
  INTRODUCTION 
  Mycotoxins are secondary metabolites of fungi (Chow-

dhury et al., 2005), and the Fusarium graminearum
mainly growing on grains and are commonly found 
in grains and their derived products (Dänicke et al., 
2002). Investigations revealed that feedstuffs for animal 
use worldwide were seriously contaminated with myco-
toxins such as aflatoxin (AFL), zearalenone (ZEN), 
fumonisin (FUM), deoxynivalenol (DON), and others 
(Placinta et al., 1999; Chowdhury et al., 2005). The 
major toxicity of mycotoxins and their metabolites in-
cludes impaired performance (Chowdhury and Smith, 
2004), cytotoxicity (Abid-Essefi et al., 2004), pathol-
ogy to the liver and kidneys (Jiang et al., 2010), im-
munotoxicity (Taylor et al., 1989), estrogenic effects in 

gilts (Jiang et al., 2011), disturbed reproductive per-
formance in sows (Young et al., 1990), and interfer-
ence with nutrient absorption (Hunder et al., 1991). 
Researchers have reported that poultry were regarded 
as very resistant to Fusarium mycotoxins (Kubena et 
al., 1987; Swamy et al., 2004), and it has also been con-
firmed that these mycotoxins could preferentially affect 
the rapidly proliferating cells of the immune system of 
laying hens (Dänicke et al., 2002). However, no infor-
mation is available on the negative effects of naturally 
contaminated diets (AFL, 102.08 mg/kg; ZEN, 281.92 
mg/kg; FUM, 5,874.38 mg/kg; and DON, 2,038.96 mg/
kg) in combinations on splenic mRNA expression of 
inflammatory cytokines of broiler chickens so far. 

  Practical and effective methods to detoxify mycotox-
in-contaminated feed and foodstuffs are in great de-
mand, as mycotoxins cause significant threat to ani-
mal health (Hunder et al., 1991; Jiang et al., 2011). 
The effects of diets supplemented with yeast cell wall 
on performance and immune responses have been re-
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  ABSTRACT   The objectives of the present study were 
to investigate the toxicity of feed-borne Fusarium my-
cotoxins on organ weight, serum biochemistry, and 
immunological parameters of broiler chickens and to 
evaluate the efficacy of yeast cell wall adsorbent in 
preventing mycotoxin-induced adverse effects. In total, 
300 one-day-old vaccinated (Marek’s disease and infec-
tious bronchitis) Arbor Acres broiler chickens (mixed 
sex) were randomly divided into 3 treatments (5 repeti-
tions per treatment) and fed basal diet and naturally 
contaminated diets with or without yeast cell wall ad-
sorbent. Treatments were control, naturally contami-
nated diet (NCD; aflatoxin, 102.08 mg/kg; zearalenone, 
281.92 mg/kg; fumonisin, 5,874.38 mg/kg; deoxynivale-
nol, 2,038.96 mg/kg), and NCD + 2 g/kg of yeast cell 
wall adsorbent (NCDD). The test included 2 phases: d 
0–21 and d 22–42. At 42 d, broilers fed contaminated 
diets without yeast cell wall adsorbent had higher (P < 
0.05) serum albumin and higher relative weight of liver, 

bursa of Fabricius, and thymus, and greater splenic 
mRNA expression of IL-1β and IL-6 at 42 d compared 
with the control, but lower (P < 0.05) serum globulin 
at 42 d, IgA at 21 d, relative weight of spleen at 21 d, 
antibody titers of Newcastle disease at both 28 d and 
42 d, and splenic mRNA expression of IFN-γ at 42 d 
were observed in the NCD treatment compared with 
control. Dietary addition of yeast cell wall adsorbent in 
the NCD treatment showed a positive protection effect 
on the relative weight of the liver and spleen at 21 d, 
relative weight of the bursa of Fabricius and thymus at 
42 d, antibody titers of Newcastle disease at both 28 d 
and 42 d, and splenic mRNA expression of IL-1β, IL-6, 
and IFN-γ at 42 d. It is suggested that feeding a natu-
rally contaminated diet for 42 d might result in a del-
eterious effect in broiler chickens, and addition of 2 g/
kg of yeast cell wall enterosorbent can partly neutralize 
the detrimental effects of the naturally contaminated 
feed. 
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ported in many animals, such as cows (Franklin et al., 
2005), pigs (Nochta et al., 2009), and chickens (Zou 
et al., 2006). A recent report suggested that yeast cell 
wall mannan-oligosaccharide enhanced weight gain and 
reduced feed conversion at 21 d and 49 d in broiler 
chickens (Gómez-Verduzco et al., 2009). The prolifera-
tion of T lymphocytes in broiler chickens by yeast cell 
wall mannan-oligosaccharide has also been enhanced in 
vitro (Zou et al., 2006). The main component of yeast 
cell wall adsorbent used in this study is a kind of highly 
refined polysaccharide complex with a unique adsorp-
tive capacity. Regarding the extensive use of the yeast 
cell wall adsorbent as a mycotoxin-adsorbent in China, 
we carried out in vivo experiments to evaluate the effi-
ciency of mycotoxin sequestration and the safety of this 
yeast cell wall adsorbent for poultry.

Therefore, the purpose of the present study was to 
investigate the effects of naturally contaminated diets 
on organ weight, serum biochemistry, and immunologi-
cal parameters of broiler chickens, and the efficacy of 
yeast cell wall enterosorbent in preventing mycotoxin-
induced adverse effects was also evaluated.

MATERIALS AND METHODS
Adsorbents and Chemicals

Detoxza, a commercial yeast cell wall adsorbent, was 
obtained from AB Co Products Asia (Harbin, China). 
The yeast cell wall adsorbent was homogenously mixed 
into the diets. All other chemicals used were of analyti-
cal grade.

Diet Preparation and Mycotoxin 
Quantification

All diets used in the study are shown in Table 1. 
Nutrient concentrations met or exceeded minimal re-
quirements for starter and finisher broiler chickens 
(Feeding Standard of Chicken of the People’s Repub-
lic of China; NY/T 33–2004). The contaminated diets 
were prepared by replacing corn in the control with 
the naturally contaminated corn. Representative feed 
samples were taken at the beginning of the starter and 
finisher periods for nutrient and mycotoxin analyses. 
The content of mycotoxins in the test diets was ana-
lyzed by Asia Mycotoxin Analysis Center (Chaoyang 
University of Technology, Taiwan) before and at the 
end of the feeding experiment as described by Jiang et 
al. (2011). Analyzed mycotoxins are shown in Table 1. 
The limits of detection were 1 µg/g for AFL, 0.1 mg/g 
for ZEN, 0.25 mg/g for FUM, 100 µg/g for DON, and 
other mycotoxins including ochratoxins and T-2 toxin 
in any diet were not detected or were below the detec-
tion limit.

Birds, Diets, and Treatments
A total of 300 one-day-old Arbor Acres broiler chick-

ens (mixed sex) was obtained from a local commercial 

hatchery and randomly divided into 3 treatments (5 
cages per treatment). The birds were fed a corn-soy-
bean meal basal diet and naturally contaminated diets 
with or without yeast cell wall adsorbent at the level of 
2 g/kg in a temperature-controlled room. Treatments 
were control, naturally contaminated diet (NCD), and 
NCD + 2 g/kg of yeast cell wall adsorbent (NCDD). 
The test included 2 phases: d 0–21 and d 22–42. The 
temperature was maintained at 32°C from d 1 to 7, and 
it was then gradually reduced to 26°C at a rate of 3°C 
per week and maintained at this temperature until the 
end of the experiment. Overhead light was provided 
continuously for the entire duration of the experiment. 
Feed and water were provided ad libitum. Animals were 
cared for in accordance with guidelines of the National 
Institutes of Health Guide and the China Ministry of 
Agriculture for the care and use of laboratory animals.

Organ Weight
Chickens were weighed individually at 21 d and 42 

d, and then 10 birds in each treatment were humanely 
euthanized by cervical dislocation and tissue samples 
were collected. Samples of the liver, spleen, bursa of 
Fabricius, and thymus were excised and weighed and 
expressed on a relative BW basis (g/kg).

Serum Parameters
Blood samples were processed using similar proce-

dures as described by Zhang et al. (2009). An approxi-
mately 10-mL blood sample was collected from the jug-
ular vein into a nonheparinized tube, incubated at 37°C 
for 2 h, centrifuged at 1,500 × g for 10 min, and the 
serum was separated and stored in 1.5-mL Eppendorf 
tubes at −20°C until further analysis.

Serum Protein
The levels of serum metabolites, including total pro-

tein and albumin, were determined using an automatic 
clinical chemistry analyzer (Hitachi 7600–020, Beijing, 
China). Serum globulin content was calculated as the 
difference between total protein and albumin.

Serum Immunoglobulins
Total concentrations of the different immunoglob-

ulin subsets (IgG, IgA, and IgM) were measured by 
ELISA according to Swamy et al. (2002b). All anti-
bodies and reference sera used in the assay were pur-
chased from Bethyl Laboratories (Montgomery, TX.). 
Goat anti-chicken IgA (α chain-specific, 0.01 mg/mL), 
goat anti-chicken IgG (Fc fragment specific, 2 ng/mL), 
and goat anti-chicken IgM (mu chain-specific, 2 ng/
mL) were used as capture antibodies. Concentrations of 
IgM, IgG, and IgA in the reference sera were 0.6 mg/
mL, 6.0 mg/mL, and 0.4 mg/mL, respectively. Stan-
dard curves were constructed for immunoglobulin (Ig) 
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by diluting the reference sera. Horseradish peroxidase 
(HRP)-conjugated antibodies included 1/60,000 goat 
anti-chicken IgM-HRP (mu chain-specific), 1/125,000 
goat anti-chicken IgG-HRP (Fc-fragment specific), and 
1/100,000 goat anti-chicken IgA-HRP (α chain-specif-
ic). The efficiency of Ig detection in serum was quanti-
fied with 50 ng/mL of purified chicken IgG, IgM, or 
IgA. Absorbance was read at 450 nm using an ELISA 
plate reader (Spectra thermo, Tecan, Trappes, France).

Antibody Response to Newcastle Disease
The antibody titers to Newcastle Disease in blood 

serum were determined to evaluate possible immuno-
modulating effects of mycotoxins. For this purpose, the 
birds were vaccinated intramuscularly with inactivated 
Newcastle Disease vaccine at 7 d and 21 d, respectively. 
Blood samples (5.0 mL) were taken at 14 d, 28 d, and 
42 d, according to the same methods described above. 
All antibodies and reference sera used in the assay were 
purchased from Harbin Veterinary Research Institute, 
CAAS (China). The Newcastle Disease antibody titers 
were measured by the hemagglutination (HA) and 
hemagglutination-inhibition (HI) test (microtiter) by 
the method of Hierholzer et al. (1969). Briefly, 0.05 mL 

of serum was serial diluted with phosphate-buffered sa-
line [0.005 M phosphates (NaH2PO4·H2O + Na2HPO4 
anhydrous), 0.146 M NaCl, pH = 7.2] on 96-well plates 
after being inactivated for 30 min at 56°C, and then 
0.05 mL of virus dilution containing 4 HA units was 
added per well. Plates were oscillated for 3 min and 
incubated for 10 min at room temperature, and then 
0.05 mL of red blood cell suspension was added per 
well, oscillated for 3 min, and reinsulated for 15 to 60 
min at room temperature. Results of Newcastle disease 
antibody titers were read at the end point of inhibition 
of HA.

Pathohistological Tests
Upon the completion of the experiment, birds were 

killed by euthanasia and necropsied. Spleens were iso-
lated for gross lesions and histological examination, and 
then were fixed promptly in 10% buffered formalin. Af-
ter routine processing, the tissues were embedded in 
paraffin. For general orientation the tissues were sec-
tioned in pieces of 5-µm thickness and stained with he-
matoxylin and eosin for microscopy examination. The 
slides were examined under 400× magnification using 
an optical microscope (Carl Zeiss, Germany).

Table 1. Diet formulation, composition, and dietary mycotoxins concentrations 

Item

Starter (0 to 21 d)1 Grower (22 to 42 d)

Control NCD NCDD Control NCD NCDD

Ingredient, %
 Moldy corn — 56.12 56.12 — 56.25 56.25
 Normal corn 56.12 — — 61.25 5 5
 Soybean meal 32.5 32.5 32.5 26 26 26
 Corn gluten meal 4.5 4.5 4.5 5 5 5
 Soybean oil 2 2 2 3 3 3
 Calcium hydrogen phosphate 1.6 1.6 1.6 1.5 1.5 1.5
 Limestone 1.3 1.3 1.3 1.4 1.4 1.4
 Sodium chloride 0.3 0.3 0.3 0.3 0.3 0.3
 Lys 0.24 0.24 0.24 0.15 0.15 0.15
 Met 0.24 0.24 0.24 0.2 0.2 0.2
 Premix2 1 1 1 1 1 1
 Sand 0.2 0.2 — 0.2 0.2 —
 Yeast cell wall adsorbent — — 0.2 — — 0.2
Calculated composition
 ME, MJ/kg 12.64 12.64 12.64 13.01 13.01 13.01
 CP, % 21.36 21.36 21.36 19.35 19.35 19.35
 Calcium, % 0.96 0.96 0.96 0.95 0.95 0.95
 Total phosphorus, % 0.66 0.66 0.66 0.63 0.63 0.63
 Sodium chloride, % 0.3 0.3 0.3 0.3 0.3 0.3
 Lys, % 1.2 1.2 1.2 1 1 1
 Met, % 0.54 0.54 0.54 0.48 0.48 0.48
 TSAA, % 0.88 0.88 0.88 0.79 0.79 0.79
 Thr, % 0.81 0.81 0.81 0.73 0.73 0.73
 Trp, % 0.26 0.26 0.26 0.23 0.23 0.23
Analyzed mycotoxins, µg/kg
 Aflatoxin B1 6.68 102.08 102.08 8.48 101.18 101.18
 Zearalenone 18.32 281.92 281.92 18.81 285.2 285.2
 Fumonisin 952.59 5,874.38 5,874.38 1,276.88 5,977.36 5,977.36
 Deoxynivalenol 642.16 2,038.96 2,038.96 545.73 2,051.08 2,051.08

1NCD = naturally contaminated diet; NCDD = NCD + 2 g/kg of yeast cell wall adsorbent.
2Supplied per kilogram of diet: vitamin A, 8,050 IU; cholecalciferol, 1,800 IU; vitamin E, 20 IU; vitamin K3, 5.1 mg; thiamin, 2.4 mg; riboflavin, 8.2 

mg; pantothenic acid, 15.3 mg; pyridoxine, 3.1 mg; cobalamin, 0.02 mg; niacin, 32 mg; choline chloride, 1,000 mg; biotin, 0.20 mg; folic acid, 1.2 mg; 
Mn, 68 mg; Fe, 85 mg; Zn, 58 mg; Cu, 8.6 mg; I, 0.27 mg, and Se, 0.20 mg.
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Determination of Splenic mRNA  
Expression of Inflammatory  
Cytokines by Real-Time PCR

A portion of the spleen was collected from the birds, 
flash-frozen in liquid nitrogen, and stored at −70°C un-
til processed for measurement of cytokine mRNA. Tis-
sue RNA was extracted using an ultra pure RNA ex-
traction kit (Cat#CW0581, CWbio. Co. Ltd., Beijing, 
China). The RNA concentrations and integrity were 
determined by agarose gel electrophoresis using 5 µL of 
RNA. Total RNA was reverse-transcribed using a HiFi-
MMLV cDNA First Strand Synthesis kit (CWbio. Co. 
Ltd., Cat#CW0744) with random primers. Real-time 
reverse-transcription PCR reactions were conducted 
using the UltraSYBR mixture (with Rox; CWbio. Co. 
Ltd., Cat#CW0956) by RT-PCR systems (Roche 480), 
and the amplification conditions were as follows: 95°C 
for 10 min, and 40 cycles of 95°C for 15 s, and 60°C 
for 1 min. Gene expression was related to the house-
keeping gene β-actin after checking that PCR amplifi-
cation efficiencies of the target and reference genes were 
shown in Table 2.

Statistical Analysis
All experimental data were subjected to ANOVA 

using the GLM procedure of SAS 9.0 (SAS Institute, 
2000). The data were analyzed as a completely random-

ized design to examine the overall effect of treatments. 
The significance of differences among treatments was 
tested using Duncan’s multiple range tests. All state-
ments of differences were based on significance at P < 
0.05.

RESULTS

Serum Protein and  
Immunoglobulin Concentrations

All broilers in the present study had similar average 
daily feed intake, but ADG and feed efficiency in the 
NCD treatment were lower (P < 0.05) compared with 
the control (data not shown). Serum albumin concen-
tration at 42 d was higher than the control (P < 0.05) 
for broilers in the NCD treatment (Table 3), whereas 
globulin concentration at 42 d and the IgA level at 21 d 
observed for broilers in the NCD treatment were lower 
(P < 0.05) when compared with the control. Inclusion 
of yeast cell wall adsorbent in the NCD treatment did 
not affect any serum protein or immunoglobulin con-
centrations tested.

Organ Weight
The feeding of contaminated grains increased (P < 

0.05) the relative weight of liver and bursa of Fabri-
cius at 21 d and liver, bursa of Fabricius, and thymus 

Table 2. Oligonucleotide primers for selected cytokines and gene1 

Gene specificity2 Oligonucleotide sequences (5′–3′) Accession number

Interleukin1-β F ACCCGCTTCATCTTCTACCGCCTGGAC NM_204524
Interleukin1-β R ACCTGGTCGGGTTGGTTGGTGATGC
Interleukin-6 F CCCAAGGTGACGGAGGAGGACGGCT NM_204628
Interleukin-6 R CCAGGTAGGTCTGAAAGGCGAACA
Interferon-γ F GACAAGTCAAAGCCGCACAT NM_205149
Interferon-γ R AAGTCGTTCATCGGGAGC
β-actin F CAACACAGTGCTGTCTGGTGG NM_205518
β-actin R ATCGTACTCCTGCTTGCTGAT

1Primers were synthesized by CWbio. Co. Ltd. (Beijing, China).
2F, forward primer; R, reverse primer.

Table 3. Serum protein and immunoglobulin concentrations of broiler chickens fed basal diet and 
naturally contaminated diets with or without yeast cell wall adsorbent (mg/mL; n = 10) 

Item1 Total protein Albumin Globulin IgG IgA IgM

d 21
 Control 30.80 16.68 14.12 0.63 0.33a 0.92
 NCD 31.39 18.06 13.33 0.61 0.31b 0.89
 NCDD 31.60 17.51 14.09 0.62 0.31b 0.90
 SEM 0.084 0.073 0.068 0.002 0.001 0.003
 P-value 0.554 0.125 0.352 0.490 0.021 0.675
d 42
 Control 35.72 16.15b 19.57a 0.66 0.98 1.78
 NCD 34.81 18.51a 16.30b 0.59 0.92 1.68
 NCDD 34.62 18.23a 16.39b 0.64 0.97 1.77
 SEM 0.095 0.053 0.084 0.006 0.004 0.008
 P-value 0.393 0.001 0.001 0.529 0.191 0.326

a,bMeans within a column with different Superscripts differ significantly (P < 0.05).
1NCD = naturally contaminated diet; NCDD = NCD + 2 g/kg of yeast cell wall adsorbent.
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at 42 d compared with the control (Figures 1 and 2). 
However, the relative weight of the spleen at 21 d was 
lower (P < 0.05) in NCD treatment. Supplementations 
of yeast cell wall adsorbent to the contaminated diet 
significantly improved (P < 0.05) the relative weight of 
the liver and spleen at 21 d and the relative weight of 
liver, bursa of Fabricius, and thymus at 42 d.

Antibody Titer to Newcastle Disease
Consumption of diet naturally contaminated with 

mycotoxins decreased (P < 0.05) antibody titers to 
Newcastle disease (anti-ND titers) at both d 28 and d 
42 of the experiment (Table 4), whereas treatment ef-
fect on anti-ND titers was not observed at d 14 of the 
experiment. Inclusion of yeast cell wall adsorbent in 
the NCD treatment had significantly increased anti-ND 
titers at both 28 d and 42 d as compared with NCD 
treatment but did not restore anti-ND titers to the lev-
els in the control.

Histopathological Examination
No macroscopic pathological changes of the spleen 

among treatments were observed by the veterinarian 
through clinical examination at 42 d. No pathological 
changes of the spleen tissue were observed among treat-
ments by further microscopic examination (data not 
shown).

Splenic mRNA Expression  
of Inflammatory Cytokines

The mRNA expression of 3 cytokines (IL-1β, IL-6, 
and IFN-γ) was measured by real-time PCR in spleen 
samples collected at the end of the experiment (Figure 
3). Broilers fed contaminated diets without yeast cell 
wall adsorbent had higher (P < 0.05) mRNA expres-
sion of IL-1β and IL-6 compared with the control, but 
lower (P < 0.05) mRNA expression of IFN-γ was ob-
served in the NCD treatment compared with the con-

Figure 1. Relative weight of liver, spleen, bursa of Fabricius, and thymus in 21-d broiler chickens fed basal diet and naturally contaminated 
diets with or without yeast cell wall adsorbent (mean ± SD). Birds in control, NCD, and NCDD were fed basal diet, naturally contaminated 
diets, and naturally contaminated diets with yeast cell wall adsorbent at the level of 2.0 g/kg, respectively. Bars with different letters differ at P 
< 0.05 (n = 10).
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trol. Dietary addition of yeast cell wall adsorbent in the 
NCD treatment showed a positive protection effect (P 
< 0.05) on the mRNA expression of IL-1β, IL-6, and 
IFN-γ tested.

DISCUSSION
In the present study, the AFL, ZEN, FUM, and DON 

in the control are unexpectedly detected, despite each 

ingredient of the diet having been carefully selected, 
which suggests that feedstuffs were extensively contam-
inated by mycotoxins in China. The concentrations of 
AFL, ZEN, FUM, and DON in the experimental diets 
were based on our investigations in Shandong province 
of China from June 2007 to May 2010, and the recent 
literature (Zinedine et al., 2007). The levels of AFL, 
ZEN, FUM, and DON in the control diet were consid-
ered acceptable because these levels are well within the 
range for animal feeds of the State Standard of the Peo-
ple’s Republic of China (GB, 2001, 2006; AFL, 20 µg/
kg; ZEA, 500 µg/kg; FUM, 5 mg/kg; DON, 1 mg/kg, 
depending on the feed) and the Food and Agriculture 
Organization of the United Nations (FAO, 2006; AFL, 
20 µg/kg; ZEN, 1 mg/kg; FUM, 3 mg/kg; DON, 2 mg/
kg). However, the interactive effects of AFL, ZEN, 
FUM, and DON in the control shall warrant further 
investigation. Nevertheless, it is more important that 
yeast cell wall adsorbent’s ameliorating effects were 
clearly demonstrated.

Chowdhury and Smith (2007) suggested that plasma 
total protein, albumin, and globulin concentrations 

Figure 2. Relative weight of liver, spleen, bursa of Fabricius, and thymus in 42-d broiler chickens fed basal diet and naturally contaminated 
diets with or without yeast cell wall adsorbent (mean ± SD). Birds in control, NCD, and NCDD were fed basal diet, naturally contaminated 
diets, and naturally contaminated diets with yeast cell wall adsorbent at the level of 2.0 g/kg, respectively. Bars with different letters differ at P 
< 0.05 (n = 10).

Table 4. Antibody titers of Newcastle disease in broiler chickens 
fed basal diet and naturally contaminated diets with or without 
yeast cell wall adsorbent (mg/mL; n = 10) 

Item1 14 d 28 d 42 d

Control 4.50 4.90a 6.20a

NCD 4.10 3.00b 2.20c

NCDD 4.40 4.60a 3.60b

SEM 0.041 0.073 0.044
P-value 0.526 0.015 0.001

a–cMeans within a column with different superscripts differ signifi-
cantly (P < 0.05).

1NCD = naturally contaminated diet; NCDD = NCD + 2 g/kg of 
yeast cell wall adsorbent.
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were reduced when birds were fed grains naturally con-
taminated with Fusarium mycotoxins compared with 
control only in the earlier stage of feeding. However, 
the decreased serum globulin following the increased 
serum albumin without affecting serum total protein at 
d 42 in the present study was observed. This may be 
due to the metabolic effect of AFL, ZEN, FUM, DON 
or its synergetic effect in the liver, which therefore af-
fects protein and DNA syntheses (Abid-Essefi et al., 
2004; Speijers and Speijers, 2004). Exposure of mice to 
trichothecenes, T-2 toxin, and DON has been associat-
ed with altered measures of humoral-associated immu-
nity (Atroshi et al., 1994). Bondy and Pestka (2000) re-
viewed that naturally occurring mycotoxins can act as 
immunosuppressive agents, affecting the immune func-
tions of poultry and domestic animals. Consistent with 
previously reported results, the present study showed 
a significant decrease in serum IgA when birds were 
continuously fed the naturally contaminated diet for 21 
d. However, Swamy et al. (2002a) reported that in male 
broiler chickens fed high levels of contaminated grains 

with Fusarium mycotoxins (8.2 mg/kg of DON, 20.3 
mg/kg of fusaric acid, 0.56 mg/kg of ZEN) for 56 d, 
serum immunoglobulin concentrations did not exhibit 
any response to the inclusion of contaminated grains in 
the diet. This suggested that the difference may be due 
to the type and concentration of mycotoxins, the dura-
tion of exposure, sex, and age.

The effect of feeding naturally contaminated grains 
on organ weights of broiler chickens was very contradic-
tory. In the present study, the feeding of contaminated 
grains increased relative weight of the liver, thymus, 
and bursa of Fabricius compared with the control, and 
the spleen index of birds was significantly decreased 
without macroscopic or microscopic pathological 
changes by the addition of moldy corn. This finding 
is similar to Kubena et al. (1989), who found that the 
weight of bursa of Fabricius was slightly increased when 
DON (16 to 18 mg/kg) was fed. On the contrary, no 
changes were observed in organ weights of the liver, 
spleen, kidney, and bursa of Fabricius in other studies 
(Dänicke et al., 2002). The mechanism may be that my-

Figure 3. The splenic mRNA expression of inflammatory cytokines in 42-d broiler chickens fed basal diet and naturally contaminated diets 
with or without yeast cell wall adsorbent. Birds in control, NCD, and NCDD were fed basal diet, naturally contaminated diets, and naturally 
contaminated diets with yeast cell wall adsorbent at the level of 2.0 g/kg, respectively. Bars with different letters differ at P < 0.05 (n = 10). IL 
= interleukin; IFN = interferon.
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cotoxins in combination may exert a greater negative 
health impact than the sum of their individual effects 
(Huff et al., 1988). The above results indicated that the 
effect of naturally contaminated diets on organ weights 
was a species-, toxin-, and dosage-dependent response.

Determination of serum anti-ND titers after regular 
vaccination can be used to evaluate the effects of feed-
ing Fusarium mycotoxin-contaminated diets on immune 
system function (Dänicke et al., 2003). A significant 
reduction in serum anti-ND titers was observed in the 
present study due to feeding of the naturally contami-
nated diets, which is in accordance with the findings 
of Dänicke et al. (2002) for laying hens and Harvey 
et al. (1991) for growing chickens. But Yegani et al. 
(2006) reported that no effect on anti-ND titers was 
observed after broiler chickens were fed grains natu-
rally contaminated with 12.6 mg/kg of DON and lesser 
amounts of ZEN (0.6 mg/kg). These opposite effects 
might be caused by several factors; however, different 
mycotoxins and their metabolites might contribute ad-
ditive or synergistic effects to mycotoxicoses. To our 
knowledge, this is the first report that investigates the 
cytokine production in the spleen during intoxication 
with combinations of AFL, ZEN, FUM, and DON in 
broiler chickens. Choic et al. (1999) suggested that the 
inflammatory cytokines including IL-1 and IL-6 play 
a crucial role in mediating and regulating organ le-
sions in Actinobacillus pleuropneumoniae infection. In 
the current experiment, the spleen tissues were chosen 
because this secondary lymphoid organ plays a central 
role in the inflammatory response and the development 
of acquired immunity. Broiler chickens fed the naturally 
contaminated diets demonstrated significant effects in 
mRNA for all tested cytokines when compared with 
the control birds. Zhou et al. (1997) has reported that 
a single oral exposure to DON (5 and 25 mg/kg of BW) 
in mice significantly induces the mRNA expression of 
IL-1β, IL-6, TNF-α, IFN-γ, IL-2, IL-4, and IL-10 of in-
flammatory cytokines. Similar results also showed that 
DON (25 mg/kg of BW) induced the mRNA expression 
of IL-1α, IL-1β, IL-6, and IL-11 in mice (Kinser et 
al., 2004). Generally, domesticated animals are exposed 
to the mixtures of fungal toxins produced in the pres-
ent study. Therefore, the current results could reflect 
a practical situation in the field for mycotoxin levels 
and long-term (6 wk) exposure. However, the effects 
of AFL, ZEN, FUM, and DON in combinations with 
potential immunotoxicity mechanisms still need to be 
further confirmed.

One of the methods for counteracting mycotoxicosis 
in farm animals and minimizing carryover of mycotox-
ins from contaminated feeds into foods of animal origin 
is to use yeast cell wall polysaccharides adsorbents as 
feed additives in the diet (Yiannikouris et al., 2004a,b). 
The polymeric glucomannan has been shown beneficial 
in preventing adverse effects of Fusarium mycotoxins 
on the performance and metabolism of broiler chickens 
(Swamy et al., 2002a), pigs (Swamy et al., 2003), and 
laying hens (Chowdhury and Smith, 2004). Yeast β-d-

glucan admixed to the animal feed also has been shown 
a suppressor of the toxic effect of various mycotoxins 
(Yiannikouris et al., 2004a,b). The improved results of 
the relative weight of the liver, spleen at 21 d, bursa of 
Fabricius at 42 d, and thymus at 42 d, antibody titers of 
Newcastle disease at 28 d and 42 d, and splenic mRNA 
expression of IL-1β, IL-6, and IFN-γ at 42 d between 
NCD and NCDD groups in this study demonstrated 
that addition of yeast cell wall adsorbent at the level 
of 2 g/kg to the naturally contaminated diets (AFL, 
102.08 mg/kg; ZEN, 281.92 mg/kg; FUM, 5,874.38mg/
kg; and DON, 2,038.96 mg/kg) reduced the toxicity to 
chickens from mycotoxin-induced damages. This sug-
gests that addition of yeast cell wall adsorbent to a 
naturally contaminated diet is potentially an effective 
method to adsorb and to sequester mycotoxins, lead-
ing to the reduction of toxin bioavailability. Further 
research is needed to assess the effect of adding yeast 
cell wall adsorbent to different diets and to define the 
optimum yeast cell wall adsorbent to mycotoxins ra-
tio for the reduction of mycotoxins toxicity in different 
animals.

The current study demonstrated that naturally con-
taminated diets induced adverse changes in the organ 
weight, serum biochemistry, and immunological param-
eters as compared with broiler chickens fed the control 
diet. Addition of yeast cell wall adsorbent to naturally 
contaminated feeds showed improved effects of myco-
toxins on broiler chickens. Further research is required 
to evaluate the effect of adding yeast cell wall adsor-
bent to different diets and to define the optimum yeast 
cell wall adsorbent application rate for the reduction of 
the toxocity of mycotoxins in different levels.

REFERENCES
Abid-Essefi, S., Z. Ouanes, and W. Hassen. 2004. Cytotoxincity, 

inhibition of DNA and protein syntheses and oxidative dam-
age in cultured cells exposed to zearalenone.  Toxicol. In Vitro  
18:467–474.

Atroshi, F., A. F. Rizzo, P. Veijalainen, L. A. Lindberg, T. Honk-
anen-Bulzalski, K. Anderson, T. Hirvi, and H. Saloniemi. 1994. 
The effect of dietary exposure to DON and T-2 toxin on host 
resistance and serum immunoglobulins of normal and mastitic 
mice.  J. Anim. Physiol. Anim. Nutr. (Berl.)  71:223–233.

Bondy, G. S., and J. J. Pestka. 2000. Immunomodulation by fungal 
toxins.  J. Toxicol. Environ. Health B Crit. Rev.  3:109–143.

Choi, C., D. Kwon, K. Min, and C. Chae. 1999. In situ hybridization 
for the detection of inflammatory cytokines (IL-1, TNF-α and 
IL-6) in pigs naturally infected with Actinobacillus pleuropneu-
moniae.  J. Comp. Pathol.  121:349–356.

Chowdhury, S. R., and T. K. Smith. 2004. Effects of feeding grains 
naturally contaminated with Fusarium mycotoxins on perfor-
mance and metabolism of laying hens.  Poult. Sci.  83:1849–1856.

Chowdhury, S. R., and T. K. Smith. 2007. Effects of feed-borne 
Fusarium mycotoxins on performance, plasma chemistry and he-
patic fractional protein synthesis rates of turkeys . Can. J. Anim. 
Sci.  87:543–551.

Chowdhury, S. R., T. K. Smith, H. J. Boermans, and B. Woodward. 
2005. Effects of feed-borne Fusarium mycotoxins on hematology 
and immunology of laying hens.  Poult. Sci.  84:1841–1850.

Dänicke, S., S. Matthes, I. Halle, K. H. Ueberschar, S. Doll, and H. 
Valenta. 2003. Effects of graded levels of Fusarium toxin contami-
nated wheat and of a detoxifying agent in broiler diets on perfor-
mance, nutrient digestibility and blood chemical parameters.  Br. 
Poult. Sci.  44:113–126.

2494 LI ET AL.



Dänicke, S., K. H. Ueberschär, I. Halle, S. Matthes, H. Valenta, and 
G. Flachowsky. 2002. Effect of addition of a detoxifying agent to 
laying hen diets containing uncontaminated or Fusarium toxin-
contaminated maize on performance of hens and on carryover of 
zearalenone.  Poult. Sci.  81:1671–1680.

Food and Agriculture Organization of the United Nations (FAO). 
2006. Worldwide regulations for mycotoxins in food and feed in 
2003. FAO Food and Nutrition Paper No. 81. Rome, Italy.

Franklin, S. T., M. C. Newman, K. E. Newman, and K. I. Meek. 
2005. Immune parameters of dry cows fed mannan oligosaccha-
ride and subsequent transfer of immunity to calves.  J. Dairy Sci.  
88:766–775.

GB. 2001. 13078 Hygienical standard for feeds [S]. People’s Republic 
of China.

GB. 2006. 13078.2 Hygienical standard for feeds—Toleration of 
ochratoxin A and zearalenone in feeds [S]. People’s Republic of 
China.

Gómez-Verduzco, G., A. Cortes-Cuevas, C. López-Coello, E. Ávila-
González, and G. M. Nava. 2009. Dietary supplementation of 
mannan-oligosaccharide enhances neonatal immune responses 
in chickens during natural exposure to Eimeria spp.  Acta Vet. 
Scand.  51:11.

Harvey, R. B., L. F. Kubena, W. E. Huff, M. H. Elissalde, and T. D. 
Phillips. 1991. Hematologic and immunologic toxicity of deoxyni-
valenol (DON)-contaminated diets to growing chickens.  Bull. 
Environ. Contam. Toxicol.  46:410–416.

Hierholzer, J. C., T. S. Morris, and C. H. Elmer. 1969. Standardized 
viral hemagglutination and hemagglutination-inhibition tests: II. 
Description and statistical evaluation.  Appl. Microbiol.  18:824–
833.

Huff, W. E., R. B. Harvey, L. F. Kubena, and G. E. Rottinghaus. 
1988. Toxic synergism between aflatoxin and T-2 toxin in broiler 
chickens.  Poult. Sci.  67:1418–1423.

Hunder, G., K. Schumann, G. Strugala, J. Gropp, B. Fichtl, and W. 
Forth. 1991. Influence of subchronic exposure to low dietary de-
oxynivalenol, a trichothecene mycotoxin, on intestinal absorption 
of nutrients in mice.  Food Chem. Toxicol.  29:809–814.

Jiang, S., Z. Yang, W. Yang, J. Gao, F. Liu, C. Chen, and F. Chi. 
2010. Physiopathological effects of zearalenone in post-weaning 
female piglets with or without montmorillonite clay adsorbent.  
Livest. Sci.  131:130–136.

Jiang, S. Z., Z. B. Yang, W. R. Yang, J. Gao, F. X. Liu, J. Broom-
head, and F. Chi. 2011. Effects of purified zearalenone on growth 
performance, organ size, serum metabolites, and oxidative stress 
in postweaning gilts.  J. Anim. Sci.  89:3008–3015.

Kinser, S., Q. Jia, M. Li, A. Laughter, P. Cornwell, J. C. Corton, 
and J. J. Pestka. 2004. Gene expression profiling in spleens of 
deoxynivalenol-exposed mice: Immediate early genes as primary 
targets.  J. Toxicol. Environ. Health A  67:1423–1441.

Kubena, L. F., R. B. Harvey, D. E. Corrier, W. E. Huff, and T. 
D. Phillips. 1987. Effects of feeding deoxynivalenol (DON, 
vomitoxin)-contaminated wheat to female White Leghorn chick-
ens from day old through egg production.  Poult. Sci.  66:1612–
1618.

Kubena, L. F., W. E. Huff, R. B. Harvey, T. D. Phillips, and G. E. 
Rottinghaus. 1989. Individual and combined toxicity of deoxyni-
valenol and T-2 toxin in broiler chicks.  Poult. Sci.  68:622–626.

Nochta, I., T. Tuboly, V. Halas, and L. Babinszky. 2009. Effect 
of different levels of mannan-oligosaccharide supplementation 
on some immunological variables in weaned piglets.  J. Anim. 
Physiol. Anim. Nutr. (Berl.)  93:496–504.

Placinta, C. M., J. P. F. D’Mello, and A. M. C. Macdonald. 1999. 
A review of worldwide contamination of cereal grains and ani-

mal feed with Fusarium mycotoxins.  Anim. Feed Sci. Technol.  
78:21–37.

SAS Institute. 2000. SAS User’s Guide: Statistics. Version 9.0. SAS 
Inst. Inc., Cary, NC.

Speijers, G. J. A., and M. H. M. Speijers. 2004. Combined toxic ef-
fects of mycotoxins.  Toxicol. Lett.  153:91–98.

Swamy, H. V. L. N., T. K. Smith, P. F. Cotter, H. J. Boermans, and 
A. E. Sefton. 2002a. Effects of feeding blends of grains naturally 
contaminated with Fusarium mycotoxins on production and me-
tabolism in broilers.  Poult. Sci.  81:966–975.

Swamy, H. V. L. N., T. K. Smith, N. A. Karrow, and H. J. Boer-
mans. 2004. Effects of feeding blends of grains naturally contami-
nated with Fusarium mycotoxins on growth and immunological 
parameters of broiler chickens.  Poult. Sci.  83:533–543.

Swamy, H. V. L. N., T. K. Smith, E. J. MacDonald, H. J. Boermans, 
and E. J. Squires. 2002b. Effects of feeding a blend of grains nat-
urally contaminated with Fusarium mycotoxins on swine perfor-
mance, brain regional neurochemistry and serum chemistry and 
the efficacy of a polymeric glucomannan mycotoxin adsorbent.  J. 
Anim. Sci.  80:3257–3267.

Swamy, H. V. L. N., T. K. Smith, E. J. MacDonalds, N. A. Karrow, 
B. Woodward, and H. J. Boermans. 2003. Effects of feeding a 
blend of grains naturally contaminated with Fusarium mycotox-
ins on growth and immunological measurements of starter pigs, 
and the efficacy of a polymeric glucomannan mycotoxin adsor-
bent.  J. Anim. Sci.  81:2792–2803.

Taylor, M. J., V. F. Pang, and V. R. Beasley. 1989. The immunotox-
icity of trichothecene mycotoxins. Pages 1–37 in Trichothecene 
Mycotoxicosis: Pathophysiologic Effects. Vol. II. V. R. Beasley, 
ed. CRC Press, Boca Raton, FL.

Yegani, M., T. K. Smith, S. Leeson, and H. J. Boermans. 2006. 
Effects of feeding grains naturally contaminated with Fusarium 
mycotoxins on performance and metabolism of broiler breeders.  
Poult. Sci.  85:1541–1549.

Yiannikouris, A., J. François, L. Poughon, C. G. Dussap, G. Bertin, 
G. Jeminet, and J. P. Jouany. 2004a. Adsorption of zearalenone 
by β-d-glucans in the Saccharomyces cerevisiae cell wall.  J. Food 
Prot.  67:1195–1200.

Yiannikouris, A., J. François, L. Poughon, C. G. Dussap, G. Bertin, 
G. Jeminet, and J. P. Jouany. 2004b. Alkali extraction of β-d-
glucans from Saccharomyces cerevisiae cell wall and study of their 
adsorptive properties towards zearalenone.  J. Agric. Food Chem.  
53:3666–3673.

Young, L. G., H. Ping, and G. J. King. 1990. Effects of feeding 
zearalenone to sows on rebreeding and pregnancy.  J. Anim. Sci.  
68:15–20.

Zhang, G. F., Z. B. Yang, Y. Wang, W. R. Yang, S. Z. Jiang, and G. 
S. Gai. 2009. Effects of ginger root (Zingiber officinale) processed 
to different particle sizes on growth performance, antioxidant 
status, and serum metabolites of broiler chickens.  Poult. Sci.  
88:2159–2166.

Zhou, H. R., D. Yan, and J. J. Pestka. 1997. Differential cytokine 
mRNA expression in mice after oral exposure to the trichothe-
cene vomitoxin (deoxynivalenol): Dose response and time course.  
Toxicol. Appl. Pharmacol.  144:294–305.

Zinedine, A., J. M. Soriano, J. C. Molto, and J. Manes. 2007. Review 
on the toxicity, occurrence, metabolism, detoxification, regula-
tions and intake of zeatalenone: An oestrogenic mycotoxin.  Food 
Chem. Toxicol.  45:1–18.

Zou, X. T., X. J. Qiao, and Z. R. Xu. 2006. Effect of beta-man-
nanase (Hemicell) on growth performance and immunity of broil-
ers.  Poult. Sci.  85:2176–2179.

2495FUSARIUM MYCOTOXINS AND YEAST CELL WALL ADSORBENT 




