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ABSTRACT 

 

Palm kernel shells (PKS) were collected, from a local palm processing unit in Imo state 

Nigeria, cleaned and ashed at about 500
O
C to produce palm kernel shell ash (PKSA). 

Ash yield of the PKS and physicochemical characteristics of the PKSA were determined. The 

mineral content was also assayed using atomic absorption spectrophotometry to ascertain its 

concentrations of calcium, potassium, phosphorus, magnesium, sodium, manganese, copper, 

zinc, iron and cobalt. Thereafter, ninety six Abor Acre day old chicks were used to assess 

the physiological responses of PKSA as mineral supplement in broiler ration during starter 

and finisher phases in a 56 days feeding trial. The birds were divided into four groups of 

24 each (T1–T4), which were further replicated 3 times with 8 birds per replicate in a 

completely randomized design (CRD). During each phase, four experimental diets were 

formulated and offered to the birds such that the control diets had no PKSA, whereas the 

other three diets contained graded levels of PKSA at 5, 10 and 15 kg/ton of feed respectively 

to replace equal weights of bone meal. Performance characteristics were determined at days 

seven and 28 days (starter phase) and 42 and 56 days (finisher phase). Proximate and mineral 

compositions of the feeds were determined. At the 56
th

 day of feeding, carcass and organ 

weights analyses, hematology, serum biochemical indices and faecal mineral content of the 

experimental birds were evaluated. Results obtained showed that PKSA had 92.68% dry 

matter, 0.8206 g/cm
3
 bulk density, 0.8977 g water/g feed water holding capacity, 0.8149 

specific gravity and was mildly alkaline (8.39). The order of mineral elements in PKSA was 

K> Mg>Ca>P>Na>Fe> Mn>Zn> Cu, while that of the broiler starter diet was 

K>P>Mg>Na>Ca>Fe>Mn>Zn>Cu and finisher diet P>Ca>K>Mg>Na>Fe> Mn>Zn>Cu. 

Seventh day performance results showed that ash supplemented bird values of weight gain, 

feed intake and feed conversion ratio (FCR) were similar to control values, while growth 

efficiency ratio (GER) values were 2.18, 2.74, 2.12 and 2.76 for T1 to T4 respectively. 

Percentage GIT segmental weights, pH and villi heights were normal. At the starter phase, 
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growth performance characteristics were similar up to 10 kg PKSA inclusion/ton of feed (T3) 

beyond which a decline was recorded. Similar growth performance trends were observed at 

42 days of trial, while at 56 days, significant differences were recorded across treatments 

with the control recording superior (p<0.05) growth performance characteristics over the ash 

treated birds. Diet T3 fed birds nevertheless had comparable results with the control 

(p>0.05). However, there was no significant differences (p>0.05) in FCR across the 

treatments, while GER of PKSA treated birds consistently improved over those of the control 

with increasing period of feeding. The faecal mineral values showed that while faecal Mg, K 

and Zn concentrations of PKSA treated birds were higher than the control values, those of 

Ca, Na, Mn, Fe and P decreased with increasing PKSA inclusion in the diets. Ash treated 

diets elicited good carcass values, with significantly higher (p<0.05) T3 dressed, breast, thigh 

and drumstick percentage values than T4 but similar to the control values. Similarly, all GIT 

organ weights significantly (p<0.05) increased with PKSA inclusion over that of control 

birds. All hematological, serum protein and electrolyte values also significantly (p<0.05) 

improved over that of control. Again, cholesterol, creatinine and serum enzyme values were 

significantly higher (p<0.05) than the control values. The differences in growth performance 

observed in this study may be attributed to variations in feed intake of birds as influenced by 

variations in diet electrolyte balance (DEB) (Na
+
+ K

+
 - Cl

-
) resulting from PKSA inclusions. 

Higher serum minerals values of birds on PKSA treated diets may possibly be due to better 

absorption/assimilation of the forms in which the minerals appeared in the PKSA treated 

diets. 

 

Keywords: Weight gain, feed intake, feed conversion ratio, growth efficiency ratio
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.CHAPTER ONE 

 

INTRODUCTION 

1.1 Background Information 

Under the intensive production system, feeding involves providing rations with balanced 

nutrients that best meets the animals‟ needs for growth, maintenance, production and 

reproduction (Lawrence and Fowler, 1997). These nutrients must be provided at the 

appropriate concentrations and amount as well as in the right form in order to enhance 

their bioavailability (Suttle, 2010), thus, leading to optimal growth and maintenance of 

body functions. In addition to energy, protein and fibre, the diet supplied must contain 

supplements to provide minerals, vitamins and specific amino acids. The mineral fraction 

must be provided at the right amount in the animal‟s diet for necessary system functions, 

health and performance of the animal, especially in monogastric animals such as poultry 

and pigs (North and Bell, 1990; Suttle, 2010). The functions performed by minerals can 

only be fulfilled if sufficient amounts of the ingested minerals are absorbed and retained 

to keep pace with growth, development and reproduction and to replace minerals that are 

„lost‟ either as products, such as milk and eggs, or insidiously during the process of living 

(Suttle, 2010).  

 

Intensively farmed poultry derives the minerals required for normal growth and 

metabolism from carefully formulated and prepared rations (Thomas and Ravindran, 

2010). However, most of the advances in understanding the mineral requirements in 

poultry production were made by focusing on avoidance of deficiencies at different 

phases of production. The requirements for broilers and laying hens for calcium and 

phosphorus are reasonably well known (NRC, 1994) but information on trace mineral 

requirements and related effects on aspects such as immune function, growth and carcass 

composition are still receiving attention (NRC, 1994; Ashmead, 2012). For example, 
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Kidd (1996) reported improvements in some cell functions related to disease resistance 

when zinc – methionine was supplemented in broiler or breeders feed. Disease resistance 

and transference of antibodies to progeny can specifically be improved when broiler 

breeders are fed zinc amino acid alone or combined with zinc sulphate (Hudson et al., 

2004a). Similarly, reduced early broiler mortality was reported when zinc and manganese 

– amino acid were supplemented to broiler breeders throughout the laying periods 

(Virden et al., 2003). Synergistic effects are also expected when zinc – methionine is fed 

along with vitamin E (Bettger et al., 1980). 

 

The dietary source of mineral in animal nutrition may come from animal or plant sources 

and inorganic components. There has been a lot of contention around the issues of 

organic vs. inorganic dietary sources of minerals and the efficacious application of one 

over the other (Wagner, 1996). Chemical analysis of the diet or an individual feed 

ingredient does not necessarily indicate the biological effectiveness of a nutrient in terms 

of trace minerals. The biological availability of a mineral from the diet is manifested by 

the efficiency with which the body utilizes and retains the dietary mineral (Ammerman et 

al., 1995). Moreover, the retention will be influenced by a number of dietary factors, 

including diet or ingredient type, source of minerals and levels and relative proportions of 

various minerals (Thomas and Ravindran, 2010). Other influencing factors include the 

amount of the mineral fraction stored in the body and the age and physiological state of 

the animal to which it is fed (Hazel, 1985; Whitehead et al., 1996; Cao et al., 2000; 

Berger, 2006). Bioavailability may be defined as the proportion of an ingested mineral 

that is absorbed, transported to its site of action and converted to the physiologically 

active species (O‟Dell, 1983). Bioavailability of minerals can be affected by a number of 

factors including animal species, physiological state, previous nutrition, interaction with 

other minerals and dietary nutrient, choice of standard sources, chemical form and 
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solubility of mineral elements and chelators (Ammerman et al., 1995). Studies in 

different animals have revealed notable differences in the bioavailability of trace mineral 

from different sources. Complex trace minerals are said to be more bioavailable than 

inorganic salts. However, studies on the bioavailability of organic and inorganic minerals 

have reported contrasting results. It was reported that copper proteinate was more 

bioavailable than cupric sulphates in studies involving beef cattle (Wittenberg et al., 

1990; Ward et al., 1993). Kincaid et al. (1986) reported that calves fed proteinate form of 

copper had higher liver and serum level of copper than the calves fed copper sulphate 

which was suggestive of enhanced bioavailability of copper from the proteinate source. 

Therefore, improving the bioavailability of minerals by using organic sources may be an 

option to adjust nutritional levels (Saldanha et al., 2009) even though such organic trace 

minerals are considered more expensive than the inorganic sources. 

 

Organic trace minerals are compounds consisting of metal ions bound to organic 

substances including amino acids, peptides or polysaccharide complexes providing these 

ions with high biological availability, stability and solubility (Vieira, 2004). As a function 

of these characteristics, these minerals are more bio-available and are readily transported 

and absorbed in the intestines as they reduce interference from agents that form insoluble 

complexes with ionic trace elements (Van Der Klis and Kemme, 2002). In addition, they 

are more stable and biochemically protected against unfavourable reactions or 

antagonism in the gastro intestinal tract with other dietary components, which may 

reduce their absorption rates (Close, 1998). 

 

Studies conducted in poultry to determine the bioavailability of organic trace mineral 

sources showed that these were more available than the inorganic sources (Baker et al., 

1991; Spears et al., 1992; Aoyagi and Baker, 1993; Ammerman et al., 1998). Lundeen 
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(2001) added organic trace minerals to the diet of 40 – 60 weeks old layers and observed 

higher eggshell percentage, stronger eggshells, and lower number of cracked eggs. 

Moreng et al. (1992) observed a significant reduction of egg shell defects and higher egg 

shell breaking strength when layer diets were supplemented with organic zinc as 

compared with its inorganic source. Cao et al. (2003) also reported increased bone zinc, 

hepatic metallothionein and mucosal metallothionein in male broiler chicks as the dietary 

zinc level and the age of birds increased during his evaluation of bioavailabilities of zinc 

- methionine and zinc-proteinate as compared to zinc acetate. Turkey diets supplemented 

with zinc and manganese - methionine improved feed conversion and also reduced 

mortality and leg abnormalities (Ferket et al., 1992). 

 

However, some of these studies showed mixed results and in others no significant effects 

were observed in comparison to inorganic sources for performance characteristics (Nollet 

et al., 2007). Choosing dietary sources of mineral supplementation that best improves the 

biological availability, retention in animals and at the same time mitigates the impact of 

mineral excretion (P, Cu, Zn etc) in manure without jeopardizing animal health, and 

reproduction performance is important. This could best be achieved using organic 

mineral supplements; however, the cost implications will be a major factor in deciding on 

whether or not to use them.  

 

Wood ash could form a readily available dietary source of mineral supplement in animal 

ration.  Ash is simply the total mineral content of a diet or forage which is the left over 

fraction of a diet incinerated above 500
o
C for two hours (AOAC, 1995). Wood ash has 

been used in a variety of agricultural applications, especially as an excellent source of 

potassium, lime, and other plant nutrients (Lerner and Utzinger, 1986; Naylor and 

schimdt, 1986; Campbell, 1990). Wood ash has been found to be rich in calcium, thus, 
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have shown great promise as a mineral supplement to livestock in the tropics (Imbeah, 

1999) and a good source of trace elements such as copper and zinc (Imbeah, 1998). Ash 

has also been found to improve fibre digestibility and utilization by ruminants when used 

in the treatment of low quality fibres or straws (Nolte et al., 1987; Ramirez et al., 1992). 

Such alkaline ash treatments of high fibre roughages could improve goat and sheep 

production in developing countries (Ramirez et al., 1992). 

 

Kyarisiima et al. (2004) conducted a study to reduce the negative effects associated with 

high tannin sorghum grains using ash slurry in south western Uganda. The feeding value 

of the treated sorghum grain was assessed using broiler chicks, and a significant 

improvement in growth rate of chicks that were fed on a diet containing the treated 

sorghum was reported. This was also reflected in the improvement in the digestibility of 

diets that contained treated grains. Information about the use of ash in poultry diets is 

limited; however, Ochetim (1988) suggested the use of ash in poultry. Recently ash has 

been shown to enhance dietary mineral elements absorption in pullets and rabbits (Iwu, 

2013; Ebere, 2013; Nwogu, 2013). A mild agonistic effect on reproductive organ 

development and sex hormones release in both male and female rabbits have also been 

reported (Iwu et al., 2013) 

 

Reports have shown that palm kernel shell is useful not only in terms of its combustive or 

biofuel value but also because of its content of minerals. In a study by Akpakpan et al. 

(2012), investigating the level of metals contained in kernels and shells of oil palm and 

coconut fruits, palm kernel shells were found to contain different levels of Magnesium, 

Calcium, Copper, Zinc, Potassium, Iron, and Lead and other trace minerals. The roles of 

these minerals in animal physiology, metabolism and regulation of body functions are 

well documented (Suttle, 2010). Levels of calcium, potassium and magnesium were high 
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compared to other mineral elements, while the Lead concentration in kernel shell is 

insignificant in relation to the other elements and may not pose any toxic problem to 

plants and animals. 

 

1.2 Problem Statement 

It has been a common practice in the poultry industry to supplement diets of birds with 

inorganic mineral mixes in order to supply the animals‟ requirement for essential 

minerals (Nollet et al., 2008). This is done based on the assumption that diets may not 

always contain adequate amounts of minerals to meet the animals‟ needs or trace 

minerals in feed ingredients may not be in the form that is biologically available to the 

animal (Ledoux and Shannon, 2008). The levels of inclusion of minerals in the feed are 

based mostly on NRC (1994) recommendations. However, the NRC recommendation 

may not represent the needs of the modern strains of commercial poultry whose 

management and genetics have changed considerably over time (Leeson, 2005). In order 

to meet the requirements of the poultry, mineral salts are routinely over formulated to 

ensure that adequate levels are fed and requirements are met. This practice has caused 

concerns regarding high mineral excretions in manure with the attendant environmental 

pollution (Van Der Klis and Kemme, 2002; Leeson, 2003). 

 

The most reasonable solution to excessive mineral excretion is to make them more 

available so that lower doses can be applied in the feed (Van Der Klis and Kemme, 2002; 

Nollet et al., 2005). This has been achieved by using commercially developed organic 

trace mineral products which are readily available in the market. These are however 

expensive and may not be easily accessed by small holder farmers in low income 

countries like Nigeria. Plantain ash has been shown to enhance dietary mineral elements 

absorption and edible carcass development in pullets (Nwogu, 2013; Okoli et al., 2014). 
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However, at high supplementation levels, it lowers laying performance and shell quality 

(Nwogu, 2013). Oso et al. (2011) also reported occurrence of lameness and poor gaits in 

broilers fed diets containing wood ash as calcium source and therefore concluded that 

wood ash inclusion in broiler diets should be discouraged since it results in low Ca 

availability to the birds. The actual method of ashing and ash source known to influence 

ash quality (Iwu et al., 2012; Nwogu et al., 2012) was however not reported. Since more 

recent reports have shown improved edible carcass and reproductive organ development 

in pullets and rabbits, indicating that wood ash may have some promise in broiler 

production, there is the need to evaluate different ash sources in broiler production. 

 

1.3 Objectives of the Study 

The objectives of this study are to: 

1. Produce palm kernel shell ash (PKSA) for mineral supplementation in broiler rations 

2. Determine the effect of dietary PKSA supplementation on the growth performance 

and economics of broiler production. 

3. Determine the effect of PKSA supplementation on the carcass and organ 

characteristics of broilers. 

4. Determine the effect of PKSA supplementation on the hematology and serum 

biochemistry of the broilers. 

5. Determine the effect of PKSA on fecal mineral excretion. 
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1.4 Justification 

Palm kernel shell is a readily available agricultural industry residue that has found limited 

application in the Nigerian industry. It is currently used as biofuel in palm oil processing 

operations and the ash residue is discarded as waste material. This study is therefore an 

attempt to improve the value and utilization of a readily available product regarded as 

waste. The study is expected to develop the processes that will enable the harnessing of 

the potentialities of palm kernel shell ash as a cheap readily available mineral supplement 

in poultry production. 

 

In producing palm kernel shell ash, the burnt organic components of the shell, which 

ordinarily interact with mineral molecules to reduce their bioavailability (Power and 

Horgan, 2007; Scheideler, 2008), are completely eliminated. It is therefore expected that 

the ash may be a valuable mineral source and may successfully replace intact plant and 

rock mineral sources in animal diets when properly processed (Ndhlovu, 2007). Such ash 

minerals in their free oxide states (Etiegni and Campbell, 1990) might bind and form 

complexes or chelates with available ligands in the feed such as synthetic amino acids or 

with the numerous endogenous ligands in the gastrointestinal tract to prevent their 

precipitation and improve their delivery, subsequent absorption and assimilation in the 

intestine (Hynes and Kelly, 1995; Powell et al., 1999).  

 

Furthermore, the addition of palm kernel ash in the diet may enhances dietary mineral 

elements absorption in of broilers resulting in more eco-friendly poultry manure and 

improved carcass yield and organ development as well as reduce cost of commercial 

mineral supplements as recently reported by Iwu et al. (2013), Nwogu et al. (2014) and 

Okoli et al. (2014). 
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CHAPTER TWO 

LITERATURE REVIEW 

 

2.1 Poultry Mineral Nutrition 

In higher animals, mineral elements are the inorganic constituents of bones and teeth that 

also form important parts of the body‟s enzymes systems (Damron, 2009). They are 

generally derived from the feed consumed by animals. Mineral elements are therefore 

dietary essentials for all classes of livestock. It was reported that about 5% of body 

weight of vertebrates consists of minerals which could exist in organic or inorganic forms 

in animal tissues in variable concentrations (McDowell et al., 1983). According to 

Underwood (1997), 26 of the 109 known elements, are considered essential for animals 

wellbeing. Eleven of these elements have been classed as macro elements, while the rest 

15 are classed as micro elements. Macro mineral elements are those required in relatively 

large amounts by the animal body, while the micro or trace elements are required in very 

small amounts (Esonu, 2006).  

 

Macro mineral elements are necessary for a variety of metabolic processes. They are very 

essential and critical for live, therefore the body needs a regular supply of these minerals 

for it to function properly. Micro mineral elements on the other hand play vital roles in 

various metabolic, enzymatic and biochemical reactions ultimately leading to better 

growth rate, egg production and feed efficiency (Mc Dowell et al., 1983; Underwood, 

1997; Esonu, 2006). The macro mineral elements include, calcium, phosphorus, 

potassium, magnesium, carbon, oxygen, hydrogen, sulphur, nitrogen, sodium and 

chlorine while the micro minerals include copper, zinc, iron, manganese, nickel, cobalt, 

molybdenum, selenium, chromium, iodine, fluorine, tin, silicon, vanadium and arsenic 
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(Underwood, 1997). According to Suttle, (2010) minerals perform four broad types of 

function in animals and include; 

 

1. Structural: Minerals can form structural components of body organs and tissues, 

exemplified by minerals such as calcium, phosphorus and magnesium; silicon in bones 

and teeth; and phosphorus and sulphur in muscle proteins. Minerals such as zinc and 

phosphorus can also contribute structural stability to the molecules and membranes of 

which they are a part. 

2. Physiological: Minerals occur in body fluids and tissues as electrolytes concerned with 

the maintenance of osmotic pressure, acid–base balance, membrane permeability and 

transmission of nerve impulses. Sodium, potassium, chlorine, calcium and magnesium in 

the blood, cerebrospinal fluid and gastric juice provide examples of such functions. 

3. Catalytic: Minerals can act as catalysts in enzyme and endocrine systems, as integral 

and specific components of the structure of metalloenzymes and hormones or as 

activators (coenzymes) within those systems. The number and variety of metalloenzymes 

and coenzymes identified has continued to increase since the late 1990s. Activities may 

be anabolic or catabolic, life enhancing (oxidant) or life protecting (antioxidant). 

4. Regulatory: Minerals regulate cell replication and differentiation; for example, calcium 

ions influence signal transduction and selenocysteine influences gene transcription, 

leading to its nomination as „the 21st amino acid‟ (Hatfield and Gladyshev, 2002). The 

pivotal metabolic role of thyroxine has been attributed to the influence of 

triiodothyronine on gene transcription.  

 

The functions performed by minerals can only be fulfilled if sufficient amounts of the 

ingested mineral are absorbed and retained to keep pace with growth, development and 

reproduction and to replace minerals that are „lost‟ either as products, such as milk or 
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eggs, or insidiously during the process of living. Thus, virtually all feedstuffs contain 

some minerals but in intensive animal production, supplemental minerals are provided in 

various forms including salt, trace mineralized salts, oyster shell, lime, bone meal and a 

wide variety of other forms (Damron, 2009). 

 

Minerals occur in plants and foods in diverse forms, some of which may influence the 

efficiency with which they are absorbed and utilized by livestock. For example, Iron can 

be found in the storage protein ferritin in soybeans and bound to phytate in cereals. Both 

iron and manganese are poorly absorbed from corn/SBM diets by pigs and poultry, and 

manganese shares with iron an affinity for complexing agents such as ferritin (Suttle, 

2010). The association of iron and manganese with storage compounds in grains may 

therefore limit their value to livestock, but the precise forms in which they occur may 

also be important. For example, iron is well absorbed by poultry from wheat, in which it 

occurs as a well-absorbed mono-ferric phytate (Morris and Ellis, 1976). Phytate is a 

hexaphosphate and provides most of the phosphorus inherent in commercial pig and 

poultry rations, but it is poorly absorbed and forms unabsorbable complexes with calcium 

and several trace elements and consequently released to the environment through faecal 

excretion into the manure, thus leading serious ecological issues as phosphorus is one of 

the dominant pollutants (Van der Klis, 1992). The enzyme phytase is however used to 

reduce excretion of phosphorus by direct increase of its utilization from plant feeds 

and/or indirectly reducing the level of non-organic phosphorus added to food. Elements 

such as copper and selenium perform similar functions in plants and animals and occur in 

fresh plant tissue in the enzymic forms of cytochrome oxidase and glutathione 

peroxidase, respectively (Suttle, 2010). 
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2.2. Types of Minerals 

Mineral elements occur in nature as components of plant and animal tissues and as 

organic and inorganic compounds in living and non–living matter. The organic forms are 

found in many mineral containing carbohydrates, lipids and proteins, while the inorganic 

forms may be found in soluble ionisable salts or electrolytes in body fluids or as crystals 

in structural parts (Esonu, 2006; Achonwa, 2011). The inorganic minerals occur as salts 

such as chlorides, sulphates, carbonates and oxides. The chloride and the sulphate forms 

are more available than the carbonates, with the oxides having the poorest availability. 

The Organic minerals are compounds consisting of metal ions bound to organic 

substances including amino acids, peptides or polysaccharide complexes providing these 

ions with high biological availability, stability and solubility (Vieira, 2004). As a function 

of these characteristics, these minerals are more bio-available and are readily transported 

and absorbed in the intestines as they reduce interference from agents that form insoluble 

complexes with ionic trace elements (Van Der Klis and Kemme, 2002). In addition, they 

are more stable and biochemically protected against unfavorable reactions or antagonism 

in the gastro intestinal tract with other dietary components, which may reduce their 

absorption rates (Close, 1998; Boland, 2003). 

 

2.3 Sources of Minerals 

Minerals can be gotten from different sources, including feed stuff (Brown, 2010), 

agricultural by products (Kabaija and Little, 2011), earth‟s crust (Ayyat, 2010), ashes 

(Imbeah, 1999), salt (Berger, 2011) and water. According to Ayyat (2010), minerals are 

prime ingredients of the earth‟s crust made up of about 3.6% calcium by weight, 2.6% 

potassium and 2% magnesium. Minerals of natural clays can be divided into silicates and 

non silicates. Non silicates contain oxides, hydroxides, sulfates, chlorides, carbonates and 

phosphates. Silicates are mainly silicon oxygen tetrahedron. These minerals in soil can be 
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made available to animals when they eat feedstuff planted in mineral rich soils. Mineral 

concentrations of feedstuff are variable and are affected by a number of factors (Brown, 

2010). Several crop residues and agro-industrial by-products available normally supply 

dietary minerals (Kabaija and Little, 2011). Minerals from plant sources vary from place 

to place, because of the mineral content of the soil in which the plants grow. Also, adding 

clay to animal feed is a means of providing earth mineral elements to animals (Ayyat, 

2010). Limestone is another earth mineral commonly used in animal feed.   

 

Minerals contained in ash produced after plants have been completely combusted include 

calcium, iron, magnesium, sodium, zinc along with trace amounts of many others and 

these have been used to provide mineral elements to animals (Imbeah, 1999). Salt has 

been described as a natural carrier of trace minerals and can be provided to animals in 

many ways, it could be used in the form of loose salt to be mixed with feed or salt block 

to be licked by animals (Berger, 2011). Dissolved minerals in water like fluorine, 

chlorine and iodine can equally be used as means of providing these minerals to animals. 

 

2.4 Mineral Bioavailability and Absorption 

2.4.1 Mineral bioavailability  

While Fairweather– Tait (1992) has defined bioavalability as the proportion of the total 

mineral/nutrient in a food utilized for normal body functions, others writers defined 

bioavailability as the efficiency with which a natural or manufactured source of an 

element delivers the element to storage or supplies it to metabolically active tissue or to a 

protein (Wapnir, 1998). It is also considered to reflect the efficiency with which 

consumed nutrients are absorbed from the alimentary tract and thus available for storage 

or use (Forbes and Erdman, 1983; Bender, 1989). O‟Dell (1983) defined bioavailability 

as the proportion of an ingested mineral that is absorbed, transported to site of action, and 
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converted to the physiologically active species. Similarly, Ammerman et al. (1995) 

defined bioavailability as the degree to which an ingested nutrient in a particular source is 

absorbed in a form that can be utilized in metabolism by the animal. In other words, it is 

that fraction of the mineral element that is retained in the body. It is manifested by the 

efficiency with which the body utilizes and retains the dietary mineral. However, a 

number of dietary factors including diet or ingredient type, source of minerals and levels 

and relative proportions of various minerals will affect the retention. 

 

Bioavailability can also be affected by other factors such as  

(1) Interactions of mineral nutrients with carrier molecules that enhance absorption via 

specific mucosal receptors or with other organic molecules that reduce it. Examples of 

the latter include phytate, certain sugars, fibre sources and polyphenols.   

(2) The physiological state of the animal. These include age, sex, stage of growth, 

pregnancy, lactation, nutritional status, disease, gastrointestinal secretions and microflora 

as well as gastrointestinal transit time (Johnson, 1989; Fairweather-Tait, 1996).   

(3) The animal species, (4) Previous nutrition, (5) choice of response criteria, (6) 

solubility of the mineral element and (7) its chemical form (Ammerman, 1995). 

 

2.4.2 Mineral absorption  

Mineral are normally absorbed by intestinal cells and transported by blood flow to the 

liver. Before absorption from the gastro intestinal tract can take place, minerals must 

become available in ionic form (as cations and anions), which is suitable for uptake and 

transport. In principle, the trans–epithelial transport consists of both an active trans-

cellular component, which can be regulated and a passive para- cellular component which 

depends on chemical and electrical gradients existing across the intestinal wall (Schroder 

et al., 1996; Jongbloed and Mroz, 1997). For example, magnesium is absorbed in the 



15 

 

intestines and transported through the blood to the tissues. Approximately one-third to 

half of dietary magnesium is absorbed into the body (Aiello and Mays, 1998). The highly 

soluble monovalent minerals such as sodium, potassium and chlorine can be transported 

easily. However, the solubility of various other minerals is often low at neutral pH.  

 

Absorption of calcium is facilitated by low pH which is necessary for their solubility 

(Hays and Swenson 1985; Soetan et al., 2010). Calcium absorption requires calcium 

binding protein and is regulated by vitamin D, sunlight, parathyroid hormone and thyro-

calcitonin. Calcium is usually absorbed in the duodenum and amount absorbed is 

dependent on source, calcium–phosphorus ratio, intestinal pH, lactose intake, iron, 

aluminum, manganese and fat. The greater the need the more efficient is the absorption 

(Aiello and Mays, 1998). Vitamin D is involved in phosphorus absorption and serum 

levels are regulated by kidney re-absorption (Hays and Swenson, 1985). Herbivores 

consume relatively large quantity of silica daily and most of the insoluble silica passes 

unabsorbed through the alimentary canal but appreciable amount are absorbed and 

excreted in the urine (Soetan et al., 2010). Organically bound phosphorus, phytin 

phosphate is largely unavailable to monogastric animals, where as ruminants can utilize it 

very well due to the presence of the enzyme phytase, which is present in the rumen 

micro-organism that makes it available for absorption. This partly accounts for difference 

in phosphorus requirement of ruminants and non ruminants (Hays and Swenson, 1985). 

 

2.5. Macro Mineral Elements 

2.5.1. Calcium  

Calcium is the most abundant mineral in the body and 99% is found in the skeleton. The 

skeleton not only provides a strong framework for supporting muscles and protects 

delicate organs and tissues‟, including the bone marrow, but it is also jointed to allow 
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movement, and is malleable to allow growth (Suttle, 2010). Furthermore, the skeletal 

reserve of calcium actively supports calcium homeostasis in what Bain and Watkins 

(1993) described as an „elegant compromise‟. 

 

a. Functions: The small proportion (1%) of body calcium that lies outside the skeleton is 

important to survival. It is found as the free ion, bound to serum proteins and complexed 

to organic and inorganic acids. Ionized calcium 50– 60% of the total plasma calcium is 

essential for nerve conduction, muscle contraction and cell signaling (Carafoli, 1991). 

Vitamin D3 and the calcium-binding proteins, calmodulin and osteopontin respectively 

modulate changes in calcium ion concentrations within and between cells (Breitwieser, 

2008). Among other things, they can trigger the immune response. Calcium can also 

activate or stabilize some enzymes and is required for normal blood clotting (Hurwitz, 

1996), facilitating the conversion of prothrombin to thrombin, which reacts with 

fibrinogen to form the blood clot, fibrin. 

 

In avian species, calcium protects the egg through the deposition of an eggshell during 

passage down the oviduct. Unique changes in bone morphology coincide with the onset 

of sexual maturity, when the release of estrogen halts calcellous and structural bone 

formation. Thus, new medullary bone is woven onto the surface of existing cortical bone 

and bone marrow to provide a labile calcium reserve that maintains plasma calcium 

concentrations during shell formation (Gilbert, 1983; Whitehead, 1995). The shell matrix 

becomes heavily impregnated with calcium carbonate (CaCO3) and the need to furnish 

about 2 g Ca for every egg produced dominates calcium metabolism in the laying hen 

(Gilbert, 1983; Bar and Hurwitz, 1984). 
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b. Metabolism of calcium: Certain features of calcium metabolism must be described 

before the assessment of the calcium value of feeds can be addressed. Calcium is 

absorbed from the diet according to need by a hormonally regulated process in the small 

intestine (Schneider et al., 1985; Bronner,1987) up to limits set by the diet and by the net 

movement of calcium into or out of the skeleton. 

 

Calcium is absorbed by an active process in the small intestine under the control of two 

hormones: parathyroid hormone (PTH) and the physiologically active form of vitamin 

D3, dihydroxy cholecalciferol (1, 25-(OH) 2D3, also known as calcitriol) (Schneider et 

al., 1985; Bronner, 1987). The parathyroid gland responds to small reductions in ionic 

calcium in the extra cellular fluid by secreting PTH (Brown, 1991). This stimulates the 

double hydroxylation of vitamin D3, first to 25-OHD3 in the liver and then to 24, 25 - 

(OH) 2D3 or 1, 25-(OH) 2D3 primarily in the kidneys (Omdahl and DeLuca, 1973; 

Borle, 1974), but also in the bone marrow, skin and intestinal mucosa (Norman and 

Hurwitz, 1993). Activated 1, 25-(OH) 2D3 opens calcium channels in the intestinal 

mucosa to facilitate calcium uptake and transfer with the help of a calcium–binding 

protein, calbindin (Hurwitz, 1996; Shirley et al., 2003). The full potential of a feed as a 

provider of absorbable calcium (max ACa) can only be established under conditions 

where requirements (R) are barely met by intake (I), a condition rarely met in balance 

studies (AFRC, 1991). 

 

c. Movements of calcium to and from the skeleton 

The net flow of calcium into or out of the skeleton plays an important role in regulating 

circulating concentrations of ionic calcium and thus calcium absorption. Mammalian 

young are born with poorly mineralized bones and while they suckle they do not receive 

enough calcium to fully mineralize all the bone growth that energy-rich milk can sustain 
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(AFRC, 1991). After weaning there is normally a progressive increase in bone 

mineralization stimulated by increased exercise and load-bearing. Ash concentration in 

the broiler tibia can increase by 10% between 16 and 42 days of age (Driver et al., 

2005a), and both exercise and provision of a perch accelerate bone mineralization in 

poultry (Bond et al., 1991). 

 

d. Absorbability of calcium in poultry feeds 

Cereals and vegetable proteins contain calcium that is highly absorbable, but the phytate 

they contain can lower the absorbability of inorganic calcium (necessarily added to meet 

requirements) through the formation of unabsorbable complexes in the gut. Increases in 

dietary calcium in the young chick (Driver et al., 2005b) can have a far smaller effect on 

calcium absorption than in the ruminant. This may indicate a considerable capacity of 

rapidly growing „soft‟ bones to accumulate calcium, as in the horse. 

 

The complex effects of interactions between calcium and phytate on calcium absorption 

are illustrated by the wide range in fractional retention (or AACa) found in broilers fed 

diets with various calcium, phytase and vitamin D supplements (Qian et al., 1997). 

Whether or not phytase and vitamin D3 were added to alleviate a marginal phosphorus 

deficiency, retention fell as dietary calcium increased, the absorptive mechanism was 

down-regulated and calcium was precipitated as insoluble phytate complexes. The 

principal difference between groups lies in the AACa attained at low calcium intakes. 

With the basal diet, the first increment in dietary calcium had a small effect on AACa, 

indicating that the chicks were absorbing almost as much calcium as the corn/SBM diet 

allowed and giving maximum attainable retention equivalent to a max AACa of 0.58 

when vitamin D and available phosphorus were lacking. When vitamin D3 was added to 

the diet (at 660 µg kg−1), values increased to maxAACa 0.62; removing the second 
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constraint with phytase (900 U kg−1) increased that value to 0.67. The range in 

maxAACa is much less than that in AACa, although still sufficiently wide for vitamin D 

and phytase to lower the calcium requirement by 13%.  

 

Similar results have been reported by Driver et al. (2005b). The ability of the newly 

hatched chick to extract calcium (and phosphorus) from a corn/SBM diet can be poor, 

with only 36% (and 16%) apparently being retained. However, retention increased to 

63% (and 35%) during the second week. The early constraint was partially alleviated by 

adding phytase to the diet and was presumed to be caused by the co-precipitation of 

calcium (largely from limestone) and phytate. By week 3 phytase had no effect on 

calcium retention. Saturated fat supplements probably lower the retention of calcium 

from limestone in newly hatched broilers (Atteh and Leeson, 1983). 

 

Calcium requirements: Several developments in livestock husbandry have combined to 

steadily raise dietary calcium requirements, including: (i) genetic improvements, 

resulting in faster growth and higher yields; (ii) increasing use of energy-dense diets; (iii) 

early weaning on to solid diets, from which calcium is relatively poorly absorbed; (iv) 

breeding immature animals while they are still growing; and (v) the use of antibiotics, 

hormones and other feed additives as growth stimulants.  

 

Although improved performance obtained through higher feed consumption does not 

increase the required dietary calcium concentration, improved feed conversion efficiency 

increases such requirements proportionately and the above factors probably contributed 

to the 50% increase in estimated calcium requirements of growing pigs between 1964 and 

1976 (ARC, 1981). The net calcium requirement for growth is almost entirely for bone 
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growth, but is particularly hard to define. Liberal supplies of vitamin D3 are required to 

make the best use of dietary calcium in livestock housed for long periods. 

 

Poultry meat production: Recent research suggests that requirements of growing birds 

for both calcium and phosphorus are much lower than the latest NRC (1994) standards 

(Driver et al., 2005a; Fritts and Waldroup, 2006). A change of emphasis to how little 

inorganic phosphorus might be needed for growth has drawn attention to the advantage of 

lowering dietary calcium, where upon the availability of calcium simultaneously 

improves, as in the pig. Newly hatched broiler chicks can grow unconstrained for 16 – 21 

days with dietary calcium at 5 – 7 g kg−1 DM with available phosphorus at (Henry and 

Pesti, 2002) or below (Driver et al., 2005b) the NRC standard, reflecting the more 

efficient absorption by older chicks, but requirements for maximal bone ash were slightly 

higher. The widespread use of the 0 – 16 or 18day chick growth model may have 

exaggerated the overall need for calcium. Feeding excess calcium leads to the formation 

of insoluble soaps in fat–supplemented diets. Inclusion of plant phytases will lower 

calcium requirements (Suttle, 2010). 

 

Poultry egg production: Estimates of the calcium requirements for egg production and 

quality have ranged widely from 2.9 to 6.2 g day−1 and from 28 to 48 gkg−1 DM 

(Roland, 1986). The variations stem from differences in phosphorus, vitamin D and plant 

phytases in basal diets; stage of lay; intake and energy density of food; type and strain of 

bird; egg size; temperature; contribution of calcium from the skeleton; source of 

supplemental calcium; and safety margins. Roland (1986) proposed a gradual increase in 

dietary calcium provision from 3.75 to 4.25 g kg−1 DM throughout lay and subsequent 

studies support this. One indicated a need for 3.6 g kg−1 DM for the first 4 months of lay 

in birds consuming 113 g food day−1; in another, reduction of calcium provision from 
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4.0 to 3.7 g kg−1 DM for the entire lay in hens consuming a wheat-based diet at 100 g 

day−1 had no adverse effects on performance, but there was a slight reduction in egg 

weight at the end of lay (Scott et al., 2000). NRC (1994) allowed for the effects of food 

intake (i.e. decreasing energy density) over the range of 80 to 120 g day−1 for white egg-

laying hens about a mean calcium provision of 3.25 gkg−1 DM; their recommendations 

were some 10% lower for brown hens, which consume more food.  

 

High environmental temperatures (>20°C) tend to reduce feed intake and increase the 

required dietary calcium concentration. Calcium requirements increase from 3.8 to 4.5 g 

kg−1 DM as egg size increases from 50 to 60 g (Simons, 1986). For pullets entering lay, 

the optimum transitional feeding regimen for calcium is to increase levels from 10 to 30 g 

kg−1 DM one week before the first egg is anticipated (Roland, 1986). Requirements for 

peak egg production must sometimes be met on a daily and even on hourly basis if shell 

strength is to be maintained. Indeed, the laying hen will voluntarily consume more of a 

calcium supplement on laying than on non-laying days, and more of a low- than a high-

calcium ration on any other day (Gilbert, 1983). At the high dietary calcium level needed 

for laying hens, interactions with saturated fat have not been found (Atteh and Leeson, 

1985). 

 

e. Calcium deficiency 

Chronic calcium deprivation reduces the degree of bone mineralization, with consequent 

biochemical, physical, histological and radiological changes. Poor mineralization of bone 

matrix, leading to a widened and weakened growth plate, is more prominent when dietary 

calcium is lacking than when phosphorus is lacking in the growing animal (Suttle, 2010). 

Normally, the biochemical, histological, radiological and physical measures of bone 
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quality agree well in both young (Eklou-Kalonji et al., 1999) and adult animals (Keene et 

al., 2005). 

Changes in blood and bone in laying hens: The entire skeleton of the laying hen only 

contains enough calcium to supply 10 eggs and her daily intake of calcium from 

unsupplemented rations would be less than 0.03 g Ca day−1. During a normal laying 

year, up to 30 times the hen‟s total-body calcium is deposited in shell (Gilbert, 1983). 

Skeletal resorption of calcium cannot make a significant contribution over a 12-month 

period of lay and is stretched to its limits every day that an egg is prepared for lay. To 

promote calcium deposition, laying hens normally have higher and more variable serum 

calcium values (5.0 – 7.5 mmol l−1) than non-laying hens or chickens (2.2 – 3.0 mmol 

l−1) due to the presence of a calcium phospho lipoprotein, vitellogenin, a precursor of 

egg yolk proteins (Hurwitz, 1996). During the period of shell calcification serum calcium 

values decline, particularly if a low-calcium diet is given, but mobilization of bone 

mineral may prevent serum calcium from falling further (Suttle, 2010). 

 

Poor growth and survival: Feeding marginally inadequate calcium levels (5.1 versus 

7.8 g Ca kg−1 DM) during the rearing of chicks for egg laying has been seen to increase 

mortality from 1.9 to 10.6% and reduce body weight at 86 days from 1013 to 962 g 

(Hamilton and Cipera, 1981). It is noteworthy that skeletal abnormalities were not seen. 

Most deaths were attributed to omphalitis, an infection of the umbilical stump. In 

prolonged calcium deprivation in growing chicks the long bones may fracture (Common, 

1938). However, most of these abnormalities can also arise from causes other than 

calcium deprivation (Suttle, 2010).  

 

Rickets is a non-specific term used to denote the skeletal changes and deformities in 

young animals. It is characterized by a uniform widening of the epiphyseal–diaphyseal 
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cartilage and an excessive amount of osteoid or uncalcified tissue, causing enlargement 

of the ends of the long bones and of the rib costochondral junction. Rickets is caused by 

calcium and phosphorus deprivation in young broilers (Driver et al., 2005), and the two 

conditions can be distinguished histologically. 

 

Osteomalacia describes the excessive mobilization of minerals leaving a surfeit of matrix 

in bones in which the growth plate has „closed‟ (i.e. the calcium - deprived adult). 

Osteoporosis indicates that bones contain less mineral than normal but proportionately 

less matrix, so that the degree of mineralization of matrix remains normal. Matrix 

osteoporosis is characteristic of protein deficiency rather than simple calcium or 

phosphorus deficiency (Sykes and Field, 1972; Sykes and Geenty, 1986) and can occur in 

young as well as mature animals. In adult birds, demineralization of the skeleton takes 

place normally in response to the demands of egg-laying, and most hens end laying an 

osteoporotic state (Whitehead, 1995). Tibial dyschondroplasia is inducible by feeding 

broilers a diet low in calcium (Driver et al., 2005b), but has other causes in commercial 

flocks. It is histologically distinguishable from rickets by the presence of a plug of a 

vascular cartilage that forms beneath the growth plate (Edwards and Veltmann, 1983). 

 

Growing birds: The incidence of calcium-responsive rickets in broiler chicks is 

increased by feeding excess phosphorus in low - calcium diets, but was hard to eliminate 

in one study (Driver et al., 2005). Similarly, the leg weakness or tibial dyschondroplasia 

that commonly affect young broilers and older turkey poults can be induced by diet low 

in calcium (7.5 g kg−1 DM), yet also occur when supplies are apparently adequate. 

Control can be obtained by dietary supplementation with calcitriol, but not with 

unhydroxylated D3 (i.e. normal dietary sources). Modern hybrids may lack the ability to 

produce enough endogenous vitamins at the growth plate in what is the fastest growing 
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bone in the broiler‟s body and calcium deprivation exposes this more basic disturbance 

(Whitehead, 1995). 

Reduction in egg yield and quality: Laying hens are often unable to satisfy their high 

calcium requirements by demineralisation. Shell quality cannot be maintained for a single 

day without calcium supplementation and poor shell quality is a major source of loss to 

the poultry industry (Roland, 1986). The transitional calcium nutrition around the onset 

of lay is also crucial. If low -calcium diets are fed, the pullet over-consumes in an effort 

to meet her burgeoning calcium requirement, increasing the risk of fatty liver 

hemorrhagic syndrome (Roland, 1986). Inadequate calcium nutrition during lay will 

contribute to „cage layer fatigue‟, but this osteoporotic condition also occurs when 

calcium nutrition is adequate and it is not a specific consequence of calcium dysfunction 

(Whitehead, 1995). Bone fractures commonly occur during the transportation and 

slaughter of broilers and „spent‟ hens. As with cage layer fatigue and tibial 

dyschondroplasia, these cannot be attributed specifically to inadequate calcium nutrition 

(Wilson, 1991), but it may play a part. 

 

2.5.2 Phosphorus 

Suttle, (2010) reported phosphorus as the second most abundant mineral in the animal 

body and about 80% is found in the bones and teeth. The formation and maintenance of 

bone are quantitatively the most important functions of phosphorus, and the changes in 

bone structure and composition that result from phosphorus deprivation are in most 

respects the same as those described for calcium deprivation. Phosphorus is however, 

required for the formation of the organic bone matrix as well as the mineralization of the 

matrix. The remaining 20% of body phosphorus is widely distributed in the fluids and 

soft tissues of the body where it serves a range of essential functions (Suttle, 2010).  
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Phosphorus was also found to be a component of deoxy- and ribonucleic acids, which are 

essential for cell growth and differentiation (Suttle, 2010). As phospholipid it contributes 

to cell membrane fluidity and integrity and to the myelination of nerves; and as phosphate 

(PO4) helps to maintain osmotic and acid–base balance. Phosphorus also plays a vital role 

in a host of metabolic functions, including energy utilization and transfer via AMP, ADP 

and ATP, with implications for gluconeogenesis, fatty acid transport, amino acid and 

protein synthesis and activity of the sodium/potassium ion pump.  

 

Disturbances of glycolytic metabolism have been noted in the erythrocytes from 

phosphorus – deficient cattle (Wang et al., 1985). In ruminants, the requirements of the 

rumen and caeco-colonic microflora are also important, and microbial protein synthesis 

may be impaired on low-phosphorus diets (Petri et al., 1989; Ternouth and Sevilla, 

1990). Phosphorus is further involved in the control of appetite (in a manner not yet fully 

understood) and in the efficiency of feed utilization (Ternouth, 1990). It also appears that 

phosphorus is an important constituent of mammalian tissues as well as a dietary 

antagonist of phosphorus absorption (AP), being present in the basolateral membrane of 

cells where it „anchors‟ alkaline phosphatases (Vucenik et al., 2004). Synthesis of 

phosphorus can take place in the tissues, where its strong affinity for ferric ions provides 

antioxidant capacity and affinity for calcium ions allows participation in gene regulation, 

RNA export, DNA repair and cell signalling (Bohn, 2008). 

 

a. Absorption: The absorption of phosphorus (AP) takes place principally in the 

proximal small intestine (Bown et al., 1989; Yano et al., 1991) and is largely unregulated 

in all species. Specific, sodium-dependent transporters for phosphate (PO4) have been 

identified in the jejuna mucosa and kidneys of poultry, but phosphorus deprivation only 
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affects transporter expression in the kidneys (Huber et al., 2006). There is measurable 

absorption of phosphorus from the large intestine in pigs (Liu et al., 2000). 

 

Requirements for poultry: The phosphorus requirements of chicks decline as they 

grow, as do those for calcium, but vary according to the chosen measure of phosphorus 

status. Traditionally, bone density has set the standard, but environmental considerations 

demand that it should only be used on welfare or survival (e.g. poultry) grounds (Suttle, 

2010). The view that calcium to phosphorus ratios has little independent influence on 

phosphorus requirements (Underwood and Suttle, 1999) has been endorsed by recent 

experiments with broiler chicks (Driver et al., 2005). Emphasis should be placed on 

maintaining minimal calcium to phosphorus ratios while meeting calcium and 

phosphorus requirements, since there is no „ideal‟ calcium to phosphorus ratios. 

 

NRC recommendations for growing chicks and hens have declined over the years, but are 

still too generous. Keshavarz (2000a) slashed the NRC (1994) sliding scale for Leghorn 

chicks by 50% or more and found no reduction in performance or bone quality. The NRC 

provision for growing turkeys has increased over the years, and the contrast with chicks 

cannot be linked to changes in the type of bird, its rate of growth or efficiency of feed use 

because similar changes have occurred in the different species. The sliding scale (i.e. 

phase feeding) for turkey poults has been supported by subsequent studies with turkey 

poults up to 21 days of age (Applegate et al., 2003), in which 5.5 g non- phytate 

phosphorus (PyP) kg−1DM was sufficient for growth, but did not allow maximal bone 

mineralization. Temporary under feeding may not be a major concern because the 18-

dayold broiler chick can compensate for previous phosphorus (and calcium) deprivation 

(Yan et al., 2005). The onset of lay however increases the need for phosphorus more than 

would be expected from the small amount of phosphorus in the egg (about 120 mg) 
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because the increase in phosphorus catabolism associated with egg production increases 

endogenous losses. Early studies suggested that 50% more phosphorus intake (Pi) was 

needed to prevent „cage layer fatigue‟ than to maintain egg production (Owings et al., 

1977) but the NRC (1994) reduced its recommendation to the equivalent of 2.5 g Pi kg−1 

DM for all stages of lay. Requirements are affected by environmental conditions. High 

temperatures reduce feed consumption and hence raise the required dietary phosphorus 

concentration (NRC, 1994). Floor-housed birds recycle phosphorus through coprophagy 

and their requirements are therefore lower than those of caged hens (Singsen et al., 

1962). 

 

b. Deficiency 

Poor appetite: Loss of appetite can cause weight loss, an early characteristic of 

phosphorus deprivation in both growing and mature animals of all species. Appetite can 

be closely related to serum Pi, but may be governed by gut - based as well as systemic 

mechanisms (Ternouth and Sevilla, 1990a, b). Reduced egg production in phosphorus-

deprived hens has been attributed to a reduction in food intake (Bar and Hurwitz, 1984).  

 

Pica: Loss of appetite is often paralleled by a craving for and a consumption of abnormal 

materials such as soil, wood, flesh and bones. The depraved appetite (pica) may be 

general (allotriophagia) or specific (osteophagia, a craving for bones; sarcophagia, a 

craving for flesh). Pica is not a specific sign of phosphorus deprivation and has been 

observed in animals suffering from lack of sodium, potassium, energy and protein 

(Underwood et al., 1940).  

 

Abnormalities of bones: The skeletal abnormalities associated with phosphorus 

deprivation are almost identical to those described for calcium deprivation because bone 
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mineral cannot be produced if either mineral is lacking. In broiler chicks, it is possible to 

distinguish „phosphorus rickets‟ from „calcium rickets‟ by the abnormalities in and 

immediately distal to the growth plate. In „phosphorus rickets‟, the growth plate is normal 

but the primary spongiosais elongated – the opposite of the description for „calcium 

rickets‟ (Edwards and Veltman, 1983). Hens given insufficient phosphorus can become 

lethargic, unwilling to stand and eventually die. The symptoms occur 5 weeks earlier in 

hens that are relatively old at the onset of phosphorus deprivation (70 – 76 versus 20 – 

70weeks) (Boling et al., 2000a). The condition fits the description of „cage layer fatigue‟, 

but phosphorus deprivation is probably not the only cause. 

 

Reduction in egg yield and quality: In hens, phosphorus deprivation is manifested by a 

decline in egg yield, hatchability and shell thickness, but this is much less likely to occur 

than calcium deprivation because of the far smaller requirement for phosphorus. A study 

found that the egg production and the hatchability of fertile eggs from caged hens 

decreased rapidly on diets containing 3.4 – 5.4 g phosphorus, all of plant origin, until 0.9 

g Pi kg−1DM was added, but the same amount of organic phosphorus (as hominy) was 

ineffective (Waldroup et al., 1967). In later studies, the addition of 1.0 g Pi kg−1 DM was 

insufficient to sustain performance (Boling et al., 2000a). Egg weight and body weight 

were improved by adding phytase to a diet providing a similar level of organic 

phosphorus (Barkley et al., 2004).  

 

Supplementation of commercial, grain-based diets with Pi or a (phytate) Py- degrading 

additive is therefore necessary for maximum egg yield and quality, but the benefits can 

be exaggerated by a prior failure to build up the skeletal reserves of calcium needed to 

sustain egg production. Calcium intakes may decline as a result of reduced voluntary 
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intake of limestone on a diet low in available phosphorus, where the calcium source is 

offered separately and ad libitum (Barkley et al., 2004). 

 

2.5.3 Magnesium (Mg) 

Although most of the body‟s magnesium (60 – 70%) is present in the skeleton 

(Underwood and Suttle, 1999), magnesium is second only to potassium in abundance in 

the soft tissues, which contain 0.1 – 0.2 g Mg kg−1 fresh weight. Unlike potassium, 

however, magnesium is largely (80%) protein bound. Magnesium is associated 

predominantly with the microsomes, where it functions as a catalyst of a wide array of 

enzymes, facilitating the union of substrate and enzyme by first binding to one or the 

other (Ebel and Günther, 1980).  

 

Magnesium is thus required for oxidative phosphorylation leading to ATP formation, 

sustaining processes such as the sodium ion/potassium ion pump; pyruvate oxidation and 

conversion of a - oxoglutarate to succinyl coenzyme A; phosphate transfers, including 

those affected by alkaline phosphatase, hexokinase and deoxyribonuclease; the b 

oxidation of fatty acids; and the transketolase reaction of the pentose monophosphate 

shunt (Shils, 1997). Magnesium also performs non - enzymic functions: The binding of 

magnesium to phosphate groups on ribonucleotide chains influences their folding; 

exchanges with calcium influence muscle contraction (Ebel and Günther, 1980; Shils, 

1997); and cell membrane integrity is partly dependent on the binding of magnesium to 

phospholipids. 

 

Magnesium is present in erythrocytes and deprivation changes the fluidity of red cell 

membranes (Tongyai et al., 1989). Rumen microorganisms require magnesium to 

catalyse many of the enzymes essential to cellular function in mammals, and feeding 
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sheep on a semi-purified diet virtually devoid of magnesium rapidly impairs cellulolytic 

activity by the rumen microflora. Magnesium also occurs in relatively low but life-

sustaining concentrations in the extracellular fluids, including the cerebrospinal fluid 

(CSF), where it governs the neuromuscular transmission of nerve impulses. Magnesium 

also antagonizes calcium - modulated transmitter release at the synapses and affects 

autonomic control in the heart. 

 

a. Magnesium availability in poultry: Knowledge of Mg absorption (AMg) is meager 

for poultry, but values are much higher than those for ruminants (Suttle, 2010). 

Employing a combination of comparative balance and isotope dilution techniques, 

Güenter and Sell (1974) estimated that AMg in chickens was 0.55 – 0.58 from barley, 

maize and wheat, 0.83 from oats, 0.60 from soybean meal, 0.62 from dried skimmed milk 

and 0.43 from rice. In monogastric species magnesium is absorbed mostly from the small 

and large intestine (Güenter and Sell, 1973; Partridge, 1978).  

 

b. Gross requirements for poultry: In growing birds, the growth rate probably affects 

requirements. In one study, 0.2 g Mg kg−1 DM sufficed for early growth in White 

Leghorn chicks, whereas faster growing broiler chicks needed 0.5 g kg−1 DM 

(McGillivray and Smidt, 1975). Calcium and phosphorus have small effects on the 

requirements of chicks (Nugara and Edwards, 1963): increasing dietary phosphorus from 

3 to 9 g kg−1 DM and dietary calcium from 6 to 12 g kg−1 DM raised the requirement 

from 0.46 to 0.59 g Mg kg−1 DM, but 0.25 g Mg kg−1 DM was sufficient for survival 

and maximum growth with 6 g P kg−1 DM (Wu and Britton, 1974). A significant 

increase in weight gain to 3 weeks of age, but not to market weight, has been observed 

when magnesium is added to high-energy diets (McGillivray and Smidt, 1977). 
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The requirements of laying hens depend on the criteria of adequacy employed and the 

type of diet (Sell, 1979). The hierarchy of magnesium requirements is as follows: to 

maintain normal serum magnesium, 0.16 g kg−1 DM; to support maximal egg 

production, 0.26 g kg−1 DM; to obtain a normal magnesium concentration in the egg, 

egg weight and hatchability of chicks, 0.36 g kg−1 DM (Hajj and Sell, 1969). 

Supplemental magnesium sulfate (MgSO4) at 0.05% has increased shell weight and the 

thickness of eggs produced by hens on a practical ration (Bastien et al., 1978), but others 

(Underwood and Suttle, 1999) have observed no such benefit. The recommendations of 

the NRC (1994) for uniformly high concentrations of 0.5 g Mg kg−1 DM for broilers, 

turkey poults and laying hens (with a food intake of 100 g day−1) contain a generous 

safety margin. It would be unusual for poultry fed on commercial diets to need 

continuous supplementation with magnesium. 

 

The physiological deficiency can be prevented by magnesium supplementation of a salt 

or grain mixture and adequate consumption is also very important (Hays and Swenson, 

1985). 

 

2.5.4 Sulfur (S) 

The functions of sulfur are as diverse as the proteins of which it is a part. Sulfur is 

frequently present as highly reactive sulfhydryl (SH) groups or disulfide bonds, 

maintaining the spatial configuration of elaborate polypeptide chains and providing the 

site of attachment for prosthetic groups and the binding to substrates that are essential to 

the activity of many enzymes. Hormones such as insulin and oxytocin contain sulfur, as 

do the vitamins thiamine and biotin. The conversion between homocysteine and 

methionine facilitates many reactions involving methylation. Cysteine-rich molecules 

such as metallothionein play a vital role in protecting animals from excesses of copper, 
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cadmium and zinc, while others influence selenium transport and protect tissues from 

selenium toxicity. Glutathione may facilitate the uptake of copper by the liver. 

Glutathione also protects tissues from oxidants by inter - converting between the reduced 

(GSH) and oxidized (GSSG) state, and may thus protect erythrocytes from lead toxicity. 

Sulfur is present as sulfate (SO4) in the chondroitin SO4 of connective tissue, in the 

natural anticoagulant heparin and is particularly abundant in the keratin-rich appendages 

(hoof, horn, hair, feathers, wool fibre and mohair).  

 

2.5.5 Potassium  

The essentiality of potassium in animal diets was demonstrated experimentally early in 

the 19th century. The element has been found to sustain nerve and muscle excitability as 

well as water and acid–base balance (Ward, 1966). Naturally occurring potassium 

deficiency in livestock is, however, rare. The element is so abundant in common rations 

and pastures that „nutritionists have generally regarded potassium as a useful but non 

critical nutrient (Thompson, 1972). That view has been challenged with respect to cattle 

(Preston and Linser, 1985), but unequivocal benefits from potassium supplementation 

have yet to be shown in the field. The nutritional problems presented by potassium 

continue to involve excesses rather than deficiencies, particularly in ruminants whose 

natural diet frequently provides a manifold surplus of potassium that perturbs sodium and 

calcium homeostasis. 

 

a. Functions of potassium 

Potassium is the major intracellular ion in tissues. It is usually present at concentrations 

of 100 – 160 mmol/ l, which are 25 – 30 times greater than those in plasma (Ward, 1966). 

The established gradients create an electrical potential that is essential for the 

maintenance of responsiveness to stimuli and muscle tone. Potassium inevitably 
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contributes to the regulation of acid–base balance and participates in respiration via the 

chloride shift. All soft tissues are much richer in potassium than in sodium, making 

potassium the third most abundant mineral in the body at about 3.0 g kg−1 live weight 

(LW), ahead of sodium at 1.2 g kg−1 LW. The highest potassium concentrations are 

found in muscle (approximately 4 g kg−1) (ARC, 1980) 

 

b. Potassium requirements 

A re - investigation of weanling cross - bred pigs placed the potassium requirement at 

2.6 – 3.3 g kg-1 DM, using a purified diet supplemented with potassium acetate or 

bicarbonate (Combs et al., 1985). This figure is close to that originally proposed by 

Meyer et al. (1950). The potassium requirements for growth in poultry appear to vary 

according to dietary conditions, being increased by dietary phosphorus (Gillis, 1948, 

1950), (Nesheim et al., 1964), carbohydrate (Leach et al., 1959) and protein supplies, 

but the effects of carbohydrate and protein probably reflect the higher growth rate 

achieved by feeding such supplements. The potassium requirement was once put at 4 

– 6 g kg−1 DM for chickens (Thompson, 1972) and was similar to that of turkey 

poults (Supplee, 1965). Subsequent recommendations distinguished between different 

types and ages of bird, with particularly high potassium needs for the young turkey 

poult (7 g kg−1 DM) and a low requirement as pullets approach lay (2.5 gkg−1 DM). 

Optimum dietary concentrations will be influenced by interactions with sodium and 

chloride but 1 g K kg−1 DM may not support optimum shell thickness (Sauveur and 

Mongin, 1978). 

 

c. Metabolism of potassium 

Absorption: Potassium absorption occurs principally in the small intestine in non-

ruminants by unregulated processes. In the ruminant, however, over 50% of the 

potassium entering the rumen is passively absorbed from it lowering the apical potential 
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difference at the mucosal surface in the process. Potassium enters the blood stream 

largely via conductance channels in the basolateral membrane of the gut mucosa.  

 

Excretion: the kidneys principally achieve the regulation of body potassium status, where 

tubular reabsorption is restricted during overload under the influence of aldosterone 

(Kem and Trachewsky, 1983). However, adaptation to potassium loading begins in the 

gut, where splanchnic sensors provide early warning of the ingestion of potentially lethal 

amounts (Rabinowitz, 1988). Response to the sensors involves an increase in 

sodium/potassium ion ATPase activity and an increase in the number of pumps in the 

basolateral membrane of both the distal renal tubule and colon, leading to increased 

potassium excretion by both the urinary and faecal routes (Hayslett and Binder, 1982).  

 

Aldosterone modulates the renal but not the colonic response. Michell (1995) has 

suggested that aldosterone may be more important to the grazing ruminant by controlling 

potassium excess than in the more widely studied alleviation of sodium deficiency. 

However, the mechanisms are not as effective as those for sodium, and plasma potassium 

rises in response to increases in dietary potassium in animals as diverse as pigs (Combs et 

al., 1985) and steers (Greene et al., 1983). Early suggestions that arise in plasma 

potassium increases sodium appetite were later questioned (Michell, 1978).  

 

2.5.6 Sodium and chlorine 

Long after the first experimental induction of salt deprivation in livestock in the 19th 

century, Australian workers began to unravel the complex hormonal control of sodium 

metabolism by ingenious surgical interventions that prevented the recycling of sodium 

via salivary secretion in sheep, some of which had their adrenal glands removed (Denton, 
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1982). A need for supplemental sodium in pigs and poultry fed on cereal-based rations 

was also established (Aines and Smith, 1957).  

 

By contrast, chloride deprivation rarely occurs naturally (Summers et al., 1967), although 

it has been induced experimentally in poultry (Leach and Nesheim, 1963) and calves 

(Neathery et al., 1981), Attention has now switched to the problems of salt excess. 

Approximately one-third of the Earth‟s land surface is affected by salinity, sodicity and 

aridity (Chiy and Phillips, 1995) and the exploitation of halophytic browse species and 

sea water for irrigation in arid coastal areas are only possible when sodium excesses are 

controlled (Pasternak et al., 1985; Masters et al., 2006). Recently, welfare problems 

associated with dehydration during prolonged transportation have focused attention once 

more on the hormonal control of thirst and sodium metabolism (Hogan et al., 2007) and 

the findings may have a bearing on the current controversy surrounding sodium 

requirements of dairy cows (Edmeades and O‟Connor, 2003). 

 

a. Functions: Sodium and chloride maintain osmotic pressure, regulate acid–base 

equilibrium and control  water metabolism in the body, with Na+ being the major cation 

in the extracellular fluid (ECF) and Cl
−
 the major anion, at concentrations of 140 and 105 

mmol l
−
1, respectively (Suttle, 2010). Sodium plays a key role, providing an „osmotic 

skeleton‟ that is „clothed‟ with an appropriate volume of water (Michell, 1995). When ion 

intakes increase, water intakes also increase (Wilson, 1966; Suttle and Field, 1967) to 

protect the gut, facilitate excretion and to „clothe the enlarged „skeleton‟. The „osmotic 

skeleton‟ is sustained by the Na+/K+ ATPase pump in cell membranes, which actively 

transports sodium out of the cell, converting the energy of ATP into osmotic gradients 

along which water can flow and fuelling other cation - transporting mechanisms. Thus, 
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trans-membrane potential differences are established, and these influence the uptake of 

other cations and are essential for excitability (Suttle, 2010). 

 

Amino acid and glucose uptake are dependent on sodium and sodium- dependent 

phosphate transporters have been isolated from the avian jejunum and kidneys (Huber et 

al., 2006). Exchange of Na
+
 with H

+
 influences pH regulation, while that with Ca

2+
 

influences vascular tone. There are some marked contrasts between sodium and 

potassium, with sodium making up over 90% of the bases of the serum, but little is 

present in the blood cells. There are significant stores of sodium in the skeleton, which 

may contain approximately 3 – 5 g kg−1 fresh weight in sheep.  

 

Chloride is found both within the cells, including the gastric goblet cells where it occurs 

as hydrochloride (HCl), and in the body fluids in the form of salts. Respiration is based 

on the „chloride shift‟ whereby the potassium salt of oxyhaemoglobin exchanges oxygen 

for carbon dioxide via the bicarbonate ion (HCO3
−
) in the tissue and reverses that process 

in the lung, where reciprocal chloride exchanges maintain the anion balance (Block, 

1994). 

 

b. Metabolism of sodium and chloride 

Palatability: The presence of salt contributes to the palatability of a feed (Grovum and 

Chapman, 1988), but the addition of salt to a feed replete with sodium can lower feed 

intake (Wilson, 1966; Moseley, 1980) and may be used as a means of restricting the 

intake of supplementary foods in ruminants (De Waal et al., 1989). However, sodium 

appetite is relative rather than absolute and can easily be learned (i.e. affected by 

experience) (Sutlle, 2010. 
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Absorption: Both sodium and chloride are readily absorbed, but each element can 

influence the absorption of the other (Henry, 1995). Studies with the isolated rumen 

showed that the active transports of sodium and chloride are coupled, with the absorption 

of one ion requiring the presence of the other (Martens and Blume, 1987). Ammonium at 

>8 mmol l−1 can inhibit sodium transport, while enhancing chloride transport across the 

isolated rumen epithelium via separate effects on uncoupled pathways (Abdoun et al., 

2005), but the effects are dependent on pH and influenced by the dietary treatment of 

donor sheep (Abdoun et al., 2003). However, the rumen is not normally a site of net 

sodium absorption. In sheep and cattle the major site is the large intestine, particularly on 

diets high in potassium (Greene et al., 1983a, b; Khorasani et al., 1997). Sodium uptake 

from the intestinal lumen is achieved by coupling to glucose and amino acid uptake via 

co-transporters and also by exchange with hydrogen ions (H+) (Harper et al., 1997). 

Absorption of chloride from dietary and endogenous (gastric secretions) sources is also 

achieved by exchange for another anion, HCO3
−
. 

 

2.5.7 Zinc 

The first unequivocal evidence that zinc is necessary for growth and health was obtained 

in laboratory animals (Todd et al., 1934) at a time when associations were being noted 

between zinc and carbonic anhydrase, an enzyme eventually shown to contain zinc 

(Keilin and Mann, 1940). In domesticated species, experimental zinc deprivation was 

produced first in chicks (O‟Dell and Savage, 1957) and pigs (Stevenson and Earle, 1956). 

In all species, the disorder was characterized by loss of appetite, growth depression, 

abnormalities of the skin or its appendages and reproductive failure. In the field, zinc 

supplementation cured and prevented parakeratosis, a thickening and hardening of the 

skin found in pigs given grain-based diets, rich in calcium (Tucker and Salmon, 1955). 

Zinc - responsive disorders were also induced by excess dietary calcium in poultry and 
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were eventually attributed to a potent and complex interaction with the major source of 

phosphorus in feed grains, phytate (Py) (Ziegler et al., 1961).  

 

The quest to understand the pathogenesis of zinc deprivation continues and has led to the 

measurement of free intracellular zinc at femtomolar concentrations (Outten and 

O‟Halloran, 2001), while therapeutic properties have been found for zinc at near-molar 

concentrations (Hill et al., 2001). Fear of zinc deprivation is being exploited 

commercially by unfounded claims for the enhanced bioavailability of a variety of 

„organic‟ zinc supplements (Suttle, 2010). 

 

a. Functions 

Gene expression: Fetal growth is especially affected by lack of zinc (Hurley, 1981) and 

this may reflect the roles that zinc plays in DNA synthesis and nucleic acid and protein 

metabolism. Zinc regulates genes involved in signal transduction, responses to stress, 

reduction–oxidation reactions, growth and energy utilization, including a T-cell cytokine 

receptor and uroguanylin (Cousins et al., 2003). Teratogenic defects may mostly derive 

from the primary effects of zinc deprivation on gene expression – effects that are most 

marked when cells are rapidly dividing, growing or synthesizing (Chesters, 1992). 

 

Appetite control: Since O‟Dell and Reeves (1989) reviewed the role of zinc in the 

regulation of appetite, advances have continued to come from studies with rats. The 

pattern as well as the rate of food intake can be affected and acute zinc deprivation on 

diets almost devoid of zinc causes rats to nibble at food rather than „meal eat‟. 

Deprivation on diets containing a little added zinc (3–6 mg Zn kg−1 dry matter (DM) ) 

avoids that complication, but the description of such diets as „marginal‟ in zinc (e.g. 



39 

 

Kwun et al., 2007) is inappropriate because the diets unequivocally provide insufficient 

zinc for normal growth and development.  

 

Zinc deprivation increases the expression of the gene for the appetite-regulating hormone 

cholecystokinin (Cousins et al., 2003), but the role of zinc is probably multi-factorial. 

There is also increased expression of leptin, a cytokine hormone whose secretion from 

adipocytes acts as a satiety signal (Kwun et al., 2007), and reduced expression of 

pyruvate kinase (Beattie et al., 2008), which is highly regulated by insulin. Changes in 

the concentrations of neurotransmitters in the brain have been reported in zinc 

deprivation, but may be secondary consequences of appetite reduction (Kwun et al., 

2007). In what might more accurately be called acute zinc deprivation, the reduction in 

appetite is selective, with carbohydrate being avoided and protein and fat preferred 

(Kennedy et al., 1998). 

 

Fat absorption: When low plasma and liver concentrations of vitamin E as well as the 

fat-soluble vitamin A were reported in zinc - deprived animals, attention became focused 

on the possible role of zinc in fat absorption. The pancreas secretes zinc - dependent 

phospholipase A2 (Kim et al., 1998). This hydrolyses phosphatidyl choline, facilitating 

its absorption and the formation of chylomicrons, which are crucial for the absorption of 

fat micelles (Noh and Koo, 2001). Duodenal infusion of hydrolysed phosphatidyl choline 

greatly increases the absorption of fats and the fat-soluble vitamins A and E in well 

grown rats that are „marginally deprived‟ of zinc. The partial alleviation of the effects of 

heat stress in quail by supra-nutritional levels of zinc (Sahin and Kucuk, 2003) may be 

mediated, in part, by secondary improvements in vitamin status. 
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Antioxidant defense: In addition to the contribution of a superoxide dismutase, 

CuZnSOD, in protecting cells from the superoxide radical, in vitro studies suggest that 

zinc may afford protection from iron - induced lipid peroxidation by blocking iron-

binding sites at cell surfaces, acting synergistically with vitamin E (Zago and Oteiza, 

2001). Zinc deprivation increases the susceptibility of endothelial cells to oxidant stress 

(Beattie and Kwun, 2004). In humans, zinc supplementation decreases the expression of 

anti-inflammatory cytokines (Prasad, 2007), but it is unclear whether this is beneficial to 

health. Zinc is also a potent inducer of metallothionein (MT), a zinc and thiol - rich 

metalloprotein that scavenges free radicals and could act as a reduction– oxidation sensor 

or active signalling switch in cells (Beattie and Trayhurn, 2002). 

 

Zinc aids in proper assimilation of vitamins, normal growth and development. It is found 

in all the fluids in the body. It works in maintenance of body tissue, sexual function, 

immune system, chemical detoxification, synthesis of DNA and helps in reducing healing 

time. It is stored in the thyroid, pancreas, liver, kidney, bone, voluntary muscle, prostrate, 

sperm cells, skin, hair, nails and white blood corpuscles and parts of the eyes (Sanchez, 

2010). Zinc plays an important role in poultry, particularly layers, as a component of a 

number of metalloenzymes such as carbonic anhydrase which is essential for eggshell 

formation in the hens shell gland (Scheideler, 2008). Other important zinc 

metalloenzymes in the hen include carboxypeptidase and DNA polymerases. These 

enzymes play important roles in the hen‟s immune response, in skin and wound healing, 

and for hormone production (testosterone and corticosteroids). Classic deficiency 

symptoms of a zinc deficiency in poultry could include a suppressed immune system, 

poor feathering and dermatitis, infertility and poor shell quality (Scheideler, 2008). 
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Lack of zinc during embryonic growth grossly disturbs skeletal development and severe 

abnormalities of the head, limbs and vertebrae have been found in chick embryos from 

the eggs of severely deprived hens (Kienholz et al., 1961). Zinc deficiency in breeder 

diets reduces egg production and hatchability. Proper zinc supplementation has proven to 

be important in reducing early mortality of turkey poults (Larson, 2005). 

 

2.5.8 Iron (Fe) 

Iron is by far the most abundant trace element in the body and its value as a dietary 

constituent has been appreciated for over 2000 years (Suttle, 2010). A connection 

between dietary iron supply and disorders of the blood was proposed in the 16th century, 

but its physiological basis was not discerned until horse hemoglobin (Hb) was shown to 

contain 0.335% iron (Zinoffsky, 1886) and the finding was confirmed in other species. 

Stockman (1893) ended a long controversy by showing that Hb concentrations in anemic 

women could be rapidly increased by supplementation with salts as diverse as ferrous 

citrate and ferrous sulfide.  

 

Approximately 60% of iron in the body is present as Hb in the bloodstream, and rapid 

expansion of red cell mass greatly increases demands for iron and risk of anemia in the 

first few weeks of life in many species of domestic animal, particularly the pig. For many 

years nutritional interest in iron was focused on its role in Hb formation, but a broader 

concept of the physiological significance of iron developed when its presence in the 

ubiquitous enzyme group of cytochrome oxidases (COX) was established (Suttle, 2010). 

Iron supplies are rarely inadequate for older farm livestock, in which the major problem 

is presented by excess dietary iron. By contrast, iron-deficiency anemia is the sixth most 

prevalent health risk to humans according to World Health Organization statistics 

(Stoltzfus, 2001).  
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Iron has been reported to attract oxygen and build blood, creating energy in the body. 

Along with manganese and copper it is necessary for healthy blood chemistry and is 

essential for recovery from illness (Malhotra, 1998). It is stored in the blood, bone 

marrow, liver, and spleen with trace amounts in every organ. It combines with other 

nutrients to produce vital blood proteins, is involved in food metabolism, digestion, 

elimination, and circulation, and helps to regulate blood pressure (Murray et al., 2000). 

 

Iron has a rapid turnover rate in chicken, and so it must be provided in a highly available 

form in the bird‟s diet on a daily basis. An internal infection such as coccidiosis can also 

interfere with iron absorption and availability (Scheideler, 2008). Iron deficiency can also 

result in microcytic, hypochromic anemia in poultry. 

 

2.5.9 Cobalt 

Cobalt is an essential mineral element, although it is needed in a small amount by the 

body. It is an important constituent of vitamin B-12, and its metabolism is the same as in 

vitamin B-12. The mode of action of cobalt was not recognized until 1948, when the anti-

pernicious anemia factor, subsequently designated vitamin Bl2, was found to contain 

cobalt (Smith, 1948). To be absorbed, vitamin B12 must be bound to intrinsic factor, 

secreted by the gastric mucosa, and partial gastrectomy increased susceptibility to 

pernicious anemia (Suttle, 2010).  

 

Pigs and poultry obtain their vitamin either preformed in food or indirectly by ingesting 

faeces. There is no evidence that any species requires cobalt other than as vitamin Bl2. 

Cobalt stimulates many enzymes of the body and is a co-factor of enzymes involved in 

DNA bio-synthesis and amino-acid metabolism (Arinola et al., 2008). It normalizes the 
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performance of other body cells and is a necessary cofactor for making the thyroid gland 

secretion. An excess of it can lead to enlargement of the thyroid gland although it is not 

common because of its high excretion rate and low absorption rate (Sanchez, 2010). 

 

 

2.5.10 Copper 

Copper was first shown to be essential for growth and hemoglobin formation in 

laboratory rats by Hart and Elvejhem in 1928 and subsequently for the prevention of a 

wide range of clinical and pathological disorders in several monogastric species (Suttle, 

2010). A number of naturally occurring wasting diseases in grazing animals were soon 

found to respond to copper therapy, such as „salt-sick‟ of cattle in Florida (Neal et al., 

1931), „lecksucht‟ of sheep and cattle in the Netherlands (Sjollema, 1933) and „copper 

pine‟ in UK calves (Jamieson and Allcroft, 1947). An ataxic disease of newborn lambs 

(„swayback‟) in Western Australia was attributed to copper deficiency in the ewe during 

pregnancy (Bennetts and Chapman, 1937). Subsequently, extensive copper-deficient 

areas, affecting both crops and livestock, were discovered throughout the world. The 

importance of an interaction between copper and molybdenum was discovered when 

severe diarrhea („teart‟) of cattle, associated with excessive molybdenum in the herbage 

in Somerset, UK, was controlled by massive doses of copper (Ferguson et al., 1938, 

1943).  

 

Copper is an essential micro-mineral necessary for proper functioning of the hematologic 

and neurologic systems (Tan et al., 2006). The importance of copper as an essential trace 

mineral element has been recognized for over a long time with the discovery that copper 

was necessary for normal hemoglobin synthesis in young rabbits and rats (Boland, 2003). 

Iron and copper works together in the formation of hemoglobin and red blood cells. 
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Various enzyme reactions require copper, since it is a constituent of enzymes like 

cytochrome C oxidase, amine oxidase, catalase, peroxidase, ascorbic acid oxidase, 

lactase, uricase, tyrosinase, cytosolic super oxide dimutase (Soetan et al., 2010). Copper 

is the most concentrated in the liver, heart, kidney, brain, bones and muscles, trace 

amounts are present in all body tissues. It plays role in iron absorption (Chandra, 1990). 

 

Copper also plays a vital role in a number of enzyme functions in the bird. It works with 

the enzyme lysyl oxidase which is an integral enzyme in elastin and collagen formation in 

birds. A deficiency of copper can cause bone abnormalities due to abnormal collagen 

synthesis. Tibial dyschondroplasia is one example of a leg disorder in poultry that can be 

associated with copper deficiency (Scheideler, 2008). Also, poor collagen and / or elastin 

formation can lead to cardiovascular lesions and aortic ruptures. Copper is also important 

for feather development and feather color through its role in disulphide bond formation 

(Scheideler, 2008). 

 

2.5.11 Manganese 

The need for manganese in livestock nutrition became evident when two diseases of 

poultry, perosis („slipped tendon‟) and nutritional chondrodystrophy, were prevented by 

feeding manganese supplements (Schaible et al., 1938), and breeder hens deprived of 

manganese produced chick embryos with malformed skeletons (Lyons and Insko, 1937). 

Bone development was also severely affected in pigs deprived of manganese (Johnson, 

1943). Manganese had been found to be widely distributed at very low concentrations in 

mammalian tissues and necessary for the normal development of bone and reproductive 

processes in both sexes. Subsequent studies with laboratory animals showed that severe 

manganese deprivation could impair immunity (Hurley and Keen, 1987) and central 

nervous system function (Hurley, 1981).  
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Manganese is known as the “brain mineral” because it is important in the utilization of all 

mental facilities/functions, healthy memory and other brain and nerve impulses. Though 

found in trace amounts in the body, sound health is impossible without it because it aids 

in oxygen transfer from lungs to cells. Manganese makes up part of molecules known as 

mucopolysaccharides, which are used to form collagen, the fibrous connective material 

that builds tissue, bone and cartilage (Chandra, 1990; Scheideler, 2008). This collagen 

works together with calcium and magnesium. Deficiencies of manganese in poultry will 

result in perosis, bone shortening and bowing, and poor eggshell quality in laying hens 

(Scheideler, 2008). It also helps the reproductive organs to work properly because of its 

effects on tissue and nerves, aiding in production of sex hormones. It is stored in the 

bone, liver, pancreas, pituitary gland and kidney (Soetan et al., 2010). 

 

2.5.12 Selenium 

This essential mineral element works with vitamin E in metabolic functions. It promotes 

normal body growth, enhances fertility, encourages tissue elasticity and is an antioxidant 

that reduces the retention of toxic metals in the body (Sanchez, 2010). It is a constituent 

of the entire defense system that protects living organism from harmful actions of free 

radicals (Soetan et al., 2010). 

 

Selenium‟s role in reproduction has been more thoroughly established. Supplementation 

of selenium and Vitamin E have been shown to decrease the incidence of retained 

placenta, metritis and increased the rate of uterine involution, Vitamin E and selenium 

also reduce tissue damage as well as function, to maintain tissue integrity, thus enhancing 

the uterine environment and better fertility (Boland, 2003). Dietary selenium works with 

vitamin E in boosting the immune status of poultry. 
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Selenium is an important constituent of the enzyme glutathione peroxidise. Glutathione 

peroxidise functions in the cell as its first line of defense against oxidation. Other 

selenoprotiens in poultry play an important role in prevention of exudative diathesis, 

normal pancreatic function and fertility (Scheideler, 2008). Monslave and scheideler 

(2004) reported an increase in egg production and egg mass when selenium was added in 

the diets of laying hens. Increasing dietary selenium also improved vitelline membrane 

strength, but did affect yolk selenium content. 

2.6 Organic Minerals 

Organic minerals are compounds consisting of metal ions bound to organic substances 

including amino acids, peptides or polysaccharide complexes.  According to AAFCO 

(2000), organic minerals are classified as follows: 

 Metal (specific amino acid) complex. This is the product resulting from 

complexing a soluble metal salt with a specific amino acid. Minimum metal must 

be declared. When used as a commercial feed ingredient, it must be declared as a 

specific metal. Examples are, Copper lysine complex, Zinc lysine complex, Ferric 

methionine complex, Manganese methionine complex. 

 Metal amino acid complex. This is the product resulting from complexing a 

soluble metal salt with an amino acid. Examples are Copper amino acid complex, 

Zinc amino acid complex, Magnesium amino acid complex, Iron amino acid 

complex, calcium amino acid complex, etc. 

 Metal amino acid chelate. These are products resulting from the reaction of a 

metal ion from a soluble metal salts with amino acids, with a mole ratio of one 

mole of metal to one – three moles of amino acids to form cordinate covalent 

bonds. Amino acids molecular weights must be approximately 150, while the 

chelate molecular weight must not exceed 800 Daltons. The minimum metal 
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content must be declared. Examples are Calcium amino acid chelate, Magnesium 

amino acid chelate, Cobalt amino acid chelate, Copper amino acid chelate, Iron 

amino acid chelate etc. 

 Mineral proteinates. Metal proteinate is the product resulting from the chelation of 

a soluble salt with amino acids and / or partially hydrolysed protein. Examples are 

Copper proteinate, Zinc proteinate, Iron proteinate etc. 

 Mineral polysaccharide complex. Is a product resulting from complexing of a 

soluble salt with a polysaccharide solution. Examples are Copper polysaccharide 

complex, Iron polysaccharide complex, Zinc polysaccharide complex etc. 

 

Organic minerals can be classified in two categories: natural and synthetic. Natural 

mineral complexes are formed during normal digestion, absorption, and metabolism in a 

living system. Synthetic mineral complexes (usually by dietary supplementation) 

conversely are used to enhance mineral utilization efficiency.  

 

During digestion, a variety of natural mineral complexes are formed which either 

enhances or diminishes the usefulness of the ingested minerals. Herrick, (1993) 

categorized natural organic minerals into three types based on their functions in 

biological systems. These include complexes which (1) transport and store metal ions, (2) 

are essential to physiological activity and (3) interfere with metal ion utilization. Amino 

acids, EDTA and other synthetic ligands are important as metal binding and transporting 

agents in the gastrointestinal tract, while they enhance uptake of metal ions from the 

intestinal lumen into the mucosal cells. For instance, transferrin is essential for gut 

absorption, transport and storage of iron. Additionally, metal complexes may form in 

biological systems to allow physiological activity of certain compounds. Hemoglobin 

contains iron and vitamin B12 contains a central cobalt atom. 



48 

 

 

Synthetic organic minerals are produced in an attempt to increase the utilization of 

dietary minerals. By complexing metal ions with a variety of organic ligands, an effort is 

made to enhance mineral absorption across intestinal mucosa. Organic chelates and 

bioplexes of trace minerals have been developed and made available for supplementation 

in poultry diets. Examples are, Bio Met Zinc, VETMIN - B, VETMIN – L, Zn Bioplex, 

Znpro etc. These complexes are said to be more bioavailable than the inorganic minerals 

and have been used to improve production performance and immunity in poultry. For 

example, Arvinda et al., (2001) studied the effect of supplementation of organic 

Selenium (Se) and vitamin E at two different levels of 0.10 and 0.15 ppm Se and 50 and 

75 ppm of Vitamin E respectively, on growth, immunity and carcass traits in broiler 

chickens. The overall combination of organic Se at 0.1 ppm and Vitamin E at 75 ppm 

was found to be superior for growth trial. Amatya et al., (2004) also have studied the 

effect of supplementation of chromium (Cr) from various inorganic sources as potassium 

chromate, chromium chloride vs. an organic source of chromium from chromium-yeast 

complex on weekly live-weight gain, food conversion ratio and the live-weight gain. It 

was concluded that the supplementation of 0.2 mg organic Cr per kg of feed would 

improve the performance of broiler chickens in terms of metabolism of organic nutrients, 

retention of trace elements and meat quality.  

Paik (2001) evaluated the utilization of organic zinc, copper, and manganese, either 

individually or in combination, and observed improvements in the production 

performance of birds fed organic copper and the combination of these three metals in an 

organic complex. 

 

 

 



49 

 

2.7. Mineral Nutrition in Broilers 

Contrary to layers, whose mineral nutrition is focused more on calcium requirements and 

supplementation, research on mineral nutrition of broilers has been more on phosphorus 

(Lukic et al., 2009) because of several reasons. One of them is the significant role of 

phosphorus in the physiological process in broilers, and constant problems related to 

quality of broiler bones, with attempts to solve these problems through interventions in 

nutrition in order to adequately support the obvious genetic progress achieved by poultry 

hybrid producers from year to year (Lukić et al., 2006). It is well known that lack of 

phosphorus in nutrition, because of its multiple and very important metabolic roles in 

organism, disturbs the intensity of the process of bio-synthesis and causes poorer growth 

and decrease of body mass in poultry in the phase of growth and development, and 

consequential incidence of irregular/incorrect ossification (Lukić et al., 2005).  

Very important also is the ecological aspect, considering that for long time phosphorus is 

declared as one of the main pollutants of soil and waters.  

 

However, the main reason for great number of researches relating to mineral nutrition of 

broilers with phosphorus is the current revolution in animal nutrition created by adding of 

exogenous enzymes into livestock food, e.g phytase. In feeds of plant origin phosphorus 

is mainly present in the phytine form (60 - 80% of total amount of phosphorus) which 

cannot be utilized by poultry (Sebastian et al., 1998). Problem related to provision of 

sufficient quantity of phosphorus is solved by use of mineral feeds, but considering low 

availability of phosphorus, poor availability from feeds of plant origin, and incomplete 

availability from mineral feeds, great amount of undigested phosphorus is released 

through faeces into environment. So, concentrating of phosphorus and its excretion 

through faeces into the environment is serious ecological problem since phosphorus is 

one of the dominant pollutants (Van der Klis, 1992).  
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For the purpose of solving existing problems in nutrition, enzyme phytase is used and in 

this way the availability of phosphorus is significantly increased which indirectly reduces 

the necessary amount of added phosphorus to food (Lukic, 2002). Use of phytase reduces 

excretion of phosphorus by direct increase of its utilization from plant feeds and/or 

indirectly reducing the level of non-organic phosphorus added to food. In contribution to 

the application of phytase are results of the latest studies indicating the positive effect on 

digestibility and availability of calcium, iron, zinc, magnesium and protein with the use 

of this enzyme. Also, because of almost universal presence of phytate in grain cereals and 

oil meals, phytase represents enzyme with the highest potential among other enzymes 

which can be used in poultry production. 

 

In broilers, researches on the use of 25-hydroxy-calciferol (25-OH D3), instead of 

conventional source of vitamin D in food have shown positive effects and lead to 

development of new and perspective type of additive in practice (Whitehead, 2005). 

Needs for certain micro-elements in broilers, which are also considered as potential 

ecological pollutants, after almost 40 years, are being reviewed in the latest studies, 

especially with the development of mineral proteinates as highly adoptable sources of 

these micro minerals (Leeson, 2006).  

 

Micro minerals are also essential in poultry diets as they participate in biochemical 

processes required for normal growth and development. Micro minerals have been 

traditionally added to poultry diets as inorganic salts such as oxides and sulphates. 

However, inorganic salts usually have low bioavailability mainly due to the antagonism 

between themselves or other minerals, feed ingredients and nutrients, which results in 

reduced absorption. However organic sources of these metals have been used with the 
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aim of enhancing trace mineral bioavailability. The principle is to bind minerals to 

organic molecules (ligands), allowing the formation of structures with unique 

characteristics and high bioavailability (AAFCO, 1997). This way, the metal can be 

protected until the site of absorption.  

Chelates are organic forms of essential minerals such as copper, iron, manganese and 

zinc, where the trace mineral is chelated (bound) by other essential nutrients such as 

amino acids, protein matrix, organic acids etc. with the aim to increase the bioavailability 

of the minerals. Animals fed chelated sources of essential trace minerals excrete lower 

amounts in their feces and so there is less environmental contamination. Mineral chelates 

also offer health and welfare benefits in animal nutrition (McCartney, 2008), such as 

decreased mortality and stress. 

 

Organic trace minerals have been used in broiler feeds for some time, showing promise in 

improving live performance, bird health, processing yield and meat quality 

characteristics. The most commonly used organically-complexed minerals include zinc, 

manganese, selenium, copper, and iron. Zinc sources have been the most studied of these 

compounds and a number of researchers have reported improvements in broiler growth 

rate and/or feed conversion with organic zinc sources. Arvinda et al. (2001) have studied 

the effect of supplementation of organic Selenium (Se) and vitamin E at two different 

levels of 0.10 and 0.15 ppm Se and 50 and 75 ppm of Vitamin E respectively, on growth, 

immunity and carcass traits in broiler chickens. The overall combination of organic Se at 

0.1 ppm and Vitamin E at 75 ppm was found to be superior for growth trial. Amatya et 

al., (2004) have studied the effect of supplementation of chromium (Cr) from various 

inorganic sources as potassium chromate, chromium chloride vs. an organic source of 

chromium from chromium - yeast complex on weekly live-weight gain, food conversion 

ratio and the live-weight gain. It was concluded that the supplementation of 0.2 mg 
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organic Cr per kg of feed would improve the performance of broiler chickens in terms of 

metabolism of organic nutrients, retention of trace elements and meat quality. Paik (2001) 

evaluated the utilization of organic zinc, copper, and manganese, either individually or in 

combination, and observed improvements in the production performance of birds fed 

organic copper and the combination of these three metals in an organic complex. 

However, no performance improvement was observed with the use of either organic zinc 

or the combination of copper and zinc chelates. Guo et al (2003) investigated the effects 

of a Magnesium proteinate in broiler chickens in comparison with MgO (magnesium 

oxide) and an un-supplemented control group. Diets for fattening chicken are not 

normally supplemented with Mg, but this study indicated positive effects on performance 

and meat quality. During the first 3 weeks of life, the Mg proteinate improved feed 

efficiency significantly in comparison with both the inorganic MgO and the negative 

control group (p<0.05). Thigh meat pH and oxidative deterioration during storage were 

also studied. The Mg proteinate increased thigh meat pH in comparison with the negative 

control (p<0.05). Mg supplementation significantly reduced chemical indicators, 

Thiobarbituric acid reactive substances (TBARS) of oxidative deterioration in liver and 

thigh muscle (p<0.01), with Mg proteinate significantly more efficient than MgO 

(p<0.01). The data suggest that organic Mg in the form of a proteinate is capable of 

reducing oxidation, and so improve chicken meat quality. Richards et al. (2006), Yan and 

Waldroup (2006) reported that inclusion of OTM (organic trace minerals) into broiler 

diets can increase mineral bioavailability, enhance immune response to coccidiosis 

vaccination and lower lesion scores, increase intestinal breaking strength, and improve 

performance. The authors concluded that the use of organic trace minerals permits a 

reduction of at least 33% in supplement rates in comparison with inorganic minerals, 

without compromising performance.  
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A Zn proteinate supplement was compared with Zn sulfate in broiler chickens (Ao et al., 

2006) Weight gain and feed intake increased quadratically (p<0.05) with increasing Zn 

concentrations from the proteinate and linearly with Zn sulfate. The relative 

bioavailability of the Zn proteinate was 183 and 157% of Zn sulfate for weight gain and 

tibia Zn, respectively. The authors concluded that the supplemental concentration of Zn 

required in corn-soy diets for broilers from 1 – 21 days of age would be 9.8 mg/kg diet 

(as Zn proteinate) and 20.1 mg/kg diet (as Zn sulfate), respectively. 

 

2. 8 Diet Electrolyte Balance 

A recent review of the concept of Dietary Electrolyte Balance (DEB) by Ahmed et al. 

(2013), defined DEB as the interplay of strong monovalent ions in the poultry diet. Of 

these ions, sodium (Na+), potassium (K+) and chloride (Cl -) are of particular interest 

because of their high bioavailability and relatively higher proportion in the body (Hodge, 

1995). These electrolytes are critical for intra and extracellular homeostasis and influence 

variety of biological parameters within the body ranging from acid base balance, osmotic 

pressure, impulse transmission, enzymatic activity and provide platform for optimum live 

bird performance (Ahmad and Sarwar, 2006; Borges et al., 2007).  

 

The optimum level of these electrolytes is provided through feed formulation in the view 

of guidelines laid by National Research Council (NRC) and nutritional recommendations 

of management guide manuals provided with different varieties of birds. It is defined in 

terms of mEq of Na+ and K+ minus mEq of Cl-/kg of the diet (Nutrition and Council, 

1994). However it is equally important to provide optimum DEB according to productive 

and environmental conditions by manipulating these electrolytes in feed and water. 

Various studies have suggested varying optimum levels of DEB for high growth and 

productivity ranging between 150 - 300 mEq/kg for different classes of poultry. An 
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earlier study (Mongin, 1981) suggested that 250 mEq/kg DEB for broilers while later on 

study (Johnson and Karunajeewa, 1985) recommended DEB between 180 - 300 mEq/kg 

for broilers. Other research studies indicated optimum DEB level was within the same 

range i.e., 246 to 315 mEq/kg for starter phase and 249 to 257 mEq/kg for growing phase 

(Murakami et al., 2001; Oviedo-Rondon et al., 2001). Maximum body weight gain and 

feed conversion ratio was reported at DEB levels of 236 and 207 mEq/kg, respectively 

(Borges et al., 2003a). However, minimum body weight gain and feed conversion ratio 

was reported at high DEB levels of 340 and 360 mEq/kg, respectively (Borges et al., 

2003b; Borges et al., 2004). The DEB requirements for broilers depend on age of the 

birds. Szabo and coworkers found that 175 mEq/kg of DEB was appropriate upto 21 days 

of age, while DEB of 250 mEq/kg found better results from 22 to 42 days of age. The 

DEB variations did not affect macromineral composition of bones (Szabo et al., 2011). 

However, Ahmad and coworkers (Ahmad et al., 2009) suggested that no single DEB 

value can be recommended to improve broiler performance in hot and humid tropical 

conditions. They found that DEB values of 50, 150 and 250 mEq/kg showed quadratic 

effect on weight gain and flock maintained decreased mortality and better blood pH 

balance, whereas DEB of 0 and 350 mEq/kg resulted in metabolic acidosis and alkalosis, 

respectively. The effect of DEB on layers was well studied by Gezen et al. (2005), who 

reported that the DEB level of 256 mEq/kg caused improvement in egg shell quality and 

also corrected metabolic acidosis resulting from egg lay.  

 

Since DEB is the function of individual ions, it is equally important to provide effective 

level of each ion. The effects of extreme levels of Na+, K+ and Cl- have been well 

studied by Borges and coworkers (Borges et al., 1999) and they also defined the extreme 

levels of Na+ (0.15-0.6%), K+ (0.98-1.21%) and Cl- (0.15-0.71%). However, NRC 

recommended levels for Na+ (0.12 - 0.2%), K+ (0.13-0.3%) and Cl- (0.12-0.2%) for 
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various classes of poultry are significantly lower (Borges et al., 2007), whereas Oviedo-

Rondon et al. (2001) recommended optimum Na+ and Cl- requirements for young broiler 

chicken as 0.28 and 0.25%, respectively. Another study suggested that under heat stress 

conditions, relatively higher DEB level should be provided because of respiratory 

alkalosis resulting from evaporative cooling of the body and excessive loss of K+ ion 

through kidneys (Fixter et al., 1987). Under ambient temperature of 18-26°C, DEB level 

of 250 mEq/Kg was optimum but higher temperature (25-35°C) required an elevated 

DEB level of 350 mEq/Kg (Fixter et al., 1987).  

 

DEB of feed samples are determined by first determining the Na+ and K+ concentrations 

of the samples according to the methods of AOAC by flame photometer using standard 

curve (International and Horwitz, 2011). The Cl- in feed samples is determined by dry 

ashing feed samples at 500 to 550°C in the presence of calcium oxide. The resulting ash 

is dissolved in hot distilled water and titrated against 0.05 M AgNO3 solution, using 

K2CrO7 as indicator (Chapman and Pratt, 1961). Molarity of chloride ion was calculated 

by using M1V1 = M V equation and converted to ppm concentration 2 2 through 

following formula:  

Conc. Cl- ions in ppm = Molarity of Cl- ions x 35.5 x 1000 

 

The DEB is calculated by converting the concentration of these monovalent ions in 

mEq/kg by following formulas:  

Concentration of Na+ in mEq/kg = Concentration in ppm/23 

Concentration of K+ in mEq/kg = Concentration in ppm/39.1 

Concentration of Cl- in mEq/kg = Concentration in ppm/35.5 
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The components of a ration must be carefully considered in relation to DEB. For 

example, if the added phosphate is acidic mEq falls. If lysine is present as hydrochloride 

the additional Cl
-
 reduces mEq. When the sulphur from methionine and sulphates (and 

chlorine) from fishmeal are included in the mEq calculations the effect of double valency 

of S= is to drop the mEq values even further. There are currently no information 

concerning an actual status of these ions in the available finished poultry feed and water 

in Nigeria. Field data on DEB of poultry feed diets being used at farms of different 

regions of the Nigeria are needed in order to establish the actual picture of dietary 

electrolytes in feeds produced in Nigeria. 

  

2.9 Wood Ash as sources of Mineral 

2.9.1 Uses in agricultural  

Ash has been used in a variety of agricultural application, as it is an excellent source of 

K, lime and other plant nutrients (Lerner and Utzinger, 1986; Naylor and Schmidt, 1986; 

Campbell, 1990; Etiegni, 1990). It is an economical and readily source of alkaline 

material, which has been used successfully as a treatment of wheat straw to improve its 

digestibility and mineral content (Nolte et al., 1987). Such treatments have been shown to 

improve goat and sheep production in developing countries (Ramirez et al., 1992). 

Alkaline treatment of high fibre roughages has been investigated extensively and there 

are numerous reviews of their effect in incrementing the feeding value for ruminants 

(Jackson, 1978; Wanapat et al., 1985). The most common alkalis used are NaOH, Ca 

(OH) 2, and urea–ammonia. Nolte et al.,(1987) found out that treatment of wheat straw 

with 30% solution of wood ash for 6 hours increased digestibility of dry matter (DM), 

Organic matter (OM), neutral detergent fibre (NDF) and acidic detergent fibre (ADF) in 

goats. Ramirez et al., (1992) confirmed these results and showed that the dry matter 
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digestibility (DMD) of diets containing maize stover treated with a 20% wood ash 

increased by up to 20% in sheep, compared to a control group. 

 

Wood ash and animal urine are readily available low cost products that can be used to 

improve fibre digestibility of straw in a manner comparable to NaOH treatment. 

Therefore, crop residue treated with 20% solution of wood ash, 20% wood ash plus urea 

or with urine could economically supply a major portion of the energy and protein needs 

in ruminants during winter seasons (Ramirez et al., 1991). Sorghum straw is a 

lignocellulostic crop residue produce in considerable amounts in some sorghum grain – 

producing regions. 

 

However, in areas where feed for animal production is limited, most producers use 

sorghum straw as animal feed. The low digestibility and nutritive value of sorghum straw 

limits animal feed intake and cannot support growth of adult ruminants without adequate 

supplementation (Males, 1987). Another problem connected with the utilization of straw 

as a fuel is that straw ash usually melts at a rather low temperature, plus producing cakes 

and sintered ash which can be difficult to remove. The firing of wood chips is not often 

hampered by ash melting (Steenari and Langer, 1988). 

 

Kyarisiima et al. (2004) conducted a study to investigate the effects of wood ash 

treatment on the nutritional value of high tannin sorghum. High tannin sorghum was 

either soaked in wood ash slurry and then germinated for four days or soaked in wood ash 

extract and germinated for 28 hours or germinated after soaking in water. Chemical 

composition of the grains so treated was determined. The feeding value of the wood ash 

extract treated grain was evaluated in a three – week experiment where sorghum replaced 

maize in broiler starter diets. Treatment of high tannin sorghum with wood ash extract 
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was effective in reducing the tannin level and did not lower the nutritive content of the 

grain, unlike the treatment that involved the use of wood ash slurry. There was no 

significant differences in feed intake between maize based diet and the diet that contained 

wood ash extract treated sorghum. There was a significant improvement in growth rate of 

chicks that were fed on a diet that contained treated sorghum. This was also reflected in 

the improvement in digestibility of diets that contained treated grain. 

 

2.9.2 Wood as fertilizer for agricultural land 

The results from numerous studies have shown that wood ash should not be viewed as a 

problem but as a valuable raw material containing elements concentrated by plants and 

the combustion process. It is well documented that wood ash is rich in Calcium and has 

been used successfully as a fertilizer, especially to ameliorate the acidity in soils 

(Demeyer et al., 2001). It is a valuable liming agent and soil amender that enhances 

agricultural productivity (Imbeah, 1998). One of the interesting possibilities of using 

high–lime wood ash in agriculture is the potential for developing an alternative liming 

material that not only supplies lime but also provides P, K and trace minerals (Naylor and 

Schmidt, 1986). 

 

Wood ash provides supplemental macro and micro elements needed for plant growth. 

The main characteristics of ash material are dominated by Ca, Silica (Si) and K, while 

straw ash contains more K than ash from wood and bark (Imbeah, 1999). Dung ash plus 

urea treatment of Paja brava hay provides forage of an average quality comparable to 

alkali – treated straws, and the treated hay can be very useful security forage in the Arid 

Andean highlands for feeding strategies of livestock during the frequent periods of 

scarcity (Genin et al., 2002). This technical alternative seems particularly adapted to the 

economic conditions of the low - input subsistence farming systems found in this region. 
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However, further investigations are needed in order to evaluate its feasibility and 

effectiveness in the local livestock production systems, particularly in relation to labour 

availability and to determine levels of land – use pressure to ensure the sustainability of 

the resource (Genin et al., 2002). 

The alkalinity, potassium and boron content of the ash were examined as potential 

toxicants. The experiment demonstrated that the alkalinity was the most important growth 

limiting component in ash, but potassium was also an important limiting element. Again, 

ashes from biomass fuels contain only trace amounts of heavy metals, which make them 

fairly easy to dispose of. They are found to be good fertilizers and can be used as mineral 

nutrients for forest and agro soils (Olanders and Steernari, 1995). The composition of the 

ashes varied between different plants depending on the combustion method and on the 

growing conditions where the bio - fuel was taken. The main constituents are the same 

though, however, it is essential to have thorough knowledge of the composition before 

the ashes are utilized (Berry et al., 1985). 

 

2.9.3 Other uses of wood ash  

Approximately 15% of wood ash is land – filled, 80% is land applied, and 5% is disposed 

off in some other way, mainly as a sewage sludge composting agent (Greene, 1988). In 

some areas, ash is thrown into an outside hole–dug pit latrine to reduce bad smell from 

the latrines. In addition, ash has been granulated to yield a fertilizer and liming agent 

spread on the land as part of fertilizing the soil. According to Sharland (2003), at the 

Mundri region in Zimbabwe, ash obtained from burning trees and bush is recognized as a 

way of improving soil fertility and is an important reason for using fire to clear the land. 

Wood ash temporarily raises soil alkalinity making potassium and phosphate more 

available to crops.  The importance of potassium in the soil is difficult to understand, but 

the effect of wood ash is easy to see (Sharland, 2003). It is also believed that ash would 
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stop hick-ups in a person by tasting it two to three times with the tongue. In Namibia and 

the Northern part of Limpopo province such as Venda, Giyani and Musina, ash is mixed 

with water (“as water” in Afrikaans) and given to a cow having problems of retaining the 

afterbirth (Ndlovu, 2007).  

Wood ash is used as toothpaste (it should work even better than the commercial products 

because it will neutralize all acid that corrodes the teeth (Ndlovu, 2007). Some people use 

ash to white wash their homes. In the Northern rural areas of Mpumalanya province, ash 

is also used as a replacement of liquid bath soaps to wash dishes and shine saucepans. In 

addition, the people of Mbaise in Imo State and in some other south eastern parts of 

Nigeria, use ash from palm fibre and bunch in the preparation of a local delicacy (Ugba) 

from oil been seed. 

 

Wood ash, an alkaline substance (Etiegni and Campbell, 1991), is used by the local 

people of South Western Uganda to reduce tannin content in red, bird resistant sorghum 

that is cultivated in that region. This traditional technology involves soaking sorghum 

grain in wood ash slurry and then allowing it to germinate for four days. A modified 

study by Kyarisiima et al. (2004) was conducted on this traditional technology to reduce 

the negative effects associated with tannin. The modification involved the use of wood 

ash extract instead of wood ash slurry and a shorter germination period. The feeding 

value of the treated sorghum grain was assessed using broiler chicks. it is also believed in 

the Northern region of South Africa (Bush Buckridge area) that a pregnant woman should 

brush her fore head with ash before attending any funeral ceremonies to avoid 

miscarriage (Ndlovu, 2007). 

 

From the 1700s through the early 1900s, wood ash was combusted in the United States to 

produce ash for chemical extractions. The wood ash industry in the North east actually 
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generated $2 million in 1810 (Campbell, 1990). The ash was mainly used to produce 

potash for fertilizer, but some also went into soap and glass manufacturing and into K 

cyanide which were used in the recovery of gold from tailings and low grade ores 

(Bradley, 1915).  

 

2.9.4 Wood as mineral in animal production 

Several cultural reports have highlighted the value of highly alkaline plant as in 

improvement of the nutritional value of animal feeds (Kyarisima et al., 2004; Hayes, 

2009; Webber, 2011). Ochetim (1988) suggested the use of wood ash as a source of 

minerals in poultry, while Oso et al. (2011) reported occurrence of lameness and poor 

gait in broilers fed diets containing wood ash as calcium source and therefore concluded 

that wood ash inclusion in broiler diets should be discouraged since it results in poor 

production results. Recently Nwogu (2013) reported that it took 1g / kg b. wt. of plantain 

root ash (PRA) and 2g / kg b. wt of plantain sucker ash (PSA) to elicit observable effects 

in laying hens. Ash supplementation influenced higher mineral uptake from the intestine 

of birds. Superior hematological values were also reported when 1 – 2 g/ kg b. wt of PRA 

was supplemented in the layer diet. 

 

Similar studies by Iwu (2013) and Ebere (2013) showed that supplementation with 

coconut shell ash (CSA) at the level of 1g/ kg b. wt. was optimal for growing rabbits fed 

commercial diet, while higher levels of supplementation resulted in some mildly inferior 

serum biochemical responses. They also reported that 1 - 2 g/ kg b. wt. of CSA 

supplementation could improve the weight of testis, size and epididymal weights 

indicating that up to 2 g/kg b. wt. CSA supported superior testicular development in 

rabbits. This was associated with increasing serum testosterone concentration indicating 

probably a CSA enhancement of metabolic activity. The optimal supplementation rate of 



62 

 

CSA for female rabbits was 1g / kg b. wt. as there were improved weights of female 

reproductive tract, ovary, oviduct and uterus respectively. 

2.10 Oil palm tree 

Oil palm (Elaeis guineensis) is a crop that belongs to the family Palmae, a distinct group 

of the monocotyledons. Hutchinson grouped Elaeis guineensis with Cocos, Corozo and 

other genera of the Palmae family, in the order Palmates, under the tribe Cocoineae. 

Elaeis is derived from the Greekword „Elaion‟ meaning oil, the specific name 

„guineensis‟, indicating its origin to the Guinea coast. 

 

Elaeis guineensis is a large feather palm which has a solitary columnar stem with short 

internodes. It is unarmed except for short spines on the leaf base and within the fruit 

bunch. The palm gets it characteristic appearance due to the irregular set of the leaflets on 

the leaf. The oil palm is normally monoecious, with male and female, but sometimes is 

hermaphrodite, inflorescences developing in the axils of the leaves. The fruit is a drupe 

borne on a large compact bunch. The fruits consist of exocarp (outer most shell), a 

fibrous mesocarp (from which oil could be extracted) enclosing the endocarp (the inner 

shell) and the endosperm, that is, the kernel. The fruit pulp which provides palm oil 

surrounds a nut, the shell of which enclose the palm kernel (Salunke and Desai, 1986). 

 

Elaeis guineensis grows to the height of 9 m or more, with a stout stem covered with a 

semi – persistent leaf bases on which epiphytes often grow. It is a monocotyledonous and 

monoecious plant. The stem may be 30 – 38 cm in diameter, with progressive thickening 

towards the base. On older palms, the stem is punctuated with conspicuous and regularly 

arranged leaf sears and the stem terminates in a handsome growth of leaves (fronds). The 

crown may contain up to 40 or more leaves (Moolayil, 1977). 
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Unimproved palms flower at the age of four to five years, while selectively bred palms 

flower in two to three years. When in full bearing, a palm may bear up to 12 bunches of 

fruits per year. An average mature tree may produce up to 24 fronds per year with an 

auxillary flower duster for each frond. The succession of production of male and female 

flowers is unpredictable (Hartley, 1967). The female flower is composed essentially of 

six perianth segment which are thick and tightly folded over the pistil when young, the 

ovary with trifled stigmatic surfaces, and aborted stamen. Both male and female flowers 

are home on thick peduncles. 

 

Palm kernel is consumed by many Nigerians, and the cake is used as animal feed, which 

the shells can be used in the preparation of activated carbon for other uses. The shells are 

used for energy sources and the resultant ash is high in potash, thereby used as manure. 

Finely ground, it produces shell flours used industrially as filler in plastics, where it gives 

lustre to the moulded article and improves resistance to moisture. 

 

2.10.1 Palm kernel shell 

Palm kernel shell (PKS) is the hard endocarp of palm kernel fruit that surrounds the palm 

seed. It is obtained as crushed pieces after threshing or crushing to remove the seed which 

is used in the production of palm kernel oil (Olutoge, 1995). It can be considered as a 

natural pellet and a high grade solid renewable fuel for burning as received, both in co - 

firing with steam coal or burned at biomass power plants, usually blended with other 

grades of biomass, like wood chips.  

 

Palm kernel shells are versatile and have multiple uses. It can be used in its natural form 

for fuel at power stations, as a clean alternative to coal, to form activated carbon or to 

pave roads. Palm kernel shells can also be used to produce ash which is used in 
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supplementing minerals in livestock nutrition as well as in the liming of acidic soils 

(Lerner and Utzinger, 1986; Naylor and Schmidt, 1986; Campbell, 1990; Etiegni, 1990). 

 

Akpakpan et al., (2012) reported the chemical values of the shells and kernels of oil palm 

and coconut fruits and revealed that they contain essential elements. Humans have 

benefited greatly by obtaining these essential minerals directly consuming the kernel or 

the oils extracted from them, while animals obtain these minerals when the kernels cakes 

are included in their diets. The shells can be carbonized into activated carbon. The oil 

palm kernel does not pose any toxic activity because of its low lead content. Magnesium 

contents of coconut kernel and palm kernel were 54.98 and 57.69 mg/kg, respectively, 

while Mg present in shells were 50.96 mg/kg and 46.14 mg/kg, respectively. The value of 

copper analyzed were 0.02 mg/kg in coconut kernel and 3.34 mg/kg in palm kernel, 

while, shells it was 4.54 and 7.01 mg/kg respectively. The value of zinc present in kernels 

was 15.12 mg/kg for coconut and 16.84 mg/kg for palm kernel, and was lower in the 

shells at 8.61 and 3.02 mg/kg respectively. Potassium was found to be the most abundant 

element present in the kernels and shells of the two nuts. The values obtained were 

935.90 mg/kg, 579.10 mg/kg, 118.7 mg/kg and 348.40 mg/kg, for coconut and palm nut 

kernels and nuts respectively. Iron concentrations in the kernels shells were 29.74, 45.89 

mg/kg, and 34.51, 2.64 mg/kg respectively, while calcium values were 51.32, 83.37 

mg/kg, and 82.06, 31.14 mg/ respectively. The lead values at < 0.01 and < 0.01 mg/kg, 

for kernels and 0.2 and 0.03 mg/kg for shells respectively were low.  

 

2.10 Digestive Physiology of the Broiler 

2.10.1 Digestive organ development  

The first week after hatch is the most critical period in the life of a broiler chicken. When 

the chick emerges from the egg, its digestive and immune system are still not mature and 

therefore not well prepared for environmental challenges. The capacity to digest food 
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and, absorb and transport nutrients appears to be limiting during the early life of broilers. 

The bird must however prepare itself to utilize exogenous nutrients that are primarily 

carbohydrate–based for the energy sources. To do this, a substantial physical and 

functional development of the digestive tract and organs and the development of active 

immunity must take place especially within the first one week of life which is critically 

important and represents a large proportion of the total production period of the bird.  

 

The relative daily growth rate of the broilers is high during this period of growth. Body 

weight increases by 14%/day on the first day, reaching a peak of 22%/day on the 11
th

 day 

and declining thereafter to about 9%/day by the 17
th

 day (Nitsan et al., 1991a). However, 

Croom et al. (1999) reported that the intestinal growth represents most of the body 

weight increase. This is to ensure development of nutrient supply functions, which are 

necessary for subsequent growth of demand tissues, such as muscle. It has also been 

reported that avian species with high growth rate are characterized by rapid early 

development of GIT and digestive organs (Lilja, 1983). In the coming days after hatch, 

weights of gizzard, proventiculus, and small intestine increases more rapidly in relation to 

body weight than other organs and tissues during the early stage of life of the broiler 

chicken. This enhanced growth is maximal at 4-8 days of age in chicks and thereafter it 

declines. Nitsan et al. (1991a) showed that allometric growth of the pancreas reached a 

maximum of approximately four times that of the body weight growth at 8 days of age 

and thereafter declined to approximately 2.5 times at day 23. Again, for the first two 

weeks after hatch, the relative liver weight increased faster than body weight (Nir et al., 

1993). 

 

The length of the small intestine and its individual component regions also increases with 

age. Similarly, the villus height and area at different intestinal segments increased rapidly 



66 

 

at different rates immediately after hatching, and reaching a plateau at 6-8 days in the 

duodenum and 10 days in the jejunum and ileum. Crypth depth, which reflects enterocyte 

maturation rate increases linearly in both duodenum and jejunum until 10 – 12 days (Uni 

et al., 1995). This in turn results to an increase in surface area of the gastro intestinal tract 

which along with an increase in gastro intestinal mucosal nutrient transporters facilitates 

increased nutrient uptake by the growing bird (Moran, 1985). An increase in crypth 

depth, villus height and villus surface area in chicks between the post hatch period to 21 

days of age was reported by Iji et al. (2001). They found a highly developed gut mucosa 

structural development at hatch, with gross changes occurring in the mucosal structure 

over the 21 days, which was however attributed to exposure to dietary nutrients. Cell 

proliferation was rapid, and cells also migrated rapidly up to the villus, thus suggesting a 

rapid response to short period of exposure to dietary factors.  

 

Pinchasov (1995) reported that birds with immediate access to feed and water had 

significantly higher relative GIT weight at 30 hours post hatch than those held without 

food for the first 24 hours. Feed intake therefore appears to be paramount in early 

digestive organ development, which in turn is also limited by the size of GIT (Brake, 

2001; Morel 2001) thus, may have effect on the growth and efficiency of the fast growing 

modern broiler. Also, attention must be paid on the kind of feed being offered to the 

chick at the early stage in order to maximize the genetic potentials of the broiler chicken. 

 

2.10.2 Gastro intestinal pH of the broiler chicken 

It has been observed that rapid morphological and functional changes occur in the crop 

micro flora and small intestine of the young chick after hatching. As the bird matures, the 

crop micro flora becomes predominantly acidogenic with lactobacilli being the most 

common bacteria species which subsequently decreases the pH of the digesta in the crop 
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(Rynsburger, 2009). Hinton et al. (1990) reported that the bacteria populations in the crop 

are generally composed of acid – producing bacteria that reduce the pH of the crop 

content. Rynsburger (2009) reported a pH of 6.02 in broiler chicks for its crop content at 

15 days of age. Also, Hinton et al. (2000) as well as Paul et al., (2007) reported a crop pH 

of 5.5 and 5.0 respectively at 42 days of age. This points out that as the birds mature; it is 

able to reduce the pH of its crop contents (Hinton et al., 2000). 

 

Again, in the proventiculus, HCl is produced which further reduces the pH of the 

digester. Similarly, the pH of the digestive slurry further decreases in the gizzard of the 

bird. This is however because of the gastric acid present in the gizzard which mixes with 

the ingested food to reduce its pH content. It has been reported that the proventiculus and 

the gizzard in birds are acidic in order to aid in protein digestion by exposing ingested 

proteins to hydrochloric acid, which denatures the protein and exposes peptide bonds for 

enzyme hydrolysis (Rynsburger, 2009). Mixing in the gizzard content of ingested feed 

with gastric acid further reduces the pH of the digestive slurry. Also, Auer and Glick, 

(1984) reported that the reduction in the pH of the gizzard could be important in protein 

denaturation and activation of pepsinogen to pepsin. Bowen and Waldroup (1969) found 

the proventicular and gizzard pH at day 19 in broiler chicks to be 3.75 and 2.47 

respectively while Paul et al. (2007) reported a pH of 2.7 and 3.2 for proventicular and 

gizzard content pH at 42 days of age. 

 

However, in the small intestines, the pancreatic secretions of bicarbonates work to 

increase the pH of the digesta. This is reflected in the works of Rynsburger and Classen, 

(2007) and Paul et al. (2007) who reported higher small intestinal pH of 8.15 and 7.5 at 6 

and 42 days of age respectively. 
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2.10.3 Seventh day performance 

To get the full potential out of a broiler chicken, it is important that the target weight at 

seven days of age be reached. The seventh day performance indices such as, the 

measurement of live weight, growth, crop fill, body temperature, liveability and mortality 

rate etc. has been one method of determining the quality of chicks at an early age. Live 

weight determination at day seven (7) is a well established and accepted way of assessing 

pre-placement management, brooding and chick quality. It also has a significant impact 

on most important parameters such as performance, carcass and body composition 

(Wahlstrom, 2013). This is specifically important when growing birds to a low kill 

weight thus getting the birds off to a good start and achieving a good 7 day bodyweight is 

critical.  

 

The potential 7 day body weight of the modern broiler chick is ±180 g. If the chicks 

achieve a 7 day bodyweight of 160 g or more (approximately 4.5 - 5 times the day old 

chick weight), this is an indication that they have had a good start (Garden, 2008). If 

however a flock is achieving less than this, then there are factors limiting their 

performance hence the brooding management and nutrition must be reviewed. The 

importance of achieving a good 7 day weight is further emphasized when it is considered 

that for every 10 grams improvement in 7 day body weight gained, an improvement of 40 

– 60 grams will be achieved at 35 days (under good management conditions) (Garden, 

2008). 
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CHAPTER THREE 

MATERIALS AND METHODS 

3.1 Study Locations 

The study was carried out at the Teaching and Research Farm of Federal University of 

Technology Owerri (FUTO), Imo state, located within the South East agro – ecological 

zone of Nigeria. The palm kernel shell was processed into ash and the ashes were 

analyzed for their mineral compositions at the Pollution Control and Environmental 

Management (POCEMA) Laboratories situated at Rumuodomaya, Port Harcourt Rivers 

State, Nigeria.  

 

3.2 Collection and Preparation of Palm Kernel Shells 

The palm kernel shells (PKS) were collected from a local oil mill located at Umuokile 

Enyiogugu in Aboh Mbaise Local Government Area, Imo State. Thereafter, they were 

washed, filtered thoroughly to remove sand and other particles and sun – dried. A sample 

of this was ashed in the laboratory for mineral analyses. However, as a result of the 

inappropriateness of the laboratory ashing technique in relation to the large quantity of 

ash needed for feeding experiments, the PKS were weighed and ashed in a bread oven 

after which the resultant product was placed inside a porcelain pot and ashed again till the 

ash produced become red hot and carbon free (Iwu, 2013; Ebere 2013; Nwogu 2013). At 

the end of the ashing process, the palm kernel shell ash (PKSA) was weighed again to 

ascertain PKS ash yield. Plates 1 to 3 showed the palm kernel shell, the ashing process 

and the PKS produced respectively. 
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3.3 Analyses of Physicochemical Properties of PKSA 

3.3.1 Ash yield 

A sun-dried palm kernel shell was first weighed into an oven, after it was ashed, the 

resultant product was placed inside a porcelain pot and ashed again till the ash produced 

becomes red hot and carbon free. At the end of the ashing process, the PKSA were 

weighed again to ascertain PKS ash yield. 

 

3.3.2 Bulk density (BD) 

The method described by Makinde and Sonaiya (2007) and modified by Omede (2010) 

was adopted. To obtain the bulk density of the experimental material, a Pyrex glass 

funnel of known volume was weighed with a weighing balance (Silverno model Bs - 

2008). The test sample material was then poured into the funnel and then leveled off to 

the brim without pressing. The funnel and its content was weighed again and initial 

weight of funnel subtracted from the final weight to obtain the weight of the test material. 

The weight of the test material was then divided by the known volume of the funnel. For 

example, the bulk density of a dry sample weighing 50 grams in a 165 cm
3
 will be: 50 

grams/165 cm
3
= 0.3030 g (Makinde and Sonaiya, 2007). 

 

3.3.3 Water holding capacity (WHC) 

The filtration method described by Makinde and Sonaiya (2007) was adopted with slight 

modification (Omede, 2010). A Pyrex glass funnel of known volume (165 cm
3
, 75 mm 

internal diameter) lined inside with filter paper (Whatman No. 1, 11 mm diameter) was 

weighed. A sample of the test sample material was poured into the funnel and leveled off 

to the brim without pressing. Another filter paper was placed on the top of the test 

material. The funnel and its content were weighed again and the difference between both 
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weights determined to obtain the dry weight of the sample material. The funnel and its 

content was set-up and a burette filled with water. 

 

Water dropping from the burette (about 70 drops per minute) was allowed through this 

known volume of test sample material 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 test sample material was read-off from the burette. The initial 

weight of the funnel and its content was subtracted from the final weight (weight of the 

wet set-up) to obtain weight of water absorbed by the test sample material. The weight of 

water held by the PKSA to the weight of the dry PKSA was given as the water holding 

capacity of the sample in gram water/g dry PKSA. 

 

3.3.4 Specific gravity (SG) 

The specific gravity of a substance is a comparison of the density of the substance 

relative to a standard value (e.g. density of water). The procedure that was used in 

determining BD was repeated to determine BD of test sample material of 1kg. This BD 

value was used to determine SG of the test sample material. SG was determined as the 

ratio of the bulk density.   

 

3.3.5 pH of the PKSA 

A known weight of the PKSA was dissolved in known volume of deionized water and 

stirred to obtain a homogenous mixture. The pH of the mixture was thereafter determined 

with the aid of a pH meter (HANNA Combo pH Meter, Model: HI 98129). It is a 

measure of hydrogen ion activity in solutions. 
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3.4 Analysis of the Mineral Content of Palm Kernel Shell Ash (PKSA) 

3.4.1 Sample digestion 

A measured quantity (2g) of the PKSA was put into a Kjeldahl flask; 20 ml of 

concentrated nitric acid (HNO3) was added and the sample pre – digested by heating 

gently for 20 minutes. More acid was added later and heating continued for about 30 – 40 

minutes. Digestion was stopped when a clear digest was obtained. The flask was then 

cooled and the contents filtered into a 50 ml volumetric flask through a Whatman (No. 

42), 150 mm diameter filter paper and was made up to mark with distilled water. The 

resultant solution were now analysed for mineral elements using the Atomic Absorption 

Spectrophotometer (Bulk Scientific, 205). 

 

3.4.2 Mineral analysis 

Atomic absorption spectrophotometry is based on the principle that metallic elements in 

the ground state will absorb light of the same wavelength which they emit when excited. 

When radiation from a given excited element is passed through a flame containing 

ground state atoms of that element, the intensity of the transmitted radiation will decrease 

in proportion to the amount of ground state elements in the flame. The lamps used to 

furnish the light beam are called hollow cathode lamps and are made of or lined with the 

element of interest and filled with an inert gas, generally neon or argon. When subjected 

to a current, these lamps emit the spectrum of the desired element together with that of 

the filler gas. The metal atoms to be quantified are placed in the beam of light radiation 

by aspirating the sample into a flame. The element of interest in the sample is not excited 

by the influence of the flame, but merely dissociated from its chemical bonds and placed 

in an unexcited, unionized "ground" state. The element is then capable of absorbing 

radiation from the light source. The amount of radiation absorbed in the flame is 

proportional to the concentration of the element present. A monochromator isolates the 
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characteristic radiation from the hollow cathode lamp and a photosensitive device 

measures the attenuated transmitted radiation. 

 

Metals such as Calcium (Ca), Magnesium (Mg), potassium (K), Phosphorus (P), sodium 

(Na), Manganese (Mn), Zinc (Zn), Copper (Cu), and Iron (Fe) were measured using the 

AAS. Thereafter, the calcium - phosphorus and the sodium - potassium ratios of the 

product were also calculated. 

 

3.5 Production of PKSA-Amino Acid Mixes 

The PKSA supplements in this study were delivered into the experimental feeds in the 

form of PKSA-amino acid mixes. The amino acids used were methionine and lysine. The 

appropriate inclusions of these amino acids in the broiler feed types (starter and finisher) 

were first homogenised into a single product and to this product were added 5,10 and 15 

kg of PKSA as outlined in Table 3.1. 

 

Theses supplementation levels replaced equivalent weights of bone meal in the final feed. 

The mixes were put in black polyethylene bags tied and allowed to store at room 

temperature for 3 days before use. This was to allow all possible physicochemical 

reactions to take place in the mixtures. 

 

3.6 Experimental Diets 

The feed ingredients used in diet formulation were purchased from a reliable source in 

Owerri, Imo Sate. During the broiler starter and finisher phases, four experimental diets 

were formulated such that the control diets had no PKSA supplementation, whereas the 

other three diets at each phase had graded levels of PKSA included in the diets as shown  
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Table 3.1: Palm Kernel Shell Ash (PKSA) - amino acid mixes design 

Product  Methionine 

inclusion  

level/ton of feed 

 lysine inclusion 

level/ ton of feed 

PKSA inclusion 

level/ton of feed 

Total 

amount of 

mix 

T1 2.5kg 2.5kg 0kg 5 

T2 2.5kg 2.5kg 5kg 10 

T3 2.5kg 2.5kg 10kg 15 

T4 2.5kg 2.5kg 15kg 20 
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in tables 3.2 and 3.3 representing diets T1 to T4. All other ingredients were of equal 

proportions across the test diets.  

 

3.8 Experimental Design and Management 

Ninety six (96) Abor acre day old chicks were purchased from a reputable local hatchery. 

The birds were divided into four groups of twenty four birds and each of the group was 

further replicated three times with eight birds per replicate in a completely randomized 

design (CRD).The birds were brooded under proper feeding, medication and vaccination 

management as practiced at the Teaching and Research Farm of FUTO. During the 

various stages of the experiment, each group of birds was assigned to the treatment diets 

(T1 to T4). The birds were given feed and water ad libitum throughout the entire 

experimental period of eight weeks comprising four weeks each of starter and finisher 

diets feeding. 

 

3.9 Growth Performance Determination 

The initial live weights of the birds were recorded at the beginning of the experiment and 

subsequent weighing was also done weekly on individual bases in the morning hours 

(7.00 – 9.00 am) till the end of the experiment. Weekly weight gain was obtained by 

subtracting the initial live weight from the current weekly live weight. 

 

Feed intake was determined on a daily basis by subtracting the weight (g) of the leftover 

feed from the weight of the feed initially offered. These were subsequently equated to 

weekly values. Feed conversion ratio (FCR) was determined by dividing the total feed 

intake by final weight gain. The feed efficiency was derived as the inverse of the FCR 

(Esonu, 2006). The growth efficiency ratio (GER) were derived as a ratio of the 

percentage increase in initial weight of the birds within a specific time frame to the total  
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Table 3.2: Nutrient composition of the PKSA based diet for broiler chicks 

Ingredients g/100g T1 T2 T3 T4 

Maize 52.00 52.00 52.00 52.00 

Soya bean meal 12.00 12.00 12.00 12.00 

Groundnut cake 20.00 20.00 20.00 20.00 

Palm kernel cake 2.95 2.95 2.95 2.95 

Fishmeal 4.00 4.00 4.00 4.00 

Wheat offal 4.00 4.00 4.00 4.00 

Bone meal 4.00 3.50 3.00 2.50 

Salt 0.30 0.30 0.30 0.30 

Vit./ trace mineral premix 0.25 0.25 0.25 0.25 

Lysine 0.25 0.25 0.25 0.25 

Methionine 0.25 0.25 0.25 0.25 

PKSA  0.00 0.50 1.00 1.50 

Total  100.00 100.00 100.00 100.00 
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Table 3.3: Nutrient composition of the PKSA based diet for broiler finisher  

Ingredients T1 T2 T3 T4 

Maize 56.00 56.00 56.00 56.00 

Soya bean meal 10.00 10.00 10.00 10.00 

Groundnut cake 15.00 15.00 15.00 15.00 

Palm kernel cake 6.95 6.95 6.95 6.95 

Fishmeal 3.00 3.00 3.00 3.00 

Bone meal 4.00 3.50 3.00 2.50 

Wheat offal 4.00 4.00 4.00 4.00 

Salt 0.30 0.30 0.30 0.30 

Vit./ trace mineral premix 0.25 0.25 0.25 0.25 

Lysine 0.25 0.25 0.25 0.25 

Methionine 0.25 0.25 0.25 0.25 

PKSA  0.00 0.50 1.00 1.50 

Total  100.00 100.00 100.00 100.00 
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feed intake of the birds over the same period of time.  

GER =   Percentage increase in body weight of birds over a period 

  Total feed intake over the same period 

 

These values were determined for the starter and finisher phases of development at the 

4
th

, 6
th

 and 8
th

 week of experiment. Again at 8 weeks of life, fecal samples were collected 

from the birds and dried for determination of mineral uptake from the experimental feeds. 

 

3.10 Seventh Day Performance Determination 

On the seventh day of life, one bird each was collected from each replicate to determine 

growth performance as described earlier. These birds were thereafter sacrificed and used 

to determine gastro intestinal tract (GIT) and liver development as well as GIT content 

pH. 

 

3.10.1 GIT content pH 

The GIT of sacrificed birds were carefully dissected out according to the method 

described by Ukwu (2013) and each segment (crop, proventiculus, gizzard, small 

intestine and large intestine) was tied with cotton thread to prevent mixing of content. 

Thereafter, the segments were sectioned at the tied positions and there content were 

expressed carefully into clean and labeled test tubes. A measured quantity of the GIT 

content was weighed into a glass beaker and an equal amount of distilled water added to 

the sample. The content of the beaker was stirred to obtain a slurry solution and then 

covered with watch glass. The solution was allowed to stand for an hour, stirring every 

10 to 15 minutes, to allow the pH of the GIT slurry to stabilize. After one hour, the 

sample temperature was measured and the temperature controller of the pH meter was 

adjusted to that of the sample temperature. This adjustment was done just prior to testing. 

Immediately before immersing the electrode into the sample, the sample was thoroughly 
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stirred with a glass rod. The pH electrode was now placed into the GIT slurry solution. 

After 30 seconds, the pH meter was read and values were recorded.  

 

3.10.2 GIT development determination 

 The different segments without their digesta content as well as the liver were weighed 

using an electronic weighing balance (LP 402A), and their weights expressed as 

percentages of original body weight. 

 

3.10.3 Histographs 

The different samples of the small intestine were cut and transferred into glass tubes 

containing formalin solution. These were sent to the laboratory of the Histopathology 

department of the federal Medical Center Owerri for sectioning and slide preparation. 

The prepared slides were viewed under the light microscope (Leica DM750) and the villi 

measured to ascertain the lengths. 

 

3.11 Carcass and Organ Weights Characteristics Determination 

At the end of the finisher phase of the experiment (8 weeks), a bird from each replicate of 

the various treatments was randomly selected, weighed and slaughtered after fasting them 

over night and used for the determination of carcass and organ weight characteristics. The 

slaughtered birds were allowed to bleed cleanly according to the method outlined by 

Odunsi et al. (1999).Thereafter; the carcasses were defeathered, cleaned, washed, 

dissected and eviscerated. The cuts that were determined included breast muscle, thigh, 

drumstick, wing, back, neck, head and shank length. The weights of each of these were 

expressed as percentages of live weight of the bird. 
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Organs such as the heart, gizzard, liver, lungs, kidneys and intestines were weighed out 

and expressed as percentages of the live weight of the birds. The intestinal lengths were 

also determined in centimeters. 

 

3.12 Blood Collection, Processing and Hematological determination 

The blood samples were collected at the end of the 8 weeks experiment. Blood were 

collected from the jugular vein while the birds were been slaughtered. About 7 ml of 

various blood samples were collected and 2 ml transferred immediately into sterile plastic 

bottles containing EDTA (Ethylene - diamine tetra - acetic acid) to prevent clotting and 

used for hematological test, while the remaining 5 ml was transferred into clean bottles 

without anti-coagulant for serum biochemical tests. The bottles were labeled and 

transported to the laboratory for analysis in cold box within one hour of collection. 

 

3.12.1 Red blood cell count 

A solution of formal citrate was prepared by mixing 10 ml of formalin with one liter of 

trisodium citrate solution. 31.3 g per liter was used as diluents for visual red blood cell 

count. The blood were taken into a positive displacement pipette and 40 ml of diluents 

prepared to give a final dilution of 1 in 201. The diluents sample were mixed and loaded 

into the counting chamber. The erythrocyte was counted using the haemocytometer 

method as described by Schalm et al. (1975). 

 

3.12.2 Hemoglobin concentration  

This was determined using hemoglobin cyanide method. In this method the hemoglobin 

in the blood was oxidized to hemoglobin cyanide by the action of potassium ferro 

cyanide. The hemoglobin concentration was finally determined as described by Cole 

(1986). 
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3.12.3 Packed cell volume 

 The blood sample was gently mixed very well by rocking the container. The Wintrob 

microhaematocrit tube was filled with blood by capillary action up to two thirds (2/3). 

The samples were spurn for 5 minutes at 10,000 rpm and the PCV was read as a 

percentage using the designed scale reader. 

 

3.12.4 Other hematological indices 

These were calculated according to the formula reported by Schalm et al. (1975). 

The Mean Cell Hemoglobin (MCH) was determined as follows, 

MCH (pg) = Hb x 10(g/l)/ RBC x /L 

The Mean Cell Volume (MCV) was determined as follows, 

MCV (fl) = PCV (L/L) x 10 /L /RBC. 

The Mean Cell Hemoglobin Concentration MCHC was determined as follows, 

           MCHC (g/l) =Hbx10
2
 (g/l)/PCV (L/L) 

 

3.12.5 White blood cell count and its differentials 

The leukocyte or white blood count was obtained using a haemocytometer with Natt and 

Hendricks diluent to obtain a 1:200 blood dilution. The number of leukocytes was 

estimated in accordance with method of Schalm et al. (1975).  White blood cell was 

differentiated into granulocytes (heterophils), lymphocytes, monocytes, eosinophils and 

basophils with the aid of automated WBC differential machine. 

 

3.13 Blood Chemistry 

3.13.1 Serum production 

5 ml of blood sample without EDTA was used to determine the serum biochemical 

indices of the birds. The serum parameters analysed include the following. 
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3.13.2 Total Serum Protein (TSP) 

This was done using the Biuret method as described by Kohn and Allen, (1995). Five 

milliliters (5 ml) of Buiret reagent was measured into 3 test tubes labeled “Unknown”, 

“Standard” and “Blank” respectively. 0.1 ml of serum was washed into the unknown 

tube; 0.1 ml of standard protein was washed into the standard tube, while 0.1 ml of water 

was washed into the blank tube. Each of the tubes were mixed and allowed to stand for 

30 minutes after which the Unknown and Standard tubes were read off against the Blank 

tube at 540 nm on a visible light spectrophotometer. 

Calculation: Serum total proteins (gm/100ml) = Au/As x 6 

 

3.13.3 Serum albumin and globulin: 

Serum albumin was determined using the Bromocresol Green (BCG) method, as 

described by Peter et al. (1982). Four milliliters (4ml) of buffered BCG solution was 

measured into 3 test tubes. 0.02 ml of serum was washed into the “Unknown” tube; 0.02 

ml of standard albumin was washed into the “Standard” tube, while 0.02 ml of water was 

measured into “Blank”. The tubes were allowed to stand for 5 minutes after which the 

Unknown and Standard tubes were read off against the Blank using a colorimeter at 630 

nm wavelength on a calibration graph and the absorbance was recorded. 

Serum albumin (gm/100ml) = Au/As x 4 

Globulin concentration was determined by subtracting albumin values from the total 

protein values. 

 

3.13.4 Urea  

Blood urea was determined colorimetrically using the Thiosemicarbazide method of 

Marsh, et. al. (1965). Urea reacts with Diacetyl Monoxime in acidic conditions at nearly 

100
0
C to give a red coloured product which is measured colorimetrically at 520 nm. 
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Thiosemicarbazide and ferric ions were added to catalyse the reaction and increase the 

intensity of its colour. 

 

To a 0.8 ml of distilled water in a centrifuge tube, 0.2 ml of serum was added followed by 

1 ml of 10% TCA (Trichloroacetic acid). The solution was mixed thoroughly and 

centrifuged. 0.5 ml each of the supernatant solution, standard solution and blank solution 

were put in different test tubes respectively and to each of the tubes, 5 ml of the colour 

reagent was added. The respective tubes were mixed and immersed in a boiling water 

bath for 5 minutes after which they were removed and cooled. The sample and standard 

solutions were read against the blank at 520 nm on a colorimeter. 

Calculations = test/standards X 100 = urea (mg/100 ml) 

 

3.13.5 Lipid profile 

The serum lipids were extracted using the improved colorimetric method or the Sulfo – 

Phospho – Vanillin reaction as reported by Frings and Dunn (1970). The procedure 

requires only 20 µl of serum, and the entire determination is done in one tube, thus 

eliminating the tedious pipetting of a concentrated sulphuric acid-serum digest. 

 

20 µl of water (blank), standard (standard), and serum (unknown), were each added to 19 

mm cuvets respectively. 0.20 ml of concentrated sulfuric acid was added to each cuvet 

and their contents were mixed thoroughly on a vortex-type mixer.  All the cuvets were 

placed in boiling water for 10 minutes (± 1 minute)and then later cooled in cold water for 

about 5 minutes. 10.0 ml of the phospho- vanillin reagent was now added to each cuvet, 

and the cuvets mixed well on a vortex – type mixer, and incubated at 37
●
C(±2

●
) in a 

water bath for 15 minutes after which the cuvets were Cooled again for about 5 minutes. 

Within 30 minutes absorbance were measured using a spectrophotometer “spectronic 70” 
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(Bausch & Lomb, Rochester, N. Y. 14602) at 540 nm, setting the instrument on the 

blank. 

 

3.13.6 Serum cholesterol 

Total serum cholesterol was determined using Sacketts‟s method (Sackette, 1925). 

Proteins are precipitated by and cholesterol extracted in an alcoholether mixture. The 

extract was evaporated and the residue dissolved in chloroform. By Liebermann -

Burchard reaction, a green colour is developed and measured calorimetrically. 

 

12 ml of alcohol - ether mixture was pipette into a dry centrifuge tube. 0.2 ml of serum 

was then added slowly into it. The tube was corked and shaken vigorously for one minute 

after which it was kept in a horizontal position for half an hour. The tube was later 

centrifuged at 1,500 r.p.m. for 5 minutes. The supernatant fluid was poured off 

completely into a small breaker, and evaporated on a steam - bath. This was now made up 

to 5 ml with chloroform and the tube was labeled 'Unknown'. 

 

Two other test tubes were also labeled 'Standard' and 'Break', and 5 ml of working 

standard cholesterol solution and 5 ml of chloroform were added to the 3 tubes 

respectively. The three tubes mixed and kept in the dark for 15 minutes. They were read 

off at a wavelength of 680 nm using a photometer 

Calculations: Serum Cholesterol (mg/100ml) = Au/AS x 0.4/0.2 x 100 

=Au/As x 200. 

3.13.7 Serum creatinine 

This was determined using Jaffe‟s alkaline picrate method as reported by Bronses and 

Taussky (1945). The complexing of creatinine with alkaline picrate reacts with picric 
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acid to form a red tautomer of creatinine picrate, the intensity of which is measured using 

a colorimetric technique at 520 nm wavelength. 

 

3.13.8 Serum enzymes 

Serum enzymes such as alkaline phosphate (ALP) alanine amino transferase (ALT), and 

aspartate amino transferase (AST) were estimated using colorimetric methods as 

described by Reitman and Frankel (1957) and Bergmeyer and Bernt (1974). The amount 

of oxaloacetate or pyruvate produced by transamination was reacted with 2, 4 

dinitrophenyl hydrazine (DNPH) to form a brown coloured hydrazone, the colour of 

which in alkaline solution was read at 520 nm. 

 

0.5ml of DNPH was added into test tubes. The whole mixtures were mixed and allowed 

to stand at room temperature. After 20 minutes, 0.5 ml of NaOH was added to each test 

tube. The results were read off with a calorimeter at 520 nm after 5 minutes. 

 

3.13.9 Conjugated and total bilirubin 

Both conjugated and unconjugated bilirubins can be determined using the Kodak 

Ektachem (BuBc) method which is based on the binding of bilirubin species to a cationic 

polymeric mordant, which allows measurement of both unconjugated and conjugated 

bilirubin (Wu et. al., 1984; Ou, et al., 1984). The “Dri-stat” bilirubin reagent uses the 

enzyme bilirubin oxidase (EC 1.3.3.5) for determination of total bilirubin (Perry, et. al., 

1986). Currently the only approach suggested for determining conjugated bilirubin by 

using bilirubin oxidase is in a patent (Takayama et al., 1986) 

Procedure: 10 µL of bilirubin oxidase solution (13 g/L) was added to a cuvette 

containing 0.94 mL of citric acid buffer; this was used to adjust the spectrophotometer to 

zero. Then 50 µL of serum specimen was added to the solution, while been mixed 
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quickly by inverting the cuvette, and the absorbance was recorded for 3minutes (the 

absorbance usually plateaus within 1 to 2 minutes). Conjugated bilirubin concentration 

was estimated from the decrease in absorbance (Caraway, 1981), using the absorptivity of 

ditaurate bilirubin conjugate, a surrogate for conjugated bilirubin [the chromatographic 

and chemical properties of commercially available ditaurate-conjugated bilirubin are 

similar to those of human conjugated bilirubin (Compernolle, 1982), and its absorptivity 

is also used in the conjugated Kodak Ektachem assay]. 

 

Total Bilirubin Oxidase Assay Procedure: After adjusting the spectrophotometer to 

zero absorbance with 0.95 mL of sodium cholate phosphate buffer, 50 µL of serum or 

bilirubin standard (in serum albumin) was added to the cuvette and was quickly inverted 

to mix properly. The absorbance was recorded at 460 nm. Then 10 µL of bilirubin 

oxidase (original concentration, before addition, 70 mg/L), was added and quickly mixed, 

and the absorbance change was recorded for 3 minutes. A standard curve was constructed 

by plotting the absorbance of the total bilirubin standards after 3 minutes vs. their initial 

concentrations. The total bilirubin concentration of the test specimens was estimated by 

comparing their absorbance after 3 minutes with the reference curve. 

 

3.13.10 Serum minerals 

Minerals in blood (Ca, P, K, Na, Mg, Mn and Fe) were also determined using atomic 

absorption spectrometry as earlier described. 

 

3.14 Statistical Analysis 

Data collected will be subjected to Analysis of Variance and differences between the 

treatment means will be compared using the Duncan‟s Multiple Range Test using 

Statistical Package for Social Sciences (SPSS) version 20, 2012. 
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CHAPTER FOUR 

 

RESULTS AND DISCUSSIONS 

4.1 Palm kernel shell ash production and characteristics 

4.1.1 PKSA yield characteristics 

Recent reports from studies carried out in our station have shown that plant ashes such as 

coconut shell ash (CSA), plantain root (PRA) and plantain stalk (PSA) ashes could serve 

as good sources of bioavailable minerals for livestock and possibly humans. In the 

present study with palm kernel shell, Table 4.1 showed that ashing of 55kg palm kernel 

shell (PKS) led to a loss of about 42000 g of shell material representing about 76% of 

combustible material. The percentage ash produced from the shell was approximately 

24%. This is much higher than the 2.11% ash yield obtained by Iregbu, (2015) from 

pulverised PKS ashed in a porcelain plate over a Bunsen burner. It is therefore possible to 

achieve a lower ash yield by grinding the PKS before ashing. The ash yield is also higher 

than the 10.88% and 21.12% reported for PSA and PRA respectively by Nwogu et al. 

(2012).  

4.1.2. Physical characteristics of PKSA 

The physical characteristics of PKSA are summarized in Table 4.2. Its pH value at 8.39 

was lower than the 12.40 and 12.50 reported for plantain stalk ash (PSA) and plantain 

root ash (PRA) by Nwogu et al. (2012) and the 11.90 reported for coconut shell ash 

(CSA) by Iwu et al. (2013). The present result indicates that while most plant ashes are 

strongly alkaline, PKSA is mildly alkaline.  
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Table 4.1: Ash yield from Palm kernel 

Parameters Values 

Initial weight of palm kernel shell (g) 55000 

Weight of ash produced (g) 13000 

Weight of material lost (g) 42000 

Percentage ash yield (%) 23.64 

Percentage combustible material (%) 76.36 

 



89 

 

Table 4.2: Physical characteristics of PKSA 

Parameters Values 

Moisture content (%) 7.30 

Dry matter (%) 92.68 

Bulk density (g/cm
3
) 0.8206 

Water holding capacity (g water/g feed) 0.8977 

Specific gravity 0.8149 

pH 8.39 
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Moisture content (MC) of PKSA recorded in this study was 7.30% which is lower than 

the 8.9% reported by Akpakpan et al. (2012) and 9.61% reported by Iregbu (2015). 

PKSA also has a dry matter content of 92.68% suggesting that it is a very dry material.  

 

Results also showed that the bulk density (BD), water holding capacity (WHC) and 

specific gravity (SG) of PKSA were 0.8206 g/cm
3
, 0.8977 g water/ g dry ash and 0.8149 

respectively. The BD of PKSA obtained here compared favorably with the 0.73 g/cm
3
 

reported by Iregbu (2015). Iwu et al. (2013) also obtained a lower BD of 0.65 g/cm
3
 from 

coconut shell ash indicating that the higher figures obtained for PKSA in all cases may be 

a reflection of incomplete combustion of PKS material. The BD of other feed materials 

such as palm kernel meal (0.67 g/cm
3
) and corn (0.69 g/cm

3
) have also been reported 

(Sundu et al., 2005).  

 

Again, the WHC obtained in this study at 0.897 g water/g ash was lower than the 2.10 g 

water/g ash reported for CSA by Iwu et al. (2013) and palm kernel meal (Sundu et al., 

2005). Omede (2010) reported a range of 0.85 – 1.11g water/g feed and 0.64 – 1.22g 

water/g feed for commercial broiler starter and finisher feeds respectively produced in 

Nigeria. The implication of these results is that the PKSA inclusion in broiler diets would 

not alter the WHC of the diets. It is known that high WHC feeds absorb excess water 

within the GIT of birds and then swell up to form a gel beyond the holding capacity of 

the bird‟s gut. This mechanism triggers satiety and reduces feed intake, with an after 

effect of poor growth and performance (Kyriazakis and Emmans, 1995).  

 

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

particles through the gastrointestinal tract of animals as a measure of physical quality of 

feed (Bhatti and Firkins, 1995). The SG value of PKSA at 0.814 was higher than that of 
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CSA (0.65). However, the PKSA value is also much higher than the range of 0.33 – 0.46 

reported for broiler rations produced in Nigeria (Omede, 2010). 

 

4.1.3 Mineral composition of palm kernel shell ash 

The mineral analysis of palm kernel shell ash is summarized in table 4.3. The study 

showed that the major metals in PKSA were potassium (150.52 mg/kg), magnesium 

(43.52 mg/kg), calcium (33.14 mg/kg), phosphorus (32.75 mg/kg), with copper recording 

the lowest concentration of 0.76 mg/kg. Thus, the order of mineral elements in PKSA is 

K> Mg> Ca> P> Na> Fe> Mn> Zn> Cu. The contents of several metals such as calcium 

(33.14 mg/kg), and magnesium (43.52 mg/kg) were similar to the range of values 

reported by Akpakpan et al. (2012) for palm kernel shell and coconut shell. This is in 

agreement with Ndlovu (2007) that Ca, K, Mg, Si, and P are the major mineral 

components in wood ash. In the present study Si was not assayed, however Nolte et al. 

(1987) reported that wood ash may have lower values of K, Na and Mg and greater 

values of Ca and P. The present study also showed that PKSA contained more K and Mg 

than Ca and P. Akpakpan et al. (2012) also reported higher values of K in PKSA and 

CSA (118.70 and 348.40 mg/kg respectively) than Ca (33.14 and 43.52 mg/kg 

respectively). It is therefore possible that these plants are natural accumulators of 

potassium in their shells. There is the need to investigate this further.  

 

Bone meal has been found to have a very high content of Ca and P. According to NRC 

(2001) and Imbeah (1998), on dry matter basis, bone meal and oyster shell contain more 

calcium than wood ash (315, 380 and 120.6 g/kg respectively), while bone meal and 

wood ash contain more phosphorus than oyster shell (142.2, 10.6 and 0.7 g/kg 

respectively). Wood ash however contains much higher level of zinc and copper than 
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Table 4.3: Mineral compositions of the PKSA 

Sample Parameters Results 

Calcium (mg/kg) 33.14 

Phosphorus (mg/kg) 32.75 

Sodium (mg/kg) 22.35 

Magnesium (mg/kg) 43.52 

Potassium (mg/kg) 150.52 

Manganese (mg/kg) 2.01 

Iron (mg/kg) 10.02 

Zinc (mg/kg) 1.65 

Copper (mg/kg) 0.76 

Cobalt (mg/kg) 1.23 

Ca/P ratio 1.01 

Na/K ratio 0.15 
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 bone meal (1618 and 342 mg/kg and 120.5 and 1.4 mg/kg respectively). The magnesium 

(23.4 g/kg) and potassium (44.4 g/kg) contents of wood ash were also much higher than 

those of bone meal which were less than 6.4 and 1.9 g/kg respectively. Thus, bone meal 

has superior Ca, P, Na and Zn concentrations to PKSA, while the latter has superior 

magnesium and potassium concentrations.  

 

The very high value of K in PKSA is of interest because K is often called the alkalizer. It 

neutralizes acids and restores alkaline salts to the blood stream. It also works with Na in 

all cells to maintain membrane potentials and assist in metabolic processes. Together 

with Mg, it helps prevent kidney stone, promote healthy adrenal glands etc (Sanchez, 

2010). K is also the principal cation in the intracellular fluid and functions in acid - base 

balance, regulation of osmotic pressure and muscle contraction, especially cardiac muscle 

(Soetan et al., 2010).  

 

The zinc, copper and manganese recorded in the present study were relatively lower than 

those reported by Akpakpan et al. (2012). The differences could be a reflection of soil 

mineral content of the locations from where the PKS were harvested. The cobalt content 

of PKSA (1.23 mg/kg) is much higher than the values recorded in plantain ash and cocoa 

nut shell ash (Nwogu et al., 2012; Iwu et al., 2013). 

 

A calcium/phosphorus ratio of 1.01 and sodium/ potassium ratio of 0.15 was calculated 

for PKSA. The Na/K ratio obtained in this study is much lower than the range of 2.09 – 

3.85 reported for CSA by Iwu et al. (2013). The Ca/P ratio of 1:1.01 obtained in this 

study is normal since it indicates that for every gram of P supplied by PKSA, 1.01g of Ca 

is also supplied making it unnecessary for the birds to recruit Ca from storage deports in 

the bone (Reinhart and Mahan, 1986). 
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4.2 Proximate and Mineral Composition of Experimental Starter and Finisher 

Feeds 

4.2.1: Proximate composition of experimental diets  

a. Broiler starter diets: The results of the proximate analysis of the experimental broiler 

starter diets are presented in table 4.4. The mean moisture and dry matter values of the 

starter ration were 15.30 ± 2.58 and 84.70 ± 2.58% respectively, with the moisture 

recording a moderately high coefficient of variation (CV) of 15.86% across treatments. 

Optimal moisture values of 12 – 15 % have been recommended for poultry feeds 

produced in the tropics to prevent growth of fungal organisms (Okoli et al., 2007; 

Uchegbu et al., 2008).  

 

The mean crude protein (CP) content of the starter diets was 22.22 ± 1.63% with a 

relatively narrow CV of 7.41%. The low CV suggests that the CP across treatments were 

similar and adequate for the birds. The mean CP value is within the range recommended 

for broiler starter diets, especially for the experimental Abor Acre Broilers used in this 

study (Abor Acre, 2012).  

 

Mean ether extract (EE) values of the starter diets was 0.75 ± 0.35%, with a very wide 

CV of 46.66% across treatments. However, the range of 0.51 – 1.26% EE recorded in the 

diets is within the normal values for tropical poultry feed (SON, 2003). High EE diets 

usually have short shelf life because of rancidity associated with such feeds. However, 

these values are low when compared with the range of 5.8 – 8.4% reported for 

commercial broiler starter diets produced in Nigeria (Okoli et al., 2007).  
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4.4. Proximate composition of experimental starter diets for broilers 

Parameters T1 T2 T3 T4 Mean SD CV(%) 

Dry matter content (%) 82.30 86.00 82.80 87.70 84.70 2.58 3.04 

Moisture content (%) 17.70 14.00 17.20 12.30 15.30 2.58 16.86 

Crude protein (%) 21.51 20.07 23.94 22.50 22.00 1.63 7.41 

Ether Extract (%) 0.51 1.26 0.56 0.67 0.75 0.35 46.66 

Ash (%) 7.59 5.44 6.22 6.74 6.50 0.90 13.84 

Crude fibre (%) 9.30 5.32 10.33 9.33 8.57 2.21 25.78 

ME kcal/kg 2081 2428 2124 2295 2232 160.05 7.17 

ME = Metabolizable energy, SD = Standard deviation, CV = Coefficient of variation 
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 The broiler starter diets recorded a mean ash value of 6.50 ± 0.09% with a moderate CV 

of 13.84% across treatments. However, the range of 5.44 – 7.59% ash recorded in this 

study is within the recommended value for broiler starter diets (Okoli et al., 2007). 

Generally, addition of PKSA to the diets lowered their ash content. The values were 

similar to the range of 5.0 – 7.5% reported in commercial broiler starter rations produced 

in Nigeria (Okoli et al., 2007). The mean crude fibre (CF) value of the broiler starter diets 

was 8.5 ± 2.21%, with a very wide CV of 25.78% across treatments. The range of 5.32 – 

10.33% of CF recorded in these rations was slightly different from the 5.6 – 7.8% 

reported for commercial broiler starter rations produced in Nigeria and were generally 

high for broiler starter diets, especially the values obtained in T3 and T4 (Okoli et al., 

2007).  

 

The mean metabolizable energy and CV of the starter diets were 2232 kcal ME and 

7.17% respectively. This value is below the recommended value of 3025 kcal/kg ME 

recommended for Abor Acre broiler starter diets (Abor Acre, 2012). The implication is 

that though the ME values may have been similar across the treatment; they were below 

the range required for optimal performance and thus may affect the growth performance 

of the birds. The T2 broiler starter diet recorded the lowest CP, ash and CF and the 

highest EE and ME and probably accounted for the wide CV observed in treatments for 

EE, ash and CF. The variations may be attributed to poor mixing of ingredients since 

floor mixing was employed in the ration preparation.  

 

b. Broiler finisher diets: Table 4.5 showed the proximate and metabolizable energy 

compositions of the experimental broiler finisher rations. The rations recorded higher 

mean dry matter (DM) content (88.02 ± 0.69%) and lower mean moisture (MC) content 

(11.98 ± 0.69%) than the broiler starter rations. CV values of 0.78 and 5.75% for DM and  
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Table 4.5: Proximate composition of experimental finisher diets for broilers 

Parameters T1 T2 T3 T4 Mean SD CV(%) 

Dry matter content (%) 88.20 88.90 87.70 87.30 88.02 0.69 0.78 

Moisture content (%) 11.80 11.10 12.30 12.70 11.98 0.69 5.75 

Crude protein (%) 17.65 20.16 19.49 22.33 19.91 1.93 9.69 

Crude fat (%) 0.65 1.57 2.32 1.15 1.42 0.71 50 

Ash (%) 10.35 6.44 6.57 5.13 7.12 2.25 31.60 

Crude fibre (%) 12.00 10.22 8.11 12.57 10.72 2.01 18.75 

ME kcal/kg 2107 2348 2401 2251 2276.75 129.09 5.67 

ME = Metabolizable energy, SD = Standard deviation, CV = Coefficient of variation 
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MC respectively was narrow, indicating similarity of the different treatment values. 

These results are within the values recommended for poultry diets under tropical 

conditions (Okoli et al., 2007; Uchegbu et al., 2008).  

 

The mean CP for the finisher diets was 19.91 ± 1.93%, while the CV across treatment 

values was 9.69%, again indicating similarity of the different treatment values. The 

values were also similar to the recommended value of 20% for Abor Acre finisher diets 

(Abor Acre Nutritional Specification, 2009). These CP values are also similar to the 

range of 17.8 – 19.6% CP recorded for commercial broiler finisher rations produced in 

Nigeria (Okoli et al., 2007).  

 

The mean EE value of the broiler finisher rations at 1.42 ± 0.71% even though higher 

than that of starter ration, was low when compared with the range of 4.7 – 7.2% reported 

for commercial feeds produced in Nigeria (Okoli et al., 2007). The lower values obtained 

in this study have the advantage of making for better storage and longer shelf life of the 

rations. The very wide 50.00% CV recorded across the different rations indicate wide 

variations in treatment values, especially between T1 and T3. 

 

Again, the mean ash value of 7.12 ± 2.25% was higher than the range of 3.0 – 6.5% 

reported for commercial broiler finisher rations produced in Nigeria (Okoli et al., 2007). 

However, a wide CV of 31.60% was recorded across different treatments, indicating 

significant variations in the ash of the different treatments. The ash values obtained for 

T1 and T4 are probably responsible for this. The higher mean ash value over the 

commercial feed values obtained in this study is expected because commercial poultry 

rations produced in Nigeria have been shown on analyses to record very low mineral 

values usually reflected by the low ash content of the feeds (Okoli et al., 2012).  
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Similarly, the mean crude fibre content of the finisher rations (10.72 ± 2.01%) was higher 

than the range of 5.2 – 8.0% reported for commercial finisher rations produced in Nigeria 

(Okoli et al., 2007). The CV across treatments was moderately high at 18.75% probably 

due to the high CF values recorded in T1 and T4 diets. Thus, the range of 8.11 – 12.57% 

CF recorded in this study for broiler finisher rations should be regarded as high. The 

mean metabolizable energy of the finisher diet was 2276.75 ± 129.09 kcal ME and a CV 

of 5.67% indicating that values obtained across treatments were similar. NRC (1994) and 

Abor Acre (2012) recommended ME of 3200 kcal/kg for finisher broiler diets.  

 

4.2.2 Mineral composition of experimental diets 

a. Broiler starter: The mineral concentrations of the starter and finisher diets were 

summarized in tables 4.6 and 4.7. As shown in table 4.6, the most abundant macro 

minerals in the starter diets were potassium (288.68 ± 13.60 mg/kg), phosphorus (144.46 

± 27.90 mg/kg), magnesium (106.81 ± 40.55 mg/kg), sodium (76.58 ± 4.49 mg/kg) and 

calcium (63.66 ± 6.10 mg/kg). Among the micro minerals, the most abundant was iron 

(14.45 ± 1.64 mg/kg) followed by manganese (2.96 ± 0.36 mg/kg), zinc (2.85 ± 0.28 

mg/kg) and copper (0.55 ± 0.26 mg/kg). Thus, the order of mineral abundance was K> 

P> Mg> Na> Ca> Fe> Mn> Zn> Cu.  

 

These values are however below the Standard Organization of Nigeria (SON) 

recommendation for broiler starter ration (SON, 2003) and mineral requirements 

recommended for Abor Acre Broilers (Abor Acre, 2013). Low mineral inclusion levels 

may lead to suboptimal production (Ceylan et al., 2008). The present study showed that 

partial replacement of bone ash with PKSA in the broiler starter diets resulted in mild 

lowering of calcium and potassium values of treated diets below the control values (CV 

9.58% and 4.61% respectively). Magnesium values were drastically lowered in all  
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Table 4.6: Mineral concentration of experimental starter diets 

Parameters T1 T2 T3 T4 Mean SD CV 

Calcium (mg/kg) 72.31 63.44 58.64 60.25 63.66 6.10 9.58 

Magnesium (mg/kg) 125.34 73.11 155.28 73.54 106.81 40.55 37.96 

Potassium (mg/kg) 296.35 280.01 303.26 275.10 288.68 13.30 4.61 

Sodium (mg/kg) 71.23 76.35 82.24 76.51 76.58 4.49 5.86 

Manganese (mg/kg) 3.26 3.01 3.15 2.44 2.96 0.36 12.16 

Iron (mg/kg) 14.91 12.35 16.32 14.23 14.45 1.64 11.35 

Copper (mg/kg) 0.34 0.86 0.32 0.69 0.55 0.26 47.27 

Zinc (mg/kg) 2.99 2.46 2.84 3.12 2.85 0.28 9.82 

Phosphorus (mg/kg) 173.07 136.89 158.84 109.05 144.46 27.90 19.31 

Ca/P ratio 0.42 0.46 0.37 0.55 0.45 0.08 17.77 

Na/K ratio 0.24 0.27 0.27 0.28 0.27 0.02 7.41 
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treatment diets below control values, except in T3 where a much higher value of 155.28 

mg/kg was recorded (CV = 37.96%).  

 

There was however a mild increase in sodium concentration above the control value as a 

result of the PKSA inclusions (CV = 5.86%). The increase of copper concentration above 

control value was very high in most treatment diets (CV = 47.27%) just as the 

concentration of other minerals evaluated were lowered as a result of the PKSA 

inclusion, with CVs across different mineral values ranging from 9.89% for zinc to 

19.31% for phosphorus.  

 

The mean calculated Ca/P ratio of the experimental diets was 0.45 ± 0.08 indicating that 

only 0.45 mg of calcium was available in the broiler starter diet for every mg of 

phosphorus. Technically, such a feed may not be adequate for the growing birds since 

extra calcium needed to balance for phosphorus will have to be recruited from elsewhere, 

especially bone (Reinhart and Mahan, 1986). However, it is possible that a good 

proportion of this phosphorus will be in phytate form and therefore unavailable for 

digestion (Esonu, 2006). Again the use of only cattle bone ash as a major source of 

minerals in feed may have been responsible for the high phosphorus content. There is 

therefore the need to improve calcium supply in broiler starter diets by including other 

ingredients such as limestone and oyster shell, which are better sources of calcium. 

Again, recent researches suggest that requirements of growing birds for both calcium and 

phosphorus are much lower than the latest NRC (1994) standards (Driver et al., 2005a; 

Fritts and Waldroup, 2006). Keshavarz (2000a) slashed the NRC (1994) sliding scale for 

Leghorn chicks by 50% or more and found no reduction in performance or bone quality. 
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PKSA inclusion also tended to improve both the Ca/P and Na/K ratio of treated diets over 

control values. The sodium/potassium ratio was also low since for every 1 mg of 

potassium in the diets, there was only 0.27 mg of sodium to match. Usually, the highly 

soluble monovalent minerals such as sodium and potassium are transported passively into 

intestinal mucosal cells (Ashmead, 2012). This transport is usually dependent on 

chemical and electrical gradients existing across the mucosal cells (Nys and Morgan, 

1980). It is therefore possible that the imbalance in the Na/K ratio of these rations will 

lead to out-competition in the Na ions by K ions for the sites for the para-cellular 

transportation.  

 

b. Broiler finisher: In the finisher diets (table 4.7) the most abundant macro minerals 

were phosphorus (258.27 ± 42.27 mg/kg), calcium (223.94 ± 44.29 mg/kg), potassium 

(217.92 ± 30.79 mg/kg), magnesium (103.99 ± 29.65 mg/kg) and sodium (85.36 ± 8.20 

mg/kg). The trend of abundance among the micro or trace minerals was iron (23.28 ± 

4.57 mg/kg), manganese (3.82 ± 0.55 mg/kg), zinc (2.59 ± 0.31 mg/kg) and copper (0.72 

± 0.41 mg/kg). Thus, the order of mineral abundance in the finisher diet was P> Ca> K> 

Mg> Na> Fe> Mn> Zn> Cu. Generally, the values of Ca, Na, Mn, Fe, Cu and P in the 

finisher diets improved over the values in the starter diets. These mineral concentrations 

were however below the values recommended by Standard Organization of Nigeria for 

broiler finisher diets (SON, 2003). 

 

Again, the study showed that partial replacement of cattle bone ash with PKSA in the 

finisher diets resulted in lowering of calcium, potassium, sodium and phosphorus 

contents of treated diets below that of control (CVs = 9.58%, 4.61%, 5.86% and 19.31% 

respectively). PKSA inclusion in the broiler finisher diets however resulted in moderate 

increase of magnesium concentration (CV = 28.51%).  
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Table 4.7: Mineral concentration of experimental finisher diets 

Parameters T1 T2 T3 T4 Mean SD CV 

Calcium (mg/kg) 266.51 222.54 243.52 163.21 223.94 44.29 19.78 

Magnesium (mg/kg) 78.56 79.54 137.54 120.34 103.99 29.65 28.51 

Potassium (mg/kg) 238.15 249.22 200.02 184.23 217.90 30.79 14.13 

Sodium (mg/kg) 92.84 73.72 86.45 88.44 85.36 8.20 9.60 

Manganese (mg/kg) 4.56 3.22 3.87 3.66 3.82 0.55 14.39 

Iron (mg/kg) 27.66 18.55 26.72 20.21 23.28 4.57 19.63 

Copper (mg/kg) 0.30 1.17 0.44 0.98 0.72 0.41 56.94 

Zinc (mg/kg) 2.85 2.23 2.43 2.86 2.59 0.31 11.97 

Phosphorus (mg/kg) 303.46 277.38 248.39 203.88 258.27 42.67 16.52 

Ca/P ratio 0.88 0.80 0.98 0.80 0.87 0.09 10.34 

Na/K ratio 0.39 0.30 0.43 0.48 0.40 0.08 20.00 
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Among the micro minerals, the concentrations of manganese, zinc and iron moderately 

decreased below that of control as a result of PKSA inclusion in the finisher diets (CVs = 

14.39, 11.79 and 19.63% respectively). Copper content of the feeds however increased 

drastically as a result of PKSA inclusion in the diet, with calculated CV across treatments 

being as high as 56.94%. Magnesium and copper are therefore the important minerals 

that may drive the impact of PKSA inclusion in the broiler diets during the finisher phase. 

 

The mean Ca/P ratios of the broiler finisher diets was 0.87 ± 0.09 indicating that for 

every 0.87 mg of calcium in the feed, there is 1 mg of phosphorus. Although this is an 

improvement over the low value calculated for the starter diets, the value falls short of at 

least 1:1 ratio recommended for broilers (Reinhart and Mahan, 1986). Similarly, the 

mean Na/K ratio was 0.40, with increasing inclusion of PKSA in the diets resulting in 

improved ratios over the control value as observed in T3 (0.43) and T4 (0.48). 

 

4.3 Starter Phase of Production 

4.3.1 Seventh day performance characteristics 

To obtain the full potential out of a broiler chicken, it is important that the target weight 

at seven days of age be reached. The seventh day performance indices such as the 

measurement of live weight, growth, crop fill, body temperature, livability and mortality 

rate has been one method of determining the quality of chicks at an early age. Live 

weight determination at day seven is a well established and accepted way of assessing 

pre-placement management, brooding and chick quality. It also has a significant impact 

on most important parameters such as performance, carcass and body composition 

(Wahlstrom, 2013). This is specifically important when growing birds to a low kill 

weight, thus getting the birds off to a good start and achieving a good 7
th

 day bodyweight 

is critical.  
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The potential 7 day body weight of the modern broiler chick is usually ±180 g. If the 

chicks achieve a 7 day bodyweight of 160 g or more (approximately 4.5 - 5 times the day 

old chick weight), this is an indication that they have had a good start (Garden, 2008). If 

however a flock is achieving less than this, then there are factors limiting their 

performance hence the brooding management and nutrition must be reviewed. The 

importance of achieving a good 7 day weight is further emphasized when it is considered 

that for every 10 grams improvement in 7
th

 day body weight gained, an improvement of 

40 – 60 g will be achieved at 35 days, under good management conditions (Garden, 

2008). 

 

In the present study, the seventh day growth performance characteristics evaluated 

indicated statistical treatment effects in all parameters except FCR (Table 4.8). However, 

the initial body weights of the control birds were significantly higher than the others 

(p<0.05). The best indicators were 7
th

 day weight gain, daily weight gain and daily feed 

intake in which the control values were similar to all ash treatments groups. At the end of 

7 days, T2 has become statistically similar in weight with the control (p>0.05). T2 also 

gave more superior 7
th

 day weight gain and average daily weight gain than T4, while T3 

ate significantly more food than T4 on daily basis (p<0.05).  

 

We further derived a growth efficiency ratio (GER) calculation to better explain the 

effects of PKSA on the relationship between body growth and feed intake of the broilers 

(table 4.9). Using this derived parameter it was shown that at the end of 7 days of 

feeding, the control birds have increased their initial body weight by 269.40%, while T2, 

T3 and T4 birds had increased by 311.16, 293.61 and 278.69% of their initial body 

weights respectively. During the same period, the control birds had consumed 123.34 g of 

feed, while T2, T3 and T4 consumed 113.75, 138.46 and 101.76 g respectively. 
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Table 4.8: Seventh day growth performance characteristics of broilers fed PKSA  

Parameters T1 T2 T3 T4 SEM 

Initial weight (g) 45.83
a
 38.63

b
 38.53

b
 39.90

b
 1.38 

Final weight (g) 123.47
a
 120.20

a
 113.13

b
 111.20

b        
 2.58 

Weight gain (g) 77.64
ab

 81.56
a
 74.60

ab
 71.30

b
 2.51 

Avg. Daily weight gain (g) 11.09
ab

 11.65
a
 10.66

ab
 10.31

b
 0.36 

Avg. Daily feed intake (g) 17.62
ab

 16.25
ab

 19.78
a
 14.44

b
 1.21 

Feed conversion ratio 1.61 1.40 1.59 1.42 0.07 

Means with different superscript on the same horizontal row are significantly different @ 

(p<0.05). 
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Table 4.9: 7
th

 day growth efficiency ratio (GER) of broilers fed PKSA 

Parameters T1 T2 T3 T4 

Percentage increase in initial body weight 269.40 311.16 293.61 278.69 

Overall feed intake (g) 123.34 113.75 138.46 101.08 

Growth efficiency ratio (GER) 2.18 2.74 2.12 2.76 
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 Based on these values, the growth efficiency ratios (GER) of the different treatments 

were derived as 2.18, 2.74, 2.72 and 2.76 for T1 – T4 respectively, indicating that one 

gram of T4 diet have caused a 2.76% increase in the body weight of the birds, while the 

control (T1) diet produced a 2.18% increase in body weight. There is the need to 

investigate the physiological mechanisms that drive the observed effects of PKSA 

inclusion in the diets of broilers. 

 

Earlier works done with plant ash have also shown reductions in feed intake as a result of 

increasing inclusions of plant ash in diets of rabbits and pullets (Iwu, 2013; Ebere, 2013; 

Nwogu, 2013). This reduction in feed intake was initially attributed to the high alkalinity 

of the plant ashes used in these studies which ranged from 11.90 reported by Iwu et al. 

(2013) for coconut shell ash to 12.40 and 12.50 reported by Nwogu et al. (2012) for 

plantain root base and stalk ashes respectively. PKSA however yielded a mild alkaline 

ash of 8.39, which also caused a reduction in fed intake of broilers. 

 

The only minerals in the starter diets that increased beyond the values in the control diets 

were sodium and copper. Sodium chloride is known to enhance appetite, while copper 

sulphate usually decreases appetite. However, minerals are usually found in their 

carbonate, bicarbonate, oxide and hydroxide states in wood ash (Naylor and Schmidt, 

1986). The possibility of the vapor phase of the CaO condensing on the surface and 

reacting with SO2 to form CaSO4 during wood combustion has been reported (Steenari 

and Lindquist, 1989). The alkalinity of plant ash however depends basically on its 

carbonate, bicarbonate and hydroxide content. It is therefore possible that the reduced 

feed intake associated with plant ash inclusion in the diet of livestock is due to the 

unpalatability of the bicarbonate, hydroxide and sulphate forms of ash minerals. 
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It has been shown that bicarbonates predominate below 500
o
C ashing temperature, while 

oxides become more prevalent above 1000
o
C indicating that ashing temperature is critical 

to the mineral form in the ash (Naylor and Schimdt, 1986). However, ash composition 

could also change during storage and under varying environmental conditions since CO2 

and moisture react with ash to form carbonates, bicarbonates and hydroxides (Etiegni and 

Campbell, 1991). 

 

4.3.2 Seventh day gastro intestinal development of broilers fed PKSA as a mineral 

supplement 

The anatomy and physiology of young broiler chicks differ significantly from that of 

older broilers. Post hatch transformation from embryonic absorption of yolk to utilization 

of feed is accompanied by dramatic changes in the digestive tract. These usually include 

phenomenal growth of gastro intestinal tract (GIT), increased secretion of digestive 

enzymes, increases in overall gut surface area to absorption, improved nutrient transport 

system and development of immune system (Ravindran, 2003; Ukwu, 2013). It has been 

reported that avian species with high growth rate are characterized by rapid early 

development of the GIT and digestive organs (Lilja, 1983). The implication of this may 

be that potential inefficiencies in early GIT growth could limit maximum phenotypic 

expression in birds with superior genetic potential (Ravindran, 2003). Similarly, feed 

intake during early life seems to be limited by the size of GIT (Brake, 2001; Morel et al., 

2001).  

 

As shown in table 4.10, at the end of 7 days of feeding, birds that consumed T2 and T4 

diets recorded significantly higher percentage crop weights over birds that ate T1 and T3 

diets (p<0.05). Birds that consumed T2 diet had significantly higher percentage 

proventiculus weight (p<0.05), while there was no statistical treatment effects in 
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percentage gizzard and small intestinal weights. The percentage liver weights of birds 

consuming T3 diet was significantly (p<0.05) higher than that of T2 but similar to that of 

T1 and T4. Again, T4 birds recorded significantly higher large intestinal weights than T3 

(p<0.05) but similar to values recorded for T1 and T2.  

 

Overall, T4 birds although the lightest (128.33 g) followed by T2 birds (131.33 g), had 

significantly higher percentage crop weights than other heavier groups. They also had the 

highest percentage large intestinal and lowest percentage liver and small intestinal 

weights. These values are probably reflective of their small sizes resulting from lower 

feed intake in these groups. However, the higher crop and large intestinal values may 

indicate efforts by these birds to maximize the functions carried out by these organs 

which may include feed conditioning by the crop to suit the digestive environment of the 

GIT, water absorption and microbial fermentation in the large intestine. Recent 

measurement by Ukwu (2013) show that GIT had superior weight development over the 

overall body weight in broilers fed for 96 hours. At the end of this period, GIT increased  
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Table 4.10: Seventh day Gastro Intestinal development of broilers fed PKSA as a mineral 

supplement 

Parameters T1 T2 T3 T4 SEM 

Live weight (g) 141.00 131.33 136.33 128.33 2.290 

Crop weight % 0.863
b
 1.030

a
 0.853

b
 1.090

a
 0.036 

Proventiculus weight % 0.903
b
 1.317

a
 1.013

b
 1.062

b
 0.052 

Gizzard weight % 4.490 4.930 4.160 4.150 0.149 

Liver weight % 3.523
ab

 3.050
b
 4.053

a
 3.513

ab
 0.139 

Small intestinal weight % 4.730 3.840 4.630 4.420 0.189 

Large intestinal weight % 0.690
bc

 0.790
ab

 0.577
c
 0.900

a
 0.044 

Villus height (µm) 11.775
a
 10.500

b
 11.775

a
 9.950

c
 0.29 
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in weights by 82.97%, while the body weight increased by 61.27%. This GIT increase 

according to Yadav et al. (2010) is driven more by proventiculus, gizzard and small 

intestine increases, than crop and large intestine increases. Thus, the higher crop and 

large intestinal weights recorded in the smaller birds that ate less feed in the present study 

should be seen as evidence of inferior GIT development, when compared with the other 

groups (Yadav et al., 2010; Ukwu, 2013). 

 

The intestinal villi of birds consuming the T1 and T3 diets were significantly higher than 

that of those consuming T2 and T4 diets (p<0.05). T4 birds however had significantly 

lower villi than the birds in the other groups (p<0.05). In poultry, intestinal villi which 

plays crucial role in digestion and absorption of nutrients are underdeveloped at hatch 

(Uni et al., 1995). The maturation of the small intestine is essential to optimize broiler 

growth, as digestion and absorption rates are directly influenced by cell proliferation and 

differentiation rates. Maximum absorption capacity is attained by 10 days of age (Noy 

and Sklan, 1997).  

 

Thus, understanding and optimizing the maturation and development of the intestine in 

poultry will improve feed efficiency, growth and overall health of the birds. The higher 

the villi and their densities, the larger is the surface area for digestion and absorption 

(Boleli et al., 2002). It therefore means that diets T1 and T3 (control and 10 kg PKSA/ 

ton of feed) may have enhanced digestion and absorption of nutrients as a result of their 

larger absorptive intestinal surface areas, hence their superior performance characteristics 

observed relative to other groups. The villi histograps are presented in the appendix. 
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4.3.2 pH of GIT contents at day seven 

Data representing the pH of GIT content of the experimental chicks after seven days of 

feeding are presented in table 4.11. The crop, proventiculus, gizzard and large intestinal 

contents were generally acidic in pH, while the small intestine was basic. These results 

show that while there were no significant difference (p>0.05) between the mean pH 

values of proventiculus and large intestinal contents, there were however significant 

differences (p<0.05) between pH means obtained for crop, gizzard and small intestine.  

 

T4 birds had the highest crop content pH, while T1 had the lowest. The test diets 

produced higher crop pH which were statistically different (p<0.05) from the control. 

This may not be unconnected with the ash (alkaline substance) supplementation in the 

test diets which has been reported to elevate soil pH (Sharland, 2003). However, crop pH 

was acidic regardless of the differences observed across the means. This is because, as 

the bird matures, the crop microflora becomes predominantly acidogenic with lactobacilli 

being the most common bacterial species. With the increase in lactobacilli population 

comes a decrease in the pH of the digesta in the crop (Rynsburger, 2009). Also, amino 

acids and other acidic feedstuffs in the diets probably diluted the alkaline effects of 

PKSA to the range of 5.005 – 5.040 pH recorded in the crops. Again, the acidity of the 

crop content decreased with increasing PKSA inclusion in the diets. The crop pH values 

obtained across treatments were in agreement with Bowen and Waldroup (1969) who 

reported crop pH at 19 days to be 5.10, while research by Hinton et al. (2000) and Paul et 

al. (2007) found the crop pH at 42 days to be 5.5 and 5.0, respectively. Rynsburger and 

Classen (2007) also reported a crop pH of 5.42 for young broiler birds at 6 days old.  

 

The GIT feed contents in this study further decreased in acidity in the proventiculus, 

while it rose sharply in the gizzard content. It would seem that the gizzard content is a 
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Table 4.11: Seventh day gastro intestinal content pH values of broilers fed PKSA 

supplement as a mineral supplement 

Parameters T1 T2 T3 T4 SEM 

Crop ph 5.005
b
 5.025

a
 5.035

a
 5.040

a
 0.005 

Proventiculus 5.700 5.650 5.600 5.600 0.025 

Gizzard 3.160
b
 3.170

c
 3.171

c
 3.180

a
 0.003 

Small intestine 7.290
a
 7.250

b
 7.230

bc
 7.217

c
 0.009 

Large intestine 6.540 6.520 6.520 6.500 0.013 

Means with different superscript on the same horizontal row are significantly different at 

(p<0.05). 
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 product of the effects of the true stomach of the birds (proventiculus) on the digesta. The 

true monogastric stomach produces very high concentration of inorganic acids through its 

gastric glands to change the digesta to a low pH substance as it enters the small intestine. 

However, the alkaline effects of the PKSA included in the diets could still be seen at this 

level with T1 gizzard content being significantly more acidic (p<0.05) than the other 

gizzard contents. Again, acidity decreased significantly as the PKSA inclusion in the 

diets increased, with T4 content being significantly (p<0.05) less acidic than T2 and T3. 

The gizzard pH in this study conformed to the reports of Rynsburger (2009) who reported 

a pH value of 3.24 and 3.27 at 6 and 15 days of age respectively in broilers. 

 

The proventiculus and the gizzard of birds are acidic in order to aid protein digestion by 

exposing ingested proteins to hydrochloric acid, which in turn denatures the protein and 

exposes peptide bonds for enzyme hydrolysis (Rynsburger, 2009). Mixing of ingested 

feed with gastric acid in the gizzard further reduces the pH of the digestive slurry.  

 

In the small intestine, the reverse was the case with T1 recording a pH of 7.29 which was 

significantly more basic than the 7.217 recorded for T4 (p<0.05). Thus, basicity of the 

small intestine decreased with increasing PKSA inclusion in the diet. This may be 

favorable to calcium absorption, as Ca absorption is facilitated by lower pH which is 

necessary for their solubility (Hays and Swenson, 1985; Soetan et al., 2010). Calcium 

salts are more soluble in an acid solution; hence, absorption occurs mainly in the upper 

small intestine (duodenum) where feed contents are still somewhat acidic following 

digestion in the stomach (Ensminger et al., 1990). 

 

The higher pH values of the small intestines relative to the other segments of the GIT, 

suggest a maturation of the digestive tract with pancreatic bicarbonate being secreted at 



116 

 

an appropriate level to compensate for the low pH of the digesta entering the duodenum. 

This may therefore inform the slightly basic values of the small intestine results. Paul et 

al. (2007), Rynsburger and Classen (2007) and Rynsburger (2009) found small intestinal 

pH to be 7.5, 8.15 and 6.42 at 42, 6 and 15 days of age respectively, which were in 

agreement with the findings of this study.  

 

Like in the crop, microbial populations of the caeca are usually made up of acid 

producing bacteria, which can influence the pH of the large intestine to drop below that 

of the small intestine (Rynsburger, 2009). This is in agreement with the pH range of 

6.520 – 6.540 recorded for the large intestine content in the present study. There was 

however no significant differences (p<0.05) across treatments. 

 

4.4. Starter Phase Growth Performance Characteristics 

 The performance data of chicks subjected to 28 days starter period feeding with the 

experimental diets are presented in table 4.12. Results of the experiment showed that the 

control chicks had significantly higher (p>0.05) initial live weight than the other groups. 

However, by the end of the 4 weeks starter period, T2 and T3 birds had averaged similar 

growth performance values with T1 (control) including final body weight, weight gain, 

average daily weight gain and average daily feed intake. This is expected following the 

earlier 7
th

 day growth performance results obtained. Specifically, the values generated 

from T1 – T3 were statistically similar (p>0.05) and significantly different from the T4 

values (p<0.05). FCR values followed the same trend. The reduction in growth parameter 

values beyond T3 may have been due to the reduced feed intake observed in birds on the 

T4 diet. The results presented here are in agreement with the findings of Iwu (2013), 

Ebere (2013) and Nwogu (2013) who also reported reduced feed intakes, final weights  
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Table 4.12: Overall growth performance of broiler chicks fed starter diets supplemented 

with PKSA 

Parameters T1 T2 T3 T4 SEM 

Initial weight(g) 45.83 38.63 38.53 39.90 1.38 

Final weight (g) 848.79
a
 834.31

a
 793.03

a
 693.12

b
 20.6 

Weight gain(g) 802.95
a
 795.68

a
 754.50

a
 654.22

b
 19.95 

Avg. daily weight gain(g) 28.68
a
 28.42

a
 26.94

a
 23.36

b
 0.71 

Feed intake (g/bird/day) 49.34
a
 51.53

a
 48.19

ab
 44.66

b
 0.93 

Feed conversion ratio (FCR) 1.72
b
 1.81

b
 1.79

b
 1.91

a
 0.09 

Growth efficiency ratio 1.34 1.50 1.53 1.39  

Means with different superscript on the same horizontal row are significantly different @ 

(p<0.05) 
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and weight gains at higher supplementation of coconut shell ash, plantain stalk ash and 

plantain root base ash in the diets of rabbits and laying hens respectively. The 28 days 

starter period feeding results were also further subjected to growth efficiency ratio (GER) 

analysis as shown in table 4.13. Results showed GER values of 1.34, 1.50, 1.53 and 

1.39% for T1 through T4 respectively. Even though T4 birds recorded significantly 

inferior growth performance values as earlier reported, its GER value was similar to that 

of the control birds. This means that the T4 birds have used 1 gram of feed to achieve 

1.39% increase in their initial bodyweight per day over the 28 days feeding period against 

the 1.34% achieved by the control birds. The lower than 7
th

 day GER values recorded at 

the end of 28 days are expected since feed utilization for growth reduces with age. 

 

4.4.1 Six weeks performance 

The six weeks (42 day) growth performance evaluation was carried out to determine if it 

will be economical to harvest the birds at this stage of development. Table 4.14 showed 

that the initial weights of the birds which also were the final weights for the starter phase 

were again varied. T1 – T3 birds were significantly heavier than the T4 birds (p< 0.05), 

thus conferring weight advantages to the heavier groups. At the end of 2 weeks of 

finisher feeds feeding, live weights of the birds stood at 1538.45, 1435.38, 1541.57 and 

1227.78g for T1, T2, T3 and T4 respectively. Thus, the T1 – T3 values were again 

significantly higher than the T4 value (p< 0.05). 

 

Mean crude protein (CP) and metabolizable energy (ME) of finisher diets fed the birds 

were 19.91% and 2276.75 kcal/ kg respectively, while the coefficient of variation (CV) 

across individual values were 9.69% and 5.67% respectively, indicating that the values 

are similar across treatment diets. PKSA effect is therefore evident, suggesting that its 

inclusion should not exceed 10 kg/ ton of feed (T3). At this T3 level of PKSA inclusion, 
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 Table 4.14: Growth performance characteristics at six weeks 

Parameters T1 T2 T3 T4 SEM 

Initial weight (g) 848.79
a
 834.31

a
 793.03

a
 693.12

b
 20.60 

Final weight (g) 1538.45
a
 1435.38

a
 1541.57

a
 1227.78

b
 41.39 

Weight Gain (g) 698.67
ab

 601.08
bc

 748.53
a
 534.66

c
 30.09 

Avg. Daily weight gain (g) 49.26
ab

 42.94
bc

 53.47
a
 38.19

c
 2.14 

Avg. Daily feed intake 

(g/bird/day) 

129.17
a
 123.16

ab
 125.53

a
 104.14

b
 3.85 

Feed conversion ratio 2.62
c
 2.88

a
 2.39

b
 2.73

ac
 0.24 

Growth efficiency ratio 0.62 0.72 0.76 0.70  
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weight gain was highest and significantly differed from T2 and T4 values (p< 0.05) but 

similar to T1 value. Average daily feed intake however seems to have major influence on 

the final weight value of the birds, with T1 – T3 values being similar (p>0.05) and T1 

and T3 values being significantly higher than T4 value. The best FCR was returned by 

birds on the T3 diet, followed by those on T1. At this period of feeding, FCR of the T3 

birds was significantly better than that of T1 and T2, while T4 value was similar to those 

of T1 and T2. This indicates that T4 birds ate much less feed to convert similar flesh as 

the control birds.  

 

Table 4.15 showed the growth efficiency ratio values at six weeks of growth of the 

broilers. Again, GER values of the control birds at 0.62 was lower than that of PKSA 

treated birds that ranged from 0.70 – 0.76. This means that at this age, the PKSA treated 

birds were using one gram of feed to increase their initial weight by 0.70 to 0.76% per 

day and therefore performed better than the control birds on the bases of GER. 

 

4.4.2 Eight weeks growth performance 

At the end of 8 weeks of feeding (Table 16), which included 4 weeks of feeding the 

experimental finisher diets, the experimental birds recorded 2347.25, 2146.74, 2161.96 

and 2025.93 g final body weights for T1, T2, T3 and T4 respectively. All the PKSA 

treated birds recorded statistically similar final weight values, which were significantly 

lower than T1 (control) value. Weight gains generally followed the same trend although 

T3 value was similar to T1 value. Again, T1 birds consumed significantly (p<0.05) more 

feed than the PKSA treated birds indicating that the feed intake pattern actually drives the 

final weight results obtained in this study. There was no PKSA treatment effects on the 

FCR of the birds, indicating that the PKSA inclusion in the diets of broilers at the various 

levels studied caused the treated birds to convert similar amounts of flesh as the control  
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Table 4.16: Growth performance at 8 weeks of finisher phase 

Parameters T1 T2 T3 T4 SEM 

Initial weight (g) 848.79
a
 834.31

a
 793.03

a
 693.12

b
 20.60 

Final weight(g) 2346.25
a
 2146.74

b
 2161.96

b
 2025.93

b
 40.35 

Weight gain(g) 1497.46
a
 1312.43

b
 1368.93

ab
 1332.81

b
 29.41 

Avg. daily weight gain (g) 53.48
a
 46.88

b
 48.89

ab
 47.60

b
 1.05 

Feed intake (g/bird/day) 158.81
a
 144.01

b
 140.50

b
 136.77

b
 3.93 

Feed conversion ratio 2.97 3.08 2.87 2.88 0.07 

Growth efficiency ratio 0.58 0.69 0.71 0.66  

 



122 

 

birds, while consuming significantly less amount of feeds. Again, GER at this period was 

0.58, 0.69, 0.71 and 0.66 for T1 through T4 respectively (Table 4.17).  

 

According to Mongin (1981) there is a critical effect of changes in the acid – base 

balance and imbalances in Na
+
+ K

+
 - Cl

- 
of a diet on appetite, with reduction in weight 

gain, affecting FCR and mortality rate if not corrected. This phenomenon called the 

dietary electrolyte balance (DEB) is determined by the monovalent chemical elements 

(Na+, K+ and Cl-), which are considered strong ions because of their effect on the acid-

base balance of body fluids (Hooge, 2003). DEB has a crucial role in broiler 

performance, and it is required for proper bone development and litter quality (Oliveira et 

al., 2010).  In the present study we did not calculate DEB of the experimental diets due to 

the fact that the Cl
- 
contents of the feeds could not be assayed (lack of laboratory facility). 

The effects of PKSA inclusion on the water intake of the birds were also not determined. 

However, the increasing addition of PKSA to the diets probably altered the DEB of the 

diets leading to poor appetite, especially in the T4 birds. According to Borges (2003) 

when formulating diets with the concept of electrolyte balance for broilers during the 

growing phase, high Cl
-
 contents in the diet should be avoided. It is therefore probable 

that Cl- sources in diets containing PKSA may need to be adjusted downwards, especially 

NaCl inclusion in the diet. This was not done in the present study and therefore the 

differences in feed intake and growth performance observed in this study may be 

attributed to variations in the electrolyte ratios (Na
+
+ K

+
 - Cl

-
) of the diets due to PKSA 

inclusions. 

 

Comparison of daily feed intakes of the PKSA supplemented birds at the finisher phase 

are shown in Tables 4.18. At the 6
th

 week of feeding, the T4 birds were consuming 

19.38% less feed daily to produce similar amount of flesh as the control birds. T2 and T3  
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birds also consumed 4.65% and 2.82% less feed daily to produce significantly more flesh 

than the control birds. At the 8
th

 weeks of feeding however, the T2 and T3 birds have 

improved more on their feed conservation abilities and were respectively consuming 

9.32% and 11.53% less feeds daily to convert similar amounts of flesh as the control 

birds. The T4 birds feed consumption pattern however reduced slightly to 15.14% less 

feed daily to produce similar amount of flesh as the control birds. It may therefore be 

suggested that ash treatment of the diets lowered feed intake, while producing the same 

growth pattern with the control birds consequently leading to a reduced cost of feeding. 

 

4.5 Weekly Growth Performance of Broilers fed PKSA as a Mineral Supplement for 

8 Weeks 

The weekly weight changes and feed intakes across the starter and finisher phases of 

PKSA feeding are highlighted in figures I to IV. These graphs served as time series 

effects of PKSA supplementation on the weight and feed intakes of the broilers studied. 

Broiler growth is usually measured as increases in body weight, which includes cell 

multiplication (hyperplasia) and cell enlargement (hypertrophy) and incorporates specific 

components of the environment in which the birds are raised (Flier and Moratos – Flier, 

2000). Body weight is also commonly used to monitor the nutritional status and growth 

of animals (Chimonyo et al., 2000). Body weight of animals however does not reflect its 

nutritional status per se. This is because animals with large frames may have higher body 

weights with low levels of body reserves than small framed animals with abundant 

reserves. Changes in body weight may therefore be more informative than overall mean 

body weight values (Oulun, 2005). Weekly weight change at the starter phase (figure I) 

showed that growth rate remained stable at week 1, after which a progressive increase in 

the growth of broiler chicks was observed across the various means. 
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Table 4.18: 6
th

 and 8
th

 week percentage daily feed intake differences of PKSA 

supplemented birds to the control value 

a. 6
th

 week percentage daily feed intake differences from control value 

Parameters T2 T3 T4 

Feed intake of control birds (g/bird/day) 129.17 129.17 129.17 

Feed intake of PKSA treated birds (g/bird/day) 123.16 125.53 104.14 

Difference (g/bird/day) 6.01 3.64 25.03 

Percentage feed intake difference 4.65 2.82 19.38 

b. 8
th

 week percentage daily feed intake differences from control value 

Feed intake of control birds (g/bird/day) 158.81 158.81 158.81 

Feed intake of PKSA treated birds (g/bird/day) 144.01 140.50 136.77 

Difference (g/bird/day) 14.80 18.31 24.04 

Percentage daily feed intake difference 9.32 11.53 15.14 
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Fig. I: Weekly weight change of broilers fed PKSA during the starter phase  
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The weekly feed intake at this phase also showed a steady increase in feed intake across 

the treatment (figure III). Graphical presentation of the weekly weight change at the 

finisher phase had similar pattern as the starter phase (figure II). The weekly feed intake 

at this phase also showed that T1 and T2 maintained a steady feed intake till the sixth 

week after which a sharp increase in feed intake was recorded whereas T3 and T4 feed 

intake rose steadily till the 7
th

 week beyond which a sharp increase in feeding was 

recorded (figure IV). Also, looking at the feeding pattern of the birds during the entire 

period of experiment (1- 8 weeks), feed intake for T1 treated birds rose steadily till the 5
th

 

week, remained stable through 6
th

 week and rose sharply afterwards. T2 followed similar 

trend as T1. However, T3 rose steadily till the 5
th

 week steadied through to the 7
th

 week 

and rose sharply afterwards to the 8
th

 week, while T4 had a steady increase till the 7
th

 

week before rising sharply afterwards. Again, weight change throughout the experimental 

period maintained a steady increase in growth across the means. 

 

4.6 Mineral Uptake from Digestive Tract of Experimental Birds fed PKSA 

Supplemented Diets. 

The data on mineral content of faeces voided by the experimental birds were shown in table 

4.20. Generally, the order of abundance of minerals in the faecal materials were P> K> Ca> 

Mg> Na> Fe> Mn> Zn> Cu. This mimicked the order of mineral concentrations in the 

finisher diet except that potassium and calcium swapped places at positions 2 and 3. This is 

expected since the faecal samples were collected towards the end of the finisher phase of the 

experiment. The faecal mineral concentrations recorded in this study tend to suggest that 

there is accumulation and concentration of higher levels of minerals in the faeces, more than 

the levels found in the diets. For example, the levels of all the minerals in the control birds‟ 

faeces were much higher than that of the control feed with most of them doubling. The same 

trend was observed across PKSA treatment groups except for copper. 



127 

 

  

 

Fig. II: weekly weight change of broilers fed PKSA during finisher phase 
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Fig. III: weekly feed intake of broilers fed PKSA during starter phase 
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Fig. IV: weekly feed intake of broilers fed PKSA during the finisher phase 
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Fig. V: Weekly feed intake of broilers fed PKSA during the entire experimental period 
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Fig. VI: Weekly weight gain of broilers fed PKSA during the entire experimental period 

of 1 - 8 weeks 
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Table 4.19: Mineral concentrations of fecal materials from experimental birds fed PKSA 

supplemented diets 

Parameters T1 T2 T3 T4 SEM 

Calcium (mg/kg) 301.42
b
 321.25

a
 218.54

c
 220.45

c
 14.11 

Magnesium (mg/kg) 160.25
b
 207.56

a
 196.47

a
 207.58

a
 6.15 

Potassium (mg/kg) 321.14
c
 426.26

a
 374.52

b
 361.90

b
 11.58 

Sodium (mg/kg) 113.58
a
 108.29

ab
 114.66

a
 100.02

b
 2.43 

Manganese (mg/kg) 7.91
a
 8.14

a
 5.63

b
 5.09

b
 0.47 

Iron (mg/kg) 62.80
b
 59.82

b
 46.57

c
 73.28

a
 2.91 

Copper (mg/kg) 0.74
a
 0.52

b
 0.75

a
 0.75

a
 0.03 

Zinc (mg/kg) 2.31
b
 6.02

a
 4.42

ab
 6.76

a
 0.61 

Phosphorus (mg/kg) 692.27
a
 504.98

b
  421.52

c
 412.52

c
 33.97 
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Faecal Mg, K, Cu and Zn concentrations of PKSA treated birds were higher than the 

control values, while those of Ca, Na, Mn, Fe and P reduced as a result of PKSA 

inclusion in the diets. Among the former group of minerals, faecal concentrations were 

significantly higher (p<0.05) than control values. In some cases among the latter group of 

minerals such as Ca and Fe, T2 values rose above control values before dropping with 

subsequent increases in PKSA inclusion. There was indeed for many minerals (Ca, K, 

Mg, Mn and Zn) this T2 rise which was observed before the drop in value, with 

increasing PKSA inclusion.  

 

Mineral data of the experimental finisher diets fed the birds as shown in table 4.6 indicate 

that all the concentrations of the analyzed minerals reduced with increasing inclusion of 

PKSA in the diets, with the exception of Mg and Cu. Therefore the faecal concentrations 

of Cu in the present study could be explained as improved uptake as a result of PKSA 

inclusion. For Ca, Na, Mn, Fe and P, the reduction in faecal concentrations could be due 

to the need of the birds to make up for the reductions in their diets as a result of PKSA 

inclusion. 

 

Okoli et al. (2014) reported similar result with pullets fed plantain stalk and root base 

ashes supplemented to commercial grower and layer rations. The study specifically 

reported reductions in faecal K, Mg, Ni, Fe and Mn and concluded that plantain ash is a 

good source of absorbable minerals and that it has the potential of improving mineral 

uptake from commercial diets. The present study however shows that lower faecal values 

may be due to the diluting effect of the PKSA ash used and the need by the birds to make 

up for these in the diets. However, the ability of the birds to absorb more of these 

minerals, especially the passively transported ones as the inclusion level of PKSA 
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increased shows that the threshold for further absorption has not been attained since such 

passive absorption is gradient dependent (Okoli et al., 2014). 

 

Before minerals could be absorbed from the GIT, they must become available in ionic 

form, which is the only form suitable for their uptake and transportation (Jongloed and 

Mroz, 1997). The highly soluble monovalent minerals such as Na, K, and Cl could be 

transported passively into GIT mucosal cells, while other metals depend on the presence 

of other compounds in the GIT for their transportation. This is because they can easily 

precipitate or form non – absorbable complexes at the normal pH of the GIT (Ashmead, 

2012). 

 

Ashing has been reported to convert most plant materials into their oxide, hydroxide, 

carbonate and bicarbonate states depending on the temperature of the ashing process. It 

has also been reported that the degree of solubility of most metal oxides is M
3+

> M
2+

> 

M
+
, indicating that the PKSA may contain more of M

3+
 and M

2+
 (Okoli et al., 2014). 

 

 As the pH of the GIT of birds rises, especially in the small intestine, many minerals such 

as Cu, Fe, Mn, Zn etc readily undergo hydroxypolymerisation to form insoluble 

precipitates (Power and Horgan, 2007). The use of metal chelates of Cu
2+

, Zn
2+

 and MN
2+

 

with amino acids and peptides has been shown to enhance the absorption of these metals 

(Power and Horgan, 2007; Ashmead, 2012). These products have been termed organic 

metals because the metal elements needed to be made more bioavailable are complexed 

with organic molecules or ligands. In the present study, the PKSA was blended with dry 

methionine and lysine powders and allowed to stand for 24 hours before mixing in the 

feed. It would seem from the available results that such treatment did not improve the 

bioavalability of minerals in the PKSA, beyond the expected. There is therefore the need 
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to investigate other simple methods of achieving the complexing of minerals in such 

plant ash with natural ligands.  

 

One of these natural ligands is the endogenous soluble ligand and mucosally associated 

ones called mucin and present in the gut, which prevents hydroxypolimerization of 

cations and allows selective absorption between toxic and essential metals (Whitehead et 

al., 1996). Mucin is a large glycoprotein secreted by the GIT and its affinity for metals 

has been shown to follow the pattern, M
3+

> M
2+

> M
+
. There is therefore the need to 

explore available sources of such natural ligands, especially those of plant origin in the 

bid to enhance the bioavailability of inorganic minerals in plant ash. 

 

4.7 Economics of Production of Broilers Fed PKSA during Starter and Finisher 

Periods 

Table 4.20 showed the economics of production of the broilers at the starter and finisher 

phases. At the end of the starter phase, there were no significant differences in feed cost 

per kilogram meat across treatments. The same trend was observed at both the 6
th

 and 8
th

 

week finisher phases. However, T3 and T4 recorded superior values over T1 and T2 at 8 

weeks of feeding. This is suggestive that PKSA yielded similar returns at the same cost as 

with the control birds. 

 

4.8 Carcass and Organ Weight Characteristics of Chicks Fed on Diets 

Supplemented With PKSA 

4.8.1 Carcass characteristics of chicks fed diets containing PKSA 

Carcass characteristics of the birds fed PKSA are shown in table 4.21. Live weight and 

carcass weight of birds decreased with increased inclusion of PKSA. The control birds 

recorded significantly higher live and carcass weights than T3 and T4 birds (p<0.05) and 
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Table 4.20: Economics of production of broilers fed PKSA during starter and finisher 

periods 

(a) Starter phase 

Parameters  T1 T2 T3 T4 SEM 

Feed cost/ kg (Naira) 103.56 103.36 103.16 102.96 0.07 

Feed cost/ kg meat (Naira)  178.13 187.43 185.00 197.00 3.34 

(b) six weeks (finisher period) 

Feed cost/ kg(Naira) 96.18 95.98 95.78 95.58 0.07 

Feed cost/ kg meat (Naira) 251.99 276.42 228.92 260.94 8.60 

(c) eight weeks finisher period 

Feed cost/ kg (Naira) 96.18 95.98 95.78 95.58 0.07 

Feed cost/ kg meat (Naira) 285.37 295.56 275.21 274.96 6.73 

 



137 

 

Table 4.21: Carcass characteristics of broilers fed PKSA supplement 

Parameters T1 T2 T3 T4 SEM 

Live weight (g) 2466.67
a
 2300.00

ab
 2166.67

bc
 1983.33

c
 59.49 

Carcass wt. (g) 2297.33
a
 2165.67

ab
 2059.67

bc
 1823.00

c
 57.35 

Dressed (%) 74.73
a
 74.34

a
 75.75

a
 72.38

b
 1.83 

Breast (%) 18.01
ab

 16.78
b
 18.96

a
 17.18

b
 1.47 

Thigh (%) 12.06
ab

 12.60
a
 13.23

a
 10.93

b
 1.20 

Drumstick (%) 9.95
ab

 10.37
a
 10.54

a
 9.54

b
 0.66 

Back formation (%) 19.69 20.81 20.11 20.94 1.77 

Wing (%) 7.08
b
 8.42

a
 8.53

a
 8.13

a
 0.18 

Neck (%) 3.75
a
 4.01

a
 3.25

b
 4.10

a
 0.45 

Shank (%) 3.41 3.95 3.71 3.73 0.54 

Head (%) 2.14
b
 2.22

b
 2.10

b
 2.37

a
 0.15 

Means with different superscript on the same horizontal row are significantly different @ 

(p<0.05). 
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similar values with T2. Though, birds on the test diets may not have had the best live 

weights per group, they however manifested remarkable dressed weights as percentages 

of their live weights with T4 having significantly lower dressed percentage than the 

control (p<0.05). This indicates that all diets supported a proportional cumulative flesh 

deposition. It may also have been due to heavier bones of the PKSA supplemented birds. 

The dressed weight of chicken is usually not directly proportional to the weight gain or 

performance traits since a high weight gain value may not imply an increase in dressed 

weight value. It may also mean that the test diets do not support undue feathering of the 

experimental birds (Fasuyi and Aletor, 2005). Ukorebi et al. (2012) reported dressed 

carcass percentage range of 56.66 – 62.03% when graded levels of Congronema 

latifolium leaf meal were fed to broilers. Etuk et al. (2012) reported a range of 68.38 – 

70.42% with graded levels of crab meal while Egunika et al. (2013) reported a range of 

60.98 – 66.52% with palm kernel cake feeding. The present range of 72.38 – 75.75% 

dressed show that PKSA inclusion has positive effect on dressed weight of broilers. 

 

Other carcass traits such as the thigh, drumstick, breast muscle, wings etc were also 

supported by the test diets as they recorded good weight percentages of the carcass part 

relative to the control. For example, the control bird had statistically similar breast, thigh, 

drumstick, shank and back formation values with the PKSA treated birds. However, T3 

birds recorded significantly (p<0.05) higher breast value than T2 and T4. Uchegbu et al. 

(2004) reported percentage breast muscle yields of 10.6 – 17.6% in finisher broilers fed 

graded levels of raw Napoleoma imperialis seed meal, with the upper value being the 

control. Thus, the range of 16.78 – 18.96% obtained in this study suggests that PKSA 

supplementation could cause the yielding of better carcass parts in poultry.  
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Again, T4 values for thigh and drumstick were significantly (p<0.05) lower than those of 

T2 and T3. The PKSA treated birds recorded significantly higher (p<0.05) wing values 

than the control probably as a result of heavier wing bones. T3 recorded significantly 

lower percentage neck weight than the rest, while T4 recorded significantly higher head 

value (p<0.05). Generally, T3 recorded the most superior edible cuts, while T4 recorded 

the most inferior. This finding shows again that growth performance results need to be 

related to carcass yield in order to appropriately determine the overall effects of a feed 

supplement or ingredient on poultry productivity (Nwogu et al. (2014). These results are 

in agreement with the reports of Nwogu (2013) who reported superior carcass parts for 

laying hens under higher plantain ash supplementation in relation to the control birds. 

The results of this study also compares favorably with that of Abor Acre specification 

manual for carcass evaluation (Abor Acre, 2009).  

 

4.8.2 Organ weight characteristics of broilers fed diets containing PKSA 

The organ weight characteristics of broilers fed diets containing PKSA are shown in table 

4.22. Generally, feeding of PKSA resulted in increased percentage weights of 

proventiculus, gizzard, intestine and heart. Specifically, it resulted in significant (p<0.05) 

increase in the proventiculus, gizzard and intestinal weights beyond that of the control. 

Liver weight and abdominal fat contents of the treated birds were also significantly 

(p<0.05) lower than those of the control birds. The intestines of the PKSA treated birds 

were equally longer than the control. 

 

Nwogu et al. (2014) reported increased spleen and gizzard weights in layers fed plantain 

ash and attributed these to increased grittiness of the experimental diets as a result of the 

ash supplementation. These workers also reported decreases in liver weights of ash 

supplemented birds. It would seem from the results of this study that ash causes increases 
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in the weights of secretary organs such as the proventiculus, intestines, gizzard and 

spleen. Again, these results reflect the earlier 7
th

 day organ development results reported 

in this study. A recent report by Iwu et al. (2013) also showed that the feeding of coconut  

shell ash to growing rabbits resulted in agonist effects on reproductive organs 

development and sex hormones released in both male and female rabbits. The abdominal 

fat results obtained in this study are also of economic value since lower abdominal fat is 

desirable in modern broiler production.  

 

4.9 Hematological Characteristics of Broilers Fed Diets Containing PKSA 

Reference blood profiles of broiler chickens are used for interpretation of hematological 

analyses with regards to immunological status of birds (Seiser et al., 2000), predicting 

susceptibility to ascites in broiler strains (Luger et al., 2001; Scheele et al., 2003), 

predicting potential resistance to environmental conditions (Silverside et al., 1997) and 

estimation of body weights in the future (Singh et al., 1998). They are also used in the 

diagnosis of diseases (Goodwin et al., 1991), evaluation of health disorders already at the 

preclinical stage (Harper and Lowe, 1998) and developing new broiler strains that are 

genetically resistant to poultry diseases (Shlosberg et al., 1996). Hematological values 

have their impact on physiological changes and health status of poultry and could be 

influenced by many factors such as age, gender, hormones, hypoxia and environmental 

conditions (Sturkie, 1965). Blood acts as a pathological reflector of the status of exposed 

animals to toxicants and other conditions (Olafedehan et al., 2010) and as reported by 

Isaac et al. (2013), animals with good blood composition are likely to show good 

performance. 
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Table 4.22: Organ weight measurement of broilers fed PKSA supplement 

Parameters T1 T2 T3 T4 SEM 

Proventiculus (%) 0.36
b
 0.46

a
 0.43

a
 0.45

a
 0.06 

Gizzard (%) 1.77
c
 1.73

bc
 2.02

a
 2.01

ac
 0.24 

Intestinal wt. (%) 2.00
b
 2.13

bc
 2.44

ac
 2.69

a
 0.33 

Intestinal length (cm) 186.00
b
 210.00

a
 192.67

ab
 199.33

ab
 25.01 

Liver (%) 2.54
a
 2.00

b
 2.13

b
 1.85

b
 0.39 

Lungs (%) 0.58 0.55 0.47 0.54 0.12 

Heart (%) 0.37 0.45 0.37 0.45 0.09 

Abdominal fat (%) 2.22
a
 1.27

b
 1.39

b
 1.55

b
 0.48 

Means with different superscript on the same horizontal row are significantly different @ 

(p<0.05) 
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4.9.1 Hematological characteristics of broilers fed diets containing PKSA 

The data on hemoglobin concentration (Hb), pack cell volume (PCV), red blood cell 

concentration (RBC), mean corpuscular volume (MCV), mean corpuscular hemoglobin 

(MCH), mean corpuscular hemoglobin concentration (MCHC) and blood clotting time 

(BCT) are presented in table 4.23. Generally, PKSA inclusion in the diets of the broilers 

resulted in significant improvements in all the parameters measured (p<0.05) beyond that 

of the control, except clotting time which was significantly lowered below control value 

(p<0.05) in T3 and T4 birds.  

 

The test diets, especially T3 (10 kg PKSA/ ton of feed) and T4 (15 kg PKSA/ ton of feed) 

had better Hb values than the control. This indicates that ash supplementation may have 

supported better blood formation possibly due to improved bioavailability of iron and 

copper from the diets. Hb has the physiological function of transporting oxygen to tissues 

of the animal for oxidation of ingested food so as to release energy for the other body 

functions as well as transport of carbon (IV) oxide out of the animal body (Isaac et al., 

2013; Soetan, 2013). The Hb values (10.3 – 11.6 g/dl) obtained in this study are in 

agreement with the range values of 8.7 – 11.3 g/dl reported by Nwogu (2013) when 

plantain ash was fed to layer birds. The values are also in line with the normal reference 

range for chicken as reported by Mitruka and Rawnsley (1977) and Aiello and Mays 

(1998).   

 

The best PCV values recorded in this study were also for birds on PKSA supplemented 

diets indicating again that the ash inclusion in their rations supported blood formation, 

oxygen and nutrient transportation (Isaac et al., 2013). The range of results obtained for 

PCV (30.8 – 34.3%) across treatments fall within the normal reference range values (30 – 

40 %) as published by Aiello and Mays (1998). Also, the lowest PCV value recorded for 
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the control was within the limits published for Arbor Acre broilers (Talebi et al., 2005). 

Ritchie et al. (1994) stated that the percentage PCV of blood and Hb value obviously 

determine health conditions in chickens.  

The RBC counts were higher in birds on the test diets and were statistically different 

from the control. These higher values of RBC counts in birds on the test diets suggest 

higher oxygen carrying capacity which could also improve the respiratory levels of the 

broilers (Brown and Clime, 1972). Similarly, the high iron content of the PKSA as shown 

in table 4.3 may have contributed to the high RBC values recorded in ash supplemented 

birds. Iron has been reported to attract oxygen and build blood, creating energy in the 

body. Along with manganese and copper it is necessary for healthy blood chemistry and 

is essential for recovery from illness (Malhotra, 1998). The RBC values in this study 

were however higher than those reported for Arbor Acre broilers (2.59 x 10
6
 µl) (Talebi 

et al., 2005) but within the normal range for chicken.  

 

The red blood cell indices, MCV, MCH and MCHC measurements usually aid the 

characterization of anemic states in animals (Aiello and Mays, 1998). The MCV values 

also progressed towards diet T4 and were superior in PKSA supplemented diets. All the 

means were again within the limits of 100 – 128 fl reported by Mitruka and Rawnsley 

(1977) for normal chicken. The MCH and MCHC values obtained were also within the 

normal range of 25.4 - 33.4 pg and 25.3 – 32.5% respectively for chicken as stipulated by 

Mitruka and Rawnsley (1977). Lower levels of MCH and MCHC are indications of 

anemia (Aster, 2004). The within normal range values reported here is suggestive of 

normal amounts and concentrations of hemoglobin in the red cells, indicating normocytic 

and normochromic cells (Dienz, 1984; Okeudo et al., 2003). 
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Table 4.23: Hematological indices of birds fed PKSA supplementation 

Parameters T1 T2 T3 T4 SEM 

Hb (g/dl) 10.30
c
 11.10

b
 11.60

a
 11.60

a
 0.16 

PCV (%) 30.8
c
 33.2

b
 34.3

a
 34.3

a
 0.44 

RBC (X10
6
 µl) 5.77

b
 6.10

a
 6.30

a
 6.40

a
 0.08 

MCV (fl) 122.23
b
 123.40

ab
 124.5

a
 124.6

a
 0.36 

MCH (ƿ g) 33.00
c
 34.60

b
 36.20

a
 36.40

a
 0.42 

MCHC (ƿ g) 31.23
c
 32.37

b
 33.10

a
 33.20

a
 0.25 

BCT(sec) 11.20
a
 11.20

a
 10.40

b
 10.40

b
 0.12 

Means with different superscript on the same horizontal row are significantly different @ 

(p<0.05) 
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Blood coagulation time (BCT) was reduced with increasing levels of PKSA inclusion in 

the diets. BCT was highest in the control birds but lowest for T3 and T4 birds. This result 

suggests that PKSA contains minerals in the forms that reduce BCT, such as calcium 

which has been reported to enhance blood clotting ability (Waldroup, 1997).  

The key minerals responsible for blood formation and maintenance of its physiological 

integrity are Fe, Cu and Co. Although, Fe is necessary for hemoglobin formation, a trace 

of Cu is also necessary to serve as catalyst before the body can utilize Fe for hemoglobin 

synthesis (McDowell, 2000). Therefore, hematological efficiency is assured by adequate 

supply of these metals in the diet. It is interesting that in this study, PKSA contained 

higher copper and iron than bone meal or ash (NRC, 1983) and that the copper content of 

the experimental starter and finisher diets increased with increasing inclusion of PKSA 

(tables 4.4 and 4.5). The iron content of the diets on the other hand tended to be stable 

across treatment diets, with T3 value rising above the control diets values, while the T2 

and T4 values were lower than the control values. It would seem therefore that the 

hematological results obtained in this study are influenced mostly by the Fe and Cu 

concentrations of the diets. 

  

It is also probable that the ionic forms of Fe and Cu in PKSA are readily bioavailable to 

the birds as shown by their improved uptake from the digestive tracts (table 4.19). 

Stoeker (1996) reported that appreciable absorption of Cu takes place in the proventiculus 

and duodenum of chicken, with the latter organ absorbing five times more Cu than the 

former. The homeostasis of Cu is controlled by the rate of absorption, which in turn is 

regulated by the intestinal mucosal needs, especially through the activities of 

methalothioniens in the epithelial cells of the intestine (Linder, 1996; Brody, 1999). 

According to Bothwell et al. (1999), the absorption of Fe from the intestine is affected by 

conditions within the gastrointestinal tract, the amount and chemical form of iron 
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ingested, amount and proportions of various components of the diet, both organic and 

inorganic among few other factors. Although iron absorption occurs throughout the GIT, 

major sites are the duodenum and jejunum. The stomach contributes HCl which helps in 

Fe solubilization, reduction of ferric iron to ferrous state and combination with organic 

compounds thereby enhancing Fe absorption (Suttle, 1996). Cellular iron homeostasis is 

achieved through the controlled synthesis of several proteins involved in the movement, 

storage and utilization of Fe (Reichlmayr- Lais and Kirchgessner, 1997). Ceruloplasmin, 

which is synthesized in the liver and contains Cu, is necessary for the oxidation of Fe, 

permitting it to bind with the Fe-transport protein, trasferrin (McDowell, 2000). Heme 

synthesis is impaired in Cu deficiency because of decrease of the Cu dependent enzyme, 

cytochrome oxidaze, which reduces Fe
3+

 to Fe
2+

 before incorporation into porphyrin 

molecule (Kirchgessner et al., 1990). Thus, the Cu dependent cytochrome has heme as its 

active site, with the Fe-porphyrin ring functioning to reduce ferrous Fe, with acceptance 

of electrons. 

 

Although the cobalt content of the experimental diets was not determined, the PKSA 

value at 1.23 mg/kg is rich when compared to the values obtained in coconut shell and 

plantain ashes (Nwogu et al., 2012; Iwu et al., 2013). It is known that Co shares common 

intestinal mucosal transport system with Fe in which they mutually inhibit each other‟s 

absorption (Underwood and Suttle, 1999). It is an essential mineral element and an 

important constituent of vitamin B-12. Poultry on deep litter receive excellent sources of 

vitamin B-12 by direct absorption of the vitamin produced by bacterial synthesis in the 

intestine (NRC, 1994). 
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4.8.2 WBC and differential counts in broilers fed PKSA supplemented diets 

Table 4.24 showed that the white blood cell (WBC) and its differential values differed 

significantly across the treatment mean values. WBC and its differential values increased 

with increasing inclusion of PKSA, with the PKSA treated animals recording 

significantly higher values than the control (p<0.05). The high values of the WBC counts 

observed in ash supplemented birds indicate that these groups have better ability to fight 

disease (Robert et al., 2003). The WBC values in this study were lower than the range 

reported for the same strain 23.63 x 10
3
 µl (Talebi et al, 2005). This could be attributed to 

the differences in rearing environmental temperature of the birds as found in the 

experiments with Babary ducks (Aengwanich et al., 2003), or feed ingredients used in 

ration formulation. The values obtained in this study are however within the normal range 

for chicken (Mitruka and Rawnsley, 1977). 

 

No significant difference was observed across the treatment values for monocytes (p> 

0.05), while no trace of basophil was observed. This suggests that there was no allergic 

reaction as a result of PKSA supplementation (Robert et al., 2003). All the differential 

counts obtained in this study were also within normal range, especially heterophils which 

were within the normal range of 20 – 40 % reported for chicken (Health and Olusanya, 

1985). These improvements in hematological values observed in this study for PKSA 

supplemented diets conforms with those of Nwogu (2013), where plantain ash 

supplemented diets also elicited superior hematological values in growing pullets. 
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Table 4.24 WBC differentials of broilers fed diets containing PKSA 

Parameters T1 T2 T3 T4 SEM 

WBC (X10
3
 µl) 2.20

c
 2.50

b
 3.10

a
 3.20

a
 0.13 

Lymphocyte 50.00
c
 58.00

a
 54.00

b
 51.00

c
 0.97 

Heterophils 26.00
c
 29.00

b
 32.00

a
 32.00

a
 0.78 

Eosinophil  2.00
c
 2.50

a
 2.20

b
 2.20

b
 0.06 

Monocyte  3.00 3.00 3.00 3.00 0.13 

Basophil  - - - - - 
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4.9 Serum biochemical indices of broilers fed PKSA containing diets 

4.9.1 Serum nutrient compositions 

Table 4.25 showed the results of serum nutrients measurements. These results also 

revealed that PKSA inclusion in the diets influenced t serum nutrients values which were 

significantly different across means.  

 

Serum proteins: Total serum protein (TSP) was superior (p<0.05) in birds fed the test 

diets to that of the control. The albumin level also appreciated towards diet T4 with 

treatment values also being significantly higher than the control (p<0.05). However, the 

control birds had significantly higher (p<0.05) globulin value than the test diets birds. 

Improvement in total serum protein (TSP) with increasing levels of ash supplementation 

could be due to increased synthesis of protein caused by improved liver functions, 

increased protein absorption from the small intestine and decreased losses from the renal 

system, all indicating improvements in protein handling by birds (Zantop, 1997). It is 

therefore probable that PKSA supplementation may enhance protein metabolism 

functions in the liver because of better bioavailability of its mineral contents (Nwogu, 

2013).  

 

The TSP values in this study were within the ranges of 3.10 – 3.70 g/dl reported by 

Nworgu et al. (2007), when fluted pumpkin leaf extract was added to broiler rations but 

was lower than the reported range of 7.25 – 10.15 g/dl by Nwogu (2013) for plantain ash 

fed hens. Higher values indicated that there is enzyme hydrolysis of dietary proteins and 

shows that the blood pool serves as a major source of amino acids needed for synthesis of 

protein (Njidda et al., 2006). This implies that the protein levels in the diets are sufficient 

to sustain or support the normal protein levels in the blood. It should also be noted that  
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Table 4.25: Blood chemistry of broiler chickens fed PKSA supplement 

Parameters  T1 T2 T3 T4 SEM 

Total serum protein (g/dl) 3.53
b
 3.62

a
 3.62

a
 3.64

a
 0.01 

Albumin (g/dl) 1.40
c
 1.75

b
 1.80

a
 1.81

a
 0.05 

Globulin (g/dl) 2.14
a
 1.87

b
 1.82

b
 1.83

b
 0.04 

Urea (mg/dl) 24.20
a
 22.60

b
 20.20

c
 19.03

d
 0.61 

Glucose (mg/dl) 133.00
d
 134.87

c
 135.60

b
 136.00

a
 0.35 

Cholesterol (mg/dl) 135.3
c
 135.5

c
 136.1

b
 136.7

a
 0.17 

Creatinine (mg/dl) 1.42
d
 1.53

c
 1.70

b
 1.95

a
 0.06 

Means with different superscript on the same horizontal row are significantly different @ 

(p<0.05). 
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the protein levels in the diets were similar with a low CV of 9.69% across treatments 

(table 4.5). 

 

Serum albumin increased progressively as PKSA inclusion in the diets increased with 

values in PKSA fed birds being significantly higher than that of control (p<0.05). Serum 

albumin will increase when protein intake exceeds the amount required for growth and 

maintenance. The most abundant serum protein is usually albumin (Doyle, 2006). The 

primary functions of serum albumin are to transport fatty acids which are not very soluble 

in aqueous environment by themselves. Albumin also serves to transport lipid soluble 

hormones such as steroids (Doyle, 2006; Khan et al., 2011). Total protein and albumin 

reflect availability of protein and their serum concentrations decline in the face of protein 

deficiency. Albumin values however were within the reported range for chicken (Aiello 

and Mays, 1998) even though there were significant differences across the treatment 

means. The globulin values obtain in this study were lower than the values reported for 

plantain ash supplemented layers (Nwogu, 2013), although they were within the normal 

range for chicken (Aiello and Mays, 1998). Harper (1975) reported that increase in serum 

globulin is a signal for infection since this fraction is the principal site for circulating 

antibodies (immunoglobulin).  

 

Blood urea level declined with increasing PKSA inclusion. Since all the diets had similar 

crude protein values, PKSA supplementation may have influenced the reduction in the 

blood urea values. Serum urea, TSP and creatinine have been associated with both the 

quality and quantity of proteins in the diet (Iyayi and Tewe, 1998). Plasma urea nitrogen 

has been shown to be an accurate indicator of amino acids utilization in diets for swine 

(Guzik et al., 2005), however, applying this concept to broilers is difficult because 

broilers are uricotelic and swine are ureotelic, meaning the main end product of nitrogen 
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metabolism in broilers is uric acid, not urea (Donsbough, 2008). Broilers do not produce 

urea in large quantities because of low amounts of arginase activity in liver, which is 

responsible for the production of urea (Stevens, 1996). It is therefore believed that 

because birds lack uricase, which is essential for the catabolism of uric acid, that uric acid 

excretion and plasma uric acid would be more accurate measures of the total amount of 

uric acid produced (Hevia and Clifford, 1977). According to Donsbough (2008), uric acid 

is efficiently removed from the blood and levels rarely exceed 10 mg/dL. This process is 

important due to the insolubility of uric acid, which if concentrated at high levels in the 

blood can precipitate into joints, under the skin, and into the kidney, which results in 

gout. 

. 

The serum glucose concentration differed across the means with PKSA treated birds 

having significantly higher values than the control (p<0.05). The values obtained across 

the means were however within the literature limits by Mitruka and Rawnsley (1977). 

Normal glucose level in birds indicates adequate synthesis in the liver from propionate, a 

major precursor (Houtert, 1993). 

 

Blood cholesterol values obtained showed significant increase with corresponding 

increase in PKSA dietary inclusion. Thus, birds on the test diets had higher blood 

cholesterol values relative to the control. This is not in agreement with the report of 

Nwogu (2013) that ash supplementation significantly lowers serum cholesterol. 

Variations in serum cholesterol content can be attributed to breed of chicken, nutritional 

pattern, type of feed, environmental factors and the test ingredients used (Nworgu et al., 

2007). Higher values of cholesterol depict hyperlipaemia indicating that the animal is 

likely to have a heart disease. However, the range of values recorded in this study is 

generally within the reported normal reference range (100 – 150 mg/dl) for chicken 
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(Sturkie et al., 2000). Therefore ash supplementation consistently maintained the serum 

cholesterol of the birds in all the diets indicating that PKSA may enhance intestinal 

cholesterol absorption or synthesis (Aiello and Mays, 1998). 

 

Serum creatinine values increased with increasing levels of PKSA inclusion.  A major 

source of creatinine in blood of animals is from muscles when wasting occurs and 

creatinine phosphate is catabolised (Bell et al., 1972). The kidneys maintain the blood 

creatinine in a normal range. The significant increase in serum creatinine of birds on the 

test diets when compared to the control gives evidence to the fact that the birds were not 

surviving at the expense of body reserves (Duwa et al., 2012).  

 

Generally, the serum nutrient values obtained in this study explain the growth 

performance results earlier reported. Specifically, these nutrient values explain the 

superior FCR and GER recorded by the PKSA treated birds. The feeding of the PKSA to 

birds seem to exert its major effects in the GIT where it causes better essential mineral 

uptake and improved digestion and absorption of proteins, lipids and carbohydrates in 

birds. These effects are reflected by the higher serum nutrients observed these groups of 

birds. There is the need to investigate the industrial application of such a feed supplement 

as PKSA that could lower feed intake but at the same time improve nutrient uptake and 

utilization. 

 

4.9.2 Serum enzymes compositions of broilers fed diets containing PKSA 

Table 4.26 showed that the serum enzymes values of broilers fed diets containing PKSA. 

Total bilirubin, aspartate amino transferase (AST), alkaline phosphatase (ALP) and  
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Table 4.26: Liver function values of broiler chickens fed PKSA as supplement 

Parameters T1 T2 T3 T4 SEM 

Total bilirubin (mg/dl) 0.35
c
 0.40

b
 0.52

a
 0.55

a
 0.03 

AST (iµ/l) 8.50
c
 8.62

b
 8.73

a
 8.80

a
 0.04 

ALT (iµ/l) 4.27
c
 4.31

c
 4.50

b
 4.70

a
 0.10 

ALP (iµ/l) 32.10
d
 37.07

c
 43.60

b
 46.10

a
 1.66 

Means with different superscript on the same horizontal row are significantly different @ 

(p<0.05). 
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alanine amino transferase (ALT) of birds on the test diets were significantly higher than 

the values for the control birds (p<0.05). Values for all parameters generally increased 

with increasing PKSA inclusion in the diets, with the result that T4 had the highest values 

for all parameters measured. The serum enzymes and bilirubin are usually produced in 

the liver and other organs and their clinical assay constitute the so called liver function 

tests. The fact that the PKSA treated birds recorded superior growth performances 

reflected by their FCR and GER show that the level of PKSA fed to the birds did not 

have deleterious effects on their overall liver or other organs functions. Again, there was 

a corresponding reduction in percentage liver weight of the birds with increasing PKSA 

inclusion in the diets (Table 4.22). This does not necessarily mean a reduction in liver 

weight but that other parts of the bird, especially edible cuts are increasing in weight at 

the expense of the liver weight as PKSA inclusion increases in the diet. 

 

The differences observed for total bilirubin across the mean values may be attributed to 

variations in liver metabolic functions. Bilirubin formation is as a result of red blood cell 

breakdown, which can be increased under toxic conditions that affect both the liver and 

circulating erythrocytes (Aiello and Mays, 1998). However, the results obtained in this 

study conform to the range (0.31 – 0.50 mg/dl) reported by Nwogu (2013). The T3 and 

T4 values are however higher than the standard range of 0.30 – 0.4 mg/dl reported in 

literature by Lewandowski and Harrison (1986) for total bilirubin. 

 

The liver enzymes evaluated in this study were significantly higher than the control 

treatment. AST, ALT and ALP are enzymes contained mostly in liver cells which enter 

the blood only when the cells are damaged or destroyed. The presence in the blood of 

significant quantities of these liver enzymes indicates increased liver tissues damage or 

injury. The higher AST values recorded may possibly be due to increased metabolic 
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activities in the liver (Szabo et al., 2005). In contrast to mammals, the activity of AST is 

not liver specific in birds (Lewandowski and Harrison, 1986). Elevated activities usually 

indicate liver or muscle damage, but no particular significance is associated with low 

AST activity in birds (Viveros et al., 2002). Organic lesions and metabolic disorders of 

many organs, especially the liver are followed by changes in some enzyme activities in 

blood plasma in domestic animals and poultry (Kraljevic et al., 2008).  

 

Increase in ALP activity is usually related to intestinal lesions, skeletal disorders or liver 

dysfunctions (Atia et al., 2000). The osteoblast induced activity is especially seen in 

young, growing animals and disorders in which growth or remodeling of bone is taking 

place (Atia et al., 2000). It is therefore possible that the increase in ALP activity in the 

PKSA treated birds is as a result of improved bone remodeling. However, Campbell and 

Cole (1986) reported that intestinal iso-enzyme makes the largest contribution to serum 

ALP activity in birds. It is therefore probable that the increases in ALP in PKSA 

supplemented birds were due to intestinal iso- enzyme response to the diets instead of 

liver damage. Reichman and Connor (1977) equally concluded that alkaline phosphate 

activity is a suitable indicator of calcium status of blood in animals, and may rise due to 

increased calcification process usually accompanying fast growth in broilers (North and 

Bell, 1990).  

 

The ALT values reported in this study are within the normal range reported for chicken 

(Campbell and Cole, 1986). Serum ALT activities are usually low in chicken tissue, but 

may increase due to tissue damage (Zantop, 1997). However, diagnostic value of serum 

ALT in birds is usually poor since birds with severe liver damage may have normal ALT 

activities. 
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Several reports have highlighted the significance of improved mineral absorption and 

retention on several physiological parameters including liver functions (Atia et al., 2000; 

Viveros et al., 2002). Since serum enzymes were specifically increased in the present 

study, it is concluded that PKSA modifies serum enzyme activities in broilers probably 

through improved mineral uptake and functions. Such mineral supplementation effects 

have also been reported for dietary clinoptilorite (A zeolite) mineral supplement (Oguz et 

al., 2002; Celebi et al, 2009), plantain ash (Nwogu, 2013) and coconut shell ash (Iwu, 

2013; Ebere, 2013). The present results and those of Nwogu (2013), Iwu (2013) and 

Ebere (2013) however suggest that plant ash may elicit better activities of these enzymes 

than earth mineral sources like zeolites. 

 

4.9.3 Serum mineral composition of broilers fed diets containing PKSA 

The serum electrolytes compositions of the broilers fed diets containing PKSA are shown 

in table 4.27. Electrolyte levels, especially Ca, Na, K and bicarbonate levels increased 

with increasing PKSA inclusion in the diets. Specifically, levels in the PKSA treated 

birds were significantly higher than those of the control (p<0.05). Chloride values were 

however significantly higher (p<0.05) in the control serum than the PKSA treated birds, 

while Mg values were similar across treatments. Serum electrolytes are used in 

maintaining the cellular tonicity, fluid balance, pH and regulation of neural and muscular 

functions (Cheesbrough, 2000). Minerals are known to be part of hormones and are 

activators of enzymes (NRC, 1977). Serum calcium levels are also the most important 

factors in the formation and maintenance of the bones. The significant differences in 

serum calcium obtained in this study may be attributed to better calcium absorption from 

the diets (Duwa et al., 2012), which may not be unconnected with the PKSA inclusion in 

the test diets. Calcium, sodium and potassium are abundant in plant ash (Kyarisiima et 

al., 2004). It may also be that plant ash as a calcium source influences better absorption 
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Table 4.27: Serum mineral values of broiler chickens fed PKSA as supplement 

Parameters T1 T2 T3 T4 SEM 

Calcium (mg/dl) 5.20
c
 5.30

b
 5.40

a
 5.44

a
 0.03 

Sodium (Meq/l) 133.00
d
 135.50

c
 137.00

b
 139.00

a
 0.67 

Potassium (Meq/l) 5.18
c
 5.30

b
 5.40

a
 5.42

a
 0.03 

Chloride (Meq/l) 98.00
a
 97.50

b
 97.30

b
 97.30

b
 0.09 

HCO3- (Meq/l) 14.50
c
 15.05

b
 15.14

ab
 15.15

a
 0.08 

Magnesium (mg/dl) 0.02 0.03 0.03 0.03 0.00 

Means with different superscript on the same horizontal row are significantly different @ 

(p<0.05). 
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 of calcium in the birds (Okoli et al., 2014). Edwards and Veltmann (1983) found that an 

increase in calcium content of bone reduces the incidence of tibial dyschondrophasia, 

while   Kruger et al. (2003) reported that improved calcium absorption decreases the 

occurrence of bone fractures and osteoporosis. None of these pathologies were observed 

in the present study. 

 

Such elements as sodium (Na) and potassium (K) are known to regulate osmotic pressure, 

maintain membrane potentials and acid–base balance and transmit nerve impulses. 

Sodium and potassium deficiency affect the tubules of kidney resulting in an inability to 

concentrate urine (Hazel, 1985). The serum Na values obtained were within the normal 

ranges of 130 – 150 mmol/l as reported by Mitruka and Rawnsley (1977) for broilers. 

Values for K are also in agreement with the range (4.40 – 5.30 mmol/l) reported by 

Nworgu et al. (2007).   

 

PKSA supplementation significantly decreased the serum chloride level of birds on the 

test diets when compared to the control birds. Respiration is based on the „chloride shift‟ 

whereby the potassium salt of oxyhaemoglobin exchanges oxygen for carbon dioxide via 

the bicarbonate ion (HCO3
−
) in the tissue and reverses that process in the lung, where 

reciprocal chloride exchanges maintain the anion balance (Block, 1994). High levels of 

chloride can cause metabolic acidosis (low blood pH and bicarbonate concentration) 

(Mongin and Sauveur, 1977; McNab et al., 1981). PKSA supplementation therefore 

improved the health status of the birds since the bicarbonates (HCO3
-
) were also better in 

the PKSA fed relative to the control in which chloride levels was lower. Serum 

magnesium was however statistically similar across the means. Serum magnesium levels 

reflect current daily intake rather than reserves, thus animals are affected by low 

magnesium dietary content.  
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4.10 General discussion 

Higher minerals in sera of birds on PKSA supplemented diets may possibly be due to 

higher nutrient supply to the birds and better absorption/assimilation of the forms in 

which the minerals appeared in the PKSA (Rajman et al., 2006). According to Borges et 

al. (2004) an electrolyte may be defined as a chemical that breaks down into its ionic 

components. Based on this definition, Na
+
, K

+
 and Cl

-
 are regarded as key electrolytes. 

K
+
 the most abundant intracellular cation helps to mimics arginine–lysine antagonism, as 

well as serving as essential element in the synthesis of tissue protein, maintenance of 

intracellular homeostasis, maintenance of electric potential of cell membranes, enzymatic 

reactions, osmotic pressure and acid-base balance. Na
+
 and Cl

-
 on their part carry out 

vital functions in the extra cellular space as well as in acid base balance. Therefore, the 

effects of the ionic balance of diets such as the PKSA supplemented ones may be related 

to variations in the acid-base balance, since osmo-regulation is achieved by the 

homeostasis of these ions at the intra and extra cellular levels (Borges et al., 2004).  

 

The acid-base balance basically is influenced by environment, diet and metabolism. 

However, the nutritional requirements of the broilers for these ions change with age, 

indicating the need to accommodate these variations in diet formulations (NRC, 1994). 

Again, electrolyte availability may be influenced by the intestinal and renal homeostatic 

regulation as a result of greater absorption of monovalent ions (Teeter, 1997). It is 

therefore important to keep the three electrolytes in the proper ratios in order for the 

acid–base balance homeostasis to be maintained for birds to achieve maximum 

performance. However, it should be noted that other cations (Ca
2+

 and Mg
2+

) and anions 

(HPO4
2-

, H2PO4
-
 and SO4

2-
) although to lesser extent can influence the acid–base balance 

in birds thereby impacting on their performance (Patience, 1990). 
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Equally of critical importance is the effect of changes in the acid–base balance and 

imbalances in Na
+
+ K

+
 - Cl

- 
on appetite, with reduction in weight gain, affecting FCR and 

mortality rate if not corrected (Mongin, 1981). This may explain the reduced feed intake 

reported in this study. However, the FCR and GER were not adversely influenced since 

the groups that recorded lower feed intake as a result of PKSA inclusion returned 

superior FCR and GER over the control at the end of the finisher phase (tables 4.16 and 

4,17). Again, the significantly lower serum chloride levels in the PKSA supplemented 

broilers may be influencing to some extent acid–base imbalance in the birds, hence the 

need to correct for this when using PKSA as a mineral source.  

 

According to Borges et al. (2004), the best electrolyte balance during the growing phase 

is between 202 and 235 MEq/kg. This suggestion takes into account the fact that Cl
-
 in 

the body fluids has an acidogenic effect by reducing blood bicarbonate concentration and 

that Na
+
 and K

+ 
have alkalogenic effects (Ruis–Lopez and Austie, 1993; Borges et al., 

1999a, b); therefore the need to maintain them under control. According to Borges et al. 

(2004) this can further be explained by the intestinal and renal homeostatic regulation of 

electrolytes. Specifically, excess electrolyte supplementation makes homeostasis difficult 

since plasma regulation of HCO3
-
 depends on the relative rate between H

+
 excretion and 

Cl
-
 reabsorption. Therefore, HCO3

 
plasma concentrations increase if H

+
 excretion 

increases in relation to Cl
- 

reabsorption (Riella, 1998). Thus, the differences in growth 

performance observed in this study may be attributed to variations in the diet electrolyte 

balance (DEB) (Na
+
+ K

+
 - Cl

-
) of the diets due to PKSA inclusions. 
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CHAPTER FIVE 

CONCLUSION AND RECOMMENDATIONS 

 

5.1 Conclusion 

This study showed palm kernel shell could yield approximately 24% ash which contains 

K, Mg, Ca and P among others as it major minerals and was mildly alkaline indicating 

that palm oil tree could be a natural accumulator of potassium in its kernel shell. The 

order of mineral abundance in the broiler starter diet was K> P> Mg> Na> Ca> Fe> Mn> 

Zn> Cu, while that of the broiler finisher was P> Ca> K> Mg> Na> Fe> Mn> Zn> Cu.  

 

The mean Ca/P ratios of the broiler finisher diets at 0.87 ± 0.09 was much higher value 

than the 0.45 ± 0.08 calculated for the broiler starter diets. The partial replacement of 

bone ash with PKSA in the broiler starter diets resulted in lower the mineral content 

values of treated diets than the control values except for T3 that had much higher value of 

Mg with Na and Cu than the control.   

 

The seventh day weight gain and feed intake of all birds were similar, while Growth 

efficiency ratios (GER) of the treated birds were superior to that of the control birds. Feed 

intake was generally lowered by increase in inclusion level of PKSA in the diets. The 

seventh day gastro intestinal development of broiler chicks showed different sizes and 

percentage growth of the organs possibly in response to lowered feed intake in PKSA 

treated groups. PKSA treated birds also recorded higher crop content pH than the control, 

which was generally acidic in the proventiculus and gizzard but basic in the small 

intestine. 
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The control and T3 groups returned significantly superior and similar growth 

performance characteristics during the starter and 42 days of feeding (finisher phase), 

while at 56 days of age the control birds recorded superior final weights, feed intake and 

daily weight gain than the ash treated birds. However, FCR of all groups were similar, 

therefore, it could be suggested that PKSA inclusion in the various diets enhanced 

utilization of the nutrients in the diets towards producing better edible meat parts relative 

to the control. GER values of the PKSA treated birds were consistently superior to those 

of the control indicating that it could be a more reliable metric for measuring 

physiological growth across feeding periods. It was also concluded that PKSA causes 

improved uptake of Ca, Na, Mn, Fe and P as shown by their lower concentrations in the 

faeces of birds that received the treated diets. 

 

PKSA inclusion also had a positive effect on percentage dressed weight, secretory organs 

such as the proventiculus, gizzard, intestines, liver weight and abdominal fat contents 

which were better in treated birds than in the control. PKSA inclusion enhanced all 

hematological and most serum biochemical indices evaluated. Electrolyte levels, 

especially those of Ca, Na, K and bicarbonate increased with increasing PKSA inclusion 

in the diets with values from the PKSA treated birds being significantly higher than those 

of the control. 

 

The general conclusions from this study therefore are that the differences in growth 

performance observed may be attributed to variations in feed intake of birds as influenced by 

variations in diet electrolyte balance (DEB) (Na
+
+ K

+
 - Cl

-
) resulting from PKSA inclusions. 

Higher serum minerals values of birds on PKSA treated diets may possibly be due to better 

absorption/assimilation of the forms in which the minerals appeared in the PKSA treated 

diets. 
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5.2 Recommendations 

The supplementation of the broiler starter and finisher rations with palm kernel shell ash 

is recommended at an inclusion level of 10 kg PKSA/ton of feed which could be said to 

be tolerable and was nutritionally useful based on the superior growth performance 

parameters it supported, especially carcass, organ hematology, serum chemistry and 

mineral uptake from the digestive tract. There is however the need to develop a more 

efficient ashing method/ technique to eliminate combustible materials present in the 

shells thereby improving its bioavailability. 

 

The seventh day performance indices should be adopted in determining chick quality and 

pre placement management procedures which will enable the farmer monitor and adjust 

his brooding procedure or nutrition as the case may be, thereby enhancing performance 

and consequently reducing the grow out time of birds.  

 

The Growth Efficiency Ratio (GER) derived in this study, which is a measure of the 

relationship between weight change, feed consumption, and time it took to achieve the 

weight change is recommended as a more reliable metric for determining growth 

performance than the traditional feed conversion ratio.   

 

There is also the need to always calculate the diet electrolyte balance (DEB) (Na
+
+ K

+
 - 

Cl
-
) experimental and indeed all poultry rations since DEB is critical to voluntary intake 

of formulated poultry diets. 
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Villi histograph of broilers fed PKSA 
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Plate 1: Palm kernel shell 

 

 

Plate 2: Palm kernel shell ash 
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Plate 3: Blood collection for analysis 

 

Plate 4: Materials for blood collection 
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Plate 5: Carcass determination 

 

Plate 6: Live weight determination 
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Plate 7: Feed Measurement 


