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  SUMMARY 

  The objectives of the present study were to investigate the toxicity of feed-borne Fusari-
um mycotoxins on hematology, serum biochemistry, and oxidative stress of broiler chickens, 
and to evaluate the efficacy of yeast cell wall adsorbent (YCW) in preventing mycotoxins-
induced adverse effects. A total of 300 one-day-old Arbor Acres broiler chickens (mixed sex) 
were randomly divided into 3 groups and received different treatments (5 repetitions per treat-
ment). Treatments were control, naturally contaminated diet (NCD; aflatoxin, 102.08 mg/kg; 
zearalenone, 281.92 mg/kg; fumonisin, 5,874.38 mg/kg; deoxynivalenol, 2,038.96 mg/kg), 
and NCD + 2 g/kg of YCW. Broilers fed NCD showed elevated serum alanine transaminase, 
aspartate transaminase, alkaline phosphatase, γ-glutamyl transferase (GGT), and malondial-
dehyde (MDA) at 21 d, and alanine transaminase, GGT, creatine kinase, and MDA at 42 d. 
Higher white blood cell, lymphocyte (lYM), platelet, red blood cell, hemoglobin, hematocrit, 
and mean corpuscular hemoglobin counts at 21 d, as well as lYM in whole blood and hepatic 
mRNA expression of heat shock protein 70 at 42 d were also observed in broilers fed with NCD 
compared with the control diet. However, lower mean corpuscular volume at 42 d and total 
superoxide dismutase (T-SoD) at both 21 and 42 d were observed in broilers with the NCD 
treatment when compared with those with the control treatment. Dietary addition of YCW at the 
level of 2 g/kg in addition to the NCD treatment showed a positive protective effect on GGT, 
T-SoD in serum, white blood cells, lYM, platelets, and hemoglobin in whole blood at 21 d, and 
T-SoD, MDA in serum, lYM, mean corpuscular volume in whole blood, and hepatic mRNA 
expression of heat-shock protein 70 at 42 d. It is suggested that feeding NCD for 42 d might 
result in a deleterious effect on broiler chickens, and addition of 2 g/kg of YCW can partly at-
tenuate the detrimental effects of the NCD feeding. 
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DESCRIPTION OF PROBLEM
Mycotoxins are a group of structurally di-

verse secondary fungal metabolites and are com-
monly found in grains and their derived products 
[1]. The major toxicity of mycotoxins and their 
metabolites on animals includes impaired per-
formance by interfering with nutrient absorption 
[2], histopathological changes of liver and kid-
neys [3], estrogenic effects in gilts [4], dysgene-
sis in sows [5], cytotoxicity [6], immunotoxicity 
[7], and so on. Researchers have reported that 
poultry were resistant to Fusarium mycotoxins 
[8], and it has also been confirmed that these 
mycotoxins could preferentially affect the rap-
idly proliferating cells of the immune system of 
laying hens [1]. Heat shock proteins (HSP) are 
conserved proteins induced by heat and numer-
ous noxious stimuli [9]. The ubiquitous nature 
of the heat shock response suggests that HSP are 
essential for cell survival [10]. However, until 
now, no information has been available on the 
negative effects of naturally contaminated diets 
(aflatoxin, 102.08 mg/kg; zearalenone, 281.92 
mg/kg; fumonisin, 5,874.38 mg/kg; deoxyniva-
lenol, 2,038.96 mg/kg) on the hepatic HSP 70 
mRNA expressions of broiler chickens. More-
over, because of the co-occurrence of different 
mycotoxins in contaminated grains [10–12], 
research on mycotoxins has resulted in incon-
sistent findings.

Mycotoxin adsorbents have been reported to 
prevent the deleterious effects of mycotoxins 
by reducing intestinal absorption of mycotoxins 
[13]. Yeast cell wall extract, as a feed additive, 
composed mostly of protein and polysaccharides 
[14], have been shown to alleviate some adverse 
effects of mycotoxins in cows [15], pigs [16], 
and chickens [17] by binding the mycotoxins in 
the gastrointestinal tract. Given the fact that the 
yeast cell wall adsorbent was extensively used 
as a mycotoxin-adsorbent in China, we carried 
out in vivo experiments to evaluate the efficien-
cy 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 con-
taminated diets on hematology, serum biochem-
istry, and oxidative stress of broiler chickens. 
The efficacy of yeast cell wall adsorbent in pre-
venting mycotoxin-induced adverse effects was 
also evaluated.

MATERIALS AND METHODS

Adsorbents and Chemicals

Detoxza, a commercial yeast cell wall adsor-
bent (YCW), was obtained from AB Co prod-
ucts Asia [18]. Adsorbent (Detoxza) used in this 
study was mainly composed of yeast cell wall, 
hydrated sodium calcium aluminosilicates, Ba-
cillus subtilis, and algae extract. The adsorbent 
was homogenously mixed into the diets. All oth-
er chemicals were of analytical grade.

Experimental Design, Birds, and Management

Three hundred 1-d-old healthy Arbor Acres 
broiler chickens (mixed sex) were obtained from 
a local commercial hatchery. Chickens were 
weighed and randomly allocated into 3 groups 
with 5 replicates of 20 birds each and received 
different treatments. Treatments were provided 
as control, a naturally contaminated diet (NCD), 
and NCD + 2 g/kg of YCW (NCDD). Nutrient 
concentrations met or exceeded minimal re-
quirements for starter and finisher broiler chick-
ens (Feeding Standard of Chicken of the Peo-
ple’s Republic of China; NY/T 33–2004). The 
contaminated diets were prepared by replacing 
corn in the control with the naturally contami-
nated corn. All diets were prepared in 1 batch 
per treatment group and then stored in covered 
containers before feeding.

Birds were housed in an environmentally 
controlled room. The temperature was main-
tained at 32°C from d 1 to 7 and then gradually 
lowered by 3°C per week to reach 26°C by the 
end of wk 3; this temperature was maintained 
for the duration of the experiment. Continuous 
lighting and water ad libitum were provided 
throughout the experiment. Animals were cared 
for in accordance with guidelines of the Na-
tional Institutes of Health Guide and the China 
Ministry of Agriculture for the care and use of 
laboratory animals.

Representative feed samples were taken at 
the beginning and end of feeding periods for 
mycotoxins analyses. The content of mycotox-
ins in the test diets was analyzed by Asia Myco-
toxin Analysis Center [19] as described by Jiang 
et al. [4]. Deoxynivalenol (DON) was analyzed 
using HPlC. Fluorometry and ElISA were 
used to measure zearalenone (ZEN), fumonisins 
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(FUM), and aflatoxin (AFL) concentrations. 
The detection limit for these mycotoxins was 
1 μg/kg for AFl, 0.1 mg/kg for ZEN, 0.1 mg/
kg for DoN (including 3-acetyl deoxynivalenol, 
15-acetyl deoxynivalenol, and nivalenol), and 
0.25 mg/kg for FUM (Table 1).

Samplings and Preparation

on d 21 and 42 of the experiment, 10 birds (2 
birds per replicate) were randomly selected from 
each group after 12 h without feed. The BW of 
each bird was measured and blood samples were 
collected. Approximately 1 ml of blood was 
sample for hematology and collected in a test 
tube containing an anticoagulant (EDTA) and 5 

ml were collected in a test tube without antico-
agulant for analysis of biochemical and antioxi-
dant enzymatic activities as well as concentra-
tions of malondialdehyde (MDA). Serum was 
separated and stored in 1.5-mL centrifuge tubes 
at −20°C before analysis. The birds were then 
euthanized by cervical dislocation. Liver tis-
sues were collected from each bird, one portion 
(5 μm thick) was stained with hematoxylin and 
eosin for microscopy examination, and another 
portion stored at −70°C for HSP 70 analysis.

Hematological Parameter Determination

White blood cells (WBC), lymphocytes 
(LYM), platelets (PLT), red blood cells, he-

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

Item

Starter (0–21 d)1 Grower (22–42 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  
(%, unless otherwise noted)
 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 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 chlo-
ride, 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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moglobin (HGB), mean corpuscular volume 
(MCV), mean corpuscular hemoglobin, hema-
tocrit, and mean corpuscular hemoglobin con-
centration were determined using a blood coun-
ter [20].

Serum Biochemical Parameter Determination

The levels of enzyme activities, including 
alanine transaminase (ALT), aspartate trans-
aminase (AST), alkaline phosphatase (ALP), 
γ-glutamyltransferase (GGT), creatine kinase, 
and lactic dehydrogenase, were determined ac-
cording to the instructions of assay kit [21] using 
an automatic clinical chemistry analyzer [22].

Assay of Antioxidant Parameters

Enzymatic activity of total superoxide dis-
mutase (T-SOD) and MDA were analyzed with 
assay kits from Nanjing Jiancheng Bioengineer-
ing Institute [21] following the procedures as 
described by Jiang et al. [4]. The activities of 
T-SoD and the content of MDA were expressed 
as units per milliliter for serum.

Pathohistological Tests

Upon the completion of the experiment, birds 
were killed by euthanasia and necropsied. liv-
ers were isolated for gross lesions and histologi-
cal examination and then fixed promptly in 10% 
buffered formalin. The tissues were embedded 
in paraffin, sectioned into 5-μm thick pieces, 
and stained with hematoxylin and eosin. The 
slides were examined under 400× magnifica-
tions using an optical microscope [23].

Determination of Liver HSP 70  
Expression by Real-Time PCR

Tissue RNA was extracted using the ultra-
pure RNA extraction kit [24] as described by Li 

et al. [25]. The RNA concentrations and integ-
rity were determined by agarose gel electropho-
resis using 5 ul of RNA. Total RNA was reverse 
transcribed using HiFi-MMLV cDNA First 
Strand Synthesis kit [26] with random primers. 
Real-time PCR reactions were conducted using 
UltraSYBR Mixture [27] by real-time PCR sys-
tems [22]. After denaturing at 95°C for 10 min, 
PCR amplification was performed for 40 cycles 
(95°C for 15 s and 60°C for 1 min) followed by a 
final extension step (72°C for 10 min). The gene 
was expressed as relative intensities of β-actin. 
Oligonucleotides primers for selected genes are 
shown in Table 2.

Statistical Analysis

All data were subjected to ANoVA analysis 
using the GlM procedure of SAS 9.0 [28]. The 
data were analyzed as a completely randomized 
design to examine the overall effect of treat-
ments. The significance of differences among 
treatments was tested using Duncan’s multiple 
range tests. All statements of differences were 
based on significance at P < 0.05.

RESULTS AND DISCUSSION

Serum Biochemistry

All broilers in the present study had similar 
ADFI, but ADG and FE of birds on the NCD 
treatment were lower (P < 0.05) than those on 
the control treatment (data not shown). When 
compared with birds on the control diet, feed-
ing the naturally contaminated diets resulted in 
a significant increase (P < 0.05) in serum AlT, 
AST, ALP, and GGT at 21 d and ALT, GGT, and 
creatine kinase at 42 d (Table 3). Supplementa-
tions of YCW to the contaminated diet signifi-
cantly improved (P < 0.05) serum GGT at 21 d.

Table 2. Oligonucleotides primers for selected gene1 

Gene specificity2 oligonucleotide sequence (5′ to 3′) Accession number

HSP 703 F GACAAGTCAAAGCCGCACAT NM_001006685
HSP 70 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.
3HSP 70 = heat shock protein 70.
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Hematological Parameter

Broilers fed contaminated diets had higher (P 
< 0.05) WBC, lYM, PlT, red blood cells, HGB, 
hematocrit, and mean corpuscular hemoglobin 
at 21 d and LYM at 42 d than those fed the con-
trol diet (Table 4). lower (P < 0.05) MCV at 
42 d was observed in birds with the NCD treat-
ment compared with those with the control diet, 
however. The NCDD treatment showed a posi-
tive protective effect on hematological WBC, 
lYM, PlT, and HGB at 21 d, as well as lYM 
and MCV at 42 d.

Oxidative Stress

The activities of T-SOD in serum at both 21 
and 42 d were lower for broilers with the NCD 
treatment than those with the control diet (P < 
0.05; Table 5), but higher for MDA (P < 0.05) 
in serum at both 21 and 42 d. The NCDD diet 
improved (P < 0.05) T-SoD activity at 21 d and 
MDA concentrations at 42 d in serum.

Histopathological Examination

No macroscopic pathological changes of 
liver among treatments were observed through 
clinical examination at 42 d. No pathological 
changes of liver tissue were observed among 
groups by further microscopic examination 
(data not shown).

Liver HSP 70 Expression

The relative mRNA expression of HSP 70 
was measured by real-time PCR in liver samples 
collected at the end of the experiment (Figure 1). 
Broilers fed contaminated diets without YCW 
had higher (P < 0.05) mRNA expression of HSP 
70 compared with those fed the control diet. The 
NCDD diet significantly decreased the mRNA 
expression of HSP 70 (P < 0.05).

The AFl, ZEN, FUM, and DoN were detect-
ed in the control diet used in the present study 
despite each ingredient being carefully selected, 
which suggests that feedstuffs were extensively 
contaminated by mycotoxins in China. The level 
of AFL, ZEN, FUM, and DON in the control diet 
was considered acceptable because these levels 
fall within the range of the Food and Agriculture 
organization of the United Nations (AFl = 20 
µg/kg; ZEN = 1 mg/kg; FUM = 3 mg/kg; DoN 
= 2 mg/kg [29]). However, further research may 
be needed to investigate the interactive effects 
of AFL, ZEN, FUM, and DON in the control.

Serum enzyme activities are commonly 
used as a diagnostic tool in animal health [30]. 
Much attention has been paid to toxins produced 
from Fusaria fungi, which showed effects such 
as liver and kidney damage, with subsequent 
changes in some enzymatic variables in broiler 
chickens [17, 25]. In the current study, levels of 
ALT, GGT, AST, and ALP at 21 d and creatine 
kinase at 42 d of chickens fed NCD were sig-

Table 3. Serum biochemical parameters of broiler chickens fed basal diet and naturally contaminated diets with or 
without yeast cell wall adsorbent (n = 10)1 

Treatment (U/l) ALT AST ALP GGT CK LDH

21 d
 Control 21.30b 250.30b 136.30b 6.60b 2,952.2 1,736.3
 NCD 24.20a 286.30a 165.80a 10.60a 3,148.9 1,705.4
 NCDD 22.20ab 261.60ab 154.60ab 7.30b 2,923.9 1,789.1
 SEM 0.149 1.413 1.274 0.167 28.666 12.526
 P-value 0.102 0.025 0.048 0.029 0.638 0.754
42 d
 Control 22.70b 265.9 317.4 12.50b 4,574.4b 1,467.5
 NCD 24.20a 252.9 284.4 17.50a 5,254.7a 1,580.3
 NCDD 22.90ab 259.9 305.7 13.50ab 4,742.1ab 1,509.8
 SEM 0.045 1.53 2.041 0.136 30.871 9.04
 P-value 0.003 0.641 0.205 0.001 0.049 0.384
a,bMeans within a column with different letters differ significantly (P < 0.05).
1Data per broiler chicken were run in duplicate in a single assay to avoid interassay variation. AlT = alanine transaminase; 
AST = aspartate transaminase; AlP = alkaline phosphatase; GGT = γ-glutamyl transferase; CK = creatine kinase; lDH = lactic 
dehydrogenase; NCD = naturally contaminated diet; NCDD = NCD + 2 g/kg of yeast cell wall absorbent.
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nificantly increased when compared with those 
fed the control diet. It has been reported that the 
increased enzyme activities by feeding naturally 
contaminated diets could be due to hepatic de-
generation and subsequent leakage of enzymes 
into circulation [31]. The significant response of 
GGT in the current study is in accordance with 

the result of Kubena et al. [32], who observed el-
evated GGT activity in leghorn chickens fed 18 
mg/kg of DoN from naturally contaminated di-
ets. The increase in concentration of ALT agrees 
with the reports of Bintvihok and Kositcharoen-
kul [33], that the hepatic enzyme activities were 
increased by feeding 50 µg/kg of aflatoxins.

The significant effect of contaminated di-
ets on hematology in the current study may be 
due to the toxic interaction among aflatoxin B1, 

Table 4. Hematological parameters of broiler chickens fed basal diet and naturally contaminated diets with or 
without yeast cell wall adsorbent (n = 10)1 

Treatment
WBC  

(109/l)
LYM  

(109/l)
PLT  

(109/l)
RBC  

(1012/l)
HGB  
(g/l)

HCT  
(%)

MCV  
(fl)

MCH  
(pg)

MCHC 
(g/l)

21 d
 Control 173.99c 145.93c 159.90c 2.12b 102.00c 24.78b 118.01 47.82b 406.1
 NCD 207.01a 176.54a 252.46a 2.61a 139.54a 31.30a 119.77 50.07a 418.64
 NCDD 191.20b 162.14b 192.67b 2.41a 116.22b 28.70a 120 50.71a 410.4
 SEM 0.703 0.739 1.228 0.012 0.651 0.142 0.138 0.100 0.730
 P-value 0.001 0.001 0.001 0.001 0.001 0.001 0.229 0.009 0.168
42 d
 Control 130.11 106.43b 123.0 2.16 103.2 23.8 115.07a 47.82 417.5
 NCD 140.14 116.35a 136.7 2.29 110.6 25.6 110.24b 47.57 425.4
 NCDD 133.06 110.82b 125.91 2.21 104.6 24.13 113.56a 48.16 422.96
 SEM 0.638 0.254 0.805 0.013 0.438 0.126 0.131 0.096 1.064
 P-value 0.215 0.001 0.154 0.556 0.153 0.253 0.001 0.789 0.700
a–cMeans within a column with different letters differ significantly (P < 0.05).
1Data per broiler chicken were run in duplicate in a single assay to avoid interassay variation. WBC = white blood cell; lYM 
= lymphocyte; PlT = platelet; RBC = red blood cell; HGB = hemoglobin; MCV = mean corpuscular volume; MCH = mean 
corpuscular hemoglobin; HCT = hematocrit; MCHC = mean corpuscular hemoglobin concentration; NCD = naturally contami-
nated diet; NCDD = NCD + 2 g/kg of yeast cell wall absorbent.

Table 5. Antioxidant enzymatic activities and 
concentration of malondialdehyde in the serum 
of broiler chickens fed basal diet and naturally 
contaminated diets with or without yeast cell wall 
adsorbent (n = 10)1 

Treatment

21 d 42 d

T-SOD  
(U/ml)

MDA  
(nmol/ml)

T-SOD  
(U/ml)

MDA  
(nmol/ml)

Control 189.18a 6.44b 192.95a 6.76c

NCD 166.82c 7.95a 178.19b 9.06a

NCDD 174.93b 7.30ab 181.96b 7.72b

SEM 0.427 0.054 0.598 0.052
P-value 0.001 0.001 0.028 0.001
a–cMeans within a column with different letters differ signifi-
cantly (P < 0.05).
1Data per broiler chicken were run in duplicate in a single 
assay to avoid interassay variation. T-SoD = total superox-
ide dismutase; MDA = malondialdehyde; NCD = naturally 
contaminated diet; NCDD = NCD + 2 g/kg of yeast cell wall 
absorbent.

Figure 1. The heat shock protein 70 (HSP 70) expres-
sion levels in liver tissues of 42-d broiler chickens fed 
basal diet and naturally contaminated diets with or 
without yeast cell wall absorbent. Birds were fed a bas-
al diet (Control), naturally contaminated diets (NCD), 
and naturally contaminated diets with yeast cell wall 
absorbent at the level of 2 g/kg (NCDD). Data of mRNA 
expression of HSP 70 per chicken were run in triplicate 
in a single assay to avoid interassay variation. Bars 
with different letters (a, b) differ at P < 0.05 (n = 10).
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DoN, FUM, and ZEA, which needs further elu-
cidation. Broiler chicks exhibited alterations in 
blood erythrocyte count, hemoglobin concentra-
tion, and hematocrit after feeding 16 mg/kg of 
DON from contaminated grains for 21 d [34]. 
The toxic effect of dietary DON could be en-
hanced by ZEN [35], and a synergistic interac-
tion might be expected with respect to induction 
of various Fusarium mycotoxins with aflatoxin 
B1 [36]. In the current study, the increase in con-
centration of lymphocyte may resist the myco-
toxin response and maintain the body’s normal 
function.

Enzymatic and nonenzymatic antioxidants of 
the body are the major defense system to pre-
vent organ injuries from the excessive quantity 
of reactive oxygen species that cause cellular 
lipid peroxidation [37]. Researchers have dem-
onstrated that FUM evokes oxidative stress, 
which may contribute at least in part to FUM 
toxicity and carcinogenicity [38], and ZEA also 
have an important role in cellular oxidative 
stress [39]. In the present study, the activity of T-
SoD in serum was significantly decreased when 
birds were fed NCD compared with those fed 
the control diet; the increased MDA concentra-
tions was in agreement with the result of Fran-
kic et al. [40], who observed that chickens fed 
elevated T-2 toxin at 10 mg/kg for 17 d signifi-
cantly decreased the total antioxidant status of 
the plasma. The activities of T-SoD are known 
to serve as protective responses to eliminate re-
active free radicals [41]. As an end product of 
lipid peroxidation, MDA is commonly used to 
monitor lipid oxidation status in the body [41].
Therefore, the decreased T-SOD activity and the 
increased MDA concentrations in serum found 
in the current study suggest that feeding natural-
ly contaminated diets induced oxidative stress in 
chickens.

To the best of our knowledge, this is the first 
report that investigates HSP mRNA production 
in the liver during intoxication with combina-
tions of AFL, ZEN, FUM, and DON in broiler 
chickens. Heat shock protein 70 increases in re-
sponse to environmental stress, such as inflam-
mation, tissue damage, oxidative injury, and a 
variety of other stimuli, such as metals and my-
cotoxins (AFl, FUM, ZEA, or T-2 toxin) [10]. 
The increased expression of HSP 70 was asso-
ciated with biochemical disturbances in oxidant 

and antioxdant balance system in rat liver tis-
sues treated with aflatoxin B1 [42]. It has been 
demonstrated that activation of the heat shock 
response is closely associated with the remis-
sion of inflammation in a variety of experimen-
tal models [43]. In the present experiment, the 
upregulation of HSP 70 mRNA expression of 
NCD-treated broilers may attribute to the dam-
ages or oxidative stress of liver by the combina-
tions of AFL, ZEN, FUM, and DON.

The use of YCW to prevent mycotoxicosis 
has been reported [15–17, 25], although its pre-
cise mechanism is not known. It has been hy-
pothesized that YCW might trap the mycotoxin 
molecule in its glucomannan matrix and prevent 
toxin absorption from the gastrointestinal tract 
[13]. It was beneficial in preventing adverse 
effects of Fusarium mycotoxins on the perfor-
mance and metabolism of broiler chickens [17]. 
Yeast cell wall supplementation to the contami-
nated diet with Fusarium mycotoxins signifi-
cantly improves the blood parameters [30, 31]. 
Dietary addition of YCW in the NCD treatment 
showed a positive protection effect on GGT, T-
SOD in serum, WBC, LYM, PLT, and HGB in 
whole blood at 21 d, and T-SoD, MDA in se-
rum, lYM, MCV in whole blood, and hepatic 
mRNA expression of HSP 70 at 42 d. This sug-
gests that addition of YCW to a naturally con-
taminated diet is a potentially effective method 
to adsorb and to sequester mycotoxins, leading 
to the reduction of toxin bioavailability.

CONCLUSIONS AND APPLICATIONS

 1.  Broilers fed NCD had a significant in-
crease (P < 0.05) in serum AlT, AST, 
ALP, and GGT at d 21 and ALT, GGT, 
and creatine kinase at d 42. 

 2.  Broilers fed NCD had higher (P < 0.05) 
WBC, LYM, PLT, red blood cells, HGB, 
hematocrit, mean corpuscular hemoglo-
bin at d 21, and lYM at d 42. However, 
lower (P < 0.05) MCV at d 42 was ob-
served in the NCD treatment compared 
with control.

 3.  Broilers fed naturally contaminated di-
ets showed lower (P < 0.05) T-SoD in 
serum at both d 21 and 42 compared 
with control, whereas higher MDA (P < 
0.05) in serum at both d 21 and 42 were 
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observed in the naturally contaminated 
treatment. 

 4.  Broilers fed naturally contaminated diets 
had higher (P < 0.05) mRNA expression 
of heat shock protein 70 compared with 
the control. 

 5.  Dietary addition of yeast cell wall adsor-
bent at the level of 2 g/kg to the naturally 
contaminated diets can partly attenuate 
the detrimental effects of feeding the 
naturally contaminated diets. Further re-
search is needed to evaluate the effect of 
adding yeast cell wall adsorbent to dif-
ferent diets and to define the optimum 
yeast cell wall adsorbent application rate 
for the reduction of the toxicity of myco-
toxins at different levels.
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