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ABSTRACT: Poultry sector is an important segment of overall livestock production system and is contributing about 28%
share in the total meat food at national level. There are about 834 million poultry birds in the country and this sector is
growing at a spectacular rate of about 8-10% per annum. More than 300 types of mycotoxins are effecting poultry feed
ingredients and have harmful effects on overall productivity. Aflatoxin Bl is a hepatotoxic, immunosuppressive and
carcinogenic agent. To know the usefulness of feed additives the study was conducted in two phases: First phase- aflatoxin B1
production and second phase- a biological trial using aflatoxin produced with feed additives; Saccharomyces cerevisiae and
Bentonite clay. Gross and histopathological lesions were observed on vital organs: liver, kidney and spleen in case of 200ppb
and 400 ppb aflatoxin while lesions were mild or absent with addition of toxin binders. Results also indicated a significant
difference (P<0.05) was found between all groups regarding lesions and overall feed intake in case of toxin binder used. Least
lesions were seen in groups: D1 and F1 after inclusion of toxin binders in feed. NDV HI titer was also improved on use of
aflatoxin binders. The yeast and sodium Bentonite, independently and in recipe to the AF-containing diet ameliorated the
adverse effects of aflatoxin and overall increase in humoral immunity against NDV in broiler.
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INTRODUCTION

Poultry as one of the vibrant commercial sectors in Pakistan
accounts for 1.3% in GDP and 11.2% in livestock sector [1].
It is the major system to supply animal protein foods for
human consumption [2]. Health of the poultry birds is
important to avoid any monitory losses to poultry farmers.
Mortality rate in poultry sector is 20-30% [3] which is due to
several reasons but one of them is mycotoxins in feed. In
tropical and subtropical climates Aflatoxin B1 contamination
in poultry feed is most common. The deleterious
consequences of mycotoxin on health of poultry have well
studied by researches during the last five decades. Most
common mycotoxin contamination is of aflatoxin. Aflatoxin
identified in the mid tewntieth century was named after
Aspergillus flavus. Four common types of aflatoxin are B1,
B2, G1 and G2. The B form produces blue color in UV light
and G form gives green color in UV fluorescence. Aflatoxin
B1 is much more toxic than aflatoxin B2 [4]. Aflatoxin
contamination in crops which have to be used by livestock or
humans is of great concern. Special care is required to control
aflatoxin contamination in feedstuffs of poultry. Ducks and
other birds are very vulnerable to aflatoxins. An exposure of
340 pg/kg of aflatoxin can be fatal for the ducks [5].
Chickens are also on high risk to aflatoxicosis. In addition to
the other effects, aflatoxicosis leads to reduced vitamin D
synthesis. Contamination with as low as 14 pg/kg, results in
decreased growth, increased bruising and weakness of legs
[6, 7] The consequences of low levels of aflatoxin B1 to

decline broiler performance have been highlighted in last ten
years research work. Due to different types of broilers and
extent of exposure to the different levels of mycotoxin, it is
difficult to establish a dose-effect link between aflatoxin B1
level and broiler performance [8]. Different binders are being
investigated by researchers to help control the aflatoxin
contamination has high binding ability for toxins. Mannan is
present in the inner side of the cell wall of Saccharomyces
cerevisiae, yeast which is glucan-rich. Yeast glucomannan
showed high affinity for aflatoxin (75 to 90%) in vitro as well
as in vivo and is widely used for detoxification of aflatoxin in
poultry birds. Yeast showed ability to reverse the undesirable
effects of aflatoxin on bird health, blood cells and immune
system of birds. Yeast also detoxifies many other mycotoxins
and successfully lessened the adverse consequences of
aflatoxin and has no damaging effects [9]. As some strains of
Saccharomyces cerevisiae are good aflatoxin binders, these
should be selected as starter cultures for respective fermented
foods which can help to avoid potential health risk due to
aflatoxin [10, 11]. Bentonite, a clay mineral having strong
colloidal properties, absorbs water rapidly resulting in
swelling and increase in volume. In the feed industry and
pharmaceutical preparations Bentonite has been used as a
binder for many decades [12]. Bentonite has been used
effectively in poultry feeds without any harmful effects [13].
Hydrated sodium calcium alumina-silicate (HSCAS) when
added to diet of broilers, notably lesson many of the
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detrimental effects produced by aflatoxin in chickens [14].
Natural Bentonite reduces the absorption of aflatoxins from
the intestinal lumen of the chicken when used at a
concentration of 5 g/kg. Hence deleterious effect on broiler
productivity was prevented [15].

The experiment was done to study the comparative toxin
binder effects of yeast and Bentonite clay, challenged with
Aflatoxin B1 in broiler birds.

MATERIAL AND METHODS
The present study is consisted of two different phases. First
phase- aflatoxin Bl production and second phase- a
biological trial using aflatoxin produced. In first phase
Aflatoxin B1 (AFB1) was produced using culture of
Aspergillus parasiticus. Slants of potato dextrose agar were
used to cultivate Aspergillus parasiticus. Potato dextrose agar
was dissolved in distilled water as per manufacturer
guidelines, added into test and placed in slanting position.
Then Aspergillus parasiticus was inoculated into slants using
streaking method and tubes were placed in an incubator at
28°C for about two weeks. Dark greenish black spores were
produced within 3-4 days. Autoclaved water was added to
spores and shaking of these spores was done to get uniform
spores suspension. About 20 gm of rice grains were soaked in
distilled water for about 5 minutes. After removing water, the
wet rice was autoclaved and inoculated with prepared
inoculums to produce AFB1. The flasks containing rice and
inoculums were shaken at 225 rpm using orbital shaker at
28°C. After 2-3 days whitish dots appeared on the rice grains
then converted into brown color which was the final stage of
aflatoxin production. Aflatoxin was estimated by using Thin
Layer Chromatography (TLC). A mixture of 9 ml of
chloroform and 1 ml of methanol was added to 0.1 grams of
the ground contaminated rice. This mixture was centrifuged
at 5000 rpm for 10 minutes. The supernatant was collected
and spotted on the TLC plates along with standard aflatoxin
mixture. The TLC plates were placed in chromatographic
tank in which chloroform: acetone (95:5) solvent was present.
When the sample moved to about 10 cm on to the TLC plate,
it was taken out and dried in air. Finally, it was placed under
UV lamp (265 nm) to estimate aflatoxin concentration on the
basis of amount of fluorescence and retention factor (Rf)
value [16]. In second phase, a biological trial of 28 days was
conducted by using different level of yeast (3g/kg and 6g/kg)
and clay (3g/kg and 6g/kg) against AFB1 challenge in feed of
broiler chickens. Saccharomyces cerevisiae (Fixer Viva) and
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Bentonite clay (Fixer S) was purchased from Bentoli
Agrinutrition, USA. Iso-nitrogenous and iso-caloric feed was
prepared with CP-21% and ME-2800 Kcal/kg in broiler
chicks with different levels of yeast in feed in order to study
their effects against aflatoxin B1. Analysis of the samples
was performed in the laboratory of Department of Pathology
at University of Veterinary and Animal Sciences Lahore. Day
old chicks (n=165) with uniform body weight was purchased
from local hatchery and maintained on toxin free feed for
seven days. The experimental feed was offered from 8" to
28" day of age. Three birds from each replicate were picked
at random and slaughtered. During the entire length of trial
standard management practices were followed with ad-lib
feed and 24 hours fresh and clean drinking water, vaccination
and biosecurity measures. Positive control and treatment
group were provided 200ppb and 400ppb aflatoxin type B in
feed respectively while negative control group contains no
toxin in feed offered to experimental birds.

Antibody Titer against ND Vaccination

ND vaccine was administered at day7 and blood was
collected from the wing vein in vaccutainer at weekly interval
upto 28 days. Polystyrene 96-welled V bottom type
microtitration plates (GIBCO, USA) were used for
performing HA and HI tests. The HA test of five birds from
each group was conducted at day 1, 7, 21 and 28,
respectively, according to the standard procedure illustrated
[17]. Then 4 HA units of antigen was calculated according to
microbiologists [18].

Gross and Histopathological Examination

On 28 days, a bird of each group was opened to asses’ gross
lesions if any and then tissues samples were collected for
histopathological examinations. These were processed with
standard techniques for fixation, dehydration, clearing,
embedding, sectioning and staining as done by
histopathologists [19].

STATISTICAL ANALYSIS

The data thus obtained was analyzed statistically through
simple percentage, chi-square test and two ways ANOVA by
using Completely Randomized Design. The differences
among treatment means were determined through Post Hoc
Test with the help of SPSS 16.0.

RESULTS
Aflatoxin B1 was produced invitro and analysed through
TLC as shown in figure 1.

825 #6 #7 R 3357

Fig. 1 Separation of Aflatoxin B1 by Thin Layer Chromatography
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Gross and Histopathological Examination

On gross and histopathology, lesions were detected in the
liver, spleen, and kidney.

AFLATOXIN 400 PPB AFLATOXIN 200PPB NO TOXIN

Fig.2 Gross lesions indicates degeneration and necrosis on Liver at different dose level of aflatoxin B

NO TOXIN 200AFB 400AFB
Fig.3 Arrows show that normal, less effected and severly effected kidneys at different dose level of AFB

AFB400 AFB200
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Fig.5 (a) Effects of 400 ppb level of AFB1 on kidney with Tubular coagulative necrosis, infiltration of macrophages along with
peritubular congestion. (b) Congestion and atrophy of splenic follicles at 400 ppb level of AFB1 (c) Shows Mononuclear cell
infiltration and fatty degeneration in hepatic parenchyma at high 400ppb level of AFB1.

Table 1: Necropsy Findings
LESIONS ON VITAL ORGANS

Groups
LIVER KIDNEY

Infected/Total Infected/Total
A 6.66 % (1/15) 13.33% (2/15)
B1 53.33 % (8/15) 53.33% (8/15)
B2 73.33 % (11/15) 80% (12/15)
C1 33.3 % (5/15) 26.66% (4/15)
C2 40% (6/15) 33.33% (5/15)
D1 13.33% (2/15) 26.66% (4/15)
D2 20% (3/15) 33.33% (5/15)
El 33.33% (5/15) 33.33% (5/15)
E2 20% (3/15) 46.66% (7/15)
F1 13.33% (2/15) 33.33% (5/15)
F2 6.66% (1/15) 53.33% (8/15)

SPLEEN OVERALL
Infected/Total Infected/Total
13.33% (2/15) 11.11% (5/45)
46.66% (7/15) 51.11% (23/45)
53.33% (8/15) 73.33% (33/45)
33.33% (5/15) 31.11% (14/45)
13.33% (2/15) 28.89% (13/45)
6.66% (1/15) 15.55% (7/45)

20% (3/15) 24.44% (11/45)
26.66% (4/15) 31.11% (14/45)
40% (6/15) 35.55% (16/45)
20% (3/15) 22.22% (10/45)
33.33% (5/15) 31.11% (14/45)
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Gross lesions on liver, kidney and spleen consist of swelling,
colour change and petechial hemorrhages were found and
recorded group wise in slaughtered birds. In overall, the
typical lesions were more obvious in groups: B1 and B2. A
few lesions were present in treatment groups like C1, C2, D2,
E1, E2 and F2 as compare to positive control groups B1 and
B2. The percentage of infected birds with lesions on vital
organs in groups D1 and F2 were very diminutive as compare
to all other groups which were treated with Saccharomyces
cerevisiae and Bentonite clay.
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Fig.6 Groups D1 and F1 indicated least lesions on liver, kidney
and spleen

Mortality of Birds before Challenge
From each group of experimental birds, a complete record of
mortality was kept. Before feeding with challenged aflatoxin

following mortality occur in some groups of experiment.
During experiment total of 1/15 of group B2, 1/15 of group
E2 were found dead before challenge.

Clinical and Postmortem Findings after Challenge

According to research plan, aflatoxin feed was given to all
groups except group A from day 7 to 28 day. All groups were
closely watched for any clinical sign of disease after the
challenge of aflatoxin to birds. All birds were taking their
feed and water properly, they were active and show normal
behaviors up to 2" week. During 3 and 4™ week of the trail
some birds show depression and poor feed consumption. In
groups B1, B2 and E2 birds were showed some clinical signs
and symptoms in which severe depression and ruffled
feathers At 24 days of trail one bird from group E2 was dead
but other groups were also showed clinical signs and
symptoms such as reduce weight gain. The birds were
showing ruffled feather and dullness. Birds from each group
were laying on ground and stop feeding. Poor feed
conversion ratio, severe depression, ruffled feathers,
condemnation of carcass in all birds of group B2 and some in
other groups. At day 27 two birds from group B2, one from
groups E1 were seen dead. From group B1, one bird was
morbid and from group F, two birds were found morbid. In
groups birds from treatment group such as C1, D1 and D2
looked healthy but some birds were showing ruffled feathers
and reduce feed consumption. Birds were also showing
activeness, started feeding and getting towards recovery after
addition of yeast and Bentonite in feed offered to birds but
some of them were depressed and was not taking proper
feeding. Over all mortality results can e seen in bar chart.
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Mortality(%)
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Fig.7 Mortality rate with and without toxin binder

Antibody Titer of the Birds

Haemagglutination Inhibition (HI) test was performed at days
14, 21, and 28 days of age to check the immune status of
birds challenged with aflatoxin B1 and treated with yeast and
clay. Haemagglutination Inhibition (HI) test and its GMT and
CGMT values of results are described below in the graph.

Estimated Marginal Means of HI_Titre
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Fig.8 Estimated marginal mean of HI titer
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FEED CONVERSION RATIO (FCR)

The birds were weighed at the start and end of the experiment
subsequently. The daily feed refused and offered, of each
groups were also noted on daily basis. On daily and weekly
basis mortality was calculated. To calculate feed conversion
rate (FCR) data thus collected was utilized [20].

Table 2: Feed Conversion Ratio (FCR)

GROUPS FEED AVERAGE FC
INTAKE WEIGHT
(gm) GAIN (gm)
A 28420+111.93  13610+51.18  2.08+0.50
B1 27325+107.61  12480+64.64  2.18+0.61
B2 23220492.17  9810+37.72  2.36+0.68
C1l 25329+110.01  12120+43.16  2.08+0.61
C2 24998+98.80  11721+44.06  2.13+0.70
D1 27345+107.58  14960+56.05  1.82+0.48
D2 24325+96.53  11775+44.26  2.06+0.57
El 26346+104.18  11877+44.19  2.21+0.65
E2 27456+108.21 12200+47.41 2.25+0.74
F1 27468+108.21  12600+49.83  2.18+0.67
F2 28569+112.52  14120453.66  2.02+0.67
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Fig. 9 Indicated groups D1and F2 have maximum output after
feed additives (toxin binders)

DISCUSSION

Feed Consumption

A significant difference (P<0.05) was found between all
groups regarding overall feed intake. This may be justified
with the fact that toxin binders worked efficiently and didn’t
let the mycotoxins to exert detrimental effects on the
digestive tract of birds, protected the intestinal health and
hence normal feed intake indicates that more the toxin binder
added, improved was the feed conversion. These findings are
in line to that who reported that esterified glucomannan of
Saccharomyces cerevisiae boosted body weight gain and
food intake 2-2 per cent and 1.6 per cent, respectively [21],
which showed Saccharomyces cerevisiae as toxin binder.
Researchers also reported toxin binder ability of
Saccharomyces cerevisiae leading to increased weight gain
[22, 23]. It was revealed that dried yeast and yeast cell wall
help to reduce toxicity when mixed with aflatoxin Bl
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contaminated rat feed [24]. A research illustrated that cell
wall of the S. cerevisiae confirm 77% binding with aflatoxin
[25]. A study also verified that yeast glucomannan when
added in poultry feed, produced protective effects against
aflatoxicosis in broilers [26]. It was exposed Bentonite
addition resulted in improved feed efficiency and protective
effects against liver and bursa of Fabricius damage [27]. It
was reported that improvement in FCR by addition of
Bentonite clay in poultry feed [28]. As two different toxin
binders were used in this study, i.e. Bentonite clay and
Saccharomyces cerevisiae their comparative feed conversion
ratios were also observed. Results supported the hypothesis
of this study that Saccharomyces cerevisiae is an efficient
toxin binder as compare to Bentonite clay. For example, in
group D1 and F1 containing same concentrations of
Saccharomyces cerevisiae and Bentonite clay, respectively,
challenged with same level of aflatoxin, feed conversion was
observed higher in D1 as compared to F1.

Antibody Titer against NDV

A non significant difference (P>0.05) was found between all
groups regarding antibody titer against NDV. Addition of
both toxin binders i.e. Bentonite and S. cerevisiae did not
helped to raise antibody titers of their respective groups
significantly, as compared to positive control group in which
none of the binder was added. However, antibody titers of
groups containing S. cerevisiae were relatively high as
compare to groups containing same amount of Bentonite
which supports our assumption that S. cerevisiae is better as
compared to Bentonite to raise antibody titer against NDV.
Antibody titers against ND was significantly improved with
the supplementation of Glucomannan yeast product [14],
antibody titers against ND was significantly (p<0.05)
decreased in all the mycotoxin fed Groups as reported many
researchers [20, 25, 29]. GYP significantly improved
antibody titers against ND. Similar improvements in immune
response with mannanoligosaccharide supplementation were
recorded earlier [30]. The addition of high grade Bentonite
decreased the antibody titer against NDV supported the
results of this study in high and low concentrated Bentonite
treated groups F2 and F1 respectively [31].

Gross and Histopathology

This study was conducted whether inclusion of yeast and clay
in broiler feed was effective in treating lesions caused by
revelation to aflatoxin B1l. Gross and histopathological
changes are helpful to evaluate the negative effects of
aflatoxin in main organs for examining the usefulness of
detoxifying agents in broilers [32]. The liver is a significant
target organ for aflatoxin B1, as reported by other research
workers [33]. Vital organs: liver, kidney and spleen of birds
were examined for gross and histopathological changes in the
study. Different lesions like tubular coagulative necrosis,
cellular swelling and accumulation of epithelial cells were
observed. There leukocytic infiltration and peritubular
congestion were also seen as annotated by some experts [26,
34]. In this study, group D1 higher concentration of yeast
6g/kg with low level of toxin efficiently achieved healthy
liver which was damage due to aflatoxin. Higher
concentration of yeast glucomannan significantly reduces the
deleterious effects of aflatoxin in broilers [20, 23] with regard
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to improve health status and better immune status. In negative
control group liver was normal but in group Bl and B2
structural changes in liver and kidney were seen. There was
fatty liver with petechial haemorrhages, splenomegaly and
enlarged kidney. Aflatoxicated and treated Group D1 showed
the milder degree of fatty degeneration and enlargement in
liver and kidney with hemorrhagic spots on musculature as
compared to untreated birds. Results were also supported
according to literature [35].

CONCLUSION

The performance and humoral immunity against ND were
significantly affected by AF (400 ppb) treatment. The yeast
and sodium Bentonite, individually and in combination to the
AF-containing diet ameliorated the adverse effects of
aflatoxin, 0.6% yeast glucomannan supplementation to the
contaminated diet with aflatoxin proved to be more useful in
the reducing the undesirable effect of AF on growth and
antibody production against NDV in poultry birds.

ACKNOWLEDGMENT: Author acknowledged the efforts
of all those who involved to fulfill the research work.

CONFLICT OF INTEREST: The author has no conflict of
interest

REFERENCES

[1] Anonymous. Economic Survey of Pakistan, Ministry of
Finance, Finance Div. Govt. of Pakistan, Islamabad,
2014-15.

[2] Sahota, A., B. Bhatti, and L. Akhtar. Comparative
productive performance of Desi parent chickens and
their first progeny maintained on deep litter system.
Pak.Vet. J., 23:7-10, 2003.

[3] Anjum, A.D., S. Hussain, and G.S. Arbi. Infectious Bursal
Disease in chickens in Pakistan. Pak. Vet. J., 3: 54-58,
1993.

[4] Dutton, M.F., K. Ehrlich, and J.W. Bennet. Biosynthetic
relationship between aflatoxins B1, B2, M1 and M2.
Applied and Environmental Microbiology, 49:1392-
1395, 1985.

[5] Leeson, S., G.J. Diaz, and J.D. Summers. “Poultry
Metabolic Disorders and Mycotoxins” University
Books. Guelph. Pp. 249-280, 1995.

[6] Devegowda, G., and T.N.K. Murthy. “Mycotoxins: Their
effects in poultry and some practical solutions. The
Mycotoxin Blue Book. D. Diazededs Nottingham
University Press. U.K., pp. 25-26, 2005.

[7] Tung, H.T., J.W. Smith, and P.B. Hamilton. Aflatoxin and
bruising in chickens. Poultry Science, 50:795-800,
1971.

[8] Yunus, AW., E. Razzazi-Fazeli, and J. Bohm. Aflatoxin
BI1 in affecting broiler’s performance, immunity, and
gastrointestinal tract. J.Venom.Anim.Toxins., 3: 566-
590, 2011.

[9] Karaman, M., H. Basmacioglu, M. Ortatatli, and H. Oguz.
Evaluation of the detoxifying effect of yeast
glucomannan on aflatoxicosis in broilers as assessed by

Nov.-Dec



6084

gross examination and histopathology. Br Poult Sci., 46:
394-400, 2005.

[10] Bovo, F., L.T. Franco, E. Kobashigawa, G.E.
Rottinghaus, D.R. Ledoux, and C.A. Oliveira, Efficacy
of beer fermentation residue containing Saccharomyces
cerevisiae cells for ameliorating aflatoxicosis in
broilers. Poult Sci., 94:934-42, 2015.

[11] Shetty, P.H., B. Hald, and L. Jespersen. Surface binding
of aflatoxin B1 bySaccharomyces cerevisiaestrains with
potential decontaminating abilities in indigenous
fermented foods. Int. J. Food. Microbiol., 113: 41-46,
2007.

[12] Grosicki, A. Bentonite influence on manganese uptake in
rats. Bull Vet. Inst. Pulawy. 52: 441-444, 2008.

[13] Prvulovic, D., D. Kojic, G. Grubor-Lajsic, and S.
Kosarcic. The effects of dietary inclusion of hydrated
aluminosilicate on performance and biochemical
parameters of broiler chickens. Turk. J. Vet. Anim. Sci.,
32:183-189, 2008.

[14] Girish, C., and G. Devegowda. Efficacy of
glucomannan-containing yeast product (Mycosorb®)
and hydrated sodium calcium aluminosilicate in
preventing the individual and combined toxicity of
aflatoxin and T-2 toxin in commercial broilers. Asian
Australasian J. Anim. Sci., 19: 769-774, 2006.

[15] Shetty, P.H., B. Hald, and L. Jespersen. Surface binding
of aflatoxin B1 by Saccharomyces cerevisiaestrains
with potential decontaminating abilities in indigenous
fermented foods. Int. J. Food Microbiol., 113: 41-46,
2007.

[16] Shotwell, O.L., C.W. Hesseltine, R.D., Stubblefield,
W.G. Sorenson. Production of aflatoxin on rice. Appl
Microbiol., 14:425-428, 1966.

[17] Alexander D.J., and N.J. Chettle. Procedures for the
haemagglutination and the haemagglutination inhibition
tests for avian infectious bronchitis virus. Avian
Pathology, 6: 9-17, 1977.

[18] Villegas, P., and H.G. Purchase. Titration of Biological
Suspension. “In: A Laboratory Manual for the Isolation
and ldentification of Avian Pathogens”, USA Kendal
Hunt American Association of Avian Pathologists,
lowa, pp.186-190, 1989.

[19] Ming, M.E. Book and new media reviews: An atlas of
histopathology of skin diseases: An illustrated textbook
and reference for clinicians. Arch Dermatol., pp.136-
944, 2000.

[20] Raju, M., and G. Devegowda. Influence of esterified-
glucomannan on performance and organ morphology,
serum biochemistry and haematology in broilers
exposed to individual and combined mycotoxicosis
(aflatoxin, ochratoxin and T-2 toxin). Br. Poult Sci., 41:
640-650, 2000.

[21] Kabak, B., A.D.W. Dobson and I. Var. Strategies to
prevent mycotoxin contamination of food and animal
feed a review. Food Science and Nutrition, 46: 593-619,
2006.

[22] Pizzolitto, R.P., M.R. Armando, M.A. Salvano, A.M.
Dalcero, and C.A. Rosa. Evaluation of Saccharomyces

ISSN 1013-5316; CODEN: SINTE 8

Sci.Int.(Lahore),27(6),6077-6085,2015

cerevisiae as an antiaflatoxicogenic agent in broiler
feedstuffs. Poult. Sci., 92:1655-63, 2013.

[23] Santin, E., A.C. Paulilo, A. Maiorka, L.S.0. Nakaghi, M.
Macan, and A.V.F. de Silva. Evaluation of the
efficiency of Saccharomyces cerevisiae cell wall to
ameliorate the toxiceffects of aflatoxin in broilers.
International Journal of Poultry Science, 2: 241-344,
2003.

[24] Baptista, A.S., J. Horii, M.A. Calori-Domingues, E.M.
da Gloria, J.M. Salgado, and M.R. Vizioli. The capacity
of mannooligosaccharidesthermolysed yeast and active
yeast to attenuate aflatoxicosis. World Journal of
Microbiology and Biotechnology, 20: 475-481, 2004.

[25] Devegowda, G., B.L.R. Arvind, and M.G. Morton.
Saccharomyces cerevisiae and mannanoligosaccharides
to counteract aflatoxicosis in broilers. “Proceedings of
Australian poultry science symposium”, Sydney.
Pp.103-106, 1996.

[26] Karaman, M., H. Basmacioglu, M. Ortatatli, and H.
Oguz. Evaluation of the detoxifying effect of yeast
glucomannan on aflatoxicosis in broilers as assessed by
gross examination and histopathology. Br. Poult. Sci.,
46: 394-400, 2005.

[27] Ghahri, H., R. Habibian and M.A, Fam. Evaluation of
the efficacy of esterified glucomannan, sodium
Bentonite, and humic acid to ameliorate the toxic effects
of aflatoxin in broilers. Turk. J. Vet. Anim. Sci., 34: 385-
391, 2010.

[28] Pasha, T.N., M.U. Farooq, F.M. Khattak, M.A. Jabbar,
and A.D. Khan. Effectiveness of sodium Bentonite and
two commercial products as aflatoxin absorbents in
diets for broiler chickens. Animal Feed Science &
Technology, 132:103-110, 2007.

[29] Devegowda, G., M.V.L.N. Raju, N. Afzali, and
H.V.L.N. Swamy. Mycotoxin picture worldwide: Novel
solutions for their counteraction. TP Lyons & KA
Jacques Eds. “Biotechnology in feed industry”.
Nottingham University Press. Pp. 241-255, 1998.

[30] Toki¢, V., M. Lazarevi¢, Z. Sinovec, and A. Toki¢. The
influence of different feed additives to performances
and immune response in broiler chicken. Acta
veterinaria. 57: 217-229, 2007.

[31] Sadeghi, A.A., H. Ahmadi-Mazhin, P. Shawrang and A.
Mohammadi. Effects of MOS and heat activated
Sodium Bentonite as aflatoxin absorbents on antibody
titers against Newcastle Disease and Infectious Bursal
Disease Viruses in broiler chickens. World Applied
Sciences Journal, 18: 127-129, 2012.

[32] Rosa, C., R. Miazzo, C. Magnoli, M. Salvano, S.
Chiacchiera, S. Ferrero, M. Saenz, E. Carvalho, and A.
Dalcero. Evaluation of the efficacy of Bentonite from
the south of Argentina to ameliorate the toxic effects of
aflatoxin in broilers. Poultry Science, 80:139-144, 2001.

[33] Ortatatli, M., H. Og™uz, F. Hatipog lu, and M. Karaman.
Evaluation of pathological changes in broilers during
chronic aflatoxin (50 and 100 ppb) and clinoptilolite
exposure. Research in Veterinary Science, 78: 61-68,
2005.

Nov.-Dec


http://www.ncbi.nlm.nih.gov/pubmed/?term=Bovo%20F%5BAuthor%5D&cauthor=true&cauthor_uid=25743420
http://www.ncbi.nlm.nih.gov/pubmed/?term=Franco%20LT%5BAuthor%5D&cauthor=true&cauthor_uid=25743420
http://www.ncbi.nlm.nih.gov/pubmed/?term=Kobashigawa%20E%5BAuthor%5D&cauthor=true&cauthor_uid=25743420
http://www.ncbi.nlm.nih.gov/pubmed/?term=Rottinghaus%20GE%5BAuthor%5D&cauthor=true&cauthor_uid=25743420
http://www.ncbi.nlm.nih.gov/pubmed/?term=Ledoux%20DR%5BAuthor%5D&cauthor=true&cauthor_uid=25743420
http://www.ncbi.nlm.nih.gov/pubmed/?term=Oliveira%20CA%5BAuthor%5D&cauthor=true&cauthor_uid=25743420
http://www.ncbi.nlm.nih.gov/pubmed/25743420
http://www.ncbi.nlm.nih.gov/pubmed/?term=Shotwell%20OL%5BAuthor%5D&cauthor=true&cauthor_uid=5970829
http://www.ncbi.nlm.nih.gov/pubmed/?term=Hesseltine%20CW%5BAuthor%5D&cauthor=true&cauthor_uid=5970829
http://www.ncbi.nlm.nih.gov/pubmed/?term=Stubblefield%20RD%5BAuthor%5D&cauthor=true&cauthor_uid=5970829
http://www.ncbi.nlm.nih.gov/pubmed/?term=Sorenson%20WG%5BAuthor%5D&cauthor=true&cauthor_uid=5970829
http://www.ncbi.nlm.nih.gov/pubmed/5970829
http://www.ncbi.nlm.nih.gov/pubmed/5970829
http://www.ncbi.nlm.nih.gov/pubmed/?term=Ming%20ME%5BAuthor%5D&cauthor=true&cauthor_uid=10891011
http://www.ncbi.nlm.nih.gov/pubmed/10891011
http://www.ncbi.nlm.nih.gov/pubmed/?term=Pizzolitto%20RP%5BAuthor%5D&cauthor=true&cauthor_uid=23687163
http://www.ncbi.nlm.nih.gov/pubmed/?term=Armando%20MR%5BAuthor%5D&cauthor=true&cauthor_uid=23687163
http://www.ncbi.nlm.nih.gov/pubmed/?term=Salvano%20MA%5BAuthor%5D&cauthor=true&cauthor_uid=23687163
http://www.ncbi.nlm.nih.gov/pubmed/?term=Dalcero%20AM%5BAuthor%5D&cauthor=true&cauthor_uid=23687163
http://www.ncbi.nlm.nih.gov/pubmed/?term=Rosa%20CA%5BAuthor%5D&cauthor=true&cauthor_uid=23687163
http://www.ncbi.nlm.nih.gov/pubmed/23687163

Sci.Int.(Lahore),27(6),6077-6085,2015 ISSN 1013-5316; CODEN: SINTE 8

[34] Zain, M.E. Impact of mycotoxins on humans and
animals. Journal of Saudi Chemical Society, 15:129-
144, 2011.

[35] Ahmed, M.A.E., K. Ravikanth, D.S. Rekhe and S.

Maini. Histopathological alterations in Aflatoxicity and
its amelioration with herbomineral toxin binder in
broilers. Veterinary World, 2:390-392, 20009.

Nov.-Dec

6085



