IPSA’/

Japan Poultry Science Association

http://www.jstage.jst.go.jp/browse/jpsa
doi:10.2141/jpsa.0170019
Copyright © 2018, Japan Poultry Science Association.

< Research Note>

Effect of the Addition of Saccharomyces Cerevisiae Yeast Cell Walls to Diets
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This study was conducted to evaluate the effect of Saccharomyces cerevisiae yeast cell walls (YCWs) in diets
with low doses of aflatoxin B1 (AFB1) and ochratoxin A (OTA), alone or in combination, on broiler performance and
immune response. A total of 210 male broilers aged 1-21 days were used. Broilers were completely randomized into
seven treatments with five replicates of six broilers each, as follows: 1) control diet; 2) control + 350 #g/kg AFB1; 3)
Control + 350 #g/kg OTA; 4) Control + 350 1g/kg AFB1 and 350 zg/kg OTA; 5) Control + 350 ug/kg AFBI1 and 1.5
kg/ton YCW; 6) control + 350 ug/kg OTA and 1.5 kg/ton YCW; 7) control + 350 ug/kg AFB1, 350 ug/kg OTA, and
1.5kg/ton YCW. The broilers were housed under environmentally controlled conditions in Petersime battery cages.
Weight gain, feed intake, and feed conversion index were measured. The relative weights of the thymus, spleen, and
bursa of Fabricius (BF) were evaluated. The local immune response was assessed by quantifying the level of intes-
tinal immunoglobulin A (IgA). The cellular immune response was evaluated using a delayed hypersensitivity test.
Hemograms and blood cell counts were also performed. The results showed that mycotoxins decreased performance
and reduced the immune response (p<<0.05) of broilers. Weight gain and feed conversion improved in the groups
receiving YCWs. The YCWs increased (p<<0.05) intestinal IgAs and the cellular immune response (p<<0.05). The
addition of YCWs also affected the relative weight of the thymus, spleen, and BF (p<<0.05), and the leukocyte,
lymphocyte, and heterophil counts (p<0.05). The addition of YCWs can be an alternative to counterage the negative
effect of low doses of AFB1 and OTA in broilers diets.
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Introduction

Mycotoxins are metabolites produced by fungi, and are
present in contaminated feed of productive animals such as
poultry. Aflatoxins and ochratoxins are the most common
mycotoxins (Gimeno, 2004). Among birds, ducks are the
most susceptible to aflatoxin poisoning, followed by turkeys,
broilers, laying hens, and quail. Aflatoxin B1 is considered a
hepatic carcinogen and affects a wide variety of animals and
humans because of its immunosuppressive effect (Dragan
and Pitot, 1994). The target organ of ochratoxin alpha (OTA)
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is the kidney, in which lesions can occur due to acute or
chronic exposure (Harwig et al., 1983). OTA is approxi-
mately three times more toxic than aflatoxin to growing
broilers (Huff et al., 1992).

The effect of exposure to more than one mycotoxin in
animals can be equal to the sum of the expected effects of
each mycotoxin individually (an additive effect), lower than
the expected effects of each mycotoxin individually (an
antagonistic effect), or higher than expected from the sum of
the individual effects of each mycotoxin (a synergistic effect)
(Tammer et al., 2007; Wang et al., 2009).

The contamination of animal feed with mycotoxins has led
to clays and other aluminosilicates being mixed into the feed
in order to absorb the aflatoxin in the animal’s digestive tract;
however, not all toxins are always adsorbed. Subsequently,
the use of the oligosaccharides 51,3-51,6 glucan and mannan
extracted from the cell walls (YCWSs) of the yeast Sac-
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charomyces cerevisiae have been shown to protect poultry
from the adverse effects of mycotoxins (Devreese et al.,
2013).

The major components of YCW are carbohydrates, which
belong to a group of oligosaccharides comprising mostly 5-
glucans and mannan-oligosaccharides (MOSs). YCWs are
estimated to contain 85 to 90% oligosaccharides, correspond-
ing to molecules of 1,3-S-glucans (30-50%), 1,6-5-glucans
(5-10%), mannoproteins (30-50%), and chitin (1.5-6%)
(Klis et al., 2006). The mode of action of the 5-D-glucans
has not yet been fully determined (Yiannikouris et al., 2006).
YCWs are comprised of 10 to 20% protein (Nguyen et al.,
1998). The presence of oligosaccharides in YCWs can
explain their mode of action via the chemical interaction
between S-D-glucans and the cyclic and hydroxyl groups of
the mycotoxins, through weak bonds such as hydrogen bonds
and Van der Waals interactions. The results of several
studies have suggested that the three-dimensional structure of
YCWs, which mainly consists of oligosaccharides, is capable
of adsorption reactions with specific mycotoxins such as
aflatoxins, ochratoxin, and zearalenone (Yiannikouris et al.,
2004; Jouany and Diaz, 2005; Ringot et al., 2006). Further-
more, Osborn and Khan (2000) reported that MOSs and
glucans play significant roles in the immune system, as well
as in the intestine, where they are important and beneficial in
maintaining the intestinal microflora health and balance,
thereby increasing broiler growth (Czop JR, 1986; Hooge
DM. 2004; Kocher et al., 2005; Gémez et al., 2009; Morales
et al., 2010; Briimmer et al., 2010).

The aim of this study was to evaluate the effect of S.
cerevisiae YCWs inclusion in sorghum-soya-based broiler
diets contaminated with low doses of AFB1 and OTA (alone
or in combination) on the performance and immunological
parameters of growing broilers.

Materials and Methods

Experiments were conducted using broilers; the bird
handling procedures met the requirements set forth by the
Institutional Animal Care and Use Committee (Comité In-
stitucional para el cuidado y uso de los animales experimen-
tales - CICUAE FMVZUNAM) based on the Official Mexi-
can Norm (NOM-033-SAG/ZO0-2014).

Concentration of Mycotoxins and Experimental Model

AFBI1 and OTA were produced in the Research Unit in
Grains and Seeds (Unidad de Investigacion en Granos y
Semillas - UNIGRAS) of the School of Higher Studies
(Facultad de Estudios Superiores - FES), Cuautitlan,
National Autonomous University of Mexico (Universidad
Nacional Auténoma de México - UNAM).

The Vicam Corp Afla B™ test (Waters Corporation; Mil-
ford, MA, USA) was used to determine the AFBI concen-
tration, and the OchraTest, also from Vicam Corp (Waters
Corporation), was used to determine the OTA concentration
(Amerongen et al. 2005). Once the final concentrations of
the mycotoxins had been determined, diets based on sorghum
and soya meal were prepared. The sorghum was previously
analyzed using the same chromatographic technique with

Table 1. Calculated composition and analysis of the
starter basal diet for broilers (1-21 days of age)

Ingredient Basal diet kg
Sorghum 600.03
Soybean oil meal (48% protein) 317.97
Soya oil 44 .74
Monodicalcium phosphate 17.69
Calcium carbonate 11.15
Salt 3.82
DL-Methionine 99% 1.50
L-Lysine HCI 1.00
Vitamin Premix* 1.00
Choline chloride 60% 0.50
Mineral premix** 0.30
Bacitracin 10% 0.15
Antioxidant 0.15
Total 1000
Calculated analysis
Metabolisable energy (kcal/kg) 3150
Protein 21.00
Dig. lysine (%) 1.10
Dig. met + cys (%) 0.84
Total calcium (%) 0.90
Available phosphorus (%) 0.45

* The vitamin (Vit.) mixture includes the following: 12,000,000 IU
Vit. A; 2,500,000 IU Vit. D3; 15,0001U Vit. E; 2,000 mg/kg Vit.
K3; 2,250 mg/kg Vit. B1; 8,000mg/kg Vit. B2; 45,000 mg/kg
Vit. B3; 12,500 mg/kg Vit. BS; 3,500 mg/kg Vit. B6; 20 mg/kg
Vit. B12; 1,500 mg/kg folic acid; and 25 mg/kg biotin.

** The mineral mixture includes the following: 200 mg/kg Selenium;
200 mg/kg Cobalt; 300 mg/kg lodine; 12,000 mg/kg Copper; 50,000
mg/kg Zinc; 50,000 mg/kg Iron; 110,000 mg/kg Manganese.

immunoaffinity columns to avoid any mycotoxin contamina-
tion. When mixing the ingredients to obtain a nutritionally
adequate sorghum-soya-based diet (Table 1), according to
the recommendations for the Ross 308 broiler strain, YCWs
(Safmannan, Phileo, Lesaffre Animal Care), AFB1, and OTA
were added homogeneously. The eight experimental diet
treatments were as follows:

* Treatment 1: control diet

* Treatment 2: T1 + 350 ng/kg AFB1

* Treatment 3: T1 + 350 ng/kg OTA

* Treatment 4: T1 + 350 ug/kg AFBI1 and 350 g/kg OTA

- Treatment 5: T1 + 350 #g/kg AFB1 and 1.5kg/ton YCW

* Treatment 6: T1 + 350 g/kg OTA and 1.5 kg/ton YCW

* Treatment 7: T1 + 350 ug/kg AFBI1, 350 ug/kg OTA and

1.5kg/ton YCW

A completely randomized design with seven experimental
treatments was used. Each treatment included five repeti-
tions of six chickens each. Once prepared, the diets were
analyzed to confirm that each mycotoxin was present at the
correct amount.

The experiment was conducted with 210 Ross 308 male
broilers aged 1 to 21 days from a commercial hatchery.
Broilers were individually weighed and randomly allocated
to the different treatments. Each treatment consisted of five
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replicates of six broilers each. The birds were housed
throughout the test in Petersime battery cages™™ (Incubators
& Brooders, Zulte, Belgium) under a controlled environment.
The experiment was conducted at the Centre for Education,
Research, and Extension in Poultry Production (Centro de
Ensefanza, Investigacion y Extension en Produccion Avicola
- CEIEPAV), Faculty of Veterinary Medicine and Animal
Science, National Autonomous University of Mexico, lo-
cated in Tlahuac Delegation, Federal District, Mexico.

Water and feed were administered ad libitum. During the
experiment, the broilers and feed were weighed weekly to
determine the weight gain, feed intake, and feed conversion
index.
Systemic Humoral Immune Response

To evaluate the systemic response to YCWs at 9 days of
age, the broilers simultaneously received a live-virus vaccine
against Newcastle disease via the ocular route, and a killed-
virus vaccine against Newcastle disease subcutaneously.
Ten blood samples without anticoagulants were taken per
replication prior to vaccination and 13 days after vaccination.
The sera were frozen at —20°C for subsequent determination
of the specific serum antibody titers against the Newcastle
disease virus using a hemagglutination inhibition test.
Local Humoral Immune Response

A 10-cm sample of duodenum was taken from 12 broilers
per treatment. The samples were washed with 10m/ of
sterile ice-cold phosphate-buffered saline (PBS) solution by
passing the PBS through the fraction of the intestinal tract
three times. The contents were collected and centrifuged at
1200 rpm for 10 minutes. The supernatant was collected and
frozen at —20°C for subsequent evaluation using an ELISA.
IgA Assessment

The concentrations of immunoglobulin A (IgA) in the
intestinal washings were evaluated using the Chicken IgA
ELISA Quantitation Set (Bethyl Laboratories, Inc., Mont-
gomery, TX, USA) following the manufacturer’s specifica-
tions. Briefly, chicken IgA in a carbonate buffer solution
(0.05 M, pH 9.6) was placed in 96-well flat-bottomed plates.
The plates were incubated at 4C overnight and then washed
three times with 0.05% PBS-Tween 20. A blocking solution
(0.5% skimmed milk and 0.2% sucrose in PBS) was added,
and the plates were incubated for 30 minutes and then
washed. The intestinal washings were incubated for 1 hour
at 37°C and then washed five times with 0.05% PBS-Tween-
20. An HRP conjugate (goat anti-chicken IgA-HRP') was
added and the plates were incubated at 37°C for 1 hour and
washed again. ABTS substrate was added, the plates were
incubated for 20 minutes, and the reaction was stopped with
stop solution (H2SO4 2 M). The density was read at 405 nm.
Cellular Immune Response
Hematology

Blood samples were collected with an ethylenediaminete-
traacetic acid (EDTA) S-Monovette (Sarstedt AG & Co.KG,
Sarstedtstrale 1, 51588 Niimbrecht, Alemania) from the
radial veins of 12, 21-day-old chickens per treatment group.
A differential leukocyte count was performed using blood
smears stained with Wright’s stain. Total counts were indi-

rectly determined by calculating the percentage of leukocytes
in defined areas on the blood smears (Campbell, 1995).
Delayed Hypersensitivity Test

The broilers were evaluated at 20 days of age using the
delayed hypersensitivity test (Edelman et al., 1986; Corrier
and DeLoach, 1990), which measures the response of
broilers to intradermal inoculation. Broilers were inoculated
with phytohemagglutinin (PHA-A) at 0.1 mg/0.1 m/ concen-
tration, which was injected into the interdigital webbing of
phalanges 3 and 4 of the left leg of three broilers per replicate
(12 broilers per treatment). The same procedure was per-
formed in the interdigital webbing of the right leg using
sterile saline (0.1 m/) as a control. The reading was taken 24
hours after inoculation (broiler was 21 days of age). The
thickness of the interdigital webbing was determined with a
digital Vernier caliper before inoculation and 24-hours later.
The following formula was used to calculate the increase in
the thickness of the broilers’ interdigital webbing: cutaneous
hypersensitivity response = the thickness of the interdigital
webbing of the left leg 24 hours after inoculation - the
thickness of the interdigital webbing of the left leg before
inoculation (Corrier and DeLoach, 1990).
Organ Histopathology

The broilers were sacrificed by cervical dislocation at 21
days of age to allow organ sampling for the histopathological
analysis of the thymus, spleen, bursa of Fabricius (BF), liver,
and kidney. Thymus, spleen, BF, liver, and kidney samples
were acquired from 12 broilers per treatment. The thymus
and the BF were weighed, and the relative weights were
obtained (Perozo-Marin et al., 2004). All samples were pre-
served and fixed in 10% buffered formalin for processing and
for the generation of histological sections for microscopic
observation.
Statistical Analysis

Data corresponding to each variable studied were analyzed
in a completely randomized design with seven experimental
treatments. Because a difference (p<<0.05) existed between
treatments, the data were compared using Tukey’s test with
the statistical package SPSS version 20. Antibody titer data
from the hemagglutination inhibition test were transformed
into logarithm base 2 for statistical analyses.

Results

Animal Performance

The results of the production variables are shown in Table
1. The body weight (»p<0.05) was affected in the treatments
contaminated with AFB1, OTA, and AFB + OTA compared
with treatments without mycotoxins. Additionally, body
weight improved (p <0.05) with the addition of YCWs to the
diets. Differences (p<<0.05) in feed intake were detected
among the treatments, with decreased intake observed with
the OTA and AFB + OTA treatments compared with treat-
ments without mycotoxins and AFB1. An improvement in
the feed conversion index (p<<0.05) was observed with the
addition of YCWs.
Relative Weights of Lymphoid Organs

The relative weights of the thymus, spleen, and BF are
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Table 2. Effect of the addition of Saccharomyces cerevisiae yeast cell walls on performance and relative weight of the

thymus, spleen, and bursa of Fabricius in broilers fed diets contaminated with low doses mycotoxins

Weight at 21 Feed‘ . Thymus weight Spleen weight Burs'a .Of
days (2) conversion Feed intake (g) % LW) % LW) Fabricius
e (g*®) ’ ° weight (% LW)
Control diet 834a 1.260a 1025a 0.42a 0.11a 0.26a
Control + 350
sg/ke AFBI 792b 1.277a 1019ab 0.36b 0.09% 0.22b
Control + 350
sg/kg OTA 797b 1.250a 1006b 0.36b 0.09% 0.22b
Control + 350
ug/kg AFB1 and 786b 1.248a 993b 0.36b 0.09% 0.21b
350 #g/kg OTA
Control + 350
ug/kg AFB1 and 845a 1.237b 1044a 0.38ab 0.10a 0.27a
1.5kg/ton YCW
Control + 350
rg/kg OTA and 835a 1.250a 1042a 0.38ab 0.10a 0.28a
1.5kg/ton YCW
Control + 350
reg/kg AFBI,
350 g/kg OTA 812ab 1.240b 1009b 0.38ab 0.10a 0.28a
and 1.5 kg/ton
YCW
MEE 4.4 4.2 0.01 0.01 0.001 0.001

a,b Values within a column not sharing a common superscript are statistically different (p<0.05).

Table 3. Effect of the addition of Saccharomyces cerevisiae yeast cell walls on the local humoral, cellular,
and blood cell immune responses in broilers fed diets contaminated with low doses of mycotoxins

Delayed .
. Lymphocytes Leukocytes Heterophils
IgA (ng/m/) hypersensitivity (10°L) (10°L) (10°L)
(mm)
Control diet 216b 0.47a 3.2a 7.8b 3.3ab
Control + 350
sg/ke AFBI 198b 0.39b 3.1ab 7.2ab 3.1b
Control + 350
sgkg OTA 206b 0.37b 3.1ab 6.8b 2.6b
Control + 350
ng/kg AFB1 and 193b 0.30b 3.0b 6.7b 2.6b
350 #g/kg OTA
Control + 350
ng/kg AFBI and 234a 0.50a 3.3a 8.2a 3.7a
1.5kg/ton YCW
Control + 350
ng/kg OTA and 231a 0.50a 3.2a 8.2a 3.6a
1.5kg/ton YCW
Control + 350
reg/kg AFBI,
350 ug/kg OTA 212ab 0.47a 3.1a 7.3ab 3.0b
and 1.5kg/ton
YCW
MEE 2.9 0.02 0.06 0.08 0.09

a,b Values within a column not sharing a common superscript are statistically different (p<0.05).
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shown in Table 3. A detrimental effect of mycotoxins was
observed in these organs, as well as improved weight, when
the YCWs were added to the diet (»<<0.05). Moreover, dif-
ferences (p <0.05) between the treatments contaminated with
mycotoxins and treatments without mycotoxins were ob-
served.

Humoral and Cell-mediated Immune Responses

Including YCWs in the diet of broilers improved the local
humoral immune response (p<<0.05), increasing the concen-
tration of intestinal IgA. A similar effect was observed for
the cellular immune response (p<<0.05), and delayed baso-
phil hypersensitivity was increased with the addition of
YCWSs (Table 2). However, for the systemic humoral im-
mune response, no significant differences (p>>0.05) in the
antibody titers against Newcastle disease were observed
among the treatments.

The blood profile showed significant differences among
treatments (p<0.05) in leukocytes, lymphocytes, and hetero-
phils. The mycotoxins decreased the blood concentration of
these cells. An increase in the concentration of lymphocytes
and heterophils was observed with the addition of YCWs
(Table 2).

Histological Findings

In the histological sections, no significant changes in the
liver, kidney, spleen, thymus, and BF were observed (data
not shown). The histological findings in the livers of the
broilers fed diets with AFB included vacuolar degeneration,
bile duct hyperplasia, and moderate multifocal fibrosis with
mild focal necrosis. Qualitatively, moderate lymphoid de-
pletion was observed in the thymus, spleen, and BF. More-
over, moderate epithelial hyperplasia with the presence of
epithelial cysts, as well as mild villous edema, were detected
in the BF (Fig. 1). In the OTA treatment group, no micro-
scopic morphological alterations were observed at the
structural level in the kidney, although OTA is nephrotoxic.
The same morphological changes described for aflatoxin
were observed in the thymus and spleen (Fig. 2). No ap-
parent pathological changes were observed in broilers fed
diets with YCWs and without mycotoxins. The AFB + OTA
interaction (Fig. 3) in the liver caused a moderate diffuse
vacuolar degeneration in the hepatocytes, bile duct hyperpla-
sia, and moderate multifocal fibrosis, as well as moderate
focal necrosis. No apparent pathological changes were ob-
served in the kidney. Moderate lymphoid depletion and mild
multifocal necrosis were observed in the thymus. Moderate

Fig. 1.

Histological sections from the aflatoxin B1 (AFB) treatment.
1) Liver with fibrosis (gray arrow), 2) Liver bile duct hyperplasia (black
arrows), and 3) Liver fatty degeneration (white arrows) and 4) the bursa
of Fabricius with lymphoid depletion (black arrows) are shown. 5)
Kidney no microscopic morphological alterations.
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Fig. 2. Histological sections from the ochratoxin A (OTA) treat-
ment. 1) Liver (Non Significants Changes), Bile duct without apparent
pathological changes (white arrows), 2) spleen with mild lymphoid
depletion (white arrows), central arteriola (black arrow), 3) thymus with
apoptosis (white arrows), and 4) bursa of Fabricius with lymphoid
depletion (black arrows) are shown.

Fig. 3. Histological sections from the aflatoxin B + ochratoxin A
(AFB + OTA) treatment. 1) Liver with bile duct hyperplasia (white
arrows), 2) thymus with apoptosis (black arrows), 3) spleen with lym-
phoid depletion (white arrow), central arteriola (black arrow), and 4)
bursa of Fabricius with lymphoid depletion (black arrow) and apoptosis
(white arrows) are shown.

43
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lymphoid depletion occurred in the spleen. The lesions
observed in the BF were the result of epithelial hyperplasia,
lymphoid depletion, and moderate villous edema, with the
presence of epithelial cysts. The combination of AFB +
YCW resulted in mild bile duct hyperplasia. No apparent
pathological changes were observed in the kidney and
thymus. Mild lymphoid depletion occurred in the BF. A
similar effect was observed with the combination of OTA +
YCW in the liver. No apparent pathological changes were
observed in the kidneys or the BF. Mild lymphoid depletion
was observed in the thymus and spleen. The combination of
AFB + OTA + YCW resulted in bile duct hyperplasia and
mild multifocal fibrosis in the liver. No apparent pathologi-
cal changes were observed in the kidneys. Moderate lym-
phoid depletion was observed in the BF, spleen, and thymus.
Mild focal necrosis was also detected in the thymus (Fig. 3).

Discussion

The addition of low doses of mycotoxin (350 #g/kg AFBI,
350 ug/kg OTA, and AFB1 + OTA) to sorghum + soya-
based diets decreased the weight of the broilers at 21 days of
age. This effect was greater with the AFB + OTA com-
bination. S. cerevisiae YCWs included at 0.15% in the diets
of the broilers counteracted the toxic effect, which corrobo-
rates the findings of other studies (Aravind et al., 2003, Arce
et al., 2005, 2008; Kocher et al., 2005; Gao et al., 2009;
Gomez-Verduzco et al., 2009). In other studies, in which
diets were contaminated with lower amounts of AFBI and
OTA (200 ug/kg) (Santin et al., 2006, Sawarkar et al.,
2011), isolated or in combination, differences in body weight
were observed due to the low doses of mycotoxin used.
Other studies reported a detrimental effect on weight when
poultry were fed AFB1 and OTA mixed at levels of 100 ppb
or higher (400 and 600ppb AFB1) (Verma et al., 2004;
Sakhare et al., 2007; Anand et al., 2008; Sawarkar et al.,
2011).

Regarding the relative weight of immune system organs
(spleen, thymus, and BF), a negative effect (p>>0.05) was
found with the diets containing mycotoxins, and this effect
occurred in a greater percentage of animals with the AFB +
OTA combination. This result is consistent with the findings
of several studies (Verma et al., 2004; Sakhare et al., 2007,
Sawarkar et al., 2011) in which lower weights were reported
in some lymphoid organs when poultry were fed diets
contaminated with AFB1, OTA, and a combination of both.
Conversely, Santin et al. (2006) reported no differences in
BF weight. Elaroussi et al. (2008) reported that 800 ppb of
OTA in broiler diets reduced the BF weight. It is possible
that tycotoxins affect the relative weight of the lymphoid
organs, leading to a detrimental effect on the immune re-
sponse. This reduction in the weight of the lymphoid organs
may be caused by necrosis or cell depletion (Hoerr et al.,
1981). The addition of YCWs decreased the organ damage
caused by the mycotoxins.

No differences in the systemic humoral immune response
were found among treatments in this study, which is con-
sistent with the findings of Santin et a/. (2003). In contrast

to Gao et al. (2009), Raju and Devegowda (2002), and
Mehdi and Ghahri (2012), who reported an increase in
antibody titers with the addition of YCWs, Kalorey et al.
(2005), Sakhare et al. (2007), Elaroussi et al. (2008), and
Goémez-Verduzeo et al. (2009) reported a decrease in anti-
body tires in broilers intoxicated with AFB1 or OTA (400
and 800 ppb, respectively) and concluded that this effect may
be due to synergism between the two mycotoxins.

An effect on the local humoral immune response was
observed in this study with the addition of 0.15% YCW,
which is in line with the findings of Gao et al. (2009) and
Goémez-Verduzeo et al. (2009). This increase in the content
of secretory IgA in the intestine due to YCW addition leads
to greater protection of the mucosa and intestinal villi against
pathogen-induce damage (Gao et al., 2009).

An increase in the cellular immune response (p>>0.05)
was observed with the addition of YCWs in the diet, which is
in line with the findings of Gémez-Verduzco et al. (2009).
This may be based on the chemical structure of the YCWs,
which includes mostly sugars, and the likely function of the
sugars as lectin-like receptor ligands, which has been de-
scribed in cell populations of lymphoid origin. In treatments
with OTA, greater adverse effects occurred in the cellular
response, which corroborates the findings of Devegowda and
Murthy (2005).

The blood counts revealed an increased concentration of
lymphocytes and heterophils (p>0.05) with the addition of
YCW, indicating that YCWs favor an increase in these cell
populations, which play an important role in the immune
response. A decrease in the percentage of leukocytes, het-
erophils, and lymphocytes was observed in the broilers fed
diets with mycotoxins compared with those fed diets without
mycotoxins, according to Kalorey et al. (2005), Aravind et
al. (2003), Sakhare et al. (2007), and Basmacioglu et al.
(2005). This effect may be explained by the results of Celika
et al. (2000), who demonstrated that aflatoxin-induced im-
munosuppression resulted in depressed cell functions and a
decrease in the number of T lymphocytes in the periphery
and in lymphoid tissues (Moura et al., 2004; Sawarkar et al.,
2011).

The histological evaluation of tissues revealed that the
highest degree of injury in the liver, spleen, BF, and thymus
was observed when broilers were fed diets containing
mycotoxins, alone or in combination (AFB1, OTA, AFB1 +
OTA), similar to the results of Kalorey et al. (2005) and
Sakhare et al. (2007). However, when 0.15% YCWs was
added, a decrease in the severity of the pathological changes
was observed, which is in line with the findings of Karaman
et al. (2005), who reported fatty degeneration and necrosis in
the liver, as well as lymphoid depletion in the spleen, thymus,
and BF. However, a decrease in lesion severity was found
with the addition of glucomannan.

Moreover, in this study, no lesions were found in the
kidney following the addition of mycotoxins, particularly
with OTA. Santin et al. (2003) reported epithelial cell hy-
pertrophy in the proximal tubules in the kidney, vacuolar
degeneration and bile duct hyperplasia in the liver, and
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lymphoid depletion in the BF of broilers intoxicated with
OTA. These differences relating to kidney damage are
probably due to the high concentration (2 mg/kg feed) used,
whereas a much lower concentration was used in the present
study.

One benefit of S. cerevisiae YCWs is that they act as im-
munostimulants, inducing the expression of Toll-like re-
ceptors (TLRs) (Roeder et al., 2004, Akira et al., 20006),
which are present on different cell types and recognize
pathogen-associated molecular patterns (PAMPs) to initiate
the innate immune response. The mannans and zymosan
contained in the cell walls of S. cerevisiae were found to
stimulate TLR4, TLR2, and TLR6, and to increase specific
immune responses. In addition, at the doses used, these
YCWs function as mycotoxin (AFB1 and, OTA) adsorbents
for contaminated feed.

Acknowledgments

The authors thank to Safmex S.A. de C.V. México for par-
tially supported this research.

References

Akira S, Uematsu S and Takeuchi O. Pathogen recognition and
innate immunity. Cell, 124: 783-801. 2006.

Amerongen Van, Barug D and Lauwaars M. Rapid methods for
biological and chemical contaminants in food and feed. 1st ed.
Wageningen Academic Publishers. Wageningen. 2005.

Anand P, Kunnumakkara AB, Sundaram C, Harikumar KB,
Tharakan ST, Lai OS, Sung B and Aggarwal BB. Cancer is a
preventable disease that requires major lifestyle changes.
Pharmaceutical Research, 25: 2097-2116. 2008.

Aravind KL, Patil VS, Devegowda G, Umakantha B and Ganpule
SP. Efficacy of esterified glucomannan to counteract mycotoxi-
cosis in naturally contaminated feed on performance and serum
biochemical and hematological parameters in broilers. Poultry
Science, 82: 571-576. 2003.

Arce MJ, Avila GE, Lépez CC, Garcia EA and Garcia GF. Efecto de
paredes celulares (Sacharomyces cerevisiae) en alimento de
pollo de engorda sobre los parametros productivos. Técnica
Pecuaria en México, 43: 155-162. 2005.

Arce MJ, Avila GE and Lopez CC. Comportamiento productivo y
cambios morfoldgicos en vellosidades intestinales del pollo de
engorda a 21 dias de edad con el uso de paredes celulares del
Saccharomyces cerevisiae. Veterinaria Mexico, 39: 223-228.
2008.

Basmacioglu G, Oguz H, Ergul M and Birdane YO. Effect of dietary
esterified glucomannan on performance, serum biochemistry
and haematology in broiler exposed to aflatoxin. Czech Journal
of Animal Science, 20: 31-39. 2005.

Brimmer M, Jansen C, Rensburg Van and Moran CA. Saccha-
romyces cerevisiae cell wall products: the effects on gut
morphology and performance of broiler chickens. S. South
African Journal of Animal Science, 40: 14-21. 2010.

Celika I, Oguza H, Demeta O, Donmezab HH, Boydaka M and Sura
E. Efficacy of polyvinylpolypyrrolidone in reducing the immu-
notoxicity of aflatoxin in growing broilers. British Poultry
Science. 4: 430-439. 2000.

Corrier DE and DeLoach JR. Evaluation of cell-mediated, cutaneous
basophil hypersensitivity in young chickens by an interdigital
skin test. Poultry Science. 69: 403-408. 1990.

Czop JK. The role of B-glucan receptors on blood and tissue
leukocytes in phagocytosis and metabolic-activation. Pathol-
ogy and Immunopathology Research, 5: 286-296. 1986.

Devegowda G and Murthy TNK. Mycotoxins: their adverse effects
in poultry and some practical solutions. In: The Mycotoxin
Blue Book (Diaz DE, ed.). pp. 25-56. Nottingham University
Press. Nottingham. UK. 2005.

Devreese M, De Backer P and Croubels S. Different methods to
counteract mycotoxin production and its impact. Vlaams
Diergeneeskundig Tijdschrift, 82: 181-190. 2013.

Dragan YP and Pitot HC. Aflatoxin carcinogenesis in the context of
the multistage nature of cancer. In: The Toxicology of Afla-
toxins: Human Health, Veterinary, and Agricultural Signifi-
cance (Eaton DL and Groopman JD, eds.). pp. 179-198. Aca-
demic Press. San Diego. 1994.

Edelman AS, Sanchez PL, Robinson ME, Hochwald GM and
Thorbecke GJ. Primary and secondary wattle swelling response
to phytohemagglutinin as a measure of immunocompetence in
chickens. Avian Diseases, 30: 105-111. 1986.

Elaroussi MA, Mohamed FR, Elgendy MS, Barkouky EME, Abdou
AM and Hatab MH. Ochratoxicosis in broiler chickens: func-
tional and histological changes in target organs. International
Journal of Poultry Science, 7: 414-422. 2008.

Gao J, Zhang HJ, Wu SG, Yu SH, Yoon I, Moore D, Gao YP, Yan
HJ and Qi GH. Effect of Saccharomyces cerevisiae fermenta-
tion product on immune functions of broilers challenged with
eimeria tenella. Poultry Science, 88: 2141-2151. 2009.

Gimeno A. Aflatoxina M1 no leite; Riscos para a satde publica,
prevengdo e controlo. Alimentacdo Animal, 49: 32-44. 2004.

Goémez-Verduzco G, Cortes-Cuevas A, Lopez-Coello C, Avila-
Gonzalez E and Nava GM. Dietary supplementation of
mannan-oligosaccharide enhances neonatal immune responses
in chickens during natural exposure to Eimeria spp. Acta
Veterinaria Scandinavica, 51: 11. 2009.

Goémez VG, Cortes CA, Lopez CC, Arce MJ, Vasquez PC, Avila
GE. Comportamiento productivo y respuesta inmune de pollos
alimentados con dietas sorgo-soya con y sin aflatoxina y
paredes celulares de levadura (Saccharomyces cerevisiae).
Técnica Pecuaria en México, 47: 285-297. 2009.

Harwig GJ, Goodman KT and Scott PM. Microbial food toxicants:
ochratoxins. In: Handbook of Foodborne Diseases of Bio-
logical Origin (Rechcigl M, ed.). pp. 193-238. CRC Press.
Boca Raton. FL. 1983.

Hoerr FJ, Carlton WW and Yagen B. Mycotoxicosis caused by a
single dose of T-2 toxin or diacetoxyscirpenol in broiler
chickens. Veterinary Pathology, 18: 652-664. 1981.

Hooge DM. Meta-analysis of broiler chicken pen trials evaluating
dietary mannan oligosaccharide, 1993-2003. International
Journal of Poultry Science, 3: 163-174. 2004.

Huff WE, Kubena LF, Harvey RB and Phillips TD. Efficacy of
hydrated sodium calcium aluminosilicate to reduce the indi-
vidual and combined toxicity of aflatoxin and ochratoxin A.
Poultry Science, 71: 64-69. 1992.

Jouany JP and Diaz ED. Effects of mycotoxins in ruminants. In: The
Mycotoxin Blue Book (Diaz DE, ed.). pp. 295-322. Notting-
ham University Press. Nottingham. UK. 2005.

Kalorey DR, Kurkure NVS, Ramgaonkar JS, Sakhare PS, Warke S
and Nigot NK. Effect of polyherbal feed supplement “Growell”
during induced aflatoxicosis, ochratoxicosis and combined
mycotoxicoses in broilers. Asian-Australasian Journal of Ani-
mal Science, 18: 375-383. 2005.

Karaman M, Basmacioglu H, Ortatatlic M and Oguz H. Evaluation



46 Journal of Poultry Science, 55 (1)

of the detoxifying effect of yeast glucomannan on aflatoxicosis
in broilers as assessed by gross examination and histopathol-
ogy. British Poultry Science, 46: 394-400. 2005.

Klis FM, Boorsma A and De Groot PW. Cell wall construction in
Saccharomyces cerevisiae. Yeast, 23: 185-202. 2006.

Kocher A, Denev SA, Dinev I, Nikiforov I and Scheidemann C.
Effects of mannanoligosaccharides on composition of the cecal
microflora and performance of broiler chickens. Paper pre-
sented at: 4 BOKU-Symposium Tierernahrung. Vienna, Aus-
tria. pp. 216-220. 2005.

Mehdi A and Ghahri H. Immune response of broiler chicks fed yeast
derived mannan oligosaccharides and humate against New-
castle disease. World Applied Sciences Journal, 18: 779-785.
2012.

Morales-Lopez R, Auclair E, Van Immerseel F, Ducatelle R, Garcia
F and Brufau J. Effects of different yeast cell wall supplements
added to maize- or wheat-based diets for broiler chickens.
British Poultry Science, 51: 399-40. 2010.

Moura MA, Machado CH, Porfirio LC and Freire RB. Effects of
ochratoxin a on broiler leukocytes. Brazilian Journal of Poultry
Science, 6: 187-190. 2004.

Nguyen T, Vinh DB, Crawford DK and Davis TN. A genetic
analysis of interactions with Spc110p reveals distinct functions
of Spc97p and Spc98p, components of the yeast gamma-
tubulin complex. Molecular Biology of the Cell, 9: 2201~
2216. 1998.

van Egmond, HP. Mycotoxins in Dairy Products In: Food Chemis-
try, 11. 289-307. 1983.

Osborn H and Khan TH (eds.). Oligosaccharides: their synthesis and
biological roles. Oxford University Press. Oxford. UK. 2000.

Perozo-Marin F, Nava J, Mavarez Y, Arenas E, Serje P and Briceno
M. Caracterizacion morfométrica de los organos linfoides en
pollos de engorde de la linea Ross criados bajo condiciones de
campo en el estado de Zulia, Venezuela. Revista Cientifica, 3:
217-225. 2004.

Raju MVL and Devegowda G. Esterified glucomannan in broiler
chicken diets-contaminated with aflatoxin, ochratoxin and T2
toxin: evaluation of its binding ability (in vitro) and efficacy
as immunomodulator. Asian-Australasian Journal of Animal
Sciences, 15: 1051-1056. 2002.

Ringot D, Chango A, Schneider YJ and Larondelle Y. Toxi-
cokinetics and toxicodynamics of ochratoxin A, an update.
Chemico-Biological Interactions, 159: 18-46. 2006.

Roeder A, Kirschning CJ, Rupec RA, Schaller M, Weindl G and
Korting HC. Toll-like receptors as key mediators in innate
antifungal immunity. Medical Mycology, 42: 485-498. 2004.

Sakhare PS, Harne SD, Kalorey DR, Warke SR, Bhandarkar AG and
Kurkure NV. Effect of Toxiroak® polyherbal feed supplement
during induced aflatoxicosis, ochratoxicosis and combined
mycotoxicoses in broilers. Veterinarski Arhiv, 77: 129-146.
2007.

Santin E, Paulillo AC, Maiorka A, Nakagui LSO, Macari M, Fischer
da Silva AV and Alessi AC. Evaluation of the efficacy of
Saccharomyces cerevisiae cell wall to ameliorate the toxic
effects of aflatoxin in broilers. International Journal of Poultry
Science, 25: 341-344. 2003.

Santin E, Paulillo A, Nakagui L, Alessi A and Maiorka A.
Evaluation of yeast cell wall on the performance of broilers fed
diets with or without mycotoxins. Revista Brasileira de Ciéncia
Avicola, 8: 221-225. 2006.

Sawarkar AR, Sonkusale PM, Kurkure NV, Jangade CR, Maini S
and Ravikanth K. Experimental afla and ochratoxin induced
mixed mycotoxicosis in broilers and its amelioration with
herbomineral toxin binder ‘Toxiroak Gold’. International
Journal of Poultry Science, 10: 560-566. 2011.

Tammer B, Lehmann I, Nieber K and Altenburger R. Combined
effects of mycotoxin mixtures on human T cell function.
Toxicology Letters, 170: 124-133. 2007.

Verma J, Johri TS, Swain BK and Ameena S. Effect of graded levels
of aflatoxin, ochratoxin and their combinations on the per-
formance and immune response of broilers. British Poultry
Science, 45: 512-518. 2004.

Wang GH, Xue CY, Chen F, Ma YL, Zhang XB, Bi YZ and Cao
YC. Effects of combinations of ochratoxin A and T-2 toxin on
immune function of yellow-feathered broiler chickens. Poultry
Science, 88: 504-510. 2009.

Yiannikouris A, Frangois J, Poughon L, Dussap CG, Bertin G,
Jeminet G and Jouany JP. Adsorption of zearalenone by S5-D-
glucans in the Saccharomyces cerevisiae cell wall. Journal of
Food Protection, 67: 1195-1200. 2004.





