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Bu meta-analitik ¢alismada, kanath yemlerinde aflatoksinlerin
etkisinin azaltilmasina yonelik yem katki maddesi olarak adsor-
banlar ve biyolojik tiriinlerle gerceklestirilen in vivo deneysel
calismalar ozetlendi. Toplam 42 farkl {ilkede yiiriitiilen 231
arastirma incelenerek ilk yazarin {ilke adiyla listelendi ve sonug-
lar1 6zet halinde sunuldu. Bu derleme, yem sektorii temsilcileri
ve bilim insanlarina yapilan ¢alismalarin sonuglarini sunmakta
ve bolgesel sonuclara dayali olarak biitlinciil degerlendirme icin
bir temel olusturmaktadir. Arastirmalar ¢ogunlukla kanatl: tiir-
lerinden broyler civcivlerde (%85) ve nemli iklime sahip tilkeler
ile o lilkelerden yem hammaddesi ithal edenlerde yogunlagmak-
tadir. Kanath yemlerinde aflatoksinlerin etkilerini azaltmak icin
cogunlukla bentonitler (BENT) ve hidrate Na Ca aluminosilicat
(HSCAS) gibi killer ile bunlarin maya (Saccharomyces cerevisiae;
SCE) ve maya komponentleri (Esterified glucomannan; EGM)
gibi biyolojik iiriinler ile kombinasyonlariyla gergeklestirilmis-
tir. Ureticiler ve arastiricilar icin yeme aflatoksin baglayici ola-
rak katilan yem katkisinin etkinligini belirlemede en iyi yol, afla-
toksin ve aflatoksin + baglayict madde grubunu karsilastirilarak
elde edilen sonuclarin performans, biyokimyasal-hematolojik,
immunolojik ve makroskobik-histopatolojik verilerin hepsinin
“bir biitiin olarak” ele alinmasi ve degerlendirilmesidir. Ureti-
ciler ve arastiricilar denemelerin biitiiniine ulasip koruyucu
maddenin pratikte kullanilabilirligini degerlendirmek i¢in ma-
kale bagliklarini, ortak yazarlari ve/veya makalenin materyal ve
metodunu takip edebilirler. Pratikteki uygulamalar icin deney-
sel kosullar altinda olumlu etkiler gésteren yem katkilarindan
mucizeler beklemek yerine aslinda hasat ve depolama kosulla-
rin1 optimize ederek aflatoksin kontaminasyonunun sinirlandi-
rilmasina odaklanmak gerekir.

Anahtar kelimeler: Aflatoksin, etkisizlestirme, kanatli, yem
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Abstract

In this meta-analytical study, in vivo experimental studies with
adsorbents and biological products as feed additives for inac-
tivation of aflatoxin (AF) in poultry feeds are summarized. To-
tally, 231 researches carried out in 42 different countries were
examined and listed with the first author’s country name and
presented their results in summary. This review presents the
results of the experiments for nutritionists in the feed industry
and scientists and provides a basis for total evaluation on the ba-
sis of regional results. The studies have been performed mostly
in broilers (85%) among poultry species; and mostly in humid
countries and/or the countries which import feedstuffs from
them. Experiments to reduce negative effects of AF in poultry
feed have been mainly performed with clays such as bentonites
(BENT) and hydrated Na Ca aluminosilicate (HSCAS) single or
in combination with biological matters such as yeast (Saccha-
romyces cerevisiae; SCE) and yeast derivates (Esterified gluco-
mannan; EGM). The best way for producers and researchers, it
is preferable to evaluate the preventive efficacy of feed additives
as total in terms of performance, biochemical-hematological,
immunological and gross and histo-pathological parameters,
comparing AF group with AF plus feed additive groups. Scien-
tists can assess the preventive efficacy and practical usability
of feed additives in more detail by following the titles of artic-
les, associate authors and/or materials and methods of related
articles. In fact, for application in practice, focus on limiting AF
contamination by optimizing harvesting and storage conditions
should be stressed instead of expecting miracles from feed ad-
ditives which have shown positive effects under experimental
conditions.
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Introduction

Aflatoxins (AF) are a major concern in poultry production and
public health because of serious economic losses and health
problems. AF in poultry feed cause listlessness, anorexia with
lowered growth rate, poor feed utilization, decreased egg pro-
duction and increased mortality (Miazzo et al 2000). Anaemia
(Oguz et al 2000a), reduction of immune function (Gabal and
Azzam 1998, Oguz et al 2003), hepatotoxicosis, hemorrhage
(Ortatatli and Oguz 2001), teratogenesis, carcinogenesis and
mutagenesis are also associated with aflatoxicosis. The toxicity
of AF in poultry has been widely investigated by determining
their teratogenic (Sur and Celik 2003), carcinogenic, mutage-
nic and growth inhibitory (Oguz and Kurtoglu 2000) effects.
The biochemical-hematological (Basmacioglu et al 2005), im-
munological (Qureshi et al 1998), gross and histopathological
(Ortatatli and Oguz 2001) toxic effects of AF have also been well
described.

The problem of aflatoxicosis is not so easy to solve and requires
constant attention throughout the entire process of grain har-
vest, shipping, storage, feed manufacturing, and its formulation.
Utilization of AF-contaminated (AF-CT) raw materials presents
a major problem. Detoxification as well as routine AF analysis
of feed ingredients is an important step in a control program at
field level. Preventing of mould growth and AF contamination in
feed and feedstulffs is very important but when contamination
cannot be prevented, decontamination of AF is needed before
using these materials. Producers, researchers and governments
aim to develop effective prevention management and deconta-
mination technologies to limit toxic effects of AE.

Physical, chemical and biological strategies are essential to co-
unteract the level of contamination of AF in foods and feeds.
Practical and cost-effective methods of detoxifying AF-CT feed
are in great demand. Besides of the preventive management,
approaches have been employed including physical, chemical
and biological treatments to detoxify AF in contaminated feeds
and feedstuffs. An approach to the problem has been to use non-
nutritive and inert adsorbents in the diet to bind AF and reduce
the absorption of AF from the gastrointestinal tract.

Since the early 1990s, experiments with adsorbents such ze-
olites (ZEO) and aluminosilicates have proven successful, but
high inclusion rates and possible potential interactions with
feed nutrients are causes for concern (Dwyer et al 1997, Phil-
lips 1999, Rosa et al 2001). Also, possible dioxin contamination
may be a risk factor for using of natural clays in case of forest
and trash fire near their source (Abad et al 2002, Fiedler 2002,
Trckova et al 2004, Arikan et al 2009).

Possible solutions

Some studies suggested that the best approach for decontami-
nation would be biological degradation such as yeast and yeast
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components which could allow removal of AF under mild con-
ditions, without using harmful chemicals or causing appreciab-
le losses in nutritive value and palatability (Bata and Lasztity
1999). A successful detoxification process must be economical
and capable of eliminating all traces of toxin without leaving
harmful residues without impairing the nutritional quality of
the commodity (Bailey et al 1998, Kubena et al 1998, Parlat et
al 1999). As a result, researchers have directed efforts towards
finding effective means of biological degradation of AF.

Many pellet binding products and flowing agents (clay mine-
rals) or feed materials (yeast and their derivatives) with the cla-
im of mycotoxin (MYC) binding and or detoxification have been
used in animal feeds worldwide. However, regulations for MYC
binders and deactivators have not been implemented in many
parts of the world for various reasons.

This negates the guarantee on the safety and efficacy of the pro-
duct to the user. Therefore it is important to have guidelines in
place which prove safety and efficacy of such additives under
different in vitro and in vivo conditions (Murugesan et al 2015).

The European Commission established a new group of tech-
nological feed additives for the reduction of MYCs in feed to
overcome this unsatisfactory legal situation. In 2010, the Euro-
pean Food Safety Authority (EFSA) published guidelines with
stringent requirements, e. g. the binding capacity must be de-
monstrated; MYC degradation products must be safe for target
animals and consumers; minimum 3 in vivo studies with signifi-
cant efficacy at the lowest recommended dose; relevant biomar-
kers of each individual MYC have to be used to demonstrate the
efficacy of the product, for the evaluation of MYC deactivating
products (EFSA 2010, Murugesan et al 2015).

Most studies have used greater concentrations of AF than are
likely to be found under field conditions. The AF concentrati-
ons in these experiments ranged from 2 to 5 ppm (Kubena et
al 1990, Stanley et al 1993, Kiran et al 1998, Kubena et al 1998,
Ibrahim et al 2000, Miazzo et al 2000, Oguz et al 2000a, Rosa
et al 2001), because these high concentrations were expected
to elicit the toxic effects of AF and also any effects of the feed
additive would be easily seen in a shorter experimental period.

The in vivo experimental trials performed by using adsorbents
and biological products as feed additive in poultry are briefly gi-
ven below. A total of 231 studies (in vivo and in poultry species
only) were examined and are listed for 42 countries according
to the first author’s institute.

Countries and researches

Argentina

e Miazzo et al (2000) supplemented synthetic ZEO (1%) to AF-
CT (2.5 ppm) broiler diet and ZEO significantly reduced the ad-
verse effects of AF on performance and reduced the incidence
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and/or severity of hepatic histopathology lesions caused by AF.
e Miazzo et al (2005) incorporated Na BENT (SB; 0.3%) to AF-
CT (2.5 ppm) broiler diet and SB provided significant improve-
ments in liver histopathology and biochemistry.

» Magnoli et al (2008) added natural BENT (0.3%) to AF-CT (30-
135 ppb) broiler diet and BENT reduced severity of hepatic da-
mages associated with aflatoxicosis.

e Magnoli etal (2011) added SB (0.3%) and monensin (55 ppm)
into AF-CT (100 ppb) broiler diet. Histopathology indicated that
SB was effective in reducing the severity of hepatic changes as-
sociated with aflatoxicosis. Also the decrease of its capacity in
the existence of monensin was observed.

¢ Pizzolitto et al (2013) incorporated SCE to AF-CT (1.2 ppm)
broiler diet and drinking water for 28 d. The addition of SCE to
drinking water and to the diets contaminated with AFB1, sho-
wed a positive preventive effect on the relative weight of the
liver, histopathology, performance and biochemical parameters.
e Magnoli et al (2017) added yeast (P. kudriavzevii) (0.1%) to
AFB1-CT (100 ppb) broiler diet for 21 d. Native P. kudriavzevii
addition in broiler diets containing AF was shown to be effective
in ameliorating the adverse effects of AF on production.

Australia

e Bryden (2012) reviewed MYC contamination in the feed
supply chain, with implications for animal productivity and feed
security; with numerous (260) related references.

Austria

e Lee etal (2012) supplemented mycofix select (2. 27 g/kg) into
AF-CT (1, 1.5 and 2 ppm) laying hens’ feed for 6 weeks. Results
indicate that AF deactivating compound can ameliorate some of
the negative effects.

e Murugesan et al (2015) reviewed prevalence and effects of
MYCs on poultry health and performance, and recent develop-
ment in MYC counteracting strategies, with related 174 referen-
ces.

¢ Vekiru et al (2015) incorporated different BENTs and ZEOs
(0.5%) into AF-CT (2 ppm) broiler feed for 21 d. The results in-
dicated that tested ZEO was ineffective in AFB1 binding, while
most of the tested Ca- or Na-BENTs were effective. Moreover,
cis-BENTSs were more effective than the tested trans-BENT. Even
among the good binders there were differences in in vivo effi-
cacy indicating that in vitro testing alone is not adequate for
evaluation of adsorbents.

Belgium

e Schwarzer and Baecke (2009) reviewed inactivators for MYCs
(based on botanicals, yeast and clay-minerals) on animal per-
formance.

¢ Kolosova and Stroka (2011) reviewed the substances for re-
duction of the contamination of feed by MYCs with related ar-
ticles.

Brazil
e Santurio et al (1999) added SB (0.25 and 0.5%) to AF-CT (3
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ppm) broiler diet and SB partially reduced the effects AF on bro-
iler chickens when included at 0.5% in the diet.

¢ Rosa et al (2001) supplemented SB (0.3%) to AF-CT (5 ppm)
broiler diet and SB in the diets significantly improved the ad-
verse effects of AF on performance, biochemistry and gross and
histopathology of liver.

¢ Santin et al (2003) incorporated Saccharomyces cerevisiae
(SCE; 0.2%) to the broiler diet and SCE did not improve the
suppressive effects of AF on performance and immunity.
 Batina et al (2005) added sodic montmorillonite (MNT; 0.25
and 0.5%) to AF-CT (5 ppm) broiler diet and addition of 0.5%
level MNT provided partial improvements in the biochemical
changes associated with AF.

¢ Franciscato et al (2006) supplemented sodic MNT (0.25 and
0.5%) to AF-CT (3 ppm) broiler diet, addition of 0.5% sodic
MNT significantly improved the biochemical parameters.

e Santin et al (2006) added YCW (0.1%) into AF-CT (250 and
500 ppb) broiler diet, and YCW was found to be effective in pre-
venting the negative effects of AF on performance.

¢ Siloto et al (2011) supplemented glucan derived from YCW
(0.2%) into AF-CT (1 ppm) layer hens’ diet, and YCW partially
ameliorated the detrimental effects of AF on performance and
egg quality.

o Uttpatel et al (2011) incorporated EGM (0.1%) into AF-CT
(500 and 750 ppb) broiler breeders’ diet. Body weight of the
breeders, egg weight, and specific weight of eggs, hatchability
and chick quality were not affected by the levels of AF and ad-
sorbent present in the diet.

¢ Rosa et al (2012) added EGM (0.1%) to AF-CT (500, 750 and
1000 ppb) broiler diet; the addition of up to 750 ppb AF and
adsorbent in the breeder diets during eight weeks did not affect
the performance or blood parameters of their progeny.

¢ Neff et al (2013) supplemented hydrated Na calcium alumino-
silicate (HSCAS; 0.5%) to AF-CT (2.5 ppm) broiler diet for 21 d.
AF residues were lower in livers and kidneys of birds fed AFB1
plus HSCAS when compared with birds fed AFB1 alone. The dec-
rease in the bioavailability of AFB1 caused by the HSCAS redu-
ced AF residues in liver and kidney, but not enough to comple-
tely prevent the toxic effects of AFB1 in broilers.

e Carao et al (2014) reviewed the physical and chemical met-
hods of detoxification of AF and reduction of fungal contamina-
tion on poultry productive chain, with 38 references.

¢ Eckhardt et al (2014) added Brazilian Ca-MNT (2.5 and 5 g/
kg) into AF-CT (3 ppm) broiler diet for 42 d. Dietary Ca-MNT
positively affected parameters such as weight of liver, heart and
gizzard and partially reduced the toxic effects of AF in broilers
when included at levels of 2.5 and 5 g/kg in the diet.

¢ Bovo et al (2015) supplemented fermentation residue conta-
ining SCE (1%) into AF-CT (2 ppm) broiler diet for 42 d. Feed
additives reduced the adverse effects of AF on performance
parameters; and severity of histological changes in liver and
kidney caused by AF while partially ameliorated the changes on
relative liver and kidney weights.

e Oliveira et al (2015) incorporated anti-MYC additives based
on SCE (0.2%) to AFB1-CT (1 ppm) broiler diet for 21 d. The
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addition of two different kinds of SCE (0.2%) could reverse such
effects. These are the first data reported from Brazil anti-MYC
additives with preliminary isothermal analysis. Since beneficial
characteristics of YCW in animal industry are strain dependent,
this study suggests two new promising alternatives to amelio-
rate AF problem.

e Sakamoto et al (2017) supplemented silymarin (0.05%) to
AFB1-CT (1.5 ppm) feed for 60 days in quail. The concentrations
of silymarin evaluated in this study were not able to mitigate
the negative effect of AF on the metabolism and performance
of laying quail.

Bulgaria

e Valchev et al (2017) supplemented Mycotox NG (0.5 g/kg)
to AFB1-CT (0.2 and 0.4 ppm) feed from 7 to 42 days of age in
turkeys. The supplementation of Mycotox NG reduced and pre-
vented some of deleterious effects of AF on production traits,
antibody titers and relative weights of visceral organs.

Cameroon

¢ Kana etal (2009) supplemented plant charcoal from Canarium
schweinfurthii (charcoal A) and maize cob (charcoal B) at doses
of 0.2; 0.4 and 0.6 % to AF-CT (22 ppb) broiler diet. The addi-
tion of 0.20% of charcoal A and 0.60% of maize charcoal was
effective in absorbing AF and promoting growth performance
of broilers.

China

e Shi et al (2009) added MNT (0.3%) and MNT nanocomposite
(0.3%) to AF-CT (110 ppb) broiler diet; MNT nanocomposite
significantly reduced the effects of AF on performance and bi-
ochemistry.

¢ Juan-juan et al (2010) added yeast cell extracts, HSCAS and a
mixture of yeast product; HSCAS at the levels of 1.5% into AF-CT
(100 ppb) broiler diet and HSCAS effectively prevented the toxic
effects of AF on performance and biochemistry.

e Che et al (2011) supplemented EGM (0.05%), HSCAS (0.2%)
and a kind of adsorbent (CMA) into AF-CT broiler. Addition of
0.05% EGM and 0.2% HSCAS partially alleviated the adverse ef-
fects of AF; 0.1% CMA ameliorated the adverse effects.

e Guan et al (2011) reviewed the microbial strategies to control
AF in food and feed with 111 related references.

e Liuetal (2011) added EGM (0.05%), HSCAS (0.2%) and com-
pound MYC adsorbent (CMA; 0.1%) to AF-CT (450 ppb) broi-
ler diet. The addition of EGM, HSCAS or CMA prevented some
adverse effects of MYCs to varying extents, with CMA being the
most effective adsorbent treatment.

e Liu et al (2012) reviewed the advanced research on the MYC
removing with related references.

e Fan et al (2013) added B. subtilisSANSB060 to AF-CT (90 ppb)
broiler diet for 42 d. The addition of B. subtilis provided pro-
tective effects on growth performance and meat quality while
reducing the amount of AF residues in the livers of broilers fed
naturally moldy peanut meal.

¢ Zhu (2013) supplemented wood vinegar (0.5, 1 and 2%) into
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AF-CT (40 ppb) broiler feed for 42 d. Wood vinegar could redu-
ce or substantially eliminate the adverse effects from AFB1 on
growth performance and tissue damage.

e Zou et al (2013) supplemented probiotic (0.5%) into AF-CT
(400 ppb) broiler diet for 30 d. The results showed that adding
0.15% feed additive in broiler diets could significantly relieve
the negative effect of AFB1 on chicken’s production performan-
ce and nutrient metabolic rates. It could be concluded that the
probiotic was able to degrade AFB1 and improve animal pro-
duction.

¢ Chen et al added (2014a) supplemented Na-selenite (0.2, 0.4
and 0.6 ppm) to AFB1-CT (0.3 ppm) broiler feed for 21 d. The
results indicate that Na selenite in diet can protect chicken from
AFB1-induced impairment of humoral immune function by
reducing bursal histopathological lesions and percentages of
apoptotic bursal cells.

e Yu et al (2015) added Na-selenite (0.4 ppm) into AF-CT (300
ppb) broiler diet for 21 d. These results suggested that Na-
selenite supplied in the diet could effectively inhibit AFB1- in-
duced apoptosis and cell cycle blockage in renal cells of broiler.
¢ Ji et al (2016) reviewed biological degradation of MYCs with
103 related articles.

e Liu et al (2017a) supplemented LAB (3 x 1010 cfu/kg) to
AFB1-CT (40 ppb) broiler diet for 35d. LAB is effective in the
detoxification of AF by modulating toxin metabolism and activa-
ting the GSH pathway in animals.

e Liuatal. (2017b) added fermented and unfermented with Cel-
lulosimicrobium funkei cottonseed meal (108 cfu/kg) to AF-CT
(16 and 96 ppb) duck diet for 2 wk. Fermentation of AF-CT feed
materials by C. funkei offers a new strategy to reduce the nega-
tive effects of aflatoxicosis in ducklings.

e Liuetal (2017c) supplemented Na selenite (0.4 ppm) to AFB1-
CT (600 ppb) broiler diet for 21 d. Dietary supplementation of
0.4 ppm Se in the form of Na selenite could protect the cecal ton-
sils from the histological lesions and suppression of the mucosal
humoral response provoked by 600 ppb AFB1.

¢ Muhammad et al (2017) added curcumin (150, 300 and 450
ppm) to AFB1-CT (5 ppm) feed from 1 to 28 d in broilers. The
administration of curcumin partially ameliorated the increase
in liver weight and decrease in body weight in a dose-depen-
dent manner. However, curcumin treatment inhibited CYP2A6
at mRNA and protein levels in AFB1 treated broiler in a dose-
dependent manner.

¢ Rajput et al (2017) supplemented grape seed (250 and 500
ppm) to AFB-CT (1 ppm) broiler diet for 28 d. The supplemen-
tation of grape seed in both levels to contaminated diet reduced
AFB1 residue in the liver and significantly mitigated the negati-
ve effects of AFB1.

e Zhang et al (2017) added B. subtilis ANSB060 to AF-CT (22.
44 ppb) feed for 42 d in ducks. The supplementation of B. subti-
lis ANSB060 into AF-CT diets moderately increased the average
daily gain of ducks, significantly improved antioxidant enzyme
activities, and reduced AF accumulation in duck liver.

e Fang et al (2018) incorporated Se (600 ppb) to AFB1-CT (400
ppb) broiler feed from 1 to 21 d of age. Se restored the parame-
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ters to be close to those in the control group and Se promoted
cell cycle recovery from the AFB1-induced G2/M phase arrest
by the molecular regulation of ATM pathway in the jejunum of
broilers.

e Liu et al (2018a) added LAB (4x1010 cfu/kg) and Smectite
(0.3%) to AFB1-CT (40 pg/kg) broiler feed from 1 to 42 d of age.
The inclusion of the LAB strains selected in this study improved
the growth performance, nutrient digestibility, and the hemato-
logical and biochemical parameters, and most parameters reac-
hed the levels of the diets without AFB1 contamination and the
physical adsorbent smectite.

e Liu et al (2018b) incorporated LAB (1.5x1010cfu/kg) and
HSCAS) (0.3%) to AFB1-CT (40 ppb) from 1 to 21 d of age in
broiler chickens. The LAB and HSCAS increased the digestibility
of dry matter, crude protein, crude fat, and digestible energy by
4.0-15.0%, and improved immune function by modulating the
relative weights of immune organs, lymphocyte percentages,
and immunoglobulin contents. Additionally, residual AFB1 in
serum and organs in LAB treatment was lower than HSCAS.

Colombia

¢ Diaz et al (2009) added some feed additives (containing alu-
minosilicate and phytogenic substances) to AF-CT (250 and 500
ppb) turkey diet and used feed supplements partially diminis-
hed the negative effects of AF on performance and immunology
by the supplements.

Croatia

¢ Peraica et al (2002) reviewed prevention of MYC production
and methods of decontamination including adsorbents, with re-
lated 68 references.

Cuba

¢ Rivera and Farias (2005) reviewed clinoptilolite (CLI) -surfac-
tant composites as a drug support and their mechanism, with
related 52 references.

Czechia

e Trckova et al (2004) reviewed kaolin, BENT and ZEOs, their
binding properties and their usage as feed supplements for ani-
mals, with related 108 references.

Denmark

¢ Shetty and Jespersen (2006) reviewed SCE and LAB for decon-
tamination of MYCs. The authors also noted the binding mecha-
nism of them, with related 84 references.

Egypt

e Matari (2001) incorporated SB (0.5 and 1%) into AF-CT bro-
iler diet and SB significantly restored the adverse effects of AE.

e Eshak et al (2010) added SCE (0.5, 1, 2, 2.5%) to AF-CT (0.5
ppm) quail diet and addition of SCE to quail diets suppressed
the aflatoxicosis in quail tissues leading to improvement of
growth performances and enhancement of expression levels of
neural and gonadal genes. .
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¢ Ellakany et al (2011) supplemented HSCAS (0.50%), SCE
(0.25%) and EGM (0.25%) into AF-CT broiler diet. While HSCAS
significantly improved performance, biochemical and immuno-
logical parameters when compared with AF group; EGM signifi-
cantly improved performance, but there was no effect on other
parameters. SCE had no effect on any of the parameters tested
when compared with broilers fed AF.

o Attia et al (2013) added mannanoligosaccharide (MOS),
HSCAS and L. acidophilus (2 g/kg) to AF-CT (200 ppb) broiler
diet for 21 d. Lactobcillus was most effective in reversing the
adverse effects of AF on growth and FCR and on the percentage,
functions and morphology of the liver. HSCAS also improved the
economic traits of broilers but was less effective than Lactoba-
cillus and more effective than MOS.

e El-Ghany et al (2013) incorporated HSCAS (0.5%), turmeric
powder (80 ppm) into AF-CT (2.5 ppm) broiler diet for 5 weeks.
Both HSCAS and turmeric powder treatment induced significant
amelioration of the measured organs body weights ratio, humo-
ral immune response to Newcastle Disease and biochemical
parameters in aflatoxicated chickens. In conclusion, addition of
HSCAS and or turmeric powder can be considered an integrated
approach for the control of aflatoxicosis in broiler chickens.

¢ El-Deep et al (2016) added glutathione (0.5 ppm) to AFB1-CT
(1 ppm) feed from 28 to 50 weeks in laying hens. Addition of
glutathione to AF-CT diet could make significant improvements
of most of measurements including egg quality, semen quality,
fertility, antioxidant status, immune status against NDV.

¢ Salem et al (2018) supplemented Nutritox (Biological MYC
binder; 0.1%) to AFB1-CT (250 ppb) broiler feed for 42 d of
age. The supplementation of Nutritox significantly reduced AF
levels in the liver and counteracted the negative effects of AFB1
on performance, biochemical and histopathological parameters.

France

e Guerre (2000) reviewed the physical and chemical methods
used for inactivation of MYCs. The adsorbents including alumi-
nosilicates were also explained in detail, with the results of re-
lated 128references.

¢ Jouany (2007) reviewed the methods for preventing, deconta-
minating and minimizing the toxicity of MYCs including alumi-
nosilicates and yeast derivatives, with related 165 references.

e Jard etal (2011) reviewed MYC reduction methods in food and
feed: from prevention in the field to detoxification by adsorpti-
on or transformation; with related 241 references.

Germany

¢ Danicke (2002) reviewed prevention and/or control of MYCs
in poultry feed; results of the researches in detail, with related
128 references.

Greece

e Pappas et al (2014) added BENT (1%) into AF-CT (20 ppb)
broiler diet for 42 d. The study revealed that the examined
BENTs may maintain optimum broiler performance when AF
levels present in the diet do not exceed EU limits.

Eurasian ] Vet Sci, 2018, 34, 4, 204-227




Detoxification of aflatoxin in poultry feed

 Pappas et al (2016) supplemented different BENTs (0.5% and
1%) to AF-CT (100 ppb) broiler diet for 42 d. The study revealed
that binder composition and presence or not of multiple toxins
may be important factors for optimum broiler performance un-
der mycotoxicosis.

Hungary

e Bata and Laztity (1999) reviewed physical and chemical met-
hods and biological adsorbents recommended for detoxification
of MYC-contaminated feed. The present state of research in this
field and the perspectives of such procedures were also discus-
sed, with 42 related references.

India

¢ Jindal et al (1994) added ACH (200 ppm) to AF-CT (0.5 ppm)
broiler diet; the results showed that ACH provided protection
of broilers against harmful effects of AF on performance and
biochemistry.

¢ Raju and Devegowda (2000) incorporated EGM (0.1%) into
AF-CT (300 ppb) broiler diet; additionof EGM significantly dec-
reased the detrimental effects of AF on performance parame-
ters, biochemistry and organ morphology.

¢ Girish and Devegowda (2004) added EGM (0.1%) and HSCAS
(1%) to AF-CT (2 ppm) broiler diet and both adsorbents provi-
ded significant improvements in performance and relative or-
gan weights associated with aflatoxicosis.

» Gowda et al (2008) added turmeric powder (0.5%) and HSCAS
(0.5%) to AF-CT (1 ppm) broiler diet and the adsorbents de-
monstrated protective action in the deleterious effect of AF on
performance, biochemistry, antioxidant functions and histopat-
hology.

e Sawarkar et al (2011) supplemented Toxiroak Gold (0.1%) to
AF-CT (100 ppb) broiler diet; herbomineral toxin binder feed
supplement provided amelioration of aflatoxicosis in broilers.

e Srikanth et al (2011) added ACH (0.4%) and yeast culture
(0.1%) into AF-CT (1ppm) broiler diet; the combination of ACH
and yeast culture was more effective incounteracting the com-
bined toxicity of AF and T-2 toxin compared to the ACH alone.

e Gowda et al (2013) reviewed recent advances for control, co-
unteraction and amelioration of potential AF in animal feeds
with the results of 38 related references.

¢ Dhanapal et al (2014) also added citrus fruit oil (2.5 g/kg)
into AF-CT (1 ppm) broiler diet for 35 d. The results showed
that supplementation had a moderate effect on post treatment
growth performance, relative organ weight, and biochemical
parameters. It is suggested that citrus fruit oil as a feed additive
causes partial amelioration of aflatoxicosis.

e Patil et al (2014) reviewed mycotoxicosis and its control in
poultry with the results of 86 related references.

¢ Aravind and Churchill (2015) supplemented EGM (0.1%) to
AF-CT (1 ppm) broiler diet for 6 weeks. The addition of EGM
significantly counteracted the ill effects of AF on weight gain
and feed consumption. The reduction in feed efficiency due to
AF was restored to normal by EGM supplementation.

e Kumar et al (2013) incorporated citrus fruit oil (2.5 g/kg) into
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AF-CT (1 ppm) broiler diet for 35 d. The addition of citrus oil
to AF-CT diet moderately decreased the magnitude and severity
of lesions (hydropic degeneration and bile duct hyperplasia) in
the liver.

e Mamta et al (2015) added methionine (0.05 and 0.1%) into
AF-CT (250 ppb) broiler feed for 42 d. Supplementation of 0.1%
methionine to the AF-CT diet had pronounced ameliorative ef-
fect on performance of the birds.

e Sharma et al (2015) added methionine (0.05 and 0.1%) into
AF-CT (250 ppb) broiler feed for 42 d. Supplementation of 0.1%
methionine to the AF-CT diet had pronounced ameliorative ef-
fect on performance of the birds.

¢ Tingting et al (2015) Na-selenite (0.2, 0, and 0.6 ppm) to AF-CT
(300 ppb) broiler diet for 21 d. It was indicated that Na-selenite
in the diets could exert protective effects against AFB1-induced
damage on the red blood cells, and the transport capacity and
immune adherence function of erythrocyte could be maintai-
ned.

e Lakkawar et al (2017) added diatomaceous earth (DAE;
0.2%) to AF-CT (0.5 and 1 ppm) feed for 35 d in broilers. The
supplementation of DAE to AF-mixed feed revealed significant
improvement characterized by decreased severity of lesions in
lymphoid organs. Addition of 0.2% DAE in feed can be effecti-
vely used to reduce the the histotoxic effects of AF on lymphoid
organs in broiler chicken.

e Rajaetal (2017) supplemented Curcuma longa (1%) to AFB1-
CT (1 ppm) broiler diet for 42 d. AF causes a marked oxidative
stress in comparison to control, which was partially reversed by
the supplementation of the C. longa (1%) in the feed. However,
C.longa significantly improved the antioxidant status in induced
aflatoxicosis and partially protected against the cytotoxic effects
of AFB1 in broiler chickens.

» Wade and Sapcota (2017) incorporated EGM (0.025%, 0.5%
and 0.1%) to AFB1-CT (300 ppb) feed for 42 d in broiler chic-
kens. The feed efficiency was inferior in the AF-alone fed group;
however, when EGM was supplemented there was significant,
though partial improvement. Dietary EGM reduced cost of fee-
ding. Among the various treatments, 0.1% of EGM addition gave
the best results.

Indonesia

e Sjamsul et al (1990) supplemented ACH (1.5 and 3%) to AF-CT
(150 ppb) duck dietand addition of charcoal alleviated the det-
rimental effects of AF on gross and histopathology of the livers
of ducks. 3% ACH was found to be more effective.

¢ [stiqgomah et al (2017) added LAB (Lactobacillus plantarum
G7) (1%), Methionine (0.8 and 1. 2%) to AF-CT (2. 71 and 32.
39 ppb) broiler feed for 35 day of age. AF in feed for 35 days
period did not significantly affect the body weight gain and feed
conversion.

¢ Karimy et al (2017) added Lactobacillus plantarum G7 (1%
w/w), methionine (0.8% w/w) to AF-CT (57. 18 ppb) feed for 1
to 34 d in broilers. The doses of additive in each treatment were
insufficient to reduce adverse effect of AF on erythrocyte profile
and histopathology. The LAB dose for binding AF (57. 18%) sho-
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uld be evaluated and the dose for methionine should be reduced
for chronic treatment of aflatoxicosis.

Iran

» Modirsanei et al (2004) added SCE (0.5%) and natural ZEO
(0.75%) to AF-CT (1 ppm) broiler diet; addition of 0.75% ZEO
did not reduce any of the adverse effects, whereas supplementi-
on of SC moderately ameliorated the effects in respect of perfor-
mance and biochemistry.

¢ Safameher et al (2004) administrated ammonia to AF-CT (1
ppm) broiler diet and they provided significant improvements
in performance and hematology by treating ammonia in conta-
minated feed.

e Abousadi et al (2007) incorporated SB (0.5%), SCE (0.2%),
HSCAS (0.5%), ammonia (0.5%), formycine (0.1%), and toxiban
(0.1%) into AF-CT (125 ppb) broiler diet. Generally addition of
the compounds made an improvement against negative effects
of AFB1 on performance and biochemistry in broiler chickens.
Formycine was recognized to be the best additive in this respect.
¢ Modirsanei et al (2008) added diatomaceous earth (30 ppm)
to AF-CT (1 ppm) broiler diet; the added adsorbent alleviated
the negative effects of AF in performance and biochemistry as-
sociated with aflatoxicosis.

 Safameher (2008) supplemented CLI (2%) to AF-CT broiler
diet to ameliorate the toxic effect ofAF (0.5 ppm) and CLI provi-
ded significant improvements against AF toxicity in performan-
ce, biochemistry and liver histopathology.

e Ghahri et al (2009) added EGM (0.1%), SB (0.5%) and humic
acid (0.2-1%) to AF-CT broiler dietto ameliorate the toxic ef-
fect of AF (254 ppb) against humoral immunity. The addition of
EGM, SB and humic acid to the AF-CT diet ameliorated the nega-
tive effects of AF on ND antibody titers, but humic acid proved
to be more effective in the amelioration of the detrimental effect
of AF on humoral immunity against ND.

¢ Kamalzadeh et al (2009) added yeast GM (0.5, 1 and 1.5%)
to AF-CT (184 ppb) broiler diet and yeast GM significantly dec-
reased the negative effects of AF on performance. 1% GM was
found more effective than other concentrations.

¢ Kermanshahi et al (2009) supplemented SB (0.5 and 1%) to
AF-CT (0.5 and 1 ppm) broiler diet and SB significantly impro-
ved the effects of AF on performance and biochemistry.

e Manafi et al (2009) added high-grade SB (1%) to AF-CT (500
ppb) broiler diet and SB reduced the toxicity of AF on some pa-
rameters.

¢ Shabani et al (2010) incorporated nanoZEO (0.25-1%) into
AF-CT (500 ppb) broiler diet; nanoZEO significantly reduced the
toxic effects of AF in performance and biochemistry.

e Manafi (2011; 2012) added BENT (0.5; 0.75 and 1%), Spiruli-
na platensis (0.1%) and EG (0.2%) to AF-CT (300, 400 and 500
ppb) broiler breeders diet. Among the binders, EG showed bet-
ter protection against AF in terms of biochemical and immuno-
logical parameters, fertility and hatchability.

e Mogadam and Azizpour (2011) added yeast GM (0.05 and
0.1%) and SB (1.5 and 3%) to AF-CT (250 ppb) broiler diet. The
addition of yeast GM and SB, individually and in combination
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to the AF-containing diet, ameliorated the adverse effects of AF.
But 0.1% yeast GM supplementation to the contaminated diet
with AF proved to be much more effective in the amelioration of
the adverse effect of AF on performance and humeral immunity
against ND.

¢ Rangsaz and Ahangaran (2011) incorporated ethanolic turme-
ric extract (0.05%) to AF-CT (3 ppm) broiler diet. The results
suggested that turmeric extract (Curcuma longa) provided pro-
tection against the negative effects of AF on performance of bro-
iler chickens.

e Kakietal (2012) added ZEO (3 g/kg) and mycosorb (1 g/kg) to
AF-CT (0.5 and 1 ppm) broiler feed for 6 weeks. The addition of
mycosorb and ZEO to the AF-CT diet significantly recovered the
adverse effect of AF on performance and biochemical-hemato-
logical values of broilers. The protective effect of mycosorb was
higher than that of ZEO against the toxic effects of AF.

¢ Kasmani et al (2012) incorporated Bacillus probiotic (108
CFU/ml) and mill-bound-TX (2.5 g/kg) to AF-CT (2.5 ppm) Japa-
nese quail diet for 49 d. The results verified its AFB1-binding ac-
tivity in quails with regard to performance, serum biochemistry,
and immune responses.

» Khadem et al (2012) supplemented yeast (0.5%), ZEO (1.5%)
and active charcoal (1.5%), alone or in combination into AF-CT
(200 ppb) broiler diet. Results indicated that the mixtures of the
tested absorbents were more effective in reducing symptoms of
AF toxicity in growing broilers.

¢ Gholami-Ahangaran and Jahromi (2013) added nanosilver
(2500 ppm) to AF-CT (3 ppm) broiler feed for 28 d. Feed ad-
ditive completely restored the adverse effects of AF on perfor-
mance parameters. These improvements showed the ability of
nanocid to diminish the inhibitory effects of AF.

e Sherefat etal (2013) added SB (0.5%) into AF-CT (1 ppm) bro-
iler cockerel’s diet for 42 d. The results showed that SB partially
diminished the adverse effects of dietary AFB1 on performance
and organ weights in broiler cockerels.

¢ Manafi et al (2014a) supplemented rosemary (500 ppm) into
AFB1-CT (600 ppb) broiler feed for 6 weeks d. The rosemary
could essence have partially restored the negative impacts of AF
on performance and antibody titers in broilers.

e Manafi et al (2014b) added thyme essence (500 ppm) to
AFB1-CT (600 ppb) broiler feed for 42 d. The inclusion of thyme
essence have showed an improved data and addition of Thyme
essence to AF-fed groups could partially alleviate the adverse
effects of AF in the diet. The antibody titers of broilers fed AF
were significantly increased and incorporation of thyme essen-
ce could partially restore the negative impact of AF in commer-
cial broilers.

¢ Sadeghi et al (2014) incorporated savory essential oil (500
ppm/dry matter) into AF-CT (0.5 ppm) broiler diet for 42 d. The
addition of savory reduced the adverse effects of AF on growth
performance and provided slight positive effect on serum bioc-
hemistry and humoral immune responses in broilers exposed
AF.

¢ Azizpour and Mogadam (2015) supplemented EGM (0.05 and
0.1%) and SB (1.5 and 3%) into AF-CT (250 ppb) broiler diet
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for 42 d. The addition of YG and SB to the AF-CT diet partially
reduced the negative effects of AF. The 0.1% EGM supplemen-
tation to the AF-CT feed significantly prevented the pathological
effect of AF on serum biochemical parameters and liver, and was
found to be more effective than other treatments.

¢ Gholami-Ahangaran et al (2016) added Turmeric (5 ppm),
Mycoad (25 ppm) to AF-CT (3 ppm) feed for 28 days in broilers.
The study showed that turmeric may provide protection against
the toxic effects of AF on liver and kidney.

¢ Jahanian et al (2017) incorporated Silymarin (500 and 1000
ppm) to AF-CT (0.5 and 2 ppm) feed from 7 to 42 d of age in
broilers. Feeding silymarin at the level of 1000 ppm increased
villi height and villi height-to-crypt depth ratio in aflatoxicated
birds. Dietary inclusion of silymarin could improve performan-
ce by suppressing ileal bacteria and enhancing absorptive sur-
face area in AF-challenged broiler chicks.

¢ Mohaghegh et al (2017) supplemented EGM (0.05% and
0.1%), to AF-CT (480 ppb) diet for 42 days in broiler chickens.
Results indicated that supplementing EGM particularly at 0.1%
level efficiently reversed the adverse effects of AF on broiler
chickens.

¢ Rasouli-Hiq et al (2017) added Nigella sativa seeds (0.5, 1 and
1.5%) to AF-CT (2.5 ppm) feed from 7 to 25 d of age in quail.
This study revealed that N. sativa as a biological detoxifier could
relatively attenuate the negative effects of AFB1 in quails.

e Barati et al (2018) incorporated Toxeat (0.1%), Lactobacillus
(0.1%), B. subtilis JQ618 (0.1%), YCW (0.1%), HSCAS (1.5%) to
AF-CT (1 ppm) broiler diet from 7 to 42 d of age. It is concluded
that a prebiotics and probiotics mixture is suitable for impro-
ving immune function and serum biochemical parameters as an
effect of feeding AF-CT diet.

« Saki et al (2018) supplemented mycosorb (0.25%) into AF-CT
(1 ppm) broiler diet from 1 to 42 d of age. The study demonstra-
ted that mycosorb was effective in alleviating the adverse effects
of dietary AF on performance and some biochemical values in
broilers.

Iraq

¢ Ibrahim et al (2000) added SB (0.2, 0.4 and 0.6%) to AF-CT
(2.5 ppm) broiler diet and the addition of SB was significantly
effective in ameliorating deleterious effect of AF on humoral
immunity. SB also improved the adverse effects of AF on perfor-
mance and hematology (Ibrahim et al 1998) and carry-over of
AF from feed to eggs (Ibrahim and Al-Jubory 2001).

¢ Ali (2004) supplemented vitamin E, poultry star, levamisole,
acetic acid into drinking water of broilers with AF-CT (8 ppb)
for 25 d. Using vitamin E with selenium and poultry star were
reduced the effect of AF on immune response and protect the
lymphoid organs. Whereas, levamisole and acetic acid were act
in less degree as compared with vitamin E and poultry star.

¢ Al-Daraji (2012) added licorice extract (LE; 150 ppm) into AF-
CT (2 ppm) broiler diet for 7 weeks. The simultaneous addition
of LE to the AF-CT diet improved the negative effects of AF on
carcass traits and provided great improvement in AF toxicity on
broiler performance.

Oguz et al

e Shareef and Omar (2012) incorporated synertox (0.5 ml/L) to
AF-CT (2.5 ppm) broiler feed for 42 d. Synertox was effective in
counteracting the negative effect of AF on relative bursal weight,
thymus and spleen relative weights. A significant restoring of
ND antibody titre to those of control group was recorded by ad-
dition of Synertox to the drinking water of broilers in compared
with the AF fed group. It could be concluded that Synertox could
be used in counteracting the negative effects of AF on health and
performance of broiler chicks.

e Makki and Abed (2016) supplemented SCE (2%), Fructo-oli-
gosaccharide (0.25%) to AF-CT (100 ppb) broiler feed for 35d.
The supplementation of SCE and fructo-oligosaccharide had be-
neficial effects on broilers health and can minimize the effect of
AF on broiler performance and immunity. .

¢ Al-Zuhariy and Hassan (2017) incorporated Ganoderma luci-
dum (CL; 0.2%), Andrographolide (AP; 0.2%), Turmeric curcu-
ma (CM; 0.2%) to AF-CT (46. 768 and 48. 661 ppb) broiler diet
for 45 d. The study showed that the role of GL, AP and CM in re-
ducing the negative effects of AF by decreasing oxidative stress
and immunosuppression in broiler chickens.

¢ Ulaiwi (2017) added probiotic (5x1012 CFU /kg), vitamin E
and Se (80 mg and 1. 6 mg as 0.5ml/L) to drinking water. Broi-
lers were fed AF-CT (0.8 ppm) diet for 35 d. The study confirmed
the protective role of probiotic on body weight and histopatho-
logical changes, while vitamin E and selenium had a protective
role on leukocyte count.

Italy

e Rizzi et al (1998) added EGM (0.11%) to the layer diet and
EGM provided significant improvements in the detrimental ef-
fects of AF.

e Galvano et al (2001) reviewed dietary strategies to counteract
the toxic effects of MYCs; feed additives and binding agents were
discussed in detail, with the results of 113 related references.

e Rizzi et al (2003) supplemented CLI (2%) to AF-CT (2.5 ppm)
layer diet and CLI provided no improvements in egg quality.

e Tedesco et al (2005) added silymarin-phospholipid complex
(600 ppm BW) to AF-CT (800 ppb) broiler diet; they provided
significant improvements in performance parameters by adding
feed additive.

e Zaghini et al (2005) incorporated MOS (0.11%) to AF-CT (2.5
pmm) layer diet and MOS decreased the gastrointestinal ab-
sorption of AF and its level in tissues.

Korea

¢ Kim et al (2003) added soybean paste (doen-jang; 0.5, 1 and
5%) into AF-CT (500 ppb) layer diet and the addition of 5% soy-
bean paste significantly reduced the negative effects of AF on
performance, biochemistry, gross and histopathology of liver,
egg production and accumulation of AF in hens’ eggs.

Mexico

¢ Mendez-Albores et al (2007) treated AF-CT (110 ppb) duck
feed with citric acid (1N for 15 min, 3ml/g feed) and citric acid
significantly ameliorated negative effects of AF on mutagenity,
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carcinogenity and toxicity in respect of performance, bioche-
mistry and pathology.

e Mendieta et al (2018) added YCW (0.15%), to AFB1-CT (350
ppb) diet for 21 days in broiler chicks. The addition of YCW can
be an alternative to counterage the negative effect of low doses
of AFB1 in broilers diets.

Nepal

e Karn (2013) added N. sativa seed (2%) to AF-CT (30 ppb/d)
duckling feed for 2 weeks. From the obtained results, it can be
concluded that the addition of N. sativa as a feed additive in po-
ultry diet products the hepatotoxicity induced by AF on bioche-
mical and histopathological parameters.

Nigeria

e Lala et al (2015) incorporated nano-clay adsorbent (2.5 g/kg)
into AF-CT (60, 110 ppb) turkey diet for 84 d. Dietary supple-
mentation with clay adsorbents regardless of contamination
levels of AF showed improved packed cell volume and hemog-
lobin count when compared with turkeys fed AF-CT diet conta-
ining no adsorbent.

¢ Ologhobo etal (2015) added MNT, HSCAS and SB (2 g/kg) into
AF-CT (2 ppm) broiler feed for 8 weeks. No significant preven-
tive effects were observed. AF binding agents should be rigo-
rously tested paying particular attention to their effectiveness
and safety.

Pakistan

* Musaddeq et al (2000) supplemented Myco-Ad, Sorbatox and
Mycofix-Plus to AF-CT (8 and 60 ppb) broiler diet and the ad-
sorbents recovered the negative effects of AF on performance
of chicks.

e Hashmi et al (2006) added yeast sludge (1%; 0.26% mannan
oligosaccharide) to AF-CT (100, 200 and 300 ppb) broiler diet
and 1% yeast sludge act as toxin binder effectively at 100 and
200 ppb AF but its efficiency was reduced at 300 ppb AF level;
higher levels of yeast sludge effectively improved the aflatoxi-
cosis condition.

¢ Pasha et al (2007) supplemented SB (0.5 and 1%), SB+gention
violet, SB+acetic acid, Sorbatox and Klinofeed to AF-CT (100
ppb) broiler diet. Addition of indigenous 0.5% SB gave overall
better results than the market products and provided significant
improvements in performance, organ weight and immunology.
e Mahmood et al (2011) reviewed the comparative evaluation of
different techniques for AF detoxification in poultry feed and its
effect on broiler performance, with 93 related references.

¢ Khan and Zahoor (2014) incorporated magnetic carbon at five
levels (0.2-0.5%), into AF-CT (200 ppb) broiler diet for 42 d. The
prepared adsorbent was efficient for the detoxification of AFB1
in gastrointestinal tract in terms of biochemical, organ lesions
and performance.

« Ditta et al (2016) supplemented sonicated yeast sludge frac-
tions (YCW and Cell Solubles) with commercial glucomannan
to AFB1-CT (100, 200 and 300 ppb) broiler feed from 8 to 28
d of age. The toxin binders showed significant effect on feed
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intake, weight gain, feed conversion ratio (FCR), relative liver
weight, serum albumin, cholesterol and serum minerals while
non-significant effect was observed on dressing percentage and
serum phosphorus.

e Gul et al (2017) incorporated Na BENT (1.5%, 2% and 2.5%)
to AF-CT (170 ppb) feed from 34 to 38 weeks of age in laying
hens. The addition of 2% Na BENT showed better feed and pro-
tein utilizations leading an increased egg production and redu-
ced eggs defects in layer hens.

¢ Alhidary etal (2017) reviewed anti-AF activities of milk thistle
(Silybum marianum) in broilers with related 54 articles.

¢ Arafat and Khan (2017) supplemented humic acid (0.1% and
0.3%) to AFB1-CT (100 ppb) diet feed for 42 days in broilers.
Humic acid was effective in diminishing the adverse effects ca-
used by AF on body weight of broilers and also showed protec-
tive effects against liver damage and some of the hematological
and serum biochemical changes associated with AF toxicity. The
supplementation of humic acid also enhanced the humoral im-
munity by counteracting the AF contamination.

¢ Bhatti et al (2017) added BENT (0.37% and 0.75%) to AFB1-
CT (0.1, 0.2 and 0.6 ppm) feed for 42 days in broiler chickens.
The results here suggested that dietary addition of BENT could
help ameliorate AFB1-mediated immune toxicities.

¢ Khan et al (2017) added distilled yeast sludge (0.5%, 1% and
2%) to AFB1-CT (136 ppb) diet for 42 days in laying hens. Al-
most all parameters were normal compared to control group
with the addition of 2% yeast sludge, while 1% yeast sludge
partially ameliorated the immunotoxic effects of AE.

* Mahmood et al (2017) supplemented ACH (5%), kaolin (5%),
Vit E (200 mg), Se (1 mg), HSCAS (2.5 gm) to AFB1-CT (0.5 ppm)
quail diet for 42 d. HSCAS, Vitamin E and Se were found as better
detoxifying agent among the toxin binders used in this study.
This study reports the success of commercially available toxin
binders as chemical detoxification agent for the quails, an emer-
ging protein source in thickly populated developing countries.

¢ Zafar et al (2017) added iron oxide/carbon nanocomposite
(0.2%, 0.3%, 0.4% and %0.5) to AFB1-CT (200 ppb) broiler
diet for 42 d. It was found that adsorbent at dose of 0.3% was
highly effective in detoxifying AFB1 in gastrointestinal tract of
poultry birds with no harmful effects. The high doses 0.4% and
%0.5 showed slight variation in tested parameters. No negative
symptoms associated with the use of ACH as previously repor-
ted were observed for the adsorbent under study.

Poland

¢ Kolacz et al (2004) reviewed the use of synthetic aluminosili-
cates in decontamination of MYCs including AF. They also noted
the characteristics of aluminosilicate and its decontaminating
effect, with 43 related references (Kotaczet al 2004).

Saudi Arabia

« Teleb et al (2004) supplemented kaolin and ACH (0.5%) to AF-
CT (30 ppb) broiler diet and two adsorbents alleviated the toxic
effects of AF on performance but did not reduce the histopatho-
logical changes associated with aflatoxicosis.
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Serbia

e Zekovic et al (2005) reviewed the use of natural and modified
glucans to promote health and control diseases including their
immunomodulator effects and MYC adsorption ability, with245
related references.

Slovak Republic

e [veta etal (2000) incorporated CLI and cephalite (0.5%) to AF-
treated (0.5 ppm BW) broilers; long term oral administration
of two sorbents caused an increase in CD3+ cells in lamina of
duodenum. AF did not change the number of CD3+ lymphocytes
significantly.

e Skalicka and Korenekova (2016) added Na humate (1 g/10 g
feed mixture) to AFB1-CT (25 pg/kg of BW) broiler feed from
28 to 56 d. The results showed that Na humate has a positive
effect on the growth of broilers; and it could have been a suitab-
le natural supplement for growing broilers against the adverse
effects of AF.

South Africa

¢ Rensburg (2005) added humic acid (0.35%) into AF-CT (1 and
2 ppm) broiler diet; partial improvements in performance, he-
matology and biochemistry were found.

¢ Rensburg et al (2006) also supplemented humic acid (0.35%)
and dried brewer yeast (0.35%) to AF-CT (1 and 2 ppm) broiler
diet; they provided significant improvements by humic acid in
performance, biochemistry and hematology. Humic acid was fo-
und to be much more effective than brewer yeast.

» Dos Anjos et al (2015) added BENT (0.75%), diatomaceous
earth (0.75%) and turmeric (0.37%) into AF-CT (2 ppm) broi-
ler diet for 21 d. Feed additives partially alleviated the adverse
effects of AF on performance, organ weights and biochemical
parameters.

¢ Adebo et al (2017) reviewed microbial degradation of AF with
related 92 articles.

Spain

e Marquez and Hernandez (1995) incorporated two Mexican
aluminosilicates (Atapulgita and Fuller earth) at the levels of
0.5 and 1% to AF-CT (200 ppb) broiler diet and the results sho-
wed that both aluminosilicates were as efficient as the commer-
cial material in protecting chicks against AF toxicity on perfor-
mance and gross and histopathology.

¢ Ramos et al (1997) reviewed nonnutritive adsorbent compo-
unds used for prevention of toxic effects of MYCs, with 111 re-
lated references.

e Denli et al (2009) supplemented AflaDetox (1, 2 and 5%) AF-
CT (1 ppm) broiler diet; the addition of Afla Detox prevented all
toxic effects on performance and serum biochemistry and redu-
ced the accumulation of AFB1 residues in the livers.

¢ Vila-Donat et al (2018) reviewed MYC adsorbing agents, with
an emphasis on their multi-binding capacity, for animal feed de-
contamination, with 116 related references.

Oguz et al

Switzerland

¢ Huwig et al (2001) reviewed nonnutritive clay-based adsor-
bents used in poultry feed and their respective mechanism of
adsorption. They also listed the adsorption capacity of compo-
unds commonly used, with 73 related references.

Thailand

¢ Banlunara et al (2005) added EGM (0.05 and 0.1%) to AF-CT
(100 ppb) duck diet; supplementation of EGM effectively redu-
ced AFB1-induced hepatic injury in ducklings.

¢ Bintvihok and Kositcharoenkul (2006) added Ca propionate
(0.25 and 0.5%) to AF-CT (100 ppb) broiler diet; addition of Ca
propionate appeared to be effective in reducing toxicity of AF on
performance and hepatic enzyme activities in broilers.

e Bintvihok (2010) reported that using EGM (0.05% and 0.1%)
to AF-CT (60 and 120 ppb) duck diet and EGM provided signifi-
cant improvements in performance, histopathology and leg de-
formity caused by AF. The addition of 0.05% EGM also recove-
red the adverse effects of AF (100ppb) on serum biochemistry
and in ducklings.

e Suksombat et al (2011) added SCE (2x107 CFU/g) into AF-CT
(250 ppb) broiler feed for 42 d. It is indicated in the present
study that supplementation of either commercial or bovine ye-
asts had beneficial effects on performance of broiler chickens
intoxicated with AF in terms of performance and biochemical
parameters.

» Tengjaroenkul et al (2016) supplemented Thai BENT (0.2%),
HSCAS (0.1%) to AF-CT (70.4 ppb) feed from 7 to 42 d in ducks.
Supplementation of 0.1% HSCAS or with 0.2% BENT reduced
the adverse effects on all parameters measured. The results
support the conclusion that 0.2% BENT can alleviate mycotoxi-
coses induced by AF in ducks.

¢ Rattanasinthuphong et al (2017) added multi-mycosorbents
(MM; Thai BENT, CLI and YCW) (2%), HSCAS (0.2%) to AF-CT
(32 - 38 ppb) feed for 42 d in ducks. The result indicated that
supplementation with 0.2% HSCAS or 0.2% MM alleviated the
toxic effects of AF; however, 0.2% MM demonstrated better pre-
ventive results than 0.2% HSCAS.

¢ Tanpong et al (2017) incorporated YCW (Fixar® VivaDry)
(0.05%, and 0.10%) to AF-CT (60 - 120 ppb) diet for 28 days in
ducks. The results showed that Fixar® Viva Dry 0.05% was ef-
fective in preventing the toxic effects of AF that may be present
in poultry diets.

Turkey

e Oguz (1997) produced AF on rice for feeding trials by using
Aspergillus parasiticus culture in October 1994 with minor mo-
dification of Shotwell’s method (1966). After production of AF,
fermented rice was then steamed to kill the fungus, dried and
ground to a fine powder. The rice powder was then analyzed for
AF content. Then it became useful rice powder which was pos-
sible to be incorporated into the basal diet to provide desired
amounts of AF levels in animal experiments.

¢ Kaya and Yarsan (1995) reviewed prevention of moldy in fe-
eds and feedstuffs utilization of MYC contaminated feedstuffs

213

Eurasian ] Vet Sci, 2018, 34, 4, 204-227




Detoxification of aflatoxin in poultry feed

with 25 related references.

¢ Kececi etal (1998) incorporated synthetic ZEO (0.5%) into AF-
CT (2.5 ppm) broiler diet and synthetic ZEO provided significant
improvements in the adverse effects of AF on performance, he-
matology and biochemistry.

e Oguz and Kurtoglu (2000) added CLI (1.5 and 2.5%) to AF-
CT (2.5 ppm) broiler diet and CLI provided significant impro-
vements in performance. Addition of 1.5% CLI also ameliorated
the toxic effects of AF (2.5 ppm) on hematology-biochemistry
(Oguz et al 2000a) and reduced the number of affected broilers
and the severity of gross and histopathological lesions caused
by AF (Ortatatli and Oguz 2001).

¢ Oguz etal (2000b) also added CLI (1.5%) into lower levels AF-
CT (50 and 100 ppb) broiler diet and CLI significantly recovered
the negative effect of AF on performance of broilers. Addition of
1.5% CLI also improved the changes in gross and histopatho-
logy of target organs (Ortatatli et al 2005) and humoral immu-
nity (Oguz et al 2003) associated with aflatoxicosis (Kececi et al
1998, Oguz et al 2003, Ortatatli et al 2005).

e Celik etal (2001) incorporated SCE (0.1%) to AF-CT (100 ppb)
quail diet and SCE partially neutralized some toxic effects of AE.
e Parlat et al (2001) added SCE (0.1%) to AF-CT (2 ppm) qu-
ail diet and SCE provided significant improvements the effect
of AF on performance. SCE (0.2%) was also added to AF-CT (5
ppb) quail diet and the negative changes in the performance,
egg production and egg quality were significantly ameliorated
by adding of SCE (Acay 2006).

¢ Denli et al (2003) supplemented vitamin A (15. 000 IU) to AF-
CT (100 ppb) quail diet and vitamin A partially decreased the
negative effects of AF on performance, biochemistry and patho-
logy.

¢ Denli et al (2004, 2005) incorporated conjugated linoleic acid
(CLA; 0.2 and 0.4%) to AF-CT (200 and 300ppb) broiler diet and
CLA provided a partial improvement in performance and bioc-
hemistry parameters. CLA also decreased the negative effects of
AF on liver pathology.

e Eraslan et al (2004a) supplemented SB (0.25 and 0.5%) into
AF-CT (1 ppm) broiler diet and SB provided a partial improve-
ment in lipid peroxidation in the liver and kidneys of broilers.

¢ Eraslan et al (2004b) also added HSCAS (0.5 and 1%) to AF-CT
(2.5 ppm) quail diet and HSCAS provided a moderate ameliora-
tion the negative effects of AF on performance and biochemistry.
¢ Oguz and Parlat (2004) added MOS (0.1%) to AF-CT (2 ppm)
quail diet and MOS significantly improved the adverse effects of
AF on performance of quail.

« Yildiz et al (2004) added SCE (0.2%) to AF-CT (2 ppm) quail
diet and the addition of SCE significantly recovered the dele-
terious effects of AF on performance, egg production and egg
weight. The addition of 0.2% SCE also provided significant imp-
rovements in hatchability and fertility of quails (Yildirim and
Parlat 2003).

¢ Basmacioglu etal (2005) added EGM (0.1%) to AF-CT (2 ppm)
broiler diet and EGM significantly ameliorated the toxic effects
of AF on hematology and biochemistry. Addition of 0.1% EGM
also reduced the rate of affected broilers and the severity of le-
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sions in the target organs caused by AF (Karaman et al 2005).

¢ Celik et al (2005) supplemented tribasic copper chloride (200
ppm) to AF-CT (1 ppm) broiler diet and tribasic copper chlori-
de significantly improved the effects of AF on performance and
biochemistry.

« Sehu et al (2005) supplemented Mycotox (0.5%) into AF-CT
(2.5 ppm) quail diet; the adsorbent did not reduce the toxic ef-
fects of AF.

¢ Denli and Okan (2006) incorporated HSCAS, diatomite and
ACH (0.25%) to the AF-CT (40and 80 ppb) broiler diet. HSCAS
was the most effective adsorbents among them to ameliorate
the toxic effects of AF in performance and biochemistry.

e Essiz et al (2006) added HSCAS (0.5%) and yeast wall (0.5%)
and to AF-CT (2.5 ppm) quail diet and they restored plasma ma-
londialdehyde levels altered by AF. The addition of 0.5% HSCAS
also moderately decreased the toxic effects of AF (2.5 ppm) in
quail in terms of performance, histopathology and immunology
parameters (Sehu et al 2007).

¢ Kabak et al (2006) reviewed strategies to prevent contamina-
tion of animal feed and listed all detoxification methods which
have been studied in vivo and in vitro and used for MYC decon-
tamination; results with 276 related references.

e Cinar et al (2008) incorporated yeast glucomannan (GM;
0.075%) to AF-CT (2 ppm) broiler diet; yeast GM at this level
was not sufficient to alleviate the oxidative damage caused by
AF in broilers.

¢ Keser and Kutay (2009) reviewed chemical methods including
adsorbents and biological methods for preventing of MYCs, with
40 related references.

¢ Ozen et al (2009) supplemented melatonin (10 ppm/bwt) to
AF-CT (150 and 300 ppb) broiler diet; melatonin supplementa-
tion greatly reduced the nitrosative tissue degeneration caused
by AE.

¢ Demirel et al (2010) reviewed the usage of natural ZEOs in
animal production including poultry, with 49 related references.
¢ Karaman et al (2010) added lipoic acid (60 ppm/bw) to AF-CT
(150-300 ppb) broiler diet they; lipoicacid provided moderate
improvements in lipid peroxidation and histopathology of tar-
get organs.

e Matur et al (2010) added SCE extract (0.1%) to AF-CT (100
ppb) hen diet; addition of SCE extract reduced the toxic effects of
AF on pancreatic lipase and chymotrypsin activity.

e Yildirim et al (2011) supplemented yeast GM (0.075%) to AF-
CT (2 ppm) broiler diet; the deleterious effects were partially
restored, but the treatment did not prevent tissue damage.

¢ Oguz (2011, 2016) reviewed meta-analytically the in vivo ex-
perimental trials on inactivation of AF by using adsorbents and
biological products as a feed additive in poultry feed, with 206
related references.

e Mizrak et al (2014) incorporated sepiolite (1.5 and 3%) and
MOS (0.1%) into AF-CT (120 ppb) laying hens’ feed for 12 we-
eks. The addition of MOS and sepiolite to the feed reduced the
degree of digestion of AF by 6-12%. Addition of sepiolite to AF-
CT diet had the beneficial effects on hen performance, egg qua-
lity, and blood and digestion characteristics.
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¢ Yenice et al (2015) supplemented SB (0.5 and 1%) and MOS
(0.1%) into AF-CT (120 ppb) laying hens’ feed for 12 weeks. SB
appears to be more effective than MOS as a toxin-binding agent
in counteracting the adverse effects of AF on performance, egg
quality, blood and digestion characteristic in laying hens.

e Uyar et al (2016) added Urtica dioica seeds (UDS) extract (30
ml/kg diet) to AF-CT (1 ppm) broiler diet for 21d. Supplemen-
tation of UDS extract helped restoration of AF-induced increase
in MDA and reduced the antioxidant system towards normality,
particularly in the liver, brain, kidney and heart. UDS extract has
a protective hepato-renal effect in broilers affected by aflatoxi-
cosis, probably acting by promoting the antioxidative defense
systems.

e Yavuz et al (2017) added EGM (0.1% and 0.2%) to AF-CT (2
ppm) feed for 21 d in quails. The addition of 0.2% EGM on AF-CT
diet may protect quails from aflatoxicosis, as demonstrated by
the alleviation of gross and pathological changes in the liver and
lymphoid organs.

United Kingdom

» Wielogarska et al (2016) reviewed the efficacy of detoxifying
agent in feed in light of changing global environment and legis-
lations.

United States

¢ AF was produced on rice by using Aspergillus flavus culture
(Shotwell et al 1966) for using in feeding trials with poultry and
other animals. This method has become a preferential method
in the experiments for investigating AF toxicity and/or evaluati-
on of preventive efficacy of feed additives against AF.

 Kubena et al (1990) added HSCAS (0.2%) and ACH (0.5%) to
AF-CT (5and 7. 5 ppm) Leghorn chicks’ diet and HSCAS signi-
ficantly diminished the adverse effects of AF on performance,
organ weights and biochemistry, whereas adding ACH had no
effect.

¢ Araba and Wyatt (1991) added SB, HSCAS and ethacal (0.5
and 1%) to AF-CT (5 ppm) broiler diet. Addition of 0.5% SB and
HSCAS significantly reduced the negative effects of AF on per-
formance, liver weights and liver lipids.

e Kubena et al (1991) supplemented HSCAS (0.5%) to AF-CT
(0.5 and 1 ppm) turkey diet and HSCAS neutralized the effects
of AF performance, relative organ weights, hematological and
biochemical values associated with 0.5 ppm AE.

 Huff et al (1992) added HSCAS (0.5%) into AF-CT (3. 5 ppm)
broiler diet and HSCAS effectively recovered the detrimental ef-
fects of AF on serum biochemistry.

e Harvey etal (1993) incorporated ZEOs (CLI, zeomite and mor-
denite) (0.5%) to AF-CT (3. 5 ppm) broiler diet; zeomite and
mordenite decreased the toxicity of AF to growing chicks as
indicated by weight gains, liver weight, and serum biochemical
values.

» Kubena et al (1993) added HSCAS (0.5%) to AF-CT (2.5 and
5 ppm) broiler diet. The addition 0f0.5% of the HSCAS com-
pounds significantly recovered the growth inhibitory effects
caused by AF. The increases in relative organ weights and the
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decreases in serum biochemical values caused by AF were sig-
nificantly improved to differing degrees by HSCAS compounds
and HSCAS was found to be protective against the effects of AF
in young growing broilers.

e Scheideler (1993) incorporated Ethacal, Novasil, zeobrite and
perlite (1%) into AF-CT (2.5 ppm) broiler diet. Initial three ad-
sorbents provided significant improvements in performance
and liver lipid, and partial ameliorations in mineral status.

« Stanley et al (1993) supplemented SCE (0.05 and 0.1%) to
AF-CT (5 ppm) broiler diet and the addition of 0.1% SCE sig-
nificantly improved the changes in performance, relative organ
weights and serum biochemistry associated with aflatoxicosis.
e Abo-Norag et al (1995) added HSCAS (0.5%) to AF-CT (3.5
ppm) broiler diet; HSCAS effectively ameliorated the negative
effects of AF on performance and serum biochemistry.

e Edrington et al (1997) incorporated super ACH (0.5%) to AF-
CT (4 ppm) broiler diet; active charcoal moderately improved
the toxic effects of AF on performance, hematology and bioche-
mistry.

« Bailey et al (1998) added three different adsorbents (0.5%) to
AF-CT (5 ppm) broiler diet; the adsorbents offered some protec-
tion against AF toxicity in chickens (Baileyet al 1998).

» Kubena et al (1998) added HSCAS (0.25%) to AF-CT (5 ppm)
broiler diet and significantly reduced negative effects of AF on
performance and serum biochemistry.

¢ Ledoux et al (1999) supplemented HSCAS (Milbond-TX; 1%)
to AF-CT (4 ppm) broiler diet and HSCAS completely improved
in AF-dependent changes in organ weights, serum chemistry
changes, and gross pathology observed in chicks fed AF. HSCAS
also effectively reduced the incidence and severity of the hepatic
and renal histopathology changes associated with aflatoxicosis.
¢ Phillips (1999) reviewed dietary clay used in the prevention of
aflatoxicosis. In this review AF prevention strategies, chemop-
revention, HSCAS and possible nutrient interaction with adsor-
bents were expressed, with 70 related references.

e Stanley et al (2004) also added yeast culture residue (2 lb/
ton) to AF-CT (3 ppm) breeder hen diet; the inclusion of yeast
culture in the AF-treated diet improved hatchability and egg
production, and lowered embryonic mortality significantly.
Serum globulin and albumin were partially recovered with the
addition of yeast.

¢ Bailey et al (2006) incorporated MNT clay (0.5%) into AF-CT
(4 ppm) broiler; they reported that MNT clay in broiler diets
provided significant protection on growth performance, serum
biochemistry, and relative organ weight associated with aflato-
xicosis.

e Fairchild et al (2008) added BENT based Astra-Ben (1 and
2%) to AF-CT (4 ppm) broiler diet; the adsorbent provided sig-
nificant improvements in performance and liver lipid content.

¢ Rawal et al (2010) reviewed toxicology, metabolism and pre-
vention of AF; clay-based inorganic adsorbents and their effects
were also discussed, with 121 related references.

¢ Zhao et al (2010) added HSCAS and YCW component with two
doses (0.1 and 0.2%) to AF-CT (1 and 2 ppm) broiler diet and
they provided significant improvements by adding of HSCAS
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Table 1. Studies carried out on detoxification of aflatoxins in poultry feed according to the countries and poultry species
Country Experimental Review Total
Broiler Quail Duck Hen Turkey
Argentina 6 6
Australia 1 1
Austria 1 1 1 3
Belgium 2 2
Brazil 12 1 1 1 15
Bulgaria 1 1
Cameroon 1 1
China 16 2 3 21
Colombia 1 1
Croatia 1 1
Cuba 1 1
Czechia 1 1
Denmark 1 1
Egypt 5 1 1 7
France 3 3
Germany 1 1
Greece 2 2
Hungary 1 1
India 15 2 16
Indonesia 2 1 3
Iran 26 2 28
Iraq 7 7
Italy 1 3 1 5
Korea 1 1
Mexico 1 1 2
Nepal 1 1
Nigeria 1 2
Pakistan 8 1 2 2 13
Poland 1 1
Saudi Arabia 1 1
Serbia 1 1
Slovak Republic 2 2
South Africa 3 1 4
Spain 2 2 4
Switzerland 1 1
Thailand 2 5 7
Turkey 14 9 3 5 31
United Kingdom 1 1
United States 18 1 1 1 4 25
Uruguay 1 1
Venezuela 3 3
Vietnam 1 1
Total 151 14 11 13 4 38 231
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Table 2. Studies carried out on detoxification of aflatoxins in poultry feed according to the first author’s countries and binding materials*

Country BNT HSC Y/YCW EGM ZEO ACH CLI MNT OTH Total
Argentina 3 2 1 1 7
Australia 0
Austria 1 1 1 3
Belgium 0
Brazil 2 1 5 2 3 1 14
Bulgaria 1 1
Cameroon 1 1
China 4 1 2 1 16 24
Colombia 1 1
Croatia 0
Cuba 1 1
Czechia 1 1 1 3
Denmark 1 1 2
Egypt 1 3 2 2 4 12
France 0
Germany 0
Greece 2 2
Hungary 0
India 2 1 4 2 8 17
Indonesia 1 2 3
Iran 8 3 7 4 1 1 15 39
Iraq 1 1 6 8
Italy 1 2 1 1 5
Korea 1 1
Mexico 1 1 2
Nepal 1 1
Nigeria 1 1 1 1 4
Pakistan 3 1 3 1 5 13
Poland 1 1
Saudi Arabia 1 1 2
Serbia 0
Slovak Rep. 1 2 3
South Africa 1 1 3 5
Spain 1 1 2
Switzerland 0
Thailand 2 1 3 2 1 1 10
Turkey 2 3 7 5 2 1 2 10 32
Unit. Kingdom 1 1
United States 4 10 3 2 1 4 24
Uruguay 1 1 2
Venezuela 3 3 6
Vietnam 1 1
Total 32 30 37 27 10 9 7 6 95 253

* Combined uses were considered separately; BNT: Bentonite, HSC: Hydrated sodium calcium aluminoslilicate, Y: Yeast, YCW: Yeast cell wall, EGM: Esterified glucomannan, ZEO: Zeolite, ACH:
Activated charcoal, CLI: Clinoptilolite, MNT: Montmorillonite, OTH: Others.
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and less improvements by YCW components in performance,
biochemistry and histopathology changes associated with afla-
toxicosis.

¢ Jaynes and Zartman (2011) reviewed the AF toxicity reduction
in feed by enhanced binding to surface-modified clay additives,
with 45 related references.

e Wan etal (2013) incorporated clay adsorbent (0.1%) to AFB1-
CT (25, 50 and 100 ppb) duckling feed for 21 d. The addition of
0.1% clay adsorbent can protect against the detrimental effects
caused by AF on performance and organ weights in ducks.

e Chen et al (2014b) added HSCAS (0.5%) to AF-CT (0.5, 1, and
2 ppm) to broiler diet for 21 d. Results from this study indicate
that dietary supplementation with HSCAS can effectively imp-
rove body weight gain and partially ameliorate aflatoxicosis for
broiler chicks fed AF-CT feeds.

* Womack et al (2014) reviewed non-biological remediation of
AF-CT crops, with 72 related references.

e Fowler et al (2015) supplemented Ca BENT (0.2%) into AF-CT
(600, 1200 and 1800 ppb) into broiler feed for 21 d. Results also
showed that 0.2% Ca BENT was found to be effective at reducing
the accumulation of AFB1 residues in the liver and improving
livability in birds fed AF.

e Shannon et al (2017) incorporated raw BENT (0.5%) and con-
centrated BENT (0.5%) to AF-CT (2 ppm) broiler feed for 21d.
Both raw BENT and concentrated BENT were effective in redu-
cing the toxic effects of AF, however the cost of processing of
concentrated BENT would make the raw BENT a more economi-
cal product for reducing the effects of AF in young broiler chicks.

Uruguay

* Mosca and Marichal (2011) added HSCAS, EGM and multi mo-
dular additive (MM) to AF-CT (4. 5 ppm) broiler diet and MM
appeared to be the most effective to counteract the adverse ef-
fect produced by these MYC combinations (AF plus fumonisin).

Venezuela

e Marin etal (2003) incorporated SCE (0.1%) and selenium (2.5
ppm) to AF-CT (70 ppb) broiler diet; no improvements in bi-
ochemistry and hematology by adding the supplements were
determined.

e Arrieta et al (2006) supplemented SCE (0.1%) and selenium
(2 ppm) into AF-CT (70 ppb) broiler diet; no improvements
were seen in biochemical parameters. Also no significant chan-
ges were determined by adding low levels of AF in parameters.
e Gomez etal (2009) added SCE (0.1%) and Se (2 ppm) to AF-CT
(70 ppb) broiler diet and the results suggested that the ingesti-
on during 42 days period with 70 ppb AFB1 on diet of broiler
may have some effects on production parameters.

Vietnam

¢ Kinh et al (2010) incorporated Mtox (0.25%) to AF-CT (31-44
ppb) broiler diet; Mtox improved growth rate and feed effici-
ency of broiler chickens significantly.
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Conclusions

The evaluation of the preventive efficacy of protective agents is
possible by determining significant statistical differences bet-
ween parameters of AF and AF plus additive groups in the tar-
get organs and key parameters in favor of AF plus feed additive
groups. In our opinion, the best way to assess the performance
of feed supplements against AF toxication for producers and
scientists is to evaluate the results “as total” in terms of perfor-
mance, biochemical-hematological, immunological and gross
pathologic and histo-pathological parameters by comparing the
AF groups with AF plus feed additive groups.

Evaluation of experiments “as total” is not always easy, because
authors from different departments sharing responsibility for
designing the experiment and interpreting the results tend to
publish special aspects of experimental results in different sci-
entific journals, with focus on their own special field of interest.
To assess the “total” preventive efficacy and practical benefit of
toxin binders used in experiments, nutritionists in the feed in-
dustry may invest some of their time following the titles of artic-
les and/or associate authors and/or materials and methods of
articles - unless they rely on recent reviews.

The studies have been carried out mostly in broilers (85%)
among poultry species and in humid countries and/or the co-
untries which import feedstuffs from them (Table 1). Experi-
ments to reduce negative effects of AF in poultry feed have been
mainly performed with BENTs and HSCAS single or in combina-
tion with biological matters such as yeast (SCE) and yeast cell
derivates (EGM) (Table 2). Nutritionists in the feed industry and
scientists can examine the results and decide which protective
agent to use, taking into account the AF dose in feed, levels of
protective agent, the experimental period and the species/va-
riety of poultry species. Feed supplements must be inert and
non-toxic and have no pharmacological and toxicological effects
themselves in the organisms of animals. Possible nutrient inte-
raction and dioxin contamination should also be regarded for
using of natural clays.

For application in practice, focus on limiting AF contaminati-
on by optimizing harvesting and storage conditions should be
stressed instead of expecting miracles from feed additives which
have shown positive effects under experimental conditions.

Acknowledgement

This review is an updated version of invited papers published at
the beginning of 2011 and 2016 (Oguz, 2011, 2012 and 2016).
Since 2016, 25 new articles have been investigated in 42 dif-
ferent countries related to detoxification of AF in poultry feed
were published and are included here (Totally 231 articles in 42
different countries until July 2018). Additionally new 2 tables
which are given poultry species and binding materials used ac-
cording to the countries were added.

Eurasian ] Vet Sci, 2018, 34, 4, 204-227




Detoxification of aflatoxin in poultry feed

References

Abad E, Llerena JJ, Saulo ], Caixach ], Rivera ], 2002. Compre-
hensive study on dioxin contents in binder and anti-caking
agent feed additives. Chemosphere 46, 1417-1421.

Abo-Norag M, Edrington TS, Kubena LF, Harvey RB, Phillips
TD, 1995. Influence of HSCAS and virginiamycin on aflato-
xicosis in broiler chicks. Poult Sci, 74, 626-632.

Abousadi, AM, Rowghani E, Honarmand EM, 2007. The effi-
cacy of various additives to reduce the toxicity of AFB1 in
broiler chicks. Iran ] Vet Res, 8, 144-150.

Adebo O, Njobeh P, Gbashi S, Nwinyi O, Mavumengwana V,
2017. Review on microbial degradation of AFs. Critical re-
views in Food Sci Nutr, 57, 3208-3217.

Al-Daraji HJ, 2012. The protective effect of liquorice against
carcass traits changes induced by AF in broilers. ] Anim Sci,
1,18-23.

Alhidary I, Rehman Z, Khan R, Tahir M, 2017. Anti-aflatoxin
activities of milk thistle (Silybum marianum) in broiler.
World's Poult Sci ], 73, 559-566.

Ali E, 2004. Comparative study between some additives on
immune response of infectious bursal disease vaccine in
broiler fed diet with AF-CT poisons. Int ] Sci Nat, 5, 113-
120.

Al-Zuhariy MTB, Hassan WH, 2017. Hepatoprotective and
Immunostimulatory Effect of Ganoderma, Andrographoli-
de and Turmeric Against Aflatoxicosis in Broiler Chickens.
Int ] of Poult Sci, 16, 281-287.

Araba M, Wyatt RD, 1991. Effects of sodium bentonite, HSCAS
(NovaSil) and ethacal on aflatoxicosis in broiler chickens.
Poult Sci, 70, 6.

Arafat RY, Khan SH, 2017. Evaluation of humic acid as an AF
binder in broiler chickens. Annal Anim Sci, 17, 241-255.

Aravind MN, Churchil R, 2015. Effect of dietary esterified
glucomannan on per—formance of broilers exposed to AF.
Indian ] Anim Res, 49, 658-661.

Arikan D, Yetim H, Sagdic O, Kesmen Z, 2009. Dioxin contami-
nation in foods and their effects on human health. Electro-
nic ] Food Tech, 12, 9-15.

Arrieta D, Arevalo MLP, Gomez C, Ascanio E, Irausquin B,
Molero G, 2006. Effect of Saccharomyces cerevisiae 1026
culture and/or selenium intake on broiler exposed to low
levels of AFB1 in the ration. 1. Serum proteins and serum
enzymatic activity values. Rev Cien Vet, 16, 613-621.

Attia YA, Allakany HF, Abd Al-Hamid AE, Al-Saffar AA, Has-
san RA, Mohamed NA, 2013. Capability of different non-
nutritive feed additives on improving productive and
physiological traits of broiler chicks fed diets with or
without AF during the first 3 weeks of life. ] Anim Physiol
Anim Nutr, 97, 754-772.

Azizpour A, Moghadam N, 2015. Assessment of serum bioc-
hemical parameters and pathological changes in broilers
with chronic aflatoxicosis fed glucomannan-containing
yeast product (Mycosorb) and sodium bentonite. Bull Vet
Inst Pulawy, 59, 205-211.

Oguz et al

Bailey RH, Kubena LF, Harvey RB, Buckley SA, Rottinghaus
GE, 1998. Efficacy of various inorganic sorbents to reduce
the toxicity of AF and T-2 toxin in broiler chickens. Poult
Sci, 77,1623-1630.

Bailey RH, Latimer GW, Barr AC, Wigle WL, Haq AU, Balthrop
JE, Kubena LF, 2006. Efficacy of MNT clay (NovaSil Plus)
for protecting full-term broilers from aflatoxicosis. ] Appl
Poult Res, 15, 198-206.

Banlunara W, Bintvihok A, Kumagai S, 2005. Immunohistoc-
hemical study of proliferating cell nuclear antigen (PCNA)
in duckling liver fed with AFB1 and esterified glukoman-
nan. Toxicon, 15, 954- 957.

Barati M, Chamani M, Mousavi SN, Hoseini SA and Ebrahimi
MTA, 2018. Effects of biological and mineral compounds in
AF-contaminated diets on blood parameters and immune
response of broiler chickens. ] Appl Anim Res, 46, 707-713.

Basmacioglu H, Oguz H, Ergul M, Col R, Birdane YO, 2005.
Effect of dietary esterified glucomannan on performance,
serum biochemistry and hematology in broilers exposed
to AF. Czech ] Anim Sci, 50, 31-39.

Bata A, Lasztity R, 1999. Detoxification of mycotoxin conta-
minated food and feed by microorganisms. Trends Food
Sci Technol, 10, 223-228.

Batina PN, Lopes STA, Santurio JM, Souza C, Martins DB, 2005.
The effects of the addition of sodic MNT on the feeding diet
on the biochemical profile of broiler chicken intoxicated by
AF. Cienc Rural, 35, 826-831.

Bhatti SA, Khan MZ, Saleemi MK, Saqib M, Khan A and Has-
san Z, 2017. Protective role of bentonite against AFB1-and
ochratoxin A-induced immunotoxicity in broilers. ] Immu-
notox 14, 66-76.

Bintvihok A, Kositcharoenkul S, 2006. Effect of dietary calci-
um propionate on performance, hepatic enzyme activities
and AF residues in broilers fed a diet containing low levels
of AFB1. Toxicon 47, 41-46.

Bintvihok A, 2010.Controlling AF danger to ducks and duck
meat. World Poultry 17, 18-19.

Bovo F, Franco LT, Kobashigawa E, Rottinghaus GE, Ledoux
DR, Oliveira CAF, 2015. Efficacy of beer fermentation resi-
due containing Saccharomyces cerevisiae cells for amelio-
rating aflatoxicosis in broilers. Poult Sci, 94, 934-942.

Bryden WL, 2012. Mycotoxin contamination of the feed
supply chain: Implications for animal productivity and
feed security. Anim Feed Sci Technol, 173, 134-158.

Carao ACP, Burbarelli MFC, Polycarpo GV, Dos Santos AR, Al-
buquerque R, Oliveira CAF, 2014. Physical and chemical
methods of detoxification of AFs and reduction of fungal
contamination on poultry productive chain. Ciencia Rural,
44, 699-705.

Celik, K, Denli, M, Erturk, M, Ozturkcan, O, Doran F, 2001. Eva-
luation of dry yeast (Saccharomyces cerevisiae ) in the feed
to reduce AFB1 residues and toxicity to Japonica quails. |
Appl Anim Res, 20, 245-250.

Celik S, Erdogan Z, Erdogan S, Bal R, 2005. Efficacy of tribasic
copper chloride (TBCC) to reduce the harmful effects of AF
in broilers. Turk J Vet Anim Sci, 29 (3), 909-916.

Che Z, Liu Y, Wang H, Zhu H, Hou Y, Ding B, 2011. The pro-

219

Eurasian ] Vet Sci, 2018, 34, 4, 204-227




Detoxification of aflatoxin in poultry feed

tective effects of different mycotoxin adsorbents against
blood and liver pathological changes induced by mold-
contaminated feed in broilers. Asian-Aust ] Anim Sci, 24,
250-257.

Chen K, Fang ], Peng X, Cui H, Chen ], Wang F, Chen Z, Zuo
Z, Deng ], Lai W, Zhou Y, 2014a. Effect of selenium supple-
mentation on AFB1-induced histopathological lesions and
apoptosis in bursa of Fabricius in broilers. Food Chem Tox,
74,91-97.

Chen X, Horn N, Applegate TJ], 2014b. Efficiency of HSCAS to
ameliorate the adverse effects of graded levels of AFB1 in
broiler chicks. Poult Sci, 93, 2037-2047.

Cinar M, Yildirim E, Yalcinkaya I, Eraslan G, 2008. The effects
of yeast glucomannan (Mycosorb) on lipid peroxidation
and non-enzymatic antioxidative status in experimentally
induced aflatoxicosis in broilers. JAVA, 7, 539-544.

Danicke S, 2002. Prevention and control of mycotoxins in the
poultry production chain: A European view. World's Poult
Sci], 58,451-474.

Demirel DS, Demirel R, Doran I, 2010.Usage of natural zeoli-
tes in animal production. ] Agric Fac HRU, 14, 13-20.

Denli M, Blandon ]JC, Guynot ME, Salado S, Perez JF, 2009. Ef-
fects of dietary AflaDetox on performance, serum bioche-
mistry, histopathological changes and AF residues in broi-
lers exposed to AFB1. Poult Sci, 88, 1444-1451.

Denli M, Celik K, Okan F, 2003. Effects of vitamin A supple-
mentary in the feed reduce toxic effects of AFB1 on Japa-
nese quails. Int ] Poult Sci, 2, 174-177.

Denli M, Okan E Doran F, 2004. Effect of CLA on the perfor-
mance and serum variables of broiler chickens intoxicated
with AFB1. South Afr ] Anim Sci, 34, 97-103.

Denli M, Okan F, Doran F, Inal TC, 2005. Effect of dietary CLA
on carcass quality, serum lipid variables and histopatholo-
gical changes of broiler chickens infected with AFB1. South
Afr ] Anim Sci, 35, 109-116.

Denli M, Okan F, 2006. Efficacy of different adsorbents in re-
ducing the toxic effects of AFB1 in broiler diets. South Afr ]
Anim Sci, 36, 222-228.

Dhanapal SK, Rao S, Govindaraju PKP, Hukkeri R, Mathesh K,
2014. Ameliorative efficacy of citrus fruit oil in aflatoxico-
sis in broilers: a growth and biochemical study. Turk ] Vet
Anim Sci, 38, 207-211.

Diaz G, Cortes A, Botero L, 2009. Evaluation of the ability of
a feed additive to ameliorate the adverse effects of AF in
turkey poults. Brit Poult Sci, 50, 240-250.

Ditta Y, Pasha T, Akram M, Igbal Z, Naseem §, 2016. Binding
efficacy of yeast sludge fractions and commerical gluco-
mannan againist AF in broilers. The ] Anim Plant Sci, 26,
1202-1211.

Dos Anjos FR, Ledoux DR, Rottinghaus GE, Chimonyo M,
2015.Efficacy of adsorbents (bentonite and diatomaceous
earth) and turmeric (Curcuma longa) in alleviating the to-
xic effects of AF in chicks. Brit Poult Sci, 56, 459-469.

Dwyer MR, Kubena LF, Harvey RB, Mayura K, Sarr AB, Buck-
ley S, Bailey RH, Phillips TD, 1997.Effects of inorganic ad-
sorbents and cyclopiazonic acid in broiler chickens.Poult
Sci, 76, 1141-1149.

220

Oguz et al

Eckhardt JC, Santurio JM, Zanette RA, Rosa AP, Scher A, Dal
Pozzo M,Alves SH, Ferreiro L, 2014.Efficacy of a Brazilian
Ca-MNTagainst toxic effects of dietary AFs onbroilers rea-
red to market weight. Brit Poult Sci, 55, 215-220.

Edrington TS, Kubena LF, Harvey RB, Rottinghaus GE, 1997.
Influence of superactivated charcoal on the toxic effects of
AF or T-2 toxin in growing broilers. Poult Sci, 76, 205-1211.

EFSA, 2010.EFSA Panel on Additives and Products or Subs-
tances used in Animal Feed (FEEDAP) ; Statement on the
establishment of guidelines for the assessment of additives
from the functional group “substances for reduction of the
contamination of feed by mycotoxins”. EFSA Journal, 8, 8.

El-Deep MH, Attia KM, Assar M, Shabaan M, Sayed M, Eid Y,
2016. Possible protective effects of glutathione in preven-
ting aflatoxicosis in Egyptian laying hens. Egyptian Poult
SciJ, 36, 543-560.

El-Ghany WAA, Hatem M, Ismail M, 2013. Evaluation of the
efficacy of feed additives to counteract the toxic effects of
aflatoxicosis in broiler chickens. Int ] Anim Vet Adv,5, 171-
182.

Ellakany HF, Awad AM, Abdel-Baky MK, 2011.Comparison of
the effect of three different antimycotoxin substrates on
resistance to AFs in broilers. Alex ] Vet Sci, 32, 119-135.

Eraslan G, Akdogan M, Yarsan E, Essiz D, Sahindokuyucu F,
Hismiogullari SE, Altintas L, 2004a. Effects of AF and sodi-
um bentonite administered in feed alone or combined on
lipid peroxidation in the liver and kidneys of broilers. Bull
Vet Inst Pulawy, 48, 301-304.

Eraslan G, Liman BC, Guclu BK, Atasever A, Koc AN, Beyaz L,
2004b.Evaluation of AF toxicity in Japanese quails given
various doses of HSCAS. Bull Vet Inst Pulawy,48, 511-517.

Eshak MG, Khalil WKB, Hegazy EM, Ibrahim MF, Fadel M,
Stino KRD, 2010.Effect of Saccharomyces cerevisiae on
reduction of aflatoxicosis, enhancement of growth perfor-
mance and expression of neural and gonadal genes in Japa-
nese quail. ] Am Sci, 6, 824-838.

Essiz D, Altintas L, Das YK, 2006. Effects of AF and various ad-
sorbents on plasma malondialdehyde levels in quails.Bull
Vet Inst Pulawy, 50, 585-588.

Fairchild AS, Croom ], Grimes JL, Hagler WM, 2008. Effect of
ASTRA-BEN 20 on broiler chicks exposed to AFB1 or T-2
toxin. Int ] Poult Sci, 7, 1147-1151.

Fan'Y, Zhao L, Ma Q, Li X, Shi H, Zhou T, Zhang ], Ji C, 2013. Ef-
fects of Bacillus subtilis ANSB060 on growth performance,
meat quality and AF residues in broilers fed moldy peanut
meal naturally contaminated with AFs. Food Chem Tox, 59,
748-75.

Fang], Yin H, Zheng Z, Zhu P, Peng X, Zuo Z, Cui H, Zhou Y, Ou-
yang P, GengY, 2018. The molecular mechanisms of protec-
tive role of Se on the G2/M phase arrest of jejunum caused
by AFB1. Biol Trace Element Res, 181, 142-153.

Feidler H, 2002. Dioxin in milk, meat, eggs and fish, In: Food
Safety: Contaminants and Toxins, Ed; D'Mello JPF, CABI
Publishing, Wallingford, UK, pp; 153-163.

Fowler ], Li W, Bailey C, 2015.Effects of a calcium bentonite
clay in diets containing AF when measuring liver residues
of AFB1 in starter broiler chicks. Toxins, 7, 3455-3464.

Eurasian ] Vet Sci, 2018, 34, 4, 204-227




Detoxification of aflatoxin in poultry feed

Franciscato C, Lopes STA, Santurio JM, Wolkmer P, Maciel RM,
Paula MT, Garmatz BC, Costa MM, 2006. Seric mineral con-
centrations and hepatic and renal functions of chickens in-
toxicated by AF and treated with sodic MNT. Pesq Agropec
Bras, 41, 1573-1577.

Gabal MA, Azzam AH, 1998. Interaction of AF in the feed and
immunization against selected infectious diseases in po-
ultry. II. Effect on one-day-old layer chicks simultaneously
vaccinated against Newcastle disease, infectious bronchitis
and infectious bursal disease. Avian Pathol, 27, 290-295.

Galvano F, Piva A, Ritieni A, Galvano G, 2001. Dietary strategi-
es to counteract the effects of mycotoxins: A review. ] Food
Prot, 64, 120-131.

Ghahri H, Talebi A, Chanmani M, Lotfollahian H, Afzali N,
2009. Ameliorative effect of esterified glucomannan, so-
dium bentonite, and humic acid on humoral immunity of
broilers during chronic aflatoxicosis.Turk ] Vet Anim Sci,
33,419-425.

Gholami-Ahangaran, M, Jahromi NZ, 2013. Nanosilver effects
on growth parameters in experimental aflatoxicosis in
broiler chickens. Tox Industrial Health, 29, 121-125.

Gholami-Ahangaran M, Rangsaz N, Azizi S, 2016. Evaluation
of turmeric (Curcuma longa) effect on biochemical and
pathological parameters of liver and kidney in chicken af-
latoxicosis. Pharmaceutical Biol, 54, 780-787.

Girish CK, Devegowda G, 2004. Efficacy of modified gluco-
mannan (Mycosorb) and HSCAS to alleviate the individual
and combined toxicity of AF and T-2 toxin in broiler chic-
kens. Poster XXII World’s Poult Cong, 8-13th June, Istanbul,
Turkey.

Gomez CO, Ferrer A, Lachmann M, Arrieta MD, Novoa E, Ro-
man-Bravo R, 2009. Effect of Saccharomyces cerevisiae
and selenium intake in broiler chickens exposed to low le-
vels of AFB1 in the ration. Rev Cien Vet, 19, 390-399.

Gowda NK, Ledoux DR, Rottinghaus GE, Bermudez A], Chen
YC, 2008.Efficacy of turmeric, containing a known level of
curcumin, and a HSCAS to ameliorate the adverse effects of
AF in broiler chicks. Poult Sci, 87, 1125-1130.

Gowda NKS, Swamy HVLN, Mahajan P, 2013.Recent advances
for control, counteraction and amelioration of potential
AFs in animal feeds. Intec Open, Chapter 6, pp: 129-140.

Guan S, Zhou T, Ym Y, Xie M, Ruan Z, Young JC, 2011. Microbial
strategies to control AFs in food and feed.World Mycot |, 4,
413-424.

Guerre P, 2000.Interest of the treatments of raw materials
and usage of adsorbents to decontaminate animal food
containing mycotoxins. Rev Med Vet, 151, 1095-1106.

Gul H, Khan S, Shah Z, Ahmad S, Israr M, Hussain M, 2017. Ef-
fects of local sodium bentonite as AF binder and its effects
on production performance of laying hens. Kafkas Univ Vet
Fak Derg, 23, 31-37.

Harvey RB, Kubena LF, Ellisalde MH, Phillips TD, 1993. Ef-
ficacy of zeolitic ore compounds on the toxicity of AF to
growing broiler chickens. Avian Dis, 37, 67-73.

Hashmi [, Pahsa TN, Jabbar MA, Arkam M, Hashmi AS, 2006.
Study of adsorption potential of yeast sludge against AF in
broiler chicks.] Anim Pl Sci 16, 12-14.

Oguz et al

Huff WE, Kubena LF, Harvey RB, Phillips TD, 1992. Efficacy of
HSCAS to reduce the individual and combined toxicity of
AF and ochratoxin. Poult Sci, 71,64-69.

Huwig A, Friemud S, Kappeli O, Dutler H, 2001. Mycotoxin de-
toxication of animal feed by different adsorbents. Toxicol
Letters, 122, 179-188.

Ibrahim IK, Al-Joubry KMT, Shareef AM, 1998.Reducing afla-
toxicosis in growing chicks by dietary sodium bentonite.
[PA ] Agri Res, 8, 130-138.

Ibrahim IK, Shareef AM, Al-Joubry KMT, 2000.Ameliorative
effects of sodium bentonite on phagocytosis and Newcast-
le disease antibody formation in broiler chickens during
aflatoxicosis. Res Vet Sci 69, 119-122.

Ibrahim IK, Al-Jubory KM, 2001.The role of activated bento-
nite in reducing AF-carry-over from feed to blood and eggs
in broiler breeders. IPA ] Agri Res, 11, 143-151.

Istiqgomah L, Damayanti E, Julendra H, Suryani AE, Sakti AA,
Anggraeni AS, 2017. Effect of methionine and lactic acid
bacteria as AF binder on broiler performance. AIP Confe-
rence Proc, AIP Publishing.

Iveta T, Viera R, Zuzana SM, Skalicka M, 2000.The number of
CD3 cells in broiler intestines after the administration of
AF and zeolites. Acta Vet Beo, 50, 339-344.

Jahanian E, Mahdavi A, Asgary S, Jahanian R, 2017. Effects
of dietary inclusion of silymarin on performance, intesti-
nal morphology and ileal bacterial count in AF-challenged
broiler chicks. ] Anim Phys Anim Nutr, 101, 43-54.

Jard G, Liboz T, Mathieu F, Guyonvarch A, Lebrihi A, 2011.
Review of mycotoxin reduction in food and feed: from
prevention in the field to detoxification by adsorption or
transformation. Food Addit Contam, Part A, 28, 1590-1609

Jaynes WE, Zartman RE, 2011. AF toxicity reduction in feed
by enhanced binding to surface-modified clay additives.
Toxins, 3, 551-565.

JiC,Fan Y, Zhao L, 2016. Review on biological degradation of
mycotoxins. Anim Nutr, 2, 127-133.

Jindal N, Mahipal SK, Mahajan NK, 1994.Toxicity of AFB1 in
broiler chicks and its reduction by activated charcoal. Res
Vet Sci, 56, 37-40.

Jouany JP, 2007. Methods for preventing, decontaminating
and minimizing the toxicity of mycotoxins in feeds. Anim
Feed Sci Tech, 137, 342-362.

Juan-juan L, De-cheng S, Xiao-ou S, 2010.Binding capacity for
AFB1 by different adsorbents. Agri Sci China, 9, 449-456.
Kabak, B, Dobson ADW, Var [, 2006. Strategies to prevent
mycotoxin contamination of food and animal feed: A Revi-

ew. Critical Rev Food Sci Nutr, 46, 593- 619.

Kaki S, Moeini MM, Cheraghi ], 2012. Effects of zeolite and
mycosorb on serum biochemical and hematological para-
meters of broilers chicken aflatoxicosis. ] Blood Lymph, 2,
2-4.

Kamalzadeh A, Hosseini A, Moradi S, 2009. Effects of yeast
glucomannan on performance of broiler chickens. Int ] Ag-
ric Biol, 11, 49-53.

Kana ], Teguia A, Mungfu B, Tchoumboue ], 2009. Effect of
charcoal of some plants on the production performances

221

Eurasian ] Vet Sci, 2018, 34, 4, 204-227




Detoxification of aflatoxin in poultry feed

of broiler chickens in Cameroon. Family Poult, 9.

Karaman M, Basmacioglu H, Ortatatli M, Oguz H, 2005. Eva-
luation of the detoxifying effect of yeast glucomannan on
aflatoxicosis in broilers as assessed by gross examination
and histopathology. Brit Poult Sci, 46, 394-400.

Karaman, M, Ozen H, Tuzcu M, Cigremis Y, Onder F, Ozcan K,
2010.Pathological, biochemical and hematological investi-
gations on the protective effect of lipoic acid in experimen-
tal AF toxicosis in chicks. Brit Poult Sci, 51,132-141.

Karimy M, Sutrisno B, Agus A, Suryani A, Istigomah L, Dama-
yanti E, 2017. Aflatoxin effect on erythrocyte profile and
histopathology of broilers given different additives. IOP
Conference Series: Earth and Env Sci, IOP Publishing. 101,
012033.

Karn SKL, 2013. Protective effects of N. sativa against the ad-
verse effects of aflatoxicosis in ducklings.Nepal ] Sci Tech,
14, 2, 81-90.

Kasmani FB, Torshizi MAK, Allameh A, Shariatmadari F, 2012.
Anovel AF-binding Bacillus probiotic: Performance, serum
biochemistry, and immunological parameters in Japanese
quail. Poult Sci, 91, 1846-1853.

Kaya S, Yarsan E, 1995. Prevention of mouldy in feeds and fe-
edstuffs utilization of mycotoxinecontaminated feedstuffs.
Ankara Univ Vet Fak Derg,42,2,111-122.

Kececi T, Oguz H, Kurtoglu V, Demet 0, 1998. Effects of PVPP,
synthetic zeolite and bentonite on serum biochemical and
haematological characters of broiler chickens during afla-
toxicosis. Brit Poult Sci, 39,452-458.

Kermanshahi H, Hazegh AR, Afzali R, 2009. Effect of sodium
bentonite in broiler chickens fed diets contaminated with
AFB1.] of Anim Vet Adv, 8, 1631-1636.

Keser O, Kutay HC, 2009. Some preventive methods for myco-
toxins, II. Chemical and biological methods. ] Fac Vet Med
Istanbul Uniy, 35, 19-30.

Khadem AA, Sharifi SD, Barati M, Borji M, 2012. Evaluation of
the effectiveness of yeast, zeolite and active charcoal as AF
absorbents in broiler diets.Global Veterinaria, 8, 426-432.

Khan FA, Zahoor M, 2014. In vivo detoxification of AFB1 by
magneticcarbon nanostructures prepared from bagasse.
BMC Vet Res, 10, 255.

Khan A, Aalim MM, Khan MZ, Saleemi MK, He C, Khatoon A,
Gul ST, 2017. Amelioration of immunosuppressive effects
of AF and ochratoxin A in White Leghorn layers with distil-
lery yeast sludge. Toxin Rev, 36, 275-281.

Kim ]G, Lee YW, Kim PG, Roh WS, Shintani H, 2003.Reduction
of AF by Korean soybean paste and its effect on cytotoxi-
city and reproductive toxicity-Part 3.Inhibitory effects of
Korean soybean paste (doen-jang) on AF toxicity in laying
hens and AF accumulation in their eggs. ] Food Prot, 66,
866-73.

Kinh LV, Hoai TH, Sy PV, 2010.The efect of AF binder (MTOX)
on broiler chickens. http://www.iasvn.org/uploads/files/
aflatoxin-broiler_0521075618.pdf

Kiran MM, Demet O, Ortatatli M, Oguz H, 1998. The preventi-

ve effect of PVPP on aflatoxicosis in broilers.Avian Pathol,
27,250-255.

222

Oguz et al

Kolacz R, Dobrzalski Z, Kulok M, 2004. Use of natural and
synthetic aluminosilicates in decontamination of feed con-
taminatedby fungi and micotoxins, Pol ] Vet Sci, 7, 227-23.

Kolosova A, Stroka ], 2011. Substances for reduction of the
contamination of feed by mycotoxins: A review. World
Myco ], 4, 225-256.

Kubena LF, Harvey RB, Bailey RH, Buckley SA, Rottinghaus
GE, 1998. Effects of HSCAS (T-Bind ) on mycotoxicosis in
young broiler chickens. Poult Sci, 77, 1502-1509.

Kubena LF, Harvey RB, Huff WE, Corrier DE, 1990.Efficacy of
HSCAS to reduce the toxicity of AF and T-2 toxin.Poult Sci,
69,1078-1086.

Kubena LF, Huff WE, Harvey RB, Yersin AG, Elissalde MH, Wit-
zel DA, Giroir LE, Phillips TD, Petersen HD, 1991. Effects
of a HSCAS on growing turkey poults during aflatoxicosis.
Poult Sci, 70, 1823-1830.

Kubena LF, Harvey RB, Phillips TD, Clement BA, 1993. Effects
of HSCAS on aflatoxicosis in broiler chicks. Poult Sci, 72,
651-657.

Kumar DS, Rao S, Satyanarayana ML, Kumar PGP, Anitha N,
2013. Amelioration of hepatotoxicity induced by AF using
citrus fruit oil in broilers (Gallusdomesticus) Toxicol Ind
Health, 1-8.

Lakkawar A, Satyanarayana M, Narayanaswamy H, 2017.
Study on effect of diatomaceous earth (DAE) on AF-
Induced DNA damage in visceral and lymphoid organs in
broiler chicken. Int ] Vet Sci Res, 3, 62-68.

Lala AO, Oso AO, Ajao AM, Idowu OM, Oni 00, 2015. Effect of
supplementation with molecular or nano-clayad-sorbent
on growth performance and hematological indices of star-
ter and grower turkeys fed diets contaminated with var-
ying dosages of AFB1. Livestock Sci, 178, 209-215.

Ledoux DR, Rottinghaus GE, Bermudez AJ, Alanso-Debolt M,
1999. Efficacy of HSCAS to ameliorate the toxic effects of
AF in broiler chicks. Poult Sci, 78, 204-210.

Lee]T, Jessen KA, Beltran R, Starkl V, Schatzmayr G, Borutova
R, Caldwell DJ, 2012. Effects of mycotoxin-contaminated
diets and deactivating compound in laying hens: 2. Effects
on white shell egg quality and characteristics. Poult Sci, 91,
2096-2104.

Liu YL, Meng GQ, Wang HR, Zhu HL, Hou YQ, Wang W], Ding
BY. 2011. Effect of three mycotoxin adsorbents on growth
performance, nutrient retention and meat quality in bro-

ilers fed on mould-contaminated feed. Brit Poult Sci, 52,
255-263.

Liu Y, Yang B, Chang ZS, Wang CY, Yang XD, 2012. Recent ad-
vanced research on the mycotoxin removing. China Anim
Husbandry Vet Med, 1, 25.

Liu N, Ding K, Wang ], Jia S, Wang |, Xu T, 2017a. Detoxificati-
on, metabolism, and glutathione pathway activity of AFB1
by dietary lactic acid bacteria in broiler chickens. ] Anim
Sci, 95, 4399-4406.

Liu ], Song W], Zhang NY, Tan ], Krumm C, Sun LH, Qi DS,
2017b. Biodetoxification of AFB1 in cottonseed meal by
fermentation of Cellulosimicrobium funkei in duckling
diet. Poult Sci, 96, 923-930.

Liu C, Zuo Z, Zhu P, Zheng Z, Peng X, Fang ], Cui H, Zhou Y,

Eurasian ] Vet Sci, 2018, 34, 4, 204-227




Detoxification of aflatoxin in poultry feed

Ouyang P, Geng Y, 2017c. Sodium selenite prevents supp-
ression of mucosal humoral response by AFB1 in broiler’s
cecal tonsil. Oncotarget, 8, 54215-26.

Liu N, Ding K, Wang ], Deng Q, Gu K, Wang ], 2018a. Effects of
lactic acid bacteria and smectite after AFB1 challenge on
the growth performance, nutrient digestibility and blood
parameters of broilers. ] Anim Physiol Anim Nutr, 1-9.

Liu N, Wang ], Deng Q, Gu K, Wang ], 2018b. Detoxification of
AFB1 by lactic acid bacteria and HSCAS in broiler chickens.
Livestock Sci, 208, 28-32.

Magnoli AP, Cavaglieri, LR, Magnoli CE, Monge ]R, Miazzo RD,
Peralta MF, Salvano MA, Rosa CAR, Dalcero AM, Chiacchi-
era SM, 2008. Bentonite performance on broiler chickens
fed with diets containing natural levels of AFB1source. Rev
Bras Med Vet, 30, 55-60.

Magnoli AP, Texeira M, Rosa CAR, Miazzo RD, Cavaglieri LR,
Magnoli CE, Dalcero AM, Chiacchiera SM, 2011. sodium
bentonite and monensin under chronic aflatoxicos in broi-
ler chickens. Poult Sci, 90, 352-357.

Magnoli AP, Rodriguez MC, Pereya GML, Poloni VL, Peralta
MF, Nilson A], Miazzo RD, Bagnis G, Chiacchiera SM, Cavag-
lieri LR, 2017. Use of yeast (Pichia kudriavzevii) as a novel
feed additive to ameliorate the effects of AFB1 on broiler
chicken performance. Mycotoxin Res, 33, 273-283.

Mahmood S, Younus M, Aslam A, Anjum A, Sohail M, 2017.
Chemical detoxification of AFB1 in experimental quails
using commercially available toxin binders. ] Anim Plant
Sci, 27,1133-1141.

Mahmood T, Pasha TN, Khattak FM, 2011. Comparative
evaluation of different techniques for AF detoxification
in poultry feed and its effect on broiler performance. In:
AFs-Detection, Measurement and Control, Ed: Irineo Tor-
res-Pacheco, Intech Open

Makki SA, Abed AA, 2016. Effect of some feed additives aga-
inst toxicity induced by AF contaminated diet in broiler. Al-
Qadisiya ] Vet Med Sci, 15, 1-7.

Mamta S, Ram S, Mandal AB, 2015. Effect of methionine
supplementation in ameliorating aflatoxicosis in broiler
chickens. Anim Nutr Feed Tech, 15, 161-169.

Manafi M, Umakantha B, Swamy HDN, Mohan K, 2009. Evalu-
ation of high-grade sodium bentonite on performance and
immune status of broilers, fed ochratoxin and AF. World
Myco ], 2, 435-440.

Manafi M, 2011. Evaluation the efficacy of different mycoto-
xin adsorbents on performance traits of breeder hens fed
with graded levels of AFB1, Res Opin in Anim Vet Sci, 1,
14-19.

Manafi M, Murthy HNN, Swamy N, 2012. Evaluation of diffe-
rent mycotoxin binders on aflatoxicosis in broiler breeders
induced with AFB1: Effects on biochemical and immunolo-
gical parameters. American-Eurasian ] Agric Environ Sci,
12,429-433.

Manafi M, Hedayati M, Yari M, 2014a.Effectiveness of rose-
mary (Rosmarinus officinalis L.) essence on performance
and immune parameters of broilers during aflatoxicosis.
Adv Life Sci, 4, 166-173.

Manafi M, Hedayati M, Yari M. 2014b. Aflatoxicosis and Her-

Oguz et al

bal Detoxification: The effectiveness of thyme essence on
performance parameters and antibody titers of commerci-
al broilers fed AFB1. Res Zool, 4, 43-50.

Marin FP, Rivera S, Finol G, Mavarez Y, 2003. AFB1, Selenium
and Saccharomyces cerevisiae in the immune response of
broiler chickens in Zulia state, Venezuela. Rev Cien Facultat
de Cien Vet, 13,360-370.

Marquez RNM, Hernandez TR, 1995. AF adsorbent capacity
of two Mexican aluminosilicates in experimentally conta-
minated chick diet. Food Addit Cont, 12, 431-433.

Matari RIM, 2001. Some studies on AF. PhD Thesis, Zagazig
Univ, Egypt.

Matur E, Ergul E, Akyazi I, Eraslan E, Cirakli ZT, 2010. The
effects of Saccharomyces cerevisiae extract on the weight
of some organs, liver, and pancreatic digestive enzyme acti-
vity in breeder hens fed diets contaminated with AF. Poult
Sci, 89, 2213-2220.

Mendez-Albores A, Garcia, JCD, Martinez EM, 2007. Deconta-
mination of AF duckling feed with aqueous citric acid tre-
atment. Anim Feed Sci Tech, 135, 249-262.

Mendieta CR, Gomez GV, Del Rio JCG, Cuevas AC, Arce JM,
Avila EG, 2018. Effect of the addition of Saccharomyces ce-
revisiae yeast cell walls to diets with mycotoxins on the
performance and immune responses of broilers. The ] Po-
ult Sci, 55, 38-46.

Miazzo R, Rosa CAR, Carvalho ECQ, Magnoli C, Chiacchiera
SM, Palacio G, Saenz M, Kikot A, Basaldella E, Dalcero A,
2000. Efficacy of synthetic zeolite to reduce the toxicity of
AF in broiler chicks. Poult Sci, 79, 1-6.

Miazzo R, Peralta, MF, Magnoli C, Salvano M, Ferrero S, Chi-
acchiera SM, Carvalho ECQ, Rosa CAR, Dalcero A, 2005. Ef-
ficacy of sodium bentonite as a detoxifier of broiler feed
contaminated with AF and fumonisin. Poult Sci, 84, 1-8.

Mizrak C, Yenice E, Kahraman Z, 2014.Effects of dietary se-
piolite and MOSsupplementation on the performance, egg
quality, blood and digestioncharacteristics of laying hens
receiving AF in their feed. Ankara Univ Vet Fak Derg, 61,
65-71.

Modirsanei M, Khosravi AR, Kiaei SMM, Fard MHB, Ghara-
gozloo MJ, Khazraeinia P, 2004. Efficacy of dietary natural
zeolite and Saccharomyces cerevisiae in counteracting
aflatoxicosis in broiler chicks. ] Appl Anim Res, 26, 39-44.

Modirsanei M, Mansoori B, Khosravi AR, Kiaei MM, Khazraei-
nia P, Farkhoy M, Masoumi Z, 2008. Effect of diatomaceous
earth on the performance and blood variables of broiler
chicks during experimental aflatoxicosis. ] Sci Food Agric,
88, 626-632.

Mogadam N, Azizpour A, 2011. Ameliorative effect of gluco-
mannan-containing yeastproduct (Mycosorb) and sodi-
um bentonite on performance and antibody titers against
Newcastle disease in broilers during chronic aflatoxicosis.
Afr ] Biotech, 10, 17372-17378.

Mohaghegh A, Chamani M, Shivazad M, Sadeghi AA, Afzali N,
2017. Effect of esterified glucomannan on broilers exposed
to natural mycotoxin-contaminated diets. ] Appl Anim Res,
45, 285-291.

Mosca V, Marichal MJ, 2011. Effect of inclusion of anti-myco-

223

Eurasian ] Vet Sci, 2018, 34, 4, 204-227




Detoxification of aflatoxin in poultry feed

toxin additives in naturally contaminated diets fed to broi-
lers. Rev Arge Prod Anim, 31, 55-62.

Muhammad I, Sun X, Wang H, Li W, Wang X, Cheng P, Li S,
Zhang X, Hamid S, 2017. Curcumin successfully inhibited
the computationally identified CYP2A6 enzyme-media-
ted bioactivation of AFB1 in arbor acres broiler. Frontiers
Pharma, 8, 143.

Murugesan GR, Ledoux DR, Naehrer K, Berthiller F, Applegate
T], Grenier B, Phillips TD, Schatzmayr, G, 2015. Prevalence
and effects of mycotoxins on poultry health and perfor-
mance, and recent development in mycotoxin counterac-
ting strategies. Poult Sci, 94, 1298-1315.

Musaddeq Y, Begum I, Akhter S, 2000. Activity of AF adsor-
bent in poultry feed. Pak ] Biol Sci, 3, 1697-1699.

Neeff DV, Ledoux DR, Rottinghaus GE, Bermudez A], Dakovic
A, Murarolli RA, Oliveira CAF, 2013. In vitro and in vivo effi-
cacy of a HSCASto bind and reduce AF residues in tissuesof
broiler chicks fed AF. Poult Sci, 92, 131-137.

Oguz H, 1997. The preventive efficacy of PVPP alone and its
combination with the other adsorbents into broiler feeds
against aflatoxicosis. PhD Thesis, SU Health Sci Inst, Konya,
Turkey.

Oguz H, 2011. A review from experimental trials on detoxi-
ficationof AF in poultry feed. Eurasian ] Vet Sci, 27, 1-12.

Oguz H, 2016. Meta analytic study on detoxification of AF in
poultry feed: An update. Eurasian ] Vet Sci, 32, 2, 55-73.

Oguz H, Kurtoglu V, 2000. Effect of CLI on fattening perfor-
mance of broiler chickens during experimental aflatoxico-
sis. Brit Poult Sci, 41, 512-517.

Oguz H, Kececi T, Birdane YO, Onder F, Kurtoglu V, 2000a.Ef-
fect of CLI on serum biochemical and haematological cha-
racters of broiler chickens during experimental aflatoxico-
sis. Res Vet Sci, 69, 89-93.

Oguz H, Kurtoglu V, Coskun B, 2000b. Preventive efficacy of
CLI in broilers during chronic AF (50 and 100 ppb) expo-
sure. Res Vet Sci, 69, 197-201.

Oguz H, Hadimli HH, Kurtoglu V, Erganis O, 2003. Evaluation
of humoral immunity of broilers during chronic AF (50 and
100 ppb) and CLI exposure. Rev Med Vet, 154, 483-486.

Oguz H, Parlat SS, 2004.Effects of dietary MOS on performan-
ce of Japanese quail affected by aflatoxicosis. S Afr ] Anim
Sci, 34, 144-148.

Oliveira AA, Keller KM, Deveza MV, Keller LAM, Dias EO, Mar-
tini-Santos B], Leitao DFGM, Cavaglieri LR, Rosa CAR, 2015.
Effect of three different anti-mycotoxin additives on broi-
ler chickens exposed to AFB1. Arch Med Vet,47, 175-183.

Ologhobo AD, Ewuola EO, Jerome UU, Franca UO, Ifarajimi O,
2015. Growth, nutrient digestibility of broilers fed AF con-
taminated diets with AF binders. ] Sci Tech, 5, 2225-7217.

Ortatatli M, Oguz H, 2001. Ameliorative effects of dietary CLI
on pathological changes in broiler chickens during aflato-
xicosis. Res Vet Sci, 71, 59-66.

Ortatatli M, Oguz H, Hatipoglu F, Karaman M, 2005. Evalua-
tion of pathological changes in broilers during chronic AF
(50 and 100 ppb) and CLI exposure. Res Vet Sci, 78, 61-68.

Ozen H, Karaman M, Cigremis Y, Tuzcu M, Ozcan K, Erdag D,

224

Oguz et al

2009. Effectiveness of melatonin on aflatoxicosis in chicks.
Res Vet Sci, 86, 485-489.

Pappas AC, Tsiplakou E, Georgiadoua M, Anagnostopoulos C,
Markoglou AN, Liapis K, Zervas G, 2014. Bentonite binders
in the presence of mycotoxins: Results of in vitro prelimi-
nary tests and an in vivo broiler trial. Appl Clay Sci, 99, 48-
53.

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

Parlat SS, Yildiz AO, Oguz H, 1999.Effect of CLI on fattening
performance of Japanese quail during experimental aflato-
xicosis. Brit Poult Sci, 40, 495-500.

Parlat SS, Ozcan M, Oguz H, 2001. Biological suppression of
aflatoxicosis in Japanese quail by dietary addition of yeast
(Saccharomyces cerevisiae ). Res Vet Sci, 71, 207-211.

Pasha TN, Farooq MU, Khattak FM, Jabbar, MA, Khan AD,
2007. Effectiveness of sodium bentonite and two commer-
cial products as AF absorbents in diets for broiler chickens.
Anim Feed Sci Technol, 132, 103-110.

Patil RD, Sharma R, Asrani RK, 2014. Mycotoxicosis and its
control in poultry: A review ] Poult Sci Tech, 2, 1-10.

Peraica M, Domijan A, Jurjevic Z, Cvjetkovic B, 2002. Preven-
tion of exposure to mycotoxins from food and feed. Arch
Hig Rada Toksikol, 53, 229-237.

Phillips TD, 1999. Dietary clay in the chemoprevention of AF-
induced diseases. Toxicol Let, 52 Suppl, 118-126.

Pizzolitto PR, Armando MR, Salvano MA, Dalcero AM, Rosa
CA, 2013.Evaluation of Saccharomyces cerevisiae as an
antiaflatoxicogenicagent in broiler feedstuffs.Poult Sci, 92,
1655-1663.

Qureshi MA, Brake ], Hamilton PB, Hagler WM, Nesheim S,
1998. Dietary exposure of broiler breeders to AF results in
immune dysfunction in progeny chicks. Poult Sci, 77, 812-
819.

Raja L, Singh CK, Mondal M, Nety S, Koley K, 2017. Evalua-
tion of protective potential of Curcuma longa in induced
aflatoxicosis in broiler birds. Int ] Curr Microbiol Appl Sci,
6, 72-86.

Rajput SA, Sun L, Zhang N, Khalil MM, Gao X, Ling Z, Zhu L,
Khan FA, Zhang ], Qi D, 2017. Ameliorative effects of gra-
pe seed proanthocyanidin extract on growth performance,
immune function, antioxidant capacity, biochemical cons-
tituents, liver histopathology and AF residues in broilers
exposed to AFB1. Toxins, 9, 371.

Raju MVLN, Devegowda G, 2000. Influence of esterified glu-
comannan on performance and organ morphology, serum
biochemistry and haematology in broilers exposed to in-
dividual and combined mycotoxicosis (AF, ochratoxin and
T-2 toxin). Brit Poult Sci, 41, 640-650.

Ramos A], Fink-Gremmels ], Hernandez E, 1997.Prevention
of toxic effects of mycotoxins by means of nonnutritive ad-
sorbent compounds. ] Food Prot, 59, 631-641.

Rangsaz N, Ahangaran MG, 2011. Evaluation of turmeric
extract on performance indices impressed by induced af-
latoxicosis in broiler chickens. Toxicol Indl Health, 27, 956-

Eurasian ] Vet Sci, 2018, 34, 4, 204-227




Detoxification of aflatoxin in poultry feed

960.

Rasouli-Hiq A, Bagherzadeh-Kasmani F Mehri M, Karimi-
Torshizi M, 2017. Nigella sativa (black cumin seed) as a bi-
ological detoxifier in diet contaminated with AFB1. ] Anim
Phy Anim Nutr, 101, 77-86.

Rattanasinthuphong K, Tengjaroenkul B, Tengjaroenkul U,
Pakdee P, 2017. Efficacy of mycosorbents to ameliorate the
adverse effects of natural AF contamination in the diets of
cherry valley ducks. Livestock Res Rural Dev, 29, 1-12.

Rawal S, Kim JE, Coulombe R, 2010. AFB1 in poultry: Toxico-
logy, metabolism and prevention. Res Vet Sci, 89, 325-331.

Rensburg CJ], 2005. The ameliorating effect of oxihumate on
aflatoxicosis in broilers. PhD Thesis, University of Pretoria,
South Africa.

Rensburg CJ, Rensburg CE],Ryssen ]B], Casey NH, Rottingha-
us GE, 2006.In vitro and in vivo assessment of humic acid
as an AF binder in broiler chickens. Poult Sci, 85, 1576-
1583.

Rivera A, Farias T, 2005. CLI-surfactant composites as drug
support: A new potential application. Micr Meso Materials,
80, 337-346.

Rizzi L, Zaghini A, Roncada P, 1998. AFB1 oral administration
to laying hens: Efficacy of Mycosorb to prevent mycotoxi-
cosis. Posters at Alltech’s 14th Ann Symp Biotech, Lexing-
ton, KY.

Rizzi M, Simioli M, Roncada P, Zaghini A, 2003. AFB1 and CLI
in feed for laying hens: Effects on egg quality, mycotoxin
residues in livers, and hepatic mixed-function oxygenase
activity. ] Food Prot, 66, 860-865.

Rosa CAR, Miazzo R, Magnoli C, Salvano M, Chiacchiera SM,
Ferrero S, Saenz M, Carvalho EC, Dalcero A, 2001. Evaluati-
on of the efficacy of bentonite from the south of Argentina
to ameliorate the toxic effects of AF in broilers. Poult Sci,
80, 139-144.

Rosa AP, Uttpatel R, Santurio JM, Scher A, Duarte V, Santos
CB, Boemo LS, Forgiarini ], 2012. Performance of broilers
derived from breeder hens fed with diets containing AFs
and esterified glucomannan as adsorbent, R Bras Zootec,
41,347-352.

Sadeghi AA, Saei MM, Ahmadvand H, 2014. The Efficacy of Di-
etary Savory Essential Oil on Reducing the Toxicity of AFB1
in Broiler Chicks.Kafkas Univ Vet Fak Derg, 20, 481-486.

Safameher AR, Allameh A, Shivazad M, Mirhadi A, 2004.
The performance and hematological characters in broiler
chicks fed ammonia-treated AF contaminated feed. XXII
World's Poult Cong, June 8-13, Istanbul, Turkey.

Safameher A, 2008. Effects of CLI on performance, bioche-
mical parameters and hepatic lesions in broiler chickens
during aflatoxosis. ] Anim Vet Adv, 7, 381-388.

Sakamoto M, Murakami A, Fernandes A, Ospina-Rojas I, Nu-
nes K, Hirata A, 2017. Performance and serum biochemical
profile of Japanese quail supplemented with silymarin and
contaminated with AFB1. Poult Sci, 97, 159-166.

Saki A, Rahmani A, Mahmoudi H, Tabatabaei MM, Zamani P,
Khosravi AR, 2018. The ameliorative effect of mycosorb in

AF contaminated diet of broiler chickens. ] Livestock Sci
Tech, 6, 39-47.

Oguz et al

Salem R, El-Habashi N, Fadl SE, Sakr OA, Elbialy ZI, 2018.
Effect of probiotic supplement on aflatoxicosis and gene
expression in the liver of broiler chicken. Env Tox Pharma,
60, 118-127.

Santin E, Paulillo AC, Maiorka A, Nakagui LSO, Macari M, Silva
AVF, Alessi AC, 2003. Evaluation of the efficacy of Saccha-
romyces cerevisiae cell wall to ameliorate the toxic effects
of AF in broilers. Int ] Poult Sci, 2, 341-344.

Santin E, Paulillo AC, Nakagui LSO, Alessi AC, Maiorka A,
2006. Evaluation of yeast cell wall on the performance of
broiles fed diets with or without mycotoxins. Rev Bras Ci-
enc Avic, 8, 221-225.

Santurio JM, Mallmann CA, Rosa AP, Appel G, Heer A, Dage-
forde S, Bottcher M, 1999. Effect of sodium bentonite on
the performance and blood variables of broiler chickens
intoxicated with AF. Brit Poult Sci, 40, 115-119.

Sawarkar AR, Sonkusale PM, Kurkure NV, Jangade CR, Mai-
ni S, Ravikanth K, 2011. Experimental afla and ochratoxin
induced mixed mycotoxicosis in broilers and its ameliora-
tion with herbomineral toxin binder Toxiroak Gold. Inter-
national ] Poult Sci, 10, 560-566.

Scheideler SE, 1993. Effects of various types aluminosilicates
and AFB1 on AF toxicity, chick performance, and mineral
status. Poult Sci, 72, 282-288.

Schwarzer K, Baecke M, 2009. Mycotoxin control essential to
maintain performance. Feed Tech, 13, 19-21.

Sehu A, Cakir S, Cengiz O, Essiz D, 2005. Mycotox and aflato-
xicosis in quails. Brit Poult Sci, 46, 520-524.

Sehu A, Ergun L, Cakir S, Ergun E, Cantekin Z, Sahin T, Essiz D,
Sareyyupoglu B, Gurel Y, Yigit Y, 2007. HSCAS for reduction
of AF in quails. Dtsch Tier Wochenschr, 114, 252-259.

Shabani A, Dastar B, Khomeiri M, Shabanpour B, Hassani S,
2010. Response of broiler chickens to different levels of
nanozeolite during experimental aflatoxicosis.] Biol Sci,
10, 362-367.

Shannon T, Ledoux D, Rottinghaus G, Shaw D, Dakovic A, Mar-
kovic M, 2017. The efficacy of raw and concentrated bento-
nite clay in reducing the toxic effects of AF in broiler chicks.
Poult Sci, 96, 1651-1658.

Shareef AM, Omar EKS, 2012. Effect of Synertox on broiler
health and performance during aflatoxicosis. Iraqi ] Vet Sci,
26, Suppl-11, 27-34.

Sharma M, Singh R, Mandal A, 2015. Effect of methionine
supplementation in ameliorating aflatoxicosis in broiler
chickens. Anim Nutr Feed Technol, 15, 161-169.

Sherafat E, Lotfollahian L, Mirabdolbaghi ], Hosseini A, Afraz
F, 2013. Evaluation of the sodium bentonite efficacy on
detoxification of feed contaminated with AFB1, on broiler
cockerels performance. Agris publications. Access date:
02.07.2018.

Shetty PH, Jespersen L, 2006. Saccharomyces cerevisiae and
lactic acid bacteria as potential mycotoxin decontamina-
ting agents. Trend Food Sci Tech, 17, 48-55.

Shi Y, Xu Z, Sun Y, Wang C, Feng ], 2009. Effects of two diffe-
rent types of MNT on growth performance and serum pro-

files of broiler chicks during aflatoxicosis. Turk ] Vet Anim
Sci, 33, 15-20.

225

Eurasian ] Vet Sci, 2018, 34, 4, 204-227




Detoxification of aflatoxin in poultry feed

Shotwell OL, Hesseltine CV, Stubblefield RD, Sorenson WG,
1966. Production of AF on rice. Appl Microbiol, 14, 425-
429.

Siloto EV, Sartori DRS, Oliveira EFA, Sartori JR, Fascina VB,
Berto DA, 2011. Performance and egg quality of laying
hens fed diets containing AF, fumonisin and adsorbent.
Brazilian ] Poult Sci, 13, 21-28.

Sjamsul B, Zahari P, Hamid H, 1990. The use of activated char-
coal on the prevention of aflatoxicosis in duckling. Penya-
kit Hewan, 22, 122-127.

Skalicka M, Korenekova B, 2016. The Effects of sodium hu-
mate and AFB1 on body weight of broiler chicks. Iranian ]
Appl Anim Sci, 6.

Srikanth R, Kumar AA, Devarasetti AK, 2011. Ameliorating
effect of activated charcoal and yeast culture on mycoto-
xins. Pharm Biotech Microbiol, http://inventi.in/journal/
art_reader/64/7265/impact/pharm-biotech-microbio/pi.
Access date: 02.07.2018.

Stanley VG, Ojo R, Woldensenbet S, Hutchinson DH, 1993.The
use of Saccharomyces cerevisiae to suppress the effect of
aflatoxicosis in broiler chicks. Poult Sci, 72, 1867-1872.

Stanley VG, Winsman M, Dunkley C, Ogunleye T, Daley M,
Krueger WEF, Sefton AE, Hinton A, 2004.The impact of ye-
ast culture residue on the suppression of dietary AF on the
performance of broiler breeder hens. ] Appl Poult Res, 13,
533-539.

Suksombat W, Suksombat P, Mirattanaphrai R, 2011. Effect of
commercial or bovine yeasts on the performance and blo-
od variables of broiler chickens intoxicated with AFs. Int
Scholarly and Sci Res & Innovation 5, 613-617.

Sur E, Celik I, 2003. Effects of AFB1 on the development of
the bursa of Fabricius and blood lymphocyte acid phosp-
hatase of the chicken. Brit Poult Sci, 44, 558-566.

Tanpong S, Wongtangtintharn S, Pimpukdee K, Tengjaroen-
kul B, Khajarern ], 2017. Efficacy of HSCAS and yeast cell
wall to ameliorate the toxic effects of AF in ducks. Anim
Prod Sci, 57, 1637-1644.

Tedesco D, Steidler S, Galletti S, Tameni M, Sonzogni O, Rava-
rotto L, 2005. Efficacy of silymarin-phospolipid complex in
reducing the toxicity of AFB1 in broiler chicks. Poult Sci,
83,1839-1843.

Teleb HM, Hegazy AA, Hussein YA, 2004.Efficiency of kaolin
and activated charcoal to reduce the toxicity of low level of
AF in broilers. Sci ] King Faisal Univ, 5, 1425.

Tengjaroenkul B, Saksangawong C, Wongtangtintan S, Teng-
jaroenkul U, Ratanasinthuphong K, Srikacha N, Neerata-
naphan L, 2016. Efficacy of Thai bentonite to ameliorate
the adverse effects of AF and fumonisin contaminated di-
ets in Cherry Valley ducks. Livestock Res Rural Dev, 28, 12.

Tingting L, Shibin Y, Zejun Z, Guiping Y. 2015. Protective ef-
fects of sodium selenite against AFB1 on haemoglobin con-
tent, erythrocyte count, and immune adherence function
in broilers. Indian ] Anim Res, 49, 360-363.

Trckova M, Matlova L, Dvorska L, Pavlik I, 2004. Kaolin, ben-
tonite, and zeolites as feed supplements for animals: He-
alth advantages and risks, Vet Med-Czech, 49, 383-399.

Ulaiwi AH, 2017. Comparative studies between probiotic and

226

Oguz et al

vitamin E and selenium to reduce the effect of AF in broiler
chicken. ] Entom Zoology Studies, 5, 1504-1510.

Uttpatel R, Rosa AP, Santurio JM, Scher A, Stefanello C, Duar-
te V, 2011. Productive performance of broiler breeders fed
diets containing AFs and esterified glucomannan as adsor-
bents, R Bras Zootec, 40, 821-826.

Uyar A, Yener Z, Dogan A, 2016. Protective effects of Urtica
dioica seed extract in aflatoxicosis: histopathological and
biochemical findings. Brit Poult Sci, 57, 235-245.

Valchev I, Marutsova V, Zarkov I, Ganchev A, Nikolov Y, 2017.
Effects of AFB1 alone or co-administered with Mycotox NG
on performance and humoral immunity of turkey broilers.
Bulgarian ] Vet Med, 20, 1-12.

Vekiru E, Fruhauf S, Rodrigues I, Ottner F, Krska R, Schatz-
mayr G, Ledoux DR, Rottinghaus GE, Bermudez A], 2015.
In vitro binding assessment and in vivo efficacy of several
adsorbents against AFB1. World Mycotoxin ], 8, 477-488.

Vila-Donat P, Marin S, Sanchis V, Ramos A, 2018. A review of
the mycotoxin adsorbing agents, with an emphasis on their
multi-binding capacity, for animal feed decontamination.
Food Chem Tox, 114, 246-259.

Wade M, Sapcota D, 2017. Effect of dietary esterified gluco-
mannan on the performance of broiler chickens during
experimental aflatoxicosis. Anim Nutr Feed Tech, 16, 107-
116.

Wan XL, Yang ZB, Yang WR, Jiang SZ, Zhang GG, Johnston SL,
Chi F 2013.Toxicity of increasing AFB1 concentrations
from contaminated corn with or without clay adsorbent
supplementation in ducklings.Poult Sci, 92, 1244-1253.

Wielogorska E, MacDonald S, C Elliott C, 2016. A review of
the efficacy of mycotoxin detoxifying agents used in feed
in light of changing global environment and legislation.
World Mycotoxin ], 9, 419-433.

Womack ED, Brown AE, Sparks DL, 2014. A recent review of
non-biological remediationof AF-CT crops.] Sci Food Agric,
94,1706-1714.

Yavuz O, Ozdemir O, Ortatatli M, Atalay B, Hatipoglu F, Terzi
F, 2017. The preventive effects of different doses of gluco-
mannan on experimental aflatoxicosis in Japanese quails.
Rev Brasil Cien Avi, 19, 409-416.

Yenice E, Mizrak C, Ceylan N, Yildiz T, Gultekin M, Atik Z,
2015. Effects of dietary sodium bentonite and MOS supple-
mentation on performance, egg quality, blood and digesti-
on characteristics of laying hens fed AF contaminated diet.
Kafkas Univ Vet Fak Derg, 21, 211-218.

Yildirim I, Parlat SS, 2003. Effects of dietary addition of live
yeast on hatching traits, testis and ovary weights of Japa-
nese quail in aflatoxicosis. Arch Geflugelkd, 67, 208-211.

Yildirim E, Yalcinkaya I, Kanbur M, Cinar M, Oruc E, 2011. Ef-
fects of yeast glucomannan on performance, some bioche-
mical parameters and pathological changes in experimen-
tal aflatoxicosis in broiler chickens.Revue Med Vet, 162,
413-420.

Yildiz AOQ, Parlat SS, Yildirim I, 2004. Effect of dietary additi-
on of live yeast on some performance parameters of adult

japanese quail induced by aflatoxicosis. Rev Med Vet, 155,
38-41.

Eurasian ] Vet Sci, 2018, 34, 4, 204-227




Detoxification of aflatoxin in poultry feed

Yu Z, Wang F, Liang N, Wang C, Peng Z, Fang ], Cui H, Mughal
M]J, Lai W, 2015. Effect of selenium supplementation on
apoptosis and cell cycle blockage of renal cells in broilers
fed a diet containing AFB1. Biol Trace Elem Res, 168, 242-
251.

Zafar R, Khan FA, Zahoor M, 2017. In vivo amelioration of
AFB1 in broiler chicks by magnetic carbon nanocomposite.
Pes Vet Brasil, 37,1213-1219.

Zaghini A, Martelli G, Roncada P, Simioli M, Rizzi L, 2005. MOS
and AFB1 in feed for laying hens: Effects on egg quality,
AFB1 and M1 residues in eggs and AFB1 levels in liver. Po-
ult Sci, 84, 825-832.

Zekovic DB, Vrvic MM, Jakovlevic D, Moran CA, 2005. Natural
and modified (1-3) -beta-D- glucans in health promotion
and alleviation. Critical Rev Biotech, 25, 205-230.

Oguz et al

Zhang L, Ma Q, Ma S, ZhangJ, Jia R, Ji C, Zhao L, 2017. Amelio-
rating effects of Bacillus subtilis ANSB060 on growth per-
formance, antioxidant functions, and AF residues in ducks
fed diets contaminated with AFs. Toxins, 9, 1-11.

Zhao ], Shirley RB, Dibner ]D Uraizee F, Officer M, Kitchell M,
Vazquez-Anon M, Knight CD, 2010. Comparison of HSCAS
and yeast cell wall on counteracting aflatoxicosis in broiler
chicks. Poult Sci, 89, 2147-2156.

Zhu YZ, 2013. Detoxification effects of vinegar on AFB1 in
broiler chicken. JAVA, 12, 1256-1259.

Zou R, Chang]J, Yin Q, Wang P, Yang Y, Wang X, Wang G, Zheng
Q, 2013. Effect of the combined probiotics with AFB1-
degrading enzyme on AF detoxification, broiler production
performance and hepatic enzyme gene expression. Food
Chem Tox, 59, 470-475.

227

Eurasian ] Vet Sci, 2018, 34, 4, 204-227




