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Introduction





Animal protein is one of the major components meeting the food nutrient requirement for the everyday increasing population and poultry meat plays a vital role in meeting this animal protein requirement. Production of poultry (broilers) with high growth rate and feed efficiency are the two main targets. There are many factors which should be considered get the optimum performance of the birds e.g. genetic potential of the birds, environmental conditions, disease out breaks and diets or feed. Feed counts for approximately 70 percent in the total cost of poultry production [1]. Apart from these, gut health has been the major focus of the intense studies in poultry production [2]. Gut is a vital organ of the digestive system which mediates nutrient uptake and use by the animals. The gut is also a major site of potential exposure to environmental pathogens [3]. Hence, a healthy gut is a foundation for optimum performance of the birds. If the gut health and its functions are impaired then digestion and absorption of the nutrients are affected and thus health and performance of the birds will be compromised [4]. Except for being responsible for absorption of the nutrients from lumen, intestinal mucosa of broiler chickens plays very important role in the provision of effective barrier between the hostile luminal content and the host internal tissues. So intestinal mucosa is important determinant of gut health and performance of chickens [2]. The dynamic balance between the mucus layer, epithelial cells, micro biota and immune cells in the intestine is of major importance for the intestinal mucosal barrier functions [5].



The use of antibiotics as growth promoters in poultry feed has been practiced worldwide during the last 5 decades [3]. And to maintain the balance of ecosystem in the gut and for the improvement in performance of chicken [6]. This application of antibiotics use has been well acknowledged for the improvement in the performance of birds including improvement in feed conversion and growth and reduction in morbidity and mortality due to clinical and sub clinical diseases. The mechanism by which antibiotics promote the growth of chickens are still not exactly known but study with germ-free chickens indicates that growth promoters are mediated by their antimicrobial effect [7]. Antibiotics may reduce the microbial load in the gut which leads to more availability of the nutrients for the host [8].


This practice of using the antibiotics has been questioned for the increase in prevalence of resistance to antibiotics in chicken [9]	. Besides, the beneficial effects of antibiotics use as growth promoters, the transfer of antibiotic resistance genes from animal to human micro biota led the European Union to ban the use of antibiotics as growth promoters since January 2006. Today, there is concrete evidence the anti biotic resistance can pass into the food chain through bacteria like Salmonella spp. and Campylobacter spp., which are the most common causes of bacterial diarrhea in humans worldwide. Due to food safety concerns, four of the major US states have also signed up for in-feed antibiotics usage policy bans. The removal of antibiotics as growth promoters from poultry diets has led to problems in animal performance and rise in the incidence of certain poultry diseases e.g. (sub clinical) necrotic enteritis and Dysbacteriosis [6]. So, there is much need to find alternatives to antibiotics to maintain and promote the gut health for the improvement in the performance of birds.


Nutraceuticals are the additives which can be considered as alternatives of Antibiotics Growth Promoters (AGPs). These can be organic acids, exogenous enzymes, prebiotics, symbiotic, polyunsaturated fatty acids, phyto-biotics or changing the nutrients levels in diets or types of diets. Supplementing organic acids, exogenous enzymes and prebiotics is one ofthe dietary interventions which can lead to the improvement in the performance of the birds by promoting their gut health without the use of antibiotics. Hence, a proposal having a series of experiments has been proposed to improve the performance of birds by promoting their gut and its microflora with the passage of age with dietary supplementation of organics acids, exogenous enzymes and prebiotics.




Literature Review



 The Importance of microbiota balance


Yegani & Korver [3] reported several factors associated with diet and infectious disease agents that affect the biological or intestinal bacterial balance and consequently affect the health status and production performance of the birds. Kemmett [10] made the connection between the gut microbiota imbalance and poor growth performance. Choct [13] has found the negative effects of non-beneficial bacteria on gut morphology, nutrition, pathogenesis of intestinal diseases and immune response of the birds. After hatching the positive microbiota effect has a major effect on the overall health of a bird. There is direct contribution of undigested nutrients to undesirable shifts in the gut microbiota and these undigested nutrients flowing to the hind gut have shown an impact on performance of birds. This imbalance of microbiota affects the balance of mucus layer, epithelial cells and immune cells in the intestine and negatively affects feed conversion ratio and bird's health. Undigested protein, for example, has been shown as a factor linked to the establishment of Clostridium perfringens, coccidiosis and associated necrotic enteritis episodes in chickens [10]	. Organic acids, exogenous enzymes and prebiotics are the major nutraceuticals used in the feed today to promote and help the gut health of the poultry birds now-a-days. It has been reported that all these nutraceuticals play a vital role in maintaining good health of the intestine and reducing the absorption of pathogenic bacteria of the intestine of the birds.





Organic Acids



Studies have shown that the use of organic acids have beneficial effects on the gut health and performance of broilers [12-14]. All these studies have shown that lactic acid bacteria count was increased in the intestine with the addition of organic acids. With this addition of organic acids, the count of Enterobacteriaceae and Salmonella has also been decreased [12,15]. Body weights and FCR was also improved with the addition of organic acids [13]. It has been reported that the antimicrobial activity of organic acids plays important role in controlling the population of pathogenic bacteria in the gut [16]. Van Immerseel et al. [17] reported that organic acids can easily diffuse through the semi-permeable membrane of the bacteria into the cell system when they are in the dissociated form. Organic acids with higher pKa (pH at which acid is half dissociated) value are more effective antimicrobial compounds [6].



Dibner & Buttin [18] reported that improved gut structure of chicken is associated with reduced number of pathogenic intestinal bacteria. It has also been reported that organic acids are associated with Histo-morphology of the gut by increasing the height of villus [13]. Organic acids are recognized having strong antibacterial properties which are very important to support the gut health of the birds and growth performance of poultry. The main mode of action of organic acids is to reduce the pH in the gastro-intestinal tract [4] which cause the alterations in the intestinal Ecosystem. It has been reported that organic acids should be provided in lower quantities because if they would be provided in excessive amount then they may cause reduction in the villus height and width and also the intestinal crypt length [19].





The main purpose of dietary supplementation of organic acids is to lower intestinal pH with the thinking of controlling microbial growth and colonization which result in the lowering nutrients competition, the reduction of microbial metabolites and the decrease in incidence of sub-clinical infection [20], as well as organic acids stimulate the growth of intestinal absorptive cells, pancreatic secretion [21], and promote the whole growth performance of broiler chickens [22].


The main benefit of supplementing organic acids is to enhance growth performance of birds. This has been documented in many studies that addition of a single or combination of organic acids have improved growth performance of broiler chickens. Skinner et al. [23] reported that supplementation of fumaric acid in the diets significantly improved average daily gain and feed efficiency. A depression in growth of lactic acid and coliforms bacteria in the ileum and seca was reported by Pirgozliev et al. [24]. One of many ways to control pathogenic bacteria population that are pH- responsive is the reduction in pH of the intestinal gut of the birds. Dibner & Buttin [18] reported in their study that dietary organic acid supplementation reduced population of E. coli, Salmonella, Campylobacter.


Paul et al. [25] reported that Ammonium Formate or Calcium Propionate supplementation promoted villus height. Another study of Garcia et al. [22] showed that Formic Acid supplementation stimulated villus height and crypt depth of broiler chickens. The higher the villus and the greater the crypts showed high activity of proliferative cells due to organic acid inclusion, expecting to provide an adequate epithelium turnover rate. Increase in the number and size of crypts causes in increase in intestinal absorptive surface area of the intestinal gut. Many studies showed that improvement of the intestinal Histomorphology in birds fed organic acids is believed to account for some of the growth-promoting properties of organic acids. On the other hand, the reduction of the organisms which produce toxins that can disrupt the villi and crypt structure, helps to account for the improvement in gut structure [18]. The Supplementation of organic acids must be in low doses because excessive dosage resulted in growth depression in intestinal villus height and width, as well as crypt depth [19]. Many of the organic acids are available now-a-days with different physical and chemical properties which are used in drinking water as well as feed and they are present in single or combination forms [14].




Exogenous Enzymes


Combination of feed enzymes like xylanase, amylase and protease been shown in reduction in the amount of undigested nutrients or substrate in the duodenum, jejunum and ileum increasing the digestibility of even so called simple diets and improving healthy broiler performance. Protease has effects in reducing undigested proteins and can also stimulate the production of mucus and could be associated with better responses of chickens in response to coccidial challenges. Enzyme like xylanase has been shown to produce Arabino-xylo-Oligosaccharides (AXOX) especially in the caecal phase. These act as prebiotics and selectively stimulate the growth of beneficial bacteria.



It has been reported that many enzymes like β-glucanase, xylanase, amylase, α-galactosidase, lipase, phytase etc., have been in use since a long time [26,27]. Exogenous enzymes have been used mainly in the diet which are based on corn and soybean meal and they contain different level of anti-nutritive factors e.g. NSP and protease inhibitors and they are main hindrance in the process of normal digestion and absorption in the gut of the birds [28]. The tendency of reducing cost for the poultry feed by using non-conventional ingredients containing anti-nutritional factors and fibre, is also one of the cause to encourage the use of enzymes as these types of ingredients cannot be completely digested and absorbed by the chicken [29]. Exogenous enzymes are used to meet the lack of endogenous enzymes which are necessary for the Digestion of certain type of nutrients in various feed stuff or hydrolysis for for anti-nutritional factors present in the feed stuffs. Costa et al. [29] reported the use of exogenous enzymes reduces the pollutant potential of excreta as it is an important environmental issue.


Gut health and enteric disease resistance is often dependent upon the digestibility of feed components and feed formulation. It has been reported that the gut health is compromised when poorly digested protein meals are given to birds. Langhout [30] reported that that dietary NSP significantly increases gut populations of pathogenic bacteria at the expense of beneficial bacteria. However, with the addition of exogenous enzymes including xylanases, phytases and te-glucanases the digestibilities of wheat, rye and even corn-based diets can be improved. The response to dietary enzyme supplementation is greater when antibiotics are not used than when they are, but the performance responses do not approach the level That is observed when diets contain enzymes and antibiotics together [31]. Enzymes are perhaps the most extensively reviewed products that seem to can limit the performance losses associated with removal of antibiotic growth promoters. The supplementation of enzymes enhances feed Digestibilities and nutrients availability to the host through their beneficial effects, assuming they also influence the gut microbial ecosystem. The use of exogenous enzymes alters the gut microflora populations in the small intestine and caeca of the birds [31,32].


Adeola & Coweison [26] reported that with the use of exogenous carbohydrase the proportion of lactic and organic acids and VFAs concentration was increased and ammonia production was decreased. The increased VFAs concentration helps the hydrolysis of NSP and supports the growth of beneficial bacteria in the gut of the broilers. Bedford & Coweison [31] reported that exogenous enzymes modulate the gut microbiota of birds which may affect the health of the birds and the extent of digestion accomplished by the host. Generally speaking the improvement in the nutrients digestibilities by the addition of exogenous enzymes is much smaller as compared to the loss of the substrate which must be available to the gut microflora beneficial for the host [31].





Prebiotics




Prebiotics are non-digestible feeds stuffs or ingredients which affect the host beneficially by altering the composition and metabolism of the microbiota in the gut [6,33]. They may provide energy for the growth of endogenous bacteria which are favourable to the gut. Prebiotics have more benefits over the probiotics [34,35] and they play role in Enhancing host defence and reducing the mortality caused by the invasion of gut pathogens [36]. Prebiotics directly target the colon, have selective fermentation and help in maintenance of a balanced microflora, preferably being utilized by promoting species and increased pathogens by faeces [37]. With the addition of prebiotics, the SCFAs production is more resulting in more acidity in the gut causing the suppression of pathogenic bacteria for the gut. Prebiotics also play an important role in the enhancement of immune response of the chickens [38].



Due to direct interaction between prebiotics and immune cells of gut, prebiotics enhance immune effect [39] and they have got similar mechanism as probiotics support the gut health of the birds [6]. Non-digestible carbohydrate (Oligo and polysaccharides), some peptides and proteins, certain lipids are candidate for prebiotics amongst the food ingredients [37]. It has been reported that oligosaccharides are able to produce VFAs which stimulate peristalsis and decrease time to pass through intestine and may have a negative effect on digestibilities [37]. Trevino et al. [40] reported that there is increase in the length of Jejunum, ileum and caecum in chicken such as length of villi in ileum. It has been reported that there is Increase in daily weight gain approximately 8-10% with lower conversion at 10-15% with the use of prebiotics [37]. Dietary prebiotics supplementation is attributable to the improved birds' performance and energy utilization [11,41,42]. Kim et al. [38] reported that there was significant increase in the weight gain compared with control while differences in the feed intake, feed conversion and mortality were not observed [43-53].



The most common prebiotics used in the poultry are oligosaccharides, including inulin, Fructo-oligosaccharides (FOS), Mannan-oligosaccharides (MOS), galacto-Oligosaccharides (GOS), Soya-oligosaccharides (SOS), Xylo-oligosaccharides (XOS), pyrodextrin, Iso-malto-oligosaccharides (IMO) and lactulose Huyghbebaert et al. [38]. Ganguly [35,36] reported that prebiotics cause increase in the production of SCFAs in the gastrointestinal tract which benefit the host as they recover some of the lost energy from competition with bacteria.
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