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  INTRODUCTION 
 

It is well accepted that feed cost comprises a significant 
portion of poultry rearing costs. The cost of feed processing 
comprises a major part of feed costs (Behnke and Beyer, 
2002). The physical form of feed is known as a key factor 
in broiler chicken production. Pelleting has commonly been 
used in order to accumulate the ingredient particles by me-
chanical process, along with moisture, pressure, and tem-
perature (Muramatsu et al. 2015). Preparation of pelleted 
diets not only increases feed intake and weight gain but also 
improves feed conversion ratio (Freitas et al. 2008; Corzo 

et al. 2011). Conditioning is a major stage where steam is 
used to prepare the pellet (Skoch et al. 1981). The different 
temperatures are used for preparing the pellet (Mc Cracken, 
2002). Appropriate temperature is essential in preparing the 
pellet so that inappropriate temperature can negatively in-
fluence performance in broiler chicks (Ighani et al. 2017). 
Wheat is used in diet composition as an energy source in 
chicken diets due to significant levels of starch and crude 
protein (Gutierrez et al. 2008). It is also known to have 
components such as non-starch polysaccharides (NSPs) that 
enhance intestinal digestive viscosity (Agboola et al. 2015). 
High viscosity limits contact between digestive enzymes 
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and substrates. Mucin glycoproteins produced by goblet 
cells protect intestinal tract epithelium (Uni et al. 2003). 
Mucin is known to have protective effects on the intestine 
and also protect acidic chime and digestive enzymes (Horn 
et al. 2009). 

Feed additives must be able to tolerate the high tempera-
tures during processing. Bacillus species are known to have 
ability for resistance against temperature and also could live 
in the low gastric pH (Cutting, 2010; Lee et al. 2010a). Pro-
biotics control the pathogenic bacteria, modulate immune 
responses, compete with toxin-producing bacteria in order 
to adhere to receptors in the gut epithelium (Cutting, 2010; 
Lee et al. 2010a) and change metabolism by enhancing 
digestive enzyme activity (Jin et al. 2000). Amerah et al. 
(2011) have reported that dietary inclusion of probiotics 
(Bacillus subtilis strains) improve feed conversion ratio in 
broiler chicks fed with maize/soy diets (Ameraha et al. 
2013). They have also reported that chemical changes cre-
ated by higher pelleting temperatures stimulated the im-
mune response. To the best our knowledge, no studies have 
been conducted to investigate the interaction effects of pel-
leting temperature, probiotic and wheat grain on growth 
performance, blood biochemical variables, immune re-
sponses and mucin 2 gene expression of broiler chicks. 
Thus, this study was conducted to evaluate the effects of 
pelleting temperature, probiotic and wheat grain on growth 
performance, blood biochemical variables, immune re-
sponses and mucin 2 gene expression of broiler chicks. 

 

  MATERIALS AND METHODS 
Chickens and experimental design 
This study was performed in Animal Research Center 
(Karaj, Iran) in summer of 2017. All the procedures were 
approved by the Ethical Standard Committee, Science and 
Research Branch, Islamic Azad University (No. SRBIAU, 
1110). All the chemical materials were purchased from 
Merck Company. A total number of eight hundred one-day-
old broiler chicks (Cobb 500 strain), weighting 44 ± 2 g, 
were purchased from a commercially local hatchery. The 
requirements of Cobb 500 broiler chickens were used in 
order to formulate the diet (Table 1). All the birds were 
randomly divided into 8 treatments of 4 replicates per 
treatment with 25 birds per replication. A 2 × 2 × 2 factorial 
arrangement in the completely randomized design was used 
with wheat inclusion (0 or 50%), probiotic supplementation 
(0 or 200 mg/kg) and conditioning temperature (70 or 85 
˚C) as the main factors. Experimental treatments were as 
follows: 
1) wheat-based diets formulated without probiotic and 
prepared in 70 ˚C (Treatment 1) 
 

2) wheat-based diets formulated without probiotic and 
prepared in 85 ˚C (Treatment 2) 
3) wheat-based diets formulated with probiotic and 
prepared in 70 ˚C (Treatment 3) 
4) wheat-based diets formulated with probiotic and 
prepared in 85 ˚C (Treatment 4) 
5) corn-based diets formulated without probiotic and 
prepared in 70 ˚C (Treatment 5) 
6) corn-based diets formulated without probiotic and 
prepared in 85 ˚C (Treatment 6) 
7) corn-based diets formulated with probiotic and prepared 
in 70 ˚C (Treatment 7) 
8) corn-based diets formulated with probiotic and prepared 
in 85 ˚C (Treatment 8) 

Probiotic was prepared from TakGen Company (Tehran, 
Iran). It contained Bacillus subtilis (JQ61816). Broiler 
chicks were reared in floor pens. The lighting program and 
other rearing conditions were performed as recommended 
by Cobb 500 broiler guidelines. Feedstuffs were grounded, 
blended and conditioned at 70 or 85 ˚C for 45 s and finally 
pelleted by a ring die pellet set. 
 
Growth performance 
Birds were weighed at the beginning and end of the trial in 
order to determine the body weight gain (BWG). In order to 
calculate the feed intake (FI), feed consumption was daily 
measured. It was calculated as the difference between the 
presented feed and residue feed. Mortality was daily re-
corded and feed conversion ratio (FCR) was calculated by 
dividing FI by BWG of live plus dead birds. 
 
Immunity variables  
On 21 and 35 days of the experiment, 1 mL of 5% suspen-
sion of sheep red blood cells (SRBCs) was intravenously 
injected into wing of two birds per replicate. Blood samples 
were obtained 7 d after administration and centrifuged at 
1000 g for 10 minutes. The sera were achieved and stored 
at -20 ˚C until analysis. Each serum sample was inactivated 
at 56 ˚C for 30 min and then analyzed for total anti-SRBC 
antibodies. Briefly, each inactivated serum sample was ti-
trated for total and mercaptoethanol (ME)-resistant (IgG) 
anti-SRBC antibody titers. ME-sensitive (IgM) antibody 
titers were obtained through subtracting the level (titer) of 
IgG antibodies from that of the total antibodies evaluated. 
All the titer data were reported in term of log2 (Hosseini et 
al. 2018).  

At 21 and 35 days of the experiment, 0.25 mL of dinitro-
chlorobenzene (DNCB) was injected to 2 chicks from each 
pen. One area, by 10 cm2, was marked in order to adminis-
ter the DNCB. Skin thickness was evaluated before sensiti-
zation.  
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The broiler chicks were sensitized with DNCB at a dose 

of 0.1 mL per cm2 area. Skin thickness was assessed 24 and 
48 h after challenge (Hosseini et al. 2018).    
 
Blood biochemical variables 
On 42 days of the experiment, 3 mL of blood was collected 
from two birds from each replicate and centrifuged at 2500 
× g for 15 minutes and the serum samples were obtained. 
Then, the levels of triglyceride, glucose, albumin, high-
density lipoprotein (HDL)-cholesterol, low-density lipopro-
tein (LDL)-cholesterol, and cholesterol were measured by 
commercial kits of Pars Azmun (Tehran-Iran) according to 
the kit manufacturer's guidelines (Akbari and Torki, 2014).   
 
Mucin 2 mRNA gene expression  
On 42 days, 12 broiler chicks per replicate (3 chicks per 
replicate) were randomly killed and intestinal segments  
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Table 1 The experimental diet used in the starter (1-10 days), grower (11-22 days) and finisher (23-42 days) in broiler chickens 
Wheat-based Corn-based 

Ingredient (g) 
Starter  Grower  Finisher  Starter Grower Finisher 

Corn 562.80 620.30 651.70 116.00 167.80 203.50 

330.00 297.00 Soybean meal (44%) 385.50 322.60 272.00 235.50 

0.00 0.00 Wheat 0.00 500.00 500.00 500.00 

10.00 15.00 Vegetable oil  9.50 17.80 19.20 23.50 

Mineral oyster shell 8.20 7.80 7.4 8.40 8.00 7.50 

Bicarbonate 1.50 1.50 1.50 1.50 1.50 1.50 

Dicalcium phosphate 20.90 19.50 17.20 20.70 19.30 17.00 

NaCl 2.50 2.50 2.50 2.10 2.10 2.10 

were removed. The jejunum part was separated, washed, 
transferred into the lab and RNA was extracted as recom-
mended by Hosseini et al. (2018). GAPDH was used as 
control and the primers were prepared from Cynagen Com-
pany and were as follows: Forward for GAPDH: 
5'GGTGGTGCTAAGCGTGTTAT3' 
Reverse for GAPDH: 5' ACCTCTGTCATCTCTCCACA 3' 
Forward for Mucin 2: 5'-
TCACCCTGCATGGATACTTGCTCA-3' 
Reverse for Mucin 2: 5'-
TGTCCATCTGCCTGAATGACAGGT-3'. 

The protocol used was as follows: primary denaturation 
(1 cycle at 95 ˚C for 10 min), denaturation (1 cycle at 95 ˚C 
for 15 min), annealing (40 cycles at 60 ˚C for 30 min) and 
final extension (40 cycles at 72 ˚C for 30 min). The ΔΔCt 
method was used to evaluate the gene expression as men-
tioned: 

 

2.50 2.50 2.50 2.50 2.50 2.50 Vitamin and premix1 

Enzyme - - - - - - 

DL-methionine  3.00 2.50 2.20 2.90 2.40 2.10 

Choline chloride 1.50 1.50 1.50 1.50 1.50 1.50 

Threonine  0.80 0.70 0.60 1.20 1.10 1.00 

Lysine 1.30 1.20 0.90 2.80 2.60 2.30 

Nutrient composition       

2828.00 2900.00 2978.00 Metabolizable energy (kcal/kg) 2828.00 2900.00 2978.00 

21.78 19.75 18.49 Crude protein (% ) 21.64 19.76 18.39 

0.96 0.90 0.82 Calcium (%) 0.96 0.90 0.82 

0.50 0.47 0.42 Av. phosphorus (%) 0.50 0.47 0.42 

3.76 3.49 3.32 Crude fiber (%) 3.97 3.72 3.53 

0.94 0.85 0.79 Potassium (%) 0.89 0.80 0.74 

Chloride (%) 0.22 0.22 0.22 0.23 0.23 0.22 

Sodium (%) 0.16 0.16 0.16 0.16 0.16 0.16 

Methionine (%) 0.59 0.52 0.48 0.56 0.49 0.45 

Arginine (%) 1.36 1.21 1.12 1.25 1.12 1.02 

Lysine (%) 1.18 1.05 0.95 1.18 1.05 0.95 
1 Vitamin and mineral premix supplied (content per kg): vitamin A: 1800000 IU; vitamin D : 400000 IU; vitamin E: 3600 IU; vitamin K3 3: 400 mg; Thiamine: 360 mg; 
Riboflavin: 1320 mg; Niacin: 6000 mg; vitamin B : 600 mg; vitamin B : 2000; vitamin B6 5 12: 3 mg; Folic acid: 200 mg; Biotin: 20 mg; Choline: 80 g; Zinc: 17 g; Iron: 10 g; 
Copper: 2 g; Manganese: 20 g; Selenium: 40 mg and Iodine: 200 mg. 
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ΔΔCt= ΔCt of each treatment - ΔCt control 
 
Statistical analysis 
The Kolmogorov-Smirnov test was used to check the nor-
mality of data distribution. The generalized linear model 
(GLM) procedure of SAS software was used in order to 
evaluate the data (SAS, 2004). A 2 × 2 × 2 factorial ar-
rangement in the completely randomized design was used 
with conditioning temperature, prebiotic sand wheat as the 
main factors and their respective interactions. Means were 
separated by a Tukey test at P ≤ 0.05. All the parameters 
measured were analyzed as follows: 
 
Yijklm= µ + Aj + Bk + Cl + (A×B)jk + [A×Cl)jl + (B×C)kl + 
(A×B×C)jkl + eijklm 
 
Where:  
Yijklm: characteristic measured.  
μ: overall mean.  
Aj: main effect of the probiotic. 
Bk: main effect of temperature.  
Cl: main effect of wheat.  
(A×B)jk: interaction between the probiotic and temperature. 
(A×Cl)jl: interaction between the probiotic and wheat. 
(B×C)kl: interaction between the temperature and wheat. 
(A×B×C)jkl: interaction among the probiotic, temperature 
and wheat. 
eijklm: residual error. 

 

  RESULTS AND DISCUSSION 
Effects of experimental treatments on growth performance 
are shown in Table 2. Growth performance was not influ-
enced by experimental treatments (P>0.05). There were no 
significant two-way and three-way interactions among 
wheat, probiotic and temperature on growth performance 
(P>0.05).  

The data for immunity variables are presented in Tables 3 
and 4. As results indicate, humoral immunity (Table 3) and 
cellular immunity (Table 4) were not influenced by experi-
mental treatments. It was not seen as a significant interac-
tion among treatments (P>0.05).   

Our findings showed that blood biochemical variables 
were not affected by different levels of wheat, probiotic and 
temperature (Table 5). In addition, significant interactions 
were not observed among treatments for blood parameters 
(P>0.05). 

There was three-way significant interaction among pro-
biotic, wheat and temperature (Figure 1) so that birds fed 
with diets pelleted in both temperatures and containing pro-
biotic and wheat showed higher up-regulation in compari-
son to other groups. 

In the current study, probiotic supplementation and pel-
leting temperature did not have significant effects on 
growth performance. Ameraha et al. (2013) have reported 
that broiler chicks fed pelleted diets prepared at 75 and 90 
˚C had higher BWG than birds receiving 85 ˚C diets. 
Abdollahi et al. (2010a) and Abdollahi et al. (2010b) have 
shown that conditioning temperature at 60 and 90 ˚C could 
improve BWG in comparison to birds fed a diet conditioned 
at 75 ˚C.  

However, our findings did not show significant effects of 
probiotic and pelleting temperature on growth performance 
in the wheat and corn-based diets. Differences between our 
findings and others can be explained by a lubricating effect 
which could reduce adverse effects of thefriction-
createdheat. Ameraha et al. (2013) reported that dietary 
inclusion of probiotic (three Bacillus subtilis strains) de-
creased food consumption and improved FCR but had no 
effect on BWG. Amerah et al. (2011), Amerah and Gracia, 
(2011) have reported that B. subtilis supplementing im-
proved performance in broiler chicks fed probiotic (B. sub-
tilis) in maize and wheat based diets. Differences in the 
type of probiotic, dose, procedure for preparation, type of 
diet, sanitary condition of the animals, age, etc could be 
reasons for conflict in our findings and others. With regards 
to inclusion of wheat, Shekari et al. (2013) reported lack of 
significant differences in growth performance of broiler 
chicks fed with corn based diets in comparison to birds fed 
with wheat-based diets. Agboola et al. (2015) have reported 
that probiotic supplementation into wheat-based diets in 35-
day-old broilers could improve feed intake, dry matter in-
take and FCR.  

Wheat is known to have anti-nutrient compounds (NSPs) 
which can negatively influence performance. It seems that 
dietary inclusion of wheat in pelleted diets did not have 
negative effects on performance compared with wheat-
based diet. Thus, wheat can be included in a 50% diet in the 
pelleted diets in temperatures 70 and 85 ˚C. As results 
show, mortality was not affected by experimental treat-
ments; suggesting that treatments have no negative effects 
on mortality. 

Dietary inclusion of wheat, probiotic and pelleting tem-
perature had no significant effects on cellular and humoral 
immunities. Ameraha et al. (2013) have reported dietary 
inclusion of probiotic lowered the levels of IgA and IgM in 
birds supplemented with diets containing probiotic and pre-
pared in 90 ˚C compared with those fed diets pelleted in 75 
˚C or 85 ˚C. Probiotics improved the immune system 
through altering mucosal lymphocyte populations and in-
ducing cytokines interleukin-2, interleukin-4, interleukin-6 
and interleukin-10 from intra-epithelial lymphocytes which 
are related to IgA class in B-cells (Lee et al. 2010b; Lee et 
al. 2011).  
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Indeed, probiotic influences antibody production by in-

creasing local immune defenses (Kabir et al. 2004) and 
production of modulatory immune molecules (Zhang et al. 
2016).  

Immune responses were not different in broiler chicks 
fed with corn and wheat-based diets. It means that inclusion 
of wheat by 50% diet did not have adverse effects on the 
immune system. 

Biochemical variables were not influenced by experi-
mental treatments. We did not find any study conducted to 
investigate the effects of pelleting temperature on blood 
biochemical variables.  

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Dietary inclusion of probiotics could decrease serum 

triglycerides, cholesterol and / or LDL-C and increased 
HDL-C levels (Mohan et al. 1995; Mohan et al. 1996; 
Kalavathy et al. 2003). Serum lipid is one important pa-
rameter used in order to evaluate the results related to ani-
mal health and meat quality (Fletcher, 2002). Probiotics 
decrease serum cholesterol by modulating cholesterol ab-
sorption in the gut by deconjugation of the bile salts or by 
assimilating cholesterol (Ooi and Liong, 2010). However, 
our findings showed that probiotics had no significant ef-
fect on lipid profile, which is due to dose and probiotic 
strain. 

Table 2 Effects of experimental treatments on feed intake (FI), body weight gain (BWG) and feed conversion ratio (FCR) of broiler chicks from 1 to 
42 days 

 Treatments  FI (g) BWG (g) FCR Mortality % 

Wheat Probiotic Temperature     

0 0 70 4436.96 2319.66 1.91 13.33 

0 0 85 4374.97 2346.42 1.86 15.00 

0 200 70 4378.57 2286.45 1.91 11.00 

0 200 85 4502.30 2318.25 1.94 7.00 

500 0 70 4459.27 2316.82 1.92 10.00 

500 0 85 4599.15 2311.52 1.99 11.00 

500 200 70 4444.20 2261.50 1.96 9.00 

500 200 85 4515.87 2409.07 1.89 9.00 

SEM   38.14 29.21 0.014 1.21 

P-value   8.77 0.972 0.465 0.836 

Wheat   0.325 0.912 0.234 0.512 

Probiotic   0.936 0.941 0.858 0.210 

Temperature   0.393 0.429 0.828 0.896 

Wheat  0.575 0.701 0.252 0.468 

Wheat × probiotic  0.684 0.750 0.926 0.719 

Wheat × temperature  0.747 0.532 0.537 0.537 

Wheat × probiotic × temperature 0.448 0.573 0.0723 0.658 
SEM: standard error of the means. 

Table 3 Effects of experimental treatments on humoral immunity (log2): immunoglobulin G1 (IgG1) and (IgM1) in 28 days and IgG2 and IgM2 at 42 
days 

 Treatments  IgG1 IgM1 IgG2 IgM2 

Wheat Probiotic Temperature     

0 0 70 4.00 1.00 4.33 1.00 

0 0 85 4.25 1.50 4.50 1.00 

0 200 70 4.25 1.25 4.75 1.50 

0 200 85 4.50 0.75 4.75 1.00 

500 0 70 4.50 0.75 5.00 1.50 

500 0 85 4.50 1.00 4.50 1.50 

500 200 70 4.25 1.25 4.75 1.00 

500 200 85 4.25 1.25 4.50 1.25 

SEM   0.12 0.13 0.13 0.15 

P-value   0.986 0.627 0.969 0.956 

Wheat   0.702 0.349 0.772 0.595 

Probiotic   0.951 0.614 0.764 0.827 

Temperature   0.694 0.602 0.586 0.822 

Wheat  0.391 0.508 0.479 0.632 

Wheat × probiotic  0.660 0.699 0.458 0.560 

Wheat × temperature  1.00 0.0780 0.934 0.870 

Wheat × probiotic × temperature 1.00 1.00 0.731 0.580 
SEM: standard error of the means. 
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Table 4 Effects of experimental treatments on dinitrochlorobenzene (DNCB) at 21 and 35 days after 24 and 48 h

   21 days 35 days 

 Treatments  24 h 48 h 24 h 48 h 

Wheat Probiotic Temperature     

0 0 70 0.640 0.406 0.601 0.763 

0 0 85 0.647 0.500 0.701 0.475 

0 200 70 0.730 0.490 0.701 0.692 

0 200 85 0.675 0.525 0.501 0.792 

500 0 70 0.745 0.455 0.901 0.685 

500 0 85 0.710 0.575 0.401 0.790 

500 200 70 0.722 0.512 0.190 0.820 

500 200 85 0.690 0.507 0.320 0.762 

SEM   0.017 0.025 0.750 0.019 

P-value   0.815 0.974 0.054 0.721 

Wheat   0.275 0.764 0.285 0.182 

Probiotic   0.650 0.801 0.344 0.147 

Temperature   0.406 0.406 0.208 0.676 

Wheat  0.310 0.763 0.0589 0.503 

Wheat × probiotic  0.919 0.870 0.132 0.436 

Wheat × temperature  0.704 0.540 0.212 0.441 

Wheat × probiotic × temperature 0.667 0.612 0.300 0.054 
SEM: standard error of the means. 

Table 5 Effects of experimental treatments on blood biochemical variables (mg/dL) at 42 days of age

 Treatments  Glucose Albumin HDL LDL Cholesterol Triglycerides 

Wheat Probiotic Temperature       

0 0 70 171.18 1.71 52.43 160.14 176.66 139.93 

0 0 85 180.20 1.69 51.97 165.75 176.25 138.30 

0 200 70 176.86 1.75 52.62 165.18 176.75 136.98 

0 200 85 174.71 1.65 51.37 169.19 182.00 140.88 

500 0 70 175.55 1.63 50.72 160.87 183.00 133.56 

500 0 85 176.56 1.64 52.17 166.90 179.75 135.62 

500 200 70 172.36 1.65 51.10 165.11 178.50 135.92 

500 200 85 175.40 1.73 50.67 164.12 175.50 134.94 

SEM   1.17 0.012 0.23 1.29 1.56 1.08 

P-value   0.904 0.124 0.198 0.860 0.926 0.751 

Wheat   0.848 0.073 0.056 0.745 0.930 0.097 

Probiotic   0.759 0.163 0.398 0.644 0.807 0.861 

Temperature   0.449 0.865 0.704 0.248 0.888 0.686 

Wheat  0.558 0.341 0.666 0.801 0.295 0.865 

Wheat × probiotic  0.996 0.052 0.121 0.769 0.407 0.861 

Wheat × temperature  0.529 0.956 0.133 0.277 0.680 0.817 

Wheat × probiotic × temperature 0.209 0.181 0.540 0.877 0.695 0.359 
SEM: standard error of the means. 

Figure 1 Effects of experimental treatments on mucin 2 gene expression at 42 days of age 
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Mucin 2 gene expression was up-regulated in birds fed 
with pelleted diets containing probiotics in both tempera-
tures. Probiotics join to intestinal mucin 2 through competi-
tion between pathogenic and beneficial bacteria (Craven 
and Williams, 1998; Hosseini et al. 2018). Smirnov et al. 
(2005) have reported that dietary inclusion of probiotic sig-
nificantly increased mucin2 gene expression. So far, no 
study has been conducted to evaluate the effects of wheat 
and pelleting temperature on mucin 2 gene expression. Fu-
ture studies will be required to investigate the effects of 
additives on mucin 2 gene expression. 
 

  CONCLUSION 
In conclusion, main and interaction effects were not signifi-
cant on growth performance, immune responses, and blood 
biochemical variables. Wheat and corn-based diets prepared 
to contain probioticup regulated mucin 2 gene expression. 
Wheat can be used instead of corn by 50%. Future studies 
would be needed for further investigations. 
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