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Abstract
One hundred Cobb 500™ broiler chicks were used in a 28-day trial at Chittagong Veterinary and Animal Sciences University poultry farm to evaluate the functional efficiency of levocarnitine in drinking water on performance and carcass parameters of broiler chickens. Birds were divided into five dietary treatment groups designated as T0, T1, T2, T3 and T4 and each treatment was further divided into two replicates having 10 birds per replicate. Levocarnitine was supplemented in drinking water at the rate of 0 mg/l, 25 mg/l, 50 mg/l, 75 mg/l and 100 mg/l respectively. All birds had free access to ad libitum feed and water. Results indicated that, levocarnitine supplementation in drinking water significantly increased body weight (p<0.001) over the whole rearing period. Highest average live weight (1736.0 g/bird) was recorded in the T4 group and the lowest (1650.2 g/bird) in the T0 group. A highly significant level of variations (p<0.001) in weight gain was found from 17.0 to 17.2 g/bird/day at 1st week and 54.9 to 58.2 g/bird/day at 2nd week, whereas variations (p<0.01) were also found from 70.9 to 78.1 g/bird/day at 3rd week as the level of levocarnitine supplementation increased from 0 mg/l to 100 mg/l. The feed intake decreased significantly (p<0.01) in the last week in relation with the lower to higher doses of levocarnitine. At the age of 4th week, the lowest average feed intake (137.7 g/bird/day) was recorded in the T4 group and the highest (148.4 g/bird/day) in T0 group. The feed efficiency was significantly improved (P<0.001) over the whole experimental period. The best feed conversion ratio (FCR) (1.4) was recorded in the highest level of levocarnitine supplemented group (100 mg/l) and the worst FCR (1.5) in the control group (0 mg/l). Supplementation of levocarnitine in drinking water significantly increased the dressing percentage (p<0.05), thigh weight (p<0.05), breast weight (p<0.01), spleen weight (p<0.05), thymus weight (p<0.01) and decreased (p˂0.01) the abdominal fat weight.
Keywords: Carcass characteristics, Drinking water, Feed conversion ratio, Levocarnitine, Weight gain.
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Chapter I: Introduction
Bangladesh is considered as one of the highest density countries of the world which has a population of 157 million people within the area of 148,460 km2 (The World Factbook, 2016). Poultry is a substantial contributor to the food supply of Bangladesh. The poultry industry has been successfully becoming a leading industry in Bangladesh (Ali and Hossain, 2012).
In late years, broiler chickens have been intensively selected for increased weight gain. This strategy improved the pace of increase weight gain and feed conversion, but had undesirable effects in the shape of increased deposition of abdominal adipose tissue and greater incidence of metabolic diseases, such as ascites. Excess carcass fat is unattractive to healthy eating consumers who reach for poultry meat because of its nutritional attributes. At the same time, increased carcass fatness reduces the profits of poultry producers. The problem can be addressed through proper selection, but this is a long-term process and breeders look for quick solutions. One solution is to provide broilers with dietary supplements such as levocarnitine (Buyse et al., 2001).
Levocarnitine is synthesized in vivo from lysine and methionine, and it is formed by contributions from vitamins B3 (niacin), B6 (pyridoxine), B12 (cyanocobalamin), C (ascorbic acid) and folic acid, as well as iron (Fe2+) (Golzar Adabi et al., 2011). This substance is needed to transport long-chain fatty acids into mitochondria, these acids taking part in β-oxidation that leads to the production of energy (Brooks, 1998). Levocarnitine was discovered in the early 20th century by Gulewitsch and Krimberg, who isolated it from muscle tissue (Arslan, 2006). Levocarnitine prevents fatty tissue build up, thus reducing obesity and atherosclerosis. It decreases the calorie requirement and increases the tolerance to effort (Pietrzak and Opala, 1998). Many experiments and clinical observations showed that levocarnitine takes part in regulating the body’s lipid levels. It also has the ability to reduce the level of triacylglycerols and cholesterol (Calvani et al., 2000).
Levocarnitine is known for being the improvement of the growth performance. The improvements in body weight gain of broilers observed due to added dietary levocarnitine may be attributable to an improved utilization of dietary nitrogen,
3 | Page

 achieved through more efficient fat oxidation by levocarnitine. The increased fatty acid oxidation induced by levocarnitine may result in decreased availability of long-chain fatty acids for esterification to triacylglycerols, and at the same time can raise the mitochondrial level of acetyl-CoA. Such a situation can affect the activity of pyruvate carboxylase, which is an acetyl-CoA-dependent enzyme that can supply carbon chains for amino acid biosynthesis (Cyr et al., 1991).
Over the last twenty years, many experiments were performed to test the use of levocarnitine in broiler nutrition. Researchers studied its effect on production parameters such as body weight, rate of growth, feed consumption and conversion, content of abdominal fat, proportion of breast and leg muscles, and giblets percentage. It was also investigated if levocarnitine has an effect on chicken health. The results obtained were inconsistent. Some authors provided conclusive evidence that levocarnitine has a beneficial effect on these parameters, while others comments that levocarnitine has no effect on, or even adversely affects production results and mortality (Golzar Adabi et al., 2011). Regarding this inconclusive information this is necessary to re-evaluate the effect of levocarnitine on growth performance of broiler.
1.1.  Objectives
1.1.1. To observe the effects of level of levocarnitine supplementation on feed intake, weight gain and FCR in commercial broiler.
1.1.2. To identify the effects of level of levocarnitine supplementation on carcass characteristics in commercial broiler.
1.2. Research questions
1.2.1. Is there any effect of levocarnitine on productive performance of broiler?
1.2.2. Which level of levocarnitine improves productive performance of the bird?
1.2.3. Does levocarnitine have any effect on carcass characteristics of broiler?
1.3. Scope of the Study
The purpose of the study is to assess the effectiveness of levocarnitine on productive performance and carcass quality. This study also evaluated the most suitable levels of levocarnitine supplementation for maximum productivity and better carcass quality.
1.4. Major limitations of the study
1.4.1. The sample size was only 100 birds due to resource limitation.
1.4.2. Seasonal variations were not observed due to limited study period.
1.4.3. Comparative meat evaluation based on chemical properties was not done due to financial limits.
Introduction
1.4.4. 
Chapter II: Review of Literature
Continuous selection of broilers for better performance, faster weight gain and better feed efficiency is aligned with an alteration of nutrient requirements. As a result, some of the nutrients previously considered as non-essential may become essential. For years, a carnitine requirement was not considered due to endogenous biosynthesis. However, studies show that it becomes an essential nutrient under certain circumstances, such as limited carnitine biosynthesis in young animals, diets high in fat content, and diets low in carnitine.
2.1. A brief history and chemistry of levocarnitine
Levocarnitine (C7H15NO3) (Figure 1) is present in both plasma and tissue as free carnitine, or bound to fatty acids as acyl carnitine derivatives (Bieber, 1988). It is a water soluble zwitterionic compound (161.2 MR). It has been recognized to be physiologically important for nearly a century; yet, its fundamental roles in some aspect, such as health and disease remain to be fully understood (Mast et al., 2000).
Due to its asymmetric structure of carbon two, the molecule possesses optical activity and exists in two enantiomeric forms. The D-form does not occur in nature, but may be obtained by chemical synthesis (Liedtke et al., 1982) and only the L-form is biologically active and occurs in nature and it has pharmacological and nutritional properties (Mardones et al., 1999). However, subsequent investigations have shown that D-carnitine acts as a competitive inhibitor of active uptake systems in the L isometric form (Walter and Schaffhauser, 2000).
	[image: ]

	Figure 1: Structural formula of levocarnitine (L-3-hydroxy-4-N trimethylamino-butyrate) (Metzler and Metzler, 2003).
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2.2. Synthesis and deficiency of levocarnitine
The first convincing evidence for carnitine biosynthesis in animals was obtained from chick embryos, which contained significant amounts of carnitine. No-one was found in eggs (Bremer, 1983). Endogenous biosynthesis (in the kidney, liver and brain) occurs in small amounts, but appears sufficient to cover normal requirements (Figure 2). However, this is not the case in neonates (Keralapurath et al., 2010a), where birds are under conditions of stress, higher performance and diets rich in fat (Harpaz et al., 1999).
	[image: ]Figure 2: Endogenous synthesis pathway of levocarnitine.


Two essential amino acids (lysine and methionine), three vitamins (ascorbate, niacin in the form of nicotin amide adenine dinucleotide and vitamin B6), and reduced iron (Fe2+) are required as cofactors for the enzymes involved in the metabolic pathway of levocarnitine synthesis (Leibetseder, 1995). Reports of nutritional levocarnitine deficiency are rare (Harpaz, 2005), and accumulation of toxic acyl-coenzyme (CoA) metabolites in the mitochondria due to levocarnitine deficiency impair the citrate cycle, gluconeogenesis and fatty acid oxidation (Knuttel-Gustavsen and Harmeyer, 2007).
2.3. Bioavailability and absorption of levocarnitine
The mechanisms of the absorption of levocarnitine in the small intestine have not yet been completely clarified (Fischer et al., 2009). Some reports have suggested that both, active (dependent on Na+) and passive mechanisms are involved in intestinal levocarnitine transport (Garcia-Miranda et al., 2005). More recently, functional and molecular studies revealed that levocarnitine crosses the intestinal apical membrane by an active, Na+ dependent and electrogenic transport system that resembles the organic cation/carnitine transporter (OCTN2) which is a member of the solute carrier 22A gene family, localized to the apical membrane of cells (Kato et al., 2006). Another transporter that may be involved in the intestinal absorption of levocarnitine is ATB0, + (the sodium and chloride coupled amino acid transporters). ATB0, + is already known as a high-affinity transporter of cationic and neutral amino acids that also functions as a low-affinity/high-capacity transporter for carnitine (Hatanaka et al., 2004).
2.4. General functions of levocarnitine
Although levocarnitine participates in several metabolic reactions, its most widely known function is probably interference in the overall context of normal fatty acid metabolism (Hoppel, 2003). A major factor controlling the oxidation of fatty acids is the rate of entry into the mitochondria. While some long-chain fatty acids (perhaps 30% in total) enter the mitochondria and are converted to CoA derivatives in the matrix, the majority are ‘activated’ to acyl-CoA derivatives on the inner surface of the outer membranes of the mitochondria (Metzler and Metzler, 2003). Levocarnitine serves as the carrier that transports activated long chain fatty acyl groups across the inner mitochondrial membrane. Levocarnitine acyl transferases are able to reversibly transfer an activated fatty acyl group from CoA to the hydroxyl group of carnitine to form an acylcarnitine ester. The reaction is reversible, so that the fatty acyl CoA derivative can be regenerated from the carnitine ester. Carnitine palmitoyl transferase I (CPTI; also called carnitine acyltransferase I, CATI), the enzyme that transfers long-chain fatty acyl groups from CoA to carnitine, is located on the outer mitochondrial membrane (Figure 3). Fatty acylcarnitine crosses the inner mitochondrial membrane with the aid of a translocase. The fatty acyl group is transferred back to CoA by a second enzyme, carnitine palmitoyl transferase II (CPTII or CATII). The carnitine released in this reaction returns to the cytosolic side of the mitochondrial membrane by the same translocase that brings fatty acylcarnitine to the matrix side. Long-chain fatty acyl CoA, now located within the mitochondrial matrix, is a substrate for β-oxidation (Smith et al., 2004).
Another function of levocarnitine is metabolic function, in this case levocarnitine act as a buffer for excess acyl residues. This function of levocarnitine beneficial effects of the cell, e.g., by elevating the mitochondrial acetyl-CoA/CoA ratio. Sufficiently high concentrations of free CoA are required to keep the substrate flux of the citric acid cycle at a high level (Zeyner and Harmeyer, 1999).
	[image: ]

	Figure 3: Role of levocarnitine in the transport of long-chain fatty acids through the inner mitochondrial membrane. Long-chain acyl-CoA cannot pass through the inner mitochondrial membrane, but its metabolic product, acylcarnitine; can (Murray et al., 2003).


A study conducted by Owen et al. (2001) showed that supplementation of the pigs’ diet with levocarnitine increased protein accretion. Branched chain keto acids (BCKA) are derived from transamination of branched-chain amino acids (BCAAs; Valine, leucine, and Isoleucine) by BCAA transaminase (Misra et al., 2004). Levocarnitine has also ability to enhance the oxidation of these derivatives and its effect was markedly dependent on its concentration (Van Hinsbergh et al., 1980). Levocarnitine can interfere with the oxidation of BCKA (Hoppel, 2003). Paul and Adibi (1978) concluded that levocarnitine stimulates decarboxylation of BCAA by increasing the conversion of their ketoanalogues into carnitine esters.
2.5. Effect of levocarnitine on poultry
2.5.1. Performance
Feed efficiency remains the most important trait in commercial animal breeding programs, as feed represents 60-70% of the cost of raising an animal to market weight. As mitochondria are responsible for producing 90% of cellular energy, some of the variations in broiler growth performance and phenotypic expression of feed efficiency may be due to differences or inefficiencies in mitochondrial function (Bottje et al., 2002). Levocarnitine is attributed to an increase in the utilization of energy as a result of the increase in fatty acid oxidation by the mitochondria (Bremer, 1983). 
Studies on broiler chickens and laying hens (Rodehutscord et al., 2002; Kita et al., 2002; Golzar Adabi et al., 2006a; Geng et al., 2007; Nouboukpo et al., 2010) noticed improved live weight, feed consumption, feed conversion efficiency or egg production by feeding dietary levocarnitine.
A diet of 50 mg/kg dietary levocarnitine in broiler chicks from 0-3 week of old, resulted in an improved feed conversion ratio (Cevik and Ceylan, 2005). Considering this and similar reports it would appear that using levocarnitine during early stages of growth in poultry has a better effect on performance (Kita et al., 2002).


2.5.2. Abdominal fat
Determining the abdominal fat weight as a predictor of total body fat in poultry (Sonaiya, 1985) in feeding studies is a well established methodology. In feeding trials with levocarnitine there have been statistical differences in both abdominal and mesenterical fat percentage, meaning that the levocarnitine group produced lower levels of body fat compared to the control group (Buyse et al., 2001; Xu et al., 2003; Kidd et al., 2005; Ghods-Alavi et al., 2010).
2.5.3. Effect of levocarnitine on immunity of poultry
Interestingly, the selection of today's modern chickens for growth and egg production has resulted in diminished inflammatory response, but selection for more robust immune response results in diminished growth and egg production. It has recently been proposed that certain nutrients can be used as a means to specifically prevent infectious diseases in poultry (Kogut, 2009). Besides taking part in the transfer of long-chain fatty acids, early experiments have demonstrated the immune-modulating properties of levocarnitine (Famularo and De-Simone, 1995). Leghorn-type chickens offered the 1000 mg/kg in feed had a higher primary antibody level against sheep red blood cells (SRBC) than either of the other two groups at week 12. These birds had a higher relative thymus weight than the control at week 12 (Deng et al., 2006). Similarly, Golzar Adabi et al. (2006b) reported that the addition of 100 mg/kg levocarnitine to a broiler diet caused the significantly higher antibody response to SRBC and Newcastle disease virus than non-treated birds. Furthermore, additional dietary 100 mg/kg levocarnitine had the highest bursa of Fabricius, spleen and thymus weight by comparison with the other groups. Buyse et al. (2007) confirmed that 100 mg/kg levocarnitine in the diet of broiler chickens modulates the innate immune response in terms an enhanced acute phase protein response and levocarnitine has glucocorticoid-like effect.
With regard to the role of levocarnitine in cellular immunity, it was present in lymphocytes in high concentrations, and inhibited apoptosis of those immune cells (Moretti et al., 1998) and enhanced their proliferative response to mitogens (De Simone et al., 1994). Furthermore, dietary levocarnitine supplementation significantly increases total Ig G and Ig A but not Ig M responses after both primary and the secondary immunization with bovine serum albumin in broilers (Mast et al., 2000). 
2.5.4. Antioxidant effect of levocarnitine in poultry
Oxidative stress constitutes an important mechanism that leads to biological damage, and it is regarded as one of the causes of several pathologies that affect poultry growth (Fellenberg and Speisky, 2006). The main free radicals are those species which superoxide anion (O2 -•) and hydroxyl radical (HO•) derived from oxygen, and nitric oxide (NO•) derived from nitrogen, but non free-radical species are H2O2 and singlet oxygen (O2). These various forms of activated oxygen can cause oxidative damage in tissues and cells (Gulcin, 2006). Diet can be used as a vehicle to provide compounds with antioxidant properties as they have a special place in the maintenance of high production performance in poultry (Surai, 2007). Levocarnitine prevents oxidative stress and regulates nitric oxide, the cellular respiration (Brown, 1999) and the activity of enzymes involved in defense against oxidative damage (Kremser et al., 1995). Levocarnitine acts as an antioxidant in the protection of glutathione peroxidase, catalase and superoxide dismutase enzymes from further peroxidative damage (Kalaiselvi and Panneerselvam, 1998). It may have functions associated with scavenging of free radicals in cellular sites (Citil et al., 2005) and supplementation of levocarnitine have improved the glutathione and total thiol (-SH) status. Levocarnitine is associated with buffering of excess acetyl-CoA, which in itself can cause free radical formation and potentially toxic to the cells, and it was reported that levocarnitine has a protective effect on lipid peroxidation by reducing the formation of hydrogen peroxide (Bayraktar et al., 2008). 
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Chapter III: Materials and Methods
3.1. Study area 
The experiments were carried out at Chittagong Veterinary and Animal Sciences University poultry farm, and analysis were performed research laboratories, Chittagong Veterinary and Animal Sciences University (CVASU), Khulshi, Chittagong, Bangladesh.
3.2. Study Period
The total research period was from July to December 2016 but the actual feeding trial on broiler was carried from 1st to 28th November 2016. November was considered as post monsoon seasons (Islam and Uyeda, 2006). In November average maximum temperature was 29°C and humidity was 78% (BMD, 2016).
3.3. Experimental birds
The day-old chicks (Cobb 500™ strain) of mixed sex (male and female) were purchased from an agent of the Nahar Agro Complex Limited, Jhautala Bazar, Khulshi, Chittagong, Bangladesh. Before purchasing, all chicks were examined for uniform size and any kind of abnormalities. The average body weight of purchasing chicks was about 46.48 ± 0.01gm.
3.4. Experimental drug
The commercial name of levocarnitine used in this experiment is the Levocar® solution of SQUARE Pharmaceuticals Limited, Bangladesh in which, each 5ml solution contains levocarnitine USP 500 mg.
3.5. Design of experiment

A total of 100 birds were equally and randomly (Completely Randomized Design) allocated and distributed in five treatment groups (T0, T1, T2, T3 and T4) with two replications per treatment. These groups were treated with levocarnitine at the rate of 0 mg/l, 25 mg/l, 50 mg/l, 75 mg/l and 100 mg/l respectively in regular drinking water of broilers along with regular homogenous optimum diets (Standard diet; NRC, 1994) for all groups. There were 20 birds per treatment group and 10 birds per replication.
The bird rearing period was 4 weeks. Layout of the experiment is shown in Table 1.
Table 1: Layout of the experiment.
	Dietary treatments
	No. of birds per replicate
	No. of birds per treatment

	T0 (0 mg/l levocarnitine)
	R1
	10
	20

	
	R2
	10
	

	T1 (25 mg/l levocarnitine)
	R1
	10
	20

	
	R2
	10
	

	T2 (50 mg/l levocarnitine)
	R1
	10
	20

	
	R2
	10
	

	T3 (75 mg/l levocarnitine)
	R1
	10
	20

	
	R2
	10
	

	T4 (100 mg/l levocarnitine)
	R1
	10
	20

	
	R2
	10
	

	Grand total
	
	
	100


3.6. Management
3.6.1. Housing
At first, poultry shed was selected and prepared for broiler rearing. The broiler shed was thoroughly washed and cleaned by using tap water with caustic soda. For killing microorganisms, phenyl solution (15 ml/5 liters) 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 disinfecting the house was left for one week for drying. All windows were opened for proper ventilation. After one-week, the lime was spread on the floor and around the shed for strictly maintaining bio-security. 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.
3.6.2. Brooder and cage space
Each brooder box having 2.38 ft. × 2.08 ft. was allocated for 30 birds. After 14 days later broiler birds were transferred to cage having 3.5 ft. × 1.63 ft. for 10 birds. Therefore, floor space for each bird in the brooder box was 0.17 sq. ft. and cage was 0.57 sq. ft. respectively.
3.6.3. Brooding
The brooder boxes were ready for broiler chicks rearing after proper cleaning and drying. Dry and clean newspaper were placed on the floor of the brooder box as bedding materials and was changed for every 6 hours intervals in whole brooding period. Brooding temperature was maintained by using 100, 50 and 25 watt incandescent lamps in each brooder box. 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.
3.6.4. Temperature and humidity control of experiment
Broiler shed was not environmentally controlled, 200 watt incandescent lamps were used to keep the optimum temperature and electric fans were used to distribute the room temperature. In adverse condition, the system had been changed; in cold weather gunny bag were used to prohibit fluctuating the room temperature as well as humidity.
3.6.5. Feeding and watering
Ready-made feed of C.P. Bangladesh Co., Ltd., Bangladesh was supplied to the birds in two different growth stages i.e. starter and grower. Starter ration was offered from day 0 to 14 days and grower ration was offered from day 15 to 28. Feed and water were supplied ad-libitum to all groups of birds in three different times in a day (7.00, 14.00 and 22.00 h) throughout the experimental period. Feed and water was given to birds on small feeder and small drinkers in the early stage of brooding. In each brooder box, feeding was done by using one round feeder and watering was performed with one round drinker having a capacity of 1.5 liters. The feeders and drinkers were fixed in such a way so that the birds could eat and drink conveniently. During the period of cage rearing, large linear feeder (3.5 ft. × 0.38 ft.) and large round drinker with a capacity of three liters were used. The nutritive value of the diets, provided by the manufacturer are presented in Table 2.


Table 2: Nutritive value of basal diet in broiler feeding.
	Specification
	Type of a diet/Age of chicken (days)

	
	Starter (1 - 14)
	Grower (15 - 28)

	ME (MJ.kg-1)
	3000.00
	3100.00

	Crude protein (%)
	21.50
	20.00

	Crude fiber (%)
	5.00
	5.00

	Fat (%)
	3.50
	3.00

	Lysine (%)
	1.25
	1.20

	Methionine (%)
	0.50
	0.45


3.6.6. Vaccination
All birds were vaccinated properly against Newcastle disease on the 6th day and Infectious Bursal disease on 12th day. After each vaccination, multivitamin (Rena-WS®, Renata) was supplied @ 1g/5 liters of drinking water along with vitamin-C (Rena-C®, Renata) to overcome the stressed effect of vaccination and cold weather.
Table 3: Vaccination schedule.
	Age of birds
	Name of diseases
	Name of vaccine
	Route of administration

	6th day
	New Castle Disease
	BCRDV (Live)
	One drop in one eye

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


3.6.7. Sanitation
Bio-security was maintained strictly during the whole experimental period. Footbath containing potassium-per-manganate was kept at the entrance of the poultry shed. It was changed daily. Feeders were cleaned and washed with detergent and clean water, weekly before being used further. Drinkers were washed with potassium-per-manganate and dried up daily in the morning.
3.7. Laboratory work
3.7.1. Estimation of Ether Extract (EE) of liver
Moisture free liver sample was weighed and placed into the thimbles and crude fat was extracted by refluxing in Soxtest apparatus (Raypa®, SX-6) using petroleum ether as solvent. Percent crude fat was calculated by difference as per AOAC (2006).
	[image: ]Figure 4: Sample in airtight bag 
	[image: C:\Users\DR. HILLOL SIKDER\Desktop\Pic\DSC03027.JPG]Figure 5: Estimation of ether extract


3.7.2. Carcass characteristics
On days 28 of the study, twenty birds randomly selected from each replication, weighed and then sacrificed by severing of the jugular vein and carotid artery. Once a bird had been allowed to adequately bleed out; the skin with feather was removed using knife and hand force. After defeathering, the birds were eviscerated and the head and feet were removed. During the evisceration process, abdominal fat and liver were excised and weighed. Dressed birds were weighed to obtain a dressed carcass weight. Carcasses were cut into different cuts like- breast, back, thigh, drumstick etc. to measure individual cuts weight. The weights of visceral organs also measured.
	Figure 6: Cutting of thigh [image: C:\Users\DR. HILLOL SIKDER\Desktop\Pic\DSC02773.JPG]
	[image: C:\Users\DR. HILLOL SIKDER\Desktop\Pic\DSC02813.JPG]Figure 7: Weighing of the breast

	[image: C:\Users\DR. HILLOL SIKDER\Desktop\Pic\DSC02751.JPG]Figure 8: Abdominal fat 
	[image: C:\Users\DR. HILLOL SIKDER\Desktop\Pic\DSC02765.JPG]Figure 9: Collection of abdominal fat 


3.8. Data collection
Following parameters were recorded throughout the experimental period.
3.8.1. Weight gain
The weight of the chicks were recorded at first day and then weekly intervals. This measures were done along the whole experimental period. The weight gain was calculated by deducting initial body weight from the final body weight of the birds during specific period.
Weight gain = (Final body weight-Initial body weight)
3.8.2. Feed intake 
Feed intake was calculated by deducting the left over feed from the total amount of supplied feed to the broilers. Feed intake was calculated as gm/bird/day.
Feed intake = (Offered feed - Residual feed)




3.8.3. Feed conversion ratio (FCR)
During this study, bird weight was measured by treatment on a weekly basis. Weekly weight gain was calculated and these figures were used to the weekly consumption to determine feed conversion ratio. The amount of feed intake per unit of weight gain is the feed conversion (FC). This was calculated by using the following formula.

3.9. Statistical analysis
All the data of growth performance and carcass characteristics were entered into MS excel (Microsoft office excel-2007, USA). Data management and data analysis were done by using one way ANOVA (Winer et al., 1991) by using SPSS 16.0. A P value of <0.05, <0.01 or <0.001 were considered statistically significant.
Materials and Methods


Chapter IV: Results
The experiment was carried out to measure the effect of levocarnitine on the performance parameter and carcass characteristics of Cobb-500™ broilers. The results obtained from the study have been described in this chapter.
4.1. Live weight
Live weight of the experimental birds were recorded weekly basis throughout the whole experimental period (Table 4). Results indicated that, weekly average live weight differed significantly (p˂0.001) throughout the trial period as the level of levocarnitine supplementation increased from 0 mg/l to 100 mg/l. Highest average live weight was recorded at the highest level of levocarnitine (100 mg/l) supplementation group and the lowest average live weight was recorded in the control group (0 mg/l levocarnitine) in every week. At the end of the experiment, maximum average weight (1736.0 gm/bird) was recorded in T4 group and minimum average weight (1650.2 gm/bird) was recorded in T0 group (control group).
Table 4: Live weight (g/bird) of the experimental broiler birds fed diets supplemented with levocarnitine.
	Age of bird
	Dietary treatments
	SEM
	Sig.

	
	T0
	T1
	T2
	T3
	T4
	
	

	1st week
	165.9
	166.5
	166.6
	167.0
	166.9
	0.13
	***

	2nd week
	550.1
	561.0
	564.0
	571.7
	574.5
	2.91
	***

	3rd week
	1046.4
	1097.4
	1105.1
	1114.1
	1121.5
	9.05
	***

	4th week
	1650.2
	1703.9
	1714.2
	1725.6
	1736.0
	10.12
	***


T0 = Water containing 0 mg/l levocarnitine; T1 = Water containing 25 mg/l levocarnitine; T2 = Water containing 50 mg/l levocarnitine; T3 = Water containing 75 mg/l levocarnitine; T4 = Water containing 100 mg/l levocarnitine; SEM = Standard Error of Mean; *** = Significant (p˂0.001).
4.2. Weight gain
The weight gain of the experimental birds revealed that a highly significant (p˂0.001) level of variations were found during the 1st and 2nd week, whereas variations (p<0.01) were also found in 3rd week (Table 5). Considering the data for the 4th week, the live weight gain was differed insignificantly (p>0.05) among the treated groups. In terms of weight gain, T4 (100 mg/l levocarnitine) group was performed better than other groups and finally highest average daily weight gain (87.8 g/bird/day) was found in T4 group (p˂0.001).


Table 5: Weight gain (g/bird/day) of the experimental broiler birds fed diets supplemented with levocarnitine.
	Age of bird
	Dietary treatments
	SEM
	Sig.

	
	T0
	T1
	T2
	T3
	T4
	
	

	1st week
	17.0
	17.2
	17.2
	17.2
	17.2
	0.02
	***

	2nd week
	54.9
	56.4
	56.8
	57.8
	58.2
	0.40
	***

	3rd week
	70.9
	76.6
	77.3
	77.5
	78.1
	0.91
	**

	4th week
	86.3
	86.6
	87.0
	87.4
	87.8
	0.21
	NS


T0 = Water containing 0 mg/l levocarnitine; T1 = Water containing 25 mg/l levocarnitine; T2 = Water containing 50 mg/l levocarnitine; T3 = Water containing 75 mg/l levocarnitine; T4 = Water containing 100 mg/l levocarnitine; SEM = Standard Error of Mean; NS = Non-Significant (p>0.05); ** = Significant (p˂0.01); *** = Significant (p˂0.001).
4.3. Feed intake
Feed intake of the experimental birds were varied in a regular fashion during the entire experimental period (Table 6). It was revealed that, the amount of consumed feed was decreased insignificantly (p>0.05) from 1st to 3rd weeks of age compared to control group (0 mg/l levocarnitine), but decreased significantly (p<0.01) at the 4th week of age with increased dose of levocarnitine compared to the control group (0 mg/l levocarnitine). The average feed intake was gradually lower in levocarnitine supplementation groups in comparison with control group throughout the entire experimental period. At the 4th week of age, the highest average feed intake (148.4 g/bird/d) was recorded in T0 group and the lowest average feed intake (137.7 g/bird/d) was recorded in the T4 group.
Table 6: Feed intake (g/bird/day) of the experimental broiler birds fed diets supplemented with levocarnitine.
	Age of bird
	Dietary treatments
	SEM
	Sig.

	
	T0
	T1
	T2
	T3
	T4
	
	

	1st week
	20.7
	20.7
	20.5
	20.3
	20.1
	0.09
	NS

	2nd week
	76.2
	76.0
	74.5
	74.0
	72.7
	0.50
	NS

	3rd week
	104.7
	110.0
	108.6
	106.9
	106.4
	0.70
	NS

	4th week
	148.4
	141.8
	139.8
	138.4
	137.7
	1.32
	**


T0 = Water containing 0 mg/l levocarnitine; T1 = Water containing 25 mg/l levocarnitine; T2 = Water containing 50 mg/l levocarnitine; T3 = Water containing 75 mg/l levocarnitine; T4 = Water containing 100 mg/l levocarnitine; SEM = Standard Error of Mean; NS = Non-Significant (p>0.05); ** = Significant (p˂0.01).



4.4. Feed Conversion Ratio (FCR)
In the first week, feed conversion efficiency (feed/gain) did not differ (p>0.05) within experimental birds (Table 7), however, feed conversion efficiency was significantly diminished (p<0.001) at the 2nd to 4th weeks of age as the level of levocarnitine supplementation increased from 0 mg/l to 100 mg/l. The best FCR (1.6) was observed in the T4 group and worst FCR (1.7) in the T0 group at the 4th week of age. The ultimate FCR of levocarnitine supplementation groups were much better than that of the control group (0 mg/l levocarnitine).
Table 7: FCR of the experimental broiler birds fed diets supplemented with levocarnitine.
	Age of bird
	Dietary treatments
	SEM
	Sig.

	
	T0
	T1
	T2
	T3
	T4
	
	

	1st week
	1.2
	1.2
	1.2
	1.2
	1.2
	0.01
	NS

	2nd week
	1.4
	1.4
	1.3
	1.3
	1.3
	0.02
	***

	3rd week
	1.5
	1.4
	1.4
	1.4
	1.4
	0.01
	***

	4th week
	1.7
	1.6
	1.6
	1.6
	1.6
	0.02
	***

	0-4 week
	1.5
	1.5
	1.4
	1.4
	1.4
	0.02
	***


T0 = Water containing 0 mg/l levocarnitine; T1 = Water containing 25 mg/l levocarnitine; T2 = Water containing 50 mg/l levocarnitine; T3 = Water containing 75 mg/l levocarnitine; T4 = Water containing 100 mg/l levocarnitine; SEM = Standard Error of Mean; NS = Non-Significant (p>0.05); *** = Significant (p˂0.001).
4.5. Ether Extract (EE) of liver
Results indicated that, Ether Extract of liver was differed significantly (p˂0.01) at the end of the experiment (Table 8). Highest EE (10.7 gm/100 gm DM) was recorded at 0 mg/l levocarnitine supplementation group (control group) and the lowest EE (8.2 gm/100 gm DM) at 100 mg/l levocarnitine supplementation group at the end of the experiment.
Table 8: Ether Extract of liver of the experimental birds at the end of experimental period.
	Parameter (g/100 g DM)
	Dietary treatments 
	SEM
	Sig.

	
	T0
	T1
	T2
	T3
	T4
	
	

	Ether Extract
	10.7
	9.9
	9.2
	8.7
	8.2
	0.31
	**


T0 = Water containing 0 mg/l levocarnitine; T1 = Water containing 25 mg/l levocarnitine; T2 = Water containing 50 mg/l levocarnitine; T3 = Water containing 75 mg/l levocarnitine; T4 = Water containing 100 mg/l levocarnitine; SEM = Standard Error of Mean; ** = Significant (p˂0.01).
4.6. Carcass characteristics
Among the different carcass characteristics dressed weight, thigh weight and spleen weight increased significantly (p<0.05) in levocarnitine treated groups after the end of the production period (Table 9). The breast and thymus weight also increased significantly (p<0.01) with the gradually higher dose of levocarnitine. On the other hand, the abdominal fat was decreased significantly (p<0.01) in the experimental group in comparison with the control group (0 mg/l levocarnitine). In case of other carcass parameters they were found insignificant (p>0.05) among the different treatment groups.
Table 9: Carcass characteristics of the experimental birds at the end of experimental period.
	Parameters (%)
	Dietary treatments
	SEM
	Sig.

	
	T0
	T1
	T2
	T3
	T4
	
	

	Dressed weight
	61.8
	62.2
	63.0
	64.3
	66.1
	0.58
	*

	Drumstick weight
	7.8
	8.0
	8.3
	8.3
	8.8
	0.13
	NS

	Thigh weight
	9.8
	10.0
	10.3
	10.4
	11.0
	0.15
	*

	Breast weight
	23.7
	24.2
	24.8
	25.4
	25.9
	0.27
	**

	Neck weight
	2.0
	2.1
	2.1
	2.2
	2.2
	0.04
	NS

	Back weight
	10.4
	10.3
	10.9
	11.2
	11.5
	0.23
	NS

	Wing weight
	4.8
	5.0
	4.8
	5.2
	4.9
	0.08
	NS

	Feet weight
	18.0
	17.7
	17.7
	17.4
	18.5
	0.28
	NS

	Abdominal fat weight
	1.4
	1.3
	1.2
	1.2
	0.7
	0.08
	**

	Liver weight
	2.3
	2.3
	2.1
	1.9
	1.9
	0.06
	NS

	Heart weight
	0.6
	0.5
	0.6
	0.6
	0.5
	0.02
	NS

	Spleen weight
	0.1
	0.1
	0.2
	0.2
	0.2
	0.01
	*

	Thymus weight
	0.4
	0.4
	0.5
	0.5
	0.6
	0.02
	**

	Gizzard weight
	2.4
	1.6
	1.5
	1.8
	1.9
	0.12
	NS

	Proventiculus weight
	0.4
	0.6
	0.4
	0.4
	0.4
	0.03
	NS


T0 = Water containing 0 mg/l levocarnitine; T1 = Water containing 25 mg/l levocarnitine; T2 = Water containing 50 mg/l levocarnitine; T3 = Water containing 75 mg/l levocarnitine; T4 = Water containing 100 mg/l levocarnitine; SEM = Standard Error of Mean; NS = Non-Significant (p>0.05); * = Significant (p˂0.05); ** = Significant (p˂0.01).



Results

Chapter V: Discussion
This experiment studied the effect of levocarnitine supplementation on broilers. We hypothesized that levocarnitine supplementation may have a variety of benefits, both in terms of performance and carcass characteristics, which could play a key role in future broiler production. The logical explanation of current research findings is discussed in this chapter.
5.1. Weight gain
Regarding the effect of levocarnitine supplementation on productive traits during the experimental period, it was evident that live weight and weight gain were significantly increased by dietary levocarnitine supplementation as compared with the control group. The obtained results confirmed the previous findings of several researchers (Rodehutscord et al., 2002; Kita et al., 2002; Golzar Adabi et al., 2006a; Geng et al., 2007; Nouboukpo et al., 2010), who found that addition of levocarnitine to a poultry diet significantly improved body weight.
Nouboukpo et al. (2010) investigated the effect of levocarnitine, supplemented in drinking water on the growth of broiler chickens, observed at 7 days of rearing that chickens from the control group had significantly lower body weight compared to the experimental groups receiving 30 and 60 mg of levocarnitine in 1 L of drinking water. Similar result was obtained by Michalczuk et al. (2012), who found that aminocarnifarm (43.68% of levocarnitine) supplemented to drinking water (62.5 g per 100 L) during three periods: from 1 to 7, 21 to 28, and 36 to 42 days of age, contributed to increase in average body weight whole rearing period.

Such improvement may be attributable to an improved utilization of dietary nitrogen, achieved through more efficient fat oxidation by levocarnitine. The increased fatty acid oxidation induced by levocarnitine may result in decreased availability of long-chain fatty acids for esterification to triacylglycerols, and at the same time can raise the mitochondrial level of acetyl-CoA. Such a situation can affect the activity of pyruvate carboxylase, which is an acetyl-CoA-dependent enzyme that can supply carbon chains for amino acid biosynthesis (Cyr et al., 1991). Enhanced growth by
additional carnitine may be partially associated with its amino acid sparing function in addition to its role in fatty acid metabolism. Theoretically, an exogenous carnitine supply can decrease the need for biosynthesis of carnitine from methionine, thus sparing methionine for other biological functions (La Count et al., 1995). Indeed, addition of carnitine to low protein diets had a methionine sparing effect and promote growth in rats (Khairallah and Wolf, 1965). An increased supply of carnitine has been shown to spare branched-chain amino acids from oxidation in tissues (Owen et al., 1996). It is known that insulin-like growth factors (IGFs) stimulate growth rate in a number of animal species (Beccavin et al., 2001). Kita et al., (2002) found that when dietary levocarnitine concentrations were increased from 0 to 1000 mg/kg in an adequate protein diet (200 g/kg), plasma IGF-I (a 70 amino acid peptide) concentrations were increased having the potential to stimulate body weight gain and thereby growth of chicken was improved.
These results, however, not consistent with others (Xu et al., 2003; Cevik and Ceylan, 2005; Kidd et al., 2005; Golzar Adabi et al., 2006b; Buyse et al., 2007; Corduk et al., 2007; Kidd et al., 2009; Keralapurath et al., 2010a, b), who indicated that there was no noticeable influence of levocarnitine supplementation on live weight in broilers. Xu et al. (2003) suggested that this variation might be lower dose of levocarnitine and its considerable microbial degradation in the intestine. Fischer et al. (2009) documented that the reason for these contradictory results is unknown.
5.2. Feed intake
Comparatively lower feed intake in levocarnitine supplemented groups agrees with the findings of Nouboukpo et al. (2010), who reported that during the first week of life, the amount of consumed feed decreased with increasing dose of Levocanitine. For the second week, feed intake of chicks of control group was higher than that of chicks of treated groups.
It might have been due to increased fatty acid oxidation and raises the mitochondrial level of acetyl-CoA, induced by levocarnitine which ultimately increases the energy levels. The increased energy levels reduced feed intake (Vieira et al., 2006).

5.3. Feed Conversion Ratio
The weekly feed conversion at different ages of broilers supplemented with levocarnitine in drinking water, indicated that levocarnitine significantly improved feed conversion ratio of broilers. This result is in close agreement with other researchers (Rodehutscord et al., 2002; Arslan et al., 2004; Cevik and Ceylan, 2005), who found that addition of levocarnitine to a poultry diet significantly improved feed conversion.
Michalczuk et al. (2012) found that supplemented aminocarnifarm (43.68% of levocarnitine) to drinking water (62.5 g per 100 L) improved feed conversion during the whole rearing period. Analogous results were obtained by Nouboukpo et al. (2010), who pointed out that supplementation of 30 and 60 mg of levocarnitine in 1 L of drinking water improves feed efficiency upto 14 days.
Geng et al. (2004, 2007) studied the effects of levocarnitine (added daily to feed from 1 to 42 days of age) on the productivity of males; found that the supplementation improved feed conversion ratio (FCR). In the experiment from 2004, the authors showed that FCR decreased non-significantly, and in the experiment from 2007, FCR decreased significantly in the group of males supplemented with 100 mg of levocarnitine per 1 kg of feed compared to the other groups. Similar result was obtained by Rabie and Szilagyi (1998), who fed levocarnitine from 18 to 53 days of age and feed conversion improved regardless of the amount of dietary energy. 
The improvement in feed conversion could be due to the fact that levocarnitine enhances fatty acid burning, thus decreasing calorie requirements (Czeczot and Ścibor, 2005).
The results obtained are not supported by the studies of Rezaei et al. (2007) and Buyse et al. (2001) in which levocarnitine supplemented to the chickens had no effect on feed conversion.



5.4. Ether Extract (EE) of liver
It was evident that Ether Extract of liver decreased significantly with increasing dose of levocarnitine. The experimental groups, in which chickens were supplemented with levocarnitine, have lower EE compared to the control group. 
It may be due to oxidation of fatty acids by levocarnitine, makes them less available during esterification to triacylglycerols, which are usually deposited in the liver.
5.5. Carcass characteristics
5.5.1. Dressing percentage
The dressing percentage of experimental broiler at the end of the experimental period showed that the dressing percentage was increased significantly in the experimental groups supplemented with levocarnitine in comparison with the control group.
Michalczuk et al. (2012) investigated the effect of supplemented aminocarnifarm (43.68% of levocarnitine) to drinking water (62.5 g per 100 L), found that dressing percentage was higher in the experimental group supplemented with levocarnitine in comparison with the control group. Similar result was obtained by Daskirian and Teeter (2001) for Cobb broilers, the dressing percentage increased as a result of levocarnitine supplementation, but the differences were not significant.
Improved dressing percentage was also reported by Zhang et al. (2010), who studied the effect of acetyl-levocarnitine on meat quality and lipid metabolism in broilers. Dressing percentage increased with the increasing acetyl-levocarnitine supplementation, but the differences were not significant.
Different results were obtained by Celik and Ozturkcan (2003) who investigated effects of dietary supplemental levocarnitine and ascorbic acid on performance, carcass composition and plasma levocarnitine concentration of broiler chicks reared under different temperature; by Celik et al. (2003) in an experiment studying the effects of levocarnitine and niacin supplied by drinking water on fattening performance, carcass quality and plasma levocarnitine concentration of broiler chicks; and by Kidd et al. (2009) who determined the effect of levocarnitine on thigh yield in broilers. The three studies showed that levocarnitine supplementation had no effect on dressing percentage.
5.5.2. Thigh weight
In our experiment, thigh weight increased significantly in the levocarnitine supplemented groups compared to the control group. The obtained results confirmed the previous findings of several researchers (Rabie and Szilagyi, 1998; Xu et al. 2003; Kidd et al. 2009; Zhang et al. 2010).
Kidd et al. (2009) reported that feeding dietary levocarnitine was attributable to an increase in thigh, but not in drumstick. The addition of acetyl-levocarnitine caused a non-significant increase in the proportion of breast and leg muscles (Zhang et al., 2010). A similar result was found by Xu et al. (2003), who revealed that supplemental levocarnitine increases the proportion of thigh muscles in the carcass.
5.5.3. Breast weight
The breast weight of experimental broiler significantly increased with increasing dose of levocarnitine. The addition of acetyl-levocarnitine caused a insignificant increase (Zhang et al., 2010) or significantly increased (Xu et al., 2003) in the proportion of breast muscle in the carcass.
Different results were reported by Daskirian and Teeter (2001) for broilers, in which dietary levocarnitine exerted no effect on the proportion of breast muscles. Hrnčár et al. (2015) found that the addition of levocarnitine in drinking water to the experimental group caused a insignificant decrease in the percentage of breast muscle in males and females in comparison with the control group.
5.5.4. Abdominal fat weight
The experimental groups in which chickens were supplemented with levocarnitine had lower abdominal fat compared to the control group and decrease significantly with increasing dose of levocarnitine.
Other authors (Buyse et al., 2001; Xu et al., 2003; Kidd et al., 2005; Ghods-Alavi et al., 2010), who studied the effect of levocarnitine found that levocarnitine group produced lower levels of body fat compared to the control group.
Bremer (1983) proved that increased oxidation of fatty acids by levocarnitine makes them less available during esterification to triacylglycerols, which are deposited in adipose tissue. Xu et al. (2003) also found a decrease in the abdominal fat of carcasses from males. In the group supplemented with levocarnitine, the abdominal fat content decreased significantly in relation to the control group. Similar result was obtained by Wang et al. (2003) who found statistically significant differences of abdominal fat content in levocarnitine supplemented group.
The levocarnitine effect on decreasing abdominal fat concurs together with the levocarnitine role in biological systems. Theoretically, diets supplemented with levocarnitine, therefore, should enhance the oxidation of these fatty acids, thereby decreasing their availability for esterification to triacylglycerols and storage in the adipose tissues (Xu et al., 2003).
Opposite result to those in the levocarnitine study was obtained by Buyse et al. (2001) who observed the proportion of abdominal fat to increase in the experimental group of males and to decrease in females. Different results were reported by Corduk et al. (2007) in an experiment investigating the effects of dietary energy density and levocarnitine supplementation on growth performance. Control broilers and those supplemented with levocarnitine in the experimental group (100 mg per 1 kg of feed) had the same abdominal fat content at 15 g per 1 kg of body weight. 
5.5.5. Liver weight
The liver weights of the experimental groups were decreased insignificantly with increasing dose of levocarnitine. In an experiment with broiler males Rezaei et al. (2007) found liver weight decreased in the experimental group receiving levocarnitine.
Different result was obtained by Celik et al. (2003) who found an increase in average liver weight, but it was not significant.
5.5.6. Spleen weight
The dietary supplementation of chickens for the experimental groups with levocarnitine had significantly increased spleen weight. Golzar Adabi et al. (2006b) found that additional dietary 100 mg/kg levocarnitine had the highest spleen weight in comparison with the other groups.
5.5.7. Thymus weight
Result of our study showed that levocarnitine significantly increased the thymus weight with increasing dose of levocarnitine. A similar results were found by Deng et al. (2006) and Golzar Adabi et al. (2006b).
5.5.8. Other parameters
The carcass parameters did not differ significantly on the weight of drumstick, neck, back, wing, feet, heart, proventiculus and gizzard in relation to the control group in this study.









Discussion

Chapter VI: Conclusion
The study investigates the effects of levocarnitine supplementation in Cobb 500™ broilers under intensive rearing system. The birds were assessed based on performance parameters and carcass characteristics. It was evident that, there was a positive relationship between levocarnitine supplementation and performance parameters. The highest weight gain was recorded in the bird’s drinking water containing 100 mg/l levocarnitine. Similar to weight gain, FCR was also improved in birds supplemented with levocarnitine. Regarding the performance parameters, carcass characteristics improved in terms of dressed weight, thigh weight, breast weight, spleen weight, thymus weight and had lower abdominal fat in levocarnitine supplemented group. Our study suggests that levocarnitine as a potential water supplement with an optimum diet at the inclusion level of 100 mg/l in drinking water. However, a long term study is needed with large sample size and multi-dimensional temporal patterns are suggested to increase the sensitivity of the study.


Chapter VII: Recommendation
This study recommended that using of levocarnitine at 100 mg/l drinking water to enhance growth performance and carcass characteristics, but before that the economic aspect and cost effectiveness must be considered because levocarnitine is a relatively expensive supplement. From economic analysis if it found promising, it could be routinely applied in broiler. Levocarnitine is available in some countries as an oral preparation of a commercial form. Levocarnitine can be used in broiler, at inclusion level up to 100 mg/l drinking water, to support its positive effects.
Due to financial constraints and technical limitations, comparative meat evaluation based on chemical properties was not done. The hematological and biochemical effects of levocarnitine were not examined. This could have a vital impact on human health. The study explores new horizon for investigating those parameters as future study.
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