, 2018

Publication

<1%

Insaf Riahi, Antonio J. Ramos, Jog Raj, Zdenka <'I o
JakovcCevi¢, Hunor Farkas, Marko Vasiljevic, ’
Anna Maria Pérez-Vendrell. "Effect of a

Mycotoxin Binder (MMDA) on the Growth
Performance, Blood and Carcass

Characteristics of Broilers Fed Ochratoxin A

and T-2 Mycotoxin Contaminated Diets",

Animals, 2021
Publication
digitalcommons.unl.edu
IntegrnetSource <1 %
Submitted to University of KwaZulu-Natal
Student Paper y <1 %




WWwWW.[stage.jst.g0.]
InternetSJourceg J g Jp <1 0/0
tessera.spandidos-publications.com
InternetSourcep p <1 %
Anas Ashraf, Muhammad Kashif Saleemi, <1 o

Mashkoor Mohsin, Shafia Tehseen Gul et al.
"Pathological effects of graded doses of
aflatoxin B1 on the development of the testes
in juvenile white leghorn males”,
Environmental Science and Pollution
Research, 2022

Publication

Emrah Torlak, llgaz Akata, Fatih Erci, Ali Tevfik <'I
%

Uncu. "Use of gaseous ozone to reduce
aflatoxin B1 and microorganisms in poultry
feed", Journal of Stored Products Research,
2016
Publication
ejournal.unikama.ac.id

IngernetSource <1 %
repositori.udl.cat

Intel?netSource <1 %
repository.ipb.ac.id

InteE\etSourcey p <1 %
www.mdpi.com

InternetSourcep <1 %




Debasish Kumar Dey, Sukkum Ngullie Chang, <1 o
Sun Chul Kang. "The inflammation response ’
and risk associated with Aflatoxin B

contamination was minimized by insect

peptide CopA3 treatment and act towards the
beneficial health outcomes", Environmental

Pollution, 2020

Publication

Min Li, Yidi Kong, Jixing Zou, Xueqin Wu, <1 o
Zhuang Yin, Xiaotian Niu, Guigin Wang. ’
"Transcriptome and physiological analyses

reveal the mechanism of the liver injury and
pathological alterations in northern

snakehead (Channa argus) after dietary

exposure to aflatoxin B1", Aquaculture, 2022

Publication

Nasrin Rashidi, Ali Khatibjoo, Kamran <1 o
Taherpour, Mohammad Akbari-Gharaei,, ’
Hassan Shirzadi. "Effects of licorice extract,

probiotic, toxin binder and poultry litter

biochar on performance, immune function,

blood indices and liver histopathology of

broilers exposed to aflatoxin-B1", Poultry

Science, 2020

Publication

docs.lib.purdue.edu A

Internet Source

ijlr.org



Internet Source

<1 %

journals.tubitak.gov.tr <1
Internet Source %

koreascience.or.kr <1
Internet Source %

s.fass.or

IEw)ternet Source g <1 %
studentsrepo.um.edu.m

Internet Source p y <1 %
www.ruminantia.it

Internet Source <1 %

Jog Raj, Hunor Farkas, Zdenka Jakovcevic, <1 o
Marko Vasiljevic, Rakesh Kumar, Rajesh °
Kumar Asrani. "Effects of Supplemented
Multicomponent Mycotoxin Detoxifying Agent
in Laying Hens Fed Aflatoxin B1and T2-Toxin
Contaminated Feeds", Poultry Science, 2023
Publication

Man Zhang, Qinghao Li, Jun Wang, Juan Sun, <1 o

0

Yugiang Xiang, Xin Jin. "Aflatoxin B1 disrupts
the intestinal barrier integrity by reducing
junction protein and promoting apoptosis in
pigs and mice", Ecotoxicology and
Environmental Safety, 2022

Publication




P} Mendez-Albores, A.. "Decontamination of <1 y
aflatoxin duckling feed with aqueous citric ’
acid treatment", Animal Feed Science and
Technology, 20070615
Publication

NABIL A. KHOURI, MANSOUR NAWASREH, <1 o
SALEH M. AL-HUSSAIN, AHMAD S. ALKOFAHI. ’
" Effects of orchids () on reproductive
function and fertility in adult male mice ",

Reproductive Medicine and Biology, 2006
Publication

Niloofar Razmgah, Mohammad Amir Karimi <1 o
Torshizi, Mohammad Reza Sanjabi, Naheed ’
Mojgani. "Anti-mycotoxigenic properties of
probiotic Bacillus spp. in Japanese quails",

Tropical Animal Health and Production, 2020
Publication

Oluwakemi A. Rotimi, Isaacson B. Adelani, <1 o
Opeyemi C. De Campos, Tolulope D. Olawole, ’
Solomon O. Rotimi. "Mitochondrial toxicity of
aflatoxin B1", Elsevier BV, 2023
Publication
jiip.ub.ac.id

JInt(E:net Source <1 %
mdpi-res.com

InternEtSource <1 %

ppis.bsn.go.id



Internet Source

<1 %
ublikasi.polije.ac.id
IFr?ternetSourcep J <1 %
www.tandfonline.com
Internet Source <1 %
Inten Pangestika, Efriyana Oksal, Tengku <1 y
Sifzizul Tengku Muhammad, Hermansyah ’
Amir et al. "Inhibitory effects of tangeretin
and trans-ethyl caffeate on the HMG-CoA
reductase activity: Potential agents for
reducing cholesterol levels", Saudi Journal of
Biological Sciences, 2020
Publication
Ahmed Fouad, Dong Ruan, HebatAllah EI- <1 o
Senousey, Wei Chen, Shouqun Jiang, Chuntian ’
Zheng. "Harmful Effects and Control
Strategies of Aflatoxin B1 Produced by
Aspergillus flavus and Aspergillus parasiticus
Strains on Poultry: Review", Toxins, 2019
Publication
Fred V. Plapp, Lyle T. Sinor, Jane M. Rachel. <1 o

"The Evolution of Pretransfusion Testing:
From Agglutination to Solid-Phase red Cell
Adherence Tests", Critical Reviews in Clinical
Laboratory Sciences, 2008

Publication




Grenier, Bertrand, and Todd Applegate. <1 y
"Modulation of Intestinal Functions Following ’
Mycotoxin Ingestion: Meta-Analysis of
Published Experiments in Animals", Toxins,

2013.
Publication
Takeshi YAMAMOTO. "Supplemental effect of

. | < 1w
bile salts to soybean meal-based diet on
growth and feed utilization of rainbow trout
Oncorhynchus mykiss", Fisheries Science,

2/2007
Publication
biblio.ugent.be

InternetSouge <1 %
doaj.or

InterngtSourgce <1 %

Exclude quotes On Exclude matches Off

Exclude bibliography On



