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Chapter 1 

INTRODUCTION 
 

1.1. Effect of Heat Stress on Broilers Physiology 

 Intestinal microbiota is generally considered important for its beneficial role 

in host nutrition, health and immunity (Vispo and Karasov, 1997) and can be 

influenced by stress (Lan et al., 2004) The commensal microbiota competes with 

pathogens for binding sites and nutrients, producing bacteriocins, and certain other 

factors that strengthen systemic, and particularly gut associated immune system. The 

composition of the gut bacterial ecology remains stable in healthy birds, as, it is 

believed that under stress intestinal microbial ecology is disturbed leading to 

dysbiosis (Suzuki et al., 1983). Virtually, apart from disease and antibiotic that 

principally influence the microbial ecology, environment and management related 

stressors like over-crowding, food deprivation, weaning, extreme cold or hot climate 

and transportation have been found to destabilize the intestinal microbial ecology 

(Suzuki et al., 1983; Lan et al., 2004; Gareau et al., 2007). Further, stress may 

damage intestinal barrier created by commensal microbiota, resulting in translocation 

of pathogenic bacteria to systemic circulation (Sansonetti, 2004).  

 Heat stress (HS) is characterized by high mortality and feed to gain ratio 

(FGR), and reduced feed consumption, body weight (BW) gain, and visceral 

development (Geraert et al., 1996; Zulkifli et al., 2000; Anwar et al., 2004; Sohail et 

al., 2010). Broilers exposed to high environmental temperature and humidity exhibit 

several physiological and performance related setbacks. Concisely, heat stress is 
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characterized by; endocrine disorders, elevated body temperature, reduced metabolic 

rate, lipid peroxidation, decreased feed consumption and body weight gain, poor feed 

efficiency, immunosuppression, mortality and intestinal microbial dysbiosis (May et 

al., 1986; Sahin et al., 2001; Lan et al., 2004; Sansonetti, 2004; Sahin et al., 2006). 

 Heat stress triggers over-activation of adrenal gland and commencement of 

oxidative damage in cell membranes (Freeman and Crapo, 1982; Sahin et al., 2001). 

Heat stress has been found to increase serum concentrations of cortisol (Brenner et 

al., 1998) with concomitant decrease in the concentrations of tri-iodothyronine (T3) 

and thyroxine (T4) (Bowen and Washburn, 1985; Williamson et al., 1985). Plasma T3 

and T4 are associated with metabolism and thermoregulation, and are considered 

essential for the growth of animals (McNabb and King, 1993). The C-reactive protein 

(CRP), an acute phase protein, rises in blood in response to infection, inflammation or 

tissue 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). Further, CRP has immune-

regulatory characteristics, thereby, enhancing macrophage activity to remove foreign 

bodies. Sahin et al. (2006) reported an increase in CRP concentrations in Japanese 

quails following HS.  

 Excessive production of reactive oxygen species (ROS) can be triggered by 

stress, resulting in oxidative damages of proteins, lipids and nucleic acids (Sahin et 

al., 2001; Lin et al., 2006). Environmental stressors such as very high (Altan et al., 

2003) or very low ambient temperature (Bottje et al., 1998) can cause oxidant, anti-

oxidant balance to shift towards more oxidative status in poultry (Sahin et al., 2002b). 



Introduction 

 3

According to Salo et al. (1991) resemblance in gene expression patterns are observed 

following HS or oxidative stress. Mitochondria are the primary source of ROS, of 

which superoxide is the most important specie, formed at complexes I and III of the 

electron transport chain. Mujahid et al. (2006) found an increase in superoxide anion 

production in skeletal muscle mitochondria in broilers following acute HS .  

 Heat stress reduces activities of plasma paraoxonase and arylestrase enzymes 

(Gursu et al., 2004) in Japanese quails and ceruloplasmin (Lin et al., 2006) in broilers. 

Ceruloplasmin is an anti-oxidant enzyme and carries nearly 95% of blood copper 

(Park et al., 1999). Further, it is involved in the metabolism of copper to which it 

binds reversibly. Ceruloplasmin can act as ferroxidase and superoxide dismutase, 

protecting polyunsaturated fatty acids in red blood cell membranes from oxidative 

damage (Arnaud et al., 1988); while paraoxonase and arylesterase enzymes are 

members of the anti-oxidant defense system (Gursu et al., 2004).  

 Minerals have several important biological functions in the body. Minerals 

such as manganese, zinc, copper, calcium, and phosphorus are important for bone 

development and growth (Watkins and Seifert, 1997). It has been found that stress 

raises mineral mobilization and excretion from body (Siegel, 1995), thus may 

aggravate mineral deficit in the body for normal physiological needs (Sahin et al., 

2006). Bone deformities and architectural defects are common under hot conditions in 

poultry. Under HS conditions in broilers, serum concentrations of manganese, 

potassium, sodium, sulfur, phosphorus, magnesium, copper, and zinc have been 

reported to decrease (Belay and Teeter, 1996). Similarly, Sahin et al. (2006) found 
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that subjecting quails to HS decreased tibial ash, calcium, phosphorus, and 

magnesium. 

 Regarding intestinal micro-architecture; intestinal villi are responsible for 

nutrients absorption. Height, width and the surface area of intestinal villus are 

indicators of the capacity of the intestine for nutrients absorption. Burkholder et al. 

(2008) reported a decrease in crypt depth without any alternation in villus height or 

villus to crypt ratio in birds subjected to acute HS. 

1.2. Effect of Supplementation of Prebiotic and Probiotic on HS Broilers  

 Suzuki et al. (1983) demonstrated that heat stress caused marked changes in 

the intestinal microflora. A recent approach to restore the intestinal microflora is the 

supplementation of probiotic in the feed of birds exposed to HS (Zulkifli et al., 2000; 

Lan et al., 2004). Probiotic are the live microbial feed supplements that beneficially 

influence intestinal microbial balance of the host (Fuller, 1989). Lan et al. (2004) 

reported that feeding probiotic Lactobacillus agilislaviarius and Lactobacillus 

salivarius not only increased the prevalence of these species, but also enhanced the 

growth of other Lactobacillus spp. in the jejunum of broilers reared under HS. An 

alternative approach to influence the intestinal microbiota is the use of prebiotic; the 

selectively fermentable carbohydrates that resist to the brush border digestive 

enzymes of the host (Gibson et al., 2004). Mannan-oligosaccharide supplementation 

in broilers has been found to enhance the growth of cecal Lactobacillus species and 

Bifidobacterium spp. (Baurhoo et al., 2007). Prebiotic beneficially affects the host by 

stimulating the growth of certain beneficial bacteria in the gut such as 
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Bifidobacterium and Lactobacillus and suppress pathogenic bacteria such as E. coli 

and Salmonella (Manning and Gibson, 2004).  Accumulating evidences also suggest 

that these supplements play an important role in stimulating the immune system (Jin 

et al., 1997; Zulkifili et al., 2000; Sohail et al., 2010). Probiotic and also prebiotic 

therefore, induce specific changes in the ecology and fermentation profiles of the 

gastrointestinal microbiota (Rehman et al., 2008). Lactobacillus and Bifidobacterium 

are of particular interest among intestinal bacteria. Several studies (Peuhkuri et al., 

1996; Kullisaar et al., 2002) have reported their anti-oxidative activities. 

Lactobacillus by some means decreases ROS accumulation in animal cells (Madsen 

et al., 1999) and therefore, may be supplemented orally in stressed animals to reduce 

oxidative damage. 

 Probiotic and prebiotic are known to have potential to improve growth 

performance, intestine micro-architecture, mineral balance and bodily metabolism 

(Patterson and Burkholder, 2003; Awad et al., 2006; Capcarova et al., 2010; Hassan 

and Yousef, 2010).  However, only a few reports are available showing beneficial 

effects of probiotic Lactobacillus strains in broilers reared under HS conditions 

(Zulkifli et al., 2000; Lan et al., 2004; Rahimi and Khaksefidi, 2006). In fact, to the 

best of our knowledge, no literature is available depicting use of prebiotic in broilers 

reared under HS conditions. Therefore, it was hypothesized that the feeding of 

prebiotic or probiotic may be helpful in restoring the intestinal microbial ecology and, 

consequently stimulates immunity in particular and bodily metabolism in general. 

Thus, the present study was aimed at investigating the potential role of prebiotic and 

probiotic alone or in combination on growth performance, intestinal health and 

microbial ecology and selected biological health markers in broilers exposed to 

cyclic-heat stress.  



Chapter 2 

REVIEW OF LITERATURE 

 

2.1. Effect of Heat Stress on Broiler performance 

2.1.1. Feed consumption, body weight gain and feed to gain ratio 

 Heat stress (HS), one of the major problems of tropical and sub-tropical 

countries, adversely affects the production performance of poultry. Pakistan is a 

tropical country where mercury touches 50oC in summer months. High ambient 

temperature can have a vital impact on performance and productivity. The main 

concerns of high ambient temperatures on broilers are the decrease in feed 

consumption, body weight (BW) gain and immune-suppression (Trout and Mashaly, 

1994; Bartlett and Smith, 2003; Mashaly et al., 2004). Broilers exposed to HS showed 

poor performance and survivability (May et al., 1986). Suzuki et al. (1983) subjected 

white Leghorn chickens to HS at 35oC and found a mean decrease of 22.4% in feed 

consumption and an increase of 18.5% in feed to gain ratio (FGR). Niu et al. (2009) 

reported that broilers subjected to cyclic HS (23.9 to 38oC) had poor BW gain, feed 

consumption, and high FGR.  

 Cooper and Washburn (1998) attempted to corroborate a relationship between 

body temperature and BW gain, feed consumption and FGR in broilers under HS 

conditions. Cooper and Washburn (1998) reared commercial broiler males from d 28 

to 49 under HS environment (32oC) and compared them to male broilers reared under 

a thermoneutral (TN; 21oC) environment. Initially, at d 28, no significant differences 

of body temperatures were observed between the two groups. On d 35 (7 d post-

stress) and afterwards, body temperature was significantly higher in males reared at 
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32oC compared to the TN group. At the mean difference of body temperature of 

1.0oC, the correlations between body temperature and BW gain, feed consumption 

and FGR were low and not significant for most periods in the TN group. On d 35, in 

the HS group, body temperature was significantly correlated with BW gain, feed 

consumption and FGR, with mean correlations of -0.40 for BW gain, -0.31 for feed 

consumption and 0.24 for FGR. Bartlett and Smith (2003) found that HS (23.9 to 

35oC, cycling) birds consumed 12.5% less feed, gained 24.6% less BW and had lower 

FGR when compared to TN birds. Austic (1985) reported a drastic decrease in feed 

consumption at a rate of approximately 1.5% per 1ºC above 20oC. As the temperature 

and relative humidity rise above the zone of comfort, broilers fail to dissipate heat 

efficiently. Such deadly conditions lead to a reduction in feed intake, in turn reducing 

the production of metabolic heat (Teeter et al., 1985), hence, halting BW gain and 

FGR (Geraert et al., 1996; Quinteiro-Filho et al., 2010).  

 Birds, depending on type and stage of production, react differently to heat 

stress. One may not experience similar adverse consequences in a 4-wk-old broiler 

flock and a 6-wk-old broiler flock. As broilers get older, the rate of metabolic heat 

production increases, while the efficiency of heat dissipation decreases. Geraert et al. 

(1996) found that broilers exposed to HS at 32oC consumed 14% less feed at the age 

of 4 wk and 24% less at the age of 6 wk. Similarly, modern broiler strains are more 

prone to stress at high environment temperatures than indigenous slower-growing 

chicken strains.  In fact, the modern broiler is genetically modified for rapid growth to 

yield more meat in a shorter lifespan. This modification, however, has made the 



Review of Literature  

  8

broiler more vulnerable to various infectious and environmental stressors including 

heat stress (Berong and Washburn, 1998).  

 Bonnet et al. (1997) reported that in broilers digestibility of different diet 

components (proteins, fats, and starch) decreases following exposure to high 

temperatures. It has been shown that both protein synthesis and its breakdown are 

influenced by HS, leading to reduced protein deposition (Temim et al., 2000). More 

recently, Quinteiro-Filho and fellows observed decreased BW gain and feed 

consumption, and increased FGR and mortality in broilers subjected to HS 

(Quinteiro-Filho et al., 2010). Certainly, as reported elsewhere, for chickens 

submitted to different forms of HS, broiler performance parameters are affected, 

inducing a decrease in BW gain and feed consumption with concomitant rise in FGR 

and mortality. 

2.1.2. Effect of heat stress on organ weight 

 Prolonged periods of stress are considered as major causes of atrophy of 

lymphoid organs (Pope, 1990). Several manuscripts have been published regarding 

the effects of HS on relative organ weight. A decrease in the blood lymphocytes and 

spleen weight in immature male chickens following HS has been reported by (Trout 

and Mashaly, 1994; Niu et al., 2009). Bartlett and Smith (2003) found that broilers 

subjected to HS had significantly less relative weight of lymphoid organs. Similarly, 

Anwar et al. (2004) observed atrophy in bursa, thymus and spleen of birds reared 

under HS. More recently, Quinteiro-Filho et al. (2010) reported similar findings that 

HS decrease relative weights of bursa of Fabricius, thymus, and spleen. This decrease 

in organ weight could be a result of the reduction in feed intake, thereby providing 



Review of Literature  

  9

fewer nutrients for the appropriate development of these organs. Quinteiro-Filho et al. 

(2010) purposed a glucocorticoid dependent mechanism for lymphoid organ 

involution under stress (Puvadolpirod and Thaxton, 2000; Post et al., 2003). In 

contrast, Pamok et al. (2009) reported no change in relative weight of bursa of 

Fabricius in broilers kept at high environmental temperature. Certainly, as reported 

elsewhere, it can be concluded that subjecting chickens to HS results in organ 

involution.  

2.1.3. Heat stress and oxidative stress 

 Oxidative stress is one of the many consequences of HS in broilers. Heat 

stress may accelerate mitochondrial respiration, which subsequently may result in 

over production of reactive oxygen species and oxidative damage (Tan et al., 2010). 

Also, environmental stressors are known to reduce serum concentrations of 

antioxidant vitamins (C, E, and folic acid) and minerals (chromium, selenium, and 

zinc), while increasing oxidant levels (Sahin et al., 2002a; Sahin et al., 2006). Indeed, 

the equilibrium between the production of oxidants and the anti-oxidants is disturbed 

under HS (Lin and Zhang, 2000). Malondialdehyde (MDA) production is considered 

a measure of oxidative stress. Catalase (CAT), superoxide dismutase (SOD), and 

glutathione peroxidase (GSH-Px) work as indigenous anti-oxidant enzymes. Tan et al. 

(2010) subjected 6-wk-old broilers to 25, 32, 35, and 38°C and found that, with a 

gradual increase in temperature from 32 to 38°C, the intensity of oxidative injury 

induced by HS became increasingly severe. Tan et al. (2010) found significantly 

increased anti-oxidative enzymes activity, and MDA levels in HS broilers. Sahin et 

al. (2006) reported that HS decreased serum vitamin A, C, and E concentrations, 
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while increasing liver and serum MDA production. In another study, exposure to HS 

increased hepatic MDA levels by 84.8%, and decreased hepatic SOD, CAT, and 

GSH-Px activities by 25.8, 52.3, and 45.5%, respectively (Sahin et al., 2010). 

 Heat stress stimulates glucocorticoid and catecholamine production from the 

adrenal gland, which initiates lipid peroxidation in plasma membranes (Freeman and 

Crapo, 1982). Pamok et al. (2009) reported a rise in GSH-Px activity and serum 

MDA levels in broilers during the early phase of HS. Lin et al. (2006) found that 

subjecting 5-wk-old broiler chickens to acute HS (32°C, 6h) can induce oxidative 

stress. Also, Pamok et al. (2009) found that during acute HS, the liver is more prone 

to oxidative stress than the heart in broiler chickens.  

 Paraoxonase and arylesterase are considered as members of the anti-oxidant 

defense system. Heat stress decreases activities of paraoxonase and arylestrase (Gursu 

et al., 2004) in Japanese quail. Ceruloplasmin is an anti-oxidant protein that transports 

95% of the copper in blood and it has an important responsibility in the metabolism 

of copper to which it binds reversibly. Ceruloplasmin also acts as ferroxidase and 

superoxide dismutase, and protects polyunsaturated fatty acids in cell membranes 

from active oxygen radicals (Arnaud et al., 1988). Lin et al. (2004, 2006) reported no 

change in plasma ceruloplasmin activity following acute HS in broiler chicks.  

2.1.4. Effect of heat stress on serum biochemical profile 

 Broilers exposed to HS exhibit several physiological, hormonal, and 

immunological deficits, and are vulnerable as passive victims of infectious agents 

(Niu et al., 2009; Quinteiro-Filho et al., 2010). More frequent responses to stress in 

broilers include adrenal cholesterol exhaustion, elevation of plasma corticosterone 
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and cholesterol, and immuno-suppression (Siegel, 1960, 1968; Thaxton et al., 1968, 

1982; Thaxton and Siegel, 1970, Nir et al., 1975; Beuving and Vonder, 1978, 1986). 

Broilers response to environmental stressors depends largely on the interactive 

communications between the nervous and endocrine systems. One such example of 

endocrine and nervous system communication is the hypothalamic-pituitary-adrenal 

axis (HPA). Heat stress induces several hormonal alterations in poultry. Among these 

alterations, adrenal and thyroid gland hormones are of particular interest. Broilers 

respond to thermal stress by significantly increasing glucocorticoids level in the blood 

(Edens and Siegel, 1975). Under stress, activation of the HPA axis is an effort to 

combat the offending stimulus rather than accommodating it (Siegel, 1995). 

Epinephrine, mostly secreted at nerve endings, and norepinephrine mostly secreted by 

adrenal medulla, collectively called catchcholamines, and glucocorticoids are the 

chief responding hormones of stress. Hypothalamic-pituitary-adrenal axis stimulation 

induces long-term stress that may result in cardiovascular diseases, gastrointestinal 

lesions and modified immune response (Siegel, 1995). During an acute HS study with 

high and low adrenocorticotropic hormone (ACTH) response lines of chickens, Edens 

and Siegel (1975) found that HS significantly elevates corticosterone in both lines, 

but the response in high ACTH lines was more pronounced and shorter lived than that 

in the low ACTH line. Chronic HS has been found to increase plasma concentration 

of corticosterone with a concomitant reduction in circulating thyroid hormone levels 

(Garriga et al., 2006; Kataria et al., 2008). Star et al. (2008) conducted a study with 

four layer lines characterized for their natural humoral immune competence. The 

authors subjected laying poults either to chronic HS or hygienic stress and found that 
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HS enhanced the level of corticosterone, but lowered triiodothyronine (T3). Similarly, 

Soleimani et al. (2011) investigated the effect of acute HS, comparing commercial 

broilers with two domestic breeds. Soleimani et al. (2011) found that acute HS 

significantly increased plasma corticosterone in all three breeds. Bobek and co-

workers, in a study with HS chickens, found a two-fold increase in the concentration 

of corticosterone compared to the control group.  

 The major hormonal product of the thyroid gland, thyroxin (T4), is considered 

to be a prohormone of the more biologically active T3 hormone. Under stress 

conditions, T3 generation is regulated by peripheral diiodination mediated by IGF-I, 

rather than through the hypothalamic-pituitary-thyroid axis (Kuhn et al., 1987). 

3,5,3′-Triiodothyronine and T4 play important roles in regulating metabolism and 

thermogenesis of chickens. Plasma level of T3 and T4 are reduced at high 

temperatures (Williamson et al., 1985) and appears to be linearly related to feed 

intake (Yahav et al., 1997). Birds subjected to HS suffer a change in thyroid hormone 

level in response to high temperature, triggering a cascade of signals that leads to 

inferior meat quality (Everts, 1996).  

 Different studies have not given consistent findings regarding thyroid 

response to heat stress. Tao et al. (2006) found that heat stress reduced plasma T3 and 

T4 levels in both sexes. Sinurat et al. (1987) reported that Plasma T3 was decreased, 

while T4 and growth hormone concentrations were increased by high ambient 

temperature. The tendency to elevate T4 after heat exposure results probably from a 

decreased peripheral deiodination (Kuhn et al., 1987). A negative correlation between 

plasma T3 concentration and ambient temperature has been reported in chickens (Tao 
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et al., 2006; Kataria et al., 2008). May et al. (1986) reported that severe heat exposure 

does not consistently affected T3 or T4 concentration. Garriga et al. (2006) described 

how chronic HS induced a significant increase in plasma corticosterone (90% 

increase) and a reduction in circulating T3 and T4 concentration (52 and 37%, 

respectively) compared with birds kept under thermoneutral conditions. Similar 

results were reported by Star et al. (2008) who described how chronic HS enhanced 

levels of corticosterone, while levels of T3 were decreased.  

 Lin et al. (2006) found that acute HS did not increase corticosterone 

significantly. Bowen and Washburn (1985) found that growth-selected Japanese quail 

lines responded to HS with increased thyroid hormone (T3 and T4) levels, whereas the 

non-growth-selected birds showed no changes. Similarly, Chiang et al. (2008) studied 

the effect of HS on thyroid gland activity and meat quality in turkeys of two different 

genetic lines and found that a growth-selected commercial turkey line had a more 

unstable T3 response than a genetically unimproved control line. This finding 

suggests that genetic selection for growth may change the thyroid hormone response 

of birds to the environmental temperature. Furthermore, Piestun et al. (2008) reported 

that broilers heat-conditioned during embryonic life are better able to cope with 

subsequent HS; whereas T3, T4, and corticosterone did not show significant alteration. 

The discrepancies in the literature regarding thyroid gland response may be attributed 

to various factors, such as age, genetics, sex, feed intake, and type of diet, or these 

different responses may depend on the kind or degree of stress.  

 Hypercholesterolemia is caused by hyperactivity of the adrenal gland (Siegel, 

1995). Kutlu and Forbes (1993) found that broilers reared under HS had reduced 
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growth rate and thyroid weight, but increased plasma cholesterol levels. Also, in 

Japanese quail, Gursu et al. (2004) found that HS (34°C) increased serum 

concentrations of cholesterol. Puvadolpirod and Thaxton (2000) developed a model 

of physiological stress in chickens by injecting ACTH and found that continuous 

delivery of ACTH at 8 IU/kg BW/d for 7 d caused an increase in stress, plasma 

corticosterone and cholesterol. Similar findings were reported by Kataria et al. 

(2008), that keeping broilers at high temperature (42 to 45°C) increases serum 

aspartate aminotransferase (AST) and alanine aminotransferase (ALT). Gursu et al. 

(2004) found that HS (34°C) increases serum activities of AST and alanine ALT in 

Japanese quail. Similar findings have been reported by Huff et al. (2008) who 

subjected turkeys to 12 h of transport stress.  

 The C-reactive protein (CRP) is an acute phase protein, found in the blood and 

its level rises in blood in response to inflammation, infection or tissue 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). To the best of my knowledge, no 

literature is available depicting the effect of HS on CRP.  

2.1.5. Effect of heat stress on immune system 

 Immune responses are generally classified as either innate (inborn) or 

acquired (adaptive). Research directed towards the evaluation of effects of high 

ambient temperature on bird immunological competence has historically been 

clouded with controversy. Heat stress has been reported to suppress (Subba and 

Glick, 1970; Thaxton and Siegel, 1970), enhance (Ileller et al., 1979), or do not effect 
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(Beard and Mitchell, 1987; Donker et al., 1990) antibody production in chickens 

immunized with sheep RBCs or Newcastle disease (ND) virus. With some 

controversy, it is generally accepted that broilers reared at high ambient temperatures 

have imprecise development of immune system (Thaxton and Siegel, 1970; Thaxton 

and Siegel, 1972; Zulkifli et al., 2000). Bartlett and Smith (2003) found that broilers 

subjected to HS had significantly reduced primary and secondary antibody responses 

against sheep RBCs and poor activity and phagocytic ability of macrophages. Also, 

Miller and Qureshi (1992) reported that the phagocytic potential of chicken 

macrophages is decreased under HS.  

 Trout and Mashaly (1994) reported unusual migration of CD4+ and CD8+ 

cells; a significant decrease in the blood and a significant rise in the spleens of HS 

birds. This response shows that HS redistributes lymphocytes. Contrary to all of the 

above, Deyhim and Teeter (1993) described no change in antibody production against 

sheep RBC in broilers under cyclic HS. A few other studies have also reported no 

significant differences in antibody titers against ND virus and infectious bursal 

disease (IBD) virus between broilers of HS and control groups (Santin et al., 2003; 

Pamok et al., 2009). Mashaly et al. (2004) reared layer hens under cyclic and chronic 

HS and observed a decline in total white blood cell counts and antibody production. 

The mechanism by which the HS acts as an immune suppressor is not completely 

known. However, it is thought that the increased concentration of serum 

corticosteroids suppressed cell proliferation factor, or interleukin II (Siegel and 

Latimer, 1984).  
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2.1.6. Effect of heat stress on serum mineral concentration 

 Heat stress tends to reduce trace minerals in broilers, which increases the 

metabolic need for these minerals to fight the stress. Broilers subjected to 32oC for 42 

days had lower copper, manganese, and zinc retention in plasma and carcass (El-

Husseiny and Creger, 1981). Klasing et al. (1991) found a rise in serum copper and a 

decrease in serum iron, zinc, and manganese in HS chickens. Under HS, the decrease 

in zinc concentration in the serum results from the redistribution of zinc from the 

plasma pool to a newly synthesized metallothionein pool in the liver and other tissues 

(Klasing et al., 1991). In a study with Japanese quail, HS reduced serum levels of 

calcium, phosphorus, zinc, iron, copper, and chromium (Sahin et al., 2002a,b; Sahin 

et al., 2003; Sahin et al., 2006).  

 Belay et al. (1992) conducted two experiments to see the effect of HS on 

broiler mineral balance partitioned into urine and fecal loss. They observed that 

broilers exposed to high ambient temperature had lower mineral concentration 

compared to the control. Additionally, under HS conditions, minerals were 

disproportionately excreted in urine (potassium, magnesium, phosphorus, and 

manganese) and feaces (sulphur, magnesium, and copper). Also, they added that 

under HS urine output was increased. Belay and Teeter (1996) further confirmed this 

information in a second study utilizing 4- to 7-wk-old broilers. It was concluded that 

rearing broilers in high ambient temperature can reduce bone weight and strength and 

can result in bone deformities (Siegel, 1995; Sahin et al., 2002a).  
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2.1.7. Effect of heat stress on intestinal micro-architecture 

 The micro-architecture of the intestinal mucosa is important as it is associated 

with the absorptive ability of intestine for nutrients and with animal performance. 

Intestinal villus height, width and the surface area are indicators of the capacity of the 

intestine to absorb nutrients. An increase in the villi height may imply an increase in 

surface area accompanied by greater absorption of existing nutrients (Caspary, 1992). 

The crypt is recognized as a villus factory. Inflammation, sloughing, assault by 

pathogens or their toxins continuously damage villi and a deeper crypt is associated 

with faster villus turnover to permit regeneration of the villus as required (Yason et 

al., 1987; Awad et al., 2006). Little is known concerning the effect of HS on intestinal 

micro-architecture. Burkholder et al. (2008) reported that subjecting birds to acute HS 

at 30°C for 24 h reduced crypt depth (6.0 vs. 7.8 μm for the control group), but had 

no effect on villus height or the villus to crypt ratio. Mayhew (1987) found that fast-

associated stress in rats had no effect on villus amplification factors, mean diameters 

or numbers. However, fasted rats had less villus surface area (0.9 versus 1.2 m2 for 

the control) due to a reduction in the lengths of villi. In contrast, Yamauchi et al. 

(1995) subjected chicks to fast stress to observe morphological alterations in the 

intestinal villi. Yamauchi et al. (1995) found that soon after birth, the duodenum had 

maximum villi height and absorptive area that shifted to jejunum and then ileum with 

the passage of time. These rapidly growing duodenal villi were more severely 

affected by fast stress than in either the jejunum or ileum. In a similar experiment 

with layers, Yamauchi et al. (1996) reported that within the first 24 h of fasting, the 

duodenal villi showed a notable reduction in height and those of the jejunum revealed 
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a gradual decrease and such a remarkable reduction in the villus height was not 

observed in the ileum. Similarly, in pharmacologically stressed broilers, 

dexamethasone injections increased the crypt depth of the jejunum, and decreased the 

villus height, absorption area, and villus height to crypt depth ratio (Li et al., 2009). 

Likewise, parental corticosterone administration significantly lowered absolute small 

intestinal weight, villi height, and crypt depth of the duodenum and jejunum, while 

increasing the relative small intestinal weight (Hu et al., 2010). In contrast, Quinteiro-

Filho et al. (2010) found that there were no differences in the villus height, crypt 

depth, and crypt to villus ratio among control and HS (31°C and 36°C, respectively) 

groups. Perhaps, there was little increase in the cellularity of the lamina propria, 

characterized by acute multifocal lymphoplasmocytic enteritis in the jejunum of HS 

groups.  

2.1.8. Effect of heat stress on intestinal microbiology 

 Stressors like starvation, restraining conditions, hyperbaric environment and 

heightened emotions have been found to alter intestinal bacterial ecology (Smith, 

1962; Tournut et al., 1969; Gillmore and Gordon, 1975; Holdman et al., 1976; Daily 

and Gillmore, 1981). Research reports depicting the effect of HS on intestinal 

microbiota is deficient. Intestinal microbial composition remains stable in healthy 

adult birds. Environment- and management-related stressors such as overcrowding, 

poor feeding, weaning, extreme cold or hot climate and transportation have been 

found to destabilize the normal microflora (Suzuki et al., 1983; Lan et al., 2004; 

Gareau et al., 2007). Suzuki et al. (1983) demonstrated several changes in the 

intestinal bacterial composition of chickens following HS. In a study with mice kept 
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in over-crowded conditions, increases in coliform counts with a concomitant decrease 

in lactobacilli were reported (Schaedler and Dubos, 1962). Tannock and Savage 

(1974) observed similar findings in mice kept under poor feeding and bedding 

management. As reported elsewhere, all types of stresses are considered responsible 

for dysbiosis in the gut promoting pathogen colonization and proliferation and 

inhibiting non-pathogen microbes.   

2.2. Feed Supplementation to Broiler under Heat Stress 

 Several methods are practiced in poultry farming to alleviate HS. Dietary 

manipulations are generally adopted to manage HS. Among the dietary 

supplementations, vitamins and minerals are more popular and much research has 

been focused on them. The following is a short presentation of reports regarding 

findings on vitamins, minerals, and antibiotics, before moving ahead with a 

discussion of prebiotics and probiotics. 

2.2.1 Vitamins and minerals supplementation 

 Most of the vitamins and minerals act as anti-oxidants and improve growth 

performance. Studies suggested that feeding vitamin E can reduce the negative effects 

of stress and lower corticosterone concentration (Watson and Petro, 1982). Vitamin E 

is an excellent biological chain-breaking antioxidant that can protect cell membranes 

from lipid peroxidation (Yu, 1994). Hens supplemented with dietary vitamin E had a 

significant reduction in lipid peroxidation (Cherian et al., 1996). Furthermore, vitamin 

E protects immune cells, such as lymphocytes, macrophages, and plasma cells, from 

oxidative damage and enhances their proliferation (Franchini et al., 1991).Vitamin E 
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and C supplementation may alleviate the detrimental effects of HS due to their 

immune-modulatory and anti-oxidative characteristics (Puthpongsiriporn et al., 2001).  

 Gursu et al. (2004) found that supplemental vitamin C and folic acid 

significantly increased paraoxonase and arylesterase activities in Japanese quail under 

HS (34°C). Sahin et al. (2002a) recorded that supplementing vitamin E and selenium 

increased serum concentrations of iron and zinc, while decreasing copper. In another 

study, Sahin et al. (2002b) found that egg yolk concentrations of zinc, iron and 

manganese were decreased under HS and were returned to the original values of the 

control group when dietary vitamin E was supplemented. Additionally, Sahin et al. 

(2002b) reported that feeding vitamin E and selenium increased serum vitamin E and 

vitamin A, and decreased MDA concentrations. In a similar study, supplementation of 

vitamin C and folic acid to HS Japanese quail lowered serum and tissue MDA and 

ACTH concentrations (Sahin et al., 2003). Serum levels of nitrogen, ash, calcium, 

phosphorus, zinc, iron, copper, and chromium were highest in the group 

supplemented combination of vitamin C, and folic acid. Sahin and Kucuk (2003) 

conducted a study on Japanese quail to determine the effect of zinc supplementation 

on serum vitamin C, vitamin E, MDA, and zinc concentrations under HS (34°C). 

They found that serum vitamin C, vitamin E, and zinc concentrations were increased, 

while MDA concentrations decreased as the level of dietary zinc supplementation 

increased. Supplementing drinking water with potassium chloride reduced panting, 

blood pH and FGR, and significantly increased live BW gain compared to non-

supplemented HS group (Ahmad et al., 2008).  
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2.2.2. Antibiotic supplementation 

 Antibiotic use as growth promoters is a relatively old practice. Dried mycelia 

of certain fungi were used as growth promoters (Stokstad et al., 1949). Moore et al. 

(1946) apparently pioneered this field and did the initial work to show that inclusion 

of antibiotics in the feed of chickens caused increased weight gain. This work was 

followed by further discoveries in the 1950s, and showed that low doses of antibiotics 

make chickens grow earlier 1950s (Boyd, 2001).  Since then, it is a practice to mix 

different antibiotics in farm animal’s diet. Recent surveys estimated that 70% of the 

total antibiotics used in the USA are consumed for livestock production. It is worth 

important to note that these low dose antibiotics additions to diet are not essentially 

used to treat infections or diseases. About 90% of the antibiotics utilized in livestock 

production are for non-therapeutic reasons, only to improve weight gain and feed 

efficiency in the animals (Anderson et al., 2003). Non-therapeutic use of antibiotic is 

more common in poultry production. Since the 1980s, the annual antibiotic use in 

poultry production has increased from roughly 2 million to 10.5 million pounds; 

approximately, more than 300% rise. This tremendous use of non-therapeutic 

antibiotics in swine, beef and poultry production poses a serious threat to human 

health. Today, emerging antibiotic-resistance incidence in human population is a 

tremendous public health threat worldwide.  

 Antibiotics are good for improving growth, feed efficiency, and decreasing 

flock variability of broilers (Woodward et al., 1988). The gastrointestinal tract (GIT) 

bears a complex microbial ecology, interacting with each other and the host. 

Antibiotics are mainly used to minimize the number of microbes and limit their 
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growth. Antibiotics control the growth of pathogenic bacteria such as Costridium 

perfringens (Truscott and Al-Sheikhly, 1977). Smirnoff et al. (2005) reported that 

feeding antibiotics as growth promoters to poultry, increased the relative amounts of 

Bifidobacterium counts in the duodenum by 78%. Also, antibiotics improved jejunal 

villous surface area by 28% compared with the control group. Contrary to this report, 

Tannock (1997) found that antibiotics limit the growth and colonization of numerous 

non-pathogenic species including bifidobacteria (ampicillan), lactobacilli (penicillin), 

Bacteroides (clindamycin), and enterococci (kanamycin). Mohan et al. (1996) fed a 

combination of antibiotic and probiotic and found that the probiotic-plus-antibiotic 

supplemented group had the highest weight gain (1,148.5 g) followed by antibiotic 

(1,141.3 g) and probiotic-alone-supplemented (1,128.4 g) groups. Antibiotics were 

supplemented to broilers under HS by Zulkifli et al. (2000) with the conclusion that 

antibiotic supplementation improved body weight gain and feed efficiency of 

chickens under HS. In another study, comparison was made between antbiotic and 

probiotic supplementations under HS and the data revealed that the antibiotic in the 

diet significantly improved body weight gain compared to control and probiotic 

groups (Rahimi and Khaksefidi, 2006). Currently, antibiotics are used worldwide in 

poultry production for disease prevention and for improving production. However, 

this use of antibiotic at sub-therapeutic levels resulted in widespread problems of the 

development of drug-resistant bacteria, drug residues in the body of the birds and the 

imbalance of normal microflora (Andremont, 2000; Sorum and Sunde, 2001). In 

consequence, it has become essential to search for alternatives to antibiotics, using 
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either beneficial micro-organisms or non-digestible food ingredients which may 

substitute for antibiotics. 

2.2.3. Effect of Supplementation of Probiotic and Prebiotic on Broiler 

Performance 

2.2.3.1. Feed intake, body weight gain and feed to gain ratio 

 Probiotics are the live microbial feed supplements that beneficially affect 

intestinal microbial balance of the host (Fuller, 1989). Whereas, prebiotics are defined 

as the selectively fermentable carbohydrates that resist to the brush border digestive 

enzymes of host (Gibson et al., 2004). Kol’cova (1962) was the first to used lactic 

acid bacteria in poultry feed, followed by Larousse (1970) and found that the addition 

of these bacteria to the poultry diet improved growth performance similar to what was 

seen with antibiotics. Soon after these findings, Tortuero (1973) used Lactobacillus 

acidophilus in broilers feed and found significant improvement in growth rate. The 

addition of Enterococcus faecium probiotic to the broiler diet increased the ileal villus 

height and enhanced broiler performance in terms of BW gain and FGR (Samli et al., 

2007). Savage et al. (1996) observed that turkeys fed mannan-oligosaccharides 

(MOS) prebiotic at 0.11% of the diet had significantly improved BW gain. In 1997, 

Savage and co-workers conducted another study using different levels of MOS and 

concluded that supplementing MOS at 0.11% of feed had the maximum BW gain 

effect. Zhou et al. (2009) found that chito-oligosaccharide prebiotic supplementation 

in broilers improved BW gain and feed intake without significantly affecting FGR.  

 A study with layers revealed that probiotic significantly increased egg 

production, shell weight and shell thickness (Panda et al., 2003). Supplementing a 
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multi-strain probiotic containing Lactobacillus, Bifidobacterium, Enterococcus, and 

Pediococcus strains in water and feed to broilers, improved growth performance 

(Mountzouris et al., 2007). In another study, Mountzouris et al. (2010) fed a mixture 

of five probiotic bacteria at different CFU levels to broilers and found that probiotic 

supplementation at all the concentration levels improved BW gain compared to the 

control. Also, the group fed 108 CFU of probiotic/kg had better weight gain and feed 

efficiency compared to other groups with higher probiotic concentrations. Torres-

Rodriguez et al. (2007) compiled results of 118 commercial turkey hen lots either 

supplemented with a probiotic or fed a basal diet without the probiotic. The probiotic 

significantly improved market BW and average daily gain without influencing feed 

efficiency. Also, the production cost was lower in the probiotic (58.37 cents/kg of live 

turkey) lots compared to control (59.90 cents/kg of live turkey) lots. 

 Contrary to the above observations, Willis and Reid (2008) observed that 

feeding probiotic supplement did not influence growth performance of broilers, 

although the probiotic significantly reduced the presence of Campylobacter jejuni 

counts in the gut. Also, Willis and Reid (2008) found some significant trends 

regarding probiotic supplementation in regard to sex, feed, and feeding methods on 

the performance results. Similarly, Zhou et al. (2010) reported that there was no 

significant difference among groups supplemented different levels of probiotic. An 

important finding was that all probiotic-supplemented groups had better performance 

and FGR compared to the control group. Awad et al. (2009) fed a probiotic or 

synbiotic (a combination of probiotic and prebiotic supplementation) to broilers and 

found that the synbiotic improved BW, average daily weight gain, carcass yield 
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percentage, and feed conversion rate compared with the control and probiotic-fed 

broilers. Also, the probiotic alone slightly improved performance compared to control 

group.  

 Only few research reports are available testing probiotics under HS 

conditions. Zulkifli et al. (2000) reported that broilers fed a probiotic-supplemented 

diet performed better under HS, having better BW gain, feed consumption, FGR and 

percentage mortality compared to non-supplemented broilers. In another study, 

Rahimi and Khaksefidi (2006) kept broilers under high ambient temperature (34°C) 3 

h a day from day 21 to 42. Rahimi and Khaksefidi (2006) reported that supplementing 

the probiotic to HS broilers significantly improved body weight gain and FGR 

compared to the control. 

 Prebiotics are selectively fermentable carbohydrates resistant to the brush 

border digestive enzymes of host (Gibson et al., 2004). In the 1970s, a team of 

Japanese researchers discovered that a number of different non-digestible 

oligosaccharides had bifidus factor and the ability to promote Bifidobacterium growth 

(Yazawa et al., 1978). In 1995, Gibson and Roberfroid introduced the term prebiotic 

for substances promoting beneficial populations of intestinal bacteria. Prebiotic 

supplementation in poultry has the objective to promote non-pathogenic bacteria in 

the intestine and these bacteria will eventually help improve growth performance of 

poultry. The addition of inulin prebiotic to the broilers diet improved BW gain 

without affecting FGR (Velasco et al., 2010). Kim et al. (2011) supplemented 

prebiotic fructo-oligosaccharide (FOS) and MOS to broilers and found that these 

prebiotics significantly improved broiler performance compared to the control group. 
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 Biggs et al. (2007) conducted three experiments utilizing different prebiotics 

at two levels (0.04% and 0.08%) and concluded that supplementing broilers with 

inulin, oligofructose (FOS), MOS, short-chain fructo-oligosaccharide, and 

transgalacto-oligosaccharide did not significantly improved growth performance 

compared to control. Feeding 0.08% of inulin and 0.08% of FOS had negative effects 

on metabolizable energy and digestibility of amino acids. In another study, Biggs and 

Parsons (2008) supplemented 2, 4 and 6% of the prebiotic Grobiotic-P to broilers. 

Findings from this study revealed that supplementing Grobiotic-P at 2, 4, and 6% in a 

corn-soybean meal diet had no effect on BWG, feed consumption or FGR. Similarly, 

Jung et al. (2008) did not find any significant differences in BW gain, feed intake and 

FGR between a galacto-oligosaccharide (GOS) supplemented group and the control.  

 Limited literature reports are available showing the effects of prebiotic 

supplementation on broilers raised under HS. The literature available describes that 

prebiotic inclusion in the feed improved BW gain and feed efficiency of broilers 

keptunder hot conditions (Silva et al., 2010). In a study with transportation stress, 

Ghareeb et al. (2008) reported that supplementing chicory prebiotic at the rate of 0.01 

% in broilers diet decreased heterophils/lymphocytes ratio compare to control 

counterpart, which is considered a good indicator of the reduction of stress effects.  

2.2.3.2. Effect of supplementations on organ weight 

 Chitosan-oligosaccharides supplementation effect on broiler lymphoid organs 

was studied by Huang et al. (2007). They reported a rise in relative weights of 

thymus, bursa of Fabricius, and spleen at d 21 and d 42 by feeding this prebiotic. 

Awad et al. (2006) studied the effect of deoxynivalenol and a probiotic on organ 
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relative weight in broiler chickens. The birds were fed diets artificially contaminated 

with deoxynivalenol or a combination of deoxynivalenol and probiotic. Probiotic 

supplementation increased the relative weight of jejunum and cecum. In another 

study, these fellows supplemented broilers with synbiotic and probiotic for five 

weeks. The supplementation significantly increased the absolute and relative weights 

of spleen, thymus, liver and small intestine in supplemented groups compared to 

control group (Awad et al., 2009). Contrary to these findings, Çakir et al. (2008) did 

not find any significant difference when supplementing prebiotic and probiotic on 

organ weights of liver, spleen, heart and bursa of Fabricius. Similarly, Zhou et al. 

(2009) found that supplementing chito-oligosaccharide at different levels did not 

influenced organ weights of gizzard, bursa of Fabricius and spleen, but increased liver 

weight in a linear fashion with increasing prebiotic concentration. 

2.2.3.3. Supplementations and oxidative damage 

 Although probiotic bacteria are well known for their anti-oxidative abilities, 

limited literature reports are available regarding supplementation of prebiotic and 

probiotic in poultry under HS. Lin and Yen (1999) conducted an in vitro study to 

observe anti-oxidative activity of several lactic acid bacteria stains. Intercellular cell-

free extracts of these bacteria demonstrated anti-oxidative ability with inhibition rates 

of ascorbate auto-oxidation in the range of 7 to 12%. These bacteria demonstrated 

metal ion chelating ability; act as oxygen species scavenger, and enzyme inhibition. 

In a study with mice, Streptococcus thermophilus supplementation for two weeks 

significantly reduced lipid peroxide production in the colonic mucosa of iron-

overloaded mice (0.07% iron fed in diet) (Ito et al., 2003). In a series of in vitro and 
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in vivo experiments, Farnell and co-workers tested 10 probiotics in a heterophil 

oxidative burst and degranulation study. Among all the probiotic bacteria tested, 

Bacillus subtilis, Lactococcus lactis lactis, and Lactobacillus acidophilus isolates 

were found to elicit the greatest heterophil response, both in vitro and in the study 

with broiler chickens (Farnell et al., 2006). Castex et al. (2010) supplemented 

probiotic in shrimp to evaluate growth performance and anti-oxidant defense. In the 

first experiment, feeding probiotic significantly increased the total TAS and 

glutathione peroxidase activity. However, in the second experiment, probiotic 

supplementation increased TAS and glutathione peroxidase and decreased superoxide 

dismutase and catalase.  

 Capcarova et al. (2010) found that supplementing broilers with L. fermentum 

and E. faecium probiotic strains increased anti-oxidant levels in serum. Nitrosamine 

compounds feeding in rats increased TBARS and decrease GSH, GSH-Rx, SOD and 

catalase. However, supplementing these rats with chicory prebiotic succeeded in 

modulating these abnormalities which resulted from nitrosamine compounds, as 

indicated by the reduction of TBARS and the pronounced improvement of anti-

oxidant enzymes parameters (Hassan and Yousef, 2011). In another study with rats, 

Hathout et al. (2011) found that feeding rats an aflatoxins-contaminated diet increased 

creatinine, uric acid and nitric oxide in serum and lipid peroxidation in liver and 

kidney accompanied with a decrease in TAS. However, when the aflatoxins-

contaminated diet was supplemented with Lactobacillus probiotic, a significant 

improvement in all the biochemical parameters was reported.  
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2.2.3.4. Effect of supplementations on serum biochemical profile 

 Little information is reported in the literature describing the effect of probiotic 

and prebiotic on serum biological indices. A study with layers revealed that a 

probiotic significantly reduced the concentration of cholesterol in the serum and yolk 

(Panda et al., 2003). Patterson and Burkholder (2003) reviewed the application of 

prebiotic and probiotic in poultry production and concluded that these types of 

supplements can lower serum cholesterol. Haldar et al. (2011) reported that 

supplementation of Saccharomyces cerevisiae increased serum T3 level and decreased 

serum cortisol at 21 and 35 d compared to non-supplemented heat stressed groups. 

Velasco et al. (2010) found that feeding a diet supplemented with inulin prebiotic 

decreases the total lipid, triacylglycerols and cholesterol concentration in liver and 

blood serum compared with the control groups. Çakir et al. (2008) did not find any 

significant difference when supplementing prebiotic and probiotic on serum AST and 

gamma glutamyl transpeptidase (GGT).  

 Feeding rats with nitrosamine compounds significantly increased total lipids, 

total cholesterol, bilirubin, and enzymes activity (AST, ALT, ALP and c-GT) in both 

the serum and liver. However, supplementing the diet of the rats with chicory 

prebiotic succeeded in modulating these abnormalities which resulted from 

nitrosamine compounds as indicated by pronounced improvement of the investigated 

biochemical indices (Hassan and Yousef, 2010). 

 In another study, feeding rats with aflatoxins contaminated diet decreased 

food intake and body weight and increased cholesterol, triglycerides, total lipids, 

creatinine and uric acid. However, when aflatoxins contaminated diet was 
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supplemented with Lactobacillus probiotic, a significant improvement in all the 

biochemical parameters was observed (Hathout et al., 2011). 

2.2.3.5. Effect of supplementations on immune system  

 Probiotic supplementation in broilers under heat stress conditions improves 

immune response (Rahimi and Khaksefidi, 2006). Zulkifli et al. (2000) supplemented 

lactobacillus culture to HS broilers and found significant improvement in antibody 

production against Newcastle disease (ND) vaccine. Dalloul et al. (2003) studied 

effect of feeding a Lactobacillus probiotic on intestinal intraepithelial lymphocyte 

(IEL) subpopulations and subsequent protection against coccidiosis. The birds were 

challenged with Eimeria oocyts. The experiment revealed that broilers fed with 

probiotic had more IEL, expressing the surface markers CD3, CD4 and CD8, and less 

oocysts than the control group. Similarly, Haghighi et al. (2006) reported that feeding 

probiotic to broilers increased serum and intestine IgG, and serum IgM. Haldar et al. 

(2011) found that humoral immune response against ND was improved by dietary 

supplementation of yeast in heat stressed broilers. However, according to 

Mountzouris et al. (2010), feeding a mixture of five probiotic bacteria on different 

CFU levels to broilers could not improve plasma antibodies in 14- and 42-d-old 

broilers. Similarly, Kim et al. (2011) also did not find significant difference in the 

concentrations of plasma IgA and IgG among the prebiotic supplemented and control 

groups.  
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2.2.3.6. Effect of supplementations on mineral absorption 

 Several studies in humans and other animals have shown positive effects of 

prebiotic and probiotic on mineral absorption. Patterson and Burkholder (2003) 

reviewed application of prebiotics and probiotics in poultry production and concluded 

that these supplements are good for improving mineral absorption from intestine. 

Prebiotics and probiotics stimulate mineral absorption, bone mineralization and 

support bone health. In a study with rats, calcium absorption from the large intestine 

was stimulated by dietary oligofructose (Ohta et al., 1995). However, Ohta et al. 

(1995) did not observe an effect of 1% or 5% dietary oligofructose on phosphorus 

balance. Coudray et al. (1997) studied the effect of inulin supplementation on 

absorption and balance of iron, magnesium, calcium, and zinc in healthy adults. 

Coudray et al. (1997) found that inulin augmented calcium absorption and balance 

while had no effect on the metabolism of the other minerals. 

2.2.3.7. Effect of supplementations on intestinal micro-architecture 

 Shorter, thinner villi and deeper crypts may lead to poor nutrient absorption, 

and digestion (Xu et al., 2003). Probiotics may improve intestinal mucosal micro-

architecture (Awad et al., 2006). Lactobacillus probiotic-supplementation in poultry 

was found to improve intestinal micro-architecture (Dobrogosz et al., 1991). 

Chichlowski et al. (2007) reported that feeding Lactobacillus, Bifidobacterium 

thermophilum and E. faecium as probiotics increased the jejuna villus height and 

decreased villus crypt depth. Samanya and Yamauchi (2002) found that feeding a diet 

supplemented with Bacillus subtilis var. natto to adult male layers resulted in an 

improvement in villi height and accordingly feed efficiency. Similarly, longer villi 
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were found in the ileum of chicks and turkeys with slight improvement in feed 

efficiency after dietary addition of L. reuteri (Dunham et al., 1993) and Eubacterium 

sp. (Awad et al., 2006). In rats, feeding a probiotic accelerates intestinal epithelial cell 

proliferation, which subsequently improves micro-architecture (Ichikawa et al., 

1999). However, Sims et al. (2004) found that supplementing broilers with bacitracin 

alone or in combination with MOS had longer villi than the control or MOS 

treatment.  

 Baurhoo et al. (2007) conducted a study to observe effect of dietary MOS on 

intestinal micro-architecture of broilers. Baurhoo et al. (2007) reported that feeding 

0.2% MOS for first 21 d and 0.1% thereafter, increased jejunum villi height and crypt 

depth. Likewise, supplementation of E. faecium probiotic to broiler diet has been 

found to increase the ileal villus height (Samli et al., 2007). Furthermore, Awad et al. 

(2009) reported that dietary supplementation of Lactobacillus probiotic or synbiotic 

influenced the micro-architecture of small intestine, improving villus height, and 

villus height to crypt depth ratio, both in duodenum and ileum. However, the 

duodenal crypt depth remained unchanged, and the ileal crypt depth was decreased by 

dietary supplementations compared with control. 

2.2.3.8. Effect of supplementations on intestinal microbiology 

 Probiotics sympathetically modify the intestinal microbial profile, limiting 

pathogens and promoting friendly bacteria. Rahimi et al. (2007) demonstrated that 

Salmonella colonization can be inhibited in the broilers intestine by probiotic 

supplementations. Oral ingestion of a probiotic or anti-Salmonella enteritidis-specific 

antibodies inhibited S. enteritidis and S. typhimurium colonization of chicken 

intestine (Tellez et al., 2001). Mannan-oligosaccharide can efficiently suppress 

intestinal pathogens (Spring et al., 2000), although its effects on the health promoting 
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enteric microbes are conflicting (Spring et al., 2000; Fernandez et al., 2002). 

However, Baurhoo et al. (2007) found that MOS supplementation enhanced the 

growth of cecal Lactobacillus spp. and Bifidobacterium spp. with concomitant 

decrease in the E. coli population in broilers (Baurhoo et al., 2007). Furthermore, 

Sims et al. (2004) found that MOS supplementation in turkeys reduced Cl. 

perfringens counts in the large intestinal. Mountzouris et al. (2007) supplemented 

multispecies probiotic in water and feed to broilers and found that probiotic increased 

Bifidobacterium spp., Lactobacillus spp., and Gram-positive cocci populations 

compared to the non-supplemented group. Biggs et al. (2007) supplemented several 

oligosaccharide prebiotics to broilers and found that feeding 0.04% oligosaccharide 

had no significant effect on cecal Bifidobacterium, Lactobacillius, C. perfringens, or 

E. coli populations in 21-d-old chicks. Soon after, in another study, Biggs and 

Parsons (2008) supplemented 2, 4 and 6% of the prebiotic Grobiotic-P to broilers. 

Biggs and Parsons (2008) reported that cecal lactobacilli populations were linearly 

increased by Grobiotic-P and cecal populations of bifidobacteria were increased, 

whereas E. coli and C. perfringens count were reduced. Jung et al. (2008) found that 

feeding broilers with GOS prebiotic selectively stimulated the fecal microflora, 

promoting total anaerobes, bifidobacteria and lactobacilli by 3.4-, 21- and 3.56-fold, 

respectively, compare to the control group. A study utilizing quantitative real-time 

PCR indicated that supplementation of the diet with prebiotic or avilamycin antibiotic 

changed gut microbial ecology. In brief, C. perfringens and E. coli counts were 

decreased and lactobacilli counts were increased in the supplemented groups (Kim et 

al., 2011). Similar findings were reported by the supplementation of Saccharomyces 

cerevisiae in HS broilers (Haldar et al., 2011). 



Chapter 4 

MATERIALS AND METHODS 
 

4.1. Study Design Experiment I 

 This experiment was conducted at Poultry House Facility, University of 

Veterinary and Animal Sciences, Lahore. A total of 250 d-old-chicks (Hubbard) were 

obtained from a commercial hatchery. The birds were randomly divided into five 

groups (N = 50). Each group was further divided into five replicates (10 birds/pen). 

The birds were housed in environment controlled deep litter system with a wood 

shaving (8 cm thickness) floor, and each pen was equipped with tube feeder and 

automatic drinkers. The floor pens were prepared and sanitized according to standard 

management conditions. On d 1, chicks were housed at constant room temperature 

(35 ± 1.1°C and RH; 65 ± 5%), according to brooding protocols. Thereafter, 

temperature was decreased 2.8°C per week until it reached 26.7°C on d 21 with RH 

65 ± 5% which was designated as the thermoneutral zone (TN). Birds were 

immunized against Newcastle disease virus (NDV) (Ceva-Phylaxia, Budapest, 

Hungry) on d 4 (intraocular) and d 20 (drinking water). Whereas, birds were 

immunized against infectious bursal disease virus (IBDV) (Lohman Animal Health 

GmbH, Cuxhaven, Germany) on d 8 (intraocular; live-intermediate strain) and d 24 

(drinking water; live-attenuated). 

 On d 22, birds were either kept at TN or subjected to cyclic-heat stress (HS) 

by exposing them to 35 ± 2°F and 75 ± 5% RH for 8 h from 10:00 am to 06:00 pm 

daily until the conclusion of the study at d 42. Birds were fed only a corn-based basal 
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diet (TN, HS groups) or the same diet supplemented with 0.5% mannan-

oligosaccharides (MOS; Alltech, Lexington, USA) (HS-MOS group), 0.1% probiotic 

mixture (PM; Probiotics International Ltd., Somerset, UK) (HS-PM group) or a 

combination of both as a synbiotic (HS-SYN group; MOS 0.05%, PM 0.01%) for 42 

d. The PM contained  Lactobacillus plantarum, L. acidophilus, L. bulgaricus, L. 

rhamnosus, Bifidobacterium bifidum, Streptococcus thermophilus, Enterococcus 

faecium, Aspergillus oruza, Candida pintolopesii, with minimum 6 × 107 CFU per g 

of product.  The experimental starter (d 0-21) and grower (d 22-42) diets (Table 4.1) 

were formulated without antimicrobials or coccidiostats to meet or exceed the NRC 

(1994) standards. During the first week, 24 h light was provided, followed by a 

reduction to 20 h afterward. At the conclusion of the study, feeders and drinkers were 

withdrawn. Three birds per replicate were randomly selected, weighed and killed by 

cervical dislocation. Samples were collected for processing and examination. The 

study was carried out in accordance with the guidelines of Animal Care and Use 

Committee, University of Veterinary and Animal Sciences, Lahore, Pakistan. 

4.2. Study Design Experiment II 

 This experiment was conducted at Animal Facility, United States Department 

of Agriculture, College Station, TX 77845. A total of 450 d-old-chicks (Ross) were 

obtained from a commercial hatchery. The birds were randomly divided into five 

groups (N = 90). Furthermore, each group was divided into three replicates of thirty 

birds each. The birds were housed in environment controlled deep litter system with a 

wood shaving (8 cm thickness) floor. The floor pens were prepared and sanitized 

according to standard management conditions. On day one, chicks were housed at 
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constant room temperature (35°C), according to brooding protocols. One d 8, birds 

were either heat stressed at 35°C (HS groups) or subjected to standard temperature 

regime (temperature was decreased 2.8°C per week until it reached at 26°C on d 21). 

Birds were fed only a corn-based basal diet (TN, HS groups) or the same diet 

supplemented with 0.5% MOS (Lesaffre Corp., France) (HS-MOS group), 0.1% PM 

(Probiotics International Ltd., Somerset, UK) (HS-PM group) or a combination of 

both as a synbiotic (HS-SYN group; MOS 0.05%, PM 0.01%) for 42 d. The MOS is 

cell wall material Saccharomyces cerevisiae, extracted as a by-product from yeast 

manufacture. The PM contained Lactobacillus plantarum, L. acidophilus, L. 

bulgaricus, L. rhamnosus, Bifidobacterium bifidum, Streptococcus thermophilus, and 

Enterococcus faecium with minimum 6 × 107 CFU per g of product. The starter (0-14 

d), grower (15-35 d) and finisher (36-42 d) diets (Table 2) were formulated without 

antimicrobials or coccidiostats to meet or exceed the NRC (1994) requirements. 

During the entire study, 23h light, 1h dark was provided. At the conclusion of the 

study, feeders and drinkers were withdrawn. Three birds per replicate were randomly 

selected, weighed and killed. Samples were collected for further processing and 

examination. The study was carried out according to the guidelines of Animal Care 

and Use Committee, United States Department of Agriculture, USA. 

4.3. Growth Performance 

 On d 1, individual weight of all chicks was recorded, afterwards, weekly body 

weight was taken and initial body weight was subtracted to get body weight (WB) 

gain on weekly basis. A weighed quantity of feed was offered ad Libitum to each 

replicate. Daily residual feed in feeders was recorded as refusal and adjusted 
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accordingly to get daily feed consumption for the whole course of the experiment for 

each treatment. Feed intake was adjusted for mortality. Data of feed consumption and 

BW were utilized to calculate feed to gain ratio (FGR) in grams on feed consumed to 

grams BW gain. Mortality was recorded and dead birds were subjected to postmortem 

examination to ascertain cause of death. 

4.4. Organ Weight 

 The viscera were harvested from killed birds. The liver, pancreas, spleen, 

heart, bursa, gizzard, small intestine (duodenum, jejunum, and ileum), and ceca were 

excised and weighed (g). The gastrointestinal tract was weighed two times, with and 

without the digestive content. Organ weights were divided by total body weight of 

bird and multiplied by 100 to get percentage relative weight (RW) of organ.  

4.5. Intestinal Micro-architecture 

 Sample collection, preservation and processing 

 For micro-architecture the tissue samples of 5 cm length were taken from the 

jejunum and ileum. The section starting from the pancreatic and bile ducts to the 

Meckel’s diverticulum was referred as jejunum. After proper washing in normal 

saline, tissues were preserved in 10% buffered formalin [Formalin 37% (100 mL), 

sodium acid phosphate (4 gm), anhydrous sodium phosphate (6.5 gm), distilled water 

(900 mL)]. Further, the samples were processed as following 

 Small tissues were washed under running tap water for 3-4 h. 
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 Tissues were dehydrated by putting them in ascending grade of ethyl alcohol 

as follows  

70% ethyl alcohol    over night 

80% ethyl alcohol   2 h 

90% ethyl alcohol   2 h 

100% ethyl alcohol-I   2 h 

100% ethyl alcohol-II   2 h 

 Tissues were cleared by putting them in pure xylene as follows 

Xylene-I     2 h 

Xylene-II     2 h 

 Tissues were impregnated by putting them in paraffin wax at 58oC as follows 

Paraffin wax-I     1.5 h 

Paraffin wax-II    1.5 h 

 Paraffin wax blocks including suspended tissue samples were prepared. These 

blocks were chilled at 4oC overnight before further processing. 

 Using microtome, 5 µm thick sections were cut. Fine sections were floated on 

hot water (45oC) containing little quantity of gelatin. As the floated sections 

were fully stretched, three non-consecutive sections were lifted on a clean 

glass slide carefully. As a final point to mounting, the glass slides bearing 

sections were kept in hot air oven at 37oC for 3-6 h for final adhesion. 

 The slides were stained using haemotoxyline & eosin as follow 

Removal of paraffin wax 

Xylene-I    3 min 
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Xylene-II    3 min 

Removal of Xylene with Alcohol 

Absolute alcohol-I   3 min 

Absolute alcohol-II   3 min  

Treatment with descending grade of alcohol 

70% Alcohol    3 min 

Distilled water    3 min 

Haemotoxyline staining  

Haemotoxyline    30 min 

Distal water    30 min 

De-colorization 

Acid alcohol    2 dips 

Distal water    3 min 

Tissue sections mordanting 

Ammonia Alcohol   3 min  

Distal water    3 min  

Eosin staining 

70% Alcohol    3 min 

Eosin     2 min 

Dehydration 

70% Alcohol    2 min 

Absolute Alcohol-I   3 min  

Absolute Alcohol-II   3 min 

Clearing 

Xylene-I    3 min 

Xylene-II    3 min 

 Finally, slides were mounted in DPX media and covered with glass cover slip. 
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Micrometry 

 Villus height (mm), width (mm), and crypt depth (mm) were measured under 

4× of microscope (Olympus CX31, Olympus America Inc.) fitted with digital 

imaging system (Olympus DP20, Olympus America Inc.). All intact villi were 

measured for length, width, and area. The scale was adjusted using neubors 

heamocytometer and a standard factor (1/400) was obtained (sample measurements 

were multiplied by 1/400 to get actual measurement. Villus surface area (mm3) was 

calculated using the formula (2π)(W/2)(L), where W = villus width, and L = villus 

length (Sakamoto et al., 2000).  

4.6. Quantification of Intestinal Bacteria 

 One gram digesta from jejunum and ceca of killed birds diluted and 

homogenized with 9 mL normal saline. From the initial 10–1 dilution, 10-fold serial 

dilutions were subsequently made to 10–7. Diluents (100 µL) were spread on nutrient 

agar (total aerobes), reinforced clostridial medium (Clostridium perfrengins) and 

eosin methylene blue agar (total coliform and E. coli). The inoculated plates were 

incubated at 39oC either under aerobic (total coliform, E. coli, and total aerobes), or 

anaerobic conditions (Clostridium perfringens.). Colony forming unit (CFU) was 

expressed as log of 10. 
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4.7. Intestinal Molecular Microbial Ecology 

DNA isolation 

 On d 21 and d 42, five birds from each group were randomly selected and 

euthanized with CO2 gas. Ceca were aseptically excised and cecal contents (334 mg) 

were transferred aseptically to sterile tubes containing 2.66 mL of sterile Butterfield’s 

buffer (0.62 mM of KH2PO4; pH 7.2). Samples were shipped on ice to laboratory, 

mixed thoroughly, and divided into three equal parts.  One portion was used for pH 

estimation using electric pH meter (Orion research Inc., Jacksonville, FL, USA), 

while the remaining portions were centrifuged (Eppendorf Centrifuge 5417C, 

Hamburg, Germany) at 14,000  g for 10 min. The pellet was subjected to DNA 

extraction following the protocol described below (QIAamp DNA Mini Kit; QIAgen 

Incorporated, Valencia, CA); 

 DNA pellets were mixed in 180 µL of lysis buffer [(20 mM Tris-HCl, pH 8.0; 

2 mM EDTA; 1.2% (vol/vol) Triton; 20 mg/mL of lysozyme, 20 mg/mL; 

Sigma -Aldrich, St. Louis, MO, USA)].  

 Mixtures were incubated at 37oC for 30 min. 

 RNAase (20 µL of 20 mg /mL; Roche Diagnostics Mannheim, Germany) was 

mixed and the mixtures were incubated at room temperature for 2 min. 

 Proteinase K (20 µL; supplied in the QIAgen kit) and buffer AL (200 µL) 

were added and mixtures were mixed by votexing.  

 Mixtures were incubated at 56oC for 30 min and then at 95oC for 15 min. 

 Mixtures were given a short spin centrifugation to consolidate the liquid. 
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 Ethanol (200 µl of 100%) was added to the samples and mixed by pulse-

vortexing for 15 sec. 

 The samples were loaded to QIAamp spin columns and centrifuged at 6,000  

g for 3 min.  

 Columns were centrifuged again twice after loading separately 500 µl of 

Buffer AW1 (6,000  g, 1 min) and 500 µl of Buffer AW2 (22,000  g, 3 

min). 

 Columns were transferred to 2-mL sterile microfuge tubes and loaded with 

200 µl of Buffer AE, and centrifuged at 6,000  g for 1 min to extract DNA. 

Extracted DNA was quantified on a Nanodrop spectrophotometer (Roche 

Diagnostics, Mannheim, Germany) and stored at -20oC.  

4.7.1. Denaturing Gradient Gel Electrophoresis Polymerase Chain Reaction 

 For bacterial Denaturing Gradient Gel Electrophoresis (DGGE) polymerase 

chain reaction (PCR) the following were used; JumpStart ReadyMix (Cat. P 0982; 

Sigma Chemical Co., St. Louis, MO, USA), and primer pairs (Hume et al., 2003) 

primer 2 (5′-ATTACCGCGGCTGCTGG-′3) and primer 3 + GC clamp (5′-

CGCCCGCCGCGCGCGGCGGGCGGGGCGGGGGCACGGGGGGCCTACGGGA

GGCAGCAG-3′) (Integrated DNA Technologies, Coralville, IA, USA] and bovine 

serum albumin (10 mg/mL, Sigma -Aldrich, St. Louis, MO, USA). Fungal PCR was 

performed with TaKaRa Ex Taq 10× PCR buffer, dNTP mixture (Takara Bio Inc., 

USA, Mountain View, CA, a division of Clontech Laboratories, Inc., Madison, WI; 

vender Fisher Scientific, Pittsburg, PA) and primer pairs (Xin-Yu et al., 2010) was 

GC + U1 (5′-CGCCGCGCGCGGCGGGCGGGGCGGGGGG TG AAA TT GTTG 
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AAA GGGAA-′3) and U2 (5′-ACTCCTTGGTCCGTGTT-′3) (Integrated DNA 

Technologies). Samples for PCR were run on a Bio-Rad PCR thermocycler (C-1000, 

Bio-Rad Hercules, CA, USA). 

 Products from DGGE PCR were separated using polyacrylamide gels 

[(acrylamide-bisacrylamide ratio 37.5:1 (vol/vol), Bio-Rad, Richmond, CA, USA), 

0.5 Tris acetate-EDTA (20 mM Tris (pH 7.4), 10 mM sodium acetate, and 0.5 M 

EDTA), 2 loading buffer [0.05% (wt/vol) bormophenol blue, 0.05%  (wt/vol) xylene 

cyanol and 70% (vol/vol) glycerol) and SYBR Green I (1:10,000 dilution; Sigma -

Aldrich, St. Louis, MO, USA). A DCode Universal Mutation Detection System (Bio-

Rad, Richmond, CA, USA) was used for electrophoresis and Cluster analysis 

software (Molecular Analysis Fingerprinting Software, Version 1.6, Bio-Rad, 

Richmond, CA, USA) was used for band patterns analysis and construction of 

dendrograms. 

Protocol for bacterial PCR  

 Sample DNA was amplified using universal bacterial primers to target V3 

regions of the 16S rDNA gene. The DNA (50 ng) from each of 5 samples per group 

was pooled for PCR. The PCR reaction mixture consisted of 250 ng of DNA, 12.5 µL 

Jump Start Ready Mix, 50 pmol each of reverse and forward primers (Hume et al., 

2003) and 1µL of bovine serum albumin (20 mg/mL) to a total of 25 µL with PCR-

grade water (Sigma -Aldrich, St. Louis, MO, USA). The PCR thermocycle profile 

was as;  

 Denaturation at 95oC for 2 min.  

 Denaturation at 94oC for 30 sec.  



Materials and Methods 

  44

 Annealing at 67oC for 45 sec, -0.5oC per cycle to minimize formation of 

artificial products. 

 Extension at 72oC for 2 min. 

 Go to step 2 for 17 cycles.  

 Denaturing at 94oC for 1 min.  

 Annealing at 58oC for 45 sec.  

 Extension at 72oC for 2 min. 

 Go to step 5 for 12 cycles.  

 Extension at 72oC for 30 min (Hume et al., 2003). 

Protocol for fungal PCR  

 The PCR reaction mixture was made of TaKaRa Ex Taq HS (25 µL), 10 Ex 

Taq Buffer (5 µL), dNTP mix (4 µL), primer pair (10 pmole/µL, 2 µL each), pooled 

sample DNA (250 ng) and water to make volume to 50 µL. The PCR thermocycle 

profile was as: 

 Denaturation at 95oC for 1 min. 

 Denaturation at 95oC for 45 sec.  

 Annealing at 55oC for 30 sec. 

 Extension at 72oC for 45 sec. 

 Go to step 2 for 34 cycles. 

 Final extension at 72oC for 10 min.   

 Denaturing gradient gel electrophoresis (DGGE) was performed as described 

by (Hume et al., 2003). The amplicons were run in an 8% polyacrylamide gel with a 

30% to 60% urea-formamide gradient (100% denaturing 7 M urea and 40% 



Materials and Methods 

  45

formamide). Electrophoresis was carried out in a DCode Universal Mutation 

Detection System in Tris acetate-EDTA at 59°C for 17 h at 60 V. The amplicons (4 

µL) were mixed with equal volume of loading buffer and 7.8 µL was loaded into each 

sample well. The gels were stained with SYBR Green. Band patterns were analyzed 

for percentage of similarity coefficient and dendrograms were constructed using the 

Pearson product-moment correlation coefficient and un-weighted pair group method 

using arithmetic averages for cluster analysis. 

4.8. Serum Collection and Analyses 

 In experiment I, on d 42, 15 birds from each group were killed (between 11.00 

am to 3.00 pm) to collect blood. In experiment II, on d 21 and 42, ten birds per 

replicate were randomly selected. Blood was collected via jugular puncture and 

collected in non-heparinized tubes. The tubes containing blood were allowed to stand 

at room temperature for 1 h and then centrifuged (Beckman J25I; Beckman 

Instruments, Inc. USA) at 1500 × g at 4°C for 20 min to collect serum. The serum 

was stored at -20°C for further analysis. 

4.8.1. Serum cortisol, coticosterone, triiodothyronine and thyroxine estimation  

 Serum concentration of cortisol (µg/dL; Monobind Inc., Lake Forest, CA, 

USA), corticosterone (pg/mL; Cayman Chemicals, Ann Arbor, MI, USA), 

triiodothyronine (ng/mL; Jei Daniel Biotech Corp. Shandong, China) and thyroxine 

(µg/dL; Jei Daniel Biotech Corp. Shandong, China) were determined using ELISA 

kits. Competitive ELISA procedure adapted for all hormones was identical. The 

optical density (OD) value was estimated on an ELISA reader (Statfax-303 plus, 

Awareness Technology Inc., Palm City, FL, USA). 
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 Standard curves preparation 

 Standard curves were constructed using hormone standards provided with the 

kits. The mean absorbencies of standards (vertical axis) were compared against 

concentrations (horizontal axis) on Microsoft Excel graph.  

 Protocol 

 A volume of 50 µL of each standard/sample was dispensed in antibody-coated 

plate wells.  

 To each well 50 µL of antibody reagent was dispensed and mixed gently for 

30 sec.  

 A volume of 100 µL of working conjugate reagent was dispensed and mixed 

thoroughly for 30 sec.  

 The mixture was incubated at 37oC for 60 min in the dark.  

 The mixture was removed by quickly inverting the plate.  

 The wells were washed with washing solution provided with the kit. All 

residual water droplets were removed. 

 A volume of 100 µL of tracing reagent was added in washed well and gently 

mixed for 10 sec.  

 The wells were incubated at 37oC for 20 min in dark.  

 The reaction was stopped by adding 100 µL of stop solution to each well and 

gently mixed for 30 sec.  

 The optical density (OD) was read within 15 min at a wavelength of 450 nm 

with an ELISA reader. Concentrations of hormones were calculated using standard 

curve. 
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4.8.2. Total Oxidant Status (TOS; mmol/L) 

Serum TOS was determined spectrophotometerically following protocol of 

Erel (2005). Hydrogen peroxide standard solutions of different concentrations (12.50, 

6.25, 3.12 and 1.56 µ/ML of H2O2) were prepared. Serum sample (35 μL) was mixed 

with 225 μL of Reagent 1 [Xylenol orange (150 μmol), NaCl (140 mmol), Glycerol 

(1.35 mol), pH 1.75]. After 5 min incubation, initial absorbance was taken 

spectrophotometerically (λ 800 nm; BTS-330; Biosystems, Barcelona, Spain). 

Subsequently, 11 μL of Reagent 2 [Ferrous Ammonium Sulfate (5 mmol), o-

Dianisidine Dihydrochloride (10 mmol)] were added into the solution already 

containing Reagent 1 and serum sample. The mixture was incubated for 5 min. The 

final absorbance was taken spectrophotometerically at λ 560 nm. The delta change in 

absorbance (Δ absorbance = final absorbance - first absorbance) was used to calculate 

the concentrations from standard curve of hydrogen peroxide. 

4.8.3. Total antioxidant status (TAS; mmol/L) 

 Total antioxidant status was estimated using protocol of Erel (2004). Vitamin 

C solution at various concentrations (0.2, 0.6, 1.0 and 1.4 mol/mL) was used as 

standard. In brief, 200 µL of reagent 1 [o-Dianisidine (10 mmol), Ferrous ion (45 

µmol), Clark and Lubs solution (75 mmol)] were mixed with 5 µL of the serum 

sample. After 10 min mixing, first absorbance was taken at spectrophotometer (λ 444 

nm; BTS-330; Biosystems, Barcelona, Spain). Then 10 µL of the reagent 2 [H2O2 

(7.5 mmol) in the Clark and Lubs solution] were mixed with solution already 

containing reagent 1 and sample. After mixing for 4 min the final absorbance was 



Materials and Methods 

  48

taken. The difference in absorbance (Δ Absorbance = Final Absorbance - First 

Absorbance) was used to calculate TAS concentration (mM Vit C Equiv/L) from 

standard curve of hydrogen peroxide. 

4.8.4. Paraoxonase activity (U/L)  

 Paraoxonases are enzymes implicated in the hydrolysis of organophosphates. 

Enzymatic activity of paraoxonase was determined using the protocol described by 

Juretic et al. (2006). The assay was carried out in the absence of NaCl to measure the 

basal activity of paraoxonase. In brief, 350 µL of reagent 1 [paraoxon (2 mmol), 

CaCl2 (2 mmol), Tris-HCl buffer (0.1 mol/L, pH 3.0)] were mixed with 10 µL of 

serum sample. Paraoxon hydrolysis was determind by liberated p-nitrophenol as 

measured spectrophotometerically (λ 405 nm; BTS-330; Biosystems, Barcelona, 

Spain).  

4.8.5. Arylesterase activity (U/L)  

 Enzymatic activity of arylesterase was determined using the protocol 

described by Juretic et al. (2006). In brief, 350 µL of reagent 1 [phenyl acetate (1.0 

mmol), CaCl2 (0.9 mmol), Tris-HCl buffer (20 mmol, pH 8.0)] were mixed in 10 µL 

of serum sample. After mixing for 5 min arylesterase activity (U/L) was measured 

using spectrophotometer (λ 340 nm; BTS-330; Biosystems, Barcelona, Spain). 

4.8.6. Ceruloplasmin oxidase activity (U/L)  

 Ceruloplasmin activity was determined by using o-Dianisidine (7.88 mmol) as 

substrate as described earlier (Schosinsky et al., 1974).  Each serum samples was run 
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in duplicate. Briefly, 13 µL of serum sample, 188 µl of Acetate buffer (pH 5), and 50 

µL of substrate were mixed in two eppendrof tubes. After 5 min incubation 500 µL of 

stop solution (Sulfuric acid; 9.0 M/L) was added in the first test tube. The absorbance 

(A1) was taken on spectrophotometer (λ 540 nm; BTS-330; Biosystems, Barcelona, 

Spain). The second test tube was allowed to stand for 15 min and then 500 µL of stop 

solution was added. The absorbance (A2) was taken. The ceruloplasmin activity 

(U/L) was measured using formula ∆A (∆A = A2 - A1) x 625.  

4.8.7. Aspartate aminotransferase activity (AST; U/L) 

 Commercially available kit (AS 147; Randox Laboratories Ltd., Antrim, UK) 

was used. Serum sample, 10 µL, was thoroughly mixed with 50 µL of reagent 1 

[Phosphate buffer (100 mmol/L, pH 7.4) L-aspartate (100 mmol/L) and α-

oxoglutarate (2 mmol/L)] and incubated for 30 min at 37°C. A volume of 50 µL of 

reagent 2 [2,4-Dinitrophenyl-hydrazine (2 mmol/L)] was added to solution already 

containing serum and R1 and allowed to stand for 20 min at 25°C. Afterward, 500 µL 

of reagent 3 [Sodium hydroxide (4 mmol/L)] were added and thoroughly mixed for 5 

min. The absorption was measured at spectrophotometer (λ 546 nm; BTS-330; 

Biosystems, Barcelona, Spain). The absorbance of samples was compared against 

absorbance of reagent blank (containing all reagents except serum). 

4.8.8. Alanine aminotransferase activity (ALT; U/L) 

 Commercial kit (AL 146; Randox Laboratories Ltd., Antrim, UK) was used. 

Reagent 1 [50 µL; Phosphate buffer (100 mmol/L pH 7.4), L-alanine (100 mmol/L) 

and α-oxoglutarate (2 mmol/L)] were added to 10 µL serum sample and incubated at 
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37°C for 30 min. A volume of 50 µL of reagent 2 [2,4-Dinitrophenyl-hydrazine (2 

mmol/L)] were added to solution already containing serum and reagent 1 and allowed 

to stand at 25°C for 20 min. Afterward, 50 µL of [Sodium hydroxide (4 mmol/L)]  

were added and thoroughly mixed for 5 min. The absorbance was taken with 

spectrophotometer (λ 546 nm; BTS-330; Biosystems, Barcelona, Spain). The 

absorbance of sample was compared against absorbance of reagent blank (containing 

all reagents except serum). 

4.8.9. C-reactive protein (CRP) 

 Humatex CRP kit (Human GmbH, Wiesbaden, Germany) containing CRP 

latex reagent, control serum positive and negative and glass slide with six wells was 

used following the procedure described below;  

 About 50 µL sample was put on slide 

 Fifty µL of latex reagent was added. 

 Gentle mixing with a sterile stick for 3 min to spread contents on the entire 

area of the well. 

 Mixtures were tilted gently back and forth. 

 Results were read under bright light. 

 Distinct agglutination indicated a CRP positive result. 
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4.8.10. Cholesterol 

 Commercially available kit (Human GmbH, Wiesbaden, Germany) was used 

for the estimation of serum cholesterol. Sample (10 µL) was taken in eppendorf tube. 

One mL of reagent [4-Aminoantipyrine (30 mmol/L), Phenol (6 mmol/L), peroxidase 

(0.5 U/mL), cholesterol esterase (0.15 U/mL), cholesterol oxidase (0.1 U/mL)] was 

added into sample. The mixture was incubated for 10 min. Reading was taken using 

spectrophotometer (λ 546 nm; BTS-33, Biosystem, Barcelona, Spain). Cholesterol 

concentration was determined by dividing sample OD value by standard OD and 

multiplying with standard concentration (5.17 mmol/L). 

4.8.11. Antibody titre  

 Haemagglutination-inhibition (HI) and indirect-haemagglutination (IHA) tests 

were employed to determine the antibody titres against NDV and IBDV, respectively. 

A brief protocol is described as following; 

4.8.11.1. Estimation of antibody titre against NDV 

 Preparation of erythrocytes  

 Blood from broiler chicks was collected in 5 mL sterile disposable 

anticoagulant coated vacutainer. Approximately 3 mL of blood was taken from the 

jugular vein of the broiler. After collection, the vacutainer containing blood was 

gently shaken to prevent coagulation. The blood sample was centrifuged at 1,500 × g 

at 4°C for 3min. The supernatant was discarded.  Normal saline was added to the tube 

containing packed RBCs and again centrifuged for 3 min with the same centrifugation 
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force. The supernatant was discarded and the same quantity of normal saline was 

again added to it. The process of centrifugation and change of supernatant was 

repeated three to four times to get washed RBCs. One mL of these washed RBCs 

were added to 99 mL of normal saline to get 1% suspension of washed RBCs. The pH 

of washed RBCs was adjusted at 7.2. This RBC suspension was used in 

haemagglutination (HA), and haemagglutination inhibition (HI) tests. 

 Haemagglutination test 

 The HA test was performed to get 4HA value of virus following the procedure 

of Allan and Gough (1974). The NDV was obtained from Microbiology Department, 

University of Veterinary and Animal Sciences, Lahore. This antigen was used in both 

HA and HI tests. The 4HA of virus was determined as following.  

 A volume of 50 µL of normal saline was dispensed in all wells (1 to 12) of 

rows A and B of a microtitre plate. 

 In first well of both rows, 50 µL of NDV was added and mixed well with 

normal saline. 

 From first well, after proper mixing, 50 µL of mixture was shifted to 2nd well. 

 From 2nd well, after proper mixing, 50 µL of mixture was shifted to 3rd well 

and so on. 

  This process of mixing and shifting next was used to make two folds dilution 

of NDV. This two folds dilution of NDV was made till 11th well of each 

row. 
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 From well 1 to 12, 50 µL of washed RBCs suspension was added and mixed 

properly. 

 Well 12 served as control, as it contained only normal saline and RBCs. 

 The microtitre plate was gently shaken and incubated for 30 min at 37oC. 

 The results were recorded after the settlement of RBCs (the bead formation) in 

the base of wells of microtitre plate.  

 The HA titre was the reciprocal of the highest dilution exhibiting 

haemagglutination and interpreted as following. For a Positive reaction, the bottom of 

the well was covered by a thin layer of finely clumped RBCs. Which was assumed to 

occur as haemagglutination of RBCs. For a negative reaction, formation of a small 

sharply outlined button of RBCs (bead formation) appeared at the bottom of the well. 

Showed no haemagglutination of RBCs. 

 Calculation of 4HA: 

 The 4HA unit of NDV was calculated as described by Villegas and Purchase 

(1989). The end dilution time by virus was recorded by well number through two 

folds dilution that was 1:1024 (10th well). This dilution point was divided by four to 

get 4HA unit i.e. 256. 

 One mL of tested NDV was added in 255 mL of normal saline to get 4HA 

dilution of virus. This 4HA NDV was used in HI test. 
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 Haemagglutination-inhibition test 

 The HI was performed to get antibody titre against NDV as described below 

 Using a multi-channel micropipette, 50 µL of normal saline was dispensed in 

all wells from 1-12 of microtitre plate. 

  Using a multi-channel micropipette, 50 µL of serum samples were added in 

first wells of all rows of the microtitre plate. 

 After well mixing, 50 µL of mixtures from each first well was shifted to each 

second well (making two folds dilution as described above). The serial two 

folds dilutions were made from well 1 to 10 in each row. 

 A 50 µL of 4HA NDV was added to well 1 to 11 of the plate. 

 Plate was gently shacken and incubated at 37oC for 30 min. 

 A volume of 50 µL of washed RBCs was added to each well of plate. 

 Well 11 containing virus and RBCs served as virus control whereas well 12 

containing RBCs and normal saline served as RBCs control.  

 Plate was reincubated at 37oC for 30 min until the formation of button at the 

base of RBCs control (well 12). 

Clear button formation at the bottom of the well was the indication of a 

positive reaction, just like formed in well 12, indicated no hemolysis of RBCs. 

Whereas, formation of a uniform thin layer of clumped RBC was the indication of a 

negative reaction, as depicted by hemolysis of RBCs as in well 11. The maximum 
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dilution of each serum causing inhibition of heamagglutination was considered as end 

point. The HI titre of each sample was expressed as reciprocal of serum dilution. The 

result was expressed as log of 2. 

4.8.11.2. Estimation of antibody titre against IBDV 

 Indirect-haemagglutination test was performed to estimate antibody titre 

against IBDV as described below; 

Preparation of antigen 

 A 10 mL volume of sterile normal saline was admixed to one vial of IBDV 

vaccine (IBDV: 1000 doses; Lohman Animal Health GmbH, Cuxhaven, Germany). 

The suspension was subjected to sonication (JY92-IIN; Scientz Bio-tech Co., Ltd., 

Ningbo, China) for 3 min. 

 Preparation of sensitized erythrocytes  

Washing of erythrocytes: 

 Approximately 10 mL blood from a health sheep was collected in an EDTA 

added sterile disposable syringe. Similar procedure of RBCs washing was adapted as 

it has already been described earlier (Section 4.8.9.1) These washed RBCs were then 

used for sensitization with antigen. 

Sensitization of sheep RBCs 
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 One mL sheep RBCs were admixed with 1 mL of coupling agent (chromium 

chloride solution; 0.1 M, pH 6.5) and further mixed with 1 mL of sonicated 

IBDV vaccine. 

 The mixture was incubated at 37oC for 15 min and then centrifuged at 500 × g 

at 4°C for 3 min. 

 Supernatant was discarded; normal saline was added and again centrifuged at 

similar force. This process of washing was repeated thrice.  

  One mL of these washed, sensitized RBCs were added to 99 mL of normal 

saline to get 1% suspension of RBCs. The pH of washed RBCs was adjusted 

at 7.2. This RBC suspension was used in IHA tests.  

 Indirect-haemagglutination protocol 

 A volume of 50 µL of normal saline was dispensed in all the wells of 

microtitre plate with the help of microtitre multi-channel pipette. 

 A volume of 50 µL of eight serum samples was added in 1st well of each row 

(A to H), 

 After well mixing, 50 µL of serum from each first well was shifted to each 

second well (making two folds dilution as described above). The serial two 

folds dilutions were made from well 1 to 11 in each row. 

 A volume of 50 µL of sensitized RBCs was added in all the wells of microtitre 

plate.  
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 After mixing well, the plate was initially incubated at 37oC for 60 min. 

 First reading was taken at 60 min and then plates were reincubated at 4oC, 

overnight. Second reading was recorded after 12 h. 

A positive reaction was indicated by the formation of thin layer of finely clumped 

RBCs at the bottom of the well, indicative of hemolysis of RBCs. Whereas, the 

negative reaction was indicative of button formation at the bottom of well, showing 

no hemolysis. The IHA titre was recorded as reciprocal of highest dilution exhibiting 

haemagglutination. The result was expressed as log of 2. 

4.8.12. Mineral analysis 

Serum minerals were measured using atomic absorption photometer (Z-8200, 

Hitachi, Tokyo, Japan).  

Wet digestion 

Serum samples were prepared by wet digestion for the estimate serum mineral 

concentrations of copper, zinc, and manganese. Each serum sample (0.5 mL) was 

taken in a 100 mL digestion flask, and 5 mL of concentrated nitric acid was added 

into it. The contents of flask were heated for 5 to 10 min or till all the fumes were 

evaporated. After cooling, 2.5 mL of perchloric acid was added into the sample. 

Again, the contents of the flask were boiled unless the volume was reduced to 1 mL 

with a transparent appearance. The contents were diluted again to a volume of 20 mL 

by adding distilled water. These digested and diluted sample solutions were used for 

the estimation of trace elements. 
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Preparation of stock solutions, standards solution and standard curves 

Stock solutions for zinc, copper and manganese were prepared using zinc sulphate, 

copper sulphate and manganese chloride, respectively. Following formula was used 

for the calculations 

Grams of salt required for 1000 ppm stock solution =   
element ofWeight 

salt  theofweight Molecular 
 

The stock solutions of 1000 ppm were prepared by dissolving calculated gram value 

of respective salts into 1000 mL distilled water. The standard working solutions of 

0.5, 1, 2, 3, 5, and 6 ppm concentration were prepared from stock solutions. These 

standard working solutions were run one by one and their absorbencies were noted. 

The standard curves were obtained by plotting absorbance values of standards against 

their respective known concentrations. The values of unknown were estimated using 

standard curve formula.  
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Table 4.1. Ingredient (%) and nutritive value of a basal diet fed to broilers 
(Experiment I) 

Ingredients Starter Feed 
(1-21 d) 

Grower Feed 
(22-42 d) 

Corn  40.15 57.57 
Rice broken 15.0 - 
Rice polish - 4.00 
Wheat bran 1.34 - 
Soya 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 - 
Di-calcium 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) 2750 2850 
    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, 1072 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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Table 4.2. Ingredient (%) and nutritive value of a basal diet fed to broilers 
(Experiment II) 

Ingredients (g) 
Starter 

(1-14 d) 
Grower 

(14-35 d) 
Finisher 
(35-42 d) 

Corn 584.1 612.8 645.5 
Soybean meal, 49% CP 344.4 299.4 272.3 
Blended fat  28.0 47.99 42.8 
Limestone 15.7 15.8 15.8 
Biofos 16/21P 15.6 14.1 12.8 
Trace mineral premix1 0.5 0.5 0.5 
Vitamin premix2 2.5 2.5 2.5 
Salt 4.1 3.0 3.5 
L-Lysine HCl 1.6 1.3 1.6 
DL- Metihionine 1.5 1.5 1.5 
L-Tyiptophan 0.3 0.3 0.6 
Calculated composition (%)
   Crude protein 21.9 20.0 19.1 
   M.E.  3.05 3.2 3.2 
   Fat  5.35 7.4 6.95 
   Calcium 0.95 0.95 0.88 
   Total phosphorus  0.70 0.62 0.61 
   Available phosphorus  0.45 0.41 0.38 
   Crude fiber 2.6 2.52 2.48 
   Lysine  digest  1.3 1.15 1.07 
   Methionine digest  0.59 0.54 0.54 
   Total SAA 0.95 0.88 0.86 
   Threonine digest 0.81 0.74 0.70 
1Mineral premix (each kg contained): K, 0.85 g; Na , 0.18 g; Mg, 18 g; Zn, 84 mg; Fe, 111.2 
mg; Cu, 11.3 mg; Mn, 87 mg; Se, 0.15 mg; I.1 mg. 

2Vitamin premix (each kg contained): Linoleic acid, 2 mg; vitamin A, 200,000 IU; vitamin 
B6, 9.78 mg; vitamin B12, 22 mg. 



Chapter 5 

RESULTS 
 

5.1. Experiment I 

5.1.1. Growth performance 

 Body weight gain 

 Mean values of weekly body weight (BW) gain for birds of different groups 

are presented in Table 5.1. Initially in the first week, BW gain was higher (P < 0.05) 

in the HS-SYN and the HS-MOS groups compared to the TN, HS and HS-MOS 

groups. In the starter phase (d 1 to d 21), the HS-SYN group gained highest (P < 

0.05) BW, followed by the HS-PM group. After the application of HS, in the grower 

phase (d 21 to d 42), BW gain was highest (P < 0.05) in the TN group, followed by 

HS-SYN. This trend remained constant in the whole period (d 28, d35, d42). In the 

grower phase, birds of HS group showed the least BW gain. 

Table 5.1. Body weight gain (g) of broilers reared under thermoneutral or cyclic 
heat stress conditions (Experiment I).   

 
Day Treatment groups1 

TN HS HS-MOS HS-PM HS-SYN 

7 87.4b ± 1.4 84.5b ± 1.2 85.2b ± 0.9 94.1a ± 1 94.4a ± 1.1 

14 245.0b ± 4.4 246.7b ± 7.4 246b ± 3.5 254.4b ± 4.0 270.5a ± 4.0 

21 578.5b ± 3.2 565.8b ± 8.1 561.2b ± 11.1 582.4ab ± 4.5 601.6a ± 6.3 

28 1,020.7a ± 9.1 904.8d ± 4.5 904d ± 4.5 937.1c ± 5.7 996.7b ± 10.1 

35 1,491a ± 20.3 1,305b ± 20.3 1,315b ± 14.3 1,349b ± 14.9 1,444a ± 20.5 

42 1,925.9a ± 16.6 1,501.7c ± 12.4 1,516.5c ± 16.9 1,544.4c ± 18.8 1,614.7b ± 26.6 
a-cMeans ± SE (n = 50) within a row lacking a common superscript differ significantly from one 
another (P < 0.05). 
1TN = thermoneutral; HS = heat stress; HS-MOS = mannan-oligosaccharide supplemented heat stress; 
HS-PM = probiotic mixture supplemented heat stress; HS-SYN = synbiotic supplemented heat stress. 
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 Feed consumption 

 Data regarding feed consumption (FC) for experimental birds are depicted in 

Table 5.2. Data revealed that there was no difference (P > 0.05) of FC among groups 

during first and second week. Overall, in the starter phase (d1 to d21), the HS group 

consumed highest feed. Whereas, at the end of fourth week, the TN group had the 

highest (P < 0.05) feed consumption, followed by the HS group and this trend 

continued for the whole grower phase. 

Table 5.2. Feed consumption (g) of broilers reared under thermoneutral or heat 
stress conditions (Experiment I). 

 

Day Treatment groups1 

TN HS HS-MOS HS-PM HS-SYN 

7 121.5 ± 4.5 126.45 ± 4.6 126.45 ± 5.2 129.2 ± 7.6 124.2 ± 5 

14 398.8 ± 9.9 397.3 ± 7.1 395.4 ± 8.3 396.3 ± 11.5 403.1 ± 7.9 

21 985.8b ± 8.54 1002.4a ± 8.59 995.8ab ± 6.08 997.4ab ± 9.41 995.2ab±11.13 

28 1,749.5a ± 23.8 1,679.5b ± 19.6 1,677.9b ± 21.2 1,659.4b ± 18.1 1,674.7b ± 15.9 

35 2,577.1a ± 15.3 2,487.4b ± 12.9 2,488.5b ± 14.3 2,478.7b ± 17.3 2,473.6b ± 19.2 

42 3,492.4a ± 10.9 3,390.2d ± 14.6 3,387.4d ± 14.4 3,416.8c ± 14.8 3,436.5b ± 13.4 
a-cMeans ± SE (n = 50)  within a row lacking a common superscript differ significantly from one 
another (P < 0.05). 
1TN = thermoneutral; HS = heat stress; HS-MOS = mannan-oligosaccharide supplemented heat stress; 
HS-PM = probiotic mixture supplemented heat stress; HS-SYN = synbiotic supplemented heat stress. 
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 Feed to gain ratio 

 Data regarding feed to gain ratio (FGR) are depicted in Table 5.3. A lower 

value of FGR is considered good and groups with the least FGR have the best 

performance. In the whole starter phase, the HS-SYN group had the least (P < 0.05) 

FGR. Similarly, in the grower phase on d 28, the HS-SYN had the least FGR. While 

on d 35 and d 42, TN group had least (P < 0.05) FGR, followed by HS-SYN group. 

In brief, supplementation of SYN improved broilers BW gain, feed consumption and 

feed efficiency compared to other supplemented groups under HS conditions. 

Table 5.3. Feed to gain ratio (g feed/g weight gain) of broilers reared under 
thermoneutral or heat stress conditions (Experiment I). 

 
Day Treatment groups1 

TN HS HS-MOS HS-PM HS-SYN 

7 1.4b ± 0.02 1.5a ± 0.02 1.48a ± 0.01 1.38b ± 0.01 1.32c ± 0.02 

14 1.64a ± 0.03 1.64a ± 0.05 1.61a ± 0.02 1.57ab ± 0.03 1.5b ± 0.02 

21 1.71a ± 0.02 1.78a ± 0.03 1.79a ± 0.04 1.71a ± 0.02 1.65b ± 0.02 

28 1.72c ± 0.02 1.86a ± 0.01 1.86a ± 0.01 1.77a ± 0.01 1.68d ± 0.02 

35 1.73c ± 0.02 1.92a ± 0.03 1.90a ± 0.02 1.84b ± 0.02 1.72c ± 0.02 

42 1.82c ± 0.02 2.24a ± 0.02 2.25a ± 0.02 2.17b ± 0.02 2.07b ± 0.01 
a-cMeans ± SE (n = 50) within a row lacking a common superscript differ significantly from one 
another (P < 0.05). 
1TN = thermoneutral; HS = heat stress; HS-MOS = mannan-oligosaccharide supplemented heat stress; 
HS-PM = probiotic mixture supplemented heat stress; HS-SYN = synbiotic supplemented heat stress. 
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5.1.2. Organ relative weight 

 Data regarding relative organ weight of different experimental groups are 

depicted in Table 5.4. Data revealed that neither HS nor dietary treatments could 

influence (P > 0.05) liver, heart, and pancreas weight. Perhaps, HS suppressed (P < 

0.05) relative spleen and bursa of Fabricius weight compared to the TN group. 

Dietary supplementations spatially MOS improved (P < 0.05) bursa weight, whereas, 

the TN group had maximum relative weight of bursa. Relative weight of intestine and 

gizzard with and without digesta was found to be highest (P < 0.05) in the HS-MOS 

group, followed by HS-PM group. Thermoneutral group had the least (P < 0.05) 

value for both gizzard and intestine weight. Moreover, relative weight of cecum, with 

and without digesta was higher (P < 0.05) in supplemented groups compared to both 

the HS and TN groups. 
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Table 5.4. Organ weights relative to body weight (percentage) of broilers reared 
under thermoneutral or heat stress conditions (Experiment I). 

 

Organs 
Treatment groups1 

TN HS HS-MOS HS-PM HS-SYN 

Liver 2.57 ± 0.06 2.59 ± 0.08 2.61 ± 0.04 2.59 ± 0.07 2.64 ± 0.08 

Spleen 0.18a  ± 0.02 0.14b ± 0.01 0.17ab ± 0.01 0.15b ± 0.01 0.18a ± 0.02 

Pancreas 0.25 ± 0.01 0.26 ± 0.01 0.26 ± 0.01 0.26 ± 0.01 0.24 ± 0.01 

Bursa 0.19a ± 0.01 0.15b ± 0.01 0.18a ± 0.01 0.17ab ± 0.01 0.17ab ± 0.35 

Intestine filled 4.69b ± 0.13 4.89ab ± 0.13 5.14a ± 0.11 5.05ab ± 0.19 4.89ab ± 0.25 

Intestine empty 2.59b ± 0.08 2.61b ± 0.06 2.97a ± 0.05 2.96a ± 0.15 2.77ab ± 0.13 

Heart 0.49 ± 0.03 0.47 ± 0.01 0.46 ± 0.01 0.5 ± 0.01 0.48 ± 0.02 

Gizzard filled 2.63b ± 0.07 3.01a ± 0.07 2.87ab ± 0.08 3.01a ± 0.09 2.71b ± 0.10 

Gizzard empty 1.57b ± 0.04 1.8a ± 0.05 1.79a ± 0.04 1.85a ± 0.07 1.68ab ± 0.06 

Cecum filled 0.5a ± 0.05 0.35b ± 0.01 0.5a ± 0.02 0.55a ± 0.03 0.53a ± 0.02 

Cecum empty 0.24b ± 0.01 0.25b ± 0.01 0.3a ± 0.01 0.31a ± 0.01 0.3a ± 0.01 
a-cMeans ± SE (n = 15) within a row lacking a common superscript differ significantly from one 
another (P < 0.05). 
1TN = thermoneutral; HS = heat stress; HS-MOS = mannan-oligosaccharide supplemented heat stress; 
HS-PM = probiotic mixture supplemented heat stress; HS-SYN = synbiotic supplemented heat stress. 
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5.1.3. Intestinal micro-architecture 

 As shown in Table 5.5, the HS group had higher villus height, width, and 

crypt depth (P < 0.05) compared to the TN group. Among supplemented groups, the 

HS-PM group had highest (P < 0.05) villus height followed by the HS-MOS and HS-

SYN groups. Moreover, the HS-SYN had higher (P < 0.05) villus width, compared to 

the HS group. Crypt depth was highest (P < 0.05) in the HS-MOS group compared to 

all the other groups. Villus surface area was higher (P < 0.05) in the TN group 

compared to the HS group. Similarly, the HS-PM had the highest (P < 0.05) surface 

area compared to all other groups. 

Table 5.5. Jejunal villus height, villus width, crypt depth, and villus surface area 
of broilers reared under thermoneutral or heat stress conditions 
(Experiment I). 

 
Parameters Treatment groups1 

TN HS HS-MOS HS-PM HS-SYN 

Villus height 

(mm) 

1.34ab ± 0.05 1.32b ± 0.04 1.43ab ± 0.04 1.47a ± 0.04 1.31b ± 0.03 

Villus width 

(mm) 

0.29a ± 0.01 0.22b ± 0.01 0.23b ± 0.08 0.24b ± 0.09 0.26ab ± 0.02 

Crypt depth 

(mm) 

0.43a  ± 0.04 0.35b ± 0.01 0.47a ± 0.01 0.41ab ± 0.01 0.35b ± 0.01 

Villus surface 
area 

(mm3) 
1.21a ± 0.08 0.89b ± 0.04 1.07ab ± 0.05 1.12a ± 0.05 1.09ab ± 0.09 

a-bMeans ± SE (n = 15) within a row lacking a common superscript differ significantly from one 
another (P < 0.05). 
1TN = thermoneutral; HS = heat stress; HS-MOS = mannan-oligosaccharide supplemented heat stress; 
HS-PM = probiotic mixture supplemented heat stress; HS-SYN = synbiotic supplemented heat stress. 
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5.1.4. Intestinal bacterial count 

 Results of cecal and jejunal bacterial count as log of 10 are depicted in Table 

5.6. Birds of the HS group had higher (P < 0.05) Clostridium perfringens count in 

ceca when compared to the TN group. Dietary supplementations could not suppress 

(P > 0.05) this increase in Clostridium perfringens count. Thermoneutral group had 

least (P < 0.05) Clostridium perfringens count. Furthermore, neither the HS nor the 

supplementations could influence (P > 0.05) total coliform and Escherichia coli count 

both in jejunum and ceca. 

Table 5.6. Intestinal bacteria count (log10 CFU/g of contents) in broilers reared 
under thermoneutral or heat stress conditions (Experiment I). 

 
Parameters Treatment groups1 

TN HS HS-MOS HS-PM HS-SYN 

Jejunum  

Cl. perfringens 4.71 ± 0.12 4.70 ± 0.14 4.67 ± 0.11 4.74 ± 0.06 4.65 ± 0.10 

Total Coliform 6.48 ± 0.14 6.45 ± 0.11 6.45 ± 0.18 6.39 ± 0.21 6.49 ± 0.08 

E. coli 5.77 ± 0.17 5.81 ± 0.10 5.81 ± 0.14 5.86 ± 0.17 5.78  ± 0.13 

Cecum 

Cl. perfringens 5.2b ± 0.02 5.53a ± 0.1 5.41a ± 0.07 5.54a ± 0.06 5.39a ± 0.06 

Total Coliform 7.13 ± 0.07 7.39 ± 0.09 7.34 ± 0.10 7.36 ± 0.08 7.41 ± 0.09 

E. coli 5.79 ± 0.06 5.83 ± 0.09 5.90 ± 0.04 5.85 ± 0.06 5.87 ± 0.04 
a-bMeans ± SE (n = 15) within a row lacking a common superscript differ significantly from one 
another (P < 0.05). 
1TN = thermoneutral; HS = heat stress; HS-MOS = mannan-oligosaccharide supplemented heat stress; 
HS-PM = probiotic mixture supplemented heat stress; HS-SYN = synbiotic supplemented heat stress. 
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5.1.5. Serum biochemical profile 

 Results of serum concentrations of cortisol, cholesterol, triiodothyronine (T3), 

and thyroxine (T4) of birds of different treatment groups are presented in Table 5.7. It 

was found 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. The concentrations of cortisol and cholesterol were lower (P < 0.05) in 

supplemented groups compared with the HS group. The serum level of T4 was higher 

(P < 0.05) in the supplemented groups compared with the HS group. However, serum 

concentration of T3 was not different when the supplemented groups were compared 

with the HS group. Serum concentrations of aspartate aminotransferas and alanine 

aminotransferase were not influenced (P > 0.05) by HS or supplementations. 

Table 5.7. Serum thyroid, adrenal hormones, cholesterol, aspartate 
aminotransferase and alanine aminotransferase concentrations of 
broilers reared under thermoneutral or heat stress conditions 
(Experiment I). 

 
Parameters2  Treatment groups1 

TN HS HS-MOS HS-PM HS-SYN 

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

T4 (µg/dL) 3.3 0a ± 0.26 2.30b ± 0.21 3.04a ± 0.22 3.59a ± 0.29 3.13a ± 0.24 

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

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

Aspartate 
aminotransferase 
(U/L) 

43.96 ± 1.55 
47.58 ± 

1.13 
45.15 ± 

1.95 
48.76 ± 

2.62 
44.18 ± 1.15 

Alanine 
aminotransferase 
(U/L) 

9.13 ± 0.97 
10.75 ± 

0.37 
10.58 ± 

0.58 
11.13 ± 

0.48 
9.17 ± 1.08 

a-dMeans ± SE (n = 15) within a row lacking a common superscript differ significantly from one 
another (P < 0.05). 
1TN = thermoneutral; HS = heat stress; HS-MOS = mannan-oligosaccharide supplemented heat stress; 
HS-PM = probiotic mixture supplemented heat stress; HS-SYN = synbiotic supplemented heat stress. 
2T3: Tri-iodothyronine, T4: Thyroxine. 
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5.1.6. Serum antibody titer 

 Antibody titer (log2) against Newcastle disease virus (NDV) in birds of 

different groups is presented in Figure 5.1. The antibody titer against NDV was 

highest (P < 0.05) in the TN group, followed by the HS-SYN group. The antibody 

titer against NDV was higher (P < 0.05) in the HS-SYN group compared with the HS 

group. 

 Figure 5.2 presents the antibody titer (log2) against infectious bursal disease 

virus (IBDV). The antibody titer against IBDV was higher (P < 0.05) in the TN 

group, compared to the HS group. Among supplemented groups, only the HS-SYN 

group could improve (P < 0.05) antibody titer against IBDV.   

Figure 5.1. Antibody titre (log2) against Newcastle disease virus (NDV) of 
broilers reared under thermoneutral or heat stress conditions 
(Experiment I). 

 

 

Treatment groups1 

a-cMeans ± SE (n = 15) lacking a common superscript differ (P < 0.05). 
1TN = thermoneutral; HS = heat stress; HS-MOS = mannan-oligosaccharide 
supplemented heat stress; HS-PM = probiotic mixture supplemented heat stress; HS-
SYN = synbiotic supplemented heat stress. 
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Figure 5.2. Antibody titre (log2) against infectious bursal disease virus (IBDV) of 
broilers reared under thermoneutral or heat stress conditions 
(Experiment I). 

 

 

Treatment groups1 

a-bMeans ± SE (n = 15) lacking a common superscript differ (P < 0.05). 
1TN = thermoneutral; HS = heat stress; HS-MOS = mannan-oligosaccharide 
supplemented heat stress; HS-PM = probiotic mixture supplemented heat stress; HS-
SYN = synbiotic supplemented heat stress. 
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5.1.7. Serum oxidant status 

 Serum oxidant status in terms of serum total oxidants, total anti-oxidants, 

paraoxunase, arylesterase, and ceruloplasmin are presented in Table 5.9. Total 

oxidant concentration was higher (P < 0.05) in the HS birds compared to the TN 

group. Among supplemented groups, the HS-SYN had least (P < 0.05) oxidants 

concentration, followed by the HS-PM group. Total anti-oxidants concentration was 

higher (P < 0.05) in the HS group compared to the TN group. Among supplemented 

groups, the HS-SYN had lowest (P < 0.05) oxidants concentration, followed by the 

HS-PM group. Serum paraoxunase concentration was higher (P < 0.05) in the TN 

group compared to the HS group. None of the supplementation (P > 0.05) could 

influence serum paraoxunase concentration. Serum arylesterase concentration was 

higher (P < 0.05) in the TN group compared to the HS group. Whereas, 

supplementations could partially influence (P < 0.05) serum arylesterase 

concentration. Neither HS, nor supplementations could affect (P > 0.05) serum 

ceruloplasmin concentrations. 

 Data of C-reactive protein positive birds are presented in Figure 5.3. Serum 

CRP positive birds were higher (P < 0.05) in the HS group (54%) compared to 20 % 

in the TN group. Maximum (60%) CRP positive birds were found in the HS-MOS 

group. However, both the HS-PM and HS-SYN had 40% birds positive for CRP. 
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Table 5.8. Serum total oxidants (µm H2O2 Equiv/L), total anti-oxidants (mM 
vitamin C Equiv/L), paraoxunase (U/L), arylesterase (U/L), and 
ceruloplasmin (U/L) concentrations of broilers reared under 
thermoneutral or heat stress conditions (Experiment I). 

 
Parameter Treatment groups1 

TN HS HS-MOS HS-PM HS-SYN 

Total oxidants 0.18b ±0.05 0.53a ± 0.08 0.34ab ± 0.09 0.22b ± 0.09 0.16b ± 0.06 

Total anti-

oxidants 
0.57d ± 0.07 1.40a ± 0.02 0.83c ± 0.13 0.64cd ±  0.05 1.16b ± 0.06 

Paraoxunase 234.7a±31.4 129.9b±21.7 115.5b±29 154.2b±14 161.1b ± 9.7 

Arylesterase 88.9a ± 10.8 67.05b±3.94 68.34ab±7.06 68.82ab ± 4.9 68.66ab ± 4.6 

Ceruloplasmin 44.01 ± 2.22 53.55 ± 2.81 50.41 ± 1.82 49.81 ± 3.59 48.93 ± 4.04 
a-dMeans ± SE (n = 15) within a row lacking a common superscript differ significantly from one 
another (P < 0.05). 
1TN = thermoneutral; HS = heat stress; HS-MOS = mannan-oligosaccharide supplemented heat stress; 
HS-PM = probiotic mixture supplemented heat stress; HS-SYN = synbiotic supplemented heat stress. 
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Figure 5.3. Serum C-reactive protein (CRP) positive (%) broilers reared under 
thermoneutral or heat stress conditions (Experiment I). 

 

 

Treatment groups1 

1TN = thermoneutral diet; HS = heat stress; HS-MOS = mannan-oligosaccharide 
supplemented heat stress; HS-PM = probiotic mixture supplemented heat stress; HS-
SYN = synbiotic supplemented heat stress. 
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5.1.8. Serum mineral concentrations 

 There was no difference (P > 0.05) in serum trace mineral concentrations 

between the HS and TN groups. Dietary supplementation increased (P < 0.05) the 

serum concentrations of zinc and copper in the MOS and the SYN groups compared 

with those of the HS, TN, and the HS-PM groups. In contrast, serum manganese was 

higher (P < 0.05) only in the HS-MOS group (Table 5.9). 

Table 5.9. Serum zinc, copper and manganese concentration of broilers reared 
under thermoneutral or heat stress conditions (Experiment I). 

 
Mineral (mg/L) Treatment groups1 

TN HS HS-MOS HS-PM HS-SYN 

Zinc  10.53c± 0.26 11.78c ± 0.31 35.84a ± 5.5 11.37c ± 0.27 23.02b ± 4.1 

Copper  0.63c ± 0.04 0.62c ± 0.04  1.17a ± 0.05 0.64c ± 0.03  0.96b ± 0.05 

Manganese  0.30b ± 0.03 0.32b ± 0.04 0.62a ± 0.06 0.28b ± 0.02 0.36b ± 0.03 
a-cMeans ± SE (n = 15) within a row lacking a common superscript differ significantly from one 
another (P < 0.05). 
1TN = thermoneutral; HS = heat stress; HS-MOS = mannan-oligosaccharide supplemented heat stress; 
HS-PM = probiotic mixture supplemented heat stress; HS-SYN = synbiotic supplemented heat stress. 
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5.2. Experiment II 

5.2.1. Growth performance 

 Body weight gain 

 Table 5.10 shows the BW gain was higher (P < 0.05) in TN group compared 

to all other groups throughout the study. The HS group always had less (P < 0.05) 

BW gain compared to TN and supplemented groups. On d 21 and 42, the HS-MOS 

group had higher BWG compared to the HS group. Only on d 7 and 14, HS-PM had 

higher (P < 0.05) BW gain compared to the HS group. 

Table 5.10. Body weight gain (g) of broilers reared under thermoneutral or heat 
stress conditions (Experiment II). 

 
Day Treatment groups1 

TN HS HS-MOS HS-PM HS-SYN 

7 99.1a ± 2.5 92.7b ± 2.4 94.3ab ± 1.9 98.8a ± 0.28 97.0ab ± 0.88 

14 342.3a ± 7.3 311.1b ± 6.0 327.8ab ± 7.0 337.2a ± 7.2 321.6ab ± 6.0 

21 825.8a ± 8.7 698.4c ± 6.3 754.6b ± 26.3 728.2bc ± 10.2 714.9bc ± 5.8 

28 1,277.4a ± 31.4 1,026.4c ± 6.5 1,083.6bc±41.5 1,110b ± 8.6 1,040.6bc ± 2.9 

35 1,859.0a ± 41.1 1,342.6b ± 54.9 1,461.3b ± 67.7 1,423.6b ± 19.8 1,421.3b ± 36.6 

42 2,411.3a ± 30.6 1,626.3c ± 143 1,906.7b ± 38.1 1,726.0bc±90.8 1,744.3bc± 47.5
a-cMeans ± SE (n = 90) within a row lacking a common superscript differ significantly from one 
another (P < 0.05). 
1TN = thermoneutral; HS = heat stress; HS-MOS = mannan-oligosaccharide supplemented heat stress; 
HS-PM = probiotic mixture supplemented heat stress; HS-SYN = synbiotic supplemented heat stress. 
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 Feed consumption 

 Table 5.11 shows weekly FC for birds of different groups. In the first week, 

FC was higher (P < 0.05) in the HS-MOS and HS-SYN groups compared to other 

groups. On d 21, FC was highest (P < 0.05) in the TN group compared to all others. 

Feed consumption was least (P < 0.05) in the HS group on d 21, 28, 35 and 42, 

whereas, it was highest in the TN group on d 21, 28, 35 and 42. There was no 

difference (P > 0.05) in FC between the supplemented groups and the HS group on 

most of the time intervals.  

Table 5.11. Feed consumption (g) of broilers reared under thermoneutral or heat 
stress conditions (Experiment II). 

 
Day Treatment groups1 

TN HS HS-MOS HS-PM HS-SYN 

7 125.1b ± 7.1 159.2a ± 9.2 180.6a ± 7.7 157.4a ± 5.3 178.5a ± 14.5 

14 501.1 ± 16.6 469.9 ± 12.9 496.0 ± 20.3 487.7 ± 4.5 495.4 ± 24.5 

21 1,082.8a ± 17.1 908.6c ± 25.5 990.6bc ± 31.5 1022.1ab ± 19.7 984.2bc ± 31.9 

28 1,765.1a ± 50.4 1,492.7b ± 39.8 1,542.6b ± 58.9 1,569.1b ± 53.2 1,444.4b ± 36.2 

35 2,658.2a ± 80.1 2,277.1b ± 19.4 2,202.4b ± 96.4 2,382.4b ± 101 2,152.4b ± 70.2 

42 3,214.5a ± 94.8 2,688.8b ± 73.9 2,658.3b ± 82.3 2,769.7b ± 107 2,618.7b ± 40.5 
a-cMeans ± SE (n = 90) within a row lacking a common superscript differ significantly from one 
another (P < 0.05). 
1TN = thermoneutral; HS = heat stress; HS-MOS = mannan-oligosaccharide supplemented heat stress; 
HS-PM = probiotic mixture supplemented heat stress; HS-SYN = synbiotic supplemented heat stress. 
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 Feed to gain ratio 

 Data regarding FGR for control and treated birds of experimental II are given 

in Table 5.12. On d 7, 35, and 42, FGR was lower (P < 0.05) in the TN group 

compared to the HS group. On d 7, HS-MOS had lower (P < 0.05) FGR compared to 

the HS group, whereas, the HS-SYN had less (P < 0.05) FGR compare to the HS 

group only at d 7. 

Table 5.12. Feed to gain ratio (g feed/g weight gain) of broilers reared under 
thermoneutral or heat stress conditions (Experiment II). 

 
Day Treatment groups1 

TN HS HS-MOS HS-PM HS-SYN 

7 1.26b ± 0.06 1.72a ± 0.14 1.91a ± 0.11 1.59ab ± 0.09 1.84a ± 0.15 

14 1.47 ± 0.08 1.51 ± 0.05 1.51 ± 0.08 1.44 ± 0.02 1.54 ± 0.09 

21 1.31 ± 0.04 1.30 ± 0.02 1.31 ± 0.04 1.40 ± 0.04 1.37 ± 0.08 

28 1.38 ± 0.04 1.45 ± 0.01 1.42 ± 0.01 1.41 ± 0.08 1.38 ± 0.05 

35 1.43b ± 0.06 1.70a ± 0.08 1.51ab ± 0.06 1.67ab ± 0.06 1.52ab ± 0.17 

42 1.33c ± 0.05 1.67a ± 0.1 1.39bc ± 0.04 1.60ab ± 0.04 1.50abc ± 0.05 
a-cMeans ± SE (n = 90) within a row lacking a common superscript differ significantly from one 
another (P < 0.05). 
1TN = thermoneutral; HS = heat stress; HS-MOS = mannan-oligosaccharide supplemented heat 
stress; HS-PM = probiotic mixture supplemented heat stress; HS-SYN = synbiotic supplemented 
heat stress. 
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5.2.2. Corticosterone concentrations 

 As shown in Table 5.13, on d 21, the HS group had higher (P < 0.05) 

corticosterone concentrations compared to both the TN and supplemented groups.  

Whereas, on d 42, HS group had higher (P < 0.05) corticosterone levels compared to 

the TN and HS-MOS group. However, there was no statistical difference (P > 0.05) 

between HS, HS-PM and the HS-SYN groups. 

Table 5.13. Corticosterone concentrations (pg/mL) of broilers reared under 
thermoneutral or heat stress conditions (Experiment II). 

 
Day Treatment groups1 

TN HS HS-MOS HS-PM HS-SYN 

21 90.68b ± 22.6 877.38a ± 185 233.26b ± 75.5 93.42b ± 17.8 250.66b ± 86.5 

42 51.77b ± 10.0 278.02a ± 87.5 81.51b ± 58.4 167.43ab±45.8 125.78ab±27.1 
a-bMeans ± SE (n = 30) within a row lacking a common superscript differ significantly from one 
another (P < 0.05). 
1TN = thermoneutral; HS = heat stress; HS-MOS = mannan-oligosaccharide supplemented heat 
stress; HS-PM = probiotic mixture supplemented heat stress; HS-SYN = synbiotic supplemented 
heat stress. 
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5.2.3. Intestinal micro-architecture 

 On d 21 of experiment II, villus height, width, surface area and crypt depth 

were higher (P < 0.05) in the TN group compared to the HS group. Among 

supplemented groups, HS-PM had higher (P < 0.05) villus width, surface area and 

crypt depth compared to the HS group (Table 5.14).  

 On d 42, it was found that villus height, width, surface area and crypt depth 

were higher (P < 0.05) in the TN group compared to the HS group. Among 

supplemented groups, HS-SYN had higher (P < 0.05) villus height, surface area and 

crypt depth compare to the HS group.  
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Table 5.14. Ilial villus height, villus width, crypt depth, villus height to crypt 
depth and villus surface area of broilers reared under 
thermoneutral or heat stress conditions (Experiment II). 

 

Parameters Treatment groups1 
TN HS HS-MOS HS-PM HS-SYN 

Day 21 
Villus height 

(mm) 
0.68a ± 0.01 0.59b ± 0.0 0.53c ± 0.0 0.56c ± 0.0 0.55c ± 0.0 

Villus width 
(mm) 

0.30b ± 0.01 0.22c ± 0.0 0.22c ± 0.0 0.56a ± 0.0 0.24c ± 0.0 

Crypt depth 
(mm) 

0.17b ± 0.0 0.13c ± 0.0 0.16b ± 0.0 0.16b ± 0.0 0.24a ± 0.0 

Villus surface 
area 

(mm3) 

0.60b ± 0.01 0.41c ± 0.01 0.36c ± 0.01 1.0a ± 0.02 0.43c ± 0.01 

Day 42 
Villus height 

(mm) 
1.08a ± 0.01 0.88b ± 0.02 0.87b ± 0.01 0.89b ± 0.02 1.04a ± 0.01 

Villus width 
(mm) 

0.30a ± 0.0 0.23c ± 0.0 0.27b ± 0.0 0.21c ± 0.0 0.25bc ± 0.0 

Crypt depth 
(mm) 

0.27a ± 0.1 0.19c ± 0.06 0. 20c ± 0.06 0.20c ± 0.07 0.23b ± 0.06 

Villus surface 
area 

(mm3) 

1.02a ± 0.027 0.64c ± 0.029 0.72bc ± 0.03 0.63c ± 0.024 0.81b ± 0.03 

a-cMeans ± SE (n = 3) within a row lacking a common superscript differ significantly from one another 
(P < 0.05). 
1TN = thermoneutral; HS = heat stress; HS-MOS = mannan-oligosaccharide supplemented heat stress; 
HS-PM = probiotic mixture supplemented heat stress; HS-SYN = synbiotic supplemented heat stress. 
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5.2.4. Bacterial microbial ecology 

 Denaturing gradient gel electrophoresis (DGGE) was performed on cecal and 

tracheal contents on d 21 and 42, and dendrograms were constructed. Figure 5.4 

represents the molecular bacterial diversity of cecal contents on d 21 and 42.  

 On d 21, the percentage similarity coefficient (%SC) for cecal bacterial 

composition between the TN and HS groups was 74.5%. The %SC between the HS 

and HS-PM groups was 92.9% and between the HS and HS-MOS groups it was 

80.4%, whereas, the %SC between the HS and HS-SYN groups was 59.7%. The %SC 

between the TN and the HS-PM, HS-MOS groups were 74.5, and between the TN 

and the HS-SYN groups were and 59.7%. On d 42, the %SC between the TN and HS 

groups was 80.4%. The %SC between the HS and HS-PM group was 96.9% and 

between the HS and HS-MOS groups was 90.4%, whereas, the %SC between the HS 

and HS-SYN groups it was 92.7%. The %SC between the TN and the HS-PM, HS-

MOS was 80.4%. The percentage relativity between d 21 and d 42 was 68.5%. Figure 

5.5 represents the molecular bacterial diversity of tracheal contents on d 21 and 42. 

On d 21, the %SC between the tracheal bacterial composition of the TN and HS 

groups was 90.6%, whereas, the %SC between the HS and HS-PM groups was 95.1% 

and, between the HS and HS-MOS groups was 92.3%. The %SC between the HS and 

HS-SYN was 87.8%. The %SC among the TN, HS-PM, and HS-MOS groups was 

90.6%. The %SC between the TN and HS-SYN groups was 87.8%. 

 On d 42, the %SC between the TN and HS groups was 80.3%. Whereas, the 

%SC among the HS, HS-PM, and HS-SYN groups, it was 92%. The %SC between 

the HS and HS-MOS groups was 80.3%. The %SC between the TN and HS-MOS 

groups was 92.1%, whereas, %SC among the TN, HS-PM and HS-SYN groups was 

80.3%. 
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Figure 5.4. Denature gradient gel electrophoresis of bacterial 16S rDNA 
amplicons from cecal contents of broilers reared under 
thermoneutral or heat stress conditions (Experiment II). 
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1TN 21 = thermoneutral, d 21, 42; HS = heat stress, d 21, 42; HS-MOS = mannan-
oligosaccharide supplemented heat stress, d 21, 42; HS-PM = probiotic mixture 
supplemented heat stress, d 21, 42; HS-SYN = synbiotic supplemented heat stress, d 
21, 42. Percentage similarity coefficient is indicated by the bar above the 
dendrogram; ≥ 92% are very related or the same, 85 to 91% are similar, 80 to 84% 
are somewhat similar, and ≤ 79% are unrelated (Dunkley, et al., 2007). 
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Figure 5.5. Denature gradient gel electrophoresis of bacterial 16S rDNA 
amplicons from tracheal contents of broilers reared under 
thermoneutral or heat stress conditions (Experiment II). 

 

TN 42
HS-MOS 42
HS-SYN 21
HS 21
HS-PM 21
HS-MOS 21
TN 21
HS-PM 42
HS-SYN 42
HS 42

100959085

 

1TN 21 = thermoneutral, d 21, 42; HS = heat stress, d 21, 42; HS-MOS = mannan-
oligosaccharide supplemented heat stress, d 21, 42; HS-PM = probiotic mixture 
supplemented heat stress, d 21, 42; HS-SYN = synbiotic supplemented heat stress, d 
21, 42. Percentage similarity coefficient is indicated by the bar above the 
dendrogram; ≥ 92% are very related or the same, 85 to 91% are similar, 80 to 84% 
are somewhat similar, and ≤ 79% are unrelated (Dunkley, et al., 2007). 



Chapter 5 

DISCUSSION 

 

The present study was intended to investigate the effects of mannan-

oligosaccharides (MOS) and probiotic mixture (PM) supplements on several 

biological health markers of heat stress (HS) and gut histology and microbial ecology 

in broiler chicks. Two experiments were conducted, utilizing day old broilers, 

subjected to HS or kept at thermoneutral temperature (TN) and supplemented with 

MOS prebiotic, PM, or their combination as a synbiotic (SYN). The results of the 

study are discussed as following; 

5.1. Growth performance 

 In the first experiment, the birds of TN group had higher (P < 0.01) body 

weight (BW) gain, lower feed consumption and better feed to gain ratio (FGR) 

compared to the HS group. Supplementation of  PM and SYN improved broilers 

growth performance under HS. Whereas, in experiment II, growth performance was 

better in the TN and the HS-MOS groups. These results are in general agreement with 

previous findings that HS adversely affects growth performance (Suzuki et al., 1983; 

Geraert et al., 1996; Cooper and Washburn, 1998; Niu et al., 2009) and that dietary 

supplementation of probiotic and prebiotic can enhance growth performance of heat 

stressed chickens (Jin et al., 1997; Zulkifli et al., 2000; Rahimi and Khaksefidi, 2006; 

Silva et al., 2010).  

 These findings may be correlated with the hypothalamic-pituitary-adrenal 

cortical axis (HPA). In this context, corticosterone was correlated with altered 
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performance indices (Shini et al., 2008). It can be argued that corticosterone acts on 

the hypothalamic feeding control nucleus that regulate food ingestion and fulfillment, 

permitting less food intake and, therefore, a loss in BW gain. Meanwhile, in 

experiment I, SYN supplemented broilers were performing better compared to the 

other groups before the application of HS.  It might be possible that the effect of HS-

SYN after application of HS was a result of better feed utilization since the beginning 

of experiment. Alternatively, poor growth performance under stress can be attributed 

to a greater expenditure of energy for physiological adaptation to the stress condition 

instead of for growth enhancement (Lei and Slinger, 1970). Improvement in BW gain 

and FGR of supplemented broilers is thought to be induced by the total effects of the 

probiotic bacteria including improved intestinal function (Yang et al., 2008; Awad et 

al., 2009), immune modulation (Jin et al., 1997; Zulkifi et al., 2000), enhanced 

disease resistance, and promotion of beneficial microbial growth (Baurhoo et al., 

2007). However, we observed in the second trial that both PM and SYN did not 

perform as efficiently as in the first trial, whereas, the mannan-oligosaccharides 

(MOS) prebiotic showed consistently better growth performance. In both 

experiments, the differences in findings may be due to differences in the types of 

stress (cyclic HS vs. chronic HS), or broiler breed (Hubbard vs. Ross), or Feed 

nutrient composition or source (BioMOS from Alltech Inc., USA vs. Safmannan from 

Lesaffre Corp., France) or ingredients1 of supplements. The existing literature 

regarding the benefits of probiotic and prebiotic supplementation on production 

 

 

1Proiotic mixture used in first trial was composed of Lactobacillus plantarum, L. acidophilus, L. 
bulgaricus, L. rhamnosus, Bifidobacterium bifidum, Streptococcus thermophilus, Enterococcus 
faecium, Aspergillus oruza, and Candida pintolopesii. The probiotic mixture used in second trial did not 
contain Aspergillus oruza and Candida pintolopesii, 
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parameters of broiler has elicited incoherent and conflicting findings (Jin et al., 1997; 

Fuller, 1989). Perhaps I observed tremendous difference in feed efficiencies, BW gain 

of the two experiments which might be because of differences in environments of the 

locations, feed compositions, and broiler breeds. 

5.2. Organ weight and intestinal micro-architecture 

 In the present study, HS significantly decreased (P < 0.05) relative weight 

(RW) of spleen, bursa of Fabricius and ceca, while increasing (P < 0.05) the RW of 

the gizzard. There is relatively little information in the available literature regarding 

the effect of HS on viscera. However, it can be proposed that low feed intake in birds 

of HS group resulted in poor development of these visceral organs. Most recently, 

Quinteiro-Filho et al. (2010) reviewed the literature and proposed a glucocorticoid-

dependent mechanism responsible for lymphoid organ involution under stress 

(Puvadolpirod and Thaxton, 2000; Post et al., 2003; Shini et al., 2008). It was 

suggested that the HPA axis activation under stress could be responsible for the 

experiential decrease in the RW of the lymphoid organs and may indicate an 

immunosuppressive effect of HS as well (Sohail et al., 2010). Likewise, the rise in 

RW of the spleen and bursa in supplemented groups can be linked with HPA- and 

glucocorticoid-based homeostasis. Gut microbiota may have influenced HPA through 

the neuro-endocrine pathway and augmented visceral development. An increase in 

RW of the intestine and ceca in supplemented groups has been reported earlier (Awad 

et al., 2006; Awad et al., 2009).  The rise in intestine weight seems to be associated 

with enhanced development of micro-architecture, as we observed in both 

experimental trials. It may be assumed that this increase in RW of the intestine is 



Discussion 

 87

caused by an increase in villi height (Burkholder et al., 2008; Awad et al., 2009). An 

increase in RW of the intestine following supplementation can be linked with an 

increase in digestive and absorptive function of the intestine that resulted in better 

weight gain and feed efficiency. As reported earlier (Xu et al., 2003; Chichowski et 

al., 2007), supplementation of probiotic and prebiotic increased the absorptive surface 

area, nutrient transport systems, and expression of brush border enzymes.  

 Maintenance of normal micro-architecture in the small intestine is very 

important for proper growth and development. In both trials, we observed that HS 

significantly decreased villus height, width and crypt depth. Numerous studies have 

reported that stress hampered the development of intestinal morphology and function 

(Mitchell and Carlisle, 1992). In HS broilers, Burkholder et al. (2008) reported a 

decrease in crypt depth compared to the control group. Not much is known about the 

effect of HS on intestinal morphology. Several other stressors have deadly effects on 

the intestine micro-architecture, resulting in reduction in absorptive surface area 

(Yamauchi et al., 1995; Yamauchi et al., 1996; Hu and Guo, 2008). In a study with 

corticosterone injected broilers, Hu and Guo (2008), found that stress delayed the 

intestinal epithelial cell proliferation. It is still not clear how stress decreases villus 

height and crypt depth. 

 In the first trial of the current study, supplementation of the probiotic 

improved villus height and surface area. These findings are similar to previously 

reported results (Awad et al., 2006; Awad et al., 2009; Baurhoo et al., 2007; Rahimi 

et al., 2009). Increases in the villus height and the villus height:crypt depth ratio are 

directly associated with increased epithelial cells turnover (Fan et al., 1997). An 
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increase in villi length following probiotic supplementation has been associated with 

better diversity of microflora of broiler intestine and can be attributed to their specific 

functions. However, the exact mechanism underlying this effect is still not clear.  

5.3. Oxidative stress 

 In the present study, it was found that HS increased (P < 0.05) the total 

oxidant and anti-oxidant capacities and decreased (P < 0.05) paraoxonase and 

arylesterase activities, with no change (P > 0.05) in ceruloplasmin activity. These 

results extended previous information regarding HS, oxidative stress and the anti-

oxidant response system (Lin et al., 2006; Mujahid et al., 2006; Tan et al., 2010), with 

some differences (Sahin et al., 2010). Sahin et al. (2010) reported a fall in the anti-

oxidative defense system with significant decrease in superoxide dismutase (SOD), 

catalase (CAT), and glutathione peroxidase (GSH-px) enzyme concentrations in 

broilers under HS. Several studies have suggested that rearing of broilers under HS 

results in over-production of ROS and oxidative injuries (Lin et al., 2006; Mujahid et 

al., 2006; Tan et al., 2010). Although, little is known about the mechanism of ROS 

production in chickens subjected to HS, Mujahid et al. (2006) hypothesized that HS 

may be associated with mitochondrial injury, and some defect with the activity of the 

mitochondrial respiratory chain complex or a down-regulation of the synthesis of 

avian uncoupling protein. In our study, an increase in total anti-oxidant capacity in 

HS group was considered as a natural protective response against oxidative stress, as 

reported earlier (Altan et al., 2003). Tan et al. (2010) also demonstrated a significant 

rise in the production of free radicals, in conjunction with an increase in the activity 

of anti-oxidant enzymes during HS.  
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 Supplementations either partially or completely ameliorated oxidative 

damage, particularly the SYN. Supplemented probiotics have been shown to increase 

GSH concentrations and reduce intestinal oxidative injury (Yadav et al., 2007). In an 

in vivo study using intact cells and intracellular cell-free extracts of Bifidobacteria 

and Lactobacillus, Lin and Yen (1999) demonstrated a good anti-oxidative effect of 

these probiotic bacteria on inhibiting lipid peroxidation. In a study with extremely 

low birth weight rat pups, feeding of probiotic, prebiotic or synbiotic significantly 

increased superoxide dismutase and glutathione peroxidase concentrations (D'Souza 

et al., 2010). Commensal intestinal bacteria produce certain factors which have free 

radical chelating ability (Lin and Yen, 1999). These chelating factors can capture 

ROS and suppress their cytotoxic activity. It is not clear still how supplementation of 

MOS or PM modulated the dynamics of oxidants, anti-oxidants; however, we 

hypothesized that these supplements might have made gut commensals healthier and 

these commensals, in turn, released some bioactive peptides which can potentially 

prevent oxidative damage. In agreement with our observations, a decreased anti-

oxidant enzyme activity of paraoxunase and arylesterase, under high ambient 

temperature has been reported (Sahin et al., 2010; Gursu et al. 2004). Further, 

supplementations failed to restore (P > 0.05) the activities of paraoxunase and 

arylesterase under HS. Ceruloplasmin, having SOD activity, can act as an anti-

oxidant scavenger, protecting membrane polyunsaturated fatty acids of red blood 

cells from active oxygen radicals (Arnaud et al., 1988). Our results could not show 

any relationship between HS, ceruloplasmin activity and supplementations. 
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5.4. Serum biochemical profile 

 Results of the present study revealed that HS reduced (P < 0.05) serum 

concentrations of triiodothyronine (T3) and thyroxine (T4), and increased (P < 0.05) 

the concentrations of cortisol, corticosterone (CORT) and cholesterol compared with 

the TN group. The concentrations of cortisol, CORT and cholesterol were lowered (P 

< 0.05) in supplemented groups compared with the HS group. 

 Hypothalamic-pituitary-adrenal (HPA) axis stimulation induces a long-term 

stress that results in cardiovascular diseases, gastrointestinal lesions, and modified 

immune responses (Siegel, 1995). Chronic HS has been found to increase plasma 

concentrations of corticosterone, with a concomitant reduction in circulating thyroid 

hormones levels (Garriga et al., 2006). Enteric and central 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. Enhanced activity of HPA axis, characterized by higher 

circulating levels of cortisol and adrenocorticotropic hormone (ACTH) or 

corticotropin-releasing hormone has been found in stress conditions (Eutamene and 

Bueno, 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 

enterochromaffin cells in improving the adrenal dysfunctions in stress conditions. 

According to their hypothesis, probiotic bacteria may indirectly stimulate the afferent 

neurons through a cytokine neurohumoral route, causing a reduction in the levels of 

circulating corticosterone and ACTH. In the same study (Gareau et al., 2007), it was 

found that neonatal maternal separation of rat pups elevated the serum corticosterone 
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level; however, supplementation 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 supplemented with 

Bifidobacterium animalis (Sudo et al., 2004) or Lactobacillus farciminis (Eutamene 

and Bueno, 2007) compared with non-supplemented restraint stress-associated mice. 

Similarly, feeding a diet supplemented with chito-oligosaccharide prebiotic to 

lipopolysaccharide-challenged weaning piglets lowered the concentration of cortisol 

compared with non-supplemented piglets (Chen et al., 2009). In the current study, 

serum level of T4 was similar in supplemented groups compared with TN. Reduced 

circulating level of cortisol might be responsible for enhancing the concentration of 

T4 in the supplemented groups because elevated concentrations 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 cholesterol concentration was observed in the supplemented 

groups (Table 2) compared with the HS group. Similar 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 lactobacilli bacteria (Buck and Gilliland, 1994).  

 Serum AST and ALT activities are commonly measured clinically as a part of 

diagnostic liver function tests, to determine liver health. Serum AST and ALT 

activities generally rise with muscle or liver damage. Our study revealed no change 
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(P > 0.05) in AST and ALT activities in all groups. Also, our findings are in 

agreement with previous studies done on poultry (Panda et al., 2003). In rat model 

studies, supplementations of Saccharomyces cerevisiae increased serum ALT activity 

(Mannaa et al., 2005), whereas, Lactobacillus plantarum and Bifidobacterium infantis 

decreased ALT and AST activities (Adawi et al., 1997). 

5.5. Immune system 

 Heat stress has been found to suppress the humoral immune response in birds 

(Beard and Mitchell, 1987). Similar findings have been made in the present study. 

Zulkifli et al. (2000) 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 supplementations boosted the humoral 

immune response that might be either due to lower cortisol concentration, as 

indicated in the present study, due to stabilizing lactic acid-producing bacteria that 

augmented the production of anti-inflammatory cytokines and immunoglobulins and 

enhanced the macrophage phagocytic activity in the intestinal lymphoid tissues 

(Yasui and Ohwaki, 1991). Also, Schiffrin et al. (1995) reported that feeding lactic 

acid bacteria probiotic enhanced the non-specific immune phagocytic activity of 

blood granulocytes. It has been shown that feeding the diets 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).  
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5.6. Serum mineral concentrations 

 In contrast to many studies (Siegel, 1995; Sahin et al., 2002a), we could not 

find difference in serum mineral concentrations of HS and TN birds. However, 

dietary supplementation increased the serum concentrations of zinc and copper in the 

MOS and the SYN groups compared with those of the HS and TN groups. Previously, 

similar findings were reported in rats that inulin prebiotic enhanced calcium, 

magnesium, iron and zinc absorption and bioavailability (Coudray et al., 1997). 

Prebiotics improve mineral absorption because of an osmotic effect that transfers 

water into the ceca, thus increasing the fluid volume in which these minerals can 

dissolve. Furthermore, as a result of fermentation, prebiotics decrease cecal pH and 

consequently raise the concentration of ionized minerals, a condition that favors 

passive diffusion (Roberfroid, 2000). Alternatively, it is possible that the prebiotic 

impair absorption of minerals from small intestinal because of their binding or 

sequestering action. These minerals, consequently, reach the large intestine, where 

they may get released from the prebiotic matrix and absorbed (Roberfroid, 2000). 

Perhaps, still a lot is needed to be explored regarding the patho-physiological 

mechanism of this phenomenon.   

5.7. Intestinal microbiology 

 In the experiment I, traditional culturing technique was adopted to cultivate 

and enumerate Clostridium perfringens, E. coli, total coliform. Whereas, in 

experiment II, Denaturing gradient gel electrophoresis (DGGE) was applied to 

observe molecular microbial diversity in broilers ceca on d 21 and d 42. The novel 

DGGE technique utilized 16S rDNA sequences obtained after enzymatic 
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amplification of genomic DNA isolated from complex microbial populations. 

Denaturing gradient gel electrophoresis is a better technique for studying microbial 

diversity compared to conventional culturing techniques; perhaps, it provides only 

superficial information of changes in microbiome. About 5 and 10 different bands for 

each cecal sample were obtained. Those bands which are at matching positions in the 

DGGE gel are not necessarily derived from the same species. However, this dilemma 

can be addressed by using narrower gradients to provide higher resolution. 

In the experiment I, Clostridium perfringens counts in the cecum were higher 

in the HS group compared to TN. Total coliform and E. coli counts were not 

influenced by HS or supplementation. Similarly, in the second experiment, HS altered 

cecal bacteria ecology. Perhaps, supplementations could not influence gut bacteria 

ecology to resemble the HS group. These results reconfirm findings of Suzuki et al. 

(1983) and Burkholder et al. (2008), who found that subjecting broilers to HS can 

change bacteria ecology. Similarly, Lan et al. (2004) subjected broilers to HS and 

found that bacteria ecology was changed. These workers observed that feeding 

broilers a Lactobacillus probiotic promoted growth of several Lactobacillus species 

and improved the survival rate of nonpathogenic bacteria. In the similar context, work 

in rats subjected to maternal separation stress was revealing. Gareau et al. (2007) 

found a 5-fold decrease in Lactobacillus sp. counts in the colon of maternally 

separated animals compared with non-separated controls. Probiotic supplementation 

retarded pathogen development and promoted Lactobacillus growth. Generally, 

lactobacilli and bifidobacteria populations tend to decrease in birds under stress 

(Patterson and Burkholder, 2003).  Tournut et al. (1969) reported that pigs kept under 



Discussion 

 95

restrained stress conditions had higher intestinal E. coli, Streptococci, and 

Clostridium perfringens counts compared to non-restrained pigs. Similarly, Schaedler 

and Dubos (1962) demonstrated that coliforms increased in mice in response to 

crowding stress. Indeed, as reported elsewhere for chickens or other animals 

subjected to different stressors, intestinal microbial profiles change, promoting 

pathogen proliferation and suppressing host-friendly bacteria. Although, the exact 

phenomena are not known regarding how stressors alter gut bacterial ecology, it is 

thought that some patho-physiological and molecular changes in gut motility, wall, 

and contents occur that trigger bacterial dysbiosis. 

Conclusion 

 In conclusion, results of the present study suggest that dietary 

supplementation of either mannan-oligosaccharide or probiotics mixture alone or as 

synbiotic can reduce some of the detrimental effects of heat stress in terms of growth 

performance, serum metabolic, oxidative damage and gut histology and microbial 

ecology in broilers. Moreover, these supplements can improve mineral absorption 

through the intestine. At the moment, these findings are important for the broiler 

farmers and extension workers and need to be explored at the cellular level, studying 

underlying phenomena of oxidative stress and function of gut microbiota. Future 

work should focus on the intense research of prophylactic measures to avoid or 

reduce the stress induced alterations of the intestinal microbiota and changes in gut 

integrity. 



Chapter 7 

SUMMARY 

 

 The present study was intended to investigate the effects of mannan-

oligosaccharides (MOS) and probiotic mixture (PM) supplements on the several 

biological health markers of heat stress (HS) and gut histology and microbial ecology 

in broiler chicks. Two experiments were conducted, utilizing day old broilers. The 

birds were either subjected to HS (35 ± 2°C; HS group) or kept at thermoneutral 

temperature (TN group). Heat stressed birds were fed corn based basal diet 

supplemented with 0.05% MOS (HS-MOS group), 0.1% PM (HS-PM group), or their 

combination as a synbiotic (SYN; HS-SYN group). Birds of both HS and TN groups 

were fed corn based diet without any supplementation. In the first trial, broilers were 

vaccinated against Newcastle disease virus and infectious bursal disease virus, 

whereas, in second trial birds were kept non-vaccinated. Weekly feed consumption 

(FC), body weight (BW) gain and feed to gain ratio (FGR) were recorded.  Broilers 

were killed on d 42 in experiment I, whereas, on d 21 and d 42 in experiment II.  

Blood serum, small intestine tissue, and cecal digesta were collected for analysis. 

Serum was analyzed for thyroid, and adrenal hormones, oxidative stress parameters, 

minerals and humoral immune response. Small intestine tissues were processed with 

hematoxylin and eosin stain to observe changes in villus height, width and crypt 

depth. Whereas, cecal and jejunal digesta were processed to enumerate pathogenic 

bacteria and to investigate molecular diversity of microbial population. Data 

regarding all parameters were subjected to ANOVA, whereas, Pearson’s ᵡ2 was 
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applied to C-reactive protein data. Results of experiment I revealed that HS increased 

(P < 0.05) serum cortisol, cholesterol, total oxidants, and anti-oxidants concentrations 

in broilers compared to the TN broilers. Moreover, cecal Clostridium Perfringens 

count was higher (P < 0.05) in the HS group compared to TN group. Heat stress 

decreased (P < 0.05) body weight gain, feed consumption, triiodothyronine, and 

thyroxine hormones. Serum paraoxunase, arylesterase activities, and humoral 

immunity were lower (P < 0.05) in the HS group compared to the TN group. Dietary 

supplementations of SYN and PM improved (P < 0.05) growth performance, 

thyroxine concentrations. Whereas, supplementation of MOS improved (P < 0.05) 

copper, zinc and manganese concentrations compared to both HS and TN groups. 

Cortisol hormone, cholesterol, oxidants, and anti-oxidants concentrations were lower 

(P < 0.05) in all the supplemented groups, compared to the HS group. In experiment 

II, both on d 21 and d 42, HS lowered (P < 0.05) body weight gain, feed efficiency, 

villus height, width and surface area compared to the TN group. Heat stress altered 

cecal and tracheal microflora compared to the TN group. Moreover, serum 

corticosterone concentrations were higher (P < 0.05) in HS group compared to the TN 

group.  Supplementation of MOS improved (P < 0.05) body weight gain and feed 

efficiency compared to the HS group. Supplementations of SYN, PM, and MOS 

lowered (P < 0.05) corticosterone concentrations compared to HS group. Crypt depth, 

villus width and surface area were higher (P < 0.05) in the HS-PM and HS-SYN 

groups compared to HS group.  

In conclusion, results of the present study suggest that dietary 

supplementation of either mannan-oligosaccharide or probiotics mixture alone or as 
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synbiotic can reduce some of the detrimental effects of heat stress in terms of growth 

performance, serum metabolic indices, oxidative damage, mineral availability, and 

intestinal histology and microbial ecology in broilers. Particularly, synbiotic gave 

better results compared to the individual effects of mannan-oligosaccharides and 

probiotic mixture.   
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