
 

 

i 

 

EFFECTS OF DIFFERENT SALT INCLUSION LEVELS ON PERFORMANCE,     

HAEMATOLOGY, CARCASS AND MEAT QUALITY CHARACTERISTICS OF 

BROILERS 

 

 

 

BY 

 

ANYANWU, VIVIAN CHINENYE 

B.Agric. (UNICAL) 

Reg. No. 20114775748 

 

 

A THESIS SUBMITTED TO THE POSTGRADUATE SCHOOL, 

FEDERAL UNIVERSITY OF TECHNOLOGY, OWERRI, 

IN PARTIAL FULFILLMENT OF THE REQUIREMENTS FOR 

THE AWARD OF THE DEGREE OF MASTER OF SCIENCE IN 

ANIMAL SCIENCE AND TECHNOLOGY (ANIMAL PRODUCTS) 

 

 

MARCH, 2016 

  



 

 

ii 

 

COPY RIGHT 

©Federal University of Technology, Owerri. 

 

 

 

 

 

 

 



 

 

iii 

 



 

 

iv 

 

      DEDICATION 

 

 I dedicate this work to God Almighty, the Alpha and Omega for his love, protection and 

faithfulness throughout my period of study. I also dedicate it to my immediate family members, 

who are dearest and nearest to me. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



 

 

v 

 

ACKNOWLEDGEMENT 

My immeasurable gratitude and thankfulness go to my all-sufficient God, for your sufficiency to 

me throughout my period of study. My profound gratitude goes to my supervisor, Prof. N. J. 

Okeudo, for his inspiring contributions, untiring efforts, guidance and counseling, encouragement 

and supervision to make sure that this work is a reality. God bless you sir. 

I am most grateful to Dr. C. T. Ezeokeke, my co-supervisor for taking out time to read my work and 

for his guidance. God bless you. 

I want to thank in a very special way, Mr N. O. Aladi for all he did for me. Words cannot express 

my gratitude. I am most fortunate to have worked with you. May the good Lord reward you 

abundantly. 

My sincere gratitude goes to Dr. E.B. Etuk, the Acting Head, Department of Animal Science and 

Technology, who assumed office barely few months ago and is determined to see us graduate on 

time. God bless you abundantly. You may not understand what you did for us but we do. 

My sincere appreciation to all the lecturers in the Department of Animal Science and Technology, 

who contributed in one way or the other to make my dream come true, especially:  Prof. A.B.I. 

Udedibie, Prof. B.O. Esonu, Prof. G.A. Anyanwu, Prof. I.C. Okoli, Prof. M.C. Uchegbu, Prof. O.O. 

Emenalom, Prof. (Mrs.) U. Ogundu, Dr. I.C. Unamba-Oparah,  Dr. V.M.O. Okoro,  Dr. 

C.C.Ugwuh,   Dr. (Mrs.) H.O. Obikaonu, Dr. I.F. Etuk,  Mrs. O.Kadurumba, Ms.  F. C. Egenuka, 

Mrs. P. Okere, Mr. E. Ahiwe and others.    I am grateful to the staff of Histopathology and Clinical 

Chemistry Laboratory of the Federal Medical Centre, Owerri, for carrying-out the hematological 

and serum biochemical analysis. 



 

 

vi 

 

I appreciate all my friends and colleagues for their continued support, and to my mentors who 

nurtured my interest in academics, I am most fortunate to have you in my life and to work in an 

area that both challenges and rewards me. God bless you all. 

I am forever indebted to my loving husband, Mr. Everest Ifeanyi Anyanwu and all my children. 

From the depth of my heart, I thank you very much for denying yourself all luxury that it may be 

well with me. I thank all my family members, friends and well wishers. Words are not enough to 

express my gratitude for them. The name of these people will always be before me every time I 

look at the cover of this thesis, even though only my name is printed on it.  

 

 

 

 

 

 

 

 

 

 

 

 

 

 



 

 

vii 

 

ABSTRACT 

This study aimed at evaluating the effects of different salt inclusion levels on performance, 

hematological profile, carcass characteristics and meat quality of broilers. A total of one hundred 

and forty four (144) day old chicks were used. The birds were divided into four treatment groups 

and each subdivided into three replicates with twelve (12) birds per replicate. Four experimental 

diets were formulated (T1, T2, T3, and T4). T1 served as the control, T2 contained 0.25% (common 

salt), T3 contained 0.50% (common salt) and T4 contained 0.75% (common salt) both at the starter 

and finisher phases. Each treatment group of birds was assigned to one of the four (4) experimental 

diets in a completely randomized design and the experiment lasted for nine weeks. Data were 

collected on feed intake, weight gain and organoleptic qualities. Also blood samples were taken for 

hematological and serum biochemical analyses. Birds on T4 had the highest average live weight 

(1982.60g) while those on control had the lowest (1676.60g). Birds on T1 had higher feed 

conversion ratio (4.60) while those on T3 had the least value (3.50). Results of organoleptic 

qualities showed significance differences (P<0.05) among treatments except for connective tissue 

and off- flavor characteristics. Birds on T3 were juicier, more tender, more flavored with higher 

hendonic score and off-flavor intensity and were closely followed by birds placed on T4 diets. 

Results of hematology showed significant differences (P<0.05) among treatments except for MCV, 

MCH, MCHC, WBC. Birds on T3 had higher Hb, PCV, RBC and Platelets Count and were closely 

followed by birds placed on T4 diets. Also results of serum biochemical analysis showed significant 

differences (P<0.05) among treatments. Birds on T4 had higher Na⁺ and Clˉ while birds on T1 had 

higher Fe
3+

, Mg
2+

 and Uric acid content. Results of serum biochemical analysis were significantly 

different (P<0.05). Birds on T1 had higher triglycerides and were closely followed by birds on T4. 

Also birds on T4 had higher aspartate aminotransferase. It can be concluded that an increase in salt 

level up to 0.75% in broiler diet brought about improvement in live weight and it has no negative 

effect on haematological and serum biochemical indices. 

Keywords: broiler chicken, performance, carcass characteristics, meat quality, haematological and 

serum biochemical indices, organoleptic qualities. 
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CHAPTER ONE 

1.0                                                INTRODUCTION 

1.1  Background Information 

Meat is defined as the edible part of the skeletal muscle of an animal that was healthy at the time of 

slaughter (CFDAR, 1990). Chemically, meat is composed of four major constituents including water, 

protein, lipid, carbohydrate and many other minor components such as vitamins, enzymes, pigments 

and flavor compounds (Lambert et al., 1991; USDA, 2015). It is also rich in many bioactive 

compounds (FAO, 2007). The relative proportions of all these constituents give meat its peculiar 

structure, texture, flavor, colour and nutritive value. Meat is not only one of the very oldest foods for 

humans, but is also one of high biological value. This fact is mainly due to its high protein content 

with balanced essential amino acids profile. In addition, a part of the human requirement for vitamin 

and iron is also met by eating meat. Meats provide a wide spectrum of nutrients which are needed as 

co-factors in the formation of muscle, tissue, and which should not be deficient for the efficient 

amino acids utilization in the muscle protein synthesis. It is therefore not surprising that meat is 

specially important in planning menu when high degree of performance is required from people.  

From the nutritional point of view, the importance of meat is derived from its high quality protein 

containing all essential amino acids, minerals and vitamins which are highly bioavailable. Meat is 

rich in vitamin B12 and iron which are not readily available in vegetarian diets. The muscle from 

which meat is derived contains 75% water and 20% protein with the remaining 5% representing a 

combination of fat, carbohydrate and minerals. Due to its rich composition and therefore its great 

nutritional value as supplement, meat is very important in the nutrition of the most sensitive 
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population groups such as pregnant women, lactating mothers, children and elderly (Karl, 2000). 

Hence, although a daily intake of lean meat meets only small part of energy requirements, supplies 

only small amount of fat, it provides a substantial amount of very crucial nutrients. The importance of 

meat as significant source of zinc has also been established in recent years. Red meat in particular is 

an excellent source of zinc which is an essential constituent of many enzymatic systems and so is 

involved in many cell functions such as the immune mechanisms and protection of cell structure 

against free radicals (Karl, 2000). Meat is also a significant source of Ω-3 poly unsaturated fatty 

acids, especially long-chain fatty acids. 

In recent years however, meat has been subjected to serious criticisms due to its suspected link with 

increase in the incidence of arthrosclerosis, cancer and obesity. Meat is rich in saturated fatty acids, 

cholesterol, and purine. Hence meat consumption is often associated with diseases of “civilization” 

such as overweight, increased blood pressure, diabetes, gout, cardiovascular diseases and cancer 

(Karl, 2000). Some researchers have suggested a positive relationship between the intake of red meat 

and frequency of cancer, especially cancer of large intestine (Willett et al., 1990; Primic-Jakely, 

1997; Bingham, 1999). However, these relationships are very weak and may be linked to other 

accompanying risk factors rather than consumption of meat alone. 

On the other hand, Hill (1991) found no significant link between the consumption of meat and 

incidence of colon related cancer instead, frequent consumption of fruits and vegetables significantly 

reduces the risk of the disease (Cox, 1997). Poor consumption of vegetables and  refined products are 

the main factors that trigger the formation of the colon cancer (Cox, 1997; Hill, 1991).  Unprocessed 

and processed meat contain similar amounts of saturated fat and heme iron; however other 

constituents particularly sodium and nitrites are higher in processed meats. The high sodium content 
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may increase cardiovascular disease risk through its effect on blood pressure (Bibbins-Domingo et 

al., 2010; Smith-Spangler et al.; 2010). Nitrites and nitrates are frequently used in the preservation of 

processed meats, and blood nitrite concentrations have been related to endothelial dysfunction 

(Kleinbongard et al., 2006) and impaired insulin response in adults (Pereira et al., 2008). Several 

compounds in red meat or created by high temperature cooking, including N-nitroso compounds 

(nitrosamines or nitrosamides) converted from nitrites (Hughes et al., 2001), polycyclic aromatic 

hydrocarbons, and heterocyclic amines (Skog et al., 1995; Sinha et al., 1998; Cross & Sinha, 2004) 

are potential carcinogens. Heme iron and iron overload might also be associated with increased 

cancer risk through promotion of N-nitroso.compound formation, (Cross et al., 2003), increased 

colonic cytotoxicity and epithelial proliferation (Sesink et al., 1999), increased oxidative stress, and 

iron-induced hypoxiasignalling (Huang, 2003).  

Most unfavorable influences on health, on the account of meat holds true for the meat with a greater 

proportion of fat. Therefore, lean meat has a low energy value, which, in an appropriate diet, even 

lowers the concentration of plasma lipids (Watts et al., 1988, Wolmarans et al., 1999). Scott et al. 

(1994) assessed that lean beef and skinless chicken have similar effects on the plasma lipoproteins and 

that they are mutually exchangeable in diets for the reduction of cholesterol level. Poultry meat 

production, particularly chicken meat has increased tremendously over the last decades (Fuzhu & 

Zhuye, 2008). Demand for poultry meat is higher because of its perceived superiority in health aspects 

when compared to red meat. The meat has comparably low contents of fat and cholesterol. The 

relatively low price, the typically convenient portion and lack of religious restriction made poultry 

producers and consumers to focus on the poultry carcass yield, composition and quality (Jaturashita, 

2004). Le Behan –Dval (2004) also stated that many consumers prefer the local chicken to the exotic 
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ones due to its leanness and relatively low price.  Sodium is an essential nutrient known to influence 

several aspects of normal animal growth. Sodium deficiency leads to reduced growth and feed 

consumption and impairs feed conversion (Ross, 1979). Sodium also affects water intake (Mongin, 

1980), acid base balance (Ruiz-Lopez et al.1993) and basal metabolism (Elzbieta et al. 1979). Sodium 

chloride the most common source of sodium costs little and provides chloride, another essential 

element. Both nutrients, along with potassium, are the electrolytes required in greater amounts for 

birds. They are also closely related with the acid-base balance because cations are alkalogenic and 

anions are acidogenic. Owing to the importance of salt as ingredient in poultry diet, the national 

research council (NRC) (1994) recommends 0.20% and 0.15% of sodium chloride from 0-3 and 4-6 

weeks of age. 

 1.2   Problem Statement 

Salt is a mineral that plays an important role in the growth and physiological functions of poultry. 

Optimum dietary balance of this mineral allows better feed efficiency, bone development, leg health, 

nerve function, the immune system and better chicken performance.  With changes in the genetics of 

broilers, there is therefore need to re-evaluate salt inclusion levels on meat characteristics. The body 

needs a small amount of sodium to help maintain normal blood pressure and normal function of 

muscles and nerves. Persons at risk especially high blood pressure (hypertension) patients are often 

placed on diets targeted to reduce sodium intake.  
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1.3  Research Objectives 

The objectives of this study: 

1. To investigate the effects of different dietary levels of salt on performance and carcass 

characteristics of broilers. 

2. To evaluate the haematological profile, serum biochemical constituents and mineral contents 

as influenced by varying dietary salt level. 

3. To determine the organoleptic quality, ether extract and mineral composition of broiler meat 

produced from birds fed different dietary levels of salt. 

1.4     Justification of Study 

With changes in the genetics of broilers, there is need to continually access the level of salt 

requirement. Health wise, production of low salt meat products is recommended. There is scarcity of 

information on inclusion of salt in poultry diets and organoleptic quality. 
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                                                     CHAPTER TWO 

2.0                                                LITERATURE REVIEW 

2.1 Nutritional Requirement of Poultry 

Central to nutrition are various chemical reactions and physiological processes which transform foods 

into body tissues and activities. It involves the ingestion, digestion and absorption of various 

nutrients, their transport to all body cells, and the removal of unusual elements and waste products of 

metabolism (NRC, 1994). Formulation of balanced diets is fundamental to economical poultry 

production, and this process depends on knowledge of nutrient requirements of poultry and the 

nutritional attributes of nutrient sources (NRC, 1994). Poultry requires six classes of nutrients 

namely: carbohydrates, fats, proteins, vitamins, mineral and water in their rations for optimal growth 

and productivity. 

 

Energy by itself is not a nutrient but a property of energy yielding nutrients, primarily carbohydrates, 

lipids and proteins when they are oxidized during metabolism. Dietary energy levels have been 

shown to affect broiler chickens’ feed intake. Plavnik et al. (1997) and Nahashon et al. (2005) 

reported that as dietary energy level increases, birds satisfy their energy needs by decreasing feed 

intake. Decreases in feed intake with high energy levels in the diets of broiler chickens have also been 

reported by Leeson (2000) and Veldkamp et al. (2005). Thus, in formulating poultry diets, the 

nutrient requirements of broiler chickens have frequently been expressed per unit of dietary 

metabolizable energy (Gonzalez & Pesti, 1993). This practice is based on the theory that birds will 
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adjust their feed intake according to their metabolizable energy requirements (NRC, 1971). However, 

based on a re-evaluation of numerous research data, the NRC (1994) have revised their previous 

conclusions by stating that the practice of relating nutrient concentrations as a function of dietary 

metabolizable energy seems to apply more on leghorn type chickens fed diets with a low 

metabolizable energy concentration. Leeson et al. (1996) showed that broiler chickens fed up to 25 

and 49 days of age were able to adjust their feed intake to a constant energy intake over a range of 

dietary metabolizable energy levels. This indicated that broiler chickens retain an innate ability to eat 

to a fixed energy requirement. In contrast to the above observation, Richards (2003) observed that 

modern broiler chickens selected for rapid growth do not regulate voluntary feed intake to achieve 

energy balance. This altered ability of broiler chickens to adjust feed intake due to differences in 

metabolizable energy density of the diet was postulated to result from continued selection for rapid 

juvenile growth rates, which may have altered hypothalamic mechanisms that regulate feed intake in 

broiler chickens (Burkhart et al., 1983; Bokkers & Koene, 2003). 

Proteins are complex organic compounds of high molecular weight composed of 22 different amino 

acids or derivatives that are linked by peptide bonds to form a primary chain structure. Body proteins 

are in a dynamic state, with synthesis and degradation occurring continuously. An adequate intake of 

dietary amino acid is required (Mbajiorgu et al., 2011). If dietary protein or amino acid is inadequate, 

there will be a reduction or cessation of growth or productivity and withdrawal of protein from less 

vital body tissues to maintain the functions of more vital tissues (NRC, 1994). Amino acid 

requirements may be classified as those for maintenance, carcass growth, egg production and feather 

growth on the basis of their respective amino acid profiles (Hurwitz et al., 1978). In order for the bird 

to realize its genetic potential and achieve the best levels of performance through maximum rates of 
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protein synthesis, amino acids must be provided in the necessary quantities, avoiding both excesses 

and deficiencies (Sainbury, 1984). Thus, stating dietary requirements for both protein and essential 

amino acids is an appropriate way to ensure that all amino acids needed physiologically are provided 

(Mbajiorgu et al ., 2011). 

Protein and amino acid requirements vary considerably according to the physiological state of the 

bird and the rates of growth and egg production. Other factors contributing to variations in amino 

acid requirements of the chickens include age, body size, sex and breed (Mbajiorgu et al., 2011). For 

instance, the percentage of amino acid requirement in the diets is highest for young growing animals 

and declines gradually till maturity, when only enough amino acid to maintain body tissue is required 

(Ponds et al., 1995). The balance of amino acids needed for maintenance is not proportional to the 

balance of amino acids in bird’s tissues, but rather reflects the relative rate of obligatory loss of each 

individual amino acid (Gous & Morris, 1985). For this reason, the balance needed for maintenance is 

considerably different from that needed for growth or egg production (Nemavhola, 2001). Dietary 

amino acid levels slightly below maintenance can sustain life, but muscle mass and functions are 

impaired (Leeson, 1996). Matching the amino acid profile of diet with animal requirements is crucial 

for maximizing animal performance (Mbajiorgu et al., 2011). 

Water is not often thought as a nutrient, but it is an important nutrient because it regulates body 

temperature, transports other nutrients and takes part in numerous body chemical reactions 

(Anonymous, 2007). Many factors influence water intake including environmental temperature, 

relative humidity, composition of the diet, birds productivity (rate of growth or egg production), 

disease status and the individual bird’s ability to resorb water in the kidney (Klasing, 2003). As a 

result, precise water requirements cannot be determined. However, water is of vital importance and is 
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considered an essential nutrient. Water deprivation for 12 hours has adverse effect on growth of 

young poultry and egg production of layers. Water deprivation for 36 hours results in a marked 

increase in mortality of both young and mature poultry (Klasing, 2003). Cool clean water must be 

available at all times. 

Vitamins are organic compounds required in small amounts. Their function is to assist physiological 

processes including normal growth, feathering and leg development. Deficiencies may cause 

problems such as skin lesions, nervous disorders, muscle problem, reduced egg production in layers, 

reduced growth and improper chick development in eggs for breeding birds (Anonymous, 2007). 

Minerals are inorganic elements required for structural development such as proper bone formation 

and physiological processes (Anonymous, 2007). Minerals are classified as macro or trace in 

reference to the concentrations required. It’s ratio to one another is important. Its deficiencies are 

similar to those of vitamins (Anonymous, 2007).             

2.2 Factors Affecting the Nutrient Requirements of Poultry 

Voluntary feed intake of chickens determines nutrient intake levels and thus has a great impact on 

efficiency of poultry production. Often, adequate feed intake is hard to maintain on many poultry 

operations in several farms and thus becomes an important factor limiting productivity (Mbarjiorgu et 

al., 2011). Stressors such as high temperatures, increased stocking density and reduced health status 

together with genotype, influence feed intake and thus growth. Furthermore, dietary factors like 

energy density, deficiencies or excesses of nutrients such as carbohydrates, protein and minerals can 

also influence feed intake in poultry (Mbajiorgu et al., 2011).  
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2.3   Mineral Nutrition in Broilers 

The provision of correct levels of the major minerals in appropriate balance is very important in 

successful rearing of broilers. The macro minerals namely; calcium, phosphorus, magnesium, 

sodium, potassium and chloride influence growth, feed efficiency, bone development, leg-health, 

nerve function and the immune system (Anonymous, 2007). Amongst these, sodium is a mineral with 

important physiological functions. Optimum dietary balance of this mineral allows higher chicken 

performance. In intensively raised fast – growing chickens an adequate intake of dietary sodium has a 

beneficial influence on feed consumption and the growth rate of birds (Borges et al., 2004). Increased 

dietary sodium and chloride levels contribute to litter wetness (Vieira et al., 2003).  

The minimal and optimal requirements of sodium for broiler production have been recommended to 

be 0.15 % and 0.20 %, respectively (NRC, 1994). According to Britton (1991, 1992) for the best 

body weight gain the sodium and chlorine content of broiler diets should be at least 0.2% 

respectively. These levels have been confirmed by Zanardo (1994). The German Society of Nutrition 

Physiology (GFE) (1999) recommended relatively lower levels of 0.13%, 0.11% and 0.09% at 

successive growth stages, much lower than the recommendations of National Research Council 

(1994), Smulikowska and Rutkowski (2005), Oviedo-Rando et al., (2001) and Mustaq et al., (2007). 

Koreleski et al., (2010) showed that at high level of dietary potassium and moderate level of dietary 

chloride, the sodium requirements for adequate chicken performance equaled 1.2 – 1.7 and 1.25-

1.6g/kg in the starter and grower period of feeding, respectively. Increased dietary level of sodium 

was associated with enhanced daily nitrogen intake and excretion. 
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However, in many experiments, the growth performance of birds was improved when the sodium 

content of feed was increased to 0.2-0.3% (Oviedo-Rondon et al, 2001: Mushtaq et al., 2007) which 

is above the National Research Council (1994) recommendation. An increase in dietary sodium to 

3g/kg was also found to improve breast muscle yield, and to reduce abdominal fat deposition (Mustaq 

et al., 2005). The negative consequences of an increased dietary intake of sodium chloride include 

high moisture content of litter (Mustaq et al., 2007) which increases the risk of disease such as  foot 

pad dermatitis (Juskiewiz et al., 2009).  

2.4    The Role of Salt in Mineral Nutrition 

Common salt or dietary salt is a chloride of sodium. Chemically, it is 60.663% elemental chlorine and 

39.337% sodium and has found exceptional importance to both humans and animals for thousands of 

years (Juskiewics et al, 2009). Salt’s ability to preserve food was a foundation of civilization as it 

helped to eliminate the dependence on the seasonal availability of food (Murakami et al., 1997). 

There are two main sources of salt, namely sea water and rock salt (Juskiewics et al, 2009). Rock salt 

occurs in vast beds of sedimentary evaporate minerals. This results from the drying up of enclosed 

lakes,  and playes may be up to 350 m thick and underline broad areas. Rock salt is 99% sodium 

chloride whereas mechanically evaporated sea salt normally exceeds 99% sodium chloride 

(Juskiewics et al, 2009). Salt is unique in that animals have a much greater appetite for the sodium 

and chloride in salt than for other minerals. Because most plants provide insufficient sodium for 

animals feeding and may lack adequate chloride content, salt supplementation is a critical part of a 

nutritionally balanced diet for animals (Bertino et al.,   1982). Since animals have a definite appetite 

for salt, it can be used as a delivery mechanism to ensure adequate intake of less palatable nutrients as 

a feed intake is limited. Sodium makes up about 93% of the basic mineral elements in the blood 
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serum and is the chief cation regulating blood pH (Ruiz-Lopez et al., 1993). The ability of muscles to 

contract is dependent on proper sodium concentrations. Sodium plays major roles in nerve impulse 

transmission and the rthymic maintenance of heart. Efficient absorption of amino acids and 

monosaccharides from the small intestine requires adequate sodium level (Ruiz-Lopez et al., 1993).  

The other nutrient in salt, chloride is also essential for life. Chloride is the primary anion in blood and 

represents about two thirds of its acidic ions (Juskiewics et al., 2009). The chloride shift (movement 

of chloride in and out of the red blood cells), is essential in maintaining the acid-base balance of the 

blood (Mushtaq, 2010). Chloride is also a necessary part of the hydrochloric acid produced by the 

stomach which is required to digest most foods (Ruiz-Lopez et al., 1993). 

2.5  Sodium in Broiler Nutrition 

Sodium is the major cation in extracellular fluid. It is closely associated with chloride and bicarbonate 

in managing acid-base balance (Ruiz-Lopez et al., 1993), water intake (Mongin, 1980) and basal 

metabolism (Elizabeta et al., 1979). Sodium works for the regulation of osmotic pressure and 

protection against excessive loss of body fluid. The permeability of cells and the sustenance of 

normal muscle irritability are additional functions of sodium (Nobakht, 2005). Sodium is also 

obligatory for absorption of amino acids and sugars in the small intestine. Therefore utilization of 

digested protein and carbohydrates is diminished with an insufficiency of this cation (Mushtaq, 

2010). Likewise, both sodium and chloride, aid in nutrient passage and waste removal in cells. When 

sodium is deficient in the diet, it will lead to acid-base imbalance, reduced cardiac output, growth 

reduction, increased feed conversion ratios, gonadal dormancy, bone softening, corneal 

keratinization, decreased cellular volume and changes in cellular function (Mushtaq, 2010). Diets 
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deficient in sodium also lead to adrenal malfunction and this impaired function results in increased 

uric acid levels which may cause shock and ultimately death in chicks (Leeson & Summers, 2001).  

Chickens maintain their blood and tissue sodium homeostatasis by excreting excess sodium and 

conserving short supply in diet (Lesson & Summers, 2001). However, the impact of these elements 

on litter moisture content places great emphasis on minimizing excessive levels (Borges et al., 2004; 

2004a; Mustaq et al, 2005; 2007). Litter dampness is correlated with the amount of sodium and 

chloride in the diet. Therefore, nutritionists are very cautious on the use of high levels of sodium in 

feeds. However this argument may be of little importance for a pre-starter feed, considering the small 

amount of feed intake and excreta produced in this period and high requirements during initial days 

of broiler’s life (NRC, 1994). 

A positive quadratic effect of increasing sodium chloride levels (from 0.10 to 0.46 %) in pre-starter 

phase was observed by Mariorka et al. (2004) on weight gain, feed to gain ratio, and feed and water 

consumption. He recommended optimal sodium chloride level of 0.45% for water consumption, 

0.40% for feed intake and weight gain and 0.38% for feed gain ratio. Dietary levels of sodium needed 

for optimum feed conversion was supposed to be lower than that needed for maximum body weight 

and water intake (Watkins et al, 2005). Ross (1979) reported that the sodium requirement of broilers 

chicks fed a wheat soybean diet was greater than the 0.15% suggested by NRC (1971). Difference in 

requirements could be related with the production potential difference of strains of modern broilers. 

Watkins et al. (2005) suggested the estimated requirement of sodium for body weight was 0.17 and 

suggested 0.14 - 0.19 % sodium when the drinking water contained no added salt. Dietary level of 

0.20 to 0.25 % sodium is needed for maximum performance during first 21 days period (Murakami et 

al., 1997a, b), while, 0.25% sodium and 0.30% chloride is recommended for greater feed intake for 



 

 

14 

 

finishing broilers from day 28 to 42 (Rondon et al., 2001).) Oliveira et al. (2005) divided whole 

experiment into three phases viz. 8-21, 22-42 and 43-53 days and recommended 0.63, 0.71 and 

0.80% potassium, respectively, for weight gain and a bit higher for feed intake. Previously, lower 

levels like, 0.50, 0.47 and 0.45% potassium were suggested by Rostagno et al (2000) for 1-21, 22-42 

and 43-49 days respectively. 

2.6  Chlorine in Broiler Nutrition 

The National Research Council recommended 0.20 and 0.15% level of sodium chloride for starter (1-

3week) and finisher (4-6week) phases of broiler age (NRC, 1994). Various workers recommended 

various values of chloride according to the age, environmental conditions (temperature and relative 

humidity) and dietary composition. Miller & Soares (1972) observed better growth rate with 

decreasing chloride contents (from 0.54 to 0.23%). Later on, Mongin & Sauveur (1974) similarly 

reported a steep decline of weight gain in semi- purified diets with increased level of chloride (0.35%, 

1.01% and 1.41%) when sodium and potassium were kept at 0.22% and 0.39%, respectively. This 

shows that it is necessary that dietary cations be balanced with dietary anions in order to keep the acid 

base balance in the normal range. A high level of chloride was noticed to reduce weight gain by 16 to 

22% (Ruiz-Lopez et al., 1993). Borges et al., (2004) found better performance in birds with high 

chloride (0.73%) and such birds showed blood acidosis. This acidogenic condition increased with 

increase in the supplementation of chloride made evident in increased blood chloride contents 

(Ahmed et al., 2005). It is therefore imperative that there will be a wide range of chloride 

requirements in broilers i.e. 0.12-0.91% (Edward, 1984; NRC, 1994; Rondon, 1999; Borges et al., 

2004) when other electrolytes are kept in optimum range. 



 

 

15 

 

2.7 Dietary Electrolyte Balance and Growth Performance of Broilers 

The interaction between major ions in the diet is referred to as a dietary electrolyte balance (DEB) 

and defined as Na
+ 

+ k
+
 - Cl

-
 (Mongin, 1981). Depending on housing conditions (mostly indoor 

temperature), the optimum dietary electrolyte balance value in broiler diets should oscillate around 

250 mEq/kg (Mongin, 1981) or vary over a wider range of 220 – 270 mEq/kg (Mustaq et al., 2007). 

Dietary electrolyte balance of 236 mEq/kg is recommended for optimum body weight gain in broiler 

chickens, while a lower value of 207 mEq/kg supports optimum feed conversion (Borges et al 2004). 

Sodium to chloride ratio of 1:1 is required to maintain dietary electrolyte balance (Hurwitz et al, 

1973). 

An improvement in production performance of broiler chickens was observed with variation in the 

levels of sodium and chloride along with potassium in the feed keeping in view the variation in 

dietary electrolyte a balance (Mustaq, 2010). It is demonstrated that sodium has a very important role 

in feed intake just after hatching, and also in secretion and activity of some digestive enzymes (Sklan 

& Noy, 2000). Sodium and potassium are involved in the process of absorption of some nutrients, 

such as glucose (Larbrier & Leclerc, 1992). Cardiac output and blood pressure fall, hematocrit 

increase, elasticity of subcutaneous tissues decrease, and adrenal function is impaired in case of 

sodium deficiency (Leeson & Summers, 2001). This deficiency would result in increased blood uric 

acid levels, which can result in shock and ultimately death. 

When the ratio between dietary cation and anions were kept around 1.1 containing 200 mEq/kg 

dietary electrolyte balance, an improved growth pattern was seen in broilers (Hurwitz et al., 1973). 

Johnson & Karunajeewa (1985) reported that dietary electrolyte balance lower than180 mEq/kg and 
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higher than 300 mEq/kg decreased the weight of the chickens when assessed at day 42. Hulan et al 

(1985) determined the effect of feeds containing electrolytes in different ratios and varying level of 

calcium, and found that the worst and the best weight gain were achieved when the dietary 

electrolyte balance was 174 and 215mEq/kg with 1.38 and 0.95% calcium, respectively.  

Based on the work of Mongin (1981), Leeson & Summers (2001) considered 250mEq/kg dietary 

electrolyte balance as an appropriate level for adequate poultry production potential. According to 

Murakami et al. (2000), a vast range of dietary electrolyte balance (150 and 350 mEq/kg) is 

recommended in commercial broiler diets for maximum bird performance. On the other hand, sodium 

and chloride requirements in corn-soy diets were 0.28% and 0.25% (first 3 weeks) and 0.15% and 

0.23% (last 3 weeks), respectively. For maximum performance of broiler chickens, the best dietary 

electrolyte balance was between 245 and 315 mEq/kg (first 3 weeks) and 249 and 261 mEq/kg from 

day 21 to 42 (Murakami et al., 2001; Rondon et al, 2001). Borges et al. (2003a) reported that 240 

mEq/kg dietary electrolyte balance gave best weight gain and feed efficiency in Brazilian summer 

conditions. Borges et al. (2004) recommended 202-235 mEq/kg under normal ambient temperature. 

This suggests a higher dietary electrolyte balance requirements in heat stress than normal ambient 

conditions 
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2.8    Dietary Sources of Sodium and Chloride in Poultry Diets 

Potassium chloride (KCL), hydrochloric acid (HCL), sodium chloride (NaCl), ammonium chloride 

(NH4CL), calcium chloride (CaCl2) and sodium hydroxide (NaOH) are considered as strong 

electrolytes and together with sodium bicarbonate (NaHCO3) are common supplementary sources of 

sodium and chlorine in poultry diets (Mongin, 1981; Horge, 2003).The addition of various salts in the 

diet or water causes changes in the bird’s physiological performance and acid-base balance. The 

addition of salts to drinking water has been considered for the short-term treatment of heat stress in 

recent studies (Smith & Teeter, 1992; Beker & Teeter, 1994; Gorman & Balnave 1994; Benton et al., 

1998; Rousan et al., 2008). 

Dietary ammonium chloride at a concentration of 6.3 g/l in the drinking water caused a marked 

increased in blood acidosis for 42 to 52 days old broiler (Branton et al., 1986). Teeter & Smith (1986) 

obtained maximum weight gain in broiler at 35°C with 2 g/kg ammonium chloride in drinking water. 

Up to 3 g/kg dietary ammonium chloride may improve the growth rate of heat stressed broiler though 

it was not clear if this beneficial effect was either through electrolyte balance/blood pH or simply 

through the indirect effect of stimulating water intake (Lesson & Summers, 2001). Dietary sodium 

bicarbonate added at 3.2 g/L had no effect on blood pH, whereas a short-term infusion of 2 g/L into 

the crop did induce alkalosis (Bottje & Harrison, 1985). It was observed by Owen et al. (1994) that 

dietary sodium bicarbonate incorporated into the diet at the level of 1% caused a reduction in ascities 

incidence. This was ascribed to its alkaline nature and the possible induction of alkalosis. In the same 

work, the addition of ammonium chloride at 1% level caused numerical increase in ascites incidence, 

and this was presumed to be due to its acidifying nature and the possible induction of acidosis. 

Sodium from sodium bicarbonate at 1.45g/L was harmful, reducing body weight and increasing 
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ascites mortality (Fulian et al, 1986). A very high level of 7.50g/L was found toxic and manifested 

syndrome characteristics mainly in 2 weeks old birds (Mirsalimi et al., 1992). 

Under heat stress condition, Balnave & Gorman (1993) included sodium bicarbonate at the level of 

5.60 g/L in the water and did not find any reduction in body weight. Ahmad et al., 2006 observed that 

non-chloride sodium salts (NaHCO3, Na2SO4 and Na2CO3) showed better production performance 

and reduced mortality than the control diet containing sodium chloride. Sodium salts also enhanced 

water intake as well as water to feed intake ratio. This effect was more pronounced in broiler fed 

sodium bicarbonate supplement (with sodium chloride in the basal diets). A lower mortality rate was 

noted with sodium bicarbonate (15%), sodium trioxocarbonate (14%) and sodium tetraoxocarbonate 

(15%) supplements than with sodium chloride (33%) treatment. It was speculated that the treatment 

added chloride to provide total chloride at 0.15, 0.25 and 0.35% which increased water consumption 

from 102 to 105 to 114ml/day (day 21-28), fecal moisture from 72 to 74 to 77% (day 14-28) and 

weight gain of 735, 741 and 741g, respectively in broiler chicks (Zisman, 1986). 

Adding chloride as ammonium chloride improved weight gain and decreased blood pH. Combination 

of ammonium chloride and sodium bicarbonate was synergistic in terms of increasing weight gain 

and slightly reducing alkalosis (Teeter & Smith, 1986). Bottje & Harrison (1985) suggested that 

treating heat stressed broilers with ammonium chloride could potentially be deleterious to the 

bicarbonate buffer system, as any metabolic acidosis associated with ammonium chloride catabolism 

might accentuate HC0з‾ loss due to increased respiratory rate. However, care is needed in relation to 

bicarbonate buffering system in immature birds like broiler rather than layers.  Merkley & Miller 

(1983) found that growth rates, feed efficiency and mortality were not affected by sodium when 



 

 

19 

 

supplied in the form of sodium fluoride and sodium silicate, however, bone characteristics were 

improved by sodium fluoride. 

2.9   Effect of Sodium Sources on Physiology and Performance of Poultry  

Increasing interest in sodium sources other than sodium chloride has resulted from the disruption of 

mineral and water balance observation in birds under conditions of heat stress (Ahmad & Sarwar, 

2006; Mustaq et al., 2007; 2013). It has also been found that high dietary sodium and chloride levels 

exert a synergistic effect on increased water consumption, followed by elevation of hydration of the 

intestinal contents and increased litter moisture (Mustaq et al., 2005). When compared with sodium 

chloride, which is inexpensive and commonly used in poultry nutrition, sodium bicarbonate has been 

claimed to be a good source of sodium for birds since it has a beneficial influence on blood pH and 

H
+
 ion balance (Mustaq et al., 2013). 

Jankowski et al (2011) reported that sodium tetraoxosulphate significantly reduced excreta moisture 

and foot pad disease scores. In an experiment on turkeys, the use of sodium bicarbonate and sodium 

tetraoxosulphate as dietary alternatives to sodium chloride resulted in increased dry matter 

concentrations in the small intestine and caecum (Jankowski et al., 2012). The decrease in 

supplemental sodium from 0.18% to 0.8% significantly reduced excreta moisture on day 112, but the 

type of applied salt had no influence on the parameter. The type of sodium salt had no effect on the 

final body weights of broilers and turkeys either but more pronounced in the first few weeks 

(Zdunczyk & Jankowski, 2014). 
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2.10   Dietary Salt, Heat Stress and Growth Performance 

In the recent past, broiler production performance was evaluated in terms of varying electrolyte level 

and dietary electrolyte balance with respect to the environment. Ambient temperature is considered as 

the most important reason behind shuffling the level of electrolyte or dietary electrolyte balance, 

besides considering the well-being of the bird. Sodium is slightly more potent through the feed (Ross, 

1979), but nutritionists prefer the certainty of inclusion in feed rather than depending on sometimes 

mistaken dosing by flock owners through water. A reduction in body weight (23 %) and feed intake 

(15 %) of broiler reared under high temperature (Min, 27
°
С and Max 38

°
С) was reported by Yalcin et 

al. (1997) when compared with counterparts reared under normal temperatures. A significant 

reduction in feed consumption (7-14%) was observed in birds kept at 26.7°С compared with those 

kept at 21.1°С during finisher phase 4-6 week, (Suk & Washburn, 1995). Reduction in feed intake 

was 3.6 % per degree increase between 22 °С and 32°С, which could be related to the age and 

genotype of the birds (Zuprizal et al., 1993). Henken et al. (1983) observed that feed intake and 

growth rate were significantly reduced by 15.9 and 12.3 % at 35°С, respectively, and 14.9 and 12.5 % 

at cyclic temperature of 30-40°С, respectively, compared to birds kept at 25°С. Cahaner & Leenstra 

(1992), Washburn et al. (1992) and Yunis & Cahaner (1999) were of the view that the effect of heat 

stress was more pronounced in fast growing broilers than those in slow-growing ones. Improved 

blood parameters, litter condition and reduced abdominal fat were observed by Mustaq et al. (2007) 

suggested best diets with 0.20 - 0.25% sodium and 0.30% chloride at constant dietary electrolyte 

balance (250mEq/kg). Mustaq et al. (2005) recommended 0.25% Sodium and 0.3% chloride for good 

performance under high cyclic temperature. Recently, Ahmad et al. (2009) suggested 150-

250mEq/kg dietary electrolyte balance for well being of heat distressed broilers. 
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2.11 Dietary Salt, Water Consumption and Litter Quality  

Water consumption increases linearly with increasing salt level in the diet (Mongin, 1980; Borges et 

al., 1999). Mongin (1980) suggested a vital relationship between excessive sodium intake and litter 

dampness. Potassium can also be considered while role of chloride is considered inconsequential in 

this regard (Vogt, 1971). However, Borges et al. (1999) suggested that diets with high levels of 

chlorine and / or potassium did not stimulate water intake during the first seven days of age. It has 

been shown that the litter wetness and crustiness is the most prevalent cause of footpad dermatitis, a 

form of dermatitis, in chicken and turkeys that is caused by a combination of moisture and chemical 

irritants present in the litter (Martland, 1984, 1985; Greene et al, 1985; Estrand et al., 1998). This 

condition is sometimes termed as contact dermatitis and may also affect the breasts of broilers 

(Greene et al., 1985) and hocks (Martrenchar et al., 2002). This footpad dermatitis type seems to be 

related, mainly to litter moisture and excreta sticking to the skin (Abbott et al., 1969; Jencen et al., 

1970; Harms et al., 1977).  

Dietary formulation and ingredient changes, particularly related to electrolytes, leading to higher 

water intake by birds are expected to increase excreta and litter moisture. Jensen et al. (1970) 

reported that increased incidence of foot dermatitis was seen when turkey pouts were fed diets with 

increased amounts of soya bean meal. Borges et al. (1999) showed that diets containing 0.30 and 

0.45% sodium caused litter moisture similar to those obtained with the use of commercial diets at this 

age. Etchers et al. (2007) concluded that increased litter moisture and incidence  and severity of 

footpad dermatitis was attributable to the diet formulation which is based on all vegetable sources 

exclusively on corn and soybean meal when compared with diets containing poultry by-product meal 

or corn gluten meal in the starter and grower diets, respectively. This severity in high soybean diets 
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has been linked with their high potassium contents. The severity also increased as broilers aged to 40 

days. Diets with increased sodium and potassium result in an increased water intake and litter 

moisture whereas an increase in chloride does not have the same effect (Murakami et al., 2000; 2001; 

Rondon et al., 2001). 

2.12   Dietary Salts and Carcass Characteristics 

The effects of different levels of dietary sodium and chloride have been reported to have pronounced 

effect on carcass parameters especially under heat stress condition (Mustaq et al., 2007; Murakami et 

al., 2001). Carcass responses are generally related with the protein and digestible amino acids 

concentration of the diet (Mustaq et al, 2010). The most limiting amino acids in poultry (methionine, 

lysine, and threonine) have become increasingly available for dietary supplementation at economical 

prices due to technological advancement. This has given poultry nutritionist the opportunity to 

formulate low crude protein diets to meet the bird’s amino acid needs while minimizing amino acid 

excesses. Al-Batshan & Hussien (1999) evaluated the effect of ambient temperature, energy and 

protein contents of the diet on carcass composition of broilers and reported that cycling hot 

temperature decreased (P<0.05) breast meat, carcass weight, but increased carcass yield, drum stick 

and thigh meat possibly due to less absorption of amino acids. It did not affect abdominal fat. They 

suggested that increasing dietary energy did not alleviate the depressing effect of heat stress, while 

increasing dietary protein up to 22% improved the performance of broilers irrespective of rearing 

temperature. Increasing dietary amino acids linearly improved live weight and feed utilization and 

reduced abdominal fat pad weight (Waldroup et al., 1990). 
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Along with all other production parameters, carcass characteristics were significantly affected by 

different electrolytic treatments and environmental conditions (Mustaq et al., 2010). A Significant 

effect of temperature treatment was detected for abdominal fat pad weight, where differences in fat 

pad weight were found among water treatments (5 % KCl or 5 % NaHCО3) under normal ambient 

conditions but not under cyclic environmental conditions (Whiting et al., 1991a). Borges et al (1999) 

and Johnson & Karunajeewa (1985) observed no effect on carcass yield and retail cuts in different 

dietary electrolyte balance treatment. Champaign (1994) reported no effect of electrolytes on carcass 

characteristics. Sharma & Gangwar (1987) reported that high temperature (32 ˚С) decreased the 

concentration of sodium ion and potassium ion in breast and thigh muscles of broilers from 4 to 8 

weeks old and that breast muscles had shown lower sodium ion and potassium ion concentrations 

than thigh muscles. Pourreza & Edriss (1992) reared straight-run broiler at 20 or 30˚С and observed 

that high temperature decreased slaughter weight, carcass and abdominal fat weight and increased 

dressing percentages. 

2.13   Dietary Salts and Blood Electrolyte Concentration  

Haematological changes are routinely used to determine the internal status of the body and to 

determine stress due to environmental, nutritional and pathological factors (Nwosu & Stephen, 2005; 

Fagbenro et al., 2005; Esonu et al., 2006; WHO, 1963)). The blood system is particularly sensitive to 

changes in acid-base balance or other physiological chaos, ultimately making it an important 

indicator of performance responses in chickens (Mustaq et al., 2010). Quantitative and morphological 

changes in blood cells are coupled with a number of factors such as haematocrit value, leukocytes 

(white blood cells), erythrocytes (red blood cells) and haemoglobin contents (Mustaq, 2006).  
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Demand for sodium ion and potassium ion reduced (Borges, 1997) while chloride concentration 

increased as temperature rose and resulted in low blood electrolyte balance (Belay & Teeter, 1993). 

There is about 2.75:1 ratio of HCO3‾ concentration in plasma compared to intracellular fluid. 

Phosphate, HCO3‾ and Chloride ion in conjunction with proteins are most closely associated with pH 

of the bloodstream which is normally maintained within a slightly alkaline range of about 7.35 – 7.45 

(Brody, 1999). Ruiz-lopez & Austic (1993) reported the depression in blood pH and blood HCO3‾ 

due to high dietary chloride ion. Previously, Walicka et al. (1979) also observed lower values of pH 

and HCO3‾in sodium chloride deficient diets. Increasing dietary chloride ion from 0.30 to 0.40% 

decreased serum sodium ion and potassium ion while serum potassium was found to be positively 

correlated (r = 0.30) with increased water consumption (Ruiz-Lopez & Austic, 1993). 

Reduced blood haematocrit (Vo et al., 1978; Zhou et al., 1999) and haemoglobin concentrations 

(Vecerck et al., 2002; Bedanova et al., 2003) while increased blood glucose were observed in heat-

distressed broilers in electrolyte studies (Borges, 1997; 2001). Mushtaq et al., (2007) observed 

significant main interaction effects of dietary sodium and chloride on blood pH, serum sodium ion 

and potassium ion in birds under subtropical summer conditions on day 42. He observed that 

increasing dietary sodium from 0.20 to 0.30 % increased serum HCO3‾ in linear fashion. The serum 

sodium ion unexpectedly decreased when dietary sodium increased from 0.20 to 0.25%, and he 

associated this change with the incremental increase of 0.10% in dietary potassium.  

The effects of different levels of dietary sodium or chloride were more pronounced on blood 

parameters, which supported the view that dietary electrolyte balance might be used as a good norm 

to predict or adjust acid-base status of the blood (Murakami et al., 2001). In initial days of life, 

dietary sodium or chloride did not affect acid-base status and serum sodium ion and potassium ion 
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(Mustaq et al., 2005). Maximum blood pH (7.39) at 0.40% chloride was seen and interactive effect of 

dietary cation-anion (NaCl) was found highly significant on blood pH. Birds fed the diet containing 

0.25% sodium and 0.30% chloride showed minimum blood pH (acidosis), the blood pH increased 

with increased serum HCO3‾, and as a result, the birds made some physiological adjustments to keep 

the blood pH near optimal 7.35 (Mustaq et al., 2007). The physiological responses included increase 

in faecal moisture and urinary excretion and declined kidney glomerular infilteration rate (Vena et al., 

1990; Pesti et al; 1999; Rondon et al., 2001).  

Researchers have generally reported a reduction in plasma levels of potassium ion and sodium ion 

(Deyhim et al, 1990; Belay & Teeter, 1993; Ait-Boulahsen et al, 1995; Borges, 1997), due to stress. 

This is probably as a result of haemodilution following increased water consumption. However, they 

assumed that differences in the period of heat stress at the time of sampling may indicate no change 

in plasma potassium ion and sodium ion levels. Kolb (1984) observed that blood glucose 

concentration is directly responsive to an increase in glucorticoids for the period of stress. Higher 

concentration of dietary sodium should be balanced with increasing chloride and reducing potassium 

contents so as to maintain plasma H
+
 (Mustaq, 2010). 

 

 

2. 14   HAEMATOLOGICAL PROPERTIES OF BROILERS 

2.14.1   Haemoglobin Concentration (Hb) 
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Haemoglobin concentration is the amount of oxygen – carrying protein contained within the red 

blood cells (Murray et al., 2006). Increased concentration of haemoglobin improves aerobic capacity 

whereas low concentration results in poor states of regenerative and non-regenerative anaemias. 

Haemorrhage and haemolysis cause regenerative anaemias and are mainly attributed to parasitism 

(Boyd, 1951), injuries (Jaensch & Clark, 2004) and intoxication (Leighton et al., 1983). Haemoglobin 

is very sensitive to low levels of protein intake as the value increases with increase in dietary protein 

concentration (Edozien & Switzer, 1977). 

2.14.2   Packed Cell Volume (PCV) 

Packed cell volume is the percentage of the blood volume occupied by red blood cells (Harrison & 

Harrison, 1986). PCV is sensitive to increased dietary protein concentration (Babatunde et al., 1987; 

Edozien & Switzer, 1977). Reduction in PCV value is indicative of low protein intake or mild anemia 

(Lindsay, 1977) while an increasing PCV indicates an increasing blood viscosity. Also it is a good 

indicator of haemogramme, especially the number of circulating erythrocytes as well as total blood 

hemoglobin (Hawkey et al., 2000). PCV and haemoglobin concentration are usually correlated in 

birds (Velguth et al., 2010). 

 2.14.3   Platelets 

Platelets are the first line of defense against bleeding at sites of vascular injury and are major 

contributors to thrombosis, inflammation and neoplasia (Boudreax & Catalfamo, 2010). Platelets 

have cell surface receptors that recognize signals to a complex network of biomolecules that include 

ions, proteins, nucleotides and phospholipids (Boudreax & Catalfamo, 2010). 
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2.14.4   Red Blood Cells (RBC) 

These are cells in the blood of vertebrates that transport oxygen and carbon dioxide to and fro the 

tissue (Harrison & Harrison, 1986). Bird red blood cells function like mammalian red blood cells 

with some biochemical differences (De Luca et al., 2004). It functions in immune response by 

producing cytokine-like factors (Passantino et al., 2007). Parasitism and under feeding reduces RBC 

count or haemoglobin content of each red blood cell. 

2.14.5.   Red Blood Cell Constants 

2.14.5.1   Mean Corpuscular Volume (MCV) 

Mean corpuscular volume (MCV) is the average size of a red blood cell and is derived by dividing 

the packed cell volume by the red blood cell count (Jain, 1986). MCV helps to diagnose the cause of 

anemia in animals (Ogbuewu, 2012). Low values (microcytic anaemia) suggest iron deficiency 

whereas high MCV values (macrocytic anaemia) suggest either deficiencies of B12 or folate, 

ineffective production in the bone marrow or recent blood loss with replacement by newer cells from 

the bone marrow (Jain, 1986). 

2.14.5.2   Mean Corpuscular Haemoglobin (MCH) 

Mean corpuscular haemoglobin (MCH) is the average amount of haemoglobin per red blood cell and 

is calculated by dividing the haemoglobin content by the red blood cell count (Jain, 1986). 

 

2.14.5.3   Mean Corpuscular Haemoglobin Concentration (MCHC) 
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Mean corpuscular haemoglobin concentration is the average concentration of haemoglobin per red 

blood cell and is calculated by dividing the hemoglobin content by the PCV (Jain, 1986). Its values 

have been shown to be the most accurate and absolute values that indicate anemic condition in 

animals (Thompson, 2006). 

2.14.6   White Blood Cell (WBC) (Leukocytes) 

White blood cell count is the number of white blood cells (Roberts et al., 2003). WBC counts are part 

of the immune system counts as they destroy and remove old cells and cellular debris, as well as 

attack infectious agents and foreign substances (Ogbuewu, 2012). The higher the value of white 

blood cell count, the better the ability of the animal to fight diseases. Reduction in the value of WBC 

counts may be due to low protein intake or liver damage or anemia (Robert et al., 2003). Stress is 

known to elicit an increase in WBC count mainly as a result of increased neutrophils count (Pritchet  

& Coring, 2004). 

2.14.7 White Blood Cell Constants 

2.14.7.1 Heterophils 

Heterophil is the commonest avian granulocyte. The granules are eosinophilic and rod shaped in 

chickens (Campbell, 1986). It is involved in antibody dependent cellular cytotoxicity, has toll-like 

receptors and uses extracellular traps to kill antigens (Chuammitri et al., 2009; Kogut et al., 2005). It 

has defense mechanism against bacterial pneumonia (Campbell, 1986). 

 

2.14.7.2 Lymphocytes 
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Lymphocytes are round cells with basophilic cytoplasm and nuclear indentation (Wakenell, 2010). It 

is predominant in the peripheral blood of the chickens and has strong defense mechanism. 

2.14.7.3 Monocytes 

Monocytes are round cells having indented nuclei and abundant pale, vacuolated blue-gray 

cytoplasm. It has high oxidative activity as well as phagocytosis and ability to fight bacteria 

(Wakenell, 2010). 

2.14.7.4 Eosinophils 

Eosinophil cells are round to irregularly shaped and are approximately 12µm in diameter. They have 

lobed nucleus, light blue cytoplasm with eosinophilic round to oval granules (Wakenell, 2010). They 

are used for peroxidase and acid phosphatase activity (Bounous  & Stedman, 2000). 

2.14.7.5 Basophils 

Basophil granules are mainly basophilic and round shaped in the cytoplasm with a round, light-blue, 

central nonindented nucleus (Wakenell, 2010).  

 

The reported values for normal and mean range of WBC counts and other hematological values of 

broilers are shown in Tables 2.1 and 2.2 

  

  Table 2.1: Haematologic values for the chicken (Gallus gallus domesticus) 
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Parameter Interval/Range Mean 

Haemoglobin(g/dl)   7-13   10 

Packed cell volume (%)   22-35   28.5 

Erythrocytes(10
6
/ul)   2,500-3,500,000   3000 

Mean Corpuscular Volume(fl)   90-140   115 

Mean Corpuscular Haemoglobin(pg)   33-47   40 

Mean Corpuscular Haemoglobin 

Concentration(g/dl) 

  26-35   30.5 

Leukocytes(10
6
/ul)   12,000-30,000   21000 

Heterophils(%)   3000-6000   4500 

Lymphocytes (%)   7000-17,500   12250 

Monocytes (%)   150-2000   1075 

Eosinophils (%)   0-1000   500 

Basophils(%)    Rare   - 

Adapted from Wakenell (2010) and Bounous & Stedman (2000). 

 

 

Table 2.2: Biochemical values for chicken (Gallus gallus domesticus) 
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Parameter Range Mean Authors 

AST(iu/l) 48.2-119.75 83.98 
a, b 

ALT(iu/l) 2.47-19.80 11.14 
a, b 

ALP(iu/l) 118-198 15.8 
a 

Total bilirubin (g/dl) 0.05-0.85 0.45 
a, c 

Conj. bilirubin(g/dl) 0.20-0.38 0.29 
c 

Cholesterol(mg/dl) 0.19-122.02 61.11 
b, c ,e 

Urea(mg/dl) 0.68-29.00 14.84 
b, c 

Creatinine(mg/dl) 0.80-55.00 27.9 
b, c ,e 

Triglyceride(mg/dl) 121.57-127.88 124.73 
b 

Sodium(mmol/l) 1.31-1.38 1.35 
c 

Potassium(mmol/l) 2.15-3.75 2.95 
c 

Bicarbonate(mmol/l) 21.25-25.75 23.5 
c 

Calcium(mg/dl) 9.55-10.55 10.05 
c 

Glucose(mg/dl) 180-250 215 Hazelwood,2000 

Adapted from the following authors: Agbede et al.,2011(
a
), Owosibo et al.,2013(

b
), Duwa et 

al.,2012(
c
), Fasuyi et al.,2014(

d
), Yakubu et al.,2009(

e
) 

 

 

2.14.8 Serum Uric Acid 
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In birds, uric acid is the major product of nitrogen catabolism. Synthesis occurs chiefly in the liver 

(Lumeij, 1987) and in the renal tubules (Chou, 1972). Younger birds have lower concentrations than 

older ones (Club et al, 1990, 1991; Hochleithner, 1989). Moreover, birds that are fed grains have 

approximately 50% lower uric concentrations than carnivorous birds (Gylstorff, 1987). Its levels are 

usually higher after food consumption. There may be increased or decreased concentration of uric 

acid which could be as a result of hyperuricema, hypovitaminosis, dehydration, intoxication, bacterial 

or viral infections (Amand, 1986; Baumann, 1980; Worell & Rosskopf, 1984). 

2.14.9 Serum urea 

According to Mitchell and Kline (2006), urea is the major nitrogenous end product of protein and 

amino acid catabolism in animals. It is a biochemical marker of renal function and is produced by 

the liver and distributed throughout intracellular and extracellular fluid (Ogbuewu, 2012). High 

blood urea levels are associated with poor protein quality or excess tissue catabolism probably due to 

protein deficiency (Eggum, 1970). Increased blood urea is also associated with kidney disease or 

failure, blockage of the urinary tract by a kidney stone, congestive heart failure, dehydration, fever, 

shock and bleeding in the digestive tract. Hawkey et al. (2000) reported that reduction in the serum 

total protein and concurrent increase in blood urea is attributable to poor utilization of feedstuff as a 

result of antinutritional factor in the test feedstuff. The lower the values of serum urea and serum 

creatinine for a particular test feedstuff, the better the quality of protein contained in the feedstuff 

(Ologhobo et al., 2004; Okorie, 2006) 

2.14.10   Serum creatinine 
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Creatinine is a breakdown product of creatine phosphate in muscle and is usually produced at a fairly 

constant rate by the body depending on muscle mass (Yuegang et al., 2008). Serum creatinine is 

found in the muscle and acts as energy reserve (Okorie, 2006). Serum creatinine concentration 

increases in the presence of impaired renal function (Mitruka & Rawnsley, 1997). Bell et al. (1972) 

reported that excess serum creatinine is from muscle wasting and creatinine phosphate catabolism. 

Serum creatinine values may alter as its generation may not be simply a product of muscle mass but 

influenced by muscle function, muscle composition, activity, diet and health status (Banfi & Del, 

2006).  Increase in the concentration of creatinine activity is linked to muscle cell necrosis, 

convulsions, neuropathies, lead toxicity, chlamydiosis (Lewandoski et al., 1986), glomerulo-

nephritis, congestive heart failure, shock, polycystic kidney disease and dehydration (Edmund & 

David, 2006) 

 2.14.11    Serum bilirubin 

Serum bilirubin is formed in the peripherial tissues and transported to the liver by plasma albumin. 

Bilirubin is measured by the diazo reaction using diazotized sulfanilic acid. This reacts with bilirubin 

to produce 2-azodipyrroles. In birds, biliverdin is the major bile pigment as biliverdin reductase is 

absent and it is not converted to bilirubin (Lin et al., 1974; Lind et al., 1967) 

 

2.14.12   Serum liver enzymes  

Serum enzymes are used to check damage to cells by the release of the enzyme and to access liver 

function (Cheesbrough, 2000). In serum enzymology, the concentration of the different enzymes 
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related to metabolism and function of heart, liver and kidney are used as indication of the state of 

these vital organs (Ogbuewu, 2012). Alanine aminotransferase (ALT) and aspartate aminotransferase 

(AST) belong to a group of enzymes that catalyze interconversion of amino acids and oxoacids by the 

transfer of amino group. Although there are numerous enzymes involved in the conversion process, 

AST and ALT are the two enzymes of greatest clinical importance (Campbell, 1986). They are 

indicators of liver function and its metabolic activity (Ramsbottom et al., 2008). Higher levels of 

ALT and AST not beyond the threshold may be an indication of a quality protein (Oluwole- Banjo et 

al., 2001). In toxic cases, ALT is characteristically higher than AST. Serum ALT: AST ratio is 

normally less than one but is raised when the liver cells are damaged (Ellis et al., 1978). The most 

important causes of raised ALT activity are hepatocellular injury (Cheesbrough, 2000). Serum 

alkaline phosphatase (ALP) consists of a group of heterogeneous isoenzymes that catalyze the 

hydrolysis of monophosphate esters at alkaline pH (Syakalima et al., 1998). It is an enzyme found in 

many body fluids and can be demonstrated at high levels in osteoblasts, bile analiculi, intestinal 

muco-renal proximal convoluted tubules and placenta (Micheal, 1968). It has to do with energy 

transfer for exchange of ions across the cell membrane especially in the duodenum, kidney and liver. 

It does this at an alkaline pH (Lumeij, 1987, 1988). Its activity is low or does not exist in muscles, 

mature connective tissues, unossified cartilage and erythrocytes (Moss, 1974). Mclung et al. (1972) 

and Baron (1980) reported a positive correlation between serum alkaline phophatase and fertility in 

laying hens. However, liver diseases, hyperparathyroidism and enteritis also cause elevation in ALP. 

Furthermore, the activity of these enzymes increases as the bird grows in age (Gylstorff, 1987). 

Younger birds have higher enzyme activities for bone growth and development than adult birds (Club 

et al., 1990, 1991; Hochleithner, 1989).  
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2.14.13   Serum electrolytes  

Electrolytes like chloride, sodium, magnesium, calcium, potassium etc, which can be cations or 

anions play an important role in animal production. They are used in maintaining cellular tonicity, 

fluid balance, pH and regulation of neural and muscular function (Cheesbrough, 2000). Serum 

potassium is essential for many enzymatic reactions of muscles and transmission of nerve impulses. 

Increase in potassium can be as a result of severe tissue damage, reduced potassium excretion by 

diseased kidneys (Gylstorff, 1987; Woerpel & Rosskopf, 1984), adrenal disease (Woerpel & 

Rosskopf, 1984), dehydration, hemolytic anaemia and redistribution of potassium from the 

intracellular to the extracellular  (acidiosis) (Gylstorff, 1987). Decrease may be caused by decreased 

potassium intake, shift of potassium from the extracellular to the intracellular fluid ((Gylstorff, 

1987).The plasma sodium level is a major factor in the control of water homeostasis and extra 

cellular fluid volume. Abnormal serum sodium level can cause a wide range of disorder 

(Cheesbrough, 2000). Serum calcium plays a vital role in physiologic functions such as transmission 

of nerve impulses, the permeability and excitability of all membranes, enzyme system activation (eg 

blood clothing), calcification of egg shells and contraction of the uterus during oviposition 

(Campbell, 1986). It is dependent on intestinal calcium absorption and bone resorption, while excess 

serum calcium precipitates zinc deficiency (Aiello & Mays, 1998). Increase or decrease in the 

concentration of calcium is associated with hypoparathyriodism, excess Vit D, osteolytic bone tumors 

and dehydration (Hochleithner, 1991). Inorganic phosphorus is an important constituent of the bone 

and is vital for cellular components as it helps in the storage, release and transfer of energy as well as 

in acid base metabolism (Campbell, 1986). Increase in plasma inorganic phosphorus could be as a 
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result of kidney damage (Woerpel & Rosskopf, 1984), vitamin D hypervitaminosis (Amand, 1980), 

nutritional secondary hyperparathyroidism (Lewandoski et al., 1986; Woerpel & Rosskopf, 1984) and 

hypoparathyroidism (Hochleithner, 1989). Its decreased level may occur from hypovitaminosis D 

(malabsorption) because of phosphate binding agents in the diet and long term glucocorticoid therapy 

(Hochleithner, 1991). Iron is an important constituent of the heme portion of haemoglobin. As the 

haemoglobin in aged erythrocytes is broken down, iron is recycled and fresh haemoglobin is 

synthesized (Campbell, 1986). Iron is transported in the plasma attached to a β-1-globulin known as 

transferin (Worell, 1991).    

2.14.14   Serum glucose  

Glucose is the main carbohydrate that is needed as a precursor for the energy citric acid cycle 

(Klasing, 2000) and is a substrate that is easily used by most of the body’s cells for energy purposes 

(Hazelwood, 2000). Typically, broiler glucose level is higher than mammal, ranging between 180-

250mg/dl (Hazelwood, 2000; Sturkie, 1986). It is maintained in that range by a relatively constant 

glucoregulation controlled by a mechanism that involves several metabolic hormones such as insulin, 

glucagon, pancreatic polypepetides, cortisol and thyroxine (Hazelwood, 2000). 

 

 

2.14.15   Serum cholesterol 

Cholesterol is a waxy steroid metabolite found in cell membranes and transported in the blood plasma 

of all animal. It is an important component for the manufacture of bile acids, steroids, hormones and 
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fat- soluble vitamins including vitamin A, D, E and K (Ganong,1997).  It is synthesized by the liver 

and also obtained from animal protein sources (Hochleithner, 1989) Clinical data strongly support a 

relationship between diets and blood cholesterol level (Konjucfa et al., 1997). Its increased or 

decreased concentrations are dependent on a number of physiologic influences and different diseases. 

2.14.16   Serum Triglycerides 

Triglycerides, cholesterol and lipoproteins are important constituents of the lipid fraction of the body. 

Triglycerides are fatty acid esters of glycerol and represent the main lipid component of dietary fat 

and fat depots of animals (Walker et al., 1991). It is obtained from the diet as well as synthesized by 

the liver (Lumeij, 1990; Walker et al 1991). Triglycerides and cholesterol, like many other essential 

components of the body, attract clinical attention when present in abnormal concentration. Increased 

or decreased levels usually occur because of abnormalities in the synthesis, degradation and transport 

of their associated metabolites (Lewandowski et al., 1986; Walker et al., 1991). Elevated plasma 

triglycerides and very low density lipoproteins are directly associated with the risk of heart disease 

(Lewandowski et al., 1986; Walker et al., 1991). 

 

 

 

                                                           CHAPTER THREE 

3.0                                                MATERIALS AND METHODS 

3.1. Experimental Location. 
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This study was carried out in the Poultry Unit of the Teaching and Research Farm of the School of 

Agriculture and Agricultural Technology, Federal University of Technology, Owerri, Imo State, 

Nigeria. Owerri is in the South Eastern agro ecological zone of Nigeria with mean annual rainfall, 

temperature and relative humidity of 2500 mm, 26.5-27°C and 70 – 80 % respectively. The duration 

of the dry season (number of months with less than 65 mm of rainfall) is 5 months and the annual 

evapo-transpiration is 1450 mm. Its geographical location lies between Latitude 4
0
 4′ and 6

0
 3′ N and 

Longitude 6
0
 15′ and 8

0
 15′ E (Min. of Lands and Survey, Imo State, 1984). The soil is sandy loam 

with average pH of 5.5 (Adeyemi, 2011). Haematological and serum biochemical analysis was 

carried out at the Clinical Chemistry Laboratory of the Federal Medical Center, Owerri. 

3.2 Sources of Experimental Material 

All feed ingredients used for this work were procured from commercial feed vendors in Owerri and 

the experimental birds were procured from Commercial stock distributors in Owerri. 

3.3 Experimental Birds  

A total of one hundred and forty four (144) day old broiler chicks were used for the experiment. The 

birds were divided into four treatment groups of 36 birds each and each group randomly assigned to 

one of the experimental diets. Each group was further subdivided into three replicates of twelve (12) 

birds each. All replicates were housed in a pen of similar dimension (4х4ft). Birds were distributed in 

such a way that initial average weights of the groups were similar. The birds were raised for eight 

weeks on a deep litter in a standard tropical poultry building. They were fed a formulated broiler 

starter diet from 1 to 4 weeks and finisher diet from 5 to 8 weeks. Feed and water were provided ad 

libitum for the period of the experiment. Fresh and clean wood shavings were used as litter material 
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over a concrete floor and changed regularly. All necessary vaccinations and medications were 

administered to the birds according to the management guidelines stipulated by the University Farm.  

3.4 Experimental Diets 

Four broiler starter and four broiler finisher experimental diets were formulated. Diets 1, 2, 3, and 4 

were formulated to contain 0.00%, 0.25%, 0.50% and 0.75% common salt (NaCl), respectively. The 

details are shown in Tables 3.1 and 3.2. The experimental diet was based on yellow corn – soy and 

formulated to meet or exceed all NRC requirements (NRC, 1994).  

3.5   Analysis of Blood Parameters 

Chemical analyses of moisture, lipid and blood parameters were performed in accordance with the 

standards of the Association of Official Analytical Chemists (AOAC, 1990). 

 

 

 

 

 

Table 3.1: Ingredient composition of the starter diets 
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Ingredients         Diet 1         Diet2         Diet3      Diet4 

Maize         54.00          53.75         53.50      53.25 

Soya bean meal         21.75          21.75         21.75      21.75 

Palm Kernel cake         10.00          10.00         10.0      10.00 

Wheat offal         5.00          5.00         5.00      5.00 

Bone meal         3.00          3.00         3.00      3.00 

Lysine          0.60          0.60         0.60      0.60 

Methionine         0.40          0.40         0.40      0.40 

Vit|TM         0.25          0.25         0.25      0.25 

Salt         0.00          0.25         0.50      0.75 

Total         100          100         100      100 

     

Calculated values:     

ME (Kcal/kg)         2833            2824.5         2816      2807 

Crude protein         21.25          21.25         20.98      20.96 

*Vitamin-mineral premix (2.5 kg/1000 kg); vitamin A (10,000,000 IU), vitamin D3 (3,000,000IU), vitamin E (30,000 

IU), vitamin K (2.3 g), vitamin B1 (2.0 g), Riboflavin (5.0 gr), Pyridoxine (3.0 g), vitamin B12 (160 mg), Biotin (60 

mg), Niacin (31 g), panthotenic acid (8 g), folic acid (1 g),manganese (85 g), zinc (50 g), iron (25 g), copper (6 g), 

iodine (1 g), selenium (120 g), cobalt (220 mg), antioxidant (125 g), choline chloride (200 g). 

 

Table 3.2: Ingredient composition of the finisher diets 
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Ingredients         Diet 1         Diet2         Diet3      Diet4 

Maize         50.75          50.50         50.25      50.00 

Soya bean meal         18.00          18.00         18.00      18.00 

Palm Kernel cake         18.00          18.00         18.00      18.00 

Wheat offal         5.00          5.00         5.00      5.00 

Fish meal         4.00          4.00         4.00      4.00 

Bone meal         3.00          3.00         3.00      3.00 

Lysine          0.60          0.60         0.60      0.60 

Metheonine         0.40          0.40         0.40      0.40 

*Premix         0.25          0.25         0.25      0.25 

Salt         0.00          0.25         0.50      0.75 

Total         100          100         100      100 

Calculated values:     

ME (Kcal/kg)         2820            2812         2803.5      2795 

Crude protein         19.46          19.44         19.41      19.39 

*Vitamin-mineral premix (2.5 kg/1000 kg); vitamin A (10,000,000 IU), vitamin D3 (3,000,000IU), vitamin E (30,000 

IU), vitamin K (2.3 g), vitamin B1 (2.0 g), Riboflavin (5.0 gr), Pyridoxine (3.0 g), vitamin B12 (160 mg), Biotin (60 mg), 

Niacin (31 g), panthotenic acid (8 g), folic acid (1 g),manganese (85 g), zinc (50 g), iron (25 g), copper (6 g), iodine (1 g), 

selenium (120 g), cobalt (220 mg), antioxidant (125 g), choline chloride (200 g). 

3.7.   Data Collection  

3.7.1    Growth performance 
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Data was collected on daily feed intake, daily live weight gain and feed conversion ratio on replicate 

bases. The birds were fed ad libitum. Daily feed intake was obtained as the difference between the 

weights of left over in the morning from the weight of the feed offered the previous day. The mean of 

the daily feed intake recorded was divided with period of the experiment to determine the average 

daily feed intake. The birds were individually weighed at the end of each week. The difference 

between initial and final weights of the birds was calculated as the weight gain. Average daily weight 

gain was then calculated by dividing the weight gained by the period of experiment (days). Feed 

conversion ratio was calculated as average daily feed intake divided by average daily weight gain. 

3.7.2  Carcass Characteristics 

At the end of the experiment, two birds whose live weights were closest to the mean live weight of 

each replicate were randomly selected from each replicate. The birds were starved for 24 hours but 

water was provided ad libitum. The birds were individually weighed, then slaughtered by severing the 

jugular vein and were allowed to bleed to death in a vertical position. After this, they were scalded in 

hot water, dressed and eviscerated. The dressing percentage was calculated as carcass weight divided 

by the live weight and multiplied by 100. The carcass was cut into the constituent parts following the 

methods described by Okeudo et al., (2005). The internal organs were carefully separated and 

weighed. The carcass cuts and internal organs were expressed as percentages of the live weight. 

3.7.3       Haematology and Blood Chemistry 

3.7.3.1       Blood Collection and Analysis 
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As each bird was bleeding, 2 ml of blood were collected into sample bottles treated with EDTA. This 

was used for determination of haematological parameters. Another 2 ml was collected into plain 

bottles for serum biochemical indices assessment.  

3.7.3.2   Haematological Indices  

Red blood cell count: The red blood cell count was determined via the improved Neubauer ruled 

chamber after diluting 0.02 ml of blood mixed with EDTA with 4 ml of formaldehyde citrate solution 

A 1:200 dilution of the blood was made using this solution and a Pasteur pipette. After mixing, the 

diluted blood was discharged into a Neubauer-ruled hemacytometer and the cells were allowed to 

settle to the surface for five minutes before counting (Natt & Henrick, 1952). The cells were counted 

using the four corner squares and one central square of the central large primary square of the 

hematocytometer. The cells were counted in accordance with the procedures of W.H.O (1980). 

                                          Cell count = Red cell count × 10,000  

Packed cell volume (PCV): The packed cell volume was determined by centrifuging a 

microhematocrit tube full of blood at 12,000g for five minutes. The packed cell volume was read as a 

percentage using the designed scale reader.  

%PCV = Height of red cell column / Height of total blood column X 100 

Haemoglobin concentration: The haemoglobin concentration was measured spectrophometrically 

by using the automated cyanmethemoglobin method (Schalm et al., 1975; Swensen, 1951). Blood 

was mixed with drabkins solution and centrifuged to remove free red cell nuclei and membrane 

debris using Sp6-500 UV spectrophotometer (Pye UNICAM, England). 
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Red cell indices: The mean corpuscular haemoglobin (MCH), mean corpuscular volume (MCV) and 

mean corpuscular haemoglobin concentration (MCHC) were expressed in picogram (pg), femtolitre 

(fl) and grams / 100 ml, respectively. The MCH, MCV and MCHC were determined from RBC, PCV 

and hemoglobin (Hb). These haematological constants were calculated using the appropriate 

formulae as described by Jain (1986).  

MCV (fl) = PCV (%) × 10 / RBC (10
6
 /µl) count; 

    MCH (pg) = Haemoglobin (g/dl) × 10 / RBC (10
6 

/µl) and 

MCHC (g /dl) = Haemoglobin (g/dl) × 100 / PCV (%) 

 

White blood cell count: White blood cell count was done with the indirect method using the 

Eosinophil Unopette Brand 5877 System (Campbell, 1988; Costello, 1970; Dein, 1986). It involves 

filling blood in a 25µl pipette and mixing it with phloxine B diluents in the vial provided in the 

system and charging the haemacytometer chamber for cell counting. It was allowed to stand for 5 

minutes so that the cells will settle to the surface of the counting grid (Schalm et al.1975).  

Total white blood cell /mm
3 

(TWBC/mm
3
) = Number of cells counted × 1778 / % heterophils + 

eosinophils. 

Differential White Blood Cell Count: A blood smear was prepared by placing a drop of blood on a 

glass slide with a Pasteur pipette and neatly covered to make a thin film of blood sample. After 

drying, the sample was stained with Leishman’s stain and covered with phosphate buffer and allowed 

to stand for 8 to 10 minutes before washing off the stain. The sample was treated with cedar wood oil 
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before placing under x100 lens 92 magnification of Olympus microscope. The number of neutrophils, 

lymphocytes, basophils, monocytes and eosinophils were determined and expressed as percentages of 

the total white blood cell count. Total heterophil and eosinophil count is obtained by using the 

formula given for the Eosinophil Unopette Brand System. 

          T (h +e) / mm
3
 = cells counted × 10 × 32 / 18. 

3.7.3.3  Serum Biochemical Indices 

Serum proteins: The total serum protein was determined by Kjedahl method as described by Kohn 

and Allen (1995). The absorbance was read on colorimeter already set at zero with the working dye 

solution (Henry, 1974). The serum globulin content was determined by difference as follows: Serum 

globulin = Total serum protein – Serum albumin. Serum albumin – globulin ratio was determined by 

dividing the albumin value by the globulin value.  

Serum urea: Serum urea value was determined as described by Kaplan & Szabo (1979). 0.02 ml of 

serum sample was added to all test tubes and distilled water to the blank. 4 ml of freshly prepared 

urea colour reagent was pipetted into each tube and mixed vigorously. The content of each tube was 

incubated at 100°C for 15 minutes. The absorbance was read and recorded at 530 nm wavelength 

after zeroing the spectrophotometer.  

Serum glucose: Blank, standard and treatment tubes were labelled and 2 ml of glucose reagent was 

pipetted into all the tube samples and placed for 5 minutes in a water bath set at 37 ˚C. 0.02 ml of 

serum sample was added to each tube, mixed and incubated at 37°C for 10 minutes. 
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Spectrophotometer was zeroed with blank sample and absorbance of all tubes read at 520 nm. The 

glucose level was thereafter calculated as; 

                                                            Concentration of glucose (mg / dl)  

                                           = [ Abs. of treatment / Abs. of std ] × concentration of std. 

Serum creatinine: Creatinine was determined quantitatively by the modified end point method 

(Heinegard & Tiderstrom, 1973). Equal volume of sodium dodecylsulphate reagent, phosphate borate 

buffer and picric acid reagent were mixed thoroughly and 5 ml was pipetted into test tube labelled 

reagent blank, standard, control and treatment. 0.2 ml of serum was pipetted into the test tube and 

distilled water pipetted into reagent blank and mixed. All test samples were heated in a water bath at 

37°C for 15 minutes. Absorbance of every test sample was read and recorded from a 

spectrophotometer at 490 nm zeroed with reagent blank. The creatinine value of the treatment sample 

was calculated using the following general formula:  

Creatinine (μmol / L) =  

[Abs of serum samples / Abs of 200 μmol / creatinine standard] × 200. 

Serum potassium:  Sodium and potassium levels were determined by flame photometry (Mouldin et 

al., 1996). 1.0 ml of potassium reagent was added to standard, control and treatment tubes according 

to the procedures of Tiez (1976). 0.01 ml of samples each was added to the tubes mixed and left at 

room temperature for 3 minutes. Absorbance for all tubes was read at 500nm wavelength and 

recorded after zeroing the spectrophotometer with reagent blank. Sodium potassium ratio was 

determined by dividing the sodium value by the potassium value.  
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Serum calcium: The serum calcium values were determined by the complex metric procedures of 

Gitelman (1967). This involved the use of calcium reagent, calcium buffer and calcium standard. The 

test tubes were labelled blank, standard, control and treatments. 1.0 ml of reagents was pipetted into 

each tube and 0.02 ml of serum sample added to the respective tubes, mixed and thereafter allowed to 

stand for 60 seconds at room temperature. Absorbance was read at 570 nm wavelengths after zeroing 

the spectrophotometer with reagent blank. 

Serum phosphorus: The modified colorimetric method of Skeggs & Hochestrasser (1964) was used 

for phosphorus analysis. In the first stage which is deproteinization, 7.6 ml of tricarboxylic acid 

(TCA) reagent and 0.4 ml of serum were added into a centrifuge tube. The contents were well mixed, 

stood for 5 minutes and centrifuged for 5 minutes. In the second stage, 1.0 ml each of water, 

ammonium molybdate and methol were added into 3 test tubes labelled test standard and blank. Into 

the test tube labelled test was also added 3.0 ml of supernant, into the test tube labeled standard was 

added 2.5 ml of TCA reagent and 0.5 ml of the standard phosphorus solution and in the blank was 

added 2.0 ml of TCA reagent. The content was well mixed, stood at room temperature for 20 minutes 

and absorbance read at 680 nm wavelengths after zeroing the spectrophotometer with reagent blank.  

 

 

                                           Concentration of phosphorus in serum  

= [Abs of test x concentration of std] / Abs of std] 

Then calcium phosphorus ratio was determined by dividing the Ca value by the P value.  
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Serum chloride: The modified colorimetric method of Skeggs & Hochestrasser (1964) was used to 

determine chloride content of serum. 0.01 ml of blank, standard, control and treatment tubes and 3 

drops of K2CrO3 indicator was pipetted. The tubes were subsequently titrated and end point marked 

by brown colouration.  

Serum cholesterol: Cholesterol was determined in accordance to Roschlan et al., 1974. 5.0 ml 

isopropyl alcohol was added to 0.2 ml of blood and spun vigorously thereafter, 0.2 ml of cholesterol 

standard was put in the tube.  3.0 ml of glacial acetic acid was pipetted into the tube and mixed 

properly and thereafter 0.3 ml of iron was added and mixed. 0.5 ml of H2SO4 was added to the tube 

and allowed to cool. Cholesterol absorbance was read at 450 nm after zeroing the spectrophotometer 

with reagent blank. The cholesterol value of the treatment sample was calculated using the following 

general formula: 

Cholesterol sample (mg / dl) = [Abs of serum samples / Abs of std] × Cholesterol std × 200. 

Serum bicarbonate: Serum bicarbonate was determined by the colorimetric method. 0.1 ml of 

sodium tetraphenyl baron was added to standard, control and treatment tubes. Thereafter 0.01 ml of 

samples each was added to the tubes mixed and left at room temperature for 3 minutes. Absorbance 

for all tubes was read at 500 nm after zeroing the spectrophotometer. The bicarbonate concentration 

in serum was measured by the spectrophotometric procedures.  

 

Serum liver enzyme: Alanine aminotransferase (ALT), aspartate transferase (AST) and alkaline 

phosphatase (ALP) concentrations were estimated. Serum ALT, AST and serum ALP serum were 
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determined by colorimetric end point method of Reitman & Frankel (1953) and Roschlan et al. 

(1974).  

Alanine aminotransferase: Test tubes were labelled treatment, standard and blank, and thereafter 

0.5 ml of ALT substrate reagent was added to the standard, blank and treatment tubes. Thereafter 0.1 

ml of sample was added to the treatment tube whereas 0.1 ml each of standard reagent and distilled 

water were added to the standard tube and blank tube mixed and left at warm bath (37 ˚C) for 25 

minutes. 0.5 ml of 2, 4 - DNPH was added to all the tubes (treatment, standard and blank) and all the 

tubes were subsequently incubated for 10 minutes at room temperature. 0.8 ml of 0.5N NaOH sample 

each was then added to the tubes and mixed thoroughly. Absorbance of every tube was read and 

recorded from a spectrophotometer at 510 nm wavelength zeroed with reagent blank. The ALT value 

of the treatment sample was determined by comparing absorbance change with that of a known 

standard. The ALT of the treatment sample was calculated as ALT (IU / L) = [Abs of treatment / Abs 

of std] × conc. of std  

Aspartate aminotransferase (AST): 0.5 ml of AST substrate reagent was added to the standard, 

blank and treatment tubes. Thereafter 0.5 ml of AST substrate was added to the treatment tube, 

whereas 0.1 ml each of sample reagent and distilled water were added to the standard tube and blank 

tube mixed and left at warm bath (37 ˚C) for 25 minutes. Subsequently, 0.5 ml of 2, 4 - DNPH was 

added to all the tubes (treatment, standard and blank) and all the tubes were subsequently incubated 

for 15 - 20 minutes at room temperature. 0.5 ml of 0.5N NaOH sample each was then added to the 

tubes and mixed thoroughly. Absorbance of every tube was read and recorded from a 

spectrophotometer at 510 nm wavelength zeroed with reagent blank. The AST value of the treatment 
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sample was determined by comparing absorbance change with that of a known standard. The AST of 

the treatment sample was calculated as  

AST (IU / L) = [Abs of treatment / Abs of std] × conc. of std.r 

ALT: AST ratio was determined by dividing the ALT value by the AST value.   

Serum alkaline phosphatase (ALP): Test tubes were labelled treatment, standard and blank. 0.5 ml 

of ALP substrate and ALP buffer reagent was added to the standard, blank and treatment tubes 

incubated for 5 minutes at 37 ˚C. Thereafter 0.1 ml each of serum sample, ALP standard and distilled 

water were added to the treatment, standard tube and blank tube, respectively and left at 37 ˚C for 15 

- 20 minutes. 0.8 ml of 0.5N NaOH, 1.2 ml of NaHCO3, 1.0 ml of 4 - aminoantipyrene and 1.0 ml of 

potassium ferrocyanide was each measured into the treatment, standard and blank tubes respectively. 

The tubes were properly mixed and read with a spectrophotometer at 500 nm wavelength. The serum 

ALP of the treatment sample was calculated as  

ALP (IU / L) = [Abs of treatment / Abs of std] × concentration of std 

Serum bilirubin: Total bilirubin and conjugated bilirubin were determined by colorimetric end point 

method of Reitman & Frankel (1953) and Roschlan et al. (1974). Test tubes were labelled treatment 

and blank. 0.2 ml of serum sample, 0.5 ml of mixed Diazo reagent, 2.5 ml of methanol and 2.0 ml of 

distilled water each were pipetted into the treatment and blank tube. The tubes were properly mixed 

and incubated in a dark compartment for 20 minutes and read at 540 nm with a spectrophotometer. 

The serum bilirubin of the treatment sample was calculated as Conc. of bilirubin (mg / dl)  

= [Abs. of treatment – Abs. of blank / Abs of std – Abs. of blank] × conc. std 
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3.8 Meat Quality 

3.8.1 Water holding capacity (WHC) determination   

Water holding capacity determination was carried out as described by Okeudo et al (2007).  From the 

drumstick, about 10 g of samples were cut, weighed and wrapped individually with paper towel. Each 

sample was compressed with a screw jack. Moisture squeezed out by the crushing process was 

absorbed by the paper towel and thereafter the residual meat sample was carefully extracted re-

weighed. The difference in weight of the meat sample before and after crushing was divided by the 

initial weight before crushing. The fraction was transformed into percentage points giving the 

percentage water holding capacity (% WHC). 

3.8.2    Drip loss 

After the broilers were dressed, left drumstick of each carcass was weighed and kept sealed in a 

plastic container and labeled. The muscles were kept in the refrigerator (7-10˚C) for 72 hours. After 

that, the drumstick were weighed and then thoroughly cleaned with filter paper and re-weighed. The 

different between the initial weight and the final weight were taken as the drip loss. This was 

expressed as percentage of initial weight and recorded as percentage drip loss for the sample. 

3.8.3.   Cooking loss  

About 40 g samples from the left thigh muscle was cut from each carcass, weighed and wrapped in 

transparent polythene bag and labeled. These were boiled for 30 minutes in hot water. Afterwards, 
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samples were cooled and dried with paper towel and reweighed. The final weights were determined. 

The cooking loss for each treatment was determined using the formula. 

CL (%)    = (Fresh wt – cooked wt) x 100 

   Fresh wt     

3.8.4   Ether extract 

Another 10 g sample was cut from the left drumsticks of each treatment. These were dried in the oven 

at 75 ˚C and then ground into a power. Determination of ether extract content of the samples was 

done using Soxhlet type of the direct solvent extraction method. The solvent used was petroleum 

ether (boiling range 40 – 60 ˚C). 3.0 g of the dried sample was weighed in triplicate and secured in 

Soxhlet extraction thimble. The thimble was then put into 20 cm
3
 capacity soxhlet extractor. A 

washed, oven - dried 100 cm
3
 round - bottomed flask was weighed and approximately 60 cm

3
 of the 

40 – 60 ˚C boiling range petroleum ether added to it. The flask was then mounted on the heating 

mantle and connected to the extractor (with condenser). The condenser and heating mantle were then 

activated and extraction carried on for four hours. At the end of extraction, the solvent was 

evaporated and the flask dried in the oven (at 60 ˚C). The flask was then cooled and re – weighed. 

The percentage crude lipid was calculated using the formula: 

% EE = Mex / Ms x 100 

Where  Mex = mass of extract (g) 

Ms = Mass of sample used (g) 
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3.8.5 Moisture content 

Another 10.0 g sample was collected from the left drumstick and oven dried at 105 ˚C for three hours. 

The sample was allowed to cool in a desiccator and then re-weighed. Repeated drying and cooling 

was done until no further change in weight was recorded. The percentage moisture content was 

calculated by expressing the loss in weight after drying as a fraction of the initial weight of sample 

used and multiplied by 100. 

MC (%) = W0 / Wi x 100 

Where 

MC = Moisture content, 

Wo = loss in weight (g) on drying and 

Wi = initial weight of sample (g). 

3.8.2   Organoleptic quality assessment 

After 48 hours of refrigerated storage (7-10˚C), samples weighing about 50g each were cut from the 

right drumstick of each carcass and carefully labeled. They were then individually wrapped in 

polythene bags and cooked under steam for 30 minutes. The samples were then cooled to ambient 

temperature and kept in stainless steel food containers. They were then served to a panel of trained 

assessors drawn from the 500 level students of Department of Animal Science and Technology, 

FUTO.  The panelist were told to masticate the samples and score it for tenderness, juiciness, 
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connective tissue amount, flavor intensity and degree of likeness using a 9 point category rating as 

described by AMSA (1978). 

 

 

3.9 Experimental Design and Analysis 

All data collected for different parameters (performance, hematology and serum biochemistry of 

experimental birds) were subjected to statistical analysis by using analysis of variance for completely 

randomized design (CRD) as outlined by Little & Hills (1978). Significant differences amongst 

treatment means were separated based on the least significant difference (LSD) test. The Minitab 

Statistical Package was used. 
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CHAPTER FOUR 

4.0                                           RESULTS AND DISCUSSION 

 4.1   Starter Phase 

The result of the growth performance of broilers at starter phase is shown in Table 4.1.There were 

significant differences (p<0.05) in live weight, weight gain, feed intake and feed conversion ratio of 

the experimental birds. 

4.1.1 Live weight   

There were significant differences (p<0.05) in live weight between the birds. Broiler starters fed diet 

containing 0.25% common salt were significantly higher (p<0.05) in live weight than those fed 

0.75% 0.50% and 0.00% salt inclusion diets. This is in line with the recommendations of NRC (1994) 

which stipulates  0.20% and 0.15% sodium chloride inclusion level from 0 - 3 and 4 – 6 weeks of 

age. 

4.1.2 Growth rate 

There were significant differences (p<0.05) in weight gain between the birds. Birds fed diet 

containing 0.25% were significantly (p<0.05) higher in average daily weight gain (86.46g) than birds 

fed 0.50% salt diet (51.30g). Birds fed 0.25% and 0.75% salt diet were statistically similar in average 

weight gain (p<0.05). 
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4.1.3 Feed intake 

There were significant differences in feed intake. Feed intake was lowest in birds fed 0.00% salt 

inclusion. It was observed during the course of this study that the birds fed 0.00% salt diet were not 

eating much of their feed. This could be as a result of unpalatability of the feed. However, feed intake 

was higher amongst the birds fed 0.25% and 0.75% salt inclusion level as they were not significantly 

different (p>0.05). 

4.1.4 Feed conversion ratio 

Feed conversion ratio (FCR) differed significantly (p<0.05) among treatments. Birds fed 0.00% salt 

diet were significantly higher (p<0.05) than counterparts fed 0.25%, 0.50% and 0.75% salt inclusion 

diets. Birds fed 0.50% and 0.75% salt inclusion diet had no significant difference (p>0.05) in feed 

conversion ratio while birds fed the 0.25% salt diet were the lowest in feed conversion ratio.  

4.2   Finisher Phase 

The result of the growth performance is shown in Table 4.1. Significant differences (p<0.05) were 

found for live weight, weight gain, feed intake and feed conversion ratio of the experimental birds. 

4.2.1   Live weight 

There were significant differences (p<0.05) in live weight between the treatments. The birds fed the 

diet containing 0.75% salt inclusion level during the finisher phase, performed better and were 

significantly higher (p<0.05) than counterparts fed 0.25%, 0.50% and 0.00% salt inclusion diets. This 

is not in line with the 0.20% and 0.15% sodium chloride inclusion from 0-3 and 4-6 weeks of age 

recommended by NRC (1994). However, it is in total agreement with the findings of  
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Table 4.1: Performance of broilers fed diets containing different salt inclusion levels at the starter 

phase. 

Parameter 0.00%  0.25%  0.50%  0.75% SEM 

Initial  weight (g)  44.70
ab 

45.67
a 

44.30
ab 

42.73
c 

0.29 

Final  weight (g) 463.30
c 

651.45
a 

403.40
c 

575.80
b 

21.61 

Body weight gain (g/bird) 418.60
b 

605.33
a 

359.10
c 

533.07
a 

21.32 

Average daily weight gain 

(g/bird)  

59.80
b 

86.46
a 

51.30
c 

76.15
a 

3.05 

Average feed intake 

(g/bird/day) 

84.25
c 

106.77
a 

94.22
b 

101.71
a 

1.80 

Feed conversion ratio 1.41
a 

1.23
c 

1.33
b 

1.34
b 

0.59 

abc
 Means within the same row bearing different superscripts are significantly different (P<0.05). 
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Britton,(1991, 1992), Zanardo, (1994) and Borges et al. (2004). Who observed better performance in 

birds when sodium chloride content of their feed is increased.   

4.2.2 Growth rate 

The average daily weight gain increased with increments in inclusion of salt. Birds on 0.75% salt 

inclusion had significantly (p<0.05) higher average daily weight gain (43.26g) than those on 0.25% 

salt inclusion (40.68g). No significant differences (p>0.05) was found between birds on 0.25% and 

0.50%. These in turn were significantly higher than those on 0.00% salt inclusion level. It may be that 

the birds fed the 0.75% salt diet was greatly stimulated by the higher salt level to drink a lot of water, 

which accounted for the relatively higher weight gain. 

4.2.3  Feed intake  

Feed intake increased significantly (p<0.05) from 0 to 0.50% salt inclusion level. Feed intake was 

however higher amongst the birds fed 0.75% salt level. Maiorka et al. (2004) and Ribeiro et al. 

(2004) reported that 0.40% salt inclusion level as optimal for water consumption, feed intake and 

body weight gain. However, one clear finding was that rearing birds on salt free diet is detrimental to 

performance. It does not meet the nutrient requirements of birds if sodium chloride is supplied solely 

by feed components (Jankowski et al., 2011). Sodium has been reported to play an active role in 

nutrient transport across the intestine wall (Gal-Garber et al. 2003). 
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Table 4.2: Performance of broilers fed diets containing different salt inclusion levels at the finisher 

phase. 

Parameter 0.00%  0.25%  0.50%  0.75%  SEM 

 

Initial body weight (g/bird) 463.30
c
 651.50

a
 403.40

c
 575.80

b
 9.36 

Final body weight (g/bird) 1499.10
c
 2075.10

a
 1862.80

b
 2095

a
 20.85 

Body weight gain (g/bird) 1035.80
c
 1423.60

b
 1459.40

b
 1519.2

a
 11.49 

Average daily weight gain 

(g/bird) 

29.77
c
 40.68

b
 41.70b

a
 43.26

a
 0.47 

Average feed intake 

(g/bird/day) 

138.42
c
 158.10

a
 148.41

b
 162.46

a
 0.86 

Feed conversion ratio 4.60
a
 3.80

b
 3.50

c
 3.70

bc
 0.04 

Feed cost (#/kg) 88.41 89.71 89.71 89.28  

Feed cost/ kg weight gain 259.34 247.57 245.63 250.85 3.33 

Mortality (%) 0.00 1.00 1.75 1.25 0.11 

abc
 Means within the same row bearing different superscripts are significantly different (P<0.05). 
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4.2.4 Feed conversion ratio 

Feed conversion ratio improved with increase in salt inclusion until 0.50% inclusion (p<0.05). No 

significant differences (p>0.05) were found between those on 0.50% salt inclusion (3.50) and 0.75% 

salt inclusion levels (3.70). This agrees with the conclusions of Mongin (1981) and Veira et al. 

(2003) which states that an increase in sodium content of the ration is followed by an improvement in 

the growth performance of broilers and feed conversion efficiency. However, Jankowski et al. (2011) 

also reported that higher salt inclusion levels did not increase the final body weights of chickens and 

did not improve the feed conversion ratio. Furthermore, Mushtaq, (2010) stated that a sodium 

deficient diet will lead to growth reduction and increased feed conversion ratio. 

4.3  Carcass characteristics 

The carcass characteristics of birds fed different levels of dietary salt are shown in Table 4.2. The 

table shows that significantly different (p<0.05) means were found for all carcass and internal organ 

characteristics evaluated. The live weights of birds fed 0.75% dietary salt were significantly higher 

(p<0.05) than its counterparts fed 0.50%, 0.25% and 0.00% dietary salt respectively whereas those 

birds fed diets with no salt inclusions being the lowest. These poor indices recorded among birds on 

0.00 % dietary salt must have resulted from malnutrition as the birds did not eat much of their feed. 

This is in agreement with the findings of Yu & Robinson (1992) who reported that malnutrition 

manifests itself in a decrease in total muscle weight accompanied by an increase in the relative 

weights of internal organs. This was evident from the significantly higher (p<0.05) internal organ 

parameters of birds fed diets with 0.00 % dietary salt.  
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4.4 Meat Quality 

The meat quality characteristics of broilers fed 0.00%, 0.25%, 0.50%, and 0.75% dietary salt 

inclusion levels are shown in table 4.3. Significant differences were found for water holding capacity, 

drip loss and ether extract of meats from broilers fed different levels of dietary salt inclusion. 

4.4.1 Water holding capacity (%WHC) 

Birds fed diets containing 0.00% salt inclusion level were significantly higher (p<0.05) than 

counterparts fed other diets. It could be as a result of malnourishment due to poor feed and water 

intake of birds resulting to disproportionately more water being retained in the muscle akin to 

anaemic or oedemic conditions 

4.4.2 Cooking loss  

No significant differences (P>0.05) in cooking loss between the birds fed different diets of salt 

inclusion levels / concentrations. These are in tandem with Okeudo and Moss (2005) who reported 

that cooking loss was positively correlated with moisture content as well as Crouse and 

Koohmaraaie (1990) who had earlier concluded that the release of juice from meat by heating is 

directly proportional to the hydration of the raw meat. 
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Table 4.3: Effects of diets supplemented with different levels of dietary salt on carcass and 

percentage organ weights of broilers. 

Parameter 0.00%  0.25%  0.50%  0.75%  SEM 

 

Live weight 1676.60
c
 1902

b
 1902

b
 1982.60

a
 9.87 

Carcass weight 1236.50
c
 1301

b
 1378.20

a
 1409.40

a
 6.48 

Dressing Percentage 73.54
a
 68.29

c
 72.46

a
 71.09

b
 0.18 

Head 2.70
a
 2.60

b
 2.60

b
 2.30

c
 0.01 

Neck 4.70
a
 4.10

c
 4.50

b
 4.40

b
 0.02 

Shank 4.00
a
 4.10

a
 3.90

b
 4.00

a
 0.01 

GIT 6.80
a
 5.30

b
 5.50

b
 5.80

b
 0.07 

Drum stick 11.00
c
 11.40

b
 11.30

b
 11.60

a
 0.02 

Wings 4.70
a
 4.50

b
 4.50

b
 4.30

c
 0.01 

Gizzard full 5.00
a
 4.40

b
 4.00

c
 4.00

c
 0.34 

Gizzard empty 3.70
a
 3.00

b
 3.20

b
 2.60

c
 0.34 

Liver 2.30
a
 1.70

c
 1.70

c
 2.00

b
 0.03 

Heart 0.40
b
 0.50

a
 0.40

b
 0.40

b
 0.00 

Thigh 28.30
c
 31.10

a
 31.00

a
 30.00

b
 0.01 

abc
 Means within the same row bearing different superscripts are significantly different (P<0.05). 
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Table 4.4: The effect of different salt inclusion levels on meat quality 

Parameter 0.00%  0.25%  0.50%  0.75%  SEM 

 

Water holding capacity 1.31
a
 0.61

b
 0.86

b
 0.79

b
 0.16 

Cooking loss 6.50 6.50 6.50 7.33 0.83 

Drip loss 2.93
b
 2.91

b
 4.25

a
 2.83

b
 0.41 

Ether extract 0.42
b
 7.52

a
 7.51

a
 6.73

a
 0.55 

Moisture content 69.57 68.30 69.98 65.66 1.74 

abc
 Means within the same row bearing different superscripts are significantly different (P<0.05) 
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4.4 .3 Drip loss 

The birds fed 0.50% salt inclusion had higher (p<0.05) drip loss (4.25%) than other counter parts, 

0.00% (2.93%), 0.25% (2.91%), and 0.75% (2.85%). Since no significant differences exist among 

other treatments, it is likely that the higher drip loss among meat samples from bird 0.50% dietary 

salt inclusion levels was due to factors outside the experiment such as pre slaughter stress and post 

mortem handling procedures. 

4.4.4 Ether extract 

There were significant differences (p<0.05) in ether extract between the birds fed different levels of 

salt. Birds fed 0.00 % salt inclusion level were significantly (p<0.00) lower than birds from other 

treatments. No differences (p>0.05) were found among those fed 0.25 %, 0.50 %, and 0.75 % percent 

salt inclusion levels. This implies that salt inclusion significantly influenced fat metabolism and 

deposition in muscle of broilers.  

 

 

4.4.5 Moisture content 

Table 4.4 above, shows no significant differences (P>0.05) in moisture content between the four 

different salt inclusion levels in the broiler diets. 
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4.5 ORGANOLEPTIC QUALITIES 

The results of sensory evaluation of meats from birds fed different levels of dietary salts are shown 

in table 4.5. Significant differences were found in all parameters evaluated except for the amount of 

connective tissue. Meat samples from birds fed the diet containing 0.50% and 0.75% salt inclusion 

level were judged by the panelist to be juicer, more tender and flavoured as well as a higher degree 

of likeness (hedonic rating) on a nine points category rating than meat from birds fed 0.00% and 

0.25% dietary salt inclusion levels. Since dietary salt intake enhanced their water intake as well as 

high water retention, it must have contributed to their meats being tenderer. Samples from birds fed 

diet with 0.25% salt inclusion were significantly (p<0.05) less flavored, less juicy, less tender and 

had lower degree of likeness when compared to those of 0.50 and 0.75 % dietary salt inclusion. 

However, sensory value scores for samples did not increase further after 0.50 % inclusion level. No 

significant differences were found for off-flavor characteristics and amount of connective tissues of 

all samples evaluated. 
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Table 4.5: The effect of different salt inclusion  levels on organoleptic qualities. 

Parameter 0.00%  0.25%  0.50%  0.75%  SEM 

 

Juiciness 5.60
b
 5.00

b
 6.90

a
 6.10

b
 0.46 

Tenderness 5.60
b
 5.50

b
 7.40

a
 6.80

a
 0.36 

Connective tissue 6.00 5.20 6.10 6.90 0.62 

Flavor 5.50
b
 4.40

b
 5.80

a
 6.00

a
 0.45 

Hendonic Score 5.80
a
 5.10

b
 6.40

a
 6.00

a
 0.41 

Off-flavor characteristics  5.13 5.00 5.75 4.75 0.45 

Off-flavor intensity 5.13
a
 5.50

a
 4.38

a
 3.38

b
 0.55 

abc
 Means within the same row bearing different superscripts are significantly different (P<0.05) 

Note: The 9 points category rating scale was used 

Tenderness/juiciness/flavor/hedonic rating/off-flavor rating 

9 - extremely tender/juicy/flavored/like extremely/off-flavored      

8 - very tender/juicy/flavored/like very much/highly off-flavored 

7 - moderately tender/juicy/flavored/like moderately/off-flavored 

6 - slightly tender/juicy/flavored/like slightly/off-slightly/off-flavored 

5 - neither tender nor tough/juicy nor dry/flavored nor unflavored/like nor dislike/off-flavored nor not off-

flavored.     4 - slightly tough/dry/unflavored/dislike slightly/not off-flavored             

3 - moderately tough/dry/unflavored/dislike moderately/not off-flavored 

2 - very tough/dry/unflavored/dislike very much/highly not off-flavored 

1 - extremely tough/dry/unflavored/dislike extremely/not off-flavored 
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4.6 HAEMATOLOGICAL PROPERTIES 

Table 4.5 shows effect of dietary salt inclusion levels on the haematological profile of broilers. 

Significantly different means were found for haemoglobin (HB), packed cell volume (PCV), red 

blood count (RBC), platelets and differential white cell counts of the birds. Birds fed 0.50 % 

inclusion level of dietary salt have significantly higher HB, PCV and platelet counts than those fed 

0.00 and 0.25 % dietary salt inclusion levels. Though the values for birds fed 0.75 % were 

numerically higher than the control and 0.25 % dietary salt inclusion levels, the values were not 

significantly higher than values for birds on control diets or those of birds on 0.50 % inclusion levels. 

However, all the values were within the reference values reported for growing broilers (Patricia, 

2010; Bounous and Stedman, 2000). The higher HB, PCV, RBC and Platelets count of birds fed 

0.50% diet is an indication that higher inclusion of salt in the diets of birds may have induced better 

cellular development. This is in agreement with the reports of Mongin (1981) and Vieira et al. 

(2003). 

No significant differences were found for all the red blood cell indices evaluated (MCV, MCH and 

MCHC). These values were also within the reference values reported for healthy growing broilers by 

Patricia (2010). This suggests that irrespective of the inclusion of different levels of salt, the birds had 

normocytic and normochromic red cells and hence suggesting that dietary inclusion of salt up to 0.75 

% did not affect iron utilization. The total white blood counts did not vary significantly (P>0.05) 

among treatment groups and the values were within the normal range reported by Patricia (2010). 

Significant differences (p<0.05) were found in differential WBC counts of the treatments namely, 

lymphocytes and neutrophils. Birds on 0.25 % dietary salt inclusion level had  
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Table 4.6:   Effect of different salt inclusion levels on the haematological indices of broilers. 

Parameter 0.00%  0.25%  0.50%  0.75%  SEM 

 

Haemoglobin(g/dl) 9.00
b
 9.42

b
 10.67

a
 9.82

ab
 0.29 

PCV (%) 28.12
b
 29.53

b
 32.97

a
 30.12

ab
 0.95 

RBC (×10
6
ul) 2.07

b
 2.22

ab
 2.44

a
 2.27

ab
 0.08 

MCV (fl) 136.35 132.50 138.27 133.70 3.83 

MCH (pg) 38.48 38.48 39.37 38.13 0.50 

MCHC (g/dl) 28.33 29.05 28.32 28.67 0.58 

Platelets (×10
3
ul) 14.33

b
 15.00

b
 22.28

a
 17.55

ab
 1.67 

WBC (×10
3
ul) 78.95 68.95 78.67 78.77 3.43 

Lymphocytes (%) 87.50
a
 79.33

b
 86.00

ab
 86.17

ab
 2.05 

Neutrophils (%) 12.50
b
 20.67

a
 12.33

b
 12.83

b
 1.89 

Monocytes (%)        -        -        -        -    - 

Basophils (%)         -        -        -        -    - 

Eosinophils (%)        -        -        -        -    - 

abc
 Means within the same row bearing different superscripts are significantly different (P<0.05) 

PCV – Packed Cell Volume, RBC – Red Blood Cell, MCV – Mean Corpuscular Volume,  

MCH – Mean Corpuscular Hemoglobin, MCHC – Mean Corpuscular Hemoglobin Concentration, 

WBC – White Blood Cell. 
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significantly lower lymphocytes counts than the birds on 0.00 % dietary salt inclusion. Birds fed diets 

containing 0. 25% salt inclusion level had higher neutrophil than its counterparts. There is absence of 

monocytes, basophils and eosinophils in this study. It could be that these blood components are 

present in small to moderate number in the blood system. Howbeit, from the hematological 

characteristics of the experimental birds, it can be deduced that the birds were healthy as all the 

parameters measured were within the normal ranges. Hematological studies are usually undertaken to 

establish the diagnostic baselines of blood characteristics for routine management practices of farm 

animals (Orji et al. 1986a). Also they also reflect the physiological responsiveness of the animal to its 

environment and thus serve as a veritable tool for monitoring animal health (Pascalonpekelniczky et 

al., 1994, 1996). 

The serum biochemical indices are shown in Tables 4.5a and 4.5b. All the values fell within the 

normal ranges reported by Dukes (1975) and Swenson (1970) for broiler chickens. The biochemical 

indices were not adversely affected by increasing the salt content of the diet up to 0.75%. However, 

there were significant differences (p<0.05) in some serum electrolytes like chlorine, sodium, iron and 

magnesium. Chlorine and sodium levels in birds that received diet containing 0.75% salt inclusion 

level were significantly higher (p<0.05) than the control. 

4.6 SERUM BIOCHEMICAL INDICES 
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Table 4.7: Effect of different salt inclusion levels on serum biochemical components of broilers 

Parameter 0.00%  0.25%  0.50%  0.75%  SEM 

 

Clˉ(mmol/l) 106.10
b
 112.27

ab
 109.47

ab
 120.45

a
 3.62 

Na
+
(mmol/l) 139.15

b
 139.87

b
 143.78

ab
 152.70

 a
 3.38 

K
+
(mmol/l) 4.53 4.56 4.80 4.96 0.38 

Fe
3+

(mmol/l) 91.17
a
 76.85

b
 66.08

c
 60.32

c
 2.19 

Mg
2+

(mg/dl) 1.33
a
 0.98

b
 1.05

ab
 0.95

b
 0.10 

Ca
2+

(mg/dl) 8.41 8.55 9.89 10.14 0.67 

Inorganic 

phosphate(mg/dl) 

2.68 2.48 2.90 3.10 0.26 

Hco3ˉ (mmo/l)
 

28.33 28.00 28.00 28.33 0.79 

Urea(mg/dl) 11.27 6.48 6.39 6.30 1.94 

Uric acid(mg/dl) 6.92
a
 5.62

ab
 6.15

ab
 4.90

b
 0.42 

abc
 Means within the same row bearing different superscripts are significantly different (P350.18<0.05) 

 

 

 

 



 

 

71 

 

Table 4.8: Effect of different salt inclusion levels on serum biochemical components of broilers 

Parameter 0.00%  0.25%  0.50%  0.75%  SEM 

 

Glucose (mg/dl) 226.17                                                        160.58 172.42 152.02 23.92 

Cholesterol (mg/dl) 100.21                    162.49 144.85 115.43 24.96 

Triglyceride (mg/dl) 127.15
a
                   101.99

ab
 93.69

 b
 126.19

 a
 9.17 

Totalbilirubin (mg/dl) 0.11 0.09 0.21 0.21 0.07 

Conj.bilirubin (mg/dl) 0.04 0.03 0.12 0.13 0.05 

Creatine (mg/dl) 1.37 1.27 0.25 0.25 0.65 

ALT (iu/l) 13.50 11.33 11.33 14.67 1.96 

AST (iu/l) 255.70
 b
 441.20

 a
 405.70

ab
 526.30

 a
 44.96 

ALP(iu/l) 1846.50 2115.5 1767.80 2366.3 350.18 

abc
 Means within the same row bearing different superscripts are significantly different (P<0.05) 

ALT – Alanine aminotransferase, AST – Aspartate aminotransferase, ALP – Alkaline phosphate. 
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This is expected since a correlation is known to exist between dietary levels of electrolytes and serum 

components of chickens (Wakenell, 2010). Iron and magnesium were significantly higher (p < 0.05) 

in birds that received the diet containing 0.00% salt inclusion and the values decreased progressively 

with increase in dietary inclusion levels of salt. This suggests a negative correlation between dietary 

salt inclusion, serum iron and magnesium concentrations. 

There were significant differences (p<0.05) in triglycerides between the birds. The values obtained in 

this study were within the normal range of serum triglycerides (121.57-127.88mg/dl) reported by 

Owosibo et al., 2013. The differences showed that birds that were fed the diets with 0.00% and 

0.75% salt inclusion were significantly higher than their counterparts. This is quite surprising because 

lower values were expected for the birds that ate diet with no salt content as their feed intake were 

low and they had low growth performance. More so, the fat contents of 0.00% dietary salt inclusion 

was rather very low compared to the other treatment diets (Table 4.3). It is possible however, that the 

reason for the reduced performance of birds on 0.00% dietary salt may have resulted from difficulty 

in mobilizing tissue fat. This will mean that Na and Cl may be implicated in mobilizing fats between 

tissues in the body. 

There were significant differences (p<0.05) in uric acid between the treatments. The birds fed diets 

with 0.75% salt inclusion level had significantly (p < 0.05) lower uric acid content than the birds on 

control diet. The values also decreased progressively with increase in dietary inclusion levels salt. It 

could be that the birds fed diets with 0.00% where less able to utilize the protein from their feed 

which resulted in higher output of metabolic nitrogen.  Another explanation may be due to the fact 

that higher dietary salt level would stimulate higher salt intake resulting to haematological dilution. 
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Howbeit, dietary sodium intakes have been reported to enhance amino acid absorption and utilization 

(Mushtaq, 2010).                

Consequently, body reserves were metabolized to maintain essential metabolic activities. This will 

result in lowered body weight gain. This is also supported by the fact that aspartate aminotransferase 

(AST) which is an indicator of liver functions and its metabolic activity was significantly lower 

(p<0.00) among birds that received 0.00 % salt inclusion level than those that had 0.25 % and 0.75 % 

salt inclusion levels. It is as well possible that these enzymes were synthesized in response to the need 

to control osmotic balance due to higher metabolic rates triggered by higher dietary salt levels. 
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                                                 CHAPTER FIVE   

5.0                                            CONCLUSION AND RECOMMENDATIONS 

5.1  CONCLUSIONS 

Based on the findings of this work at the end of the finisher phase, it can be concluded that  

The inclusions of different levels of dietary salt (NaCl) in the diets of broilers had significant effect 

on live weight. It was highest in birds fed the diet containing 0.75% salt level and lowest in birds fed 

diet containing 0.00% salt level. This shows that an increase in salt content of feed, led to 

significant/progressive increase in live weight. There was a significant effect on growth rate. Birds 

fed the diet containing 0.75% salt was significantly higher and grew faster than their counterparts. 

Feed intake was significantly affected by the different salt inclusion levels with those birds fed the 

diet containing 0.75% being the highest. There was a significant effect on feed conversion ratio. Birds 

fed the diet containing 0.00% salt inclusion level were significantly higher than counterparts fed diets 

containing common salt. 

Meat from birds fed 0.00% salt inclusion level had higher water holding capacity even though 

cooking loss and moisture content of their meats were not affected. There was a significant effect on 

drip loss as birds fed the diets containing 0.50% were higher than its counterparts. There was a 

significant effect on ether extract where birds fed 0.25% diet were higher than others. The tenderness, 

juiciness, flavor and hendonic score of the broiler meat showed that they were affected by the 

different salt inclusion levels. Generally, inclusion of common salt in the diets resulted to higher 

organoleptic quality. 
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There was a significant effect on the haematological indices of the broilers. Birds fed diets containing 

0.50% salt inclusion level were higher than others especially in haemoglobin, packed cell volume, red 

blood cell and platelets. They were closely followed by birds that received 0.75% salt inclusion.  

Inclusion of salt up to 0.75% in the diets of broilers had no deleterious effects on the serum 

biochemical analysis of the broilers. All the parameters measured such as Clˉ, Na
+
, K

+
, Mg

+
, Fe

3+
, 

Ca
+
,  Hco3, inorganic phosphate, urea, and uric acid were within the recommended values. In Clˉ and 

Na
+ 

concentrations, birds fed the diet containing 0.75% were higher than counterparts while the birds 

that received 0.00% diet were higher in Fe
3+

 and Mg
+ 

concentrations than counterparts.    Birds fed 

diets containing no salt (0.00%) had higher serum uric acid level suggesting that they did not utilize 

their amino acid properly. 

 

5.2  RECOMMENDATIONS 

1. It is therefore recommended that broilers can be fed diets containing 0.75% salt inclusion 

levels without any detrimental effects on performance parameters, haematology and serum 

biochemical indices. Instead it brought about improvement in live weights, weight gain and 

growth rate.  

2. Feeding broilers with diets containing up to 0.75% salt inclusion level resulted in birds with 

better meat quality and carcass composition. 

3. Also complete withdrawal of dietary salt in broiler diets is not recommended as this will result 

to retarded growth and poor performance of broilers. However, such broilers would be lower 

in fat and salt contents which may be preferred by certain health conscious consumers. 
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                         CONTRIBUTION TO KNOWLEDGE 

This research contributed to current knowledge through the findings that increasing dietary salt levels 

beyond the recommended 0.2% level resulted to increase in live weight gain, heamatological profile, 

carcass and meat quality characteristics of broilers. 
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