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[bookmark: _Toc20997771]Abstract
A 28 day feeding trial was conducted to evaluate the effects of Carica papaya leaf meal with or without (dry) fermentation on growth performance, carcass characteristics, serum parameters, meat composition and oxidative stability of meat in broiler. A total of 135 day-old, ROSS-308 chicks was assigned to five treatment groups: Control (Basal diet), D1 (Basal diet + 0.5% Dry leaf on DM basis), D2 (Basal diet + 1.0% Dry leaf on DM basis), F1 (Basal diet + 0.5% Fermented leaf on DM basis) and F2 (Basal diet + 1.0% Fermented leaf on DM basis) having 3 replications consisting of 9 birds each in a completely randomized design. The results revealed that overall average daily gain (ADG) differed significantly (P<0.001) in all treatment groups compared to control. The average daily feed intake (ADFI) remained unchanged (P>0.05) among all dietary groups. A significantly (P<0.001) better final FCR was observed in all treatment groups in contrast to control. The weekly FCR remained unaffected except 4th week in which significant (P<0.001) change was observed. The proximate composition of breast meat showed significant (P<0.01) increase in crude protein (CP) content. Again, in thigh meat, crude protein and ether extract (EE) content differed significantly (P<0.01) among all dietary treatment groups than control. A significant (P<0.01) increase in serum HDL level and decrease in serum LDL and triglyceride level was observed in all treatment groups when compared with control. All visceral and total lymphatic organs weight remained unchanged (P>0.05) in all treatment groups in comparison to control. The oxidative stability of meat measuring thiobarbituric acid reactive substances (TBARS) had significantly (P<0.05) reduced in all additive treatment groups compared to control up to 3rd weeks.  The net profit from papaya supplemented group differed significantly (P<0.001) than control. Finally, dry and fermented Carica papaya leaf increased ADG, serum HDL level, net profit and decreased FCR, serum LDL, triglyceride level and TBARS of meat. Hence, Papaya leaf meal showed beneficial effects on broiler and can be a potential source to be used as feed additive in broiler.
Keywords: Broiler, carcass characteristics, Carica papaya leaves, growth performance, probiotics
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[bookmark: _Toc20997772]CHAPTER-I: INTRODUCTION
Poultry is one of the remarkably dynamic sub-sector, contributing in fostering agricultural growth, providing food security and nutrition and a source of income.  In Bangladesh, commercial poultry farming has started from 1980 and it has been growing rapidly since early 1990 due to improved genetics, manufactured feeds and management (Raha, 2000). Chicken contributes 5l % of total meat production of the country (Raha, 2007). Among poultry, broiler farming seems to be a considerable part of meat production and consumption in the country. But the major challenges for poultry farmers are to get maximum performance from minimizing main cost of production which is feed cost. For this purpose, they use different strategies including use of antibiotic growth promoter (AGP) in sub-therapeutic doses in broiler (Oleforuh-Okoleh et al., 2015). AGP use improves meat production by increasing feed conversion ratio (FCR), promoting growth rate and disease prophylaxis which can successfully be obtained at sub-therapeutic dose (Chattopadhyay, 2014; Engberg et al., 2000; Gunal et al., 2006; Castanon, 2007). The use of AGP  causes accumulation of residues in meat resulting in resistance of bacteria to those antibiotics, difficulty in treatment and ultimate environmental hazard as well as multidrug resistance (Puvača et al., 2013; Marshall and Levy, 2011; Sarker et al., 2018). Considering the possible health hazards, the use of AGPs was banned in many countries including European Union, The Netherlands, Germany, Sweden, US, Australia (Hayes et al., 2001; Casewell et al., 2003; Cogliani et al., 2011; Laxminarayan et al., 2015). In October 2010, use of all AGPs were banned by the Government of Bangladesh through the Fish and Animal Feed Act-2010 and later framed by Animal Feeds Rules-2013 (MoFL, 2013).

Due to restriction of AGPs by several international jurisdiction, the animal producers are need to rely on feed additives alternative to antibiotics which drives the use of natural sources (Wenk, 2003). This made the researchers to think about feed additives alternative to antibiotics aiming for good animal yield, low mortality, no adverse effect on human health as well as preservation of environment. The most common substitute can be phytogenic feed additives, probiotics, prebiotics, essential oils, amino acids, organic acids, enzymes, nanoparticles etc. (Mehdi et al., 2018). They are known as natural growth promoters (NGPs) (Panda et al., 2006).

Phytogenic feed additives (PFA) or phytobiotics are plant, herb powder or extract which contains many bio-active compounds that improve animal performance. The bio-active compounds mostly contain secondary metabolites such as terpenoids (mono-and sesquiterpenes, steroids, etc.), phenolics (tannins), glycosides and alkaloids such as alcohols, aldehydes, ketones, esters, ethers, lactones, etc. (Huyghebaert et al., 2011). PFAs are proven in poultry for growth promotion by improving weight gain and feed conversion ratio, gut function, gut microflora, nutrient digestibility (Ghasemi et al., 2014; Vidanarachchi et al., 2006; Jamroz et al., 2003). PFAs also increase feed palatability and reduce mortality. They also have positive effect on immune function and carcass meat safety and quality (Mountzouris et al., 2010). Some leaf meal/extracts that are successfully used as growth promoters in broiler chickens are Moringa olerifera, lemon grass leaf, banana leaf, bitter leaf and also papaya leaf (Oleforuh-Okoleh et al., 2015). 
Papaya or pawpaw (Carica papaya) which belongs to the family Caricaceae, is a plant in tropics and subtropics. Parts of this plant include leaves, fruit, seed and root are known to be digestive stimulant, analgesic, antipyretic, antibacterial, stomachic, cardiotonic, hypotensive, laxative and vermifugic (Boshra and Tajul, 2013). Papaya leaf is a rich source of the proteolytic enzymes papain and chymopapain A and B, and papaya peptidase which have protein digesting properties (Oloruntola et al., 2018). The leaf also contains alkalois, glycosides, provitamin A, vitamin C, vitamin E, calcium, phosphorous and iron (Pawar et al., 2010). Use of papaya  leaf meal in broiler diet as a source of protein has significant effect of treatments on final body weight, weight gain, daily weight gain, feed conversion ratio and feed cost/kg gain (Onyimonyi and Ernest, 2009). Papaya leaf has also been observed to improve carcass quality, digestibility and health of broiler chicken (Oloruntola et al., 2018). So papaya leaf meal can be a promising source of feed additive in broiler production.

Again, probiotics which are different strains nonpathogenic living microorganisms, currently has gained attention as a substitute of antibiotics for poultry production as growth promoters with feed additives (Ahmad, 2006). Probiotics stimulate digestive enzyme activity, reduce of metabolic reactions that produce toxic substances (Hassanein and Soliman, 2010). They also produce vitamins, balance gut microbes by competitive exclusion, maintain gut integrity, enhance immunity, improve feed intake and digestion and act as growth stimulator (Jin et al., 1997; Simon et al., 2001). Probiotics are observed to increase the meat quality by reducing fat and cholesterol, improving pH, color, fatty acid profile, chemical composition, water retention capacity and oxidation stability (Popova, 2017; Abdurrahman et al., 2016). The most common probiotics are lactic acid producing bacteria especially Lactobacillus acidophilus, Lactobacillus casei, and also other species like Bacillus, Bifidobacterium, Saccharomyces sp. etc. which can be found in yoghurt. (Lourens-Hattingh and Viljoen, 2001; Karaolis et al., 2013). So these probiotics can be used in poultry farming as alternative to AGPs. 

Therefore, this study was conducted to investigate the effects of Carica papaya leaf meal with or without probiotics on growth performance, serum biochemical parameters, meat quality and oxidative stability of meat in broiler chicken.
[bookmark: _Toc20997773]1.1 Objectives
· To investigate the effects of dry and probiotic-fermented papaya leaves on growth performance, carcass characteristics and meat quality in broiler.
· To assess the effects of dry and probiotic-fermented papaya leaves on serum biochemical parameters of broiler.
· To determine the concentration of dry and probiotic fermented leaves resulting better performance in broiler.
· To calculate the economic viability of the ration in broiler.
1.2 [bookmark: _Toc20997774]Research Hypothesis
Supplementation of papaya leaves in broiler diet may improve the growth performance, serum parameters, oxidative stability and meat quality. Papaya leaves when incorporated with probiotics may have synergistic effects and exert better performance on broiler. 

[bookmark: _Toc20997775]CHAPTER-II: REVIEW OF LITERATURE
The aim of this chapter is to represent arguments why the effects of dry and probiotic treated Carica papaya leaf on growth performance, carcass characteristics, biochemical parameters, meat quality and oxidative stability in broiler was studied. The chapter includes the basic antecedents of the phytogenic feed additive Carica papaya, its composition and function, probiotics: Lactobacillus and Saccharomyces. The justification of the experiment are assimilated in the effects of Carica papaya and probiotics in broiler.
[bookmark: _Toc20997776]2.1 Carica papaya
Papaya (Carica papaya L.) of the family Caricaceae belonging to Laticiferous plant group is a large perennial herb with a rapid growth rate (Vyas et al., 2014). The origin of this plant  probably was to Southern Mexico and Costa Rica, but is distributed in Australia, Hawaii, Philippines, Sri Lanka, South Africa, India, Bangladesh, Malaysia and all tropical and subtropical regions (Krishna, 2008). The useful parts of the plant include leaves, fruit, seed, latex, and root. Every part of the plant has been used for both nutritional and medicinal purpose and so they are of economic value (Nwofia et al., 2012).
[bookmark: _Toc20997777]2.1.1 Compositions: 
Carica papaya leaves contains about 15 to 19% dry matter which consists of crude protein, crude fibre, carbohydrates, minerals such as calcium, phosphorus, magnesium iron etc. and vitamins. The chemical composition of papaya leaves are presented in Table 1.


[bookmark: _Toc15216349]Table 1. Chemical composition of Carica papaya leaves
	Constituents/Unit
	Nutritive value of leaves

	Gross energy (kcal/kg)
	2912

	Moisture (%)
	81.27-85.17

	Crude fibre (%)
	11.41-13.15

	Protein (%)
	5.84-10.8

	Fat (%)
	1.27-3.15

	Ash (%)
	1.43-2.25

	Carbohydrate (%)
	72.02-78.22

	Calcium (mg/100g)
	267.2-366.07

	Magnesium (mg/100g)
	29.6-37.6

	Phosphorus (mg/100g)
	199.47-221.08

	Iron (mg/100g)
	5.9-6.34

	Vitamin C (mg/100g)
	25.23-38.13

	Niacin (mg/100g)
	0.35-0.43

	Thiamine (mg/100g)
	0.43-0.46

	Riboflavin (mg/100g)
	0.12-0.15

	Β-carotene (IU/100g)
	644.1-666.67


Source: (Nwofia et al., 2012; Mahejabin et al., 2015)
Carica papaya leaves contains many different phytochemical including of alkaloid, flavonoids, saponin, tannin, glycosides carpaine and pseudocarpine, deoxycarpaine I and II, choline, caroposide, Vitamin C, Vitamin A, Vitamin E, Vitamin B (Ikeyi et al., 2013; Krishna, 2008; Nwofia et al., 2012). The quantitative assessment of phytochemicals in papaya leaves are given in Table 2.
[bookmark: _Toc15216350]Table 2. Quantitative assessment of phytochemicals in papaya leaves
	Phytochemicals/ Unit
	Concentration

	Tannin (%)
	2.66

	Saponin (%)
	3.57

	Total Phenol (%)
	2.87

	Non tannin phenol (%)
	0.21


Source: (Nath and Dutta, 2016)
Tannins bind to produce rich protein and interfere with protein synthesis. They exert anti-microbial activities by iron deprivation, inhibition of extracellular microbial enzymes, specific interactions with vital proteins or by inhibiting oxidative phosphorylation in microbial cells (Scalbert, 1991). Tannin have remarkable activity on anticancer prevention  (Li et al., 2003).  Papaya leaf has cytotoxic effects due to the presene of saponin as saponin are cytotoxic (Nath and Dutta, 2016). Since tannin and saponin are found to have antimethanogenic activity, papaya leaves can reduce methanogenesis in rumen liquor (Gangwar et al., 2018).
The leaves of papaya have shown to contain many active components, such as papain, chymopapain, cystatin, tocopherol, ascorbic acid, cyanogenic glucosides and glucosinolates (Seigler et al., 2002). These components can increase the total antioxidant power in blood and reduce lipid peroxidation level (Otsuki et al., 2010).
Papain is a vegetable pepsin which aids in the digestion of proteinous materials in food in acidic, alkaline or neutral medium (Gunde and Amnerkar, 2016).  By bonding to the water insoluble fraction of the crude papain, papaya lipase serves as a “naturally immobilized biocatalyst” (de María et al., 2006).
The fruits contain protein, fibre, fat, carbohydrates, minerals as calcium, phosphorus, iron, many vitamins including vitamin C, thiamine, riboflavin, niacin and caroxene, amino acid, citric acids and molic acid, volatile compounds such as linalol, benzylisothiocynate, 2, 6-dimethyl-3, 6 expoxy-7 octen-2-ol. Alkaloids and glucosides (Bruneton, 1999). The energy value of papaya is 200 kJ/100 g. The main sugars include glucose (29.8 g/100 g), fructose (21.9 g/100 g), and sucrose (48.3 g/100 g). About 100 g of fresh fruit endows with 108 mg of ascorbic acid; which is higher than oranges (67 mg/100 g of fresh fruit) (Lim et al., 2007).
Pectin, extracted mainly from papaya fruits for as in gelling agent, increases viscosity in intestinal tracts, reducing cholesterol absorption from bile or food thus reducing overall blood cholesterol levels. Pectin is further degraded by microorganisms releasing short chain fatty acids that also have prebiotic effect in the large intestines and colon (Srivastava and Malviya, 2011). 
In seeds many nutrients and phytochemicals such as fatty acids, crude proteins, crude fibre, papaya oil, carpaine, benzylisothiocynate, benzylglucosinolate, glucotropacolin, benzylthiourea, hentriacontane, β-sistosterol,caricin and enzyme nyrosin are found to be present (Yogiraj et al., 2014).
Roots of the plant possess Carposide and enzyme myrosin and the presence of  β-sitosterol, glucose, fructose, sucrose and xylitol in barks was also confirmed in a study by Boshra and Tajul (2013).
[bookmark: _Toc20997778]2.2 Medicinal use of papaya leaf
Different parts of papaya tree (latex, seed, leaf, root, stem, bark and fruit) retain various biologically active compounds which may result in many pharmacological actions and medicinal uses papaya extracts. They have been used as traditional medicine for the treatment of various diseases. 
[bookmark: _Toc20997779]2.2.1 Digestive health and celiac disease elimination
Four types of proteases are present in papaya, papain, chymopapain A and B, glycyl endopeptidase, and caricain. These form 69–89% of its total protein content These proteases find wide application in medicine and the food industry (Barrett et al., 1998).
Papain from papaya, is a complex of various enzymes that have proteolytic, amylolytic, and weak lipolytic activity. It serves as an effective digestive aid by breaking down of proteins. Besides, it has an action similar to that of pepsin in gastric juice. Celiac disease is an immune-mediated enteropathy of the small bowel where the absorption of nutrients are affected by an immune response against cereal-derived proteins in the small intestine that leads to metabolic complications (Strauch and Cotter, 2011). It is observed that celiac activity of gluten was eliminated by glutamine cyclotransferase that is present in crude papain (Cornell and Stelmasiak, 2007).
[bookmark: _Toc20997780]2.2.2 Antimicrobial property
Antimicrobial activity against a wide range of bacteria has been documented from the fruit and the seed of papaya (Krishna, 2008). Aqueous extract of papaya was reported to exhibit not only antimicrobial activity but also encouraged therapeutic effect in healing wounds in diabetic rats (Nayak et al., 2007). Both the seed and pulp were reported to show bacteriostatic properties against several enteropathogen such as Bacillus subtilis, Salmonella typhi, Staphylococous aureus, Proteus vulgaris, Pseudomonas aeruginosa and Klebsiella pneumoniae (Osato et al., 1993). The seeds of papaya shows antimicrobial activity against Trichomonas vaginalis tropozoites but a careful use is suggested because of its possible toxicity (Calzada et al., 2007).  
[bookmark: _Toc20997781]2.2.3 Antioxidant potential
Papaya leaves and fruits are rich source of ascorbic acid, carotene and vitamin E (Boshra and Tajul, 2013). Vitamin C is an electron donor, and as an electron donor, vitamin C is a potent water-soluble antioxidant (Padayatty et al., 2003). Carotene, vitamin C and vitamin E act as protective antioxidant that give protection against cancer (Byers and Perry, 1992). Reports revealed that fermented papaya preparation has natural antioxidant activity which is able to prevent lipid oxidation (Rimbach et al., 2000).
[bookmark: _Toc20997782]2.2.4 Antidiabetic activity:
In a recent epidemiological studies it was envisaged that supplementation of fermented papaya preparation administered orally has the ability to produce a considerable decline in plasma sugar level of both healthy persons as well as in patients with type-II diabetes with the improvement in lipid profile (Danese, 2006). 
[bookmark: _Toc20997783]2.2.5 Anti-inflammatory and immunemodulatory effects
Papaya seed extract had been found to have immunemodulatory and anti-inflammatory activities in a study by Mojica‐Henshaw et al. (2003). Fermented papaya preparation exerts both immunomodulatory and antioxidant action since it regulates the interferon induced nitrous oxide which takes part in the immune defense system of a host against bacteria and viruses (Rimbach et al., 2000). The anti-inflammatory effects of papaya had been established in a study where the ethanolic extract of papaya leaves significantly reduced paw edema and granuloma (Owoyele et al., 2008).
[bookmark: _Toc20997784]2.2.6 Dengue and malaria treatment
Malaria is one of the most prevalent disease which has been reported to be cured effectively by papaya leaves as papaya leaves contains alkaloids and quinine in alkaloids are antimalarial agent (Pierre et al., 2011). Dengue fever which is the most up-and-coming viral disease has reported to be effectively treated using papaya leaves (Ahmad et al., 2011).
[bookmark: _Toc20997785]2.3 Probiotics
Probiotics are mono or mixed culture of live microorganisms administered through the digestive tract that beneficially affect the host's health (Kabir, 2009a).  Probiotics act by maintaining normal intestinal microflora by competitive exclusion and antagonism, altering metabolism by increasing digestive enzyme activity and decreasing bacterial enzyme activity and ammonia production, improving feed intake and digestion (Apata, 2008; Kabir, 2009b). The mode of action of probiotics in poultry also includes lowering gut pH, producing bacteriocins, lysozyme and peroxides, and stimulate the immune system (Panda et al., 2006). Microorganisms used in animal feed are mainly bacterial strains belonging to different genera and the most common of which are Lactobacilli, Bacilli, Streptococci, Bifidobacterii and Sacharomcyces varieties. Some probiotic microorganisms are normally resides in the digestive tract, while others are not (Guillot, 2001).
[bookmark: _Toc20997786]2.3.1 Lactobacillus
The most well-known group of probiotics are lactic acid bacteria. These are mostly Lactobacillus bulgaricus, Lactobacillus acidophilus, Lactobacillus casei, Lactobacillus helveticus, Lactobacillus lactis, Lactobacillus salivarius, Lactobacillus plantarum (Kabir, 2009). It has been shown that lactic acid bacteria produced lactic acid in vitro which is used by the strictly anaerobic butyrate producing bacteria such as Clostridium and produced large concentrations of butyric acid (Duncan et al., 2004). This mechanism is called cross-feeding and that’s why lactic acid bacteria administration can beneficially affect the performance facilitating butyric acid production (Huyghebaert et al., 2011). Lactobacillus is also found in competitive exclusion of organisms such as the Salmonella, Campylobacter, Listeria, Enterococci and E. coli from the intestine of the domestic fowl (Edens, 2003). A study revealed that Lactobacillus bulgaricus when added in broiler diets significantly improved growth performance, increased nutrient digestibility and stimulated humoral immune response (Apata, 2008).
[bookmark: _Toc20997787]2.3.2 Saccharomyces
Saccharomyces are single-celled yeast that have a potential due to its improvement effect on performance as probiotic feed additive for poultry (KATOCH et al., 2003) . Kabir (2009) reported that, adding a live yeast into laying hens diet improved feed intake and feed conversion ratio. They also have characteristics effect on modulation of intestinal microflora and pathogen inhibition (Hassanein and Soliman, 2010). 
An experiment by Yoon and Stern (1996) on  in vitro effects of strains of Saccharomyces cerevisiae on the activity of anaerobic rumen microorganisms revealed that they stimulate the growth of some anaerobic bacteria, including the cellulolytic and the lactic acid utilizing bacteria. 
It has been reported that Saccharomyces cervisiae supplementation of broilers had significantly increased the body weight gain, feed consumption and feed conversion efficiency (Shareef and Al-Dabbagh, 2009). The beneficial effect of Saccharomyces cerevisiae is because it is a naturally rich source of proteins, minerals and B-complex vitamins (Hassanein and Soliman, 2010).
[bookmark: _Toc20997788]2.4 Effects of probiotics in broiler nutrition 
In broiler nutrition, probiotic species belonging to Lactobacillus, Streptococcus, Bacillus, Bifidobacterium, Enterococcus, Aspergillus, Candida, and Saccharomyces have a beneficial effect on broiler performance. The addition of probiotics to the diet has been found to improve growth performance, feed conversion in broilers and reduction in mortality in several studies (Jin et al., 1997; Yeo and Kim, 1997; Kumprecht, 1998).
[bookmark: _Toc20997789]2.4.1 Evaluating probiotic effects on growth performance
Studies on the beneficial impact on poultry performance have indicated that probiotic supplementation can have positive effects. A study by Kabir et al. (2004) that the live weight gains were significantly (P<0.01) higher in experimental birds as compared to control. Many other investigation supported this result who demonstrated increased live weight gain in probiotic fed birds such as Lactobacillus (Jin et al., 1998; Kamruzzaman et al., 2005; Timmerman et al., 2006; Mountzouris et al., 2007). Huang et al. (2004) demonstrated that probiotics inactivated by a high-pressure homogenizer, have positive effects on the production performance of broiler chickens when used at certain concentrations. Nevertheless, Saccharomyces cerevisiae as a dietary probiotic had shown no overall weight gain difference. Although in a study, it was recorded that mean values of giblets, hot dress weight, cold dress weight and dressing percentage were significantly (P<0.05) higher for probiotic (Lactotobacillus-Saccharomyces) fed broilers (Mahajan et al., 1999). 
[bookmark: _Toc20997790]2.4.2 Evaluating probiotic effects on meat quality
While evaluating the effects of probiotics on the sensory characteristics and microbiological quality of dressed broiler meat, Kabir et al. (2005) reported that supplementation of probiotics in broiler ration improved the meat quality both at prefreezing and postfreezing storage. Mahajan et al. (1999) stated that the scores for the sensory attributes of the meat balls appearance, texture, juiciness and overall acceptability were significantly (P<0.001) higher and those for flavour were lower in the probiotic (Lactobacillus-Saccharomyces) fed group and their meat had lower total viable count as compared to the meat obtained from control birds. An investigation on the effects of Saccharomyces cerevisiae cell components on the meat quality showed that meat tenderness could be improved by the whole yeast or Saccharomyces cerevisiae extract (Zhang et al., 2005). On the other hand, Loddi et al. (2000) reported that neither probiotic nor antibiotic affected sensory characteristics (intensity of aroma, strange aroma, flavor, strange flavor, tenderness, juiciness, acceptability, characteristic color and overall aspects) of breast and leg meats. 
[bookmark: _Toc20997791]2.4.3 Evaluating probiotic effects on immune response
The dynamics of probiotics on immune response of broilers were reported significantly higher antibody production (P<0.01) in experimental birds as compared to control ones (Kabir et al., 2004). They also demonstrated that the differences in the weight of spleen and bursa of probiotics and conventional fed broilers could be attributed to different level of antibody production in response to sheep red blood cell. Haghighi et al. (2005) demonstrated that administration of probiotics enhances serum and intestinal natural antibodies to several foreign antigens in chickens. On the other hand, Dalloul et al. (2005) examined the effects of feeding a Lactobacillus-based probiotic on the intestinal immune responses of broiler chickens over the course of an Eimeria acervulina infection and they demonstrated that the probiotic continued to afford some measure of protection through immune modulation despite a fairly overwhelming dose of E. acervulina. Simultaneously, several investigators demonstrated the potential effect of probiotic on immunomodulation (Mathivanan and Kalaiarasi, 2007; Zulkifli et al., 2000; Matsuzaki and Chin, 2000). On the other hand, Midilli et al. (2008) showed the ineffectiveness of additive supplementation of probiotics on systemic immunoglobin G.
[bookmark: _Toc20997792]2.5 Effects of papaya on broiler
A study by Adeyemo and Akanmu (2012) to determine the effects of papaya leaf meal on broiler performance and carcass characteristics showed that papaya leaf meal improves body weight gain, feed intake and feed conversion ratio. The effects of neem and pawpaw leaf meal on blood profile of broiler were investigated by Akaninu and Adeyemo (2012) where it was found that there was an increase in total serum protein and globulin compared to control although albumin, cholesterol, aspartate transaminase and alanine transaminase showed no significant difference. A study by Bolu et al. (2009) showed that dried papaya seeds in broiler resulted in higher body weight gain, feed intake and feed conversion compared to control. A study showed that feeding sun dried pawpaw leaves increased weight gain and FCR numerically and increased feed intake significantly (Unigwe and Okorafor, 2014). A study by Nwangwa and Ekhoye (2013) on anti-hyperlipidemic activity of aqueous extract of papaya seeds showed significant reduction in serum cholesterol, LDL and triglycerides whereas it increased HDL significantly.
[bookmark: _Toc20997793]2.6 Summary
It was observant from this above discussion that both papaya leaves and probiotics have beneficial effects on broiler production. But in none of these researches, papaya leaves were fermented with probiotics and used in broiler. So in this research both of this two beneficial natural growth promoters are combined together to observe its effect on growth performance carcass characteristics, serum parameters and meat quality in broiler and also a comparison with the dry papaya leaves and control using different concentration is conducted to observe which preparation and concentration give better result.


[bookmark: _Toc15079028][bookmark: _Toc20997794]CHAPTER-III: MATERIALS AND METHODS
[bookmark: _Toc15079029][bookmark: _Toc20997795]3.1 Study area
The study was conducted at Chattogram Veterinary and Animal Sciences University (CVASU), Khulshi, Chattogram, Bangladesh. The experimental poultry shed under the Department of Animal Science and Nutrition was used for animal trial and different analysis were conducted in Department of Physiology Biochemistry and Pharmacology and PRTC laboratories of CVASU.
[bookmark: _Toc20997796]3.2 Study period and climatic condition
The overall research was conducted from August, 2018 to March, 2019. The weather of Chattogram is characterized by tropical monsoon where the dry winter season from December to February, the pre-monsoon hot summer season from March to May, monsoon season from mid-May to September, the post-monsoon autumn season from October to November (Climate Report, 2016). The animal trial was conducted avoiding extreme weather condition.
[bookmark: _Toc20997797]3.3 Preparation of leaf meal
[bookmark: _Toc20997798]3.3.1 Collection of leaves
[image: ]Fresh, mature and healthy Carica papaya leaves were collected from different locality of Chattogram from 2nd August to 17th August. The leaves were then checked and left for shed drying at 27-28°C temperature for until the moisture dried out within 4-5 days.[bookmark: _Toc15130595][bookmark: _Toc15131957][bookmark: _Toc15132180][bookmark: _Toc15159145]Figure 1. Collected papaya leaves

[bookmark: _Toc20997799]3.3.2 Grinding and storage of leaves
The air-dried leaves were ground using electrical grinder using 20,000 rotation per minute. The particle size of the ground leaf was fine enough to be mixed easily and uniformly with the basal feed. The ground leaf meal was then stored in airtight container at a temperature of 4°C until use.
[bookmark: _Toc20997800]3.4 Preparation of probiotic
[bookmark: _Toc20997801]3.4.1 Collection of yoghurt sample
For isolation of microorganisms, 5 commercial yoghurt samples were collected from local market. The samples were examined for the presence of Lactobacillus spp. and Saccharomyces Spp.
[bookmark: _Toc20997802]3.4.2 Isolation of Lactobacillus
[image: ]For the purpose of isolating bacteria, deMan, Rogosa and Sharpe agar (Lactobacillus MRS Agar, Ref: M641-500G, HiMedia® Laboratories Pvt. Ltd., India) was used which supports the luxuriant growth of all Lactobacilli from dairy products (Black, 2018). The agar was prepared using the given direction from the company (67.15 grams in 1000 ml of distilled water) which was then heated till dissolve and then autoclaved (Autoclave Digital, Model: LAT-105, Labnics® Equipment, USA) at a temperature of 121°C for 15 minutes with a pressure of 15lbs. Then the media was poured in sterile petridishes within laminar air flow (Laminar Flow Cabinet, Model: JSCB-900SL, Labnics® Equipment, USA). From each yoghurt sample, sticking were done on the plates and incubated (General Incubator, Model: LGI-150T, Labnics® Equipment, USA) at a temperature of 37°C for 24-48 hours. Lactobacillus were found to grow in the media plates.[bookmark: _Toc15130596][bookmark: _Toc15131958][bookmark: _Toc15132181][bookmark: _Toc15159146]Figure 2. Lactobacillus isolation

[bookmark: _Toc20997803]3.4.3 Isolation of Saccharomyces
Potato Dextrose agar (Potato Dextrose Agar, Ref: M096-500G, HiMedia® Laboratories Pvt. Ltd., India) was used to facilitate the growth of Saccharomyces. Sharply 39 g of agar powder was suspended in 1000 ml of distilled water, heated up to boiling and then sterilized in the autoclave at 121°C temperature for 15 minutes with 15lbs pressure. The media were poured in sterile petridishes under laminar air flow. Yoghurt samples were spread on agar plates and incubated for 48 hours. After incubation, yeast colony were observed on the potato dextrose agar (PDA) plates.

[bookmark: _Toc20997804]3.4.4 Determination of Lactobacillus and Saccharomyces concentration in yoghurt
[image: ]To determine the concentration of bacteria in yoghurt, ten-fold serial dilution and plate count technique were performed. For serial dilution, 10 sterile test tubes were taken and numbered sequentially. 10 ml of Phosphate Buffer Solution (PBS) was taken in each test tube. Then 1 ml of yoghurt was taken in 1st test tube, mixed well and from that mixture, 1 ml of diluent was taken and mixed with 2nd test tube. The same procedure was followed for the rest of the test tubes. And finally, from 10th test tube, 1 ml diluent was discarded. 100 µl of mixture solution from each test tube was poured in MRS agar plates for Lactobacillus and PDA agar plates for Saccharomyces and incubated for 24 and 48 hours, respectively. The growth in agar plates were counted in colony counter (Model: SC6+, Stuart® Equipment, UK) and the concentration was expressed by colony forming unit (CFU) per ml of yoghurt.[bookmark: _Toc15130597][bookmark: _Toc15131959][bookmark: _Toc15132182][bookmark: _Toc15159147]Figure 3. Serial dilution of yoghurt sample

[bookmark: _Toc20997805]3.4.5 Culture of Lactobacillus and Saccharomyces for probiotic
Lactobacillus sp. was cultured in MRS broth (Lactobacillus MRS Broth Ref: M369-500G, HiMedia® Laboratories Pvt. Ltd., India). The media was prepared dissolving 55.15 grams of media in 1000 ml of distilled water and then heated till boiling. After that, the broth was autoclaved at 15 lbs pressure using 121°C temperature for a period of 15 minutes. After cooling, 2-3 colonies of bacteria were taken and inoculated in the broth. The broth was then incubated at 37°C for 24 hours in the shaking incubator (Model: LBSI-100A, Labnics® Equipment, USA) to nourish the growth of the bacteria.
The culture of Saccharomyces spp. was performed using yeast malt extract broth (Yeast Malt Broth, Ref: M425-500G, HiMedia® Laboratories Pvt. Ltd., India). Around 10.5 grams of broth powder were suspended in 490 ml of distilled water which was then autoclaved at 121°C for 15 minutes. Followed by cooling, 2-3 colonies were inoculated in the broth and then it was incubated in the shaking incubator at 37°C for 48 hours to facilitate the growth of yeast.

[bookmark: _Toc20997806][image: ]3.4.6 Determining concentration of microorganisms in probiotic culture
The concentration of Lactobacillus sp. and Saccharomyces sp. in probiotic was determined using ten-fold serial dilution method as described earlier. It was detected whether there is desirable amount of microorganisms in the cultures probiotics or not.[bookmark: _Toc15130598][bookmark: _Toc15131960][bookmark: _Toc15132183][bookmark: _Toc15159148]Figure 4. Bacterial colony count


[bookmark: _Toc20997807]3.4.7 Stocking of probiotic culture
Lactobacillus sp. was stocked for further use by taking 700 µl of cultured broth and mixing it with 300 µl of 50% glycerol in a cryovial. To stock Saccharomyces spp., again, 50% glycerol was used in cultured YM broth at a ratio of 3:7. Glycerol was used as a cryo-protector (Brialy et al., 1995). After a gentle mixing, the vials were preserved at -80°C in the freezer (Esco®, Model: UUs-4398-1, USA).
[bookmark: _Toc20997808]3.5 Probiotic incorporated with papaya leaf
A mixture of 30% papaya leaf, 35% DDGS (Distiller’s dried grains with solubles, Prodigy Foods Ltd., India) and 35% DFRB (Defatted Rice Bran, Yess Agro Products, India) were prepared and homogenized in a sterile jar. A 100 ml culture of Lactobacillus and 100 ml culture of Saccharomyces with sufficient amount of distilled water were added with the mixture and the preparation was incubated in the shaking incubator for 72 hours. After incubation, the concentration of microorganisms in fermented leaf was determined using ten-fold serial dilution and plate count.
[bookmark: _Toc20997809]3.6 Layout of the experiment
The layout of the experiment is presented in Table 3. For the experiment, a total of 135 birds was collected and randomly distributed in completely randomized design with following treatments: C as control, D1 (basal diet with 0.5% dry leaf supplement), D2 (basal diet with 1.0% dry leaf supplement), F1 (basal diet with 0.5% probiotic fermented leaf supplement) and F2 (basal diet with 1.0% probiotic fermented leaf supplement). Each treatment consisted of 3 replications.


[bookmark: _Toc15216351]Table 3. Layout of the experiment
	Dietary treatment groups
	Replications
	No. of birds per replication
	No. of birds per treatment

	
C=Control (Basal diet)
	R1
R2
R3
	9
9
9
	27

	D1 = 0.5% dry leaf (Basal diet +0.5% dry leaf supplement on DM basis)
	R1
R2
R3
	9
9
9
	27

	D2 + 1.0% dry leaf (Basal diet +1.0% dry leaf supplement on DM basis)
	R1
R2
R3
	9
9
9
	27

	F1 =0.5% fermented leaf (basal diet + 0.5% fermented leaf supplement on DM basis)
	R1
R2
R3
	9
9
9
	27

	F2 + 1.0% fermented leaf (basal diet + 1.0% fermented leaf supplement on DM basis)
	R1
R2
R3
	9
9
9
	27

	Total
	
	
	135



[bookmark: _Toc20997810]3.7 Preparation of the shed
While preparing the poultry shed, first it was cleaned and washed thoroughly with tap water and caustic soda using brushes and scrapers. All the cages, brooding boxes, corners, ceiling, feed storing racks and fans were given extra attention to. Then the shed was disinfected spraying 0.5% (v/v) phenyl solution. The house was left for a week to completely dry out. The house was then fumigated using formalin (40% formaldehyde) and potassium permanganate and left for 24 hours. During fumigation, it was make sure that the room was completely sealed. At the entrance of the shed a footbath containing 1% potassium permanganate solution was placed and the solution was changed daily. Lime was spread around the shed to maintain strict biosecurity of the shed. Feeder and drinkers were cleaned using water, detergent followed by 0.3% potassium permanganate solution. 


[bookmark: _Toc20997811][image: ]3.8 Collection of birds[bookmark: _Toc15130599][bookmark: _Toc15131961][bookmark: _Toc15132184][bookmark: _Toc15159149]Figure 5. Initial weight recording

A total of 135, unsexed day old chicks Ross-308®) was collected from Nahar Agro Group Limited. Soon after arrival, the birds were checked for abnormalities. After that they were weighed to maintain the uniformity among each replications of the treatment groups. The average initial weight of chick was recorded 41.71±0.05g. Dextrose water was supplied to the chicks after weighing to recover the stress from transportation.
[bookmark: _Toc20997812]3.9 Management
[bookmark: _Toc20997813]3.9.1 Brooding
[image: ]The chicks were brooded in individual brooding pen. During brooding, the provided temperature was at 95°F, 90°F, 85°Fand 80°F at 1st, 2nd, 3rd and 4th week respectively. The temperature was maintained using 100W and 60W electrical bulbs and ceiling fans. The temperature was recorded placing a thermometer within the brooding cage. While brooding, the given floor space per bird was about 0.15 square feet and newspapers were used as litter, which was changed routinely. Separate feeder and drinker were used for every brooding cage. [bookmark: _Toc15130600][bookmark: _Toc15131962][bookmark: _Toc15132185][bookmark: _Toc15159150]Figure 6. Brooding of the chicks

[bookmark: _Toc20997814]3.9.2 Housing
[image: ]The birds were housed in well-ventilated, wire-floored, closed cages. Each cage was checked for any loose wire which could cause injury to the birds. The floor space per cage was 3.5 ft ×1.63 ft where 9 birds were housed allowing 0.63 square ft floor space per bird. Each cage was provided with drinker and drinker to ensure ad-libitum supply of feed and free access to water. [bookmark: _Toc15130601][bookmark: _Toc15131963][bookmark: _Toc15132186][bookmark: _Toc15159151]Figure 7. Housing of the birds

[bookmark: _Toc20997815]3.9.3 Feeding and watering
The birds were supplied with ready-made feed from a renowned feed company (C.P. Bangladesh Co. Ltd., Bangladesh). While purchasing, the freshness of the product and its expiry date were checked. Two different diets for two different growth stages to meet the body requirement of the birds. Starter ration was offered from day 0 to day 14 and grower ration was offered from day 15 to day 28. The nutritive value of the diets is presented in Table 4. The supplements were mixed uniformly with the feed before feeding to the birds. In Control, only basal diet was offered. In treatment groups, 0.5% dry leaf supplement (D1), 1.0% dry leaf supplement (D2), 0.5% probiotic fermented leaf supplement (F1) and 1.0% probiotic fermented leaf supplement (F2) on dry matter basis were mixed with basal diet. Feed and water were supplied ad-libitum to all groups of birds in three different times in a day (7.00, 14.00 and 21.00 o’clock) throughout the experimental period. For first two weeks feed was offered in round feeder which was replaced by line feeder in next two weeks. Fresh drinking water was supplied to the birds in round drinker with a capacity of 1.5 liters. The nutritional value of the feed are given in Table 4.
[bookmark: _Toc15216352]Table 4. The nutritional value of basal diet (CP feed)
	Chemical Composition
	Type of a diet/Age of chicken (days)

	
	Starter (1 – 14)
	Grower (15 – 28)

	DM (%)
	90.00
	90.00

	ME (Kcal/kg)
	3050.00
	3100.00

	Crude protein (%)
	21.50
	20.00

	Crude fiber (%)
	5.00
	5.00

	Fat (%)
	3.00
	3.50

	Calcium (%)
	0.80
	0.70

	Phosphorus (%)
	0.50
	0.40

	Lysine (%)
	1.25
	1.20

	Methionine (%)
	0.50
	0.45


Source: CP Feed Limited
[bookmark: _Toc20997816]Estimated chemical composition of the treatments
The chemical composition of the treatments are presented in Table 5. Results showed that dry papaya leaf contains slightly higher protein, more ether extract and ash content. The probiotic fermented supplement have higher amount of fibre because it contains DDGS and DFRB.
[bookmark: _Toc15216355]Table 5. Chemical composition of given supplements
	Components on dry basis
	Dry papaya leaf supplement
	Probiotic fermented supplement

	Moisture (%)
	11.20
	13.10

	Crude protein (%)
	25.55
	25.38

	Crude fibre (%)
	10.74
	17.26

	Ether extract (%)
	6.42
	5.60

	Total ash (%)
	13.14
	12.20



[bookmark: _Toc20997817]3.9.4 Vaccination and medication
All the birds were routinely vaccinated against Newcastle Disease (ND) and Infectious Bursal Disease. The vaccines were purchased from Division Livestock Office and transported in icebox to maintain the quality and function. Vaccination was performed early in the morning to reduce the stress. No medication or antibiotic was provided with the feed.
[bookmark: _Toc15216353]Table 6. Vaccination schedule
	Age of birds
	Name of diseases
	Name of the vaccine
	Route of administration

	4th day
	New Castle Disease
	BCRDV (Live)
	One drop in one eye

	12th +18th day
	Infectious Bursal Disease
	IBD
	One drop in one eye

	21th day
	New castle Disease
	BCRDV (Booster)
	One drop in one eye



[bookmark: _Toc20997818]3.10 Determination of growth parameters
While measuring growth parameters, the body weight was recorded per replication on weekly basis. The final body weight was recorded at the last day of the experiment. In addition, feed consumption for each replication was determined by deducting the feed residue from supplied feed. Feed conversion was calculated as the weight of feed consumed divided by body weight gain. 
[bookmark: _Toc20997819]3.10.1 Live weight gain
The live weight was measured by weighing in digital weight balance. The live weight gain is calculated from the difference between live weight and initial weight. The weight gain per day was calculated using following formula:

[bookmark: _Toc20997820]3.10.2 Feed intake
Feed intake is determined by subtracting the refusal feed collected every morning before supplying of feed from the weighed feed provided to the birds for ad-libitum feeding. The average daily feed intake was calculated using the formula:

[bookmark: _Toc20997821]3.10.3 Feed conversion ratio (FCR)
The feed conversion ratio was determined as average daily feed intake divided by average daily gain.
[bookmark: _Toc20997822]3.11 Evaluation of carcass characteristics
At the end of 28 days trial, 3 birds from each replication were randomly selected and the weight of the birds were recorded. Then the birds were sacrificed severing jugular vein and carotid artery and left for bleeding. After completion of sufficient bleeding, the skin with feather was removed by using scissors, knives and hand force. The birds were eviscerated, heads and feet were removed. While dressing the carcass, the technique was performed following the standard described by Jones (1984). After dressing, dressed carcass was measured to determine the dressed weight. Different cuts of meat such as breast, thigh, and drumstick were also weighed. All visceral as well as lymphatic organs weight such as liver, spleen, bursa and intestine were recorded. Abdominal fat weight, total yield of thigh and breast meat were also measured. 
[image: ][image: ][image: ][image: ][image: ][image: ][bookmark: _Toc15130604][bookmark: _Toc15131966][bookmark: _Toc15132189][bookmark: _Toc15159156]Figure 10. Separating different parts
[bookmark: _Toc15130603][bookmark: _Toc15131965][bookmark: _Toc15132188][bookmark: _Toc15159157]Figure 9. Weighing of dressed carcass 
[bookmark: _Toc15130602][bookmark: _Toc15131964][bookmark: _Toc15132187][bookmark: _Toc15159152]Figure 8. Dressing of carcass 
[bookmark: _Toc15130607][bookmark: _Toc15131969][bookmark: _Toc15132192][bookmark: _Toc15159153]Figure 13. Weighing intestine
[bookmark: _Toc15130606][bookmark: _Toc15131968][bookmark: _Toc15132191][bookmark: _Toc15159154]Figure 12. Weighing liver
[bookmark: _Toc15130605][bookmark: _Toc15131967][bookmark: _Toc15132190][bookmark: _Toc15159155]Figure 11. Weighing leg


[bookmark: _Toc20997823]3.12 Biochemical analysis
The blood of two birds from each replication was collected in 5 ml syringe using 23 Gauge needle. The blood was immediately transferred to vacutainers containing clot activator. The vacutainers were centrifuged at 3000 rpm for about 20 minutes to separate the serum from blood. The separated serums were then separated using micropipette and collected in eppendorf tube. The serums were then stored in freezer at ‒20°C. From these serums different biochemical tests such as total cholesterol (TC), triglyceride (TG), high density lipoprotein (HDL) and low density lipoprotein (LDL) were determined using biochemical analyzer (Humalyzer 3000, Human ® Diagnostics, Germany) in the Post Graduate laboratory of Department of Animal Science and Nutrition by following the directions supplied with the kits (Randox® Laboratories limited, UK). 


[image: ][image: ][image: ]Figure 15. Biochemical analysis of serum
Figure 14. Blood collection


[bookmark: _Toc20997824]3.12 Proximate Analysis of meat
Samples from both breast and thigh meat were collected in plastic zipper bag and stored in freezer at -20°C. From these samples, chemical analysis was performed according to the standardized formula by AOAC International (2006). The analysis of proximate components was carried out in the Nutrition Laboratory under the Department of Animal Science and Nutrition, CVASU, to determine the dry matter (DM), Crude protein (CP), crude fiber (CF) ether extract (EE) and total ash (TA) of meat sample.
Briefly, the moisture and ash were determined using weight difference method. Fibre content was estimated from the loss in weight of the crucible and its content on ignition. The nitrogen value, which is the precursor for protein of a substance, was determined by micro Kjeldahl method, involving digestions (Model: FoodALYT SBS-800, Omnilab®, Germany), distillation (Model: FoodALYT D-1000, Omnilab®, Germany) and finally titration of the sample. The nitrogen value was converted to protein by multiplying a factor of 6.25. Ether extract (crude fat) was determined by the Soxhlet apparatus (Solvent extractor, Model: SER-148, Velp® Scientifica, Italy). All the proximate values are presented in percentage. The sum of total crude protein, ether extract, crude fibre and total ash was subtracted from 100. Total ash content was determined by heating the ground material in a dry crucible on a low flame and then it was heated in muffle furnace at 600C for 3- 4 hours. 



[image: ][image: ][image: ]Figure 18. Titration of
                  CP estimation
Figure 16. Weighing of 
                   sample
Figure 17. Digestion for 
                  CP estimation

[image: ][image: ][image: ]
[bookmark: _Toc15130613][bookmark: _Toc15131975][bookmark: _Toc15132198][bookmark: _Toc15159163]Figure 21. Estimation of Ash
[bookmark: _Toc15130615][bookmark: _Toc15131977][bookmark: _Toc15132200][bookmark: _Toc15159165]Figure 20. Estimation of EE
Figure 19. Estimation of 
                  CF



[bookmark: _Toc20997825]3.13 Oxidative rancidity of meat
The oxidative rancidity of meat was determined by measuring the thiobarbituric acid reactive substances (TBARS) through spectrophotometer according to the method of Ke et al. (1984). TBARS were determined from fresh breast meat samples as well as from the same samples stored at 4°C for 1st, 2nd, and 3rd weeks. Therefore, oxidative rancidity of meat was assayed by detecting the increase in TBARS value per week at 4°C. To determine TBARS, 4 g of meat sample was taken in a open mouthed test tube with which 10 ml of solution 1 consisting of 20% trichloroacetic acid in 2M phosphoric acid were added. Then 10 ml distiller water was added to dilute it. After that the sample was blended with a homoginizer (Model: SR-30, Medline Scientific Ltd., UK) the slurry was filtered using Double Rings-102 filter paper with medium speed. 2ml of filtrate was taken and mixed with 2 ml of solution-2 consisting of 0.005 M of 4,6 dihydroxi-2-mercaptopyridine in distiller water. The test tubes are then put in the water bath (Digital Pricise Water bath®, Model: WB-22, Witeg, Germany) of 80°C for 30 minutes. After 30 minutes, the test tubes are removed and kept at room temperature until cooling. The absorbance of the solution was then measured by spectrophotometer (Model: U-2900, Hitachi® Ltd, Japan)  with a wavelength of 530 nm. The value of TBARS was expressed as micromoles of malondialdehyde (MDA) per 100 g of meat.
[image: ][image: ]
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[bookmark: _Toc15130616][bookmark: _Toc15131978][bookmark: _Toc15132201][bookmark: _Toc15159166]Figure 22. Determination of TBARS value from meat sample


[bookmark: _Toc20997826]3.14 Cost benefit analysis
While measuring cost benefit analysis, the total cost of production per bird and the selling price of bird were measured. The total profit was calculated by deducting the total cost from selling price.
[bookmark: _Toc20997827]3.15 Data collection
The initial body weight of the chicks was recorded soon after arrival. A record of the data of weight gain, feed intake, FCR was kept at weekly interval. Different parameters of carcass characteristics and biochemical analysis were recorded at 4th week. The results of proximate analysis were recorded. The oxidative stability of meat were calculated in 4 consecutive weeks and the results were recorded.
[bookmark: _Toc20997828]3.15 Statistical analysis
After collection, all the data were entered into MS Excel (Microsoft Office Excel-2013, USA) and analyzed by using the General Linear Model (GLM) procedure of SAS Institute Inc. (2003). Means showing significant differences were compared by Duncan’s New Multiple Range Test. The level of statistical significance was accepted at P<0.05.


[bookmark: _Toc20997829]CHAPTER-IV: RESULTS
The aim of this chapter is to present the findings of the assessment of dietary effects of dry and probiotic treated Carica papaya leaf on growth performance, carcass characteristics, biochemical parameters, meat quality and oxidative stability in Ross-308 broiler. The recorded findings with statistical analysis are represented under different sections of this chapter.
[bookmark: _Toc20997830]4.1 Concentration of organisms in probiotics:
The concentration of Lactobacillus and Saccharomyces in probiotic culture after grown for 48 hours presented in Table 7 showed that the concentrations had increased compared to the concentration in yoghurt.
[bookmark: _Toc15216354]Table 7. Concentration of microorganisms in probiotics
	Microbes
	Concentration in yoghurt (CFU/ml)
	Concentration in Probiotics (CFU/ml)

	Lactobacillus Spp.
Saccharomyces Spp.
	1.6×106
4.4×107
	5.3×108
2.7×109



[bookmark: _Toc20997831]4.3 Effects on growth performance
The growth performance of different treatment groups supplied with dried and probiotic treated papaya leaf are shown in Table 8.
[bookmark: _Toc15216356]

Table 5. Dietary effects of dry and probiotic fermented papaya leaf on growth performance in broiler
	Variables
	Age of birds
	Treatments
	SEM
	P value

	
	
	C
	D1
	D2
	F1
	F2
	
	

	Live weight (g)
	Initial wt
	41.56
	41.89
	41.89
	41.63
	41.56
	0.08
	0.66

	
	1st week
	172.74
	178.81
	180.92
	181.74
	176.78
	2.76
	0.31

	
	2nd week
	389.89
	414.26
	409.78
	430.11
	408.81
	8.36
	0.13

	
	3rd week
	996.96c
	1034.07ab
	1032.63ab
	1050.93a
	1006.52bc
	8.54
	0.011

	
	4th week
	1588.51c
	1679.24a
	1600.52bc
	1660.11a
	1624.67b
	7.89
	<0.001

	ADG (g/b/d)
	1st week
	18.74
	19.56
	19.86
	20.01
	19.32
	0.39
	0.33

	
	2nd week
	31.02
	33.64
	32.69
	35.48
	33.15
	1.21
	0.29

	
	3rd week
	86.71
	88.54
	88.98
	88.69
	85.39
	2.67
	0.49

	
	4th week
	84.52bc
	92.17a
	81.13c
	87.03b
	88.31ab
	1.22
	0.002

	
	0-4th wk
	55.25c
	58.48a
	55.66bc
	57.80a
	56.54b
	0.28
	<0.001

	ADFI (g/b/d)
	1st week
	22.16
	22.25
	22.14
	22.32
	22.18
	0.11
	0.80

	
	2nd week
	50.86
	50.31
	50.75
	52.22
	52.52
	1.04
	0.58

	
	3rd week
	112.10
	106.66
	108.18
	107.00
	104.04
	2.49
	0.48

	
	4th week
	132.63
	127.32
	125.08
	128.67
	130.43
	1.77
	0.14

	
	0-4th wk
	79.44
	76.64
	76.54
	77.56
	77.29
	0.69
	0.09

	FCR
	1st week
	1.18
	1.14
	1.12
	1.11
	1.15
	0.02
	0.27

	
	2nd week
	1.64
	1.50
	1.57
	1.47
	1.59
	0.06
	0.44

	
	3rd week
	1.29
	1.20
	1.22
	1.21
	1.22
	0.02
	0.103

	
	4th week
	1.57a
	1.38c
	1.54a
	1.48b
	1.48b
	0.01
	<0.001

	
	0-4th wk 
	1.44a
	1.31c
	1.37b
	1.34b
	1.37b
	0.01
	<0.001


abc means with different superscipts in the same row differ significantly. 
Data indicated the mean value of 3 replications with 9 birds per treatment (n=27).
C=Control (Basal diet); D1=0.5% dry leaves+basal diet; D2=1.0% dry leaves+basal diet; F1=0.5% probiotic fermented leaves+basal diet; F2=1.0% probiotic fermented leaves+basal diet; g=Gram, FCR= Feed Conversion Ratio, SEM=Standard error of means. 

[bookmark: _Toc20997832]4.3.1 Live weight
Results on live weight presented in Table 8 indicated a significant (P<0.001) increase in the final live weight in all treatment groups compared to control where the highest (1679.24) weight was observed in D1 group. The weekly average live weight increased in treatment groups while comparing to the control in every week, among which a significant increase was observed in 3rd (P<0.01) and 4th weeks (P<0.001).
[bookmark: _Toc20997833]4.3.2 Average daily gain 
The data presented in Table 8 shows a significant (P<0.001) increase in overall average daily gain (ADG) in all treatment groups compared to that of control. The highest ADG was observed in Group D1 (58.48 g/bird/day) and the lowest was obtained in control group (55.25 g/bird/day). The weekly ADG first three weeks showed numerical increase in all dietary groups in contrast to control whereas in 4th week the ADG differed significantly (P<0.01) in all treatment groups in comparison to control.
[bookmark: _Toc20997834]4.3.3 Average daily feed intake 
The overall average daily feed intake (ADFI) presented in Table 8 showed no significant (P>0.05) variation among all dietary groups throughout the study period. The highest weekly ADFI in 1st and 2nd week was observed in F1 and F2 group respectively though in 3rd and 4th week, it was higher in control group which was not statistically significant (P>0.05)
[bookmark: _Toc20997835]4.3.4 Feed conversion ratio (FCR)
The feed conversion ratio tabulated in Table 8 shows that there was a significant (P<0.0001) reduction in the overall FCR in all treatment groups in comparison to control. The lowest value was observed in D1 group (1.31±0.01) followed by F1 (1.34±0.01). The weekly FCR result shows that, at 1st and 2nd week, the lowest FCR was recorded in F1 group and at 3rd and 4th week, the lowest value was found in D1. The FCR value at 4th week differed significantly (P<0.001). 
[bookmark: _Toc20997836]4.4 Carcass characteristics
Dietary effects of dry and probiotic fermented papaya leaves on different carcass characteristics have been presented in Table 9. Relative weights of different components of carcass and organs calculated as a percentage of body weight, have been sequentially described according to different treatment groups. Live weights showed a significant increase (P<0.001) in all dietary groups compared to control. The relative weight of thigh and thigh meat increased numerically in all treatment groups while comparing with control. Although other collected parts of carcass had no significant difference compared to control. The total lymphatic organs (liver, spleen and bursa) weight also showed an increase in weight in contrast to control, though the results were not significant statistically (P>0.05).
[bookmark: _Toc15216357]Table 6. Effects of dry and probiotic fermented papaya leaves on carcass characteristics and organ weight 
	Parameters
	Treatments
	SEM
	P value

	
	C
	D1
	D2
	F1
	F2
	
	

	Live weight
	1588.51c
	1679.24a
	1600.52bc
	1660.11a
	1624.67b
	7.89
	<0.001

	Dressing (% ) 
	64.39
	65.27
	64.62
	63.14
	63.67
	1.52
	0.13

	Thigh weight (%)
	17.76
	20.02
	21.51
	18.96
	19.61
	0.85
	0.17

	Thigh meat wt (%)
	13.65
	16.09
	17.26
	14.94
	14.81
	0.89
	0.57

	Breast meat wt (%)
	22.78
	22.51
	20.91
	21.89
	21.94
	1.09
	0.88

	Intestinal wt (%)
	5.19
	5.01
	4.92
	5.92
	5.49
	0.62
	0.81

	Abdominal fat (%)
	0.78
	0.75
	0.85
	0.66
	0.66
	0.22
	0.98

	Bursa wt (%)
	0.18
	0.14
	0.19
	0.24
	0.17
	0.03
	0.58

	Liver wt (%)
	2.31
	2.76
	2.42
	2.41
	2.50
	0.12
	0.25

	Spleen wt (%)
	0.07
	0.11
	0.08
	0.13
	0.12
	0.02
	0.34

	Total LO wt (%)
	2.56
	3.00
	2.68
	2.78
	2.79
	0.13
	0.36


abc means with different superscipts in the same row differ significantly. 
Data indicated the mean value of 3 replications with 1 bird per treatment (n=9).
C=Control (Basal diet); D1=0.5% dry leaves+basal diet; D2=1.0% dry leaves+basal diet; F1=0.5% probiotic fermented leaves+basal diet; F2=1.0% probiotic fermented leaves+basal diet; LO= lymphatic organs, SEM=Standard error of means. 
[bookmark: _Toc20997837]4.5 Serum parameters 
The changes in serum lipid profiles due to dry and probiotic treated papaya leaf meal on are presented in Table 10. The total cholesterol, HDL, LDL and TG contents were tested and compared between treatment groups with control.


[bookmark: _Toc15216358]Table 7. Dietary effect of dry and probiotic fermented papaya leaf on serum parameters
	Parameter
	Treatments
	SEM
	P value

	
	C
	D1
	D2
	F1
	F2
	
	

	Cholesterol (mg/dl)
	110.06
	100.07
	112.99
	108.49
	96.64
	6.92
	0.56

	HDL (mg/dl)
	16.61c
	18.77c
	23.43b
	28.28a
	17.53c
	1.10
	0.0027

	LDL (mg/dl)
	103.17a
	46.26b
	111.02a
	67.00b
	62.27b
	9.24
	0.001

	TG (mg/dl)
	69.81a
	22.2ab
	24.84ab
	13.08c
	35.01b
	4.05
	<.001


abc means with different superscipts in the same row differ significantly. 
Data indicated the mean value of 3 replications with 2 birds per treatment (n=18).
C=Control (Basal diet); D1=0.5% dry leaves+basal diet; D2=1.0% dry leaves+basal diet; F1=0.5% probiotic fermented leaves+basal diet; F2=1.0% probiotic fermented leaves+basal diet; HDL= High density lipoprotein, LDL= Low density lipoprotein, TG= Triglyceride, SEM=Standard error of means. 

[bookmark: _Toc20997838]4.5.1 Serum cholesterol level
The result reveals a figurative reduction in total cholesterol level in serum from almost all treatment groups except D1. The lowest cholesterol level was found in F2 group. 
[bookmark: _Toc20997839]4.5.2 Serum HDL level
The serum HDL level in different dietary levels in comparison with control shows statistically significant differences between treatment groups with control group (P<0.001). The HDL level increased in all treatment groups compared to control with highest value in F1. 
[bookmark: _Toc20997840]4.5.3 Serum LDL level
The comparison of concentration of LDL in serum of treatment group with control are shows that treatment D1 had the lowest level of LDL in serum. It is revealed that the LDL level reduced significantly in all treatment groups except D2 when compared to control (P<0.01). 
[bookmark: _Toc20997841]4.5.4 Triglyceride level in serum
The level of triglyceride in serum had dramatically declined in all treatment groups in contrast to control group which has statistical significance (P<0.001). The lowest value was obtained in F1 while the highest value was in control group.
[bookmark: _Toc20997842]4.6 Chemical composition of meat
Dietary effects of dry and probiotic fermented papaya leaf supplements on chemical composition of meat are represented in Table 11. 
The result shows that the moisture percentage differs non-significantly among all dietary groups in both thigh and breast meat. In thing meat, there was a significant increase in crude protein was observed in all dietary group compared to control (P<0.01). The highest value was observed in D2 group (21.18±0.15).  The ether extract increased in D1 group (6.22±0.19) compared to control although in other groups the value decreased. The total ash content possessed no significant change among all dietary groups with control
While assessing proximate composition of breast meat, it was observed that the crude protein increased in all treatment groups compared to control except D1. The highest percentage of crude protein was obtained in F2 (23.45±0.23) (P<0.01). The changes in ether extract value did not show any significant variation still the highest value was observed in D2 group (3.7±0.17). The total ash content varied non-significantly.
[bookmark: _Toc15216359]Table 8. Variation in chemical composition in dietary groups
	Meat 
	Parameters
	Treatments
	SEM
	P value

	
	
	C
	D1
	D2
	F1
	F2
	
	

	
Thigh Meat
	Moisture (%)
	73.61
	72.81
	72.99
	71.77
	72.38
	0.96
	0.78

	
	CP (%)
	19.31c
	20.24b
	21.18a
	20.01bc
	19.78bc
	0.22
	0.003

	
	EE (%)
	5.59ab
	6.22a
	4.38c
	5.30b
	4.87bc
	0.22
	0.0027

	
	Total ash (%)
	1.18
	1.07
	1.10
	1.14
	1.14
	0.04
	0.53

	
Breast meat
	Moisture (%)
	74.62
	74.05
	75.31
	74.01
	73.69
	0.47
	0.2341

	
	CP (%)
	22.05c
	21.64c
	22.34bc
	23.04ab
	23.45a
	0.26
	0.0042

	
	EE (%)
	3.08
	2.33
	3.70
	2.35
	2.32
	0.27
	0.1063

	
	Total ash (%)
	1.14
	1.13
	1.14
	1.17
	1.17
	0.06
	0.9808


abc means with different superscipts in the same row differ significantly. 
Data indicated the mean value of 3 replications with 1 bird per treatment (n=9).
C=Control (Basal diet); D1=0.5% dry leaves+basal diet; D2=1.0% dry leaves+basal diet; F1=0.5% probiotic fermented leaves+basal diet; F2=1.0% probiotic fermented leaves+basal diet; CP= Crude protein, EE= Ether extract; SEM=Standard error of means.

[bookmark: _Toc20997843]4.7 Oxidative stability of meat 
The total effects of dry and probiotic treated papaya leaves on TBARS value of breast meat of broiler kept at 4°C for 3 consecutive weeks are demonstrated in Figure 23. A significant decrease was observed on fresh meat sample as well as at rest of the weeks (P<0.05). The lowest average TBARS value was observed in D2 (74.42±7.15) treatment followed by F2 group (82.91±4.84) whereas the highest value was observed in control group (118.4±6.67).
The weekly TBARS value also exhibited significant reduction in all treatment groups from control (P<0.05). At fresh meat as well as in 2nd and 3rd week, the lowest value of TBARS was observed in D2 treatment group. However at 1st week, the lowest TBARS value was observed in F2 (18.85±7.09). The highest value of TBARS was constantly found in control group from fresh meat up to 3 consecutive weeks of refrigeration at 4°C.[bookmark: _Toc15159171]Figure 23. Weekly Thiobarbituric acid reactive substance (TBARS) value of meat in all dietary groups

abcd means with different superscipts in the same bar differ significantly. 
Data indicated the mean value of 3 replications with 1 bird per treatment (n=9).
C=Control (Basal diet); D1=0.5% dry leaves+basal diet; D2=1.0% dry leaves+basal diet; F1=0.5% probiotic fermented leaves+basal diet; F2=1.0% probiotic fermented leaves+basal diet; TBARS= Thiobarbituric acid reactive substances; MDA= Malondialdehyde; SEM=Standard error of means. 
[bookmark: _Toc20997844]4.8 Cost benefit analysis
The cost benefit analysis of the bird fed supplemented diets with dry and probiotic fermented papaya leaves in comparison with control are given in Table 12. The net profit varied significantly (P<0.001) among all dietary groups compared to control. The net profit per kg was highest in D1 group which was followed by F1. The lowest net profit per kg was found in control group.
[bookmark: _Toc15216360]Table 9. Cost benefit analysis of the bird fed supplemented diets with dry and probiotic fermented papaya leaves.
	Parameters
	Treatments
	SEM
	P value

	
	C
	D1
	D2
	F1
	F2
	
	

	Live weight (Kg)
	1.59c
	1.68a
	1.60bc
	1.66a
	1.62b
	0.01
	<.001

	Feed intake/bird (Kg)
	2.22
	2.15
	2.15
	2.17
	2.16
	0.02
	0.10

	Feed cost/bird (Tk)
	104.54
	101.92
	102.87
	105.32
	106.05
	0.92
	0.06

	Chick price (TK/bird)
	40.00
	40.00
	40.00
	40.00
	40.00
	-
	-

	Other costs (TK)
	30.00
	30.00
	30.00
	30.00
	30.00
	-
	-

	Total cost (TK)
	174.54
	171.92
	172.87
	175.32
	176.05
	0.92
	0.06

	Selling price/Kg (TK)
	130.00
	130.00
	130.00
	130.00
	130.00
	-
	-

	Selling price (Tk)
	206.51c
	218.30a
	208.07bc
	215.81a
	211.21b
	0.02
	<.001

	Net profit (Tk)
	31.96d
	46.38a
	35.20c
	40.50b
	35.16c
	0.96
	<.001

	Net profit/kg (Tk)
	20.12d
	27.62a
	21.99c
	24.39b
	21.64cd
	0.52
	<.001


abcd means with different superscipts in the same row differ significantly. 
Data indicated the mean value of 3 replications with 9 bird per treatment (n=27).
C=Control (Basal diet); D1=0.5% dry leaves+basal diet; D2=1.0% dry leaves+basal diet; F1=0.5% probiotic fermented leaves+basal diet; F2=1.0% probiotic fermented leaves+basal diet; SEM=Standard error of means. 


[bookmark: _Toc20997845]CHAPTER V: DISCUSSION
The results of the present study, conducted for investigating the dietary effects of papaya leaf both in dry and fermented form on growth performance, serum biochemistry, carcass characteristics, meat quality and oxidative stability, are discussed under this chapter. 
[bookmark: _Toc20997846]5.1 Weight gain
While measuring productive performance it was evident that dietary supplement of dry and probiotic treated papaya leaf showed positive impact on weight gain. The highest weight gain was observant in the group supplied with 0.5% of dry papaya leaf. Similar result was obtained in a study by Onyimonyi and Ernest (2009), where it was reported that in broiler, supplying papaya leaf meal at the level of 0.5%, 1.5% and 2% showed better growth compared to control. The result was also in accordance with Mahejabin et al. (2015) where it was established that higher body weight and weekly gain in weight were found using papaya, turmeric and neem extract supplement in broiler. Higher weight gain was also observed in broiler supplied with papaya leaf meal in an experiment by Oloruntola et al. (2018). The better weight gain using papaya leaf can be due to the presence of papain, chymopapain and papaya proteinase III that helps in protein digestion and thus increase the availability of free amino acids necessary for growth (Zucker et al., 1985). A study showed positive effect of papaya leaf meal on digestibility of dry matter and crude protein (Oloruntola et al., 2018). 
The average daily gain (ADG) had also significantly increased in probiotic treated papaya leaf supplemented group than control where better result was observed in the group supplied with 0.5% of fermented leaf supplementation. The experiment by Jin et al. (1998) showed improved weight gain in broiler fed Lactobacillus sp. Again, Lactobacillus aids the growth of butyric acid producing bacteria that produces butyric acid and this acids can promote growth performance in the host (Duncan et al., 2004; Huyghebaert et al., 2011). Similar result was also observed by Kalavathy et al. (2003). A study by Shareef and Al-Dabbagh (2009) showed that addition of Saccharomyces cerevisiae at a rate of 1.5, 2 and 2.5% resulted significant increase in weight gain of broiler chicks. The reason for promoting weight gain could be due to its direct nutritional effects on host body (Patterson and Burkholder, 2003). Another possible reason is that Saccharomyces cerevisiae could act as bioregulator for the intestinal micro flora and improve host defense and immune response (Line et al., 1998). The naturally derived extract from the cell wall of Saccharomyces cerevisiae, mannan oligosaccharide are responsible for these effects.
The ADG of D2 group supplied with higher amount of papaya leaf showed less growth rate compared to D1 which could be because of the presence of tannin that can be an anti-nutritional factor by binding with protein and enzymes and thus interfering with digestion (Fahey Jr and Jung, 1989).
[bookmark: _Toc20997847]5.2 Feed intake
The average daily feed intake in this study showed no significant difference between the treatment groups with control. It was found that there was a numerical decrease in feed intake among treatment groups compared to control which was in agreement with the work of Oloruntola et al. (2018) where only numerical reduction in feed intake was observed. Different scenario was observed regarding the effects of papaya leaf meal on feed intake in other experiments where feeding papaya leaf increased feed intake (Mahejabin et al., 2015; Onyimonyi and Ernest, 2009). An experiment by Salarmoini and Fooladi (2011) found that the group fed Lactobacillus acidophilus from fermented milk significantly reduced feed intake compared to that from commercial probiotic, although it had no effect on feed conversion ratio.
[bookmark: _Toc20997848]5.3 Feed conversion ratio (FCR)
The present study showed significant reduction in feed conversion ratio in all treatment groups compared to control. The lowest value was observed in D1 treatment group given 0.5% dry leaves which was followed by F1 given 0.5% probiotic fermented leaves. Similar results were also recorded in many studies on broiler fed with papaya leaf meal where the FCR significantly reduced in treatment groups compared to control (Onyimonyi and Ernest, 2009; Adeyemo and Akanmu, 2012; Mahejabin et al., 2015; Sorwar et al., 2016). The possible reason for improving FCR can be because of the enzyme papain which was proved to have a positive impact in reducing FCR (Rumokoy et al., 2016). 
A significant improvement on FCR in probiotic treated groups were observed in comparison to control. Similar results were obtained in a study where it was established that providing Lactobacillus based probiotic reduced FCR by 3.5% (Vicente et al., 2007). In another study, it was evident that supplementation of Saccharomyces in broiler significantly reduced FCR (Gil de los Santos et al., 2005).
[bookmark: _Toc20997849]5.4 Serum biochemical parameters
In this study while measuring the lipid profile, a numerical decrease in serum cholesterol was found in treatment groups compared to control. Serum LDL and triglyceride level reduced significantly with which, serum HDL level increased in all treatment groups when compared to control. In an experiment on rat, Carica papaya significantly decreased the mean level of the total cholesterol, triglyceride and LDL with significant increase in HDL in serum at the same time (Nwangwa and Ekhoye, 2013). The reason behind this can be flavonoids, saponins and tannins in papaya that influence lipid metabolism (Abolaji et al., 2007).
Oloruntola et al. (2018) reported that papaya leaf meal reduced serum cholesterol and LDL which is in accordance with the present study. Papaya contains a carotenoid lycopene which can significantly reduce serum LDL (Ried and Fakler, 2011).
In probiotic treated group, the cholesterol also reduced. Lactobacillus was found to reduce blood cholesterol in broiler in a study (Salarmoini M and Fooladi MH, 2011) which justifies the current research. It could be due to assimilation of cholesterol by Lactobacillus and reducing serum cholesterol which was proved in vitro in pig in a study by Gilliland et al. (1985). Addition of Saccharomyces cerevisiae in layer diet resulted a significant reduction in blood cholesterol in an experiment (Hassanein and Soliman, 2010). 
[bookmark: _Toc20997850]5.5 Carcass characteristics
The dressing percentage showed no significant difference among the dietary groups of the experiment. Although there was found to increase dressing percentage in dietary groups supplied with papaya leaf meal while comparing with the control that disagree with the result found in this experiment, but the liver weight differed non-significantly between control and treatment groups that agrees with this study (Onyimonyi and Ernest, 2009). The weight of different parts and visceral organs such as thigh weight, breast and thigh meat weight, abdominal fat, intestine, liver, spleen, bursa showed no significant variation between dietary groups with control. Similarities with these results was observed in a study by Adeyemo and Akanmu (2012). According to (Salarmoini M and Fooladi MH, 2011), there was no significant difference in organ weights except bursa among dietary treatments containing Lactobacillus and control.
[bookmark: _Toc20997851]5.6 Proximate analysis of thigh and breast meat
The proximate analysis showed that there was a significant increase in crude protein and ether extract percentage of meat in all dietary supplemented group compared to control. The highest CP% was found in D2 in case of thigh meat and F2 in breast meat. The enzyme papain helps in digestion of protein which may have effect on muscle protein (Krishna, KL, 2008). Also there could be a synergism between plant phytochemicals with probiotics. No significant variation was observed in moisture and total ash percentage in thigh meat and in breast meat, ether extract, total ash and moisture percentage remained unchanged.
The experiment by Pietras (2001) reported that when given probiotic (Lactobacillus acidophilus and streptococcus faecium bacteria) on the whole rearing period, the meat had significantly higher protein content, while crude fat and total cholesterol contents tended to decrease. In an investigation by Khaksefidi and Ghoorchi (2006) showed that probiotic fed chickens the leg and breast meat were higher in moisture, protein and ash content as compared to control. This can explain the increase in CP and EE percentage of thigh and breast meat in probiotic fermented papaya supplement.
[bookmark: _Toc20997852]5.7 Oxidative stability of meat
The oxidative stability of meat determined by measuring TBARS value of meat showed that the TBARS value reduced in all treatment groups compared to control. The lowest value was observed in D2 group followed by F2. Both dry and probiotic treated group with higher papaya concentration increased the oxidative stability of meat. The phenolic compounds in plant extract was proved to inhibit the development and propagation of free radical reactions by cheleting metal ions in pork (Shan et al., 2009). A study by showed that papaya seed extract can produce antioxidant activity by DPPH (2,2-diphenyl-1-picrylhydrazyl) radical scavenging, ABTS+  (2, 2'-Azino-Bis-3-Ethylbenzothiazoline-6-Sulfonic Acid) radical scavenging, reducing ferric ions, metal chelating activity and lipid peroxidation inhibition even though these activities were lower than that of grape seed extract due to less amount of flavonoids content (Sofi et al., 2016). As papaya leaf contains flavonoid, this may support the result found in the current study. Another study showed significant reduction in TBARS value with feeding citrus peels when compared to control because of the phenolic compounds in the peal (Tumbas et al., 2010). Antioxidant properties of phenolic compounds were also evident in a study by Rice-Evans et al. (1997). Again, papaya leaf contains vitamin C and E that have antioxidant properties that also prevent oxidation of lipids (Sies and Stahl, 1995). It has been evident that probiotics act as antioxidant which will explain the reduction of TBARS value of meat (Wang et al., 2017). These explain the causes of reduction of TBARS value of meat in dietary groups compared to control
[bookmark: _Toc20997853]5.8 Cost benefit analysis
The total cost varied non-significantly among all treatment groups with control. A significantly high net profit was obtained from all dietary group in comparison with control (P<0.001). Again, the highest net profit was gained from D1 group fed with 0.5% dry papaya leaf which was followed by F1 group supplied with 0.5% probiotic fermented papaya leaf meal. The result is in accordance with another study by Sorwar et al. (2016) where supplementation of papaya leaves and kalo jeera seeds were more profitable compared to control.


[bookmark: _Toc20997854]CHAPTER VI: CONCLUSION
This research investigated the effects of Carica papaya leaf both in dry and probiotic fermented form on growth performance, carcass characteristics, serum lipid profile, meat quality and oxidative stability of broiler meat for a period of 28 days. The final result revealed that live weight, average daily gain and feed conversion ratio was significantly higher in all dietary groups compared to control. The higher value was observed in dry leaf supplemented group containing 0.5% of the additive which was followed by 0.5% probiotic fermented additive group. However, dressing percentage and organ weights remained unchanged. Furthermore, lipid profile of serum showed a significantly better result where reduced serum cholesterol, LDL and TG with an increase in HDL concentration was observed compared to control. The proximate composition of thigh meat shows significantly higher CP and EE percentage in contrast to control, however, in breast meat, only CP percentage varied significantly. An excellent result on oxidative stability of meat was obtained in all treatment group compared to control. Also, feeding papaya in both dry and probiotic fermented form gave more profit in comparison with control. Therefore, papaya leaves can be a potential source of growth promoter replacing antibiotics in broiler chickens. Further investigation is required particularly to investigate the effects on layer diet.


[bookmark: _Toc20997855]CHAPTER VII: RECOMMENDATIONS
The use of phytobiotics as well as probiotics as growth promoter are being popular all over the world. Papaya leaf is a cheap and commonly available products that can be a source of feed in poultry. The leaves as well as its combination with probiotics both can be successful alternatives in producing antibiotic free meat. Again, organic meat is being popular worldwide and these additives can find their way in organic meat production industry. All dietary groups showed better results compared to control, however, 0.5% of dry and probiotic fermented leaves are recommended for better growth performance in broiler. As 1% inclusion of dry and fermented leaves had excellent effect on lipid profile of serum, further studies using a large range of inclusion doses and trials in different species can prove the potential of papaya leaves on blood profile of human to be used in controlling cardiovascular diseases. 
Because of some constraints, the measurement of a few blood parameters and identification of fatty acids and trace minerals in meat did not happen to be possible. In future study, investigating these parameters with larger sample size and variable temporal pattern can open new horizon in both livestock industry and human health.
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