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  ABSTRACT   Heat stress (HS), one of the major prob-
lems of tropical and subtropical countries, adversely af-
fects the production performance of poultry. Keeping 
this in view, the present study was designed to inves-
tigate some of the biological markers of HS in broil-
ers as modulated by dietary supplementation of man-
nan-oligosaccharide (MOS) and a Lactobacillus-based 
probiotic (LBP), either alone or in combination. Two 
hundred fifty 1-d-old-chicks were randomly divided 
into 5 groups. From d 22, the birds were either kept 
at the thermoneutral zone (TN) or exposed to HS to 
the conclusion of study, d 42. Birds were fed either a 
corn-based basal diet (TN and HS groups) or the same 
diet supplemented with 0.5% MOS (HS-MOS group), 
0.1% LBP (HS-LBP group), or their combination. 
Birds were immunized against Newcastle disease virus 
on d 4 (intraocular; live attenuated) and d 20 (drink-
ing water; live attenuated) and infectious bursal disease 

virus on d 8 (intraocular; live intermediate strain) and 
d 24 (drinking water; live attenuated). Birds were killed 
on d 42 to collect serum for determination of cortisol, 
thyroid hormones, cholesterol, C-reactive protein, and 
postvaccinal antibody titers. Results revealed that di-
etary supplementations decreased (P < 0.05) the serum 
cortisol and cholesterol concentrations and increased (P
< 0.05) thyroxine concentration compared with the HS 
group without affecting triiodothyronine concentration. 
The percentage of the C-reactive protein-positive birds 
was higher (P < 0.05) in the HS group compared with 
the TN group. Dietary supplementations improved hu-
moral immunity against Newcastle disease virus and 
infectious bursal disease virus during HS. In conclusion, 
dietary supplementation of either MOS or LBP alone 
or in combination can reduce some of the detrimental 
effects of HS in broilers. 
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  INTRODUCTION 
  Intestinal microbiota is generally considered impor-

tant for its nutritional, health, and immunomodulatory 
activities (Vispo and Karasov, 1997) and diet is one of 
the important factors that can influence the intesti-
nal microbial ecology (Rehman et al., 2007). The com-
position of the intestinal microbiota remains stable in 
healthy birds. Apart from pathogens and antibiotics 
that primarily affect the intestinal microbiota, the en-
vironmental stressors like overcrowding, poor feeding, 
extremely high or low temperature, and transportation 
can also disrupt the normal balance of the intestinal 
microbial ecology (Suzuki et al., 1983; Lan et al., 2004). 

Broilers exposed to high ambient temperature and hu-
midity exhibit various behavioral and physiological 
changes including feather pecking, inclination to inac-
tivity, elevated body temperature, panting, and respira-
tory alkalosis (Harrison and Biellier, 1969; Deyhim and 
Teeter, 1991). Heat stress (HS) is also characterized by 
high mortality, decreased feed consumption, poor BW 
gain (Yahav et al., 1995), and immunosuppression (May 
et al., 1986) in poultry. Heat stress induces an increase 
in the concentration of cortisol (Brenner et al., 1998) 
with a concomitant decrease in the concentrations of 
triiodothyronine (T3) and thyroxine (T4) (Williamson 
et al., 1985). The C-reactive protein (CRP) increases 
in blood in response to inflammation, infection, or tis-
sue damage (Pepys and Hirschfield, 2003). The CRP 
has the ability to bind with phosphocholine molecules 
expressed on the surface of dead or dying cells and 
thus activates the complement system (Thompson et 
al., 1999). 
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Suzuki et al. (1983) demonstrated that HS caused 
marked changes in the intestinal bacterial composition. 
A recent approach to restore the stable intestinal mi-
crobial composition is the supplementation of probiotic 
in birds exposed to HS (Zulkifli et al., 2000; Rahimi and 
Khaksefidi, 2006). Lan et al. (2004) demonstrated that 
feeding probiotic Lactobacillus agilis and Lactobacillus 
salivarius not only increased the prevalence of these 
species but also enhanced the growth of other Lactoba-
cillus spp. in the jejunum of broilers reared under HS. 
An alternative approach to influence the intestinal mi-
crobiota is the use of prebiotic, the selectively ferment-
able carbohydrates that resist to the brush border di-
gestive enzymes of host (Gibson et al., 2004). Prebiotic, 
therefore, induces specific changes in the ecology and 
fermentation profiles of the gastrointestinal microbio-
ta (Rehman et al., 2008a,b). Mannan-oligosaccharide 
(MOS) supplementation has been found to enhance 
the growth of cecal Lactobacillus species and Bifidobac-
terium species in broilers (Baurhoo et al., 2007). Ac-
cumulating evidence also suggests that probiotic plays 
an important role in stimulating the immune system 
(Jin et al., 1997; Salminen et al., 1998; McCracken and 
Gaskins, 1999; Zulkifli et al., 2000). It has been shown 
that probiotic supplementation is more beneficial dur-
ing stressful conditions (Jin et al., 1997).

Quite a few reports have shown the beneficial effects 
of probiotic Lactobacillus strains in broilers reared un-
der HS conditions (Zulkifli et al., 2000; Lan et al., 2004; 
Rahimi and Khaksefidi, 2006). However, to the best of 
our knowledge, no literature is available regarding the 
potential effects of prebiotic in broilers reared under 
HS conditions. We hypothesized that daily feeding of a 
prebiotic or a probiotic may be helpful in stimulating 
immunity in particular and bodily metabolism in gen-
eral through restoring the intestinal microbial ecology. 
Therefore, the present study aimed at investigating the 
potential role of MOS and Lactobacillus-based probiotic 
(LBP) alone or in combination on selected biological 
health markers in broilers exposed to cyclic HS.

MATERIALS AND METHODS

Experimental Design
A total of 250 1-d-old-chicks (Hubbard) were ran-

domly divided into 5 groups with 5 replicates (n = 
10) in each group. The chicks were reared on wood 
shavings litter in an environmentally controlled house 
equipped with hot air heaters and cooling pads in stan-
dard brooding conditions. Temperature and RH on d 
1 were maintained at 35 ± 1.1°C and 65 ± 5%, re-
spectively. Temperature was decreased 2.8°C per week 
until it reached 26.7°C on d 21, with RH 65%, which 
was designated as the thermoneutral zone (TN). Birds 
were either kept at TN or subjected to cyclic HS by 
exposing them to 35 ± 1.1°C and 75 ± 5% RH for 8 h 
from 1000 to 1800 h starting on d 22 to the conclusion 
of the study (d 42). Birds were fed a corn-based basal 

diet (TN and HS groups) or the same diet supplement-
ed with 0.5% MOS (Alltech, Lexington, KY; HS-MOS 
group), 0.1% LBP (Probiotics International Ltd., Som-
erset, UK; HS-LBP group), or a combination for 42 d. 
The LBP contained Lactobacillus plantarum, Lactoba-
cillus acidophilus, Lactobacillus bulgaricus, Lactobacil-
lus rhamnosus, Bifidobacterium bifidum, Streptococcus 
thermophilus, Enterococcus faecium, Aspergillus oryzae, 
and Candida pintolopesii, with a minimum of 6 × 107 
cfu per gram of product. The experimental diets (Table 
1) were formulated without antimicrobials or coccid-
iostats to meet or exceed the requirements of the NRC 
(1994). Birds were immunized against Newcastle dis-
ease virus (NDV; Ceva-Phylaxia, Budapest, Hungary) 
on d 4 (intraocular; live attenuated) and d 20 (drinking 
water; live attenuated) and infectious bursal disease vi-
rus (IBDV; Lohman Animal Health GmbH, Cuxhaven, 
Germany) on d 8 (intraocular; live intermediate strain) 
and d 24 (drinking water; live attenuated).

Serum Collection and Analyses
On d 42, 15 birds from each group were killed (be-

tween 1100 to 1500 h) to collect blood. The blood was 
centrifuged at 1,500 × g at 4°C for 20 min to collect the 
serum and was stored at −20°C until further analysis. 
Serum concentrations of cortisol (Monobind Inc., Lake 
Forest, CA; sensitivity: 0.25 µg/dL), T3, and T4 (Jei 
Daniel Biotech Corp., Shandong, China; sensitivity for 
T3 and T4 was 0.04 ng/mL and 0.04 µg/dL, respec-
tively) were analyzed using ELISA kits (Wisdom, 1976; 

Table 1. Ingredient (%) and nutritive value of a basal diet 

Item
Starter  
feed

Grower  
feed

Ingredient
 Corn 40.15 57.57
 Rice broken 15.0 —
 Rice polish — 4.00
 Wheat bran 1.34 —
 Soy meal 11.54 9.60
 Sunflower meal 12.00 13.00
 Canola meal 9.00 5.00
 Rapeseed meal 5.00 7.60
 Guar meal 1.00 —
 Molasses 2.00 —
 Dicalcium phosphate 1.73 1.96
 Vitamin-mineral premix1 1.00 1.00
 Sodium chloride 0.21 0.21
 Soda bicarbonate 0.03 0.065
Nutrient composition
 DM (%) 87 88
 Calculated ME (kcal/kg) 2,750 2,850
 CP (%) 19.6 18.5
 Crude fat (%) 2.16 2.35
 Crude fiber (%) 1.26 1.80
 Total ash (%) 5.77 5.40

1Vitamin-mineral premix (each kg contained): Ca, 195 g; K, 70 g; Na, 
18 g; Mg, 6 g; Zn, 1,200 mg; Fe, 2,000 mg; Cu, 400 mg; Mn, 1,200 mg; 
Se, 8 mg; Co, 20 mg; I, 40 mg; vitamin A, 200,000 IU; vitamin D3, 80,000 
IU; vitamin E, 1,072 IU; vitamin K3, 34 mg; ascorbic acid, 1,300 mg; 
thiamine, 35 mg; riboflavin, 135 mg; niacin, 1,340 mg; vitamin B6, 100 
mg; folic acid, 34 mg; vitamin B12, 670 µg; and biotin, 3,350 µg.
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Burtis and Ashweed, 1994). Cholesterol was analyzed 
spectrophotometerically (BTS-33, Biosystem, Bace-
lona, Spain) using a commercial kit (Human GmbH, 
Wiesbaden, Germany; Cohn et al., 1988). The presence 
or absence of the CRP was determined with a com-
mercial kit (Human GmbH; Scheiffarth et al., 1970). 
The minimum detection limit of the kit for CRP was 
6 mg/100 mL of blood. Hemagglutination inhibition 
and indirect hemagglutination tests were employed to 
determine the antibody titers against NDV (Numan et 
al., 2005) and IBDV (Arshad et al., 2005), respectively. 
The study was carried out according to the guidelines 
of the Animal Care and Use Committee, University of 
Veterinary and Animal Sciences, Lahore, Pakistan.

Statistical Analysis
The data were subjected to ANOVA using SPSS-

13.0, a statistical package (SPSS Inc., Chicago, IL). 
Statistical differences among means (P < 0.05) were 
identified using Duncan’s multiple range test. Differ-
ences in CRP data were analyzed for significance by 
Pearson’s χ2 test.

RESULTS
Results revealed that HS reduced (P < 0.05) the 

serum concentrations of T3 and T4, and increased (P 
< 0.05) the concentrations of cortisol and cholesterol 
compared with the TN group (Table 2). The concen-
trations of cortisol and cholesterol were lowered (P < 
0.05) in supplemented groups compared with the HS 
group (Table 2). The serum level of T4 was higher (P < 
0.05) in the supplemented groups (Table 2) compared 

with the HS group. However, serum concentration of 
T3 was not different when the supplemented groups 
were compared with the HS group (Table 2). The per-
centage of CRP-positive birds was higher (P < 0.05) 
in the HS group (53.3%) compared with the TN group 
(20%). Dietary supplementations of LBP (40%) and 
CMB (40%) protected against the changes associated 
with HS by decreasing CRP-positive birds, whereas the 
CRP-positive birds in the MOS group were 60%. The 
antibody titers against NDV and IBDV were more (P 
< 0.05) in the supplemented groups compared with the 
HS group (Table 3).

DISCUSSION
Hypothalamic-pituitary-adrenal (HPA) axis stimu-

lation induces a long-term stress that results in cardio-
vascular diseases, gastrointestinal lesions, and modified 
immune responses (Siegel, 1995). Chronic HS has been 
found to increase plasma concentration of corticoster-
one with a concomitant reduction in circulating thyroid 
hormones levels (Garriga et al., 2006). Enteric and cen-
tral nervous systems are linked bidirectionally via the 
autonomic nervous system, forming a brain-gut axis. 
The mechanism by which the intestinal microbiota can 
regulate the gut-brain axis response is still unclear. En-
hanced activity of HPA axis has been found in stress 
conditions characterized by higher circulating levels of 
cortisol and adrenocorticotropic hormone (ACTH) or 
corticotropin-releasing hormone (Eutamene and Bue-
no, 2007). At present, it is unclear how the prebiotic 
or probiotic modulate the HPA activity. Gareau et al. 
(2007) suggested the role of the intestinal enterochro-
maffin cells in correcting the adrenal dysfunctions in 

Table 2. Serum cortisol, thyroid hormones, and cholesterol concentrations in broilers1 

Parameter

Group

TN HS HS-MOS HS-LBP HS-CMB

Cortisol (ng·mL−1) 1.04 ± 0.07d 1.91 ± 0.09a 1.38 ± 0.12bc 1.56 ± 0.09b 1.16 ± 0.10cd

T4 (µg·dL−1) 3.30 ± 0.26a 2.30 ± 0.21b 3.04 ± 0.22a 3.59 ± 0.29a 3.13 ± 0.24a

T3 (ng·mL−1) 3.12 ± 0.24a 1.31 ± 0.51b 1.97 ± 0.26b 2.05 ± 0.41b 1.42 ± 0.26b

Cholesterol (mg·dL−1) 104.2 ± 3.9b 152.0 ± 6.9a 108.8 ± 9.6b 97.6 ± 3.2b 102.7 ± 4.9b

a–dMeans within a row lacking a common superscript differ (P < 0.05).
1TN = thermoneutral group; HS = heat stress group; HS-MOS = mannan-oligosaccharide-supplemented heat stress group; HS-LBP = Lactobacillus-

based probiotic-supplemented heat stress group; HS-CMB = mannan-oligosaccharide and Lactobacillus-based probiotic-supplemented heat stress 
group; T3 = triiodothyronine; T4 = thyroxine.

Table 3. Antibody titers (log2) against Newcastle disease virus (NDV) and infectious bursal disease virus (IBDV) in broilers 

Antibody titer

Group1

TN HS HS-MOS HS-LBP HS-CMB

NDV 10.1a ± 0.27 8.33c ± 0.43 8.47bc ± 0.40 8.60bc ± 0.39 9.53ab ± 0.31
IBDV 9.60a ± 0.65 7.47b ± 0.41 7.73b ± 0.56 8.10b ± 0.60 8.93a ± 0.60

a–cMeans within a row lacking a common superscript differ (P < 0.05).
1TN = thermoneutral group; HS = heat stress group; HS-MOS = mannan-oligosaccharide-supplemented heat stress group; HS-LBP = Lactobacillus-

based probiotic-supplemented heat stress group; HS-CMB = mannan-oligosaccharide and Lactobacillus-based probiotic-supplemented heat stress 
group.
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stress conditions. According to the hypothesis, probi-
otic bacteria may indirectly stimulate the afferent neu-
rons through a cytokine neurohumoral route, causing 
a reduction in the levels of circulating corticosterone 
and ACTH. In the same study, Gareau et al. (2007) 
found that neonatal maternal separation of rat pups el-
evated the serum corticosterone level; however, supple-
mentation of Lactobacillus to maternal separation pups 
reduced the elevated corticosterone concentration. A 
reduction in the corticosterone and ACTH levels was 
observed in restraint stress-associated mice supplement-
ed with Bifidobacterium animalis (Sudo et al., 2004) or 
Lactobacillus farciminis (Eutamene and Bueno, 2007) 
compared with nonsupplemented restraint stress-asso-
ciated mice. Similarly, feeding a diet supplemented with 
chito-oligosaccharide prebiotic to lipopolysaccharide-
challenged weaning piglets lowered the concentration of 
cortisol compared with nonsupplemented piglets (Chen 
et al., 2009). In the current study, the serum level of 
T4 was similar in supplemented groups compared with 
TN. The reduced circulating level of cortisol might be 
responsible for enhancing the concentration of T4 in 
the supplemented groups because elevated concentra-
tions of adrenal cortical hormones are considered to be 
responsible for hypothyroid activity (Ganong, 2005).

Hypercholesterolemia is caused by hyperactivity of 
the adrenal gland (Siegel, 1995). Lower serum choles-
terol concentration was observed in the supplemented 
groups (Table 2) compared with the HS group. Simi-
lar findings have also been reported in broilers fed on 
a diet supplemented with prebiotic and probiotic (El-
Husseiny et al., 2008) and layers supplemented with 
probiotic (Abdulrahim et al., 1996). The low serum 
cholesterol concentration in the supplemented groups 
might be either due to lower cortisol level, as indicated 
in the present study, or cholesterol digestion by lacto-
bacilli bacteria (Buck and Gilliland, 1994).

Heat stress has been found to suppress the humoral 
immune response in birds (Beard and Mitchell, 1987). 
The findings of the present study are also in agreement 
with Zulkifli et al. (2000), who found higher humoral 
response against NDV in heat-stressed birds fed a diet 
containing Lactobacillus culture. On the other hand, 
it has been demonstrated by Rahimi and Khaksefidi 
(2006) that the feeding of Bacillus subtilis and Bacillus 
licheniformis containing diets had no effect on antibody 
titer against NDV in heat-stressed broilers. Dietary sup-
plementations boosted the humoral immune response 
that might be either due to lower cortisol concentra-
tion, as indicated in the present study, or by stabilizing 
of lactic acid-producing bacteria that augmented the 
production of antiinflammatory cytokines and immu-
noglobulins and enhanced the macrophage phagocytic 
activity in the intestinal lymphoid tissues (Yasui and 
Ohwaki, 1991). It has been shown that feeding the di-
ets supplemented with Lactobacillus reuteri enhanced 
the production of antibodies and function of T cells in 
newly hatched chicks and poults (Dunham et al., 1993; 
Savage et al., 1996).

Proinflammatory cytokines, particularly interleu-
kin-6, are responsible for the overexpression of CRP 
in response to various stimuli (Pepys and Hirschfield, 
2003). To the best of our knowledge, no data are avail-
able regarding CRP expression under normal or HS 
conditions in poultry. Our study revealed that CRP 
expression was higher (P < 0.05) in the HS group com-
pared with the TN group. In the present study, LBP 
and CMB reduced the CRP expression during HS that 
might be attributed to the suppression of proinflamma-
tory cytokines (Haghighi et al., 2008).

At present, we are not clear how the supplements 
ameliorated the effects of HS, but it seems that supple-
ments might have stabilized the intestinal microbiota 
that acted directly or indirectly by producing some fac-
tors that are absorbed from the gut and altered the 
hypothalamic-pituitary-thyroid and HPA axes.

In conclusion, dietary supplementation of either MOS 
or LBP alone or particularly in combination can reduce 
some of the detrimental effects of cyclic HS in broilers.
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