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Chicken coccidiosis is a major threat for emerging poultry industry in Bangladesh. Fish oil (FO) is an important source of omeg-3 polyunsaturated fatty acids (PUFA) which increases immunity to broilers. Fish oil also helps in increasing live weight of broilers. The present investigation was undertaken to determine the influence of dietary FO on growth performance, productivity of broilers. Special emphasis was given to determine the effect of FO in preventing coccidiosis of broilers. A total of 120 commercial broilers were randomly distributed in four groups having three replications per group. Those birds were treated either without FO or with 1%, 2% and 3% FO in regular drinking water. Similar rations were maintained for starter and grower in all treatment groups. The experiment was assigned to three studies. First study was performed to observe the growth and production performance of broilers with FO treatment. In another study, chicks were infected with 104 sporulated oocysts of Eimeria spp. The objective of this study was to evaluate gross, histo-pathological, hematological and biochemical changes in broiler chicken naturally infected with Eimeria. In the last study, changes in different biochemical parameters in broilers serum due to fish oil supplementation were determined. Supplementation of FO in regular drinking water significantly (P<0.01) increased live weight, weight gain at 3rd and 4th week of age of broilers. This increase was higher in 2% and 3% FO supplemented groups compared to others. There was a significant (P<0.01) increase in feed consumption of broilers with increasing level of FO at 4th week of age. Furthermore, cumulative feed conversion (FC) differed significantly (P<0.01) among different groups at 3rd and 4th week of age with better FC in 2% and 3% FO supplemented groups. Data on cost benefit analysis revealed significantly (P<0.05) increased net profit (TK./broiler) and net profit (TK./kg live broiler) in fish oil treatment groups compared to control group. At necropsy, birds which were not treated with FO (control) developed severe gross lesions of coccidiosis such as enlarged and distended caecam with bloody faeces, hemorrhage in intestine etc. However, birds receiving 1% fish oil also demonstrated similar lesions but those were not severe as control group. However no lesions were developed in birds treated with 2% and 3% FO. In histopathology, microgametocyte, macrogamecocyte and second generation schizont of Eimeria spp., severe destruction of epithelium were revealed in caecal and intestinal sections taken from infected birds. Biochemical analysis showed a significant (P<0.05) decrease in level of RBC, Hb and PCV, serum alanine aminotransferase (ALT) and aspartate aminotransferase (AST) and increased level of lymphocyte, monocyte, eosinophil, heterophil in coccidian infected groups. Serum HDL-cholesterol, glucose level were increased and cholesterol, LDL-cholesterol, triglycerides, total protein, albumin, globulin concentrations was decreased significantly (P<0.01) with increasing levels of FO in the broiler diets. This research reveals that supplying 2% or 3% fish oil in regular drinking water of broilers would be effective both in increasing market weight and prevenving coccidiosis of commercial broilers. As a preventive dose, 2% fish oil is recommended.
Keywords: coccidiosis, fish oil (FO), polyunsaturated fatty acids, histopathology
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Chapter I
[bookmark: _Toc415044123]Introduction

Poultry industry is considered as a successful leading industry of Bangladesh because it is a substantial contributor to food supply in this country (Ali and Hossain, 2012). Chicken coccidiosis is a parasitic disease causing high morbidity and mortality in commercial poultry (Raman et al., 2011). It remains as one of the major problems for poultry industry throughout the world (Bera et al., 2010; Amare et al., 2012; Adamu et al., 2013; Kadhim, 2014). This disease of poultry is considered as a substantial economic burden estimated to cost the industry more than 800 million dollars in annual losses worldwide (Kitandu and Juranová, 2006). In Bangladesh coccidiosis is a major burden in chickens causing a great economic loss to the poultry industry (Karim et al., 1994; Siddiki et al., 2008).

Coccidiosis is caused by parasites of the genus Eimeria and Isospora belonging to the phylum Apicomplexa with a complex life cycle. It affects mainly the intestinal tract of mammals and birds (Peek and Landman, 2011). Seven species of Eimeria such as E. tenella, E. acervulina, E. brunetti, E.maxima, E. mitis, E. necatrix and E. praecox with different degrees of pathogenicity are recognized in domestic chicken (Calnek et al., 1997; Shirley, 1999; Gussem, 2007; Patra et al., 2010). Basically two types of coccidiosis are noticed in commercial broilers on the basis of clinical signs: clinical and subclinical. In clinical coccidiosis, the affected birds show typical symptoms of the disease, such as bloody faeces, diarrhoea, reduced weight gain, depression, defeathering and increased mortality but in subclinical coccidiosis, the affected birds show no visible symptoms of the disease (Siddiki et al., 2008; Raman et al., 2011, Adamu et al., 2013). Particularly commercially reared broilers are vulnerable to coccidiosis due to intensive production (Giannenas et al., 2003), leading to malnutrition, low performance and production efficiency of poultry (Yang et al., 2006). The anticoccidials used in prevention of coccidiosis are sulfonamide, amprolium, monovalent ionophores like monensin, narasin, monovalent glycosides like maduramicin, semduramicin (Peek and Landman, 2003; Naciri et al., 2004). Prophylactic use of anticoccidial drugs or vaccines promotes drug resistance to broilers (Kitandu and Juranová, 2006). Acquiring cross resistance to one drug by the use of another drug is also observed in broilers (Chapman, 2007).

Fish oil is an important source of n-3 polyunsaturated fatty acids (EPA and DHA) which is highly unsaturated (Saleh et al., 2009). Many studies have examined the effects of dietary PUFA, supplied as fish oil or fish meal, on the fatty acid composition of the broiler carcass (Scaife, 1994; Nash, 1995; Lopez-Ferrer, 1999, 2001). Fish oil has several positive effects, such as the physiological or metabolic effects of due to PUFA on the performance parameters of broiler chickens (Pike, 1999; Lopez-Ferrer, 1999, 2001). If diets with similar energy and protein are compared, chickens fed with rations that contain oil showed better performances than birds fed diets without the inclusion of oil (Sanz et al., 2000; Lopez-Ferrer et al., 2001; Saleh et al., 2009). Dietary n-3 polyunsaturated fatty acids (PUFA) especially eicosapentaenoic acid (EPA) and docosahexaenoic acid (DHA) have well known effects on human health (Knapp, 1991; Navidshad, 2009). Several researchers reported that omega-3 PUFAs plays an important role in improving immunity, performance, lipid profile besides marketing weight of broilers (Jameel, 2013; Al-Zuhairy and Alasadi, 2013; Al-Zuhairy and Jameel, 2014; Jameel, 2014).

Researchers in previous investigations have shown that feeding diets rich with n-3 (omega-3) fatty acids specially fish oil significantly reduce caecal lesions caused by coccidiosis (Allen et al., 1994; Allen et al., 1996a; Allen et al., 1997; Allen and Danforth, 1998; Yang et al., 2006; Maroufyan et al., 2013). The antiparasitic activity of the diets is due to oxidative stress induced by oxidation of the highly unsaturated fatty acids (Yang et al., 2006). Addition of fish oil in the diet of broilers results in an increased live weight (Alparslan and Özdogan, 2006; Mansoub, 2011; Mansoub and Bahrami, 2011; Das et al., 2014a). It also increases HDL-cholesterol, glucose level and decreases cholesterol, LDL-cholesterol, triglycerides total protein level in blood of broilers (Alparslan and Özdogan, 2006; AL-Mayah, 2009; Saleh et al., 2009; Mansoub, 2011; Das et al., 2014b). Low HDL and high LDL in blood are the two important values associated with atheroschlerosis and coronary heart disease in human. These values can be changed by change in regular diet (Couderc and Machi, 1999; Crespo and Esteve-Garcia, 2003; Mansoub, 2011). 
Therefore the objectives of the present study were,
1. To see the influences of fish oil on growth performance and productivity of commercial broilers.
2. To determine the effect of fish oil in preventing coccidiosis of broilers.
3. To observe the histopathological, hematological and biochemical changes caused by coccidiosis.
4. To determine the level of fish oil which would be effective for both in increasing growth performance and prevention of coccidiosis in broilers.
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[bookmark: _Toc415044124]Chapter II
[bookmark: _Toc406337896][bookmark: _Toc415044125]Review of literature

The protozoal disease coccidiosis has a significant impact on poultry production (Bera et al., 2010). Though coccidiosis is known for many years, it is still considered as the most economical important parasitic condition. Assuming 50 billion broilers of 2 kg live weight annually produced is lost worldwide. This cost is probably more than 2.3 billion dollar (Gussem, 2007; Sorensen et al., 2006).
[bookmark: _Toc415044126]2.1 Causes of coccidiosis
Coccidiosis is caused by species of intracellular protozoan parasites belonging to the genus Eimeria (phylum Apicomplexa). It develops within the intestine of most domestic and wild animals and birds. Seven species of Eimeria with different degrees of pathogenicity are recognized in domestic chicken. They are E. acervulina, E. brunetti, E.maxima, E. mitis, E. necatrix, E. praecox and E. tenella. These species of Eimeria can occur concomitantly during the course of natural infection (Calnek et al., 1997; Shirley, 1999; Patra et al., 2010). The pathogenic species of coccidiosis in poultry are E. acervulina, E. maxima and E. tenella. Among them E. tenella is the most pathogenic, ubiquitous, best known and easily recognized by broiler farmers (Arakawa and Xie, 1993; Quarzaneet al., 1998; Yadav and Gupta, 2001). The lesions caused by this parasite disturb nutrient absorption, triggeringseveral changes in carbohydrates, lipid, protein, macro and trace mineral metabolism of broilers (Patra et al., 2010; Witlock and Ruff, 1997).
[bookmark: _Toc415044127]2.2 Life cycle of Eimeria
The life cycle of Eimeria comprises intracellular, extracellular, asexual and sexual stages. The host immunity is also complex and involves many facets of nonspecific and specific immunity (Lillehoj, 1998; Kitandu and Juranová, 2006). Their pathogenicity varies in birds of different genetic background. In natural host, the immunity is species specific (e.g. chickens immune to one species of Eimeria are susceptible to others). Eimeria species also exhibit different tissue and organ specificities in the infected host. Understanding the interrelationship between the host and the parasites in the intestine is crucial for the design of novel control approaches against coccidiosis (Dalloul and Lillehoj, 2005; Kitandu and Juranová, 2006).
[bookmark: _Toc415044128]2.3 Mode of Action of Coccidia
It was observed that immune reaction is primarily mediated by pro-inflammatory phagocytic cells when a cell is attacked by coccidian. White blood cells (leucocytes) are recruited to the site of inflammation where they produce free radicals which kill the invading cells (Rice-Evans, 1995). They are also considered as the source of pro-inflammatory mediators such as the proteins interleukin-1 (IL-1) and tumour necrosis factor (TNFα). These cytokines are responsible for reduction in feed intake and reduced weight gain (Klasing, 1994). 
[bookmark: _Toc415044129]2.4 Signs of coccidiosis
Clinical signs including bloody faeces, diarrhea, loss of appetite, flecks of bloods and mucous in the faeces, sleeping tendency, weakness are observed coccidian affected birds (Siddiki et al., 2008; Adamu et al., 2013).
[bookmark: _Toc415044130]2.5 Diagnosis of coccidiosis
The diagnosis of coccidiosis is labor intensive, costly and sometimes difficult. However there are several methods for diagnosis of coccidiosis.
[bookmark: _Toc415044131]2.5.1 Lesion scoring
Observing gross or macroscopic lesions in intestinal parts of slaughtered birds is a popular way to identify coccidiosis. Lesion scoring is an interpretation based on macroscopic visible lesions caused by Eimeria, usually following a scoring system from zero to four (Johnson and Reid, 1970). It is done by observing degree of several lesions caused by several spp. of Eimeria. Eimeria tenella infects the caecum of broilers. Because of its deep development in the mucosa and subsequent widespread damage it causes distinct gross lesions with loss of blood. E. acervulina is causing white lesions in duodenum and in heavier infections also more caudal, interfering even with the ability for E. maxima to develop (Mathis, 2005). E. maxima cause petechiae in the midgut. E. praecox and E. mitis are not scored and are completely disregarded using the lesion scoring method although both species are shown to be able to cause losses through an increased feed conversion rate and in the latter case even morbidity (Gore and Long, 1982; Fitz-Coy and Edgar, 1992; Williams, 1998). The individual scores for all the species are usually compiled for a certain number of birds per flock resulting in a total mean lesion score (TMLS). Lesion scoring method is reliable when performed by skilled people.
[bookmark: _Toc415044132]2.5.2 Oocyst per gram (OPG)
In this method faecal oocysts are collected. Identification of different species based on morphology of oocysts is very challenging and requires expertise. However OPG counts in faeces or litter have a poor relation with the impact of the parasite on the performance of a flock (Gussem, 2007).
[bookmark: _Toc415044133]2.5.3 Electrophoresis and PCR
Morris and Gasser (2006) stated a nice overview in diagnosis of coccidiosis and analysis in genetic variation in Eimeria. This review covers both biochemical and molecular methods such as multilocus enzyme electrophoresis, southern blot analysis, pulsed-field gel electrophoresis and several PCR techniques. These techniques are a major addition for scientific research and more practical applications such as establishing vaccine quality control. Unfortunately lack of a rapid, low-cost and especially quantitative test is preventing their broad scale use. The main application of these techniques is for field diagnosticians.
[bookmark: _Toc415044134]2.5.4 Coccimorph
Coccimorph is a very innovative technique in diagnosis of coccidiosis. This is a computational approach for parasite diagnosis, in this case Eimeria spp. from chicken. Images from sporulated oocysts from a confirmed species were assessed on different features like curvature characterization, size, symmetry and internal structure characterization. Users can upload their digital images from unidentified oocysts and have the program identify the species concerned. This is very accessible and the low cost is a major advantage. A disadvantage is only sporulated oocysts can be identified, which limits the use of this technique to litter sample identification only (Castanon et al., 2007).
[bookmark: _Toc415044135]2.5.5 Anticoccidial sensitivity testing (AST)
Anticoccidial sensitivity testing (AST) is a well-known technique to assess resistance of a certain coccidial isolate to different anticoccidial drugs. This technique is not routinely used though it’s a valid method for a certain isolate. The main reasons are the long duration and very high cost associated with the complicated character of the test. The short period of testing (usually about six days) without allowing the initially naive birds to recover from artificial infection does not make the interpretation of the results easy. One way to decrease the cost is using strains originating from different houses in one AST. In this way, a worst case result for the different strains may give good information on what anticoccidials could be effectively used on a big portion of farms part of a broiler complex. By meta-analysing AST results from strains with a known drug history, a better knowledge can be obtained on how fast resistance is induced how long it remains established in a certain coccidial population and on whether there is cross-resistance amongst drugs (McDougald, 1987; Chapman, 1998; Naciri et al., 2003; Peek and Landman, 2003).
[bookmark: _Toc415044136]2.6 Prevention and control of coccidiosis
There are basically three means of prevention of coccidiosis: i) Management of poultry house ii) Chemoprophylaxis using anticoccidials and iii) Vaccination.
[bookmark: _Toc415044137]2.6.1 Management of poultry house
Oocysts of coccidia with high reproduction potential can easily disseminate in the poultry house environment. It is a challenging task to keep chickens coccidia free, especially under intensive rearing conditions. Oocysts sporulate readily in the litter. The sporulation of oocysts is affected by degradation, bacterial damage as well as ammonia generated from the litter which may affect their viability (Williams, 1995; Tewari and Maharana, 2011). Removal of caked litter, aeration of the poultry houses at the interval of 2-3 weeks and top dressing with fresh litter before placing a new flock can be practiced for preventing coccidiosis. Besides these a thorough cleanout between flocks, adoption of strict biocontrol measures by the caretakers of poultry houses can play a great role in restricting the spread of infective oocysts (Allen and Fetterer, 2002; Tewari and Maharana, 2011).
[bookmark: _Toc415044138]2.6.2 Chemoprophylaxis using anticoccidials
Chemoprophylaxis by so-called anticoccidial products (ACP) or anticoccidials in the ration is by far the most popular. It is estimated that 95% of the broilers produced receive anticoccidials (Chapman, 2005). Sometimes the term ‘coccidiostats’ are used with regard to ACP. In reality, most of the ACP currently on the market are coccidiocidal and not just static. Generally two groups of anticoccidials are considered, ionophorous antibiotics or ‘ionophores’ and synthetically produced drugs. They are also denominated as ‘chemicals’. Chemicals were the first type of drugs being used in treatment and later on in prevention of coccidiosis. In 1948, sulphaquinoxaline was the first drug administered in the feed continuously at lower doses (Chapman, 2003, McDougald, 2003). Most of the initially marketed chemicals have disappeared from the market because of frequent change in selection due to resistance. There are many anticoccidials that are marketed today, such as amprolium, nicarbazin, robenidin, diclazuril, zoalene, decoquinate, halofuginone. The fact that they are still being marketed is a demonstration of their value to the poultry industry and thus an indication of the more limited potential for resistance build-up compared to the ones which disappeared (McDougald et al., 1987; Peek and Landman, 2003; Naciri et al., 2004). Coccidiocidals can be used in order to reduce the infection pressure of coccidiosis (DeGussem, 2005). Most popular ACPs are carboxylic true ionophores because of relatively limited risk for complete resistance to these products, at least compared to the risk for resistance towards chemicals. After introduction of the first ionophore on the market, monensin, in the 1970’s it is remarkable to see that these drugs are still predominant in the prevention of coccidiosis (Gumila et al., 1996). Total three classes of ionophores can be discriminated: monovalent glycoside and divalent ionophores. The ones registered and marketed worldwide are the monovalent ionophores monensin, salinomycin, narasin, the monovalent glycosides maduramicin and semduramicin and the divalent ionophore lasalocid (Presmann, 1976; Westley, 1982). 
[bookmark: _Toc415044139]2.6.3 Vaccination
Live vaccination is less applied in broiler production today. Two types of vaccines are discriminated, attenuated and virulent (Chapman et al., 2002). Attenuated vaccines lack a part of the life cycle (less asexual reproductive cycles) of the original strain they were derived from, and as a consequence have a lower reproductive and pathogenic potential. This is a major advantage towards performance of virulent coccidial vaccines. Because of the lower reproductive potential production costs of attenuated vaccines, their use is significantly higher. Another discrimination to be made is some vaccines consist of anticoccidial-sensitive strains and others are made of more or less resistant strains. The main advantage of the live ACP sensitive vaccines is their ability to alter the level of resistance in a certain coccidial population. There are several reports on this very interesting feature of vaccines (Mathis, 2003; Chapman and McFarland, 2004; Mathis and Broussard, 2006; Peek and Landman, 2006). However still many questions remain on how many consecutive grow-outs should be applied to overcome or prevent resistance to the different anticoccidials marketed. Also the stability of this resensitized populations are not well known. The approach of live vaccination to optimize the efficacy of anticoccidials is very important (Chapman and McFarland, 2003).
[bookmark: _Toc415044140]2.6.4 Shuttle programs and rotation
Kitandu and Juranová (2006) recorded that prophylactic use of anticoccidial drugs or use of three groups of live vaccines (based on virulent strains, live attenuated strains, strains that are relatively tolerant to the ionophores) and non-live subunit vaccines for controlling  chicken coccidiosis in broiler industry promotes problem of drug resitance of Eimeria species. For preventing antibiotic resistance shuttle program is used in preventing coccidiosis.Switching after a certain grow-out from one anticoccidial to another is called rotation or to a shuttle program (Chapman, 2005). One of the main debates still ongoing amongst coccidiologists is the ability for acquiring resistance to one drug by the use of another drug, the so-called cross resistance (Chapman, 2007). Several papers indicate this cross resistance is less obvious between products of different classes, for instance between maduramicin and monovalent ionophores or between lasalocid and monovalent ionophores (McDougald, 1987; Bedrnik et al., 1989; Marien et al., 2007). For the design of anticoccidial programs, above aspects of resistance and restoration of sensitivity may be used to optimize rotation and shuttle programs. A first consideration is on the definition of shuttle and rotation programs. 

In view of the cross resistance described, a more narrow definition would suggest rotation and shuttle to be more valid if switching from one class of drug to another. Indeed, no proof exists that a shuttle between two monovalent ionophores will slow down resistance development; therefore no indication exists to perform this type of shuttles. Another consideration is on giving a simple rest to anticoccidials as proven by Chapman and McFarland (2003) who stated that resting monovalent ionophores is advantageous to the efficacy of a coccidial population towards the ionophore previously used, but cross resistance might invalidate this rest. Therefore, in order to substantially control coccidiosis, and also subclinical losses, prudent use of anticoccidials might include consolidation of ionophores from the same class in the same shuttle or to simply use full programs, and after this use of a class, rotating away, ideally to chemicals or vaccines.
[bookmark: _Toc415044141]2.7 Drug resistance
Siddiki et al. (2008) studied the degree of sulfonamide resistance of field coccidian isolates in Bangladesh which is used extensively for treatment and control of chicken coccidiosis. There are complaints regarding failure of Esb3® (sodium sulfachloropyrazine monohydrate; Ciba-Geigy) in treating clinical coccidiosis. The sulfonamide resistance was assessed on the basis of faecal oocyst counts and clinico-pathological findings after inoculating chicks with 104 sporulated oocysts of Eimeria. There was no significant difference (P>0.05) in weight gain between untreated chicks and the chicks treated with Esb3® @ 1 and 2 g/l. The authors recorded a significantly higher (P<0.05) weight gains in subgroups treated with Esb3® @ 2.5 g/l. Chicks treated with 1 g/l Esb3® showed similar clinical coccidiosis and histopathological changes but little less faecal oocyst counts as found in untreated infected control chicks. Chicks treated with 2 g/l Esb3® did not reveal clinical coccidiosis and revealed no or very minimal oocyst counts during the treatment period. In histopathology, arrested or stunted parasitic stages were found during the treatment period. Flourish parasitic development with subacute-chronic ulcerative caecitis was also evident following withdrawal of treatment. They concluded that the drug only cause an arrested parasitic development rather than killing the parasite and suggested for an alternative to the sulfonamides in treating and controlling chicken coccidiosis.
[bookmark: _Toc415044142]2.8 Changes caused by coccidiosis
Adamu et al. (2013) conducted a study to observe hematological, biochemical and histopathological alterations caused by coccidiosis in broiler chickens from an outbreak of bloody coccidiosis in a flock on a small-scale broiler farm in Ethiopia. They identified Eimeria tenella and E. brunette. The affected birds revealed signs of anemia. There was a decreased number of red blood cells (RBC) and decreased packed cell volume (PCV). They also recorded monocytosis, lymphocytosis, heterophilia and eosinophilia in differential leukocyte counts (DLC). Serum biochemical analysis revealed decrease in alanine aminotransferase/glutamic pyruvic transaminase (ALT/GPT) and aspartate aminotransferase/glutamic oxalacetic transaminases (AST/GOT). A marked increase in alkaline phosphatase (ALP) activities was also observed. There was excessive tissue damage, hemorrhage, the presence of clusters of large schizonts and merozoites in the tissue, and coccidian oocysts in the lumen the affected caeca.

Kadhim (2014) studied histopathological changes of broilers immunized with sporulated oocysts against Eimeria tenella. The experiment revealed that there was a mild lesion graded as lesion score +2, with inflammatory cells influxes into the sub mucosa, thickened mucosa and sub mucosal layer with slightly congestion of blood vessel caused by E. tenella in an immunized group. However in control group there was severe lesion in the cecum caused by E. tenella graded as +4 lesion score. Pathological lesions observed in the cecum section showed necrotized epithelial cells denuded from the mucosal layer and severe hemorrhage in the lamina propria. The crypt cells were highly invaded with the developmental stages of E. tenella schizonts and gametocytes and their morphology was almost disappeared. 
[bookmark: _Toc415044143]2.9 Dietary fish oil in preventing coccidiosis
Previous studies indicated that diets rich with n-3 fatty acids significantly reduce caecal lesions in broiler chickens caused by different species of Eimeria.The reduction in lesions was associated with significant decrease in the development of coccidia within the caecal mucosa. The effects of these diets could be reversed by supplementation with antioxidants. The antiparasitic activity of the diets was due to oxidative stress induced by oxidation of the highly unsaturated fatty acids. Fish oil as a source of n-3 polyunsaturated fatty acids can be used in preventing coccidiosis (Allen et al., 1994, 1996a, 1997, 1998; Allen & Danforth, 1998; Yang et al., 2006).

Yang et al. (2006) investigated the effects of dietary oils (poultry oil, corn oil, fish oil) on coccidiosis of chickens infected with Eimeria tenella. Five hundred and four 1-day-old male arbor acres chicks were divided into seven groups. All those birds were inoculated with sporulated oocysts of Eimeria. Diets supplemented with oils at 45 g/kg resulted in higher body weight gain than with oils at 25 g/kg or without oils. The authors found that packed cell volume (PCV) in chicks fed with diets supplemented with poultry oil was lower than that in chicks fed with diets supplemented with fish oil, corn oil and without oil. Chickens fed with diets supplemented with poultry oil had higher mortality than that of chickens fed with diets without oil. Increased serum interleukin-6 levels in chickens compared with poultry oil at 25 and 45 g/kg and corn oil at 25 g/kg with the supplementation of fish oil. Fish oil or corn oil enhanced secretory IgA levels in the lumen of the caecum, and oil supplementation tended to decrease serum IgG levels. They concluded that the diets supplemented with saturated fatty acids aggravated mortality in chickens infected with E. tenella. Decreased levels of caecal E. tenella antigen-binding-specific secretory IgA or serum IgG might be related to the deleterious effects on coccidiosis of the diets supplemented with poultry oils.

Allen et al. (1996a) found that when lower levels of fish oil was included, lesion score of coccidiosis was reduced to a small extent, non-significant, by 1% inclusion while 2.5% and 5% gave progressively greater reductions. Weight gains were variable and in general infection did not significantly (P>0.05) reduce weight gain. There was an apparent reduction of infection in the presence of 2.5% fish oil. 

Korver at al. (1997) compared fish oil with corn oil in chicks infected with E. tenella at the University of Davis. The oils were included in the diet at 4%. Lesion scores were reduced by fish oil. Fish oil decreased plasma TNFα indicating reduced inflammatory processes. Protective responses such as an increase in the acute phase protein hemopexin which binds released haem groups were enhanced by fish oil. Whereas chicks fed corn oil showed reduced weight gain as a result of the coccidiosis challenge, the fish oil fed birds did not resulting in a statistically significant (diet x infection) interaction. These changes in growth rate were reflections of similar changes in feed intake. These authors concluded that the benefit of fish oil comes at least in part from blunting systemic responses of the chicks to pro-inflammatory mediators. 

Allen et al. (1997) observed that there was reduction of lesions with fish oil when chickens were infected with strains of coccidia (E. acervulina and E. maxima). They also found some indications of reduced lesion score with E. maxima when chicks were infected with 5% menhaden oil but the differences were not significant. They also reported that there was an indication that with 15% whole flaxseed in the diet broilers infected with E. maxima had reduced weight gain and higher lesion scores than the unsupplemented controls.

Allen and Danforth (1998) reported that addition of 5% fish oil to a basal diet significantly reduced GI lesion score caused by coccidiosis. The authors also found a striking reduction in the number of parasites within the epithelial cells of the caeca in microscopic examination. There was no further improvement in lesion score with increasing fish oil to 10%. With the inclusion of 10% flax and linseed (sources of carbon 18 omega-3 fatty acids (linolenic acid) there was reduction of lesions but not as effectively as 5% fish oil.

Korver and klashing (1997) conducted experiments to determine the effects of dietary (n-3) fatty acids and grain source on the growth-suppressive effects of the inflammatory response and indices of specific immunity. They mixed either fish oil, corn oil or linseed oil in either cereal grain or corn based diets. Subsets of chicks within each dietary treatment were either vaccinated with infectious bronchitis virus (IBV) vaccine or injected with Salmonella typhimurium lipopolysaccharide (LPS), heat-killed Staphylococcus aureus, or remained noninjected. They observed that with increasing dietary fish oil, but not corn oil there was increased body weight and lessened the growth-suppressing effect of heat-killed S. aureus or S. typhimurium LPS. Increasing the concentration of dietary fish oil decreased febrile response, circulating hemopexin and metallothionein concentrations. Dietary fish oil resulted in decreased release of interleukin-1 by peritoneal macrophages relative to dietary corn oil. They concluded that inclusion of increasing amounts of fish oil in the diet improved performance, decreased indices of the inflammatory response and either improved or did not change indices of the specific immune response of growing chicks. 

Bera et al. (2010) estimated economic loss to poultry industry due to disease. The authors stated that 95.61 per cent of the total economic loss of the commercial broiler industry occurs due to the disease and broilers are major sufferer to coccidiosis. It has revealed from comparison across economic traits that loss is maximum due to reduced body weight gain, followed by increased FCR (23.74%) and chemoprophylaxis (2.83%) in the total loss due to coccidiosis in broiler industry of India.

[bookmark: _Toc415044144]
2.10 Effect of fish oil in production performance of broilers
Das et al. (2014a) compared effects of soybean oil, palm oil and fish oil supplementation on the performance of broilers in terms of feed intake, weight gain and feed conversion. They used six hundred day old unsexed broiler chicks and formulated four diets using locally available ingredients as diet without oil, diet containing 3% soybean oil, 3% palm oil and 3% fish oil. Live weight gain of broilers did not differ significantly (P>0.05) among groups up to 3rd week of age. The highest live weight gain at 4th week was found in 3% fish oil supplemented group. The palm oil group showed the least feed conversion value that differed only from fish oil group. They concluded that supplementation of fish oil at 3% level give slightly higher live weight gain and better feed conversion than those of the same level of soybean and palm oil. 

Jameel (2014) studied the effect of fish oil, L- carnitine and their combination on immune response and some blood parameters of Broilers. One hundred fifty unsexed one day-old chicks (Ross 308) were randomly distributed into three equal groups as following: T1(control), T2 (birds fed basal diet supplemented daily 3% fish oil) and T3 (birds fed basal diet supplemented daily 3% fish oil and L-carnitine). At the end of the experiment, blood samples were collected and then measured at the end of the experiment. Antibody titers were determined against Newcastle disease. The results indicated that T3 birds which fed basal diet supplemented daily 3% fish oil and L-carnitine (50mg/ Kg) had a significant (P<0.05) improving in RBCs, WBCs, PCV, Hb, H/L ratio and antibody titers against Newcastle disease at age 30 days.

Navid Hosseini Mansoub (2011) assessed the influence of fish oil (FO) in two different levels of protein on growing broilers and some blood parameters.Total eight dietary treatment groups were supplemented with 0, 1.5, 3, or 6 % FO with two dietary crude protein (CP) level (21.5 and 19.5% for grower & finisher phases, respectively) and 10% diluted CP (19.35 and 17.55 for grower & finisher phases, respectively). The author observed that FCR was improved in the groups treated with fish oil and the highest final BW, highest daily BW gain, and best FCR were recorded for the 1.5% FO dietary group. The blood glucose (G) level increased, total protein (TP), albumin (A) and globulin (GL) concentrations decreased with increasing levels of FO in the broiler diets.

Alparslan and Özdogan (2006) evaluated the effects of feed containing no fish oil and feed containing 2% and 4% fish oil on the performance and some blood parameters of broilers. It was found that the differences among the groups were significant (P<0.01) regarding the performance values. They also observed high-density lipoproteins (HDL) in blood parameters of females, Aspartate aminotransferase (AST) in males were higher in the group including 4% fish oil compared to the group control (P<0.01). The highest gross margin in the treatment groups was observed in the group 2% FO.

Mansoub and Bahrami (2011) investigated the influence of fish oil (FO) supplementation in diet of broiler chickens on the humoral immune response as well as some blood parameters.  For this purpose two hundred and sixteen one day old broiler chickens were divided into four dietary groups (0%, 1%, 2%, or 4% FO). Chicks were randomly selected, marked and immunized intramuscularly with 0.2 ml of 5% sheep red blood cells (SRBC) as a non-infectious antigen. Blood samples were collected 7 days after each immunization. The highest BW was observed in the 2% FO dietary group (P<0.01) compared to other groups. The serum cholesterol and triglyceride levels significantly (P<0.05) decreased in the FO groups. It was also observed that inclusion of FO in broiler diets significantly increased the blood glucose level and decreased the total protein, albumin and globulin concentrations. Fish oil treated birds had significantly more serum antibody (predominantly immunoglobulin M, IgM) to SRBC than the control group. The highest response were detected for group 4 (4% FO), followed by 2% FO group (P<0.05). The results indicate that the addition of 2 % FO to broiler chick’s diet may stimulate the development of the immune response and improve blood indices, while 4% level was not recommended because of probable off flavours in the product.

Maroufyan et al. (2013) conducted a study out to investigate the modulatory effects of dietary methionine and fish oil on immune response, plasma fatty acid profile, and blood parameters of infectious bursal disease (IBD) challenged broiler chickens. Six dietary treatment groups were assigned to three levels of fish oil (0%, 2.5% and 5.5%), and two levels of methionine (NRC recommendation and twice NRC recommendation). The authors observed that after 7 days of IBD challenge, the birds fed with 5.5% fish oil had higher total protein, white blood cell count, and IL-2 concentration than those of other groups. Inclusion of methionine twice the recommendation enhanced the serum IFN-𝛾 and globulin concentration. Neither of fish oil nor methionine supplementation affected the liver enzymes concentration. The authors finally suggested that a balance of moderate level of fish oil (2.5%) and methionine level (twice NRC recommendation) might enhance immune response in IBD challenged broiler chickens.

Das et al. (2014b) conducted another experiment to observe the effect of different oil supplements on humoral immune response and lipid profile. Three groups of birds were maintained on isonitrogenous feed supplemented with soyabean oil, palm oil and fish oil @ 2.5%. They observed that palm oil supplement significantly increased the humoral immune response as compared to soybean and fish oil supplements. Decreased HDL and triglycerides were found in soybean oil supplemented group whereas decreased LDL was found in fish oil supplemented group. Those values were statistically significant (P<0.05). However non-significant (P>0.05) difference was recorded between the groups with respect to unsaturated and saturated fatty acids in abdominal fat.

Navidshad (2009) conducted a study to determine the effect of dietary crude protein level and polyunsaturated fatty acids on performance traits and carcass fat concentration of broilers.  A 10% reduction in dietary CP level decreased the weight gain (P<0.05) of chickens but didn’t affect the feed intake. Feed conversion ratio of chicks fed the crude protein diluted diets was higher (P<0.05) than chicks fed recommended CP level. Inclusion of fish oil at 4% level increased the thigh, breast, liver and small intestine weights as a percent of live weight (P<0.05). Reduction in dietary crude protein level, increased the breast ether extract concentration (P<0.05). The chicks fed diets containing 4% fish oil (FO) had a significantly lower ether extract in breast, but a higher ether extract concentration in thigh (P<0.05). The authors finished with the statement that the dietary crude protein level and polyunsaturated fatty acids type act independently on performance traits and carcass fat concentration. 
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[bookmark: _Toc415044145]Chapter III
[bookmark: _Toc415044146]Materials and methods
[bookmark: _Toc415044147]3.1 General methodology
The methodology was designed to determine the 1) comparative effects of supplementing fish oil at different levels on growth and production performance of broilers 2) effect of fish oil in preventing coccidiosis of broilers and 3) comparative effects of fish oil at different levels in different blood parameters of broilers. 
[bookmark: _Toc415044148]3.1.1 Location and duration of the experiments
The experiments were carried out from July to December 2014, at the Department of Animal Science and Nutrition experimental farm and research laboratories of Chittagong Veterinary and Animal Sciences University (CVASU), Khulshi, Chittagong, Bangladesh.
[bookmark: _Toc415044149]3.1.2 Preparation of poultry shed for the experiment
At first, poultry shed was selected and prepared for broiler rearing. The broiler shed wasn thoroughly washed and cleaned by using tap water with caustic soda. For killing microorganisms, phenyl solution (according to the manual) was also spread on the floor, corners and ceiling. Following this, brushing was done by using steel brush and clean water. Brooding boxes and broiler cages were also cleaned by using tap water, caustic soda and phenyl solution in the same manner. After cleaning and disinfection the house was left for one week for drying. All windows were opened for proper ventilation. After one-week, lime was spread on the floor and around the shed for strictly maintaining bio-security. Floor space for each bird was 0.17 sq. ft. in brooding box and 0.57 sq. ft. in the cage. Arrangement for rearing broilers was made according to treatments and replications. The compartments were selected in an unbiased way according to treatments and replications for uniform distribution of chicks. 
[bookmark: _Toc415044150]3.1.3 Design and layout of the experiment
Birds were organized to Completely Randomised Design (CRD). A total of 120 birds were equally and randomly allocated and distributed in four dietary treatment groups (T0, T1, T2 and T3) with three replications per treatment. These groups were treated without fish oil or with 1%, 2% and 3% fish oil, respectively in regular drinking water of broilers. There were 30 birds per treatment group and 10 birds per replication. Layout of the experiment is shown in Table 3.1.

[bookmark: OLE_LINK54][bookmark: OLE_LINK55]Table 3.1 Layout of the experiment showing the distribution of DOC to the treatment group and replication
	Dietary treatment groups
	No. of broilers/replications
	Total no. of broilers per treatments

	To (without fish oil)

	R1
	10
	
30

	
	R2
	10
	

	
	R3
	10
	

	T1 (Basal diet + 1% fish oil in drinking water)
	R1
	10
	
30

	
	R2
	10
	

	
	R3
	10
	

	T2 (Basal diet + 2% fish oil in drinking water)
	R1
	10
	
30

	
	R2
	10
	

	
	R3
	10
	

	T3 (Basal diet + 3% fish oil in drinking water)
	R1
	10
	
30

	
	R2
	10
	

	
	R3
	10
	

	Grand total =
	120



[bookmark: _Toc415044151]3.1.4 Formulation of feeding diets
Two types of ration were formulated according to the requirement of birds in different stages of broilers (i.e. starter and grower) followed by Bangladesh standard specification for poultry feeds (2nd Revision, BDS 233: 2003; Bangladesh Standards and Testing Institution). Starter ration was offered from day 0 to 14 days, and grower ration was offered from day 15 to 30. Feed was supplied ad-libitum. Feed was prepared manually after collection of raw feed ingredients. All the rations were iso-energetic and iso-nitrogenous.The composition of different feed ingredients and nutritive value of starter and grower rations are given in Table 3.2 and Table 3.3.


Table 3.2 Ingredients and nutritive composition of the experimental broiler starter diets
	Ingredients (kg/100kg)
	Starter ration (0-14 days)

	Maize
	50

	Auto Rice Polish
	4.153

	Soybean Meal
	35.5

	Full fat Soya
	4.5

	Soybean oil
	2.0

	Molasses
	0.5

	Limestone
	1.5

	Salt
	0.3

	Vitamin mineral premix
	0.28

	DCP
	0.9

	L-lysin
	0.1

	DL-Methionine
	0.2

	Enzyme
	0.045

	Antioxidant
	0.022

	Total
	100

	Estimated chemical composition (DM basis)

	Metabolizable Energy (Kcal/kg) 
	2920

	Crude Protein (gm/100gm)
	22.79

	Crude Fiber (gm/100gm)
	4.07

	Calcium (gm/100gm)
	0.94

	Phosphorous (gm/100gm)
	0.68

	Lysin (gm/100gm)
	1.38

	DL Methionine (gm/100gm)
	0.53



N.B: Vitamin Mineral Premix provided following per kg diet: Vit. A 5000 IU, D3 1000 IU, K 1.6 mg, B1 1 mg, B2 2mg, B3 16 mg, B6 1.6 mg, B9 320  µg, B12 4.8 µg, H 40 mg, Cu 4 mg, Mn 40 mg, Zn 20 mg, Fe 2.4 mg, I 160 µg.

Table 3.3 Ingredients and nutritive composition of the experimental broiler grower diets
	Ingredients (kg/100kg)
	Grower ration (15-28 days)

	Maize
	53

	Auto Rice Polish
	2.283

	Soybean Meal
	33.45

	Full fat Soya
	4.5

	Soybean oil
	3.0

	Molasses
	0.5

	Limestone
	1.35

	Salt
	0.3

	Vitamin mineral premix
	0.29

	DCP
	0.9

	L-lysin
	0.07

	DL-Methionine
	0.2

	Toxi mold
	0.06

	Enzyme
	0.072

	Antioxidant
	0.025

	Total
	100

	Estimated chemical composition (DM basis)

	Metabolizable Energy (Kcal/kg) 
	3009

	Crude Protein (gm/100gm)
	21.92

	Crude Fiber (gm/100gm)
	3.79

	Calcium (gm/100gm)
	0.87

	Phosphorous (gm/100gm)
	0.66

	Lysin (gm/100gm)
	1.29

	DL Methionine (gm/100gm)
	0.52



N.B: Vitamin Mineral Premix provided following per kg diet: Vit. A 5000 IU, D3 1000 IU, K 1.6 mg, B1 1 mg, B2 2mg, B3 16 mg, B6 1.6 mg, B9 320  µg, B12 4.8 µg, H 40 mg, Cu 4 mg, Mn 40 mg, Zn 20 mg, Fe 2.4 mg, I 160 µg.


[bookmark: _Toc415044152]3.1.5 Collection of experimental broiler chicks
The day-old chicks (Cobb 500 strain) of mixed sex (male and female) were purchased from an agent of Nahar Agro Complex Limited, Jhautala Bazar, Khulshi, Chittagong, Bangladesh. All chicks were examined for any kind of abnormalities and uniform size during purchasing. Average body weight of puschased chicks was about 33.75±0.01gm.
[bookmark: _Toc415044153]3.1.6 Collection of fish oil
Fish oil was collected from Bazarghata of Cox’s Bazar, Bangladesh where marine fish oil is available. During collection it was assured that fish oil was fresh and free from dust or any other foreign particles.
[bookmark: _Toc415044154]3.1.7 Collection of essence of banana
Essence of banana was collected from local market of Khatunganj, Chittagong, Bangladesh. In order to remove bad odour coming from fish oil, the essence was added to the mixture.
[bookmark: _Toc415044155]3.1.8 Collection of feed ingredients                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                         
The birds were provided with dry mash feed was provided to the birds throughout the experimental period. Raw feed ingredients were collected from retail and wholesale market.
[bookmark: _Toc415044156]3.1.9 Mixing of fish oil with water
Fish oil was supplemented with regular drinking water from 1st day to the end of experiment. At first, little amount of fresh clean drinking water and fish oil was taken into a beaker. Essence of banana (6ml/litre of water) was also added to remove undesirable odour of fish oil. To dissolve fish oil with water, little amount (0.5gm/litre of water) of emulsifier (Eurolipid, ACI limited) was added. The mixture was stirred thoroughly in hot plate magnetic stirrer. After cooling, this mixture was added to large volume of regular drinking water of broilers.

                                                                                                                                                                                                                                                                                                                                                            
[bookmark: _Toc415044157]3.1.10 Management
The chicks were reared under strict hygienic condition. During the whole experimental periods uniformity in the management practices was maintained as much as possible.
[bookmark: _Toc415044158]3.1.10.1 Brooding of the chicks
The brooding boxes were ready for broiler chicks rearing after proper cleaning and drying. As the experiment was conducted in winter season, the ambient temperature was very low from the normal environmental temperature. Brooding box was pre heated for few hours by using the electric bulb to reach the expected favourable temperature. Dry and clean newspaper was placed in the brooding box and changed for every 24 hours interval from the floor of the brooding box. After seven days later fresh dried rice husk litter materials was spread on the floor of the brooding box at a depth of about 4-5 inches. 
[bookmark: _Toc415044159]3.1.10.2 Maintaining room temperature
Room temperature and humidity was maintained using 200 watt incandescent lamps and exhaust fans. The broilers were exposed to continuous lighting. During the brooding period chicks were brooded at a temperature of 95 °F, 90 °F, 85 °F and 80 °F for the 1st, 2nd, 3rd and 4th week, respectively with the help of electric bulbs.Basis on requirement temperature was increased and decreased in the brooding box as well as in the whole house. The key concern was the comfort of broiler birds.
[bookmark: _Toc415044160]3.1.10.3 Brooder and cage space
Each box brooder having 2.38 ft. X 2.08 ft. was allocated for 30 birds. After 14 days later broiler birds were transferred to cage having 3.5 ft. X 1.63 ft. for 10 birds. Therefore, floor space for each bird in the brooding box was 0.17 sq. ft. and cage was 0.57 sq. ft. respectively.
[bookmark: _Toc415044161]3.1.10.4 Feeder and drinker space
[bookmark: OLE_LINK16][bookmark: OLE_LINK17]Feed and water was given to birds on paper and small waterer in the early stage of brooding. In each brooding box, feeding was done by using one small round plastic feeder. Watering was performed with one round waterer having a capacity of 1.5 liter. The feeders and drinker were fixed in such a way so that the birds could eat and drink conveniently. After 5th day’s later small round feeder was replaced by small liner fedder (2.21 ft. X 0.25 ft.) in each brooding box. During the period of cage rearing large liner feeder (3.5 ft. X 0.38 ft.) and large round waterer with a capacity of three liters were used for feeding and drinking.	
[bookmark: _Toc415044162]3.1.10.5 Method of feeding, watering
Formulated mash feed was supplied ad-libitum to the birds throughout the experimental period. Fish oil was given with regular drinking water of broilers at different levels. Feed and drinking water were given three times a day. Starter ration was supplied for 0 to 14 days and grower ration for 15 to 30 days. During the early stage of growth feed and water were given to birds on paper and small drinkers. 
[bookmark: _Toc415044163]3.1.10.6 Litter management
Fresh and dried rice husk was used as litter material at a depth of 3-4 inch during the brooding period. After the ends of brooding period birds were replaced in the cage for rearing until the end of experiment. Each and every day faeces material were cleaned and disinfected hygienically.
[bookmark: _Toc415044164]3.1.10.7 Vaccination
All birds were vaccinated properly against Newcastle disease on the 4th days and booster dose again on 14th days.
Table: 3.4 Schedule of vaccination
	Age of birds
	Name of diseases
	Name of the vaccines
	Route of administration

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

	14th days
	New Castle Disease
	BCRDV (Live)
	Do



After each vaccination, multivitamin (Rena-WS, Renata) was supplied @ 1g/5 liter of drinking water along with vitamin-C to overcome the stressed effect of vaccination and cold weather.
[bookmark: _Toc415044165]3.1.10.8 Bio-security/Sanitation
Bio-security was maintained strictly during the whole experimental period. Footbath containing potassium permanganate was kept at the entrance of the poultry shed. It was changed daily. Feeders were cleaned and washed with Temsen® solution @ 3ml/liter water weekly before being used further. Drinkers were washed with potassium- per- magnate and dried up daily in the morning.
[bookmark: _Toc415044166]3.1.10.9 Record keeping
Following parameters were recorded throughout the experimental period.
Body weight
Body weight of the chicks was recorded at first day and then weekly intervals. This measure was done along the whole experimental period.
Feed intake
Weekly feed intake was calculated by deducting the left over feeds from the total amounts of supplied feed to the broilers.
[bookmark: _Toc415044167]3.1.10.10 Calculation of data
Body weight gain
The body weight gain was calculated by deducting initial body weight from the final body weight of the birds.
Body weight gain: Final body weight-Initial body weight
Feed intake
Quantity of offered feed was weighed weekly. Refusal feed was recorded to determine the feed intake per week. Feed intake was calculated weekly as gm/bird.

Feed conversion (FC)
The amount of feed intake per unit of weight gain is the feed conversion (FC). This was calculated by using following formula.

                                                     Feed intake (kg)
                            FC   =    
                                                     Weight gain (kg)
[bookmark: _Toc415044168]3.1.11 Statistical analysis
All the data like live weight gain, feed consumption, feed conversion rate etc. were entered into MS excel (Microsoft office excel-2007, USA). Data management and data analysis were done by STATA version-12.1 (STATA Corporation, College Station, Texas). A P value of <0.05 or <0.01 was considered statistically significant.

[bookmark: _Toc415044169]3.2 Effect of fish oil on coccidiosis of broilers
Depending upon the infective dose of Eimeria oocysts, degree of infection due to coccidiosis varies from an apparent infection to an acute, highly fatal disease. Age, breed and state of nutrition affect the pathogenicity of different species and strains of Eimeria. It has been reported that infection with 104 oocysts of Eimeria produces a moderate to severe infection with a very low rate of mortality (Karim, 1988). Another experiment by Siddiki et al. (2008) infection with 104 sporulated oocyst of Eimeria also produced lesion of coccidiosis.Therefore 104 sporulated oocysts were used as infective dose in this experiment.
[bookmark: _Toc415044170]3.2.1 Production of fresh oocysts for experimental infection
Seven-day old chicks were infected with 104 sporulated oocysts for production of fresh oocysts. Faeces were collected from 6 days post infection (dpi) and oocysts were collected.
[bookmark: _Toc415044171]3.2.2 Cleaning of oocysts
Cleaning of oocysts was done by adopting the method suggested by Ryley (1973) with few modifications. The faeces was collected in 2% potassium dichromate and homogenized using a food blender. This mixture was centrifuged done at 700 g for 5 minutes. After that the supernatant was discarded and the sediment was resuspended followed by centrifugation at 500g for 5 minutes. The scum which was rich in oocysts was collected with the help of a plastic pasteur pipette. Then the oocysts suspension was passed through a 100 mash (150 µm apperture) sieve. The suspension was diluted with water to at least ten times of its original volume followed by centrifugation of this suspension at 1100 g for 5 minutes. The supernatant was discarded and the oocyst rich sediment was resuspended in 2% potassium dichromate and aerated at room temperature for 48 hours. The sporulation percentage was determined by counting a total of 200 oocysts (sporulated and unsporulated) and stored at refrigeration temperature (4-5ºC).
[bookmark: _Toc415044172]3.2.3 Preparation of oocysts dose
Centrifugation of oocyst suspension was performed at 500 g for 5 minutes in test tubes. The supernatant was discarded and the sediment was resuspended in distilled water and centrifuged again. This process was repeated once. The final sediment was resuspended in distilled water. The number of oocysts per milliliter was counted by a McMaster counting technique following the method described by Soulsby (1986). Finally the number of oocysts as infective inocula (104 sporulated oocysts) was adjusted to a volume of 0.5 to 1 ml with water.
[bookmark: _Toc415044173]3.2.4 Infection with oocysts
All birds from T0 (without fish oil), T1 (1% fish oil), T2 (2% fish oil) and T3 (3% fish oil) groups were infected with 104 sporulated oocysts for each bird at 12 day of age. The infective inocula were introduced directly into the crop of the chick using a plastic dosing tube attached to a 1 ml plastic syringe.
[bookmark: _Toc415044174]3.2.5 Recording of clinical sign
Clinical signs were recorded from the day of infection till the end of the experiment. The signs of coccidiosis were characterized by bloody faeces with diarrhea, loss of weight, flecks of bloods and mucous in faeces, sleeping tendency, depression and weakness of affected birds. Mortality was recorded throughout the experimental period when death occurred in any replication.
[bookmark: _Toc415044175]3.2.6 Necropsy and gross lesion
At 8 days post infection (dpi) six birds from each dietary treatment groups were sacrificed. The whole intestine including the caeca was removed from the sacrificed and dead birds. Gross lesions for various species were noted and scored from scale 0 to 4 following the methods described by Johnson and Reid (1970) with the scores ranging from a scale of 0 (no gross lesion) to 4 (most severe gross lesion). Various portions of the intestines (anterior, middle, posterior, including caecal loop) were collected, slit open and preserved in 10% neutral buffered formalin.However scoring of lesions produced by Eimeria tenella was done by the following criteria 

· A score of “0” was given for intestines without any gross lesions
· +1 Few petechiae in the cecal wall with the presence of normal contents
· +2 Mild ballooning with thickened cecal wall and bloody contents at the proximal end
· +3 Moderate ballooning of caecal loops with caecal core 
· +4 Complete ballooning and distension of caecum packed with caseous cores 


The deep scrapings of the affected intestinal serosa and mucosa, as well as the intestinal contents, were examined by light microscope (Leica research binocular microscope, Germany) at the sites of petechiae, plaques and some other lesions. Eimeria species were identified by a combination of oocyst size, location in the gut, appearance of the lesions, and schizont size (Conway and Mckenzie, 2007; McDougald and Fitz-Coy, 2008). 
[bookmark: _Toc415044176]3.2.7 Identification of Eimeria species
Mucosal scrapings for microscopic examination of developmental stages of coccidia were taken from segments of caecum with gross lesions. They were placed on microscopic slides, diluted with a drop of tap water, mixed thoroughly, covered with a coverslip and examined under a microscope for the presence of oocysts (Ashenafi et al., 2004; Lobago et al., 2005). Eimeria species were identified by a combination of oocyst size, location in the gut, appearance of the lesions, and schizont size (Conway and Mckenzie, 2007; McDougald and Fitz-Coy, 2008). Mucosal scrapings and tissues were examined using a light microscope. Eimeria oocysts were isolated from caecal and lower intestinal mucosa using saturated sodium chloride floatation solution (Permin and Hansen, 1998).
[bookmark: _Toc415044177]3.2.8 Histopathological examination
The intestinal and caecal samples which were fixed in 10% neutral buffer formalin examined for histopathology at Pathology and Parasitology Laboratory, Chittagong Veterinary and Animal Sciences University. The tissue samples were fixed in 10% neutral formalin for histopathological examination. In brief, tissues were trimmed to 3 to 5 μm thickness and then processed in an automatic tissue processor in different chambers containing different alcohol concentrations (70, 80, 95 and 100%). The processed tissues were cleared in xylene and embedded in paraffin for preparation into fine blocks. Blocks were sectioned with a microtome to a size of 5 μm. Afterward they were dewaxed and the tissues section was stained using haematoxylin and eosin (H and E) stain as described by Bancraft et al. (1990). The slides were mounted with distrene plasticizer xylene and allowed to dry before examination under a light microscope.
[bookmark: _Toc415044178]3.2.9 Hematological analysis
Blood samples were collected from the brachial vein of 6 birds from each group (2 birds from each replicate) using a 3 ml sterile syringe and a 23-gauge needle. Each blood sample was transferred immediately into a sterile tube containing the anticoagulant, ethylene diamine tetra acetic acid. The total red blood cell (TRBC) or erythrocyte counts were performed in a 1:200 dilution of blood in Hayem‘s solution. The differential leukocyte counts were determined by preparation of blood smears stained with Wright’s stain. The Hb concentration was evaluated by matching acid hematin solution against a standard colored solution found in Sahl’s hemoglobinometer. Packed cell volume (PCV) was measured by standard manual technique after centrifugation of a small amount of blood using micro-hematocrit capillary tubes (Coles, 1986; Irizaary-Rovira, 2004).
[bookmark: _Toc415044179]3.2.10 Biochemical analysis
Blood was collected without anticoagulant from a total 6 birds from each group at 15th and 30th days of age of broilers. Serum was separated after centrifugation at 3,000 rpm for 15 min. Serum enzyme like   alanine aminotransferase/glutamic pyruvic transaminase (ALT/GPT), aspartate  aminotransferase/glutamic oxalacetic transaminases (AST/GOT) activities were measured in the post graduate laboratory under the department of Physiology, Biochemistry and Pharmacology, CVASU using standard kits (BioMereux, France) and automatic analyzer (Humalyzer 300, Merck®, Germany)according to the manufacturer’s instruction (FVMAAU; Addis Ababa, Ethiopia).
[bookmark: _Toc415044180]3.2.11 Statistical Analysis
Data related to RBC, Hb and PCV, lymphocyte, monocyte, eosinophil, heterophil and serum ALT and AST level were entered into MS excel (Microsoft office excel-2007, USA). Data management and data analysis were done by STATA version-12.1 (STATA Corporation, College Station, Texas). A P value of <0.05 or <0.01 was considered statistically significant.


[bookmark: _Toc415044181]3.3.1 Effect of fish oil on blood parameters of broilers
At 15th and 30th days of age, blood was collected without anticoagulant from a total of 6 (2 birds from each replicate) birds in each group after random selection. Serum was collected by first allowing the blood to clot, followed by centrifugation at 3000 rpm for 15 minutes. Serum samples were taken into 2ml eppendorf tube and stored under (-20 ºC) until assayed. The estimation of the serum biochemical value was performed in the post graduate laboratory under the department of Physiology, Biochemistry and Pharmacology, CVASU. Serum glucose, total protein, albumin, triglyceride, cholesterol, creatine and uric acid were determined using standard kits (BioMereux, France) and automatic analyzer (Humalyzer 300, Merck®, Germany) following manufacturesr instructions.
[bookmark: _Toc415044182]3.3.2 Statistical Analysis
Data of serum cholesterol, HDL-cholesterol, glucose, LDL-cholesterol, triglycerides, total protein, albumin level were entered into MS excel (Microsoft office excel-2007, USA). Data management and data analysis were done by STATA version-12.1 (STATA Corporation, College Station, Texas). A P value of <0.05 or <0.01 was considered statistically significant.
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[bookmark: _Toc415044183]Chapter IV
[bookmark: _Toc415044184]Results
[bookmark: _Toc415044185]4.1 Effect of fish oil on growth and production performance of broilers
Different parameters were recorded to observe the effect of fish oil on growth and production performance of broilers when base diet was supplemented with 1%, 2% and 3% fish oil or without fish oil. The parameters were feed consumption, live weight gain and feed conversion (FC) of broilers at different ages of broilers. Cost benefit analysis was also calculated in this experiment.
[bookmark: _Toc415044186]4.1.1 Feed Consumption
Feed consumption by birds were recorded daily and calculated at the end of week. 

Table 4.1.1.1 Feed consumption of broilers at 1st week of age among different dietary treatment groups (gm/broiler)
	
Variable
	
Level
	
Mean
	
SEM
	
P-value
	
Level of significance

	Dietary treatment
groups
	T0 (without fish oil)
	119.7
	7.3
	
0.36
	
NS

	
	T1 (1% fish oil)
	120.8
	6.60
	
	

	
	T2  (2% fish oil)
	121.6
	8.58
	
	

	
	T3  (3% fish oil)
	118.25
	7.65
	
	


SEM = Standard error of mean; NS = Non significant at 5% level

Table 4.1.1.1 represents amount of feed consumption of birds at 1st week of age. The values of different groups were not significant (P>0.05).

Table 4.1.1.2 Feed consumption of broilers at 2nd week of age among different dietary treatment groups (gm/broiler)
	
Variable
	
Level
	
Mean
	
SEM
	
P-value
	
Level of significance

	Dietary treatment
groups
	T0 (without fish oil)
	316.46
	7.21
	
0.24
	
NS

	
	T1 (1% fish oil)
	314.15
	9.80
	
	

	
	T2  (2% fish oil)
	287.5
	5.98
	
	

	
	T3  (3% fish oil)
	289.99
	5.73
	
	


SEM = Standard error of mean; NS = Non significant at 5% level

Table 4.1.1.2 is presented with the amount of feed consumption of birds at 2nd week of age. Though feed consumption was increased in birds which were not supplied with fish oil, the values among different dietary treatment groups did not differ significantly (P>0.05).

Table 4.1.1.3 Feed consumption of broilers at 3rd week of age among different dietary treatment groups (gm/broiler)

	Variable
	Level
	Mean
	SEM
	P-value
	Level of significance

	Dietary treatment
groups
	T0 (without fish oil)
	747.60
	10.56
	
0.07
	
*

	
	T1 (1% fish oil)
	658.17
	8.51
	
	

	
	T2  (2% fish oil)
	665.13
	6.91
	
	

	
	T3  (3% fish oil)
	667.33
	7.61
	
	


SEM = Standard error of mean; * = Significant at 5% level

Feed consumption by birds in different treatment groups did not differ significantly (P>0.05) at 3rd week of age (table 4.1.1.3).

Table 4.1.1.4 Feed consumption of broilers at 4th week of age among different dietary treatment groups (gm/broiler)
	
Variable
	
Level
	
Mean
	
SEM
	
P-value
	
Level of significance

	Dietary treatment
groups
	T0 (without fish oil)
	566.7
	13.41
	
<0.0001
	
**

	
	T1 (1% fish oil)
	591.65
	7.31
	
	

	
	T2  (2% fish oil)
	741.5
	8.71
	
	

	
	T3  (3% fish oil)
	729.83
	7.01
	
	


SEM = Standard error of mean; ** = Significant at 1% level

At 4th week of age, there was a significant (P<0.01) increase of daily feed consumption in the group without fish oil (table 4.1.1.4).

Table 4.1.1.5 Cumulative feed consumption (gm/broiler) at different ages in different dietary treatment groups (with or without FO) of broilers
	Age (Wks)
	T0
(without FO)
	T1
(1% FO)
	T2
(2% FO)
	T3
(3% FO)
	Level of significance

	1-2
	436.16
	434.95
	409.1
	408.24
	NS

	1-3
	1064.06
	972.32
	952.6
	957.32
	NS

	1-4
	1214.3
	1249.82
	1406.63
	1397.16
	**


NS = Non significant at 5% level; ** = Significant at 1% level

Cumulative feed consumption by different groups were insignificant (P>0.05) until 3rd week of age which was increased significantly (P<0.01) at 4th week of age in 2% and 3% fish oil treatment groups, respectively (table 4.1.1.5).
[bookmark: _Toc415044187]
4.1.2 Live weight
Live weight of birds was recorded at 1st day and at the end of each week.

Table 4.1.2.1 Initial live weight of broilers with different dietary fish oil supplemented groups and control group (gm/broiler)
	
Variable
	
Level
	
Mean
	
SEM
	
P-value
	
Level of significance

	Dietary treatment
groups
	T0 (without fish oil)
	34.85
	3.93
	
0.16
	
NS

	
	T1 (1% fish oil)
	32.91
	3.51
	
	

	
	T2  (2% fish oil)
	33.11
	3.99
	
	

	
	T3  (3% fish oil)
	34.15
	3.63
	
	


SEM = Standard error of mean; NS = Non significant at 5% level

Initially no significant difference (P>0.05) in live weight were found among the birds of different dietary treatment groups (table 4.1.2.1).

Table 4.1.2.2 Live weight of broilers with different groups of dietary fish oil supplemented groups and control group at 1st week of age (gm/broiler)
	Variable
	Level
	Mean
	SEM
	P-value
	Level of significance

	
Group
	T0 (without fish oil)
	138.66
	12.57
	
0.21
	
NS

	
	T1 (1% fish oil)
	140.76
	5.66
	
	

	
	T2  (2% fish oil)
	142.79
	4.98
	
	

	
	T3  (3% fish oil)
	141.62
	5.29
	
	


SEM = Standard error of mean; NS = Non significant at 5% level

Difference in live weight of broilers at 1st week of age was also not significant (P>0.05) among different groups (table 4.1.2.2).

Table 4.1.2.3 Live weight of broilers with different groups of dietary fish oil supplemented groups and control group at 2nd week of age (gm/broiler)
	Variable
	Level
	Mean
	SEM
	P-value
	Level of significance

	
Group
	T0 (without fish oil)
	346.14
	7.96
	
0.58
	
NS

	
	T1 (1% fish oil)
	347.44
	9.14
	
	

	
	T2  (2% fish oil)
	348.15
	2.60
	
	

	
	T3  (3% fish oil)
	348.00
	1.57
	
	


SEM = Standard error of mean; NS = Non significant at 5% level

Live weight of broilers at 2nd week of age among different groups were insignificant (P>0.05) (table 4.1.2.3).

Table 4.1.2.4 Live weight of broilers with different groups of dietary fish oil supplemented groups and control group at 3rd week of age (gm/broiler)
	Variable
	Level
	Mean
	SEM
	P-value
	Level of significance

	
Group
	T0 (without fish oil)
	727.57
	12.12
	
<0.0001
	
**

	
	T1 (1% fish oil)
	734.59
	15.19
	
	

	
	T2  (2% fish oil)
	808.96
	18.65
	
	

	
	T3  (3% fish oil)
	808.23
	9.95
	
	


SEM = Standard error of mean, ** = Significant at 1% level

Table 4.1.2.4 shows that difference in live weight among broilers was significant (P<0.01) and was higher in 2 and 3% fish oil dietary treatment groups in comparison with other two groups.







Table 4.1.2.5 Live weight of broilers with different groups of dietary fish oil supplemented groups and control group at 4th week of age (gm/broiler)
	Variable
	Level
	Mean
	SEM
	P-value
	Level of significance

	
Group
	T0 (without fish oil)
	961.77
	58.72
	
<0.0001
	
**

	
	T1 (1% fish oil)
	1005.99
	26.60
	
	

	
	T2  (2% fish oil)
	1281.96
	26.86
	
	

	
	T3  (3% fish oil)
	1281.45
	18.61
	
	


SEM = Standard error of mean, ** = Significant at 1% level

Significant (P<0.01) difference in live weight of broilers was observed at 4th week of age and 2% dietary fish oil treatment group gained highest weight among the treatment groups (table 4.1.2.5).

Table 4.1.2.6 Cumulative body weight (gm/broiler) of broilers at different market ages fed on diet supplemented with or without fish oil  
	Age (Wks)
	T0
(without FO)
	T1
(1% FO)
	T2
(2% FO)
	T3
(3% FO)
	Level of Significance

	1-2
	484.80
	488.20
	490.94
	489.62
	NS

	1-3
	1212.37
	1222.79
	1299.90
	1297.85
	**

	1-4
	2174.14
	2228.78
	2581.86
	2579.30
	**


NS = Non significant at 5% level, * = Significant at 1% level

Table 4.1.2.6 represents that upto 2nd week of age the difference in cumulative live weight of broilers among different groups were not statistically significant (P>0.05) but at 3rd and 4th weeks of age weight was significantly (P<0.01) higher in 2% and 3% fish oil supplemented groups, respectively.




[image: ]
Fig 9:  Boxplot of body weight among different dietary treatment groups (G-1 to G-2) showing minimum, maximum, 25th quartile, 75th quartile and median

Box plot in figure 9 represents that minimum weight of G-1/T0 (without fish oil), G-2 /T1 (1% fish oil), T2/G-3 (2% fish oil) and group G-4/T3 (3% fish oil) were 855, 1010, 1235 and1260 gm/broiler, respectively. The median body weight of these groups were 940, 990, 1295 and 1290 gm/broiler, respectively. Body weight among 25% of the birds were 920, 990, 1270 and 1280 gm/broiler, respectively. 75% of the birds showed bdy weight at about 1000, 1020, 1270 and 1285 gm/broiler, respectively. Maximum weights in these four groups were 1130, 1020, 1320 and 1315 gm/broiler, respectively.
[bookmark: _Toc415044188]
4.1.3 Live weight gain
Table 4.1.3.1 Live weight gains of broilers with different groups of dietary fish oil supplemented groups and control group at 1st week of age (gm/broiler)
	Variable
	Level
	Mean
	SEM
	P-value
	Level of significance

	
Group
	T0 (without fish oil)
	104.21
	11.50
	
0.32
	
NS

	
	T1 (1% fish oil)
	107.35
	4.8
	
	

	
	T2  (2% fish oil)
	109.48
	5.67
	
	

	
	T3  (3% fish oil)
	108.47
	4.19
	
	


SEM = Standard error of mean; NS = Non significant at 5% level

At 1st week of age, live weight gain of broilers in different dietary treatment groups of broilers were also insignificant (P>0.05) statistically (table 4.1.3.1).

Table 4.1.3.2 Live weight gains of broilers with different groups of dietary fish oil supplemented groups and control group at 2nd week of age (gm/broiler)
	Variable
	Level
	Mean
	SEM
	P-value
	Level of significance

	
Group
	T0 (without fish oil)
	207.35
	5.96
	
0.59
	
NS

	
	T1 (1% fish oil)
	206.71
	7.34
	
	

	
	T2  (2% fish oil)
	205.39
	1.89
	
	

	
	T3  (3% fish oil)
	206.24
	2.57
	
	


SEM = Standard error of mean; NS = Non significant at 5% level

At 2nd week of age, weight gain among different dietary treatment groups were insignificant (P>0.05) (table 4.1.3.2).

Table 4.1.3.3 Live weight gains of broilers with different groups of dietary fish oil supplemented groups and control group at 3rd week of age (gm/broiler)
	Variable
	Level
	Mean
	SEM
	P-value
	Level of significance

	
Group
	T0 (without fish oil)
	380.43
	11.15
	
<0.0001
	
**

	
	T1 (1% fish oil)
	385.17
	13.19
	
	

	
	T2  (2% fish oil)
	460.81
	17.35
	
	

	
	T3  (3% fish oil)
	459.23
	5.95
	
	


SEM = Standard error of mean, ** = Significant at 1% level
Significant (P<0.01) difference in weight gain of broilers in different treatment groups was observed which was higher in 2 and 3% fish oil treatment groups (table 4.1.3.3).

Table 4.1.3.4 Live weight gains of broilers with different groups of dietary fish oil supplemented groups and control group at 4th week of age (g/broiler)
	Variable
	Level
	Mean
	SEM
	P-value
	Level of significance

	
Group
	T0 (without fish oil)
	236.2
	58.72
	
<0.0001
	
**

	
	T1 (1% fish oil)
	273.45
	26.60
	
	

	
	T2  (2% fish oil)
	472.79
	26.86
	
	

	
	T3  (3% fish oil)
	473.01
	18.61
	
	


SEM = Standard error of mean, ** = Significant at 1% level

Significant (P<0.01) difference in weight gain was observed at 4th week of age and 2% dietary fish oil treatment group gained highest weight among the treatment groups (table 4.1.3.4).

Table 4.1.3.5 Cumulative body weight gain (g/broiler) of broilers at different market ages fed on diet supplemented with or without fish oil  
	Age (Wks)
	T0 
 (without FO)
	T1 
(1% FO)
	T2 
(2% FO)
	T3
 (3% FO)
	Level of Significance

	1-2
	311.56
	314.06
	314.87
	314.71
	NS

	1-3
	587.78
	591.88
	666.2
	665.47
	**

	1-4
	616.63
	658.62
	933.6
	932.24
	**


NS = Non significant at 5% level, ** = Significant at 1% level

Cumulative live weight gain among different treatment groups were significantly (P<0.01) higher in 2% and 3% dietary treatment groups at 3rd and 4th week of age of broilers (table 4.1.3.5).




[bookmark: _Toc415044189]4.1.4 Feed conversion
Table 4.1.4.1 Comparison of feed conversion of broilers at 1st week of age fed on diet supplemented with or without fish oil  
	Variable
	Level
	Mean
	SEM
	P-value
	Level of significance

	

Groups
	T0 (without fish oil)
	1.15
	0.12
	

0.09
	

*

	
	T1 (1% fish oil)
	1.12
	0.04
	
	

	
	T2  (2% fish oil)
	1.10
	0.01
	
	

	
	T3  (3% fish oil)
	1.09
	0.04
	
	


SEM = Standard error of mean, * = Significant at 1% level

Table 4.1.4.2 shows that variation in feed conversion was not significant (P>0.05) in different treatment groups.


Table 4.1.4.2 Comparison of feed conversion of broilers at 2nd week of age fed on diet supplemented with or without fish oil  
	Variable
	Level
	Mean
	SEM
	P-value
	Level of significance

	
Groups
	T0 (without fish oil)
	1.53
	0.03
	

0.03
	

*

	
	T1 (1% fish oil)
	1.52
	0.03
	
	

	
	T2  (2% fish oil)
	1.40
	0.02
	
	

	
	T3  (3% fish oil)
	1.41
	0.02
	
	


SEM = Standard error of mean, * = Significant at 5% level


Feed conversion of broilers among different treatment groups was significantly (P<0.05) differed at 2nd week of age (table 4.1.3.1). Feed conversion was higher in control group in comparison with other groups.






Table 4.1.4.3 Comparison of feed conversion of broilers at 3rd week of age fed on diet supplemented with or without fish oil  
	Variable
	Level
	Mean
	SEM
	P-value
	Level of significance

	
Groups
	T0 (without fish oil)
	1.96
	0.13
	

<0.0001
	

**

	
	T1 (1% fish oil)
	1.45
	0.03
	
	

	
	T2  (2% fish oil)
	1.40
	0.01
	
	

	
	T3  (3% fish oil)
	1.45
	0.01
	
	


SEM = Standard error of mean, ** = Significant at 1% level

Table 4.1.4.3 indicates that there was a significant (P<0.01) increase in feed conversion among the birds treated without fish oil or with 1% fish oil.

Table 4.1.4.4 Comparison of feed conversion of broilers at   4th week of age fed on diet supplemented with or without fish oil 
	Variable
	Level
	Mean
	SEM
	P-value
	Level of significance

	
Groups
	T0 (without fish oil)
	2.42
	0.04
	

<0.0001
	

**

	
	T1 (1% fish oil)
	2.18
	0.14
	
	

	
	T2  (2% fish oil)
	1.57
	0.03
	
	

	
	T3  (3% fish oil)
	1.50
	0.04
	
	


SEM = Standard error of mean, ** = Significant at 1% level

Feed conversion was significantly (P<0.01) better in 2% and 3% fish oil supplemented groups among different treatment groups at 4th week of age (table 4.1.4.4).








Table 4.1.4.5 Cumulative feed conversion of broilers at different market ages fed on diet supplemented with or without fish oil  
	Age (Wks)
	T0 
 (without FO)
	T1 
(1% FO)
	T2 
(2% FO)
	T3
 (3% FO)
	Level of Significance

	1-2
	1.39
	1.384
	1.299
	1.297
	*

	1-3
	1.81
	1.64
	1.429
	1.438
	**

	1-4
	2.01
	1.89
	1.50
	1.49
	**


NS = Non significant at 5% level, * = Significant at 5% level; ** = Significant at 1% level
                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                 
Cumulative feed conversion among different treatment groups were significantly better in 2% and 3% dietary treatment groups at 2nd (P<0.05), 3rd (P<0.01) and 4th (P<0.01) week of age of broilers (table 4.1.4.5).
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Fig 10 Boxplot of FC among different groups (G-1 to G-4) showing minimum, maximum, 25th quartile, 75th quartile and median
From the box plot represented in figure 10 it was revealed that minimum feed conversion (FC) among G-1/T0 (without fish oil), G-2 /T1 (1% fish oil), G-3/T2 (2% fish oil) and group G-4/T3 (3% fish oil) were 2.34, 1.98, 1.58 and 1.44, respectively. 25% of the birds showed FC about 2.38, 2.08, 1.58 and 1.56, respectively and 75% of the birds showed FC about 2.46, 2.12, 1.58 and 1.54, respectively.
[bookmark: OLE_LINK44]4.1.5 Effect of fish oil on cost benefit analysis of broiler
Table 4.1 Cost of production and returns in different treatment groups 
	Cost items

	Parameters
	T0
(Control)
	T1
(1% FO)
	T2
(2% FO)
	T2
(3% FO)
	Level of
Sig.

	
	Mean
	SEM
	Mean
	SEM
	Mean
	SEM
	Mean
	SEM
	

	Chick cost
(Tk./chick)
	40.00
	-
	40.00
	-
	40.00
	-
	40
	-
	NS

	Fish oil, essence  of banana cost (Tk./kg)
	-
	-
	1090
	-
	1130
	-
	11160
	-
	-

	Total feed cost (Tk./kg)
	35.35
	0.08
	37.25
	0.03
	38.7
	0.05
	40.2
	0.07
	*

	Management cost (Tk./broiler)
	15
	-
	15
	-
	15
	-
	15
	-
	NS

	Total feed cost
(Tk./broiler)
	80.8
	0.07
	81.3
	0.03
	82.4
	0.1
	83.7
	0.25
	*

	Total cost (Tk./broiler)
	135.8
	0.02
	136.3
	0.01
	137.4
	0.05
	138.7
	0.07
	*

	Total cost
(Tk./kg live broiler)
	123.4
	0.05
	121.3
	0.07
	118.2
	0.02
	117.9
	0.09
	*

	
Income

	Market sale price (Tk./kg broiler)
	130
	-
	130
	-
	130
	-
	130
	-
	NS

	Total sale price (Tk./broiler)
	157.38
	0.51
	161.46
	0.37
	166.8
	0.23
	169.14
	0.45
	*

	Net Profit (Tk./broiler)
	21.58
	0.31
	25.17
	0.27
	29.43
	0.25
	30.44
	0.23
	*

	Net Profit (Tk./kg  live broiler)
	6.6
	0.04
	8.7
	0.03
	11.8
	0.07
	12.1
	0.09
	*


SEM = Standard error of mean, 
NS = Non significant at 5% level, * = Significant at 5% level.
[bookmark: OLE_LINK18][bookmark: OLE_LINK19]
N.B. Total feed cost included feed raw materials cost, fish oil and essence of banana cost. Management cost included vaccination cost, labour cost, electricity cost, disinfectant cost and litter material cost. Total cost included total feed cost, chick cost and management cost.
1 US $=78 Taka (approx.)


[bookmark: _Toc415044190]4.2 Effect of fish oil on coccidiosis of broilers
In present study, the birds which were exposed to 104 Eimeria oocysts had developed signs and lesions of coccidiosis except the birds which were treated with higher level of fish oil. Role of fish oil in preventing coccidiosis was studied based on clinical signs, gross and histopathological changes, hematological, biochemical changes caused by coccidiosis in chickens.
[bookmark: _Toc415044191]4.2.1 Clinical signs
Clinical coccidiosis was seen with clotted and unclotted blood in faeces among the birds in which no dietary fish oil was used (T0) at four days post infection (dpi). Lesions were aggravated on 6 and 7 dpi. At 7 dpi almost all the birds from control groups were infected. Fresh bloody discharge was found in the droppings of affected birds. Depression, weakness, bloody diarrhoea, anorexia and ruffled feathers were also observed. Birds which received 1% dietary fish oil also showed same clinical signs but the lesions were not so severe like control groups (T1). On 5 dpi and 7 dpi two coccidian infected birds from control group were died. However birds which were fed 2% and 3% fish oil (T2 and T3 groups) with regular drinking water showed very minimal or no clinical signs.
[bookmark: _Toc415044192]4.2.2 Oocyst output
Table 4.2.1 Total oocyst output in different dietary treatment groups (Mean of total oocyst output × 106)
	Groups
	Mean
	P-value
	Level of Significance

	T0 (without fish oil)
	2246.7
	

<0.00001
	

*

	Group 2 (1% fish oil)
	1131
	
	

	Group 3 (2% fish oil)
	0
	
	

	Group 4 (3% fish oil)
	0
	
	


* = Significant at 5% level

Table 4.2.1 shows that the group in fish oil was not used with daily drinking water passed a large number of oocysts following infection. Birds receiving 1% fish oil also passed oocyst in feces but the number of oocyst was less than control group. No oocysts were found in the birds which were fed 2% and 3% fish oil with drinking water. There was a significant (P<0.01) difference among the values of oocyst count.
[bookmark: _Toc415044193]4.2.3 Necropsy of birds
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Histogram 1 Infection status of 24 selected birds from different groups (6 birds from each group)

All sacrificed birds including two dead birds from T0 (without fish oil) group revealed highly swollen caeca with full of clotted blood and blood mixed feces. Large number of haemorrhagic, necrotic spots on the mucosal surface with oocysts in mucosal scrapings was also observed. Due to formation of oocysts, mottled reddish or milky white colored contents in the caeca was also observed. Those birds were scored either +3 or +4. Birds which received 1% fish oil also showed lesions of coccidiosis such as hemorrhage, bloody faeces with a hyperemic, swollen and thickened caecal wall. But those lesions were not so severe like control group. So they were scored either +1 or +2. No gross lesions of coccidiosis were observed in the intestines of birds receiving 2% and 3% fish oil. They were scored as 0 (Figure 11).
[bookmark: _Toc415044194]4.2.4 Histopathology
Histopathological lesions in intestinal sections of control and 1% fish oil treatment groups (infected) induced loss of epithelial tissue, congestion of blood vessels, which indicated disruption followed by leakage of blood. There were also severe hemorrhage, necrosis of mucosa, submucosa of intestine, presence of clusters of oocysts, merozoites, schizonts and lymphoid cells hyperplasia. Mononuclear cell infiltration was noted in the mucosal layer. Second generation schizont (pathognomonic for Eimeria tenella) was found within the caecal cells. Different developmental stages of Eimeria like microgametocytes, mocrogametocyes were observed in the epithelial cells of intestine. Moreover huge epithelial cell destruction was found throughout the intestinal layers (Figure 12,13).
[bookmark: _Toc415044195]4.2.5 Haematological changes
Table 4.2.2 Comparison of red blood cell (RBC) count at 15th and 30th day of study among different groups of the study population (1 × 106 cells per micro liter)
	Dietary
treatment 
groups
	At 15th day
	Level
of
Sig.
	At 30th day
	Level
of
Sig.
	Ref.
interval
	Source

	
	Mean
	SEM
	
	Mean
	SEM
	
	
	

	T0 (without FO)
	2.9
	0.4
	

   NS
	1.6
	0.5
	

    *
	

    2.5–3.5

	

Wakenell
(2010)

	T1 (1% FO)
	3.1
	0.3
	
	1.75
	0.7
	
	
	

	T2 (2% FO)
	3.2
	0.1
	
	3.1
	0.4
	
	
	

	T3 (3% FO)
	3.4
	0.2
	
	3.4
	0.2
	
	
	


SEM = Standard error of mean, NS= Non significant, * = Significant at 5% level

Table 4.2.3 Comparison of packed cell volume (PCV) at 15th and 30th day of study among different groups of the study population (%)
	Dietary
treatment groups
	At 15th day
	Level
of
Sig.
	At  30th day
	Level
of
Sig.
	Ref.
interval
	Source

	
	Mean
	SEM
	
	Mean
	SEM
	
	
	

	T0 (without FO)
	42.5
	3.1
	


NS
	23.5
	4.5
	


*
	


35–55

	

Irizaary-Rovira (2004)

	T1 (1% FO)
	43.5
	3.5
	
	29.5
	4.1
	
	
	

	T2  (2% FO)
	45.4
	3.3
	
	47.8
	3.9
	
	
	

	T3  (3% FO)
	44.75
	3.4
	
	48.5
	4.6
	
	
	


SEM = Standard error of mean, NS= Non significant, * = Significant at 5% level.




Table 4.2.4 Comparison of HB (g.dL-1) at 15th and 30th day of study among different groups of the study population
	Dietary
treatment groups
	At 15th day
	Level
of
Sig.
	At 30th day
	Level
of
Sig.
	Ref.
interval
	Source

	
	Mean
	SEM
	
	Mean
	SEM
	
	
	

	T0 (without FO)
	9.17
	1.04
	

NS
	6.7
	0.45
	

      *
	

       7-13

	

Wakenell
(2010)

	T1 (1% FO)
	9.2
	0.95
	
	6.9
	0.32
	
	
	

	T2  (2% FO)
	10.5
	1.23
	
	9.9
	1.1
	
	
	

	T3  (3% FO)
	9.3
	1.19
	
	9.8
	1.3
	
	
	


SEM = Standard error of mean, NS= Non significant, * = Significant at 5% level

Table 4.2.5 Comparison of lymphocyte count at 15th and 30th day of study among different groups of the study population (%)
	Dietary
treatment groups
	At 15th day
	Level
of
Sig.

	At 30th day
	Level
of
Sig.
	Ref.
 interval
	Source

	
	Mean
	SEM
	
	Mean
	SEM
	
	
	

	T0  (without FO)
	39.9
	4.5
	

       *
	74.5
	9.8
	

      *
	

      34

	

MVM
(2011)

	T1 (1% FO)
	40.3
	7.9
	
	63.5
	7.9
	
	
	

	T2  (2% FO)
	35.8
	5.7
	
	32.5
	6.5
	
	
	

	T3  (3% FO)
	33.3
	4.3
	
	34.5
	6.9
	
	
	


SEM = Standard error of mean, * = Significant at 5% level

Table 4.2.6 Comparison of monocyte count at 15th and 30th day of study among different groups of the study population (%)
	Dietary
treatment groups
	At 15th day
	Level
of
Sig.
	At 30th day
	Level
of
Sig.
	Ref.
interval
	Source

	
	Mean
	SEM
	
	Mean
	SEM
	
	
	

	T0 (without FO)
	3.35
	2.7
	

*
	5.6
	1.8
	

*
	

2.8

	

MVM
(2011)

	T1 (1% FO)
	3.2
	1.4
	
	4.7
	1.4
	
	
	

	T2  (2% FO)
	2.6
	1.9
	
	2.75
	1.46
	
	
	

	T3  (3% FO)
	2.95
	3.2
	
	2.84
	1.9
	
	
	


SEM = Standard error of mean, NS= Non significant, * = Significant at 5% level
Table 4.2.7 Comparison of eosinophil count at 15th and 30th day of study among different groups of the study population (%)
	Dietary
treatment groups
	At 15th day
	Level
of
Sig.
	At 30th day
	Level
of
Sig.
	Ref. interval
	Source

	
	Mean
	SEM
	
	Mean
	SEM
	
	
	

	T0(without FO)
	3.9
	1.12
	

*
	6.5
	5.3
	

*
	

    0.3

	

MVM
(2011)

	T1 (1% FO)
	3.79
	2.39
	
	6.2
	4.1
	
	
	

	T2  (2% FO)
	3.5
	3.4
	
	3.2
	2.5
	
	
	

	T3  (3% FO)
	3.75
	2.43
	
	2.9
	1.7
	
	
	


SEM = Standard error of mean, NS= Non significant, * = Significant at 5% level

Table 4.2.8 Comparison of heterophil count at 15th and 30th day of study among different groups of the study population (%)
	Dietary
treatment groups
	At 15th day
	Level
of
Sig.
	At 30th day
	Level
of
Sig.
	Ref. interval
	Source

	
	Mean
	SEM
	
	Mean
	SEM
	
	
	

	T0 (without FO)
	18.3
	0.32
	

NS
	19.7
	0.04
	

*
	

0-1

	

MVM (2011)

	T1 (1% FO)
	17.9
	0.40
	
	22.1
	0.87
	
	
	

	T2  (2% FO)
	17.7
	0.37
	
	10.5
	1.77
	
	
	

	T3  (3% FO)
	18.1
	0.39
	
	9.7
	2.33
	
	
	


SEM = Standard error of mean, NS= Non significant, * = Significant at 5% level

Tables 4.2.2 to 4.2.8 represent that birds with 1% fish oil or without fish oil (infected) treatment revealed a significant (P<0.05) decreased level of RBC, Hb and PCV compared to birds with 2% and 3% fish oil (uninfected) treatment groups at 30th day of age. However, at this period increased value of lymphocyte, monocyte, eosinophil and heterophil were found in the bird with 1% dietary fish oil and control groups (infected) compared to 2% and 3% fish oil (uninfected) groups. Those values differed significantly (P<0.05).



[bookmark: _Toc415044196]4.3 Biochemical changes
Table 4.2.9 Comparison of serum alanine aminotransferase (ALT) level at 15th and 30th day of study among different groups of the study population (IUL-1)
	Dietary
treatment groups
	At 15th day
	Level
of
Sig.
	At 30th day
	Level
of
Sig.
	Ref.
interval
	Source

	
	Mean
	SEM
	
	Mean
	SEM
	
	
	

	T0 (without FO)
	15.7
	1.1
	

NS
	7.5
	1.9
	

*
	

20

	

MVM (2011)

	T1 (1% FO)
	16.9
	0.9
	
	9.5
	2.3
	
	
	

	T2  (2% FO)
	15.9
	1.2
	
	18.9
	3.4
	
	
	

	T3  (3% FO)
	16.3
	0.78
	
	21.8
	2.9
	
	
	


IU = International units, SEM = Standard error of mean, NS= Non significant,
 * = Significant at 5% level, MVM = Merck Veterinary Manual 

Table 4.2.10 Comparison of serum aspartate aminotransferase (AST) level at 15th and 30th day of study among different groups of the study population (IUL-1)
	Dietary
treatment groups
	At 15th day
	Level
of
Sig.
	At 30th day
	Level
of
Sig.
	Ref. interval
	Source

	
	Mean
	SEM
	
	Mean
	SEM
	
	
	

	T0(without FO)
	126.5
	26.8
	

*
	123.5
	24.2
	

*
	

131-486

	

MVM (2011)

	T1 (1% FO)
	130.8
	24.5
	
	127.8
	37.8
	
	
	

	T2 (2% FO)
	232.5
	35.8
	
	239.6
	23.6
	
	
	

	T3 (3% FO)
	235.8
	37.2
	
	247.3
	27.8
	
	
	


IU = International units, SEM = Standard error of mean, NS= Non significant, * = Significant at 5% level, MVM = Merck Veterinary Manual 

Tables 4.2.9 to 4.2.10 represent that level of alanine aminotransferase (ALT) and aspartate aminotransferase (AST) was reduced significantly (P<0.05)  in control and 1% fish oil (infected) supplemented groups at 30th day of age of broilers compared to birds with 2 and 3% fish oil supplemented (uninfected) groups.




[bookmark: _Toc415044197]4.3 Effect of fish oil on blood parameters of broilers

Table 4.3.1 Total serum cholesterol of broilers at 15th and 30th day of age fed on diets supplemented with different percentage of fish oil or without oil (mg/dl/broiler)
	
Dietary
treatment Groups
	At 15th day*
	At 30th day

	
	
Mean
	
SEM
	
P-value
	Level    of
Sig.
	
Mean
	
SEM
	
P-value
	Level of
Sig.

	T0 (without FO)
	155.86
	1.86
	

<0.0001
	

**
	118.3
	0.87
	

<0.0001
	

**

	T1 (1% FO)
	115.66
	0.82
	
	
	116.6
	1.00
	
	

	T2  (2% FO)
	107.6
	1.37
	
	
	104.3
	1.52
	
	

	T3  (3% FO)
	107.78
	0.99
	
	
	105.5
	1.15
	
	


SEM = Standard error of mean, ** = Significant at 1% level

Table 4.3.2 HDL-cholesterol of broilers at 15th and 30th day of age fed on diets supplemented with different percentage of fish oil or without oil (mg/dl/broiler) 
	
Dietary
treatment Groups

	At 15th day*
	At 30th day

	
	
Mean
	
SEM
	
P-value
	Level    of
Sig.
	
Mean
	
SEM
	
P-value
	Level of
Sig.

	T0 (without FO)
	15.32
	2.07
	

0.001
	

**
	15.60
	0.70
	

<0.0001
	

**

	T1 (1% FO)
	16.15
	1.19
	
	
	17.33
	0.50
	
	

	T2  (2% FO)
	18.33
	1.34
	
	
	20.01
	0.41
	
	

	T3  (3% FO)
	18.85
	1.34
	
	
	20.03
	0.77
	
	


SEM = Standard error of mean, ** = Significant at 1% level

Table 4.3.3 LDL-cholesterol of broilers at 15th and 30th day of age fed on diets supplemented with different percentage of fish oil or without oil (mg/dl/broiler) 
	
Dietary
treatment Groups
	At 15th day*
	At 30th day

	
	
Mean
	
SEM
	
P-value
	Level    of
Sig.
	
Mean
	
SEM
	
P-value
	Level of
Sig.

	T0 (without FO)
	72.93
	2.84
	

0.0006
	

*
	74.76
	0.74
	

<0.0001
	

**

	T1 (1% FO)
	70.73
	1.62
	
	
	72.68
	1.62
	
	

	T2  (2% FO)
	66.49
	3.30
	
	
	64.20
	1.44
	
	

	T3  (3% FO)
	65.66
	3.32
	
	
	64.46
	2.33
	
	


SEM = Standard error of mean, ** = Significant at 1% level

Table 4.3.4 Triglycerides of broilers at 15th and 30th day of age fed on diets supplemented with different percentage of fish oil or without oil (mg/dl/broiler) 
	
Dietary
treatment Groups
	At 15th day*
	At 30th day

	
	
Mean
	
SEM
	
P-value
	Level    of
Sig.
	
Mean
	
SEM
	
P-value
	Level of
Sig.

	T0 (without FO)
	155.28
	3.95
	

<0.0001
	

**
	157.29
	1.04
	

<0.0001
	

**

	T1 (1% FO)
	116.73
	1.03
	
	
	117.3
	0.86
	
	

	T2  (2% FO)
	102.11
	6.36
	
	
	96.93
	2.55
	
	

	T3  (3% FO)
	103.28
	6.49
	
	
	97.11
	1.00
	
	


SEM = Standard error of mean, ** = Significant at 1% level








Table 4.3.5 Glucose level in serum of broilers at 15th and 30th days of age fed on diets supplemented with different percentage of fish oil or without oil (mg/dl/broiler) 
	
Dietary
treatment Groups
	At 15th day*
	At 30th day

	
	
Mean
	
SEM
	
P-value
	Level    of
Sig.
	
Mean
	
SEM
	
P-value
	Level of
Sig.

	T0 (without FO)
	98.78
	2.66
	

<0.0001
	

**
	104.08
	5.84
	

<0.0001
	

**

	T1 (1% FO)
	110.8
	6.23
	
	
	114.6
	2.36
	
	

	T2  (2% FO)
	120.08
	1.48
	
	
	123.81
	2.88
	
	

	T3  (3% FO)
	119.8
	5.05
	
	
	124.23
	1.51
	
	


SEM = Standard error of mean, ** = Significant at 1% level

Table 4.3.6 Protein level in serum of broilers at 15th and 30th days of age fed on diets supplemented with different percentage of fish oil or without oil (mg/dl/broiler) 
	
Dietary
treatment Groups
	At 15th day*
	At 30th day

	
	
Mean
	
SEM
	
P-value
	Level    of
Sig.
	
Mean
	
SEM
	
P-value
	Level
 of
Sig.

	T0 (without FO)
	3.73
	0.05
	

0.0003
	

**
	3.76
	0.04
	

<0.0001
	

**

	T1 (1% FO)
	3.59
	0.13
	
	
	2.90
	0.52
	
	

	T2  (2% FO)
	2.93
	0.52
	
	
	2.58
	0.03
	
	

	T3  (3% FO)
	2.94
	0.37
	
	
	2.56
	0.10
	
	


SEM = Standard error of mean, * = Significant at 1% level

Table 4.3.7 Albumin level in serum of broilers at 15th and 30th days of age fed on diets supplemented with different percentage of fish oil or without oil (mg/dl/broiler) 
	
Dietary
treatment Groups
	At 15th day*
	At 30th day

	
	
Mean
	
SEM
	
P-value
	Level    of
Sig.
	
Mean
	
SEM
	
P-value
	Level of
Sig.

	T0 (without FO)
	2.03
	0.04
	

0.0004
	

**
	2.05
	0.03
	

0.0007
	

**

	T1 (1% FO)
	2.00
	0.02
	
	
	1.98
	0.06
	
	

	T2  (2% FO)
	1.96
	0.04
	
	
	1.94
	0.04
	
	

	T3  (3% FO)
	1.92
	0.02
	
	
	1.93
	0.03
	
	


SEM = Standard error of mean, ** = Significant at 1% level

From tables (4.3.1-4.3.7) it is noted that serum HDL level was increased and level of total serum cholesterol, LDL, triglycerides level was reduced significantly (P<0.01) in T2 (2% fish oil) and T3  (3% fish oil) groups in comparison with T1 (1% fish oil) and control groups both at 15th and 30th day of age. The glucose level was increased and total protein (TP), albumin level were decreased in serum significantly (P<0.01) at 15th and 30th day of age in 2% and 3% fish oil treatment groups.













Gross lesions of coccidiosis in caecum and other intestinal parts of birds treated with fish oil in different levels or without fish oil
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Fig 11
: Gross lesions in caecal and intestinal sections 
of birds affected with coccidios
is (a)
 i
ntestinal part collected from birds treated with 2% fish oil showing no visible gross lesions of coccidiosis (scored as “0”) 
(b+c)
 s
light hemorrhage and blood mixed faeces in caecal sections taken from birds treated with 1% fish oil (scored as “1” and “2”, respectively)  
(d+e)
 e
nlarged and distended caeca with bloody faeces in birds of control  (scored as “3” and “4”, respectively)
)
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[bookmark: _Toc415044200]5.1 Effect of fish oil on growth and production performance of broilers
Feed consumption, live weight, weight gain, feed conversion (FC) at different ages of broilers and cost benefit analysis were included in this experiment.
[bookmark: _Toc415044201]5.1.1 Effect of fish oil on feed consumption of broilers
At 1st, 2nd and 3rd week of age there were no significant differences (P>0.05) in feed consumption of birds supplemented with or without fish oil (tables 4.1.1.1 to 4.1.1.3). However, significant (P<0.01) difference was observed  at 4th week of age where  birds supplemented with 2% and 3% fish oil in drinking water showed increased consumption of feed (table 4.1.1.4). Cumulative feed consumption was also increased significantly (P<0.01) in fish oil supplemented groups than control group at 4th week of age (table 4.1.1.5).

Saleh et al. (2009) reported that inclusion of 1.5% of fish oil in poultry diet increased feed intake which is in agreement with the present findings. In tandem with this, Das et al. (2014a) reported supplementation of 3% fish oil resulted higher (P<0.01) feed intake than those on other oils or without oils. In addition, fish meal had positive impact on the palatability of the diet (Das et al., 2014a).

In previous study it was suggested that the degree of food consumption depends on the percentage of fish oil supplemented in diet (Mansoub, 2011). Higher percentage (2% and 4%) of fish oil results in lower food consumption rate in the final period (Alparslan and Özdogan, 2006) and lower percentage (3-8 grams per kg or less than 1%) of auto oxidated fish oil (Koreleski and Świątkiewicz, 2006) or ethyl ester fish oil or glyceryl ester fish oil (Schreiner et al., 2005) leads to an improved feed consumption rate. However, increased food consumption was observed compared to the control group in a study even in higher (8.2%) percentage of fish oil (Mansoub, 2011). In another study, addition of 4% fish oil did not show negative effect on feed consumption (Lopez-Ferrer et al., 2001).


It was observed that fish oil containing diet to broilers caused lower feed intake (Hulan et al., 1988; Chekani-Azar et al., 2010). Some studies reported that daily feed intake decreased in broiler fed diet containing high polyunsaturated fatty acids or PUFA (Atteh et al., 1983; Sklan and Ayal, 1989; Huang et al., 1990). However the effect does not appear to be consistent (Skrivan et al., 2000). The cause of lower feed intake by broilers can be due to higher digestibility of the fat component of PUFA rich diet (Carino et al., 1980; Brue and Latshaw, 1985), involving a higher dietary content of metabolizable energy and thus less feed needed to meet the energy re-quirement (Das et al., 2014a).
[bookmark: _Toc415044202]5.1.2 Live weight and weekly live weight gain of broilers
The responses of broilers in acquiring live weight with or without fish oil are shown in tables (4.1.2.1-4.1.2.5). Initial body weight of birds among different groups differed slightly but those values were not significant statistically (P>0.05). It indicates a higher possibility of having similar weighted birds in different groups prior the beginning of the treatment. Live weight of broilers was improved significantly (P<0.01) in fish oil treatment groups compared to control group at 3rd and 4th week of age (tables 4.1.2.4-4.1.2.5). With increasing level of fish oil cumulative live weight was also increased significantly (P<0.01) at this period (table 4.1.2.6). At 1st and 2nd week of age, weight gain in T0 (control) and T1 (1% fish oil) dietary treatment groups was observed less compared to T2 and T3 groups (2 and 3% fish oil treated groups, respectively). However, those differences were not significant (P>0.05) statistically. Effect of fish oil was more pronounced with the advancement of age.  Inclusion of fish oil to diet significantly (P<0.01) improved body weight gain of broilers at 3rd and 4th week of age (tables 4.1.3.3-4.1.3.4). Highest live weight gain was found in broilers supplemented with 3% fish oil and lowest live weight gain was in broilers of control  (without oil) group at 4th week of age. 

The results of increasing weight gain with the addition of fish oil in the diet of broilers is in agreement with many previous findings (Dobrzanski et al., 2002; Safamehr et al., 2008; Chekani-Azar et al., 2010; Jameel, 2014; Das et al., 2014a). Previous studies revealed that, omega-3 PUFAs improve performance, lipid profile besides increase marketing weight of broilers (Jameel, 2013; Al-Zuhairy and Alasadi, 2013; Sahib, 2013; Jameel and Sahib, 2014; Al-Zuhairy and Jameel, 2014; Jameel, 2014). Highest body weight in the dietary treatment groups containing 1.5% fish oil was observed previously (Mansoub, 2011). Das et al. (2014a) reported significantly (P<0.05) higher live weight gain with the addition of fish oil compared to control and other oil treated groups. An increased daily weight gain was further observed with the addition of 3% fish oil to the base diet compared to the control group (Dobrzansiki et al., 2002). No significant difference (P>0.05) in body weights was observed adding 2% and 4% fish oil to the base diet though the presence of 2% fish oil in the diet lead to higher value of body weight (Alparslan and Özdogan, 2006). However those results were not concordant with the findings of Navidshad (2009) who reported a decreased daily weight gain in the broilers consuming fish oil.

Oils have always been used in the diets of broilers as a source of energy. It has a number of other advantages including, increased palatability, absorption and digestion of lipoproteins and decreased dustiness of poultry diets. Absorption of vita-min A, vitamin E and Ca is also promoted with the addition of oil (Das et al., 2014a; Leeson and Atteh, 1995). Polyunsaturated fatty acids are important constituents of the immune cell structure and eicosanoid formation (Stulnig, 2003; Jameel, 2014). Dietary supply of omega-3 PUFAs affect the development of a strong immune system in birds, increase poultry productivity, reduces disease and thereby contributing to increase economic returns to poultry industry (Gonzales, 2009). It was reported that fish oil contains omega-3 fatty acids (PUFA) specifically eicosapentaenoic acid (EPA) and docosahexaenoic acid (DHA), are being an important factor in the diet for promoting health in human and animals (Chekani-Azar et al., 2007). Fish oil has been administered to poultry diet to enhance production performance and immune responses. It is one of the available sources used in the diet to provide energy for fowls while its supplementation has been shown to improve body weight gain, feed conversion ratio of poultry (Schreiner et al., 2005; Alparslan and Özdogan, 2006; Farhoomand et al., 2009). The digestibility of fat is increased as the degree of unsaturation increases (Newman et al., 1998; Lopez ferrer et al., 2001; Farhoomand and Chekani-Azer, 2009). Therefore, the good performance of fish oil fed broiler may be related to the fatty acid composition of the fish oil. 

Similar to weight gain, supplementation of oil showed positive trend in cumulative live weight gain (g/broiler) of broilers at different ages (Table 4.1.3.5). Significant (P<0.01) increase in cumulative live weight gain in both 3rd and 4th week of age was observed among the birds supplemented with 2 and 3% fish oil compared to diet with 1% fish oil and without fish oil, respectively (table 4.1.3.5). However differences among broilers of different treatments up to 2nd week of broilers had no significant (P>0.05) variation. There was a trend of highest cumulative weight gain in case of fish oil receiving group and this gain was increased with increasing (2% and 3%) fish oil percentage. This result is in agreement with (Das et al., 2014a) who recorded significantly (P<0.05) higher cumulative weight in 3% fish oil supplemented group in comparison with other oil group or without oil group at the 4th week of age. 
[bookmark: _Toc415044203]5.1.3 Effect of fish oil feed conversion (FC) of broilers
The weekly feed conversion at different ages of broilers fed diets supplemented with or without fish oil is presented in table’s 4.1.4.1.-4.1.4.5. The analysis of data revealed that supplementation of fish oil at different percentages revealed no significant (P>0.05) impact at 1st week of age of broilers among different treatment groups (table 4.1.4.1). Feed conversion was significantly better in the birds receiving 2 and 3% fish oil with regular drinking water  2nd (P<0.05) and 3rd  (P<0.01) week of age (tables 4.1.4.2-4.1.4.3). However, best FC was found in broilers supplemented with 2% fish oil at 4th week of age which differed significantly (P<0.01) from other groups. Next to this group 3% fish oil supplemented groups showed improved FC (table 4.1.4.4). Cumulative feed conversion was also varied among different treatment groups at different week periods which was better in fish oil treatment groups compared to control group (table 4.1.4.5).

Similar findings of better feed conversion with supplementing fish oil to broilers were recorded previously by several researchers (Saleh et al., 2009; Chekani-Azar et al., 2010; Das et al., 2014a). Chekani-Azar et al. (2010) recorded better feed con-version in broilers supplemented a diet with fish oil other than control. Working with different kind of oils observed that palm oil group showed the least feed conversion value than other oil treated groups. But the best feed conversion was observed in fish oil treatment group (Das et al., 2014a). It is reported that feed conversion improved when diet contained 1.5% fish oil (Saleh et al., 2009).

There are some disagreements in the findings of the present study with some previous findings of some authors (Hulan’s et al., 1988; Abas et al., 2004; Navid-shad, 2009). It was observed earlier that daily feed intake and feed conversion was not affected by dietary fish oil (Navid-shad, 2009) and different fat sources and their level of inclusion in the diets did not affect the feed conversion of broilers (Pesti et al., 2002; Abas et al., 2004). 

However an improved feed conversion was observed in broilers in some previous studies with increasing dietary PUFA intake (Pinchasov and Nir, 1992; Zollitsch et al., 1997). Several researchers in previous studies have revealed that the digestibility of fat increases as the degree of unsaturation increases (Newman et al., 1998; Lopez-Ferrer et al., 2001; Farhoomand and Chekani-Azer, 2009).  Good performance of fish oil fed broilers may be related to the fatty acid composition of fish oil (Das et al., 2014a). 
[bookmark: _Toc415044204]5.1.4 Effect of fish oil on cost benefit analysis of broilers
The data on cost-benefit analysis are presented in Table 4.1.5. According to the table, there were no significant (P>0.05) difference was observed in chick cost (Tk./chick), management cost (Tk./broiler). However, significant (P<0.05) difference was observed on total feed cost (Tk./broiler), total cost (Tk./broiler) and total cost (Tk./kg live broiler) among the different treatment groups. In terms of profit, net profit (Tk./broiler) and net profit (Tk./Kg live broiler) were differed significantly (P<0.05) among the treatment groups. Significant increase (P<0.05) in profit was observed with increasing level of fish oil. 2 and 3% fish oil supplemented groups showed significantly higher (P<0.05) profit compared to control and 1% fish oil supplemented groups. Similar result was described by Das et al. (2014a) who reported higher net profit from fish oil supplemented birds than birds supplemented with soybean oil. 


[bookmark: _Toc415044205]5.2 Effect of fish oil on coccidiosis prevention of broilers
Several researchers in previous studies recorded that omega-3 PUFAs improve immunity of broilers (Jameel, 2013; Al-Zuhairy and Alasadi, 2013; Sahib, 2013; Jameel and Sahib, 2014; Al-Zuhairy and Jameel, 2014; Jameel, 2014; Jameel, 2014). Control of Coccidiosis is possible by inclusion of omega-3 fatty acids in the diet. In previous study omega-3 fatty acids afforded some protection against malaria. Effect of these fatty acids on prevention of coccidiosis was investigated following this postulation (Levander et al. 1992). With activity of coccidian in the host a fall in the total plasma carotenoids was observed (Allen et al., 1996b; Allen and Danforth, 1998). Allen (1997) reported that levels of free radicals is increased (i.e. peroxynitrite) as the end products of nitrite and nitrate in the blood. 

Researchers have reported that because of high amount of eicosapentaenoic acid (EPA) and docosahexaenoic (DHA), fish oil is a valuable ingredient to enrich poultry meat (Chanmugam et al., 1992; Pinchasov & Nir, 1992; Navidshad, 2009). Highly unsaturated omega-3 fatty acids - DHA, EPA and linolenic acid infiltrate tissues of the parasite which become more susceptible to oxidative attack by phagocytic cells. The oxidative stress adversely affects development of coccidia. The unsaturated fatty acids are incorporated into the membranes ofdifferent spp. of Eimeria (Baker, 1982). Growth of these parasites involves a continual turnover of their membranes. The composition of which is influenced by dietary fatty acids. These parasites are highly susceptible to oxidation by free radical production of leucocytes which bombard the coccidia (Spurney et al., 1994; Allen, 1997). 

Fish oil also acts as an anti-inflammatory agent decreases inflammatory cell production of LTB4 (Miller et al., 1993). It increases production of LTB5 in mammals (Klasing, 1994). The LTB5 produced from omega-3 (n-3) fatty acids is only 1/8th as potent a chemoattractant as the LTB4 from omega-6 (n-6) fatty acids. The former reduces the recruitment of pro-inflammatory agents, that is, it is less inflammatory. Korver et al. (1997) also postulated reduced production of the proinflammatory cytokines, IL-1 and TNFα by fish oil feeding to poultry.
[bookmark: _Toc415044206]5.2.1 Signs and lesions of coccidiosis
In this experiment birds from T0 (without fish oil) and T1 (1% fish oil) groups developed signs of coccidiosis including bloody diarrhoea and weight loss. At necropsy all the birds from T0 and T1 groups revealed lesions of coccidiosis which were characterized by enlarged and distended caeca filled with blood and petechial hemorrhages in some parts of the lower intestine (Figure 11). The severity of infection was more in control group than 1% fish oil treatment group. The signs and lesions of coccidiosis are similar as those mentioned by several authors (Siddiki et al., 2008; Raman et al., 2011, Adamu et al., 2013). Lesion scoring was done to see the degree of infection. All the birds from control group developed severe lesions and scored from +3 to +4 according to the method described by Johnson and Reid (1970). Due to reduction of lesion birds from 1% fish oil treated group were scored between +1 to +2. However birds from T2 (2% fish oil) and T3 (3% fish oil) groups were uninfected and developed no lesions of coccidiosis. They were scored 0 in lesion scoring method. Large no. of oocysts was also observed in faeces of infected birds. The mean no. of oocysts was recorded daily from per gram of faeces which were highest in control group compared to group supplemented with 1% fish oil (Table 4.2.1). The difference in no. of oocysts among the groups was significant (P<0.01), statistically.

Similar findings were also observed in previous studies of some researchers (Allen et al., 1996a; Allen and Danforth, 1998). They recorded that lower level of fish oil (1%) reduce lesion score of coccidiosis non-significantly (P>0.05). Dietary 2.5% and 5% fish oil showed progressively greater reductions of coccidiosis lesions (Allen et al., 1996a).  Allen and Danforth (1998) reported a significant (P<0.05) reduction of GI lesion score resulted from coccidiosis with the addition of 5% fish oil to basal diet of broilers. A striking reduction in the number of parasites within the epithelial cells of caeca with microscopic examination was also observed. No further improvement in lesion score was observed when fish oil was increased to 10%. Reduced lesion of coccidiosis was also reported in same study with addition of 10% flax and linseed (sources of carbon 18 omega-3 fatty acids) but less effectively than 5% fish oil. The findings of Allen et al. (1997) postulated that lesion caused by E. maxima was reduced by 5% menhaden oil compared to control group but this reduction was not significant (P>0.05). Korver et al. (1997) compared performance of broilers with the addition of 4% corn and fish oil. Fish oil reduced lesion scores insignificantly (P>0.05). Decreased plasma TNFα was observed with the addition of fish oil which indicates that it reduces inflammatory processes. 
[bookmark: _Toc415044207]5.2.2 Faecal oocyst output
Significantly (P<0.05) higher no. of oocysts were found in coccidian infected birds (control and 1% fish oil treatment groups) in faecal oocysts count. However no Eimeria oocysts were found in 2 and 3% fish oil treatment groups (table 4.2.1). Similar observation was also recorded by Siddiki et al. (2008).
[bookmark: _Toc415044208]5.2.3 Histopathological changes
Histopathological examination of the affected intestines sections (collected from control and 1% fish oil treatment group) revealed characteristic microscopic signs of coccidiosis (Figure 12, 13). Severe tissue damage was observed in the epithelium of caecum. Excessive tissue damage, haemorrhage, presence of second generation schizont, disruption of the caecal glands and destruction of the mucosa and muscularis layer were evident in histopathological examination. Similar findings were also recorded previously by other researchers (McDougald and Fitz-Coy, 2008; Adamu et al., 2013). Large no. of schizonts was revealed from histopathology of E. brunetti at 8th day of infection. These lesions were similar to the findings of some researchers (Kaufmann, 1996; McDougald and Fitz-Coy, 2008; Adamu et al., 2013). Microgametes and macrogametes of schizonts were observed in tissue on caecum of infected birds. Matured oocysts and merozites were released into the lumen in huge numbers. Similar findings were also recorded by (Getachew, 2004; Mersha et al., 2009; Adamu et al., 2013). 
[bookmark: _Toc415044209]5.2.4 Haematological changes
From tables 4.2.2-4.2.4 it can be noted that the no of RBC, PCV and Hb was decreased significantly (P<0.05) in birds with 1% fish oil and control (coccidian infected groups) compared to 2% and 3% fish oil treatment groups (uninfected groups). This is due to huge destruction of RBC by different pathogenic species of Eimeria leading to haemorrhage of affected cells. Data from previous studies revealed that coccidiosis caused by E. tenella and E. brunette induced a higher reduction in TRBC and PCV (Irizaary-Rovira, 2004; Wakenell, 2010; Adamu et al., 2013). Fukata et al. (1997) reported lower counts of TRBC and PCV in chickens infected with E. tenella and E. acervulina compared to the uninfected controls. Similar findings was also observed by Ogbe et al. (2010) who reported a slight drop in the PCV, Hb and RBC counts in E. tenella infected broilers. A lowest Hb and total erythrocyte count (TEC) have been demonstrated in quail chicks after infection with E. tenella experimentally (Razzaq et al., 2003). The most common erythrocyte abnormality in birds is anemia which is characterized by decreased PCV, RBCs, and Hb. Anemic birds contain less than 35% PCV. The causes of reduction of RBC are loss of blood into the gastrointestinal tract (external blood loss) and infectious diseases (Irizaary-Rovira, 2004; Adamu et al., 2013).  Moreover, it is reported that addition of 0.5 % of fish oil to the base diet have a significant (P<0.05) effect in improving in RBCs, PCV and Hb level in blood (Patra et al., 2010).

Tables 4.2.5-4.2.8 are represented with the values from differential WBC (leukocyte) count of broilers which were or not affected by coccidiosis. An increased numbers of lymphocytes, monocytes, eosinophils and heterophils were obtained in birds affected with coccidiosis (control and 1% fish oil treatment groups). Those values were compared with the reference values indicated by Merck Veterinary Manual (2011). Similar findings were also mentioned by some authors (Rose et al., 1979; Adamu et al., 2013). It was reported that infection with E. maxima and E. acervulina in chicken shows the increment in the number of peripheral blood leukocytes (PBL). The number of PBL increased biphasically and changes were found in the count of polymorphonuclear cells, lymphocytes and large mononuclear cells in primary infections (Rose et al., 1979; Adamu et al., 2013). High counts of lymphocytes, heterophils and eosinophils in parasite (malaria and haemosporidin) infected birds were also recorded by some researchers (Ricklefs and Sheldon, 2007; AL-Mayah, 2009). Increase in lymphocyte count may be attributed to the effect of the inflammation of the caeca and intestine (Adamu et al., 2013). In a greatly expanded circulating lymphocyte pool chronic antigenic stimulation may result. The primary functions of the lymphocytes are immunological response, humoral antibody formation and cell mediated immunity (Irizaary-Rovira, 2004). Cell-mediated immunity plays a major role in resistance to infection as T lymphocytes appear to respond to coccidial infection through both cytokine production and a direct cytotoxic attack on infected cells. A minor role is played by antibody mediated responses in protection against coccidiosis (Lillehoj and Trout, 1996; Yun et al., 2000; Adamu et al., 2013). Bessay et al. (1996) reported that E. tenella infection is rapidly induced locally at the site of the parasite development in an increased proportion to the CD4+ cells on day 8 post infection and CD8+ cells on days 6 and 8 post infection in caecal intraepithelial lymphocytes of infected chicken (Bessay et al., 1996).
[bookmark: _Toc415044210]5.2.5 Biochemical changes
Serum biochemical analysis of birds from different groups represented a significant (P<0.05) reduced level of alanine aminotransferase (ALT) and aspartate aminotransferase (AST) in control and 1% fish oil dietary treatment groups (coccidian infected) significantly (P<0.05) at 30 days of age of broilers (tables 4.2.9-4.2.10). These results are in agreement with the findings of some authors (Alparslan and. Özdogan, 2006; Mondal et al., 2011; Adamu et al., 2013). They reported that ALT and AST decreased in broiler chickens infected with a field isolate of Eimeria spp. On the other hand, the present findings were different from the previous studies indicated by Biu et al. (2006) who reported that the ALT level was increased while ALP activity was decreased in mixed coccidian-infected chickens. Mondal et al. (2011) demonstrated that plasma AST activity was increased in infected broiler chickens with a lower dose of E. tenella. A decrease in plasma enzyme levels is much less frequently used for clinical interpretation. However, there are a few specific cases where low plasma enzyme levels will indicate that the relevant organ is hyperplastic, atrophied or destroyed (Kerr, 2002). ALT and AST are the enzymes found in erythrocytes; therefore, the decrease in the activities of serum ALT and AST reported in the present study may be associated with the high reduction of erythrocytes because of the loss of blood into the gastrointestinal tract (Adamu et al., 2013).


[bookmark: _Toc415044211]5.3 Effect of fish oil on different blood parameters of broilers
Blood parameters tested in this experiment were: total serum cholesterol, HDL-cholesterol, LDL-cholesterol, triglycerides, total protein and albumin, respectively. 
[bookmark: _Toc415044212]5.3.1 Effect of fish oil on total serum cholesterol of broilers
The average serum cholesterol content of broilers at different ages of growth fed diets supplemented with fish oil at different percentage or diet without fish oil has been presented in table 4.3.1. Both at 15th and 30th day of age there were significant (P<0.01) variations among mean values of total serum cholesterol level of birds among different treatment groups. Highest values of total serum cholesterol level were found in bird without fish oil at 15th and 30th day of age. Second highest value was found in birds with 1% fish oil. With increasing percentage of fish oil, level of total serum cholesterol was gradually reduced. Both 2% and 3% fish oil supplemented groups showed lower level of total serum cholesterol compared to control group and these differences were significant statistically (P<0.01). All these results indicate that with the addition of fish oil to broiler diet, amount of cholesterol is decreased. These results are in agreement with the findings of other studies (Das et al., 2014b; Mansoub et al., 2011; Saleh et al., 2009; Newman, 2002; Celebi and Utlu, 2006).  However, a few studies observed that the level of serum cholesterol was not affected noticeably by dietary fish oil (Alparslan and. Özdogan, 2006). This result is in contradiction with our findings. This difference may be attributed to the genetic, sex and dietary factors (Saleh et al., 2009). 

It was reported that lipid content of serum reduced as the levels of dietary PUFA increased (Celebi and Utlu, 2006). Diets containing omega-3 and omega-6 fatty acid decreases both plasma cholesterol and triglyceride levels compared to diets with saturated fatty acids (Newman et al., 1998). Alteration of fluidity and composition of plasma cell walls can lead to this difference caused by enrichment of diet with omega-3 fatty acids in fish oil (Manilla et al., 1999; Alparslan and Özdogan, 2006; Mansoub et al., 2011).  Decreased cholesterol and triglyceride contents in serum of birds can be resulting due to presence of polyunsaturated fatty acids from direct depot from diet (that is more appropriate) or conversion from precursors by denovo synthesis (desaturation and elongation) in liver and tissue . But, several factors influence the activities of desaturases and elongases (Cook, 1981; Mansoub et al., 2011).
[bookmark: _Toc415044213]5.3.2 Effect of fish oil on serum HDL-cholesterol level of broilers
Values for average HDL-cholesterol of broilers at 15th and 30th day of age fed on diets supplemented with or without fish oil are presented in table 4.3.2. Supplementation of oils caused a significant (P<0.01) impact on HDL-cholesterol level in blood of broilers. Higher values of HDL-cholesterol were found in dietary fish oil supplemented groups compared to control group. 3% fish oil supplemented group showed highest HDL-cholesterol compared to others. The second largest values were seen in birds with 2% fish oil supplemented group. Among these groups, lowest values (P<0.01) were observed in control group both at 15th and 30th day. However it was observed that there was a tendency of gradual increase in HDL-level with the advancement of age. HDL-cholesterol content was higher at 30th day in comparison with 15th day both in fish oil or without fish oil supplemented groups. 

The trend of increased HDL-cholesterol level of broilers with soybean and fish oil groups compared to palm oil was recorded by Das et al. (2014b). Blood HDL-cholesterol levels were the highest for fish oil supplemented groups with the advancement of age. Inclusion of oil in low energy diet caused an increase HDL level in serum of broilers (Monfaredi et al., 2011). Researchers reported that low HDL are values associated with atheroschlorosis and coronary heart disease in human (Couderc and Machi, 1999; Crespo and Esteve-Garcia, 2003; Mansoub et al., 2011). Regular diet has an effect on the levels of HDL in blood. It was claimed that in a healthy body the level of HDL is high (Bachorik et al., 1991; Alparslan and. Özdogan, 2006). 
[bookmark: _Toc415044214]5.3.3 Effect of fish oil on serum LDL-cholesterol level of broilers
The data of serum LDL-cholesterol level of broilers at different stages of growth fed on fish oil in different percentages or without fish oil are presented in table 4.3.3. LDL-cholesterol level of blood varied significantly (P<0.01) among the different treatment groups. At 15th day, LDL-cholesterol level was significantly (P<0.01) higher among the broilers in which no fish oil was supplemented. Similar observation was also seen at 30th day. However with increasing fish oil percentage there was a decrease in LDL-cholesterol level. 1% fish oil dietary supplemented groups showed highest values among the fish oil supplemented groups both at 15th and 30th day of age. 3% fish oil supplemented groups showed lowest value of LDL-cholesterol at 15th day. At 30th day, 2% fish oil supplemented group showed slightly highest value compared to 3% fish oil supplemented group. In a study carried out by Alparslan and Özdogan (2006), significantly (P<0.05) higher level of HDL was seen in serum of broilers with 2% fish oil compared to control group. Das et al. (2014b) also observed lower level of LDL in serum of broilers supplemented with 3% fish oil but the values were insignificant (P>0.05).

It was reported that omega-3 fatty acids reduce the blood VLDL levels, acting to lower the circulating free LDL concentration (Crespo and Esteve-Garcia, 2003; Mansoub et al., 2011). Animal growth and product quality can be improved by the marine and vegetable origins sources rich in LC -3 PUFA due to lesser LDL and thus lesser cholesterol and triglyceride contents of body (Ozdogan and Aksit, 2003; Grundy, 1991). In a healthy human and animal body the level of LDL is low (Bachorik et al., 1991; Alparslan and Ozdogan, 2006). Atheroschlorosis and coronary heart disease is associated with higher level of LDL in blood (Couderc and Machi, 1999; Crespo and Esteve-Garcia, 2003; Mansoub et al., 2011).
[bookmark: _Toc415044215]5.3.4 Effect of fish oil on serum triglycerides level of broilers
Table 4.3.4 shows the effect of supplementation of fish oil or without fish oil in the regular diet of broilers in the triglyceride content of broilers. Data in the table show that supplementation of oil resulted a great effect on triglyceride level of blood. Significantly (P<0.01) higher level of triglyceride content was seen in blood of broiler group without dietary fish oil. Lowest values of triglyceride level were recorded in blood of broilers with 2% fish oil supplemented groups both at 15th and 30th day of age. Several studies were in agreement with the present findings of decreased triglyceride level in the blood of broilers supplemented with fish oil (Mansoub et al., 2011; Saleh et al., 2009). Alparslan and Özdogan (2006) observed lower level of triglyceride with 2 and 4% fish oil compared to control group though the values were not statistically significant (P>0.05). Das et al. (2014b) observed significantly (P<0.05) lower triglyceride with fish oil at the end of experiment in the group with dietary fish oil indicating its beneficial effect on broilers. 

Researchers showed that marine sources are rich in PUFA which contribute to lower triglyceride contents of body of human, animal and birds (Grundy, 1991; Ozdogan and Aksit, 2003; Mansoub et al., 2011). Omega-3 fatty acids reduce the rate of triglyceride synthesis in the liver (Crespo and Esteve Garcia, 2003; Mansoub et al., 2011).
[bookmark: _Toc415044216]5.3.5 Effect of fish oil on serum glucose level of broilers
Effect of supplementation of fish oil in the diet of broilers at glucose level has been presented in Table 4.3.5. There was a significant (P<0.01) difference of glucose values among the different dietary treatment groups. Glucose level of blood of broilers was lowest in group without fish oil both at 15th and 30th day of age compared to other groups. The second lowest values were found in blood of broilers with 1% fish oil irrespective of ages. However, significantly (P<0.01) higher amount of glucose level were found in 2% and 3% fish oil supplemented groups both at 15th and 30th day of age. It can be indicated from those results that fish oil affects on increased glucose level of blood of broilers. Mansoub et al. (2011) also recorded higher level of glucose in 3% fish oil supplemented groups compared to group without fish oil. Touchburn et al. (1981) recorded higher level of glucose with supplementation of fish oil in diet of broilers. 

Because of decline in insulin secretion diet rich in polyunsaturated fatty acid increase the amount of serum glucose (Grill et al., 2000; Storlien et al., 2000; Mansoub et al., 2011). Researchers showed that feeding dietary fish and fish oil / meal to human and animals, a significant (P<0.05) decrease in blood pressure could be achieved (Mori et al., 1999). It was observed that long chain n-3 enrichment of a high-saturated fat diet exerted a rapid effect to lower insulin secretion from the islets of langerhans and thus helps in raising the plasma glucose concentration (Crespo and Esteve-Garcia, 2003).

Omega 3 fish oil has such a powerful effect on fat and carbohydrate metabolism. The insulin levels secretion can be changed in diet by supplying to FO as a source of omega-3 PUFAs (Crespo and Esteve-Garcia, 2003; Mansoub et al., 2011). Insulin reduces the use of fat for fuel and also promotes fat storage in the presence of excess calories. Action of hormone sensitive lipase is inhibited by insulin. Lipase is responsible for breaking down of stored fat and preparing it for use of energy. Insulin also activates an enzyme, which, along with fatty acid synthesis, is responsible for converting carbohydrate into fat (Mark et al., 2004). More fat to be used for energy accompanying ultimately raises blood glucose due to drop in insulin levels when diet supplemented with fish oil (Mansoub et al., 2011).
[bookmark: _Toc415044217]5.3.6 Effect of fish oil on serum total protein (TP) and albumin level of broilers
Table 4.3.6 shows the protein level in serum of broilers at different ages with or without supplementation of fish oil in regular drinking water of broilers. A significant (P<0.01) difference was observed among different dietary groups where fish oil supplemented groups showed lower albumin level in blood of broilers in comparison with groups fed without fish oil. Higher level of albumin was observed in control and 1% fish oil supplemented groups (Table 4.3.7). With increasing percentage of fish oil (2 and 3%) there was a decrease in values of total protein at 15th and 30th day of age in comparison with lower percentage (1%) and control group. This result is in agreement with the findings of Mansoub et al. (2011). Previous studies revealed a decreased level of total protein (TP), albumin and globulin level in blood of broilers with supplementation of fats rich in PUFA (Touchburn et al., 1981) and with supplementation of fish oil (Mansoub et al, 2011). Decrease in protein density can be due to increase lipid/protein ratio (Olomu and Baracos, 1991; Mansoub et al., 2011). However increased level of total protein, albumin recorded by AL-Mayah (2009) with the addition of fish oil is in disagreement with the present findings.
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Chapter VI
[bookmark: _Toc415044219]Conclusion

The current study evidenced that at initial period there was no significant (P>0.05) variation in body weight among different experimental groups though at 3rd and 4th week of age of broilers, there was a significant (P<0.01) increase in live weight, weight gain in 2% and 3% fish oil treatment groups compared to control and 1% fish oil treatment groups. It was also observed that the feed intake of birds did not differ significantly (P>0.05) among different groups upto 2nd week of age. However, significant diffences in feed intake were found at 3rd (P<0.05) and 4th (P<0.01) week. Further, feed consumption was increased in fish oil treatment groups compared to control group. Significantly (P<0.01) higher feed conversion was observed in control and 1% fish oil treatment groups. Cumulative feed conversion was better in 2 and 3 percent fish oil treatment groups. Besides these, birds treated either with 2% or with 3% fish oil in regular drinking water of broilers showed a high immune response and effectively reduced signs and intestinal lesions caused by coccidiosis. Fish oil treatment groups also revealed significantly (P<0.01) increased HDL-cholesterol, glucose level and decreased cholesterol, LDL-cholesterol, triglycerides, total protein, albumin, globulin level in blood in broilers. Normally higher HDL-cholesterol and lower cholesterol, triglycerides, LDL-cholesterol level are found in blood of healthy body.

In this study, fish oil treatment groups revealed higher body weight than control group and effectively reduced coccidial signs and lesions. From the above discussion, it can be concluded that supplying 2% or 3% fish oil in regular drinking water will be effective both in increasing market weight and preventing coccidiosis of broilers.
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[bookmark: _Toc415044221]Recommendations

Fish oil or any other elements containing polyunsaturated fatty acids can be added to broiler diets to increase immunity of broilers. Besides these, fish oil increases market weight of commercial broilers by improving digestibility of feed. In this experipent, it is revealed that supplementation of 2% or 3% fish oil in regular drinking water of broilers successfully increase growth performance and decrease coccidiosis in commercial broilers. 

As it is a pilot study, further study may be done on similar work to make a concrete remark. Substantial works on coccidiosis based on experimental infections, feeding, drug and vaccine trials have been performed over many years. However, reports on infection prevalence, infection levels and frequencies of the different Eimeria species in commercial poultry productions are few and sporadic. More knowledge of the etiology and population dynamics of mixed coccidial infections in commercial poultry production is therefore needed. Prevalence of diseases should also be evaluated continually. 

However, based on above discussions it may be recommended that, 2% fish oil may be supplied in regular drinking water of broilers to make economically benefited ration and as a preventive dose for coccidiosis.
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Methods of estimating different biochemical parameters (according to manufactures instruction)

Cholesterol assay
Principle
The principles outcome of cholesterol is based on the principle of competitive bindings between cholesterol and cholesterol reagent. The cholesterol is determined after enzymatic hydrolysis and oxidation. The indicator quinoneimine is formed hydrogen peroxide and 4-aminophenazone in the presence of phenol and peroxidase. The absorbance of this complex is proportional to the cholesterol concentration in the sample.

Reactions
 (
Cholesterol   esterage
)
Cholesterol ester +H2O                                                       Cholesterol +Fatty acid
 (
Cholesterol    oxidase
)
Cholesterol+O2                                                                Cholesterol-3-one+H2O2
 (
Peroxidase
)
2H2O2+ Phenol + 4-Aminoantipyrine	   Quinoneimine+4H2O

Materials and reagents
1. Serum sample
2. Cholesterol conjugate reagent
3. Precision pipettes
4. Eppendorf tube, eppendorf tube holder, disposable pipette tips, distilled water, 70% alcohol, absorbent paper or paper towel or cotton and gloves.

Procedure
This was an enzmatic colorimetric test for cholesterol is called CHOD-PAP method. The sterile eppendorf tube was taken. Then 10μl of cholesterol standards was taken in an eppendorf tube and 10μl of sample serums were taken in each   eppendorf tube. 1000μl of cholesterol conjugate reagent was then added to each eppendorf tube. The eppendorf tube was then incubated at 37ºC for 10 minutes. Cholesterol standards with conjugate reagent were examined first for determined of the standard value. Then all eppendorf tubes containing sample serum with cholesterol conjugate reagent was examined by automated humalyzer and the reading was taken. The standard value was used as a compared tool.

Triglyceride assay
Principle
The triglycerides were determined after enzymatic hydrolysis with lipases. The indicator is a quinoneimine formed from hydrogen peroxide, 4-aminophenezone and 4-Chlorophenol under the catalytic influences of peroxidase.

Materials and reagent 
1. Serum sample
2. TG conjugate reagent
3. Precision pipettes
4. Eppendorf tube, eppendorf tube holder, disposable pipette tips,distilled water, 70% alcohol, absorbent paper or paper towel or cotton and gloves.

Procedure
The sterile eppendorf tubes were taken. Then 1000μl TG standards was taken in an eppendorf tube and 10μl of sample serums were taken in each eppendorf tube The eppendorf tube was then kept in room temperature for 10 minute. TG standards with conjugate reagent were examined first for determined of the standard value. Then all eppendorf tubes containing sample serum reagent was examined by automated humalyzer and the reading was taken. The standard value was used as a compared tool.



LDL assay
Principle
The principles outcome of LDL is based on the principle of competitive bindings between LDL and LDL reagent. Low density lipoproteins are precipitated by the addition of heparin at their isoelectric point (PH-5.04). The HDL and VLDL remain in the supernatant and can be determined by enzymatic methods.

LDL Cholesterol = Total Cholesterol – Cholesterol in the supernatant. The absorbance of this complex is proportional to the LDL concentration in the sample.

Materials and reagents
1. Serum sample
2. LDL conjugate reagent
3. Precision pipettes
4. Eppendorf tube, eppendorf tube holder, disposable pipette tips, distilled water, 70% alcohol, absorbent paper or paper towel or cotton and gloves.

Procedure
The sterile eppendorf tubes were taken. Then 100μl of LDL standards was taken in an eppendorf tube and 100μl of sample serums were taken in each eppendorf tube. 1000μl of LDL conjugate reagent was then added to each eppendorf tube. The eppendorf tube was then kept in room temperature for 10 minutes and then centrifuged at 4000 rpm for 15 minutes. The LDL concentration of the supernatant was determined within 1 hour after centrifugation. LDL standards with conjugate reagent were examined first for determined of the standard value. Then all eppendorf tubes containing sample serum with LDL conjugate reagent was examined by automated humalyzer and the reading was taken. The standard value was used as a compared tool.





HDL assay
Principle
Low density lipoprotein (LDL and VLDL) and chylomicron fractions are precipitated quantitavily by the addition of phosphotangstic acid in the presence of magnesium ions. After centrifugation, the cholesterol concentration in the HDL (high density Lipoprotein) fraction, which remains in the supernatant, is determined.

Materials and reagents
1. Serum sample
2. HDL conjugate reagent
3. Precision pipettes
4. Eppendorf tube, eppendorf tube holder, disposable pipette tips, distilled water, 70% alcohol.

Procedure
The sterile eppendorf tubes were taken. Then 400μl of HDL standards was taken in an eppendorf tube and 200μl of sample serums were taken in each eppendorf tube. 100μl of distilled water   was then added to each eppendorf tube. The eppendorf tube was kept in room temperature for 10 minutes and then centrifuged at 4000 rpm for 15 minutes. Then 50 μl HDL concentration of the supernatant was taken and 1000 μl Cholesterol reagent added   determined within 1 hour after centrifugation. HDL standards with conjugate reagent were examined first for determined of the standard value. Then all eppendorf tubes containing sample serum with HDL conjugate reagent was examined by automated humalyzer and the r   reading was taken. The standard value was used as a compared tool, absorbent paper or paper towel or cotton and gloves.

Glucose assay
Principle
The principles outcome of glucose is based on the principle of competitive binding between glucose in the test specimen and GOD-PAP reagent of glucose. The glucose is determined after enzymatic oxidation in the presence of glucose oxidase. The formed hydrogen peroxide reacts under catalysis of peroxidase with phenol and 4- aminophenazone to a red-violet quinoneimine dye as indicator.
 (
GOD
)Reactions
Glucose + O2 + H2O                                       Gluconic acid + H2O2
 (
POD
)
2H2O2 + 4-aminophenazone + Phenol                            Quinoneinine + 4 H2O

Materials and reagents	
1. Serum sample
2. Glucose conjugate reagent 
3. Precision pipettes 10 µl, 1.0 ml
4. Eppendorf tube, eppendorf tube holder, disposable pipette tips, distilled water, 70% alcohol, absorbent paper or paper towel or cotton and gloves.

Procedure
The sterile eppendorf tubes were taken. 1000 μl of Glucose conjugate reagent was taken each into each eppendorf tube. Then 10μl of Glucose standard was added in with the reagent in eppendorf tube and 10μl of samples serum were taken in each sample eppendorf tube. The eppendorf tube was then incubated at 37ºC for 10 minutes. Glucose standards with conjugate reagent were examined first for determined of the standard value. Then all eppendorf tubes containing sample serum with Glucose conjugate reagent was examined by Biochemical analyzer and the reading was taken. The standard value was used as a compared tool.

Total protein assay
Principle
The principle outcome of total protein is based on the principle of competitive bindings between cupric ions react with protein in alkaline solution to form a purple complex. The absorbance of this complex is proportional to the protein concentration in the sample. 

Materials and reagents
1. Serum sample
2. Total protein conjugate reagent
3. Precision pipettes: 20μl and 1.0ml
4. Eppendorf tube, eppendorf tube holder, disposable pipette tips, distilled water, 70% alcohol, absorbent paper or paper towel or cotton and gloves.
Procedure
This was a photometric colorimetric test for total proteins are called Biuret method. The sterile eppendorf tubes were taken. Then 20μl of total protein standards was taken in an eppendorf tube and 20μl of sample serums were taken in each 24 eppendorf tube. 1000μl of total protein conjugate reagent was then added to each eppendorf tube. The eppendorf tube was then incubated at 37ºC for 10 minutes. Total protein standards with conjugate.

Albumin assay
Principle
The principles outcome of albumin is based on the principle of competitive bindings between albumin and albumin reagent. Bromocresol green forms with albumin in citrate buffer a colored complex. The absorbance of this complex is proportional to the albumin concentration in the sample.

Materials and reagents
1. Serum sample
2. Albumin conjugate reagent
3. Precision pipettes
4. Eppendorf tube, eppendorf tube holder, disposable pipette tips, distilled water, 70% alcohol, absorbent paper or paper towel or cotton and gloves.

Procedure
This was a photometric colorimetric test for albumin is called Bromo Cresol Green method. The sterile eppendorf tubes were taken. Then 10μl of albumin standards was taken in an eppendorf tube and 10μl of sample serum were taken in each eppendorf tube. 1000μl of albumin conjugate reagent was then added to each eppendorf tube. The eppendorf tube was then incubated at 37ºC for 5 minutes. Albumin standards with conjugate reagent were examined first for determined of the standard value. Then all 100 eppendorf tubes containing sample serum with albumin conjugate reagent was examined using automated humalyzer and the reading was taken. The standard value was used as a compared tool.


Estimation of AST
Procedure:
Fresh ddH2O was aspirated and a new Gain Calibration was performed in flow cell mode. AST in the run test screen was selected and water blank was carried out as instructed. In a test tube 0.05 ml sample and 0.5 ml reagent was taken which was mixed and aspiratedinto the Rx Monza by pipette. In cuvette 0.1 ml sample and 1 ml co-enzyme (α-oxoglutarate) was taken and mixed. The initial absorbance was read after 1 min and again after 1, 2 and 3 min and then calculated. The absorbance change per minute is between 0.11 and 0.16 at 340/ Hg 334 nm or 0.06 and 0.08 at Hg 365 nm.
Estimation of ALT
Reagent Composition
	Contents 					Concentration in the text 
Rla.	Buffer/Substrate 
	Tris buffer					100 mmol/l, pH 7.5
	L-alanine					0.6 mol/l
Rlb.	Enzyme/Coenzyme/-oxoglutarate 	
	-oxoglutarate 				15 mmol/l
	LD						 1.2 U/ml
	NADH						0.18 mmol/l

Procedure
Aspirate Fresh ddH2O was aspirated and a new gain calibration in flow cell mode was performed. Select ALT was selected in the Run Test screen and water blank was carried out as instructed. In a test tube 0.05 ml sample and 0.5 ml reagent was taken which was mixed and aspiratedinto the Rx Monza by pipette. In cuvette 0.1 ml sample and 1 ml co-enzyme (α-oxoglutarate) was taken and mixed. The initial absorbance was read after 1 min and again after 1, 2 and 3 min and then calculated. The use of Saline and Randox Calibration Serum Level 3 is recommended for Calibration. Calibration is recommended with change in reagent lot or as indicated by quality control procedures.
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