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ABSTRACT 

The physical and chemical characteristics of some commercial broiler feeds sold in Owerri 

and their feeding value for turkeys were determined and compared with formulated turkey 

feed. Four broiler starter and grower feeds made up of a formulated turkey feed(control A) 

and three commercial broiler feeds (B, C and D) each were analyzed for their physical 

characteristics and proximate compositions. One hundred and twenty (120) 7-day-old turkey 

poults were fed feeds A, B, C and D at the starter phase while Ninety (90) 29–day old turkeys 

were fed feeds A, B and C at the grower phase. The turkey poults and growers were divided 

into groups of 30 with 3 replicates of 10 and assigned to the different feeds in a complete 

randomized design (CRD) while the grower poults were divided into groups of 21 with 3 

replicates of 7.  Broiler starter feeds were provided for the first 28days, followed by the 

growers from 29 to 84days. The broiler starter feeds A and B had significantly (p<0.05) 

higher water holding capacity values than feeds C and D.  Values for the grower feeds were 

similar. Feed A (starter and grower) had a significantly (p<0.05) higher bulk density and 

specific gravity values than feeds B, C and D. Crude protein values were higher in feed A than 

the commercial feeds. Feed D had the poorest proximate composition value. Turkey poults 

and growers fed feed A had higher weight gain and better feed conversion ratio than those fed 

the commercial feeds. Feed cost/kg weight gain was lower in turkeys fed feed A than feeds B, 

C and D. It is concluded that the three commercial feeds tested are low in their physical and 

proximate values, unable to improve the performance of turkeys, increased the cost of 

production and should not be recommended for use by farmers for turkey production. 

Key words: commercial feed, quality, turkey, performance, production cost. 
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CHAPTER ONE 

INTRODUCTION 

1.1. Background of Study 

Poultry feeds are made up of many ingredients which are broadly grouped into providers of 

energy (fats, oils and carbohydrates), proteins (amino acids), vitamins, minerals and feed 

additives.   Cereal grains such as wheat, barley, sorghum and millets provide energy, while 

soybean and groundnut provide protein. These ingredients are combined in such a way as to 

provide energy, protein, vitamins and minerals for poultry through the process of feed 

formulation.  

However, several factors may affect both feed quality and feed manufacturing parameters 

(Loar and Corzo, 2011). The nutritional value of grains used in poultry feeds varies  with the 

grain cultivars, its chemical characteristics and non- starch polysaccharides content, diet 

physical form, availability of energy, and bird category (Rogel et al., 1987; Gutierrez- Alamo 

et al., 2008). These factors, in addition to the choice of feedstuffs and quantity incorporated in 

the finished feed by different feed manufacturers has given rise to variations in the nutritive 

value of manufactured feeds and performance of birds fed different brands of feeds.  

Poultry feeds are primarily produced to optimize the growth potential of the target birds 

through a defined nutritional specification but more than 10% reduction in chicken growth 

rates has been observed when birds are offered different feed brands (Uchegbu et al., 2009). It 

means that there are variations in the compositions of different feed brands meant for the 

same class of birds. A Knowledge of the nutritive value of feed brands is therefore imperative 

for the poultry industry.  
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Chemical and physical parameters of feed have been suggested as indicators of feed quality. 

According to Wiseman and Inborr, (1990) the nutritive value of any feedstuff is influenced by 

its chemical composition and the degree to which the bird is able to digest, absorb and utilize 

these components. Pirgozliev et al. (2003) showed by step-wise multiple regressions that the 

amount of total starch, crude protein and ether extract were the nutrient composition 

variables, and significantly related to apparent metabolizable energy (AME) of the diet. On 

the other hand feeds need to satisfy other criteria including feed safety, and physical quality 

which are becoming an important priority in feed quality control. 

These requirements have led to the development of increasingly sophisticated technologies to 

produce feeds (Ravindran and Amerah, 2008). The success of any poultry venture depends 

essentially on adequate quality feeds as feed cost often takes the largest proportion of the total 

expenses (Idahor and Adua, 2011).  Feed accounts for not less than 70% of the total cost of 

production in poultry enterprises (Oyediji, 2001). This research is designed to assess the 

physicochemical characteristics and effect of some commercial broiler feeds sold in Owerri, 

Imo State for Turkey production. 

1.2. Problem Statement. 

Poultry feeds of known and unknown chemical compositions and physical characteristic are 

currently manufactured and used by poultry industries in Nigeria. These feeds come in 

different forms with different brand names and different prices. Given the increasing number 

of people venturing into poultry business and the increasing cost of feed materials, there is no 

doubt that there is now the tendency for feed manufacturers to produce substandard feeds, 

especially as the quality control agencies in Nigeria are non-existent or non-functional( Okoli 

et al., 2007: Omede,2008., Okoli et al., 2009). More also due to high cost of feed ingredients 

emanating from livestock competition with humans for feed ingredients, there is the fear that 
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feed manufacturers would rather utilize cheap and unwholesome feed ingredients resulting in 

poor quality feed leading to production and health implications on the poultry industry. 

(Idahor and Adua, 2011). 

The feed manufacturers compound and formulated diets like chick mash, grower‟s mash as 

well as layer‟s mash with declared values to corroborate the standard nutrient requirement for 

poultry classes. These feeds which are below the recommended standard are procured by the 

unsuspecting farmers possibly because of their cheaper prices and fed to birds, sometimes, 

over a period, longer than the expected time of production. Regrettably, poultry farmers 

without technical ability to formulate their feed keep patronizing them. It therefore means that 

the farmer, consumer and the public at large are left at the mercy of commercial feed millers 

and feed raw materials producers and processors (Uchegbu et al., 2009). In today‟s 

competitive business environment, product variation will lead to loss of customers and 

variation in animal performance (Charles and Frank, 2009).  

Following several complaints about the nasty experiences on commercial feed brands by 

many poultry farmers, it has become necessary for quality control strategies championed by 

standard Organization of Nigeria (SON), Nigerian Institute of Animal Science (NIAS) and 

Nigeria Agency for Food Drug Administration and Control (NAFDAC) to take necessary 

action to reduce the racket. This could be achieved in part by physical and chemical analysis 

of commercial feed sample as well as its nutritive value. This research work was set up to 

assess different commercial feeds sold in Owerri to determine the variety of the complaints 

from the poultry farmers and also evaluate the possible use of poultry feed for turkey 

production. 
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1.3. Objectives 

The objectives of the study are: 

i. To determine the chemical composition and physical characteristics of a formulated turkey 

diet and selected commercial poultry feed brands sold in Imo State.  

ii. To determine the performance of turkey poults fed the selected commercial poultry feeds 

and formulated turkey feed. 

iii. To determine and compare the economic benefit of using the commercial poultry feed and 

the formulated turkey diet in turkey production.  

1.4. Justification 

Quality assurance is a comprehensive programme of control directed at ensuring that the 

production meets a predefined set of standards (Boyd, 1993; Rydell, 2005). There are many 

commercial poultry feed brands available to poultry farmer in Owerri and its environs. While 

the popular feed brands have labels indicating their proximate compositions, the lesser known 

feed brands (mainly manufactured by feed/feedstuff dealers in Owerri) do not, but both feed 

brands are patronized by unsuspecting farmers. There are indications that these feed brands 

vary in their compositions based on the differences in the performance of birds fed these feed 

brands. A knowledge of the chemical composition, physical characteristics as well as the 

nutritive values of these commercial feed brands will make farmers patronize these feed 

brands that will meet the nutrient requirement of their birds with an improved performance. 

This in turn will force feed manufacturers to produce quality feeds with appropriate 

nutritional values to avoid possible rejection of their feed brand by farmers. 
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1.5. Scope of the study.  
 
This study covered physical and proximate analysis of feed samples and two phases of turkey 

production (7-28  and 29 -84 days).



6 
 

                                                              CHAPTER TWO 

 LITERATURE REVIEW 

2.1. Poultry Feeds 

Poultry feed is made up of many ingredients which are broadly grouped three(3) (i) energy, 

(ii) proteins, (iii) vitamins, minerals and feed additives. Typically cereals such as maize, 

wheat, barley, sorghum and millet, are providers of energy, while soybeans and groundnuts 

provide proteins. These ingredients are combined in such a way that they provide energy, 

proteins, vitamins, and mineral requirement for poultry through the process of feed 

formulation. However, the nutritive values of these ingredients are variable both in terms of 

chemical compositions and availability of energy (Rogel et al., 1987).  

The nutritive value of feed ingredients will vary depending on the species, variety or cultivar, 

the season, the source, location, processing and storage conditions and the class of poultry 

being fed, (Omede, 2004). The quantity of the nutrients required varies, depending on many 

factors like species of bird, age, and the productive state, environmental conditions and 

disease condition (Webmaster@ex.mstate.edu 2014). Poultry feeds are formulated to a 

specific nutrient concentration to support bird performance, but growth largely dependents on 

nutrient intake of the bird, (Marcus and Dan, 2001).  

Feed represents the major cost item in poultry production. According to McNab. (1999), the 

total feed cost lies between 65 and 75%. Thus, any improvement in the performance of 

broilers and layers due to their diets can inevitably have profound effects on profitability. 

Poultry requires optimal feed intake in order to support optimal and efficient growth (Marcus, 

2001). If poultry are expected to remain healthy and productive, they must consume adequate 

amounts of all the necessary nutrients. Different rations are often used depending on the 

mailto:Webmaster@ex.mstate.edu
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production stage of the bird; eg starter rations are high in protein and expensive while grower 

and finisher rations are lower in protein and less expensive (Esonu, 2006). A starter diet 

contains about 24% protein, while grower and finisher contains 20% and 18% protein 

respectively.  

2.1.1 Poultry Feed Ingredients. 

Poultry feed ingredients include energy concentrates such as maize, oats, wheat, barley, 

sorghum and milling by- products. Protein concentrates includes, soybean meal, and other 

oilseed meals (such as peanuts, sesame, safflowers, etc.) others include cotton seed meal, 

animal protein sources like meat and bone meal, dried whey, fish meal etc. grain legumes 

such as dried beans and peas, and alfalfa (Poultry CRC,2006). 

Oil world (2010), reported that soybean meal is the most important protein source used to 

feed farm animals and that it represents two thirds of the total world output of protein 

feedstuffs including  all other major oil meals and fish meal. Its feeding value is unsurpassed 

by any other plant protein source and it is the standard on which other protein sources are 

compared, (Cronmwell, 1999). A diet based on maize and soybean meal provides a good 

balance on all essential amino acids except methionine, but this problem can be solved by 

inclusion of synthetic methionine (Waldrop and Smith, 2008). 

Maize is the grain most routinely used in commercial poultry diets in Nigeria because it has 

good energy content and is easy to digest. The amino acid profile of protein in maize 

complements the amino acids profile of the other ingredients, such as soybean meal, typically 

used in feed (Jacquie, 2015). 

Wheat also constitutes 60% or more of poultry diets supplying 80% of metabolizable energy 

and 40% of amino acids requirements, (Austin et al., 1999). However the nutritive value of 
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wheat is variable both in terms of its chemical composition and the availability of energy 

(Mollah et al., 1983). A range of more than 10% in chicken growth rates has been observed 

when birds are offered different wheat samples (Rose et al., 1993; Scott et al., 1998).  

Feed ingredients for poultry diets are selected based on the nutrients they can provide to 

poultry, the absence of anti-nutritional or toxic factors, their palatability or effect on voluntary 

feed intake and their cost (Lesson and Summers, 1997). The cost of virtually all feed 

ingredients especially maize, soybean meal etc., has gone far beyond any reasonable 

expectation and hence increasing the feasibility of using alternative feed ingredients 

(Udedibie, 2003; Esonu, 2009). However new source of any ingredients should be submitted 

for laboratory evaluation prior to purchase and use in feed formulation and possible 

limitations considered (Udedibie, 2003; Omede et al., 2008; Dale, 2008). 

2.1.2. Nutrients in Poultry Diets. 

Poultry diets are made primarily from a mixture of several feedstuffs such as cereal grains, 

soybean meal, animal by-product meals, fats, vitamin and mineral premixes (Longe et al., 

1984; Alimon and Hair- Bejo, 1995). A poultry diet is expected to contain three essential 

nutrients eg energy (ME), protein, vitamins, and minerals as well as provides adequate 

metabolizable energy (ME). Energy is very critical in poultry feed, in fact, the more the 

energy loaded in the ration, the less feed the birds would consume (Larbeir and Leclercq, 

1994). The most easily available sources of energy are the carbohydrates contained in 

common grains, grain byproducts and plants. Generally most of the carbohydrates in poultry 

diets are provided by cereal grains. Suitable quantities of fat may be added to increase dietary 

energy concentrations and palatability. 

Expected nutrient requirements, recommended allowances and ultimately feed specifications 

are available from many sources like sets of tables published by the American National 
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Research Council (NRC) in 1994 (Table 2.2). In formulating poultry diets, the nutrient 

requirements of broiler chicken have frequently been expressed per unit of dietary 

metabolizable energy. This practice is based on the theory that birds will adjust their feed 

intake according to their metabolizable energy (Esonu, 2006). 

Many studies have shown that feed intake responses in chickens offered diets differing in feed 

energy and protein levels are influenced by the level of the first limiting nutrients in the feed 

rather than the feed energy level per se (Esonu,2006). Due to the important implication of 

these differences, both the energy and protein levels of the diet should be taken into account 

when formulating diets aimed at achieving optimal feed intake in growing chickens 

(Mbajiorgu et al., 2011).  

Dietary factors, including energy, density, deficiencies or excesses of nutrients‟ such as 

carbohydrates, proteins, and minerals can influence feed intake in poultry (Lesson, 2000; 

Veldkamp et al., 2005). Broilers diets high in energy content promote fast growth and 

therefore their metabolizable energy(ME) content should generally not be less than 

12.2MJ/Kg( Whitehead ,2002). A ration containing all nutrients except one will support life 

but only slow in the young (Reddy, 2006). 

The nutritive value of any feedstuff is influenced by its chemical composition and the degree 

to which the bird is able to digest, absorb, and utilize these components (Wiseman and Inborr, 

1990). Starch is the main source (75%) of energy in most poultry diets, so variations in starch 

content and digestibility may strongly affect the energy value of poultry diets (Carre, 2004). 

Studies by Weurding, (2002) have shown that rapid starch digestion has a negative effect on 

feed conversion efficiency. Slowly digestible starch is said to improve the efficiency of 

digestion of protein and amino acids. The rate of starch digestion may also affect the 

composition of micro flora (Ball et al., 2013). Birds fed slowly degradable starch showed a 
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different profile of micro flora, less Clostridium perfringens and a trend towards more 

favorable lactobacilli bacteria when compared with birds fed faster digested starch (www. 

Aviagen.com). 

Fats provide energy and essential fatty acids that are required for some bodily processes.  The 

added fat in poultry diets will range from 2% to 5% and the total fat in the ration will be from 

6.5% to 10 %( Marcus and Dan, 2001). When pelleting feed, it showed that added fat at the 

mixer decreased pellet quality (Salmon, 1985). The fat serves as an insulator of the feed 

particle which prevents moisture from entering the feed particle at a rapid rate. Fat may 

improve the physical characteristics and palatability of the diet to an extent which promotes 

increased feed consumption (Dale and Fuller, 1979; Cherry, 1982). Fat decreases rate of 

passage and therefore, improved digestion and intestinal absorption (Mateos and Sell, 1980, 

1981a, b; Mateos, et al., 1982).  The above reasons also summarize the major advantages of 

feeding fats. In spite of the recognition of this phenomenon by researchers, rations are almost 

always formulated using a single metabolizable energy value for fats, and these metabolizable 

energy values are usually less than their gross energy values (Scott, et al., 1982). While 

satisfying technical feeding requirements, rations thus formulated may be economically 

inefficient by undervaluing the true relative contribution of fat to the metabolizable energy of 

the diet (Renner and Hill, 1961a, b; Sibbald, et al., 1962). 

Protein is essential in all animal life. Proteins make up a large part of the muscle, skin, beak, 

feathers, cartilage and internal organs of animals and are needed for growth, egg production, 

reproduction, production of antibodies to fight diseases, etc. The dietary requirement for 

protein is actually a requirement for amino acids. Specific amino acids must be provided in 

proper amounts and in some definite ratios to others. An undersupply of a single essential 

amino acid will inhibit the responses to those in adequate supply (Alimon and Hair-Bejo, 
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1995; Fanatico, 2010). In any protein, the limiting amino acid is the one which is below the 

standard.  For poultry, methionine is usually the first limiting amino acid and lysine the 

second limiting amino acid. Since protein is not stored in the body to any considerable extent, 

any protein consumed above the birds‟ requirement is oxidized for energy.  

However, since protein sources are expensive and uneconomic for energy provision, protein 

levels are usually stated in precise terms to be closer to the minimum requirement than other 

nutrients. Protein sources can be of a plant origin such as soya and groundnut cake or of an 

animal origin, such as fish meal and blood meal. Some sources of minerals include Oyster 

shell and limestone which are both rich in calcium. Bone meal is a very good source of both 

calcium and phosphorus among others. Common salt can satisfy the birds‟ sodium and 

chloride requirements. However trace mineral requirements are usually met by 

supplementation via the vitamin/mineral premix (Scheideler, 2009). Protein is very important 

in nutrient requirements of poultry. During feed processing, several factors can lead to the 

denaturation of the proteins and these include pressure heat, retention time and moisture level 

(Thomas et al., 1998). When a protein is denatured the three dimensional structure of the 

protein breaks down and unravels, and can affect the functionality of the protein. Enzyme is a 

good example of protein losing its activity during processing (Spring et al., 1996; Silversides 

and Bedford, 1999). 

Buchanan and Moritz,(2009), used added protein in the form of soybean meal to increase 

physical pellet quality. Winowiski,(1988) found that by increasing the wheat content of the 

diet and thus the protein content compared to that of maize, the physical pellet quality also 

increased. Briggs et al., (1999), concluded that increasing dietary protein levels leads to an 

increase in physical pellet quality. The effects of increased physical quality were found to be 

greater when the protein included was raw, rather than a denatured protein (Loar and Corzo, 
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2011). Lowered heat increment of the supplemented diet resulting in improved utilization of 

metabolizable energy (Shannon and Brown, 1969; Lipstein and Bornstein, 1991). 

Vitamins are organic chemicals which help control body processes and are required in small 

amounts for normal health and growth. It has been known for hundreds of years that certain 

diseases are associated with certain diets (Paul, 2014). However it was only in the early years 

of the 20
th

 century that the specific compounds, now known as vitamins which could prevent 

these effects in man and animals were identified. 

Vitamins are used in most modern poultry diets to decrease severe problems associated with 

deficiency (Paul, 2014). The water soluble vitamins are not stored in the body, so any deficit 

tends quickly to have an effect on the animals (Esonu, 2006). The fat-soluble vitamins (A, D, 

E, and K), are usually well stored in the liver so daily intake is less critical. 

Minerals are inorganic chemical which help control body processes and are required for 

normal health and growth. Vitamins and minerals are very important components of a chicken 

diet and unless present in a formulated ration, it is likely that deficiencies will occur 

(Cunningham, 2008). Mineral deficiencies can produce numerous health problems for 

chickens including in some cases death, therefore to prevent nutritional deficiencies, or when 

deficiency symptoms are noted, feeding a balanced poultry diet with the required vitamins 

and minerals should be practiced (Ode et al., 2012). 

2.1.3. Feed Quality Evaluation 

Quality evaluation as well as control is of utmost importance in the overall success and 

profitability of animal farm enterprise (Omede, 2008). This is so because there is no other 

factor directly or indirectly related to the proper nutrition and high performance of animals 
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that is more critical than feed quality evaluation, control and ration consistency (Richardson, 

1994). 

Feeds are primarily produced to optimize the growth potential of the targeted animal through 

a defined nutritional specification. However, feeds needs to satisfy other criteria including 

feed safety, which is becoming an important priority, and physical quality (Amerah et al., 

2011). The nutritive value of any feedstuff is influenced by its chemical composition and the 

degree to which the bird is able to digest, absorb, and utilize these components (Wiseman and 

Inborr, 1990).  

Quality evaluation in a general sense means “careful consideration of a thing to decide how 

much conformity to standard‟‟ or “degree of excellence‟‟ or „‟ level of fitness for use‟‟ is 

maintained. In many developing countries including Nigeria, monitoring of feed quality is 

only limited to proximate analysis, which does not give the true picture of feed quality. This 

can contribute to poor quality feed ingredients and a wide variability in nutrient composition 

(Omede, 2004), often leading to sub-clinical nutrient imbalance, deficiencies with mycotoxins 

or Salmonella (Okoli et al.,2006a,b;  Okoli  et al., 2007d).  

It is important to ensure that quality compound feeds with appropriate nutritional values 

capable of achieving efficient production performance are patronized by the farmer (Uchegbu 

et al., 2009). Information on the composition of a feedstuff is acquired through the chemical 

analysis and most commonly includes such parameters as dry matter, protein, fiber fraction, 

organic matter and fat content. The nutritional values of a feedstuff is assessed from 

experiments with animals and provides information on how feedstuffs are digested and 

metabolized by the animal, mainly through interpreting differences between the input and the 

output of a series of components (Gizzi and Givens, 2007). 
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Given the increasing number of people venturing into poultry business, there is no doubt, that 

there is a high demand for commercial feeds (Uchegbu et al., 2009). There is now the 

tendency for feed manufacturers to produce substandard feeds especially as the quality 

control agencies in Nigeria are non-existent or non-functional (Okoli et al.,2006; Omede, 

2008; Okoli et al., 2009). It appears that the farmer, consumers, and the public at large are left 

at the mercy of commercial feed millers and feed raw materials producers and processors 

(Uchegbu et al., 2009) 

Seasonal availability of locally produced feed ingredients together with variations in quality 

of some ingredients have made the feed situation in Nigeria unsatisfactory from quality 

standpoint. Inadequate feed analytical services as well as lack of statutory control over feed 

quality have further aggravated the situation. Few of the feed millers are serious in 

maintaining the quality of products, on the other hand, farmers do not have access to adequate 

facilities to analyze and monitor the quality of the commercial feeds, (Okoli et al., 2007). 
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Table 2.1. Nutrient Specification of Turkey Diets 

Nutrients Starter 

1 

Starter 

2 

Grower 

3 

Grower 

4 

Developer 

5 

Finisher 

6 

Crude protein 28 26 23 21.5 18 16 

Me(Kcal/kg) 2900 3000 3050 3100 3200 3300 

Lysine (%) 1.70 1.60 1.50 1.30 1.15 1.00 

Methionine (%) 0.62 0.55 0.50 0.47 0.42 0.34 

Calcium (%) 1.4 1.3 1.2 1.3 1.0 0.94 

Av. Phosphorus (%) 0.7 0.6 0.5 0.6 0.5 0.40 

Sodium (%) 0.18 0.18 0.17 0.17 0.17 0.17 

 Source: Commercial poultry Nutrition 2
nd

 Ed S, 1997. 
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Table 2.2. Nutrient Specification of Broiler Rations 

Description Broiler starter Broiler finisher 

ME(Kcal/kg) 2800 2900 

Crude protein (%) 20.0 18.5 

Crude fibre (%) 5.0 5.0 

Calcium (%) 0.9 0.9 

Available phosphorus (%) 0.42 0.38 

L.A 0.8 0.7 

Lysine 1.0 0.96 

Methionine 0.50 0.48 

Meth + cyst (%) 0.83 0.77 

 Sourced: Moreson ,(1998)  
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Table 2.3. The Nutrient Requirements of Broilers 

 Protein 

Min.% 

Fat 

Min.% 

Fiber 

Min.% 

Calcium 

Extracted 

Phosphorus  

Available 

Lysine 

Min.% 

Methionine 

Min.% 

ME. 

Kcal/kg 

Broiler 

starter 

23.0 4.0 1.0 1.0 0.45 1.12 0.45 2860 

Broiler 

finisher 

19.5 3.5 0.9 0.9 0.40 1.10 0.40 3080 

Broiler 

breeder 

16.0 3.0 3.0 3.0 0.45 0.70 0.30 2420 

Source: Moreson, (1998)  
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2.2.0. Feed Quality Control 

There is a wide array of factors of which formulation is one, that can drastically affect both 

the quality of the feed produced as well as the parameters associated with the production of 

the feed in the mill,(Loar and Corzo, 2011). The process by which high quality ingredients are 

made into high quality feeds involves three components within the feed mill; personnel, 

machinery and procedures. If quality is lacking in any of these three components the 

consistent production of high quality feeds is unlikely to be achieved (Marcus and Dan, 

2001). However, it is equally important to ensure that the personnel, machinery and 

procedures are “blended‟‟ together toward the goal of efficient production of high quality 

feeds (Omede, 2008). 

Developed countries have established regulations guiding feed manufacturing right from the 

crop farm to the pen. Covering every aspect of feed manufacturing, Peter, (2006) reported that 

since 2006 in Germany, one of the most important topics for big and small feed 

manufacturers has been the practical application of the new EU feed hygiene regulation, 

while countries such as Japan, Brazil, USA, and Canada are developing similar regulations 

for pathogens infection level in animal feeds (Chamley and Trenholm, 2003).  

A good quality control program, testing feed physical quality both at the mill and on the farm 

will ensure feed physical quality is maintained.  Improving pellet quality durability is an 

effective means of reducing finess. Pellet durability may be improved by manipulation of diet 

formulation, use of raw materials with good binding ability such as wheat, barley, maize and 

use of pellet binders will have an influence, (Hetland and Choct, 2003).  
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Feed should be tested for durability. The aim is to test the ability of the product to remain as a 

whole feed from mill to when it is presented to the birds. It is therefore important to test the 

product, in the mill, in conditions as close as possible to those in the field (Behnke, 1996) 

2.2.1. Nigerian Feed Quality Standards 

Specifications by the Standards Organization of Nigeria (SON) for poultry feeds in Nigeria, 

reveals that there is a great gap regarding what is obtainable internationally (SON, 2003). The 

organization did not take into consideration the critical components of a modern poultry feed 

in developing proper standards of quality in feed production. Its focus was on nutrient 

requirement or levels for different types of poultry, while critical issues relating to specific 

types and levels of inclusions of feed additives and medicants were overlooked. (Okoli et al., 

2009). 

 Similarly, allowable pathogenic microbes and toxicant levels especially mycotoxins and 

heavy metals and their inhibitors were not mentioned. The document was also silent on 

process control and personnel monitoring of procedures. Specifically, mycotoxins 

contamination of feedstuff, which is an important livestock production problem, has received 

limited research attention in Nigeria, especially among animal scientists (Okoli, 2005). This 

probably has resulted in lack of information on the mycoflora and mycotoxins contamination 

levels of feedstuff (Okoli et al., 2006c, 2007d) and lack of awareness by regulators such as 

SON. 

Globally, concerns about contaminants in the food chain plays a prime role in food exports 

and food policy decisions in international trade (Verstrate, 2005; Omede, 2008). Indeed the 

world as we use to know is continually changing and is now becoming truly a global village 

an import barriers and trade restrictions are being lifted and replaced with a system of 

veterinary certification of animal feeds and products. The foundation for this is usually the 
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establishment of a functional Hazard Analysis Critical Control points (HACCP) program for 

the animal production sector of the country. 

The principles of HACCP which is a systematic preventive approach to food safety that 

addresses physical, chemical and biological hazards as means of prevention rather than 

finished product inspection were also not referred to in the SON‟s specification. HACCP 

guides quality with seven principles, which includes conducting a hazards and analysis, 

identifying critical control points and establishing corrective action, establishing record 

keeping procedures, establishing procedures for verifying that the HACCP system is working 

as intended (www.2dupont.com). This method which in effect seeks to plan out unsafe 

practices differ from traditional produce and quality assurance methods, which are less 

successful and inappropriate for highly perishable products like animal feeds 

(Wikipedia,2007). 

2.3.0. Feed Quality Components 

2.3.1. Nutritional Quality: 

Feed composition data are important to a spectrum of users ranging from international 

organization and private individuals, to feed assistance programs, epidemiologist who 

correlate patterns of disease with dietary components and nutritional assessment of 

individual‟s intake and dietetic counseling (Rand et al., 1991). Applying food safety standards 

on a product is very important because it relates closely to human‟s health. Good feed 

products have high nutritional qualities as well as being free from physical, chemical and 

biological contaminations (Hemin, 2013). 

 To provide nutritional information, feedstuffs have been analyzed in laboratories and animal 

based studies and resulting data collected in tables of feed composition for more than 200 

http://www.2dupont.com/
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years. The first recorded publication was that of Thaer, (1809). In another report collections 

of data have been organized into computer programs, creating data base of feedstuffs 

compositions (Atwater and Wood, 1986). 

Information on feedstuff composition and nutritional value plays a fundamental role at the 

farm, feed mill and government levels, and so the data inserted into database need to be 

reliable and of high quality. The major problem of the industry is compounding feeds from 

formulation tables which have limited information or have been produced in other countries, 

with different production goals and conditions.  Omede, (2004) reported discrepancies 

between the declared nutrient values by manufacturers in Nigeria and results from laboratory 

chemical analysis with the exception of crude protein (CP) content of the feed. Information is 

usually not available on essential amino acids, fatty acids, metabolizable energy (ME) or trace 

elements.  

Limcangco-Lopez,(1987) reported that marked variations in CP contents of feeds may be 

accompanied by changes in amino acids content and that most developing countries do not 

have established ME values for feed ingredients. In many situations, feeds are used rapidly 

following manufactures and animals consume the feeds before any assay could be performed. 

According to Jones, (2005) finished feeds assays should be mandatory and limits of inclusion 

should be properly established and critically controlled for nutritive and nutrient enhancers in 

feed. 

The animal nutritionist is in-charge of designing the animal‟s diet. Topps,(1989) reported that 

the first consequence of unreliable information of feedstuff, resulting from high extrinsic 

variability, may be the formulation of a nutritionally unbalanced diet. This may have different 

effects, depending on nutritional, environmental and economic factors; these effects are 
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highly interrelated since the optimization of feed utilization leads to optimization of animal 

output and financial returns. 

 

 

2.3.2. Physical Quality 

Feed raw materials as well as finished feeds should be evaluated for physical qualities 

(Omede, et al., 2011). This should start with controlling the quality of the incoming feed 

ingredients as this is crucial to predicting the quality of finished feed, supplements, premixes, 

etc. (Omede et al., 2011). Compound feeds are composed of a blend of various raw materials 

and / or by-products. In designing these products, the feed manufacturer needs to find the 

balance combination among different materials that will satisfy the requirements of specific 

animals in a specific physiological state. Unscrupulous business men may inculcate sand or 

saw dust into fish meal to increase quality, while weevils could find their way into the feed if 

larvae of such are transferred from farm to mill.  

Since 1986, it has become mandatory in Sweden that only feed that has undergone heat 

treatment should be pelleted (Haggblom, 1997). This point is strongly supported by Andrew, 

(1991) and Jones, (2005). The aim is not to only have a good pelleted finished feed, but also 

to control salmonella in the feed.  

All feed ingredients should be inspected for abnormalities of colour, moldiness, off odor, 

fibrous nature, dustiness and other factors that may result in quality risks when added to the 

feed (Omede et al., 2011). Wicker and Poole,(1991) found that more than half of the 145 

mixers tested were not providing an adequate mix and this inefficiency was attributed to 
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insufficient mix time, operation of mixers beyond capacity and worn out or  broken mixing 

equipment. 

2.3.3. Microbiological Quality 

Microbiological criteria for establishing quality in feeds must be clearly outlined. This will 

reduce the transfer of zoonotic organisms, especially salmonella and Escherichia coli. 

Salmonella, moulds and mycotoxins producing fungi need to be tested for before any feed can 

be declared safe for animal consumption (Okoli et al., 2006a, b, c; Okoli et al., 2007d; Omede 

et al., 2011). Immerseel et al, (2002) reported that the leading cause of human food born 

infections in the world associated with consumption of poultry products is still Salmonella.  

The use of antibiotics to control Salmonella has resulted to resistance and its use is totally 

banned in the EU or controlled in other regions.  According to Omede, et al, (2011) and 

Haggblom, (1997) the control of Salmonella is based on several different factors such as 

microbiological control, reduced dust contamination, good cleaning procedures, hygienic 

storage conditions and effective heat treatment.  

FAO/WHO, (2008) reported education and training, inspections and microbiological testing 

as the three principle means used by governmental agencies and food processors to control 

microorganisms in food. According to them they are but programs and have certain 

limitations and short comings. The rapid turnover of personnel means that education and 

training must be a continuing exercise, which is rarely the case. 

2.3.4. Toxicological Quality. 

The testing of animal feeds in China showed that melamine and low levels of melamine were 

found in feed for fish, poultry and pigs. Regulations regarding its use in animal feed do not 

always exist as it is only recent events which indicated the need to regulate for this substance. 
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However, some countries have established regulations and do not permit the use of melamine 

in animal feed (FAO/WHO, 2008). Melamine is high in Nitrogen and illegally added to feed 

for the purpose of increasing the apparent protein content of feed products. Animal studies 

indicate a low toxicity of melamine. 

Information about regulation of mycotoxins does not exist in more than 17 countries in Asia 

and Africa (Van Egmond, 1991). Regulations for mycotoxins other than aflatoxins hardly 

exist in Africa (Kpado and Bankole, 2005). Countries with actual legislation for aflatoxins in 

animal feed in Africa are Ivory Coast, Senegal and Nigeria but this regulation again is only 

for aflatoxin B1, with Nigeria giving a tolerance level of 50µg/kg compared to 5µg/kg in Asia 

(Van Egmond, 1991). This aflatoxin B1 tolerance level quoted here was however not found in 

the SON feeds standard document for Nigeria and may have been extracted from trade 

documents or non-enforceable feed quality data circulating in the country(Okoli,. 2005). 

Feeds must be tested for other toxic environmental contaminants such as pesticides and 

residual toxic levels of certain metals or accidental additions during processing. Mercury 

poisoning and accumulation have been the most frequently associated with animals fed grains 

treated with mercury containing dressing to prevent fungal growth, Aladi, (2003). Okoli, 

(2005) is of the opinion that Nigeria feed industry and other stakeholders should set up bodies 

of post-harvest research aimed at developing methods for combating mycotoxins in grains 

and feeds. 

2.3.5. Pharmacological Quality 

Most diets designed for a particular species provide a reasonable balance of nutrients in 

quantities sufficient for normal growth, maintenance and reproduction of that species. Under 

normal condition of animal feed manufacture, however, concentrations of essential 

ingredients may vary appreciably in different batches of a formulation made with different 
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lots of natural ingredients, even though the guaranteed analysis shown on the label remains 

correct. 

A feed may also contain intentional or unintentional additives and other biologically active 

components. Variations in the concentrations of essential dietary components, as well as the 

presence of extraneous materials, can significantly influence the performance of an 

experimental animal consuming the diet and can significantly influence the performance of an 

experimental result in efficient or inefficient utilization of energy, the variation in prepared 

diets whether from natural or purified products and how these can modify the animal and 

change the response to a given experimental regimen. Protein, fat, carbohydrates, vitamins 

and minerals can all have pharmacological as well as physiological effects on a biological 

system. 

Hormonal growth promoters and antibiotics that have been banned should not be found in 

feeds and must not be used where such banning laws exist. This issue is critical worldwide, 

even where medicated products may only be incorporated in feeds under veterinary 

prescription (Charmley and Trenholm, 2003). Recently in Japan nicarbazin minimums residue 

levels have been established so that poultry operators and feed manufacturers could use the 

drugs safely. There is presently no published information in Nigeria on the drugs added by 

local feed manufacturers to their feed and at what levels but this should not be ignored in 

quality  control schemes for feed manufacturing(Omede,et al.,2011a). 

2.4. Physical Characteristics of Feed 

Physical properties (including thermal, mechanical, rheological, dielectric, barrier properties 

and water activity) are important for the proper design of feed processing, handling and 

storage system. Various feed processing can potentially alter those physical properties and 
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cause desirable or sometimes not so desirable changes in nutrient profiles, texture, color, 

taste, aroma and other quality attributes.  

Some physical characteristics have earlier been studied (Portella et al., 1988; Nir et al., 

1994a; Shelton., 2005; Sundu et al., 2005a) and have been limited to sensory property 

evaluation in most cases including ingredient or feed, colour, odour and visual inspection for 

physical purity such as the presence or absence of foreign materials and insect 

infections(Omede,et al.,2011). 

Omede et al., (2011b) and Iwuji et al, (2013) went further to look at the water holding 

capacity(WHC), specific gravity, bulk density and particle sizes of feeds and feed raw 

materials. These parameters according to the authors greatly influence the nutritional value, 

feed intake and performance of poultry. They play an important role in controlling feeding 

and thus the productivity of birds (Okoli et al., 2009; Omede et al., 2011; Iwuji et al., 2013). 

Their implications on feed quality are enormous and several studies tend to show them as 

major driving factors on performance in poultry production. Many feedstuffs, which are 

concentrated sources of fibres have been shown to hold a lot of water and have low bulk 

density (Sundu et al., 2005a; Okoli et al., 2009; Omede et al., 2011).  

2.4.1. Particle Size of Feed 

Particle size (PS) of feedstuff has been studied for more than 50 years (Omede, et al., 2011), 

and seems to have great importance in regulating feed consumption. In the past, the terms; 

fine, medium, and coarse were used to define PS. However, there was no agreement as to 

diameter and size of particles in fine, medium or coarse feed.  Since the terms give little 

information, a more precise classification is now being used based on the geometric mean 

diameter(GMD) of particles, expressed in millimeter(MM) or microns( ) in order to 
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overcome these limitations(ASAE,1983).  The range of variation is currently described by 

geometric standard deviation (GSD) with larger GSD representing lower uniformity. 

Particle size of diets is an important consideration due to its association with feed intake and 

development of the digestive organs of young birds (Iwuji et al., 2013). Particle size reduction 

allows greater access to digestive enzymes, increases ease of handling and mixing of the 

ingredients, but there are practical limits to the degree of particle size reduction as the birds 

may encounter difficulties consuming very fine or coarse particle feed (Omede, et al.,2008; 

Iwuji et al., 2013). It is important to note that young birds cannot eat very large particle size, 

as their beak is still small. Gentle, (1979) stated those mechanic receptors located at the beak 

of birds are used to distinguish the differences in particle size. It seems that optimum particle 

size appears to change with the age of the chicken. Young birds in the first three weeks can be 

fed fine particles (0.5-0.67mm) but as the birds get older, particle size of the diets needs to be 

increased (Nir et al., 1994a).  

Good uniformity of particle size has been reported to influence the performance of birds. 

Particle size should become a routine quality control measure and be incorporated into an on 

farm quality control program. Guidelines for establishing a routine particle size monitoring 

program should include checking ground grain or one complete diet at least twice a year and 

up to every 60-90 days for large operations (Robert et al., 2002;   Omede et al., 2011a). 

2.4.2. Bulk Density of Feeds 

Bulk density (BD) is expressed as weight of dry ingredient per unit volume (g/cm
3
). Studies 

on BD were initiated by Robertson et al, (1948), who found that 4 weeks old chicks had 20% 

lower body weight when the birds were fed a lower BD diet. Shelton et al. (2005), also 

reported lowered body weight of growing chicks fed diets having lower BD. They also 

reported that BD affects energy volume ratio, in which low BD diets showed low energy 
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volume ratio. According to Sundu et al, (2005a) BD is an important factor to be considered 

when determining storage volume, particularly in the digestive tract of young chicks.  

The value can vary for the same ingredients due to differences in particle size, dry matter 

content, compaction, contamination with foreign materials (Herrman, 2001) and nutrient 

content, particularly carbohydrate and lipid (Flores et al., 1994). Studies by (Omede, et al., 

2011), indicated that the metabolizable energy intake of birds was improved when dietary BD 

was increased and that BD affected the growth of younger birds more than those of older 

birds. According to the author, the limited gut capacity of young birds to hold digesta limits 

the amount of feed and energy consumed. As the birds get older, the capacity of the gut to 

hold food, and possibly to break down non starch polysaccharides(NSPs) increases due to gut 

development and therefore the birds become more tolerant to low BD diets. This simply 

implies that the bulk density property of diets should be based on the age of the animal 

making use of such feed.  

The BD and water holding capacity (WHC) of some feedstuffs at different particle sizes as 

reported by Sundu et al, (2005a) and Eastwood et al, (1983) is shown in table 2.3 while table 

2.4 shows the WHC, BD, and SG of some feedstuffs at different particle sizes as reported by 

Omede et al, (2011). 
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Table 2.4. Water Holding Capacity and Bulk Density of some feedstuffs 

  BD (g/cm
3
) 

 
WHC(gwater/gfeed)   

Feedstuffs Unmodified  

Particle size 

0.5mm 

Particle size 

0.5 

Particle size 

1.0mm 

Particle size 

Total wet  

Vol.(cm
3
/g) 

Corn 0.69 0.56 1.71 1.94 4.8 

Fishmeal 0.55 0.53 1.64 1.51 5.0 

Wheat 0.72 0.66 2.49 3.29 5.3 

Rye 0.73 0.57 2.32 3.36 5.8 

Triticale 0.69 0.65 3.08 3.47 6.3 

Soybean meal 0.73 0.58 2.77 3.30 6.5 

Palm kernel 

meal 

0.67 0.57 2.93 3.52 6.9 

Copra meal 0.56 0.49 4.14 4.69 10.6 

Mill run 0.36 0.44 4.16 6.64 11.7 

Sundu et al, (2005a), analysis of WHC by centrifugation method (Eastwood et al., 1983). 
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2.4.3. Water Holding Capacity of Feeds. 

Water holding capacity is measured as gwater/ dry feed. It expresses the ability of the fibre or 

non-starch polysaccharides (NSPs) to trap water swell and form gels with high water content. 

WHC of dietary fibre is usually considered as the amount of water held in association with 

fibre or NSPs, either as trapped water or bound water, and is a function of the source of the 

fibre and the method of measurement (Makinde and Sonaiya, 2007). The author equally 

reported that because WHC varies according to fibre sources, the holding capacity of these 

sources for other liquids or fluids may also vary.  

Many feedstuffs, which are concentrated sources of NSPs or fibres have been shown to hold a 

lot of water (Sundu et al., 2005a), and to have low bulk density. This negative correlation 

may be due to the fact that low bulk density feedstuffs contain large quantities of dietary 

fibres that have the ability to hold water. Low bulk density and high water- holding capacity 

need to be considered during feed formulation as these two properties have a bulk effect, 

which can reduce feed intake and affect animal productivity.  

Bulk density and water-holding capacity are two physical characteristics that could affect 

nutritional value of feed through their negative correlation (Sundu et al., 2005b). De Lang, 

(2000) reported that monogastric animals attempt to increase their feed consumption of diets 

containing high NSPs to maintain the rate of available energy intake. Kyriazakis and 

Emmams, (1995) noted that WHC is a good predictor of feed intake for monogastrics 

compared to feed digestibility and dietary fibre content. It is obvious that the main implication 

of WHC is the ability of NSPs to hold considerable quantities of water that could increase the 

bulk and passage rate of digesta (Smith and Annison, 1996). 

 



31 
 

2.4.4. Specific Gravity of Feeds 

Specific gravity also called relative density is a ratio of the density of substances to that of 

standard substances. The usual standard of comparison for solids and liquids is water at 

4
0
(39.2

0
f), which has a density of 1.000kg per liter (62.4 per cubic foot). Because it is the 

ratio of two quantities that have the same dimensions (mass per unit volume), specific gravity 

has no dimension (Encyclopedia Britannica, 2008). 

Specific gravity of feed and feedstuff has an important role in the transit of digesta particles 

through the gastro intestinal tract of animals as a measure of physical quality of feed. 

Kennedy and Pappi, (1984), reported that the functional specific gravity of the feed particles 

in sheep and cattle is a variable to be considered. Kaske et al, (1992) introduced particles of 

varying sizes and specific gravity into the rumen of sheep and concluded that in determining 

the probability of escape from the reticulo-rumen, the specific gravity of particles is superior 

to their size. Only small particles with a density equal to or higher than 1.22 showed a high 

probability of leaving the reticulo-rumen. 

Furthermore, Bhatti and Firkins,(1995), suggested that particles with specific gravity of less 

than 1.2 are likely to float above and those greater than 1.5 are likely to sink below the 

reticulo- omasal orifice, so 1.2-1.5 specific gravity was suggested as optimal for passage of 

particles in ruminant animals. These evidences therefore suggest the possibility of similar 

activities within the digestive tract of the monogastric animal especially within the crop of 

chicken and hence the need for further studies on the effects of feed specific gravity on 

poultry production(Okoli et al., 2009; Omede et al., 2011a; Omede et al., 2011b). 
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Table 2.5. The Bulk Density, Water Holding Capacity and Specific Gravity of Protein-Source 

and Industrial by- Products. 

Group of feed raw materials. 

Feed raw materials BD(g/cm
3
) WHC(gwater/gfeed) SG 

GNC 0.37 0.20 0.37 

SBM 0.45 1.46 0.45 

FFM 0.32 0.38 0.32 

LFM 0.35 0.28 0.35 

WO 0.30 0.50 0.30 

BDG 0.24 0.38 0.24 

PKC 0.36 1.29 0.36 

RH 0.26 0.29 0.26 

GNC=groundnut cake, SBM= Soybean meal, FFM= foreign fish meal, LLM=local fish meal, WO= wheat offal, 

BDG= brewers dried grains, PKC= palm kernel cake, RH= rice husk, BD= bulk density, WHC= water-holding 

capacity, SG= specific gravity. Copied from Omede et al,(2011a). Analysis of water-holding capacity by 

filtration method and bulk density described by Makinde and Sonaiya,(2007).  
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2.5. Physical Forms of Feed 

Feeding coarsely ground diets decreases the incidence of stomach lesions in pigs and the 

number of enterobacteria in the GIT of pigs (Mikkelsen et al., 2004). Growth performance 

can be compromised to some extent when livestock are fed coarsely ground diets (Eisemann 

and Argenzio, 1999), which can make this alternative unattractive. 

The physical forms of feed (mash, pellet and crumble) is a crucial factor in meat yield of 

broilers (Agah and Norollahi, 2008). Mash is a form of complete feed that is finely ground 

and mixed so that birds cannot easily separate out ingredients; each mouthful providing a 

well-balanced diet. Mash diets give greater unification of growth, less death loss and are more 

economical. However, ground feed is not so palatable and does not retain their nutritive value 

like the unground feed (Jahan et al., 2006).  

2.5.1. Pelleting of Feed. 

Pelleting is the act of modifying mash feeds into pellets. It is achieved by mechanically 

pressing the mash into hard dry pellets or artificial grains. It is generally accepted and when 

compared with mash feeds, the feeding of pellets improves broiler growth rate with an 

increased ingredient feed intake (Callet, 1965; Choi et al., 1986).  The reasons for the 

enhanced performance may be due to increased digestibility, decreased ingredients 

segregation, reduction of energy during prehension and increased palatability (Behnke, 1998; 

Omede et al., 2011). Pelleting of feed also provides the benefits of increasing the bulk density 

of feed, improving feed favorability and producing opportunities to reduce feed formula cost 

through the use of alternative feed ingredients (Fairfield, 2003). However, feeding pelleted 

ration is not enough to ensure enhanced performance of poultry, the quality of pellets must be 

taken into account (Briggs et al., 1999). 



34 
 

Pelleting is the most preferred heat treatment in the production of poultry feeds. The objective 

of pelleting is to agglomerate smaller feed particles into larger particles as pellets to enhance 

the economics of production by increasing the feed intake and thus growth performance and 

feed efficiency (NRC, 1973). However, due to the heat, moisture and mechanical pressure 

applied during conditioning and pelleting, some chemical and physical alterations occur that 

may have beneficial or detrimental effects on feed components, gastro intestinal development 

and subsequent bird performance (Abdullahi et al., 2013). Pelleting process may also result in 

partial denaturation of proteins, a process which can potentially improve protein and to some 

extent starch digestibility due to inactivation of proteinaceous enzyme inhibitors. Pelleting 

process also remains a potentially aggressive process on the stability of exogenous feed 

enzymes and vitamins, a major concern of feed manufacturers (Abdullahi et al., 2013).  

While physical pelleting quality is a critical factor to optimize feed efficiency and growth 

response of broilers, the balance between nutrient availability and physical quality of pellets 

is critical in determining the actual performance of broilers. Under the conventional pelleting 

process, good pellet quality is usually obtained at the expense of nutritional quality, hence the 

need for research on possible strategies to manufacture high quality and digestible pellets. 

Such strategies will require novel approaches of improving feed hygiene which are not 

detrimental to feed nutrients (Amerah et al., 2007).  

Pelleting reduces feed particle size and modifies the structure of the feed that affect digestive 

characteristics and growth performance of broilers. Pelleting may modify the functional 

properties (viscosity, binding, resistance) of the fiber fraction (Thomas et al., 1998) and the 

response of broilers to fiber inclusion. In this respect, Jiménez-Moreno et al. (unpublished 

data) indicated that diluting broiler diets with increased level of inclusion of insoluble fiber (0 

to 5%) increased gizzard weight; an effect that was more evident in mash than in pelleted 
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diets and in oat hulls containing,  than in sunflower or rice hulls containing diets. Probably, 

the structure and functional properties of insoluble fiber may be altered after pelleting. 

2.5.2. Crumbling of Feed 

Crumble is a type of feed prepared at the mill by pelleting of the mixed ingredients and then 

crushing the pellet to a consistency coarser than mash. Proudfoot et al, (1982), reported that 

birds fed a crumble-pellet diet grew more rapidly and this has made this form of feed to 

become popular in broiler production due to its convenience of feeding. Choi et al, (1986), 

equally reported that chicks fed the crumbled starter diet consumed more feed. Pelleting and 

crumbling process compacts the mixed feed ingredients and increases nutrient density and 

bulk density and do not affect trace mineral levels in feed. 

 

2.6. Chemical Properties of Poultry Feeds and their Effects on Poultry Performance 

 The chemical properties of poultry feeds vary among feed types and brands and can influence 

their feeding value, handling and storage characteristics. The chemical properties of feed vary 

among and within feed manufacturers. Chemical properties of poultry feed includes the ash 

content, crude protein, crude lipids, crude fiber, nitrogen free extract and ether extracts, 

(Burley et al.,1993). 

2.6.1 Crude Protein 

The term crude protein is really important in poultry feed or any feed. Normal analysis of feed 

measures the nitrogen content of feed and then based on protein containing an average of 16% 

nitrogen, the value of nitrogen is multiplied by 6.25 to arrive at a crude protein value. Crude 

protein has its value as a quick and relatively cheap measure to assess whether theoretical 
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feed formulation and actual feed analysis are comparable (Burley et al.,1993). NRC, (1998), 

listed the crude protein requirement of 0-3 week‟s old broilers as 23%.  

Bregendah, et al, (2002), reported a decreased feed efficiency and growth rate when low 

protein diets were fed to broilers. To replace the loss of crude protein and still maintain 

growth, synthetic amino acids can be used to meet the requirement for the limiting amino 

acids. Jones, (2005), demonstrated that diets low in crude protein can be supplemented with 

synthetic amino acids to maintain performance. The NRC, (1994), recommendation for crude 

protein is based on the amount of crude protein that needs to be in the diets. This is done 

assuming that no synthetic amino acids are supplemented to the diet and all amino acid 

sources are from typical ingredients that are fed to poultry commercially. It was observed that 

adding the synthetic amino acids glycine to diet low in crude protein prevented decrease in 

body weight due to a deficiency of glycine (Waldroup et al., 2005). 

2.6.1.1 Effects of Low Protein Diet in Poultry 

Reducing dietary CP levels is thus a key solution to control nitrogen excretion and ammonia 

emission in poultry husbandry. Besides environmental benefits, low CP diets also have 

impact on health by reducing the occurrence of digestive disorders and by improving health 

status of the animal environment. Thim et al, (1997) reported that when dietary protein level 

was reduced to 20% at a temperature higher than 26.7
o
C, an increase in feed intake was noted 

in response to protein dilution and energy protein widening which was non-significant.  

 Han et al, (1992), Bartov and Plavnik,(1998) and Hai and Blaha,(1998), reported no 

differences in feed intake of broilers when dietary CP contents were decreased from 23 to 

20%.  Kidd et al, (2001), Bregendahl et al, (2002) and Ferguson et al, (1998), reported 

significant increases in feed intake by broiler chicks fed on diets with CP 20% and 

http://ajinomoto-eurolysine.com/combating-acidification.html
http://ajinomoto-eurolysine.com/combating-acidification.html
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supplemented with amino acids as against those fed a 23% CP diet. Feed conversion ratio 

(FCR) was slightly improved by decreasing dietary CP level.  Kidd et al, (2001), Bregendahl 

et al, (2002) and Ferguson et al, (1998), noted significant increases in FCR of broiler chicks 

fed diets with 20% CP supplemented with essential amino acids (EAA) compared to those fed 

a diet with 23% CP.  

Kidd et al, (2001) and Bartov and Plavnik, (1998) also reported increased carcass yield when 

a low protein diet (19%) was fed as compared to high protein (22.5%) diet. In contrast, 

Bregendahl et al, (2002) reported that chicks fed low CP diet (20%) supplemented with 

essential amino acids gained less weight as against the control diet (23% CP).  Breast meat 

yield, abdominal fat and, CP and edible energy contents of breast meat remained unaffected 

in response to dietary protein dilution.  

Ideal protein requires that all amino acids are in exact amount and proportion for attending to 

the maintenance and the highest protein deposition requirement. All amino acids are equally 

limiting to animal growth. The reduction of any amino acids independent of the level, will 

cause its own deficiency and protein will become none ideal (Bargendah et al., 2002). Despite 

many studies that have been done for evaluating the effect of dietary protein on broiler 

performance, very few studies have been done comparing the different amino acids profile for 

broiler growth and body composition.  

Investigation evaluating diet protein levels of all initial phase showed that protein reduction 

affect chicken performance (Araujo,et al., 2001; Fairfield, 2003).  Araujo et al, (2001) 

reported that using the same amino acids (methionine, lysine, threonine ), it is possible to use 

diet containing 17% of protein without affecting broiler chicken performance. Cabino, (2001) 

while using the same amino acids including tryptophan, reported a reduction in the 

performance of broiler chicken when fed with low protein diet. Kerr and Kidd, (1999b) 
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reported that feeding birds with diets containing 18-20% of protein threonine-supplemented 

did not affect weight gain and feed conversion. Feeds formulated according to ideal protein 

concept for broiler chicken from 21-42 days of age and raised at 20, 25 or 33
0
C observed 

reductions in weight gain and feed conversion in birds at 33
0
C, but 20-25

0
C there were no 

performance changes. 

Fairfield,(2003), reported a lower carcass yield in broiler fed diets with low crude protein 

content from 21-42 days of age. The low protein diets increased maintenance energy 

requirement and decrease broiler chicken performance at high ambient temperature while 

carcass protein and fat deposition are affected by the level of protein in the diet.  

2.6.1.2. Effect of High Protein Diet in Poultry 

Similar to other species, a large part of the dietary nitrogen intake is not retained by the 

broiler but is excreted into the environment. Using standard diets, only 45% of dietary 

nitrogen intake is retained by the broiler body, and the rest is excreted into the litter with 

about 40% converted to ammonia leading to a deterioration in litter quality and so a 

deterioration in health status of the birds. A high CP level in the feed is moreover reported as 

a predisposing factor for necrotic enteritis. An excess of protein would also lead to a 

physiological need for an increase in water consumption to achieve efficient nitrogen 

excretion. As a consequence, high CP diets lead to higher levels of nitrogen and water 

excretion compared with low CP diets, leading to deterioration in litter quality and the birds‟ 

environment. Temim et al, (1999) reported that feeding broiler chickens with high protein 

diets (25 vs. 20%), at high ambient temperature (32
0
C), during the growing period improved 

weight gain.  Zarate et al, (2003) evaluated a commercial diet with or without essential amino 

acids supplementation and had a minimum effect on heat production with more energy 

utilization for fat deposition than to protein synthesis.  
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Dietary CP level could possibly be reduced if there were adequate minimum levels of amino 

acids needed to support growth and muscle of broilers (Firman and Boling, 1998). Broiler 

chicks fed diets marginal in protein but fortified with methionine and lysine have been 

reported to perform well as those fed a diet higher in protein (Jensen and Colnago, 1991). 

Birds utilize excess dietary amino acids inefficiently because the amino acids surpluses to the 

birds‟ requirements are deaminated and nitrogen is excreted as uric acid. On the other hand, 

birds fed on diets marginal in amino acids will over consume to meet their requirements for 

gain, thus resulting in increased carcass fat contents with reduced feed efficiency (Thomas et 

al., 1978). If the amino acid pattern provided in the diet exactly matches the birds‟ amino 

acids requirements, excesses can be avoided. Consequently, protein accretion can occur with 

maximum efficiency (Chung and Baker, 1992). Reduction in CP also reduces the nitrogen (N) 

level in excreta and litter, thereby decreasing disposal problems (Moran et al., 1992).  

2.6.2. Crude Fibre 

 McDonald et al, (2002) define fibre as a term that refers to cell walls of plant tissue that 

mostly consist of lignin, cellulose as well as hemicelluloses. Further, the author defined it as 

the composition of plant cell that is resistant against enzymes in the small intestine. The term 

crude fibre originated from the science of feed analysis more especially the Weende analysis 

system of feed analysis. 

 

Crude fibre comprises the roughage in feed raw materials, also referred to as structural 

carbohydrate. Plant structural carbohydrates are composed of cellulose, hemicelluloses and 

indigestible materials mainly lignin. Researches on poultry behavior have produced a growing 

body of evidence showing a positive effect of crude fibre (Roughage), (Hertini et al., 

2002;Neuteld, 2008; Van Krimper, 2009). 
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From the chemical viewpoint, fibre is illustrated as non-starch polysaccharides. According to 

McNab and Boorman ,(2002), non-starch polysaccharides could be divided into two types of 

soluble and insoluble NSP.  

2.6.2.1. Dietary Fiber in Poultry 

Traditionally, DF has been considered an anti-nutritional factor and diluents in non-ruminant 

diets. Also, many nutritionists have considered that the requirements of broilers for crude 

fiber (CF) are low and recommended to reduce its content in diets for broiler chick to less 

than 3.0-4.0%, depending on the age (Swennen et al., 2010). Carré, (2004) indicated that 

fibrous components of the food had negative effects on growth performance of the broiler 

chicks. In fact, these authors reported a strong negative correlation between CF of the diet and 

protein and ether extract digestibility.  

Sklan et al, (2003) observed that increasing the CF content of the diet from 3 to 9% reduced 

growth performance and impaired nutrient retention in turkeys. However, the influence of CF 

content in the poultry diets on voluntary feed intake and digestibility of nutrients is subject to 

debate. Studies by (Mateos et al., 2002; Montagne et al., 2003; Mateos et al., 2012) defined in 

detail the beneficial effects of fiber on growth performance and its influence on satiety and 

animal welfare, gut health including non-specific colitis and other enteric disturbances, 

changes in the intestinal micro flora and gizzard activity and motility of the TGI. 

Consequently, fiber fraction is not considered as anti-nutritional component to the diet. In 

fact, it has been shown, that inclusion of moderate amount of fiber in diets for broilers may 

have positive effects on gizzard activity, improving the mixing of the digesta and motility of 

the GIT, gut health preventing the adhesion of certain pathogen bacterial population to the 

epithelial mucosa, and growth performance of non-ruminant animals.  
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Under practical conditions, the response of these variables to the incorporation of fiber in the 

diet depends to a great extent on the nutritional technologies and management techniques 

used, including type of housing (cage vs. floor pens), composition and physical structure of 

the basal diet (i.e. type of cereal), type and level of inclusion of fiber, feed form (mash vs. 

pellet or crumbles), health status (i.e. conditions of hygiene and incidence of diseases and 

digestive disorders), and age of the bird. 

The controversy of the effects of the fiber on the broiler productivity might be because of the 

term of “dietary fiber” that is not clearly defined. Originally the main method used for 

analysis of fiber in feedstuffs was the CF, a method that is still widely accepted by the feed 

industry. Other methods provided are neutral detergent fiber, acid detergent fiber and lignin. 

All these analytical methods are more satisfactory alternative for defining and characterizing 

the fiber content of the ingredients. The term “dietary fiber” is, in most recent animal nutrition 

studies, defined as “edible parts of plants or analogous carbohydrates that are resistant to 

digestion and absorption in the human small intestine, with complete or partial fermentation 

in the large intestine” (AACC, 2001). 

It is common to characterize DF based on its solubility in water. The soluble fiber 

corresponds to water extractable polysaccharides that precipitate in alcohol or acetone 

solutions, and includes among others β-glucans from barley and oats, arabinoxylans from 

wheat and rye, pectins from fruits and beet pulp and galactomanans from legumes. In 

contrast, insoluble fiber is composed of cellulose and hemicelluloses, and certain amounts of 

pectin substances, protein bound to the fiber and lignin. Dietary fiber exhibits a range of 

physical properties that act in concert with the chemical properties to determine the 

physiological effects in animals. Differences in structure, solubility, water holding capacity, 

viscosity, bulk and other physicochemical properties of fibrous ingredients may affect in 
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different ways the structure of the digesta and passage rate through GIT (Denbow 1994). 

Consequently, feed intake, development and epithelial morphology of the GIT, GIT motility, 

digestive juices secretion and nutrient digestion and absorption may vary depending on the 

source of fiber (Montagne et al., 2003; Svihus, 2011; Mateos et al., 2012). On the other hand, 

chemical composition and fermentative capability as well as the grade of lignification of the 

source of fiber may affect growth and distribution of the species and the total population of 

the resident micro flora in the GIT. 

2.6.2.2. Effect of High Crude Fibre in Poultry Diets. 

Diets high in fiber usually contain a low energy density that may decrease feed intake and 

feed conversion ratio in broilers. However, different authors demonstrated that the inclusion 

of moderate amounts of insoluble DF does not affect voluntary feed intake in broilers 

(Jiménez-Moreno et al., 2010; Sacranie et al., 2012). In fact, González-Alvarado et al, (2007) 

studied the effects of inclusion of 3% oat hulls or soy hull into a control diet based on corn 

that contained 2.5% CF or a control diet based on rice that contained 1.5% CF. In the period 

from 1 to 21 days, the feed intake and BWG were increased and feed conversion ratio (FCR) 

improved by the inclusion of both fiber sources.  

Jiménez-Moreno et al., (2011) studied the effects of diluting a broiler diet with increased 

levels of pea hulls (0 to 7.5%) on growth, energy efficiency and nutrient digestibility of 

broilers from 1 to 18 d of age. The inclusion of up to 5% pea hull improved most performance 

traits studied, as well as nutrient digestibility.  When 7.5% pea hull was added to the diet, the 

benefits disappeared but still most traits were similar to those of the control diet. Probably, 

level and type of DF as well as age of the bird, modifies the response of broilers with respect 

to feed intake. For example, González-Alvarado et al., (2010) reported that the inclusion in 
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the diet of 3% sugar beet pulp, a source of soluble DF, reduced feed intake from 25 to 42 day 

of age as compared with a diet containing 3% oat hulls. 

However, no negative effects of sugar beet pulp inclusion were observed during the first 10 

day of life. Sugar beet pulp has high pectin content and pectin are characterized by their high 

water holding capacity and swelling capacity (Serena and Bach Knudsen, 2007). A wetter and 

bulkier digesta, as occurs when sugar beet pulp is included in the diet, causes physical 

distension of the GIT which might affect the physiological mechanisms that regulate feed 

intake (Denbow, 1994). In this respect, Pettersson and Razdan, (1993) observed that feed 

intake in 18 day-old chicks was reduced when the level of sugar beet pulp of the diet was 

increased from 2.3 to 9.2%. Also, Shakouri et al., (2006) observed that the inclusion of 3.0% 

of either carboxymetil-cellulose or highly methylated citrus pectin reduced feed intake. 

Probably, lower feed intake may be attributed to an increase in digesta viscosity and a longer 

retention time of the digesta in the GIT. 

Generally, poultry-feed manufacturers and poultry producers believe that fiber content must 

be kept below 7% in poultry feed. Fiber is viewed negatively as it declines production as well 

as chicken growth i.e. it tends to decrease the effectiveness of feed utilization. According to a 

survey by (Swennen et al., 2010), the chickens‟  welfare may be improved due to the fiber in 

the feed from two facets mentioned below.  

First, chickens that were fed with lower quantities of fiber suffered from cannibalism more 

than those that were fed with diets of higher fiber. Perhaps, this is because of the longer 

period of time they needed to digest such high-fiber feed or for the reason that they were 

given more feed. Still, the exact relationship is under study. Secondly, fiber ingredients in 

laying hens‟  diet could decrease the ammonia emission in their manure, as indicated by 

another research. In order to provide energy for good-bacteria, fiber in the chickens‟  
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digestive tract replaces some of the nitrogen (nitrogen changes into uric acid and then leads to 

ammonia emission). Additionally, the rise of bacterial metabolism changes ammonia into 

ammonium and for chickens‟ health, ammonium is less volatile. In order to improve the 

chickens‟ welfare, a higher fiber diet must be applied. (Sklan et al., 2003). 

Dietary fiber is indispensable for regulating digestion in broilers and laying hens. The 

fermentation in the small intestine is aided by high-starch diets while pathogens could 

multiply very fast and harm the digestive processes of poultry.  Angel, (1996) describes 

ostriches as herbivores (plant-eaters) with digestive systems adjusted to deal with large 

quantities of low-quality, fiber-rich plant material (roughage). Monogastric animals‟ lower 

digestive tract mainly digests and absorbs fiber-rich material.   

2.6.2.3 Effect of Dietary Fiber on Small Intestines and Apparent Digestibility in Turkey 

Hens 

Turkey hens at three ages were fed with three crude fiber dietary concentrations in order to 

find out the possibility of using high fiber diets in their rations. Besides, performance, fiber 

digestibility and small intestinal morphology were established, too. In diets containing 80 to 

90 g crude fiber/kg growth rate and feed efficiency declined, but growth did not change when 

60 g crude fiber/kg was fed between 1 and 4 weeks or between 6 and 8 weeks and was 

increased between the age of 11 and 14 weeks. (Sklan et al., 2003). 

At fiber intakes of 80 to 90 g/kg between 1 and 4 weeks, digestibility of crude protein, fat and 

gross energy (GE) decreased but not at later ages. Age enhanced crude fiber digestibility and 

dietary fiber content reduced it. High dietary crude fiber intake enhanced total small intestinal 

length and surface area between 11 and 14 weeks. As a result of feeding the various crude 

fiber concentrations, small yet inconsistent variations in the length, diameter and number of 

villi, villus size as well as area were detected in the duodenum, jejunum and ileum at the 
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different ages. Turkeys can use crude fiber slightly and concentrations of 60 g fiber/kg diet 

did not cause reduced performance after the age of 6 weeks.(Sklan et al., 2003). 

2.6.3. Fat and Oil in Poultry Diet 

The term fat (animal or vegetable) is used as a synonym for lipid in the human food as well as 

in the ingredients for animal nutrition. The addition of fat to diets, besides supplying energy, 

improves the absorption of fat-soluble vitamins, increases the palatability of the rations, and 

increases the efficiency of the consumed energy (lower caloric increment). Furthermore, it 

reduces the passage rate of the digesta in the gastrointestinal tract, which allows a better 

absorption of all nutrients present in the diet. 

The terms fat and oil refer to triglycerides of several profiles of fatty acids. The fats and oils 

are ethers of glycerol; the former are solid, whereas the latter are liquid at room temperature. 

Lipids constitute the main energy reserve of animals and it has the highest caloric value 

among all nutrients. The carbon atoms of the fatty acids are chemically more reduced than 

carbon atoms found in sugar; therefore, the oxidation of triglycerides releases more than twice 

as much energy as carbohydrates. The deposition of 1g of energy from carbohydrates or 

protein by an animal requires higher quantities of these nutrients in comparison to the 

deposition of 1 g of energy from fat. Moreover, carbohydrate and protein reserves would be 

larger in function of the polar characteristic of these substances, which would include water in 

these deposits (Lehninger et al., 2000). 

Considering diets with similar nutritive value, chickens fed rations containing oil showed 

better performance than birds fed diets without oil inclusion (Maura, 2003). The final 

composition of body fat is a pondered average among the fat produced endogenously from 

glucose, the quantity and composition of the fatty acids in the diet and the fat resulting from 

catabolism through β-oxidation (Ajuyah et al., 1991; Ferreira, 1999; Sanz et al., 2000b). 
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Carew et al,(1972) evaluated the absorption of corn oil and tallow in light male birds and 

observed that absorption of both fats was lower in younger birds. 

The capability to absorb corn oil increased from 84 to 95% from the first to the second week 

of age and absorption of tallow was increased from 40 to 79%. These results indicated that 

newly hatched chicks do not have complete physiological ability to absorb fat. Nevertheless, 

this ability develops quickly after the first days of life. Broiler breeder males showed lower 

apparent digestibility of fat in the first week of life than in the second and third weeks of age 

(Mahagna et al., 1988). 

Despite the existing contradictions in the literature and the common sense between the 

nutritionists that the chicks on the first days of age are not able to digest oils, Zelenka et al, 

(1997) used 2.9% and 3.3% of ether extract in the diet in two experiments and demonstrated 

that the apparent digestibility of the fat is high during the first week of age, low on the second 

and high after the third week of life. Noy and Sklan, (1995) studied the digestion and 

absorption of fats in young birds (from 1 to 21 days) and reported that the true digestibility of 

the unsaturated fat in four-day-old birds was higher than 85%, increasing a little on the 

subsequent days. This demonstrates that the activity of lipases and bile salts on the fourth day 

of age were enough for the complete fat digestion. It was concluded that fat digestibility is not 

a limiting factor for the growth of young birds. 

According to Freitas ,(1999) broilers show high digestibility of fat on the first week of life 

and the inclusion of oil in the initial diet promoted better performance of the chickens until 21 

days of age. During the first three weeks of age, chicks fed diets with oil showed higher 

apparent digestibility values of ether extract than the ones that received rations without oil 

(CanÁado, 1999). The process of oxidative rancidity or peroxidation and the consequent 

rancidification is the major cause of loss of quality of the ingredient or ration. It affects flavor, 
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aroma, color and texture, and also decreases the nutritive value. Moreover, fat-soluble 

vitamins are destroyed by this process, especially vitamins A and E (Shermer, 1990). Oils and 

fats composed made up of unsaturated fatty acids suffer the attack of free radicals. The 

chemical structure allows the removal of a hydrogen atom from a CH2   group of the carbonic 

chain and consequently a free radical is formed, starting a lipid peroxidation process. 

This reaction may occur at environmental temperatures, but can be rapidly increased on the 

presence of catalyzers such as other peroxides, copper, iron, nickel, cadmium, zinc, high 

temperatures and light. The combination of several free radicals of fatty acids produces a 

huge variety of stable final products: hydrocarbons, aldehydes, ketones, alcohols, and organic 

acids (Menten et al., 2003). 

Deaton et al., (1981) used diets with similar nutritive values added with 4, 7 and 10% of 

animal fat, and observed that the increasing fat level of the diet increased the quantity of 

abdominal fat, corroborating results reported by Wiseman,  and McNab, (1995).   Poultry fat, 

also known as viscera oil is obtained after the extraction of fat by autoclaving or in a 

percolator tank and expeller. Product yield varies from 1.3 to 1.6% of the live weight of the 

bird (Mano et al., 1999). This range depends on the level and source of energy used in the 

ration, besides sex, age and weight of birds at slaughter. Higher percentages of fat are 

obtained when higher levels of energy are used, older birds are slaughtered and consequently 

with higher live weight; moreover, females produce more fat than males, independent of 

dietary energy level and age at slaughter. 

Assessing the effects of the mixtures of vegetable and animal fats, corn oil and poultry fat on 

the proportions of 0, 3, 6 and 9% in the alimentation of broilers, Griffiths et al., (1977) 

observed that the birds fed with corn oil and poultry fat was significantly heavier than birds 

non-supplemented with fat. Weight gain, feed intake and feed conversion of broilers fed with 
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diets containing 4% of poultry fat, 4% of soybean oil or a mixture of 2% of soybean oil and 

2% of poultry fat were not affected by oil sources. 

According to Edwards et al, (1973), the inclusion of poultry fat in broiler diets resulted in an 

increase in the deposition of oleic acid and a reduction in the levels of the linoleic acid in the 

adipose tissue of the birds. The use of cotton oil or acid cotton oil increased the deposition of 

linoleic acid. Similar results were obtained by Lara et al.,(2003) who observed a higher 

deposition of monounsaturated fatty acids on the carcass of broilers fed with poultry fat when 

compared to birds fed with raw soybean oil and acidulated soybean oil soap stock. 

2.6.3.1. Fat Digestibility in Young Chicks 

It has been proven that fat digestibility is not a limiting factor in the growth of young broilers 

(Noy and Sklan, 1995). These authors reported that the true digestibility of the unsaturated 

fatty acids in four-day old birds was over 85%, which demonstrates that the activity of lipases 

and bile salts by the fourth day of age were sufficient for near complete fat digestion. It has 

also been shown that fats of vegetable origin are more digestible in young birds. For example, 

the capability of broiler chicks to absorb vegetable oil increased from 84% during the first 

week of age to 95% during the second, while the absorption of tallow increased from 40 to 

79% over the same time period (Carew Jr, et al., 1972). The metabolizable energy of a corn-

soy diet supplemented with soybean oil was maximized as early as two weeks of age in 

broilers (Batal and Parsons, 2002). Day-old broiler chicks had increased apparent fat 

digestibility when fed with soy oil at a dietary inclusion level of 3.5% (Zollitsch, et al., 1997). 

2.7.0 Feed Formulation Problem in Nigerian Poultry Farms 

Poultry has become a popular industry for the small holder farmers with tremendous 

contribution to Nigeria GDP and employment opportunities creation (Adebayo and Adeola, 

2005; Okonkwo and Akubo, 2001). It is therefore important that poultry farming be carried 
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out efficiently for high productivity and sustainability of the industry in Nigeria. It has been 

established that feeding constitutes over 70% of the total cost of egg and broiler production 

(Afolayan and Afolayan, 2008) which implies that efforts to increase poultry industry 

productivity should be directed towards improving feed formulation system. 

2.7.1. The Growth Performance of Turkey Poults on Broiler Diet. 

Turkey is an important poultry species reared for meat in Nigeria, but not fully exploited 

commercially, hence balanced feed formulation for turkey is not commercially available. 

Although the feed ingredients for ration formulation are the same from those of chicken, the 

feed requirements differ from those of chickens. Tyagi, (2001) suggested that turkey diet 

should contain a narrower energy to protein ratio as compared to chicken diet. Bhanja and 

Majumder, (2001), suggested that turkey needs high protein diet at early stage (i.e. 28% 

protein) and 2800 kcal ME with Lysine (1.6%) and methionine (2.55%) and at four weeks of 

age, 25% protein with 3000kcal ME. Afterwards, the protein content slowly decreases and 

dietary metabolic energy is increased with age.  

Kirki, (2004) observed that poor feed efficiency was associated in turkey poults fed broiler 

diets as compared to standard formula diet of 28% protein with 2800kcal ME up to 5 weeks 

and 24% protein with 2900kcal ME for 6-10 weeks. This indicated that commercially 

available broiler ration may not be able to sustain rapid growth of turkey particularly at early 

age due to low protein content and a wider energy ratio along with lower percent of lysine and 

methionine. 

In general, commercial broiler starter ratio has 23% protein and 2900kcal ME with lysine (2-

22%) and methionine (0.83%) (Ponda et al., 1997). Sell et al., (1999) reported that reduce 

level of protein can decrease early growth in turkeys. Waitel et al., (2000) stressed that lysine 
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and methionine are first and second limiting amino acids in soybean, corn meal diet for 

turkey.  
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CHAPTER THREE 

                                             MATERIALS AND METHODS 

3.1. Experimental Site 

The experiment was carried out at the Poultry unit of the Teaching and Research farm, School 

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

located in the South – East agro-ecological zone of Nigeria (5
0 

29
! 
N and 7

0
 02

! 
E), and an 

elevation of 90.91m. The environment has an annual rainfall of 2641mm, temperature of 

26.6-27
0
C and relative humidity of 70 – 86.6%. The duration of the dry season (number of 

months with less than 65mm of rainfall) is 3 months and the annual evapotranspiration is 

450mm. The soil is sandy loam with average pH of 5.5. (Adeyemi, 2011). 

3.2 Experimental Feeds 

A total of 3 commercial starter and 3 commercial grower broiler feeds and one formulated 

poult starter and grower as (control) feeds were used for the study. The feeds were made up of 

the formulated control feed (A) (Table 3.1) and three brands of commercial broiler feeds (B, 

C and D). Samples of the starter and grower feeds were analyzed for their chemical 

composition and physical characteristics. They were fed to turkey poults to assess their 

nutritive values from their effect on performance.  
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3.3.0 PHYSICAL ANALYSIS OF FEED SAMPLES. 

3.3.1 Bulk Density (BD) Measurement 

The method described by Makinde and Sonaiya,(2007) was adopted. Pyrex glass funnel of 

known volume (165 cm
3
, 75mm internal diameter) was first weighed with a weighing balance 

(Silvano model BS - 2008). Samples of the feeds were then poured into the funnel and its 

content weighed.  The initial weight of the funnel was then subtracted from the final weight to  
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Table 3.1: ingredient composition of formulated Turkey Starter and Grower feed 

Ingredients (%) Starter Grower 

Maize 

Soybean meal 

Spent grain 

PKC 

Bone meal 

Lysine 

Methionine 

Vitamin premix* 

Salt 

42.20 

40.50 

11.00 

- 

  2.30 

  0.25 

  0.25 

  3.00 

  0.50 

46.00 

32.00 

  7.00 

  6.50 

  3.50 

  0.25 

  0.25 

  4.00 

  0.50 

Total 100.00  100.00 

Chemical Analysis (%)   

Moisture 10.06 10.60 

Crude protein 22.60 20.96 

Crude fat 6.02 5.97 

Crude fiber 5.77 5.58 

Ash 7.04 6.94 

NFE ss47.97 49.95 

ME (kCal/kg) 3206.47 3227.40 

* To provide the following per kg of feed: vitamin A, 12,000 iu; vitamin D3, 2,500 iu; vitamin E, 8mg; vitamin 

K3, 2 mg; vitamin B1, 23 mg; vitamin B2, 5 mg; vitamin B6, 4 mg; vitamin B12 8 mg, Niacin, 15 mg; pantothenic 

acid, 6 mg; folic acid, 4 mg; Manganese, 8 mg; zinc, 0.05 mg; iron, 20 mg; copper, 3 mg; iodine, 1.2 mg; 

selenium, 0.16 mg; cobalt, 2 mg. 
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Obtain the weight of test material. The weight of the test materials was then divided by the 

known volume of the funnel. Each feed sample (<1.00mm) was replicated four times. 

3.3.2. Water Holding Capacity (WHC) Measurement. 

The filtration method described by Makinde and Soniaya (2007) was adopted with slight 

modification. A Pyrex glass funnel of known volume (165cm
3
, 75mm internal diameter) lined 

inside with filtered paper (NO.1, 11mm diameter) was weighed using a weighing balance 

(Silvano, model BD-2008). Sample of the feed was poured into the funnel and leveled off to 

the brim without pressing. Another filter paper was placed on the top of the feed sample. The 

funnel and its content were again weighed and the difference between both weights 

determined to obtain the dry weight of the feed sample. The funnel and its content were set up 

below a burette filled with water.  

Water from the burette (70 drop by minutes) was allowed to drop on the known volume of 

feed sample in the Pyrex funnel and at the first drop of water from the funnel, the burette was 

stopped and the wet sample weighed. The volume of water absorbed by the feed sample was 

read off from the burette. The initial weight of the funnel and its content was then subtracted 

from the final weight (weight of the wet set-off) to obtain the weight of water held by the feed 

sample.  The weight of the dry feed was given as water holding capacity of the sample in g 

water/g dry feed. This step was repeated four times for each feed sample 

3.3.3. Specific Gravity (SG) Measurement.  

Specific gravity of a substance is a comparison of the density of that substance relative to a 

standard value (density of water). The procedure used in determining BD was repeated to 

determine BD of feed of 1kg feed sample. The BD value was used to determine SG of the 

feed sample as a ratio of the bulk density of known mass to the density of water.  
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3.4.0 CHEMICAL ANALYSIS OF FEED SAMPLE 

Samples of feeds used in the study were sent t Jaegee W.A. Ltd Ibadan, Nigeria for chemical 

analysis. The dry matter (DM%), Crude protein (CP%), Mineral Matter (MM%), Crude fiber 

(CF%), Ether extract (EE%) and Nitrogen free extract (NFE) compositions of the 

experimental diets were analyzed using the method of AOAC,(1990). ME was estimated by 

employing the formula proposed by Wiseman, (1987), ME (kcal/gDM)= 3951+ 54.499-

88.7CF-40.8Ash. 

 

3.5 Experimental Birds and Design 

One hundred and twenty (120) 7-day-old turkey poults were used for the study. The turkey 

poults were divided into 4 treatments representing the 4 feed brands and housed in an open-

side naturally ventilated house. The house was divided into 12 pens of equal size (1.5m x 

1.5m) using woods and wire netting. Wood shavings were used for bedding. Three pens 

containing 10 poults each were assigned to each of the four brands of feed: control (A) and 

commercial feed brands (B, C and D) respectively.  To maintain brooding temperature, each 

pen was heated with a lantern and kerosene stove, and covered with black polythene for the 

first 2 weeks. Each pen was provided with a waterer and feeder.  

Broiler starter diet was provided for the first 28days, followed by the finisher from 29 to 

84days. In all cases feed and water were provided ad libitum. All the turkey poults were 

vaccinated against Newcastle Disease and Infectious Bursal Disease. Other routine 

management practices and medications were carried out according to recommendations. The 

design was a complete randomized design (CRD). 
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3.6. Data Collection 

The birds were weighed at the beginning of the experiments and weekly thereafter. Daily feed 

intake was obtained by subtracting the weight of left over feed from the weight of feed 

offered the previous day. Feed conversion ratio which is the amount of feed use to achieve a 

unit gain weight was obtained by dividing feed intake by weight gain. 

3.7. Data Analysis 

Data on physical characteristics, chemical composition and feeding value of the four brands 

of feed were analyzed using linear model computer based R software according to the 

Institute for Statistic and Mathematics, (2014). Significant differences among means were 

determined using Duncan‟s multiple range test procedurse using the same software. 
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CHAPTER FOUR 

4.0.                                              RESULTS AND DISCUSSIONS 

4.1.0. Results 

4.1.1. Physical Properties of Formulated and Commercial Feed Brands. 

Bulk density, water holding capacity and specific gravity of the formulated feed (A) and 

commercial broiler feed brands (B, C and D) are described in table 4.1. The bulk density 

values of the starter and grower feeds ranged from 0.584- 0.672 and 0.538- 0.657 

respectively. Feed A had the highest bulk density in both starter and grower followed by feed 

C for the starter and feed D for grower. Feed B had the lowest value very close to D for the 

starter feed while feed C had the lowest value for the grower feed.  

Water holding capacity of the feed ranged from 0.728 - 1.309 for starter feeds and 1.047- 

1.156 for grower feeds. Feed B had the highest water holding capacity followed by feed A in 

the starter feed while feed A had the highest value followed by C in the grower. Feeds D and 

B had the lowest WHC values for the starter and grower feeds, respectively.  

Specific gravity values of 0.583- 0.657 for starter and 0.538- 0.657 for grower feeds were 

recorded. The formulated diet (A) had the highest specific gravity values in both the starter 

and grower feeds while D and C had the lowest values in the starter and grower feeds, 

respectively.  
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Table 4.1. Physical Characteristics of the Experimental Feeds Fed to Turkey Poults. 

abc 
:means within rows with different letter superscript differed significantly (p<0.05). 

BD=bulk density, WHC= water holding capacity, SG= specific gravity 

 

 

 

 

 

 

 

 

PARAMETERS A B C D SEM 

BD starter (g/cm
3
) 0.672a 0.586

b
 0.612

b
 0.584

b
 0.012 

WHC starter (gwater/gfeed) 1.209
a
 1.309

a
 1.093

b
 0.728

c
 0.068 

SG Starter 0.672
a
 0.586

b
 0.612

b
 0.584

b
 0.012 

BD grower(g/cm
3
) 0.657

a
 0.585

b
 0.538

c
 0.596

b
 0.013 

WHC grower (gwater/gfeed) 1.156 1.047 1.133 1.093 0.020 

SG grower 0.657
a
 0.585

b
 0.538

c
 0.596

b
 0.013 
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Proximate analysis of the different feed samples showed that the moisture content ranged 

from 9.4 – 11.1%, crude protein from 12.04 – 22.6%, ether-extractable lipid from 4.68 – 

6.54%, crude fiber from 2.81 – 6.43%, ash from 4.26 – 8.75% and nitrogen free extract from 

47.97 – 63.53% for the broiler starter feeds and 10.5 – 11.4%, 12.69 – 20.96%, 4.96 – 6.77%, 

4.70 – 9.97%, 6.47 – 10.69%  and 46.95 – 59.33% for grower feeds respectively. The 

calculated metabolisable energy (ME) value of the feed samples ranged from 3185.87 – 

3582.44Kcal/kg and 2685.01 – 3324.63Kcal/kg for the starter and grower feeds respectively.  

The proximate compositions values (tables 4.2 and 4.3) varied between the formulated feed 

(A) and the commercial feeds (B, C and D) and between the commercial feeds. The crude 

protein values of the commercial feeds were lower than the NRC (1994) recommended value 

(22-24 % CP) for broiler starter and grower feeds. The energy values also varied between 

feed A and the commercial feeds and between the commercial feeds with values higher than 

NRC (1994) recommended value (2800-3000kcal/kg ME) for broiler starter and grower feeds. 

 

4.1.2. The Chemical Composition of Experimental Diets. 

Data on proximate analysis of the formulated (A) and commercial feed brands (B, C and D) 

are shown in table 4.2. Moisture content ranged from 9.4 – 11.1 and 10.5 – 11.4 % in starter 

and grower feeds, respectively. Feed C and D had the highest moisture content in the starter 

and grower feeds while feed B and C had the lowest values respectively.  

Crude protein values ranged from 12.04 – 22.6 and 12.69 – 20.96% for the starter and grower 

feeds, respectively. The formulated diet (A) had the highest crude protein values in both the 

starter and grower feeds while D had the lowest values in both the starter and grower feeds, 

respectively.   
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Table 4.2.   Proximate Compositions of Formulated and Commercial Broiler Starter and 

Grower Feeds. 

      Feed Samples 

PARAMETERS  A  B   C   D  

Moisture (%) 
Starter              10.06  9.40±6.56  11.10±10.34  11.00± 9.34 
Grower              10.60  10.60±0.00         10.50±0.94             11.40±7.55 
Crude Protein (%) 
Starter               22.60  16.79±16.79          19.55±19.55                12.04±12.04 
Grower             20.96  13.72±34.54         14.04±33.02                12.69±39.46 
Crude Fiber (%) 
Starter             5.77      5.06±12.31            6.43±11.44           2.81±51.30 
Grower             5.58      8.69±55.73           4.70±15.77           9.97±78.67 
Crude Fat (%) 
Starter             6.02       4.67±22.43             4.68±22.26             6.54±8.64 
Grower             5.97       6.11±2.35              4.96±16.92             6.77±13.40 

Ash (%) 
Starter             7.04     8.75±24.29              6.11±13.21           4.26±39.49 
Grower            6.94     9.15±31.84             6.47±6.77                    10.69±54.03 
MEE (%) 
Starter      47.97    55.36±15.41           52.13±8.67                 63.53±32.44 
Grower           46.95    51.73±3.56             59.33±18.78           48.48±2.94 

MEE (Kcal/Kg) 
Starter    3206.47 3199.68±0.21   3185.87±0.64        3582.44±11.73 
Grower        3227.40    2861.38±11.34  3324.63±3.01         2685.01±16.81 
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Ether extract values ranged from 4.57 – 6.54 and 4.96 – 6.77% for the starter and grower 

feeds, respectively. Feed D had the highest ether extract values in both the starter and grower 

feeds while B and C had the lowest values in the starter and grower feeds, respectively.    

Crude fibre values ranged from 2.81 – 6.43 and 4.70– 9.97% for the starter and grower feeds, 

respectively. Feed C and D had the highest crude fibre values for the starter and grower feeds 

while D and C had the lowest values in the starter and grower feeds, respectively.    

Ash content values ranged from 4.26 – 8.75 and 6.47– 10.69% for the starter and grower 

feeds, respectively. Feed B and D had the highest ash content values for the starter and 

grower feeds while D and C had the lowest values, respectively.    

Nitrogen free extract (NFE) values ranged from 47.97- 63.53% and 46.95- 59.33% for the 

starter and grower feeds, respectively.  Feed D and C had the highest NFE values for the 

starter and grower feeds while A had the lowest values in both the starter and grower feeds. 

Energy values ranged from 3185.87- 3582.44Kcal/kg and 2685.01-3324.63kcal/kg for the 

starter and grower feeds, respectively. Feed D and C had the highest energy values for the 

starter and grower feeds while C and D had the lowest values, respectively.   
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4.2.0. Performance of Turkey poults fed formulated and different brands commercial 

broiler starter feeds 

4.2.1. Weight gain of turkey poults 

Data on the performance of turkey poults fed formulated and commercial broiler starter feed 

brands are presented in table 4.3. Weight gain of turkey poults fed different commercial feed 

brands were not negatively affected when compared with the control. Turkey poults fed the 

control diet (A) had the highest weight gain while those fed feed D had the lowest values that 

were not significantly different from each other.  

4.2.2. Feed intake. 

Feed intakes were not negatively affected by the different feed brands when compared with 

the control. Turkey poults fed feed A (Control) had the highest feed intake value while those 

fed feed D had the lowest value that were not significantly different from each other and the 

other feed brands. 

4.2.3. Feed Conversion Ratio. 

Feed conversion ratios were not negatively affected by the different feed brands when 

compared with the control. Turkey poults fed feed B had a slightly better feed conversion 

ratio than the control but the values were not significantly different from those of the other 

feed brands. 

4.2.4. Cost of Feed consumed 

Cost of feed consumed by the poults was not significantly different among the different feed 

brands. Turkey poults fed feed A had the highest cost followed by feed B and C while D had 

the least value.  
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4.2.5. Feed Cost/kg weight gain 

Feed cost/kg weight gains by the poults were not significantly different among the different 

feed brands. Turkey poults fed feed D had the highest feed cost/kg gain followed by those fed 

feed C and A  while B had the least value.  
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Table 4.3. Performance of Turkeys Fed Different Commercial Feeds Brands (Starter) 

PARAMETER Control (A) B C D SEM 

Initial weight (g) 113.50 128.0 134.40 125.13 14.72 

Final weight (g) 528.20 508.87  480.07 377.20  38.92 

Total weight gain (g) 414.70 375.83 345.67 252.07 37.86 

Daily weight gain (g) 11.85 10.74 9.88 7.20 1.08 

Total feed intake (g) 1393.43 1318.93 1373.23 1212.90 93.39 

Daily feed intake (g) 39.81 37.68 39.24 34.65 18.68 

Feed conversion ratio 3.83 3.50 4.00 4.95 0.31 

Feed cost/Kg (₦ ) 94.00 98.00 90.40 100.00 - 

Cost of feed consumed (₦ ) 130.98 129.26 124.14 121.29 8.75 

Feed cost/Kg gain (₦ ) 359.77 343.29 361.93 495.05  30.71 
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4.3.   Performance of Experimental Turkeys fed broiler grower 

Performance of Experimental Turkeys fed broiler grower is found on table, 4.3. 

4.3.1. Weight gain. 

Data on the performance of grower turkeys fed formulated (A) and commercial grower feed 

(B and C) brands are presented in table 4.4. Weight gains of grower turkeys were significantly 

(p<0.05) affected by the different commercial feed brands. Grower turkeys fed feed A had a 

significantly higher weight gain than those fed feed C, while those fed feed B compared 

statistically with those fed feed C. 

4.3.2. Feed intake 

Feed intakes were not negatively affected by the different feed brands when compared with 

the control. Grower turkeys fed feed A (Control) had the highest feed intake value followed 

by those fed feed B while those fed feed C had the lowest value that were not significantly 

different from the other feed brands. 

4.3.3. Feed conversion Ratio 

Feed conversion ratios were significantly (P<0.05) affected by the different feed brands. 

Grower turkeys fed feed A had a significantly better feed conversion ratio than those fed feed 

C while feed B compared statistically with feed C 

4.3.4.  Cost of feed consumed 

Cost of feed consumed by the grower turkeys were significantly (P<0.05) affected by the 

different feed brands. Grower turkey fed feed A had the highest feed cost that was 

significantly (P<0.05) higher than that of feed C but not feed B. Birds fed feed C had the 

lowest feed cost statistically comparable to those on feed B. 
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 4. 3.5. Feed Cost/kg Weight Gain 

Feed cost/kg weight gain was not significantly affected by the different feed brands. Grower 

turkey fed feed C had the highest feed cost/kg gain followed by those fed feed B while feed A 

had the least value.  
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Tasble 4.4. Performance of Turkeys Fed formulated and Commercial Grower Poultry 

Feed Brands. 

Parameter Control (A) B C SEM 

Final weight(g) 1486.67
a
 1110.00

ab
 992.20

b
 92.61 

Total weight gain(g) 1000.60
a
 606.13

ab
 464.00

b
 101.41 

Daily weight gain(g) 28.76
a
 17.32

ab
 13.26

b
 2.90 

Total feed intake(g) 4099.20 3173.80 3123.87 263.36 

Daily feed intake(g) 117.12 90.68 89.25 7.52 

Feed conversion ratio 4.08
a
 5.64

ab
 7.47

b
 0.71 

Feed cost/KG(₦ ) 98.40 88.00 72.00 - 

Cost of feed consumed(₦ ) 403.36
a
 279.29

ab
 224.92

b
 32.18 

Feed cost/KG gain(₦ ) 401.15 496.50 537.53 46.59 

abc 
: means within rows with different letter superscript differed significantly(p<0.05). 
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4.4.0. Cumulative Performance of Turkeys Fed Formulated and Commercial Brands of 

Broiler Feeds 

Data on the cumulative performance of grower turkeys fed formulated (A) and commercial 

brands of broiler starter and grower feeds (B and C), respectively are presented in table 4.5. 

Average final body weight and weight gains of the birds were significantly (P<0.05) affected 

by the different feed brands.  

Turkeys receiving feed A had higher average final body weight and weight gain than those 

receiving the commercial feed brands but the value differed significantly (P<0.05) only in 

turkeys receiving feed C.  

Feed intakes were not significantly affected by the commercial feed brands when compared 

with the control. Turkeys  fed feed A (Control) had the highest feed intake value followed by 

those fed feed C while those fed feed B had the lowest value that were not significantly 

different from each other.  

Feed conversion ratios were not significantly (P>0.05) affected by the different feed brands.  

Turkeys fed feed A had a slightly better feed conversion ratio than those fed the commercial 

feed brands( B and C) with feed C having the poorest value.  

Cost of feed consumed by the turkeys were significantly (P<0.05) affected by the different 

feed brands.  Turkeys fed feed A had the highest feed cost that was significantly (P<0.05) 

higher than those of turkeys fed the commercial feed brands B and C.  

Feed cost/kg weight gain was not significantly affected by the different feed brands.  Turkeys 

fed feed A had the lowest feed cost/kg gain that was not significantly (P>0.05) different from 

those fed commercial feed brand B and C. 
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Table 4.5. Cumulative Performance and Economics Of Production Of Turkeys’ Fed 

Formulated and Commercial Broiler Feed Brands (0 – 12 Weeks). 

Parameter  Control (A) B C SEM 

Initial weight(g) 134.40 128.03 113.50 17.60 

Final weight (g) 1486.67
a
 1110.00

ab
 992.20

b
 27.72 

Total weight gain(g) 1352.27
a
 981.97

ab
 878.70

b
 19.27 

Daily weight gain(g) 38.64
a
 28.06

ab
 25.11

b
 0.55 

Total feed intake(g) 5472.43 4492.73 4517.30 290.60 

Daily feed intake(g) 71.07 58.35 58.67 3.77 

Feed conversion ratio(g) 4.02 4.65 5.41 0.26 

Feed cost/kg(₦ ) 94.40 93.00 83.00 - 

Cost of feed consumed (₦ ) 519.2
a
 418.5

b
 375.2

c
 3.84 

Feed cost/kg gain 379.51 432.62 448.70 20.38 

abc:
 means within a row with different letter superscript differed significantly(p<0.05). 
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4.5. DISCUSSION 

4.5.1. Physical Characteristics of the Feed Samples 

Physical analysis of the different feed samples showed that both the broiler starter and grower 

feeds varied in their bulk density, water holding capacity and specific gravity. Omede et al. 

(2011), reported that different feed raw materials even within the same group had different 

physical characteristics. This implies that the performance of any compounded feed is a 

summary of the individual contributions from the different raw materials used in such feed 

(Omede et al., 2011). The values can vary for the same ingredients due to differences in 

particle size, dry matter content, compaction, contamination with foreign materials (Herrman, 

2001) and nutrient content, particularly carbohydrate and lipid (Flores et al., 1994). 

Bulk density (BD) is expressed as weight of dry ingredient per unit volume (g/cm
3
). The 

formulated control feed (A) had a significantly (p<0.05) higher bulk density than the 

commercial feed samples (B, C and D) in both starter and grower feeds.  The values for feeds 

B, C and D were similar for the broiler starter feeds and significantly (p<0.05) lower only in 

feed C of the grower feeds. Iwuji et al. (2013) show that the nature of feedstuffs used in 

formulating rations is a paramount factor in the determination of BD in feeds. The variations 

in the bulk density of the formulated and commercial feed samples studied tend to show 

differences in feedstuffs used and their ingredient compositions. According to Sundu et al. 

(2005a) BD is an important factor to be considered when determining storage volume, 

particularly in the digestive tract of young chicks. Lower bulk density feeds tends to have 

lower raw material density and cannot be expect to achieve the same finisher product density 

as feed in high protein to starch ratio (Galen et al., 2006). Studies on BD was initiated by 

Robertson et al. (1948), who found that 4 weeks old chicks had 20% lower body weight when 
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the birds were fed a lower BD diet. Shelton et al. (2005), reported that low BD diets showed 

low energy volume ratio and lowered the body weight of growing chicks.  

The specific gravity of the feed samples followed the same trend as the bulk density. Specific 

gravity of feeds has an important role in the transit of digesta particles through the gastro 

intestinal tract of animals. Bhatti and Firkins (1995), suggested that particles with specific 

gravity of less than 1.2 are likely to float above and those greater than 1.5 are likely to sink 

below the reticulo-omasal orifice, so 1.2-1.5 specific gravity was suggested as optimal for 

passage of particles in ruminant animals. The report according Okoli et al. (2009) and Omede 

et al. (2011a, b) suggest the possibility of similar activities within the digestive tract of the 

monogastric animals especially within the crop of chicken and hence the need for further 

studies on the effects of feed specific gravity on poultry production. The significantly 

(p<0.05) low specific gravity of the commercial feed samples over the formulated feed sample 

studied indicates poor quality of the feeds which may affect digesta passage in the birds.   

Water-holding capacity varied significantly (p<0.05) only in the broiler starter feeds with feed 

B having the highest value followed by feed A. Kyriazakis and Emmams (1995) noted that 

water-holding capacity is a good predictor of feed intake for monogastric compared to feed 

digestibility and dietary fiber content. It is obvious that the main implication of water-holding 

capacity is the ability of non- starch polysaccharides (NSPs) to hold considerable quantities of 

water that could increase the bulk and passage rate of digesta (Smith and Annison, 1996). 

However, many feedstuffs, which are concentrated sources of NSPs or fibres have been 

shown to hold a lot of water and have low bulk densities (Sundu et al., 2005a). This negative 

correlation may be due to the fact that low bulk density feedstuffs contain large quantities of 

dietary fibres that have the ability to hold water. De Lang (2000) reported that monogastric 

animals attempt to increase their consumption of diets containing high NSPs to maintain the 

rate of available energy intake.  
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 Bulk density and water-holding capacity are two physical characteristics that could affect 

nutritional value of feed through their negative correlation (Sundu et al., 2005b). The 

significantly (p<0.05) low bulk density, specific capacity and water-holding capacity of the 

commercial feeds  indicates that most of the little known commercial feeds sold to farmers are 

low in their physical qualities and are likely to affect the performance of the birds fed such 

feeds. Low bulk density and high water-holding capacity need to be considered during feed 

formulation as these two properties have a bulk effect, which can reduce feed intake and 

affect animal productivity.  

 

4.5.2 Proximate Composition of the Feed Samples. 

Most of the variation in proximate compositions and energy values of the feeds may be 

attributed to variations in ingredient compositions of the different feeds that are not known 

except for feed A. This shows that the commercial feeds used in this study may not be able to 

meet the nutrient requirement of broilers in the right proportion. Omede,(2004) reported 

discrepancies between the declared nutrient values by manufactures in Nigeria and results 

from laboratory chemical analysis in line with the findings of this study.  

 

4.5.3. Performance of Turkeys Fed formulated and commercial Broiler Feeds 

It was noticed that turkey poults fed the formulated control broiler starter feed (A) had higher 

live body weight, weight gain and feed intake than those fed the commercial broiler starter 

feeds(B,C and D), though the values were not significantly(p>0.05) different. Feed conversion 

ratio was numerically poor in poults fed feed D.  Sell, et al. (1999) reported that reduced level 

of protein can decrease early growth in turkeys. If that is the case, the very low crude protein 
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values of the commercial feeds may have contributed to the poor growth of the poults. The 

turkeys tended to eat more of feed A and gained more weight which shows that feed A was 

able to meet more of their requirements than feeds B, C and D. 

Turkey poults fed feed A consumed more feeds than those fed the commercial feeds; B, C and 

D. The low feed intake of poults fed feed D relative to those fed feed A, B and C might have 

resulted from the higher ME value of the diet as birds eat to satisfy their energy requirements 

(Leeson and Caston, 1993). It has been reported by Lipstein and Bronstein (1975), that birds 

over eat under moderate protein insufficiency, which is necessarily a craving for protein per 

se, but a compensatory increase in feed intake in response to the deficient essential nutrients. 

This means that feed D lacks most of the essential nutrients required by the birds for optimum 

performance. Kirki, (2004), Observed that poor feed efficiency was associated in turkey 

poults fed broiler diets as compared to standard formula diet of 28% protein with 2800kcal 

ME up to 5 weeks and 24% protein with 2900kcal ME for 6-10 weeks. This indicated that 

commercially available broiler ration may not be able to sustain rapid growth of turkey 

particularly at early age due to low protein content and a wider energy ratio along with lower 

percent of lysine and methionine as observed in this study.  

Grower turkeys fed feed A had higher (P<0.05) live body weight, body weight gain and better 

feed conversion ratio than those fed feed B and C. Feed intake was also higher in grower 

turkeys fed  feed A.  The low feed intake and weight gain of grower turkeys fed the 

commercial grower chicken feeds confirm the fact that these commercial feeds as was the 

case with the poults are poor in nutrient and nutrient balance required for the better 

performance of turkeys when compared with the formulated control feed A.  

The cumulative performance of turkeys fed formulated (control) and commercial broiler 

starter and grower feeds followed the same trend as in each of the feeding phase. At 12 weeks 
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of age values for live body weight, body weight gain and feed intake were higher in turkeys 

fed the formulated control feed (A) than those fed commercial feed B and C. The low feed 

intake and weight gain of turkeys fed the commercial feeds relative to the formulated control 

feed tend to suggest poor nutrient composition and/or balance of the commercial feeds. This 

means that the commercial feeds tested lacks most of the essential nutrients required by the 

birds for optimum performance. Uchegbu et al. (2009) and Hocking (2006), reported that 

birds on high fiber diets are unable to completely satisfy their energy and protein intake due to 

limitation imposed by the fiber in the diets. The reason for the low feed intake which resulted 

in low weight gain and poor feed conversion ratio is not known but may be attributed to 

energy imbalance. This suggest that the nutritive values of most commercial feeds should be 

taken into consideration before use in broiler or turkey production, as many of them are mere 

maintenance rations and not production rations as seen in the performance values. 

 

4.5.4. Economics of Turkey Production 

The use of the formulated (A) and commercial broiler feeds (B, C and D) for turkey poults 

showed variations in the cost of feed consumed and feed cost/Kg gain that were not 

statistically different from each other. Poults on feed D had the lowest cost of feed consumed 

and highest feed cost/Kg gain followed by feed C thus indicating the very poor quality of the 

two commercial feeds compared to feeds A and B. The high feed cost/Kg gain recorded by 

poults fed feed C and D despite the low cost of feed consumed shows that Farmers will spend 

more using these feeds to produce one kilogram weight.  

There were significant (P<0.05) variations in the cost of feed consumed by grower turkeys the 

control and commercial feeds (table4.5). Grower turkeys fed feed C had the lowest cost of 

feed consumed and highest feed cost/Kg gain followed by feed B thus indicating the very poor 
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quality of the two commercial feeds when compared with the formulated control feed A. The 

high feed cost/Kg gain recorded by grower turkeys fed feed C and B despite their 

significantly(P<0.05) low cost of feed consumed shows that Farmers will spend more money 

on feeds to produce one kilogram weight.  

There were significant (P<0.05) variations in the cost of feed consumed by turkeys the control 

and commercial feeds at 12 weeks of age (table 4.6).  Turkeys fed feed C had the lowest cost 

of feed consumed and highest feed cost/Kg gain followed by feed B thus indicating the very 

poor quality of the two commercial feeds when compared with the formulated control feed A. 

The high feed cost/Kg gain recorded by turkeys fed feed C and B despite the significantly 

(P<0.05) low cost of feed consumed shows that Farmers will spend more money on feeds to 

produce one kilogram weight.  
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4.6. CONCLUSIONS 

It is concluded that the formulated feed (A) broiler starter and grower and three commercial 

feeds (B, C, D) broiler starter and grower feed samples had varied bulk density, water holding 

capacity and specific gravity values. The formulated feed samples had higher and better 

values than the three commercial feeds except for WHC in feed B. This result indicates that 

the three commercial feeds are low in physical qualities that may possibly affect the 

performance of birds fed the feeds. Proximate compositions of the feed samples varied 

between the formulated and commercial feeds, and among the commercial feeds. The 

values for the three commercial broiler starter and grower feeds were below the 

recommended values for poults and will likely affect the performance of poults fed such 

feeds.  

Turkey poults and growers fed the formulated broiler starter and grower feeds had higher 

weight gain and better feed conversion ratios than those fed the commercial broiler feeds. 

The low performances of turkeys fed the commercial broiler feeds is a reflection of the very 

poor nutrient status of the feeds as indicated by the physical and proximate analyses values. 

Feed cost/kg weight was better in turkeys fed the formulated feed than those fed the 

commercial feeds indicating better utilization of the formulated feed than the commercial 

feeds. This shows that farmers will spend more money on the commercial broiler feeds to 

produce one kilogram weight.  Generally, the results shows that the three commercial feeds 

tested were poor in nutrient values, unable to improve the performance of turkeys and 

should not be recommended for used by farmers for turkeys.  
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4.7. RECOMMENDATIONS 

It is recommended that regulatory agencies such as SON, NIAS, ASAN, NAFDAC and other 

relevant stakeholders should show concerns on livestock feed quality, and monitor the 

activities of manufacturers to ensure that quality standards are maintained especially by the 

local producers. More also feed quality assurance program in Nigeria should include 

ingredient quality, production and processing methods of feeds and finished feed quality. 

Further studies, on physical characteristics of commercial feeds and their effects on 

performance of broilers or turkeys needs to be carried out to validate or explain further the 

results obtained in this study. 
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