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INTRODUCTION

Commercial broiler farming is a rapidly growing and highly demanding agricultural sector in Bangladesh. Broiler chicken provides tender meat for human consumption within a short period of time. The popularity of broiler meat is increasing day by day. For the production of broiler meat diets and dietary ingredients are most important. Corn serves as the major energy ingredient in the diets of most livestock and especially non-ruminants like poultry. In broiler production, corn accounts for approximately 55% of the feed (Mourao et al., 2008).

Ninety percent of corn is being imported into Bangladesh. This has had a major impact on the livestock and poultry industries. A decrease in the availability of corn and an increase in the price for feed have a direct impact on the broiler industry worldwide (Ayuk, 2004), and in some cases, production output is reduced (Donohue and Cunningham, 2009). An increase in the price of grains and the cost of producing poultry meat and eggs increased significantly resulting in a decreased ability of some of the world's population to purchase and consume chicken meat (Aho, 2007). In order to compensate for this change, alternative feed ingredients must be identified (Agwunobi, 1999). 

The new ingredients must be able to substitute for corn totally or partially and not have a negative impact on the efficiency of broilers; that is, it must not reduce feed efficiency, dressing percentage, and must produce a product of the same or superior quality (Ojewola et al.,  2006). Several studies have evaluated the use of possible alternative feed ingredients; however, more extensive feed trials must be done in order to meet the requirements set forth by the National Research Council.
One possible alternative is  potato (Solanum tuberosum L.). It is a root crop produced in most countries and is consumed mainly as a starch source in the diet of humans but is also rich in other important nutrients (Dominguez, 2010). The storage roots of  potato are a valuable source of carbohydrates, vitamins, and micro-nutrients. Potato is an extensively cultivated annual crop in Bangladesh. In some years, when the production of potato is surplus, tons of potatoes are damped due to insufficient storage facilities. Presently Potato is being grown exclusively for human consumption, while its foliage has always been considered as forage (Dominguez, 2009). Its main nutritional importance has been its starch content; however, nutrients such as vitamin A, ascorbic acid, thiamine, riboflavin and niacin are also adequate. Carbohydrates constitutes about 80-90% of dry weight of the tuber. Potato has been evaluated as a source of energy in the diets of pigs (Lee et al., 1977; Lee and Yang,1979;  Manfredini et al., 1990; Rose and White,1980; Wu,1980), however It is not known what levels of inclusion will produce the same quality product that is now produced by the broiler industry. Also, limited information is available on the impact on meat quality (Agwunobi, 1999). Therefore, the objectives of this study is to evaluate the effects of  potato meal on productive performance and carcass characteristics in broiler.

1.1 Justification of the study
Potato meal is an important alternative energy ingredient  in poultry nutrition because of high carbohydrate content and comparatively less cost than other energy sources. Thus, incorporation of the inclusion levels of potao meal instead of other  energy sources in poultry diets might reduce feed cost. Limited studies are available regarding optimum levels of potato meal for high performing broiler in the contemporary environment of Bangladesh. Additionally, carcass quality and feed intake parameter of broiler birds fed diet supplemented with varying levels of potao  meal as the  source of energy are scarce.

1.2 Research questions
1.2.1 What is the effect of Potato Meal(PM) on productive performance of broiler?
1.2.2 Which level of PM can easily be added to diets without decreasing performance of broiler?
1.2.3 Does PM have any effect on feed intake of broiler?
1.2.4 Does PM have any effect on carcass characteristics of broiler?

1.3 Scope of the study
Development of sustainable feeding strategy to use various levels of PM substitution with maize and carcass characteristics in commercial broiler. Studying the feasibility and effectiveness of using various levels of PM in diets for broiler chickens and to elucidate possible problems that might be associated with such practice.

1.4 Specific objectives
1.4.1 To estimate the effects of different levels of PM on feed intake, weight gain and FCR in commercial broiler.
1.4.2 To measure the effects of various levels of PM on carcass characteristics in commercial broiler.


                                           
                                                  


Chapter - II
 REVIEW OF LITERATURE

 2.1 Background
Poultry is an important source of protein to the ever expanding population in rural areas. Poultry meat and egg are the cheapest sources of high quality animal protein. and good source of essential polyunsaturated fatty acids (PUFAs), especially rich in omega (n)-3 fatty acids (Anonymus, 2013). Poultry meat contains lower level of fat compared to those of other animal protein. These factors contribute to the high demand for poultry meat and egg and motivate farmers to expand their present level of poultry farm and establish new one. The cost of feed has been indicated by farmers in the smallholder sector as the major constraint in poultry production (Munyawu et al., 1998). For the formulation of poultry feed, corn (cereal) is the conventional choice of carbohydrate sources due to its high energy, low fibre, higher palatability, and the presence of pigments and essential fatty acids (Panda et al., 2014). It possesses about 50–60% portion in total diet. Inclusion of corn meets up to 70% energy and 30% protein-dietary requirements (Panda et al., 2014). However, its applications for use in food industries (such as beverage, juice, soup, and sauce) in respect of human consumption and in bio-fuel have been expanding rapidly. These competing demands for the corn result in inadequate supply, thus leading to a high price of poultry products (Kreutzer et al., 2012; Mozafari et al., 2013). As a results the poultry producers have experienced a rise in the cost of production due to the increasing cost of feed.

 To lower the production cost of poultry products (egg, meat, etc.), an alternative energy source for the poultry feed  has been investigated which is lower in cost. In fact, the ingredient should be able to substitute corn totally or partially and not have any negative impact on the efficiency and the cost of poultry production (Agwunobi et al., 1999 , Ojeola et al., 2006 ). Many alternative ingredients, such as water yam (Aina et al., 1997), cassava root meal (Sultan et al., 2012 , Sultana et al, 2011), pearl millet (Elrazig et al., 1998), sweet potato (Ayuk et al., 2009 , Beckford et al., 2015, Mozafari et al., 2013 ), etc. have been investigated and reported. It was also demonstrated that these cereals are deficient in certain essential amino acids, especially lysine and tryptophan, which are very important for the hens to grow healthily. (Mozafari et al., 2013; Panda et al., 2014). Moreover, most of these available alternatives either suffer from processing complexity, such as mouldiness, and dustiness, or contain anti-nutrition factors, such as cyanogenic glycosides in cassava (Sultan et al., 2012). Our aim of this study is to find the usefulness of potato (Solanum tuberosum L.) as an alternative of corn. As far as nutritious value is concerned, it contains substantially greater amount of all essential amino acids, especially lysine (Dannielle et al., 2011). Potato (fresh basis) contains approximately 20–25% dry matter with 12% crude protein (50% pure) (Mozafari et al., 2013). It contains reasonably high amounts of most amino acids but is deficient in tryptophan and sulphur containing amino acids (Morrison et al., 1961). It is to be noted that synthetic amino acids as supplement in dietary ration could be added to meet the feeding requirement. It is also an important source of both macro and micro minerals. Of the minerals, potassium, phosphorus, magnesium, sulphur, chlorine, iron, and zinc are found in larger quantities. Although calcium, phosphorus and iron are not present in significantly higher amounts, but even with limited contents, they can still provide important nutritional value to potato (Ahmed et al., 1997). Potato also contains a variety of vitamin groups such as, A, B, C (27–36/100 mg) and I3, while cereal does not (Ahmed et al., 1997). 

 Moreover, potato is an extensively cultivated annual crop in Bangladesh showing higher productivity (16.68 t/ha versus that of maize at 4.97 t/ha) with shorter harvesting period (90 days for potato compared to 140 days for maize). As a result, the cost of potato is significantly lower (four times lower than corn) in Bangladesh (Azimuddin et al., 2009, BBS, 2012). The production of potato is surplus in Bangladesh, and several tons of unused potato are dumped each year due to insufficient storage facilities. It would greatly benefit the potato farmers if potato could be used in poultry ration. It should be noted that 90% of corn is being imported into Bangladesh. This also leads to serious adverse effects on nation’s gross domestic product (GDP). We believe that the results from this study would significantly contribute to the nation’s GDP where corn production is not so great as that of potato.

2.2 Alternative feed ingredients as energy sources
Corn is the most commonly used feed ingredient in commercial poultry diets. Corn is mostly imported in Bangladesh from other countries. In abroad demand for corn has increased with the use of corn in ethanol and other brewery products. For that the price of corn has increased. This has increased the interest in alternative feed ingredients as energy source for use in poultry diets. There are some energy sources given below.

Oats
Oats are more tolerant of wet weather and acidic soils than wheat or barley. Oats also requare less agrochemical and fertilizer input. There has been renewed interest in oats as a feed ingredient (Jacob et al., 2015).

Spelt Wheat
Spelt is an ancient wheat species that shows a higher resistance to environmental influences than common wheat (Jacob et al., 2015).

Potato
Potato is an important energy source for use in poultry diets as the production of it high in Bangladesh . This is good source for energy bt its water percentage is high in raw potato. So it should be use as potato meal by drying under sunlight (Jacob et al., 2015).

Rye
Rye is versatile crop. It can be grown as forage for cattle and other ruminant livestock or as a green manure in crop rotations in organic farming. It can also be grown for grain that can be used as a feed ingredient for alcohol distillation or for human consumption (Jacob et al., 2015).

Triticale
Triticale is a hybrid developed by crossing wheat and rye.It is reported to grow well in regions not suitable for corn or wheat (Bhuiyan et al., 2011).


Pearl Millet
Pearl millet is typically resistant to drought and heat , so it is grown widely in tropical region of Asia.Some pearl millet is also grown in Africa and USA (Jacob et al., 2015).

Quinoa
Quinoa is a pseudocereal grown for its edible seeds .It is not a member of the grass family (and therefore is not a cereal) and is more closely related to species such as beets and spinach (Jacob et al., 2015).

Spent Brewers Grains
Brewers grains are a by-product of beer making.Beer is the fifth most consumed drink in the world,surpassed only by tea,carbonate drinks,milk and coffee (Jacob et al., 2015).

Buckwheat
Buckwheat is often grouped with the cereals,but it is actually not a cereal.It has a cereal like fruit seed that is related more closely to rhubbarb than to cereals.It is often referred to as a pseudocereal.Buckwheat is a summer annual that has a potential role in organic crop production (Jacob et al., 2015).

Rice bran
Rice bran is high in fiber and low in energy.Rice bran also contains the antinutritional factor trypsin inhibitor.As a result,it is recommended that rice bran make up no more than 10% to 15% of the total content of a poultry diet (Jacob et al., 2015).

2.3 Potato production in Bangladesh
 Potato is widely cultivated in all the districts of Bangladesh during winter. Of the total 3,36,740 acres (1,36,332 ha) of land used for potato cultivation during 1997-98, 1,13,540, 2,18,445, and 4,755 acres were for local, high yielding, and Indian varieties respectively. Well-fertilized, sunny land with sufficient moisture in soil is appropriate for potato plantation. The first fortnight of November is the right time. In certain northwestern areas, farmers even plant potato in October to harvest the crop early. Virtually all potatoes in this country are planted manually. On the basis of the soil quality and potato variety farmers determine the spacing in between the seed tubers and the adjacent rows. Row spacing is usually from 45 to 60 cm. Optimum depth of planting depends on temperature and moisture of the soil, probable weather following planting, and mode of conducting field operations later. If planting is shallow and only about 5 cm deep, the soil must be gradually ridged over the row incidental to cultivation. This ensures that the developing tubers are well covered with soil to protect them from light and pests. Mulching is frequently done over the rows with water hyacinth, straw etc to preserve the soil moisture and to prevent the growth of weeds. As the potato plants become mature and the tubers are fully formed, the leaves become gradually yellowish and then brownish, and finally the plants die. It is always better to harvest the crop after these signs are evident in the field. Most varieties are harvested in this country during February-March. Collection of the tubers is usually done in Bangladesh manually using a spade or other devices. ( National encyclopedia of Bangladesh).

In volume of fresh product, the potato ranks first among the world's most important food crops. It is grown in almost all countries of the world. In many countries, including those of Europe, America, and Canada, potato is the staple food. Nearly 90% of the potato crop of the world is grown in Europe. In the last 2-3 decades, production of potato in Bangladesh has increased with the cultivation of high yielding varieties. Although the growing conditions are excellent, because of lack of desirable market, farmers do not like to grow more potatoes. Only a negligible portion of the total production is exported, while a substantial amount of seed potatoes are still imported. ( National encyclopedia of Bangladesh).

In 2005-06, about 4.66 million m tons of potato were produced in the country. This has increased to 8.2 million m tons in 2007-08. Most small farmers preserve potatoes, particularly local varieties, at home indigenously. Consequently, loss due to dehydration, pest attack and infection by disease organisms is substantial. There are 193 cold storages in the country with installed capacity of about 22,00,000 m tons. Rest of the potatoes are kept by farmers in an indigenous method (National encyclopedia of Bangladesh). Last year between 15 and 20 lakh tonnes of potato will remain unsold by the end of the year because of sluggish demand for the vegetable (The Daily Star, 2016).

2.4  The Use of potato In poultry feeding
 Potato meal and foliage products have been evaluated as a feed for poultry. (Turner et al., 1976) examined various diets consisting of cooked  potato and a protein supplement for poultry feeding. Chicks fed on a starter feed reached slaughter weight sooner than when fed on  potato diets, however, with the latter the broilers had a higher dressing out percentage. The results of the organoleptic evaluation of birds slaughtered at 13 weeks of age showed that meat from chickens fed a diet, where 75% of the corn was replaced by sweet potato, had the best flavour (Mohamed et al., 1974).

Yoshida and Morimoto (1958) reported that the carbohydrate fraction in  potato to be about 90% digestible in chicks, while (Fetuga and Oluyemi, 1976) obtained a coefficient of metabolizable energy of 90,9 or 87,2 in diets where the tuber replaced 25 or 40% of the glucose in a basal diet; at both levels, rate and efficiency of gain were best for the sweet potato diets. These results suggest that, as an energy source, and at these levels of substitution the tuber is as efficiently used as maize by chicks.

2.5  Chemical composition of potato meal
Potato is rich in carbohydrate content and also contain proteins, fats, vitamins, minerals.The dry matter percentage of potato is less, approximately 20-25%.On dry matter  basis the energy is 3228 kcal/kg.Which is good in quantity as energy source for poultry ration.In carbohydrate contents there are glucose and fructose as monosaccharides, sucrose as disaccharides, starch and dietary fiber as polysaccharides.In protein contents there  present most of the amino acids included valine, histamine, glutamine, Isoleucine, Lucien, lysine, methionine, threonine, tryptophan, phenylalanine and conditionally essential amino acids tyrosine, cystein..There are also some non essential amino acids includes alanine, arginine, asparagine, glycine, proline, serenine.There are present some fats in potatoes includes saturated fatty acids,monounsaturated fatty acids, polyunsaturated fatty acids, cholesterol, phytosterols.The minerals present in potatoes are calcium, iron,  magnesium,  phosphorus, potassium, sodium, zinc, copper, maganese, selenium.There also present impotant vitamins in potatoes includes vitamin c (ascorbic acid), thiamin(vitamin B1), riboflavin (vitamin B2), niacin(vitamin B3),  pantothenic acid(vitamin B5),  , pyridoxine (vitamin B6),, folic acid (vitamin B9),, choline(vitamin B4),   Beta carotene (vitamin A), alpha tocopherol (vitamin E).( Bhattagharya et al., 2008)

Table 1 Approximate composition of potato meal (dry matter basis)

	Compnentso (%)                                
	Potato meal

	Energy (k.cal/Kg)                                     
	3227

	Moisture (%)                                                     
	75

	Crude fiber (%)                                               
	4.9

	Crude protein (%)                                           
	2.9

	Ash (%)                                                          
	1.6

	Ether extract (%)                                       
	0.23



2.6 Microbiology and palatability
The variability in the nutrient profile of  potato meal can lead to unexpected changes in poultry performance. Concerns about microbiological quality and palatability often limit the use of higher dietary quantities.Many types of spoilage and pathogenic microorganisms exist on fresh, minimally processed, and fully processed potato products. Potatoes are processed into many products including frozen, dried, ready-to-eat, and minimally processed.(Davidson et al., 2008)   The microbiological quality of finished potato products is influenced by the natural microflora, processing, handling, and human contact. The natural microflora of potatoes are influenced by soil and airborne inocula, agricultural practices, harvesting methods, and storage conditions. The microflora of processed products are influenced by all of the factors and conditions affecting the natural microflora as well as the processes applied to the product. This review considers the sources of microorganisms, microflora, foodborne disease pathogens, and outbreaks associated with, and selected microbiological research involving, potatoes and potato products.Palatibity depends on contamination and load of microbes.Less contaminated potato meal with good storage ensure better palatability and more intake of feed.

2.7 Conclusion
Chemical composition of potato meal is rich in carbohydrate,also present some essential amino acids, vitamins, minerals. The different composition of potato meal are also discussed. Despite variability, this is a potential source of carbohydrate, calcium, phosphorus and other trace minerals. Taking into consideration of the nature of variation, inclusion levels and its subsequent consequences on productive performance, carcass characteristics  in broilers could be explored as a noble study.

                                  



                                



Chapter - III
MATERIALS AND METHODS

3.1 Study area
The experiment was conducted during May to June 2017 in the experimental farm and research laboratories of the Department of Animal Science and Nutrition, Chittagong Veterinary and Animal Sciences University, Khulshi, Chittagong-4225, Bangladesh. May-June is considered as summer season in Bangladesh. In May, average temperature was 31.5oC, average humidity was 82.0% and average precipitation was 184.8 mm. In June average temperature was 32.8o C, humidity was 88.0% and average precipitation was 67.5 mm (BMD, 2015; Weatherbase, 2013; BBC weather, 2013).

3.2 Design of the experiment
The experimental birds were assigned to a Completely Randomized Design(CRD). A total of 120 birds were randomly distributed into four dietary treatment groups designated as T0, T1, T2, and T3  and supplemented with 0%, 20%, 30%,  and 40% PM for T0, T1, T2 and  T3  groups, respectively. Each treatment was further divided into three  replicates having 10 birds per pen.

3.3 Animals and housing
One hundred Ross-308 day old unsexed broiler chicks were purchased from Nahar Agro Complex Limited, Chittagong, Bangladesh. All chicks were examined for abnormalities and uniform size. Average body weight of the chicks was 40.74±0.26 g. The experimental shed was brick cemented with corrugated metal wiring. Floor space for each bird was 0.17 square feet in brooding box and 0.75 square feet in the cage. The cage was further divided into 12 pens. The pens were selected in an unbiased way for uniform distribution of chicks. The chicks were brooded in the wooden box. After 14 days, birds were transferred to the respective pens. Each pen was allocated for 10 birds. Dry and clean newspaper was placed in the brooding box and changed for every 6 hours. Room temperature and humidity was maintained using 200 watt incandescent lamps and ceiling fans. The birds were exposed to continuous lighting. During 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 weeks, respectively with the help of incandescent bulbs. Temperatures were measured by using thermometer.

3.4 Cleaning and sanitation
The shed was thoroughly cleaned and washed by using tap water with caustic soda. For disinfection, phenyl solution (1% v/v) was sprayed on the floor, corners and ceiling. Following spray, cleaning was done by using brush and clean water. Brooding boxes, rearing cages and pens were cleaned in the same manner. After cleaning and disinfection, the house was left one week for proper drying. After drying, all doors and windows were closed. The room was fumigated (Adding 35 ml of formalin to 10 g potassium permanganate per cubic meter) and sealed for 24 hours. On the next day, lime was spread on the floor and around the shed. Footbath containing potassium permanganate (1% w/v) was kept at the entrance of the poultry shed and changed daily. Feeders were cleaned and washed with Temsen® solution (0.3% v/v) weekly before being used further. Drinkers were washed with potassium permanganate (1% w/v) and dried up daily in the morning.

3.5 Experimental diets
Feed ingredients were purchased from Pahartali market, Chittagong, Bangladesh. During purchase, cleanliness and date of expiry were checked. Good-quality, dust-free potatoes were collected from North Bengal region. They were then sliced, dried in sunlight and finally ground into meal by passing through a 1-mm screen using a WILEY MILL. Potato meal was supplemented at 0%, 20%, 30%, and 40% to prepare the experimental mash diets. Dry mash was provided to the birds throughout the whole experimental period. Four different types of rations were formulated. Each ration had two different types i.e., starter (0 to 14 days) and finisher (15 to 28 days). All rations were iso-caloric and iso-nitrogenous. The composition of different feed ingredients and nutritive value of starter and grower rations are given in Table 2.





 Table 2. Ingredient and nutrient composition of the broiler starter ration (0-14 days)

	Ingredients (%)
	Dietary treatments

	
	T0
	T1
	T2
	T3

	Maize
	60
	40
	30
	20

	PM
	0
	20
	30
	40

	Soybean meal
	33.5
	34.5
	34.5
	34.5

	Soybean  oil
	3.8
	2.8
	2.8
	2.8

	DCP
	1.4
	1.4
	1.4
	1.4

	Limestone
	0.50
	0.50
	0.50
	0.50

	Vit-min. premix2
	0.20
	0.20
	0.20
	0.20

	Common salt
	0.20
	0.20
	0.20
	0.20

	L-Lysine5
	0.08
	0.08
	0.08
	0.08

	DL-Methionine4
	0.22
	0.22
	0.22
	0.22

	NaHCO3
	0.10
	0.10
	0.10
	0.10

	Total
	100
	100
	100
	100



	Met. energy7
	3100.5
	3098.4
	3096.7
	3095.6

	Crude protein
	20.05
	19.97
	19.87
	19.85

	Crude fibre
	2.87
	3.45
	3.74
	4.03

	Calcium
	1.18
	1.20
	1.22
	1.25

	Phosphorus
	0.76
	0.76
	0.74
	0.73

	Lysine
	1.13
	1.12
	1.11
	1.11

	Methionine
	0.54
	0.54
	0.53
	0.52

	Cysteine 
	0.37
	0.37
	0.36
	0.35



T0=Diet without PM; T1=Diet containing 20% PM; T2=Diet containing 30% PM; T3=Diet containing 40% PM;, 1Vitamin-mineral premix (Per kg vitamin mineral premix provided-Vitamin A 5000 IU, D3 1000 IU, K 1.6 mg, B1 1 mg, B2 2 mg, B3 16 mg, B6 1.6 mg, B9 320 µg, B12 4.8 µg, Cu 4 mg, Mn 40 mg, Zn 20 mg, Fe 2.4 mg, I 160 µg); DCP2 (18% P, 23% Ca); 3DL-Methionine (Purity 99.0%); 4L-Lysine (Purity 99.0%);  5Metabolizable energy (kcal/kg).
Table 3. Ingredient and nutrient composition of the broiler finisher ration (14-28 days)

	Ingredients (%)
	Dietary treatments

	
	T0
	T1
	T2
	T3

	Maize
	65
	45
	35
	25

	PM
	0
	20
	30
	40

	Soybean meal
	30.50
	31.50
	31.50
	31.50

	Soybean  oil
	2.8
	1.8
	1.8
	1.8

	DCP
	0.50
	0.50
	0.50
	0.50

	Limestone
	0.50
	0.50
	0.50
	0.50

	Vit-min. premix2
	0.20
	0.20
	0.20
	0.20

	Common salt
	0.20
	0.20
	0.20
	0.20

	L-Lysine5
	0.07
	0.07
	0.07
	0.07

	DL-Methionine4
	0.18
	0.18
	0.18
	0.18

	NaHCO3
	0.05
	0.05
	0.05
	0.05

	Total
	100
	100
	100
	100



	Estimated chemical composition (%)
	
	

	Met. energy7
	3108.5
	3098.4
	3094.7
	3091.6

	Crude protein
	19.15
	18.98
	18.87
	18.79

	Crude fibre
	2.83
	3.41
	3.70
	3.99

	Calcium
	1.18
	1.19
	1.19
	1.20

	Phosphorus
	0.75
	0.75
	0.73
	0.72

	Lysine
	1.01
	1.01
	1.00
	1.00

	Methionine
	0.42
	0.42
	0.41
	0.41

	Cysteine 
	0.30
	0.30
	0.30
	0.30



T0=Diet without PM; T1=Diet containing 20% PM; T2=Diet containing 30% PM; T3=Diet containing 40% PM;, 1Vitamin-mineral premix (Per kg vitamin mineral premix provided-Vitamin A 5000 IU, D3 1000 IU, K 1.6 mg, B1 1 mg, B2 2 mg, B3 16 mg, B6 1.6 mg, B9 320 µg, B12 4.8 µg, Cu 4 mg, Mn 40 mg, Zn 20 mg, Fe 2.4 mg, I 160 µg); DCP2 (18% P, 23% Ca); 3DL-Methionine (Purity 99.0%); 4L-Lysine (Purity 99.0%);  5Metabolizable energy (kcal/kg).


3.6 Feeding of birds
Feed was prepared manually and supplied ad-libitum to the birds on round small feeder and waterer for 0-7 days. After 7th day, small round feeders and waterers were replaced by medium linear feeders (2.21 ft X 0.25 ft) and round waterers. At 15th day, large linear feeder (3.5 ft X 0.38 ft) and round waterers (3 liter capacity) were provided for feeding and drinking of the birds.

3.7 Vaccination & Medications
All birds were vaccinated against Newcastle disease (BCRDV live) and Infectious Bursal Disease on the 4th day followed by a booster dose on 14th day. After each vaccination, multivitamin (Rena-WS, Renata; 1g/ 5liter of drinking water) was supplied along with vitamin-C to overcome the effect of stress due to vaccination and cold shock.

3.8 Carcass measurement
On 4th week of the study period, four birds were randomly selected from each replicate and killed by severing the jugular vein and carotid artery. Once a bird was adequately bleed out, it was scalded and feather was removed. After defeathering, the birds were eviscerated and the head and feet were removed as per technique described by Jones (1984). During evisceration process, abdominal fat, lung, liver, kidney, spleen, gizzard and proventriculus were excised separately and weighed. Dressed birds were weighed to obtain a dressed carcass weight.

3.9 Analysis of feed 
From each treatment, 100 g of prepared mash feed was taken and preserved in an air tight bag to carry them in the laboratory for analysis during the experimental period. Feed and meat samples were dried at 80°C and ground to powder. After drying, chemical analyses of the feed  samples were carried out in triplicate for dry matter (DM), crude protein (CP), crude fiber (CF), nitrogen free extracts (NFE), ether extracts (EE) and total ash (TA) in the animal nutrition laboratory, Chittagong Veterinary and Animal Sciences University, Chittagong as per AOAC (2006).


3.10 Data collection
Weight gain, feed intake and FCR were recorded at weekly intervals. Carcass characteristics was recorded at 4th weeks. Weight gain was calculated by deducting initial body weight from the final body weight of the birds. Feed intake was calculated by deducting leftover from the total amounts of feed supplied to the birds. FCR was calculated dividing feed intake by the weight gain.

3.11 Statistical analysis
Data were compiled in MS Excel. Raw data related to weight gain, feed intake, FCR, carcass characteristics were tested for normality by using normal probability plot and analyzed for ANOVA by using STATA (2017). Means showing significant differences were compared by Duncan’s New Multiple Range Test (Duncan, 1955). Statistical significance was accepted at p<0.05 for F-tests.




Chapter - IV
RESULTS

The experiment was carried out to investigate the effects of various levels of potato meal on the performance parameters and carcass characteristics of Ross broilers. The results obtained from the present study have been presented in this chapter.

4.1 Live weight
Effects of potato meal on live weight gain of broiler are presented inTable 4. Significant (p< 0.01) difference was observed in weekly average  live weight gain among the treatment groups. Higher body weight of the birds was found in control group and with the increasing potato meal portion in the diets, the body weight of the birds decreased linearly. Highest (1265.3 g/bird) and lowest (1032.2 g/bird) average live weights were recorded in T0 and T3 groups, respectively at 4th week.

4.2 Weight gain
Average weekly weight gain differed significantly (p<0.05)among different dietary treatment groups (Table 4). Maximum (70.9 g/d) and minimum (51.8 g/d) average weight gains were recorded in T0 and T2 groups, respectively at 4th week.

4.3 Feed intake
Similar to weight gain, average weekly feed intake differed significantly (p<0.05)among various dietary treatment groups (Table 4). Highest (121.1 g/bird/d) and lowest (114.3 g/bird/d) average feed intakes were recorded in T3 and T0 groups, respectively at 4th week.


Table 4. Live weight (g/bird), weight gain (g/bird/d), feed intake (g/bird/d) and FCR of the experimental broiler birds fed diets supplemented with different levels of PM from 1st to 4th weeks of age.
	Variable
	Age
	Dietary treatments
	SEM
	P value

	
	
	T0
	T1
	T2
	T3
	
	

	Live weight
	1st wk
	187.9
	176.6
	172.3
	218.7
	1.25
	0.27

	
	2nd wk
	402.4
	377.4
	363.3
	386.2
	4.73
	0.07

	
	3rd wk
	768.5
	685.1
	669.6
	698.2
	11.64
	0.02

	
	4th wk
	1265.3
	1051.5
	1032.2
	1124.1
	24.52
	0.004

	
	
	
	
	
	
	
	

	Weight gain
	1st wk
	21.1
	19.2
	18.6
	19.6
	0.32
	0.33

	
	2nd wk
	30.6
	28.7
	27.2
	29.5
	0.45
	0.33

	
	3rd wk
	52.3
	43.9
	43.7
	44.6
	1.11
	0.03

	
	4th wk
	70.8
	52.2
	51.8
	60.8
	2.22
	0.07

	
	
	
	
	
	
	
	

	Feed intake
	1st wk
	31.7
	32.6
	33.9
	34.2
	0.39
	0.42

	
	2nd wk
	58.7
	63.6
	65.8
	69.8
	1.40
	0.35

	
	3rd wk
	92.5
	94.6
	95.9
	98.6
	0.57
	0.09

	
	4th wk
	114.3
	119.2
	120.5
	121.1
	1.26
	0.07

	
	
	
	
	
	
	
	

	FCR



	1stwk
	1.50
	1.69
	1.82
	1.74
	.03
	0.25

	
	2nd wk
	1.91
	2.21
	2.41
	2.36
	.05
	0.26

	
	3rd wk
	1.76
	2.16
	2.16
	2.21
	.06
	0.12

	
	4th wk
	1.60
	2.28
	2.32
	1.98
	.08
	0.20



T0=Diet without PM; T1=Diet containing 20% PM; T2=Diet containing 30% PM; T3=Diet containing 40% PM; SEM=Standard error of mean; NS=Non-significant (p<0.05); **=Significant (p˂0.01); ***=Significant (p˂0.001)




4.4 Feed Conversion Ratio
FCR did not differ (p>0.05) within experimental birds at weekly observation with irrespective of the levels of PM supplementations (Table 4). The best (1.64) and worst (2.14) FCR was recorded in the T0 and T2 groups, respectively at 4th week.

Table 5 Live weight (g/bird), weight gain (g/bird), feed intake (g/bird) , FCR,survivability and carcass characteristics of the experimental broiler birds fed diets supplemented with different levels of PM at the end of 4th weeks of age.

	Parameter
	Potato content (%)
	Level of significance

	
	0
	20
	30
	40
	

	Live weight       (g/broiler)
	1265.3a
	1051.5c
	1032.2d
	1124.1b
	**

	weight gain (g/broiler)
	1224.8a
	1009.8c
	990.3d
	1081.9b
	**

	Feed intake (g/broiler)
	2080.40d
	2170.00c
	2212.70b
	2265.91a
	**

	FCR
	1.69d
	2.14b
	2.23a
	2.09c
	**

	[bookmark: _GoBack]Survivability (%)
	100
	100
	100
	100
	NS

	Bodyweight (g/broiler) of slaughtered bird
	1285.5 ± 64.1
	1047.6±18.34
	1033.3±34.25
	1149.5±67.36
	0.22

	Thigh weight
	10.25 ± .13
	8.95 ± .19
	9.76 ± .15
	9.32 ± .07
	0.17

	Drumstick weight
	8.48 ± .34
	8.09 ±.35
	8.37 ± .78
	8.73 ± .69
	0.63

	Wing weight
	7.95 ± .79
	7.71 ± 1.05
	7.82 ± .51
	8.06 ± .66
	0.91

	Breast weight
	9.42 ± .56
	9.01 ±.18
	9.61 ± .40
	8.98 ± .16
	0.32

	Abdominal fat
	.86 ±  .06
	.19 ± .02
	.22 ± .03
	.19  ± .05
	0.08

	Dressing %
	60.2 ± 3.55
	55.08 ± 2.88
	63.67 ± 6.57
	58.14 ± .15
	0.39



a,b,c,dMeans within a row with different superscripts are significantly different (P < 0.01)
NS non-significant, g gram
** P < 0.01, significant at 1% level


4.5 Carcass characteristics
Dietary treatments have no notable effects on dressing percentage and weights of other carcass components, such as breast, thigh, drumstick, wing etc., except abdominal fat (P < 0.01) as shown in Table 5. Significantly low abdominal fat (~4 times lower than that of control groups) was found in all the potato meal-fed birds.

Body weight (g/broiler) of slaughtered bird
Body weight (g/broiler) of slaughtered bird did not differ significantly (p> 0.01) within experimental birds at irrespective of the levels of PM supplementations (Table 5). Highest (1285.5±64.1) and lowest (1033.3±34.25) was recorded in T0 and T2 groups, respectively after slaughter at 4th week.

Thigh weight
Thigh weight did not differ significantly (p> 0.01) within experimental birds at irrespective of the levels of PM supplementations (Table 5). Highest (10.25±.13) and  lowest (8.95  ± .19) was recorded  in T0 and T1  groups, respectively after slaughter  at 4th week.

Drumstick weight
Thigh weight did not differ significantly (p> 0.01) within experimental birds at irrespective of the levels of PM supplementations (Table 5). Highest (8.73 ± 0.69) and lowest (8.09 ±   0.35)  was recorded  in T3 and T1  groups, respectively after slaughter  at 4th week.

Wing weight
Wing weight did not differ significantly (p> 0.01) within experimental birds at irrespective of the levels of PM supplementations (Table 5). Highest (8.06 ± .66) and lowest (7.71 ± 1.05) was recorded  in T3 and T1  groups, respectively after slaughter  at 4th week.





Breast weight
Breast weight did not differ significantly (p>0.01) within experimental birds at irrespective of the levels of PM supplementations (Table 5). ).Highest (9.61 ± 0.40) and lowest (8.98 ±   0.16) was recorded  in T2 and T3 groups, respectively after slaughter  at 4th week.

Abdominal fat
Significantly low abdominal fat (~4 times lower than that of control groups) was found in all the potato meal-fed birds. (Abdominal fat (P < 0.01)  as shown in Table 5.) Highest (.86 ±   .06) and lowest (.19) was recorded in T0 and both T1   and T3 groups, respectively after slaughter at 4th week.

Dressing %
Dressing percentage did not differ significantly (p> 0.01) within experimental birds at irrespective of the levels of PM supplementations (Table 5). ).Highest (63.67 ±   6.57) and  lowest (55.08 ±   2.88) was recorded  in T2 and T1  groups, respectively after slaughter  at 4th week.



                                               


Chapter - V 
DISCUSSION

The study investigated the effects of potato meal supplementation below and above recommended levels to investigate its effects on productive performance and carcass characteristics parameters in commercial broiler for a typical period of 28 days.

5.1 Weight gain
Supplementation of potato meal from 1st to 4th weeks of age in  broiler birds indicated that, the control group has gained the highest body weight, and it likely decreases slightly with the increasing potato meal. Some reported results in the literature suggested that the inclusion of sweet potato meal in broiler ration causes poor utilization of nutrient compared with maize-based diets (Maphosa et al., 2003, TEWE., 1991 ), thus leading to a lower body weight gain of bird.This might be responsible for the inversely linear fashion body weight gain with the amount of sweet potato meal (Agwunobi et al., 1999). In contrast, some other studies, with feeding 25% potato to starter birds (Mozafari et al., 2013), 50% sweet potato to broiler starter (Ayuk et al.,, 2009), 36 and 45% sweet potato to starter and finisher birds, respectively (Agwunobi et al., 1999, Turnur et al., 1776), reported that either potato or sweet potato in diets did not affect the body weight gain.

5.2 Feed intake
In our study the feed intake increases with the potato meal ratio. Although increasing of feed intake occurs with increasing level of potato meal, the weight gain decreases.it might be due to poor nutrient utilization of potato meal. The decline in the body weight and increase PM based feed consumption is similar to the results of Maphosa et al. (2003). Some reported results in the literature suggested that the inclusion of sweet potato meal in broiler ration causes poor utilization of  nutrient compared with maize-based diets (Maphosa et al., 2003; TEWE., 1991) thus leading to a lower body weight gain of  bird. The results of feed intake of birds in my study also has similarity with Sultana et al. (2016).

5.3 Feed conversion ratio
Feed conversion ratio in contrast to weight gain and feed consumption increased with increased levels of PM. Given the fact that animals in general are known to eat in order to satisfy their energy requirements first and foremost (NRC,1994),birds increase their feed intake as the energy level of diets decreased. The birds of the present studies could not increase feed intake to match energy needs. Banser et al. (2000) suggested that the low feed intake may be due to palatability problems associated with the nature of PM which tends to dusty and less digestible. some other studies, with feeding 25% potato to starter birds (Mozafari et al., 2013), 50% sweet potato to broiler starter (Ayuk et al., 2009), 36 and 45% sweet potato to starter and finisher birds, respectively (Agwunobi et al., 1999, Turnur et al., 1776), reported that either potato or sweet potato in diets did not affect the feed conversion ratio.

5.4 Carcass characteristics
The present study indicates that dietary treatments have no notable effects on the dressing percentage and the weights of other carcass components, such as breast, thigh, drumstick, wing etc., except abdominal fat (P < 0.01) of carcass. These results are in agreement with those in the reported literature (Mozafari et al., 2013) on dried cooked potato meal diets up to 35%. An important point is that the abdominal fat percentage decreases with the increasing potato meal. Since the fats in other limbs in bird is related to the abdominal fat content, it can be said that the fat contents in other limbs of meat are lower as well, compared to those of the control group. We uttered  that high fibre content plays a crucial role in this regard. The significance of this result is twofold. First, the lower weight of dressing is likely due to the low content of fat. Second, the reduced fat in meat is definitely of more worth in terms of fetching higher market prices since high animal fat causes elevated blood cholesterol leading to atherosclerosis or heart failure (AMA., 1977)

5.5 Limitations of the study
5.5.1 The sample size was only 120 birds due to resource limitations.
5.5.2 Seasonal variations were not observed due to limited study period.


Chapter - VI
CONCLUSION

The study investigated the effects of potato meal supplementation on performance parameters, carcass characteristics broiler under intensive rearing system. The results in this study suggested that there were no significant differences in meat production or meat quality among the treatment groups of broiler with up to 40% replacement of corn with potato. These results suggested that potato meal could be safely included up to 40% as replacement of corn meal in diets of broiler, without causing any negative effects on the production performance. These results would encourage the farmers of the country where price of potato is lower than that of corn. Importantly, I found the benefit of a low content of fat in potato meal-fed broilers. I believe that the results from this study will play a crucial role in the further development of low-fat poultry meat.



















Chapter - VII
RECOMMENDATIONS AND FUTURE DIRECTION

Potato is comparatively available and cheaper than other corn like energy sources. From this study there were no significant differences in meat production or meat quality among the treatment groups of broiler with up to 40% replacement of corn with potato. Therefore, potato meal could be an important and economical solution for low fat contained broiler production in tropical environment of Bangladesh. Inclusion of 40% potato meal is recommended substitution with maize.

Due to financial constraints and technical limitations, some  blood parameters specially High Density Lipoprotein (HDL), Low Density Lipoprotein (LDL), Very Low Density Lipoprotein (VLDL), White blood cell count (WBC), calcium, phosphorus and other trace minerals both in meat and feed were not analyzed. These parameters could have vital impact on human health. The study explores new horizon for investigating those parameters with larger sample size and variable temporal pattern as future study.
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