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ABSTRACT 

 

The fibrous nature of agro-industrial by-products (AIBPs) limited their utilization in 

poultry production. Studies were conducted to evaluate the response of broiler 

chickens fed diets containing various fibrous feedstuffs treated with Zymomonas 

mobilis (ZT). Pure strains of Z. mobilis extracted from fresh palm wine was used to 

ferment soyabean hull (SBH), cassava sifting (CS), sawdust (SD) and corn cobs (CC). 

Four experiments were conducted and each study lasted for 56 days. Two hundred and 

forty (240) day old broiler chicks were randomly allotted to 5 treatments of 3 

replicates with 16 birds each in a Completely Randomized Design for each study. Five 

diets containing untreated and treated SBH, CS, SD, and CC were formulated to 

replace wheat offal at 0, 50 and 100% at starter and finisher phases. Data on growth 

response, apparent nutrient digestibility, blood parameters, carcass yield and organ 

weight of broiler chickens were collected. Data were subjected to one-way Analysis of 

Variance, significant means were separated by Duncan’s Multiple Range Test at 

(p<0.05). The results showed that 100% ZTSBH increased (p<0.05) feed conversion 

ratio and 100% UTSBH increased (p<0.05) protein efficiency ratio at the starting 

phase while 50% UTSBH increased PER at the finishing phase. The 100% UTSBH 

and 100% ZTSBH significantly increased (p<0.05) crude protein, crude fibre 

digestibility at the finishing phase. Birds fed 50% UTSBH had highest (p<0.05) values 

for Packed cell volume, haemoglobin and red blood cell at the finishing phase. The 

100% UTCS increased (p<0.05) the FCR at the starter phase. The 100% UTCS and 

100% ZTCS had highest (p<0.05) values of CF digestibility at both phases. The 

starting birds on 100% ZTCS had highest (p<0.05) values for PCV and Hb but had 

highest (p<0.05) values of white blood cell at the finishing phase. The CS based diets 

increased (p<0.05) dressing percentage, breast, thigh, drumsticks of the birds. Broiler 
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birds on 50% ZTCS had highest (p<0.05) gross profit and the rate of return on 

investment. The treated SD based diets promoted (p<0.05) PER and positively 

influenced (p<0.05) the CF and fibre fractions digestibility of the broiler chickens at 

the finishing stage. Broiler chicks fed SD based diets had increased (p<0.05) total 

protein, cholesterol and creatinine at the finishing stage. Broiler chickens on 100% 

ZTCC had lowest (p<0.05) values of FCR at both phases. The 50% ZTCC improved 

(p<0.05) CF and fibre fractions digestibility at the finishing phase. The finishing birds 

on 50% UTCC had highest (p<0.05) values of PCV, Hb and total protein. The UTCC 

and ZTCC improved (p<0.05) the breast, thigh and drumstick of the broiler chickens. 

The 100% ZTCC had highest values (p<0.05) for liver and kidneys. The 100% ZTCC 

increased (p<0.05) the gross profit, rate of return on investment and economic 

efficiency. The studies concluded that replacement of wheat offal with 50% UTCS and 

50% UTSD, 100% UTCC and 100% ZTSBH, 100% ZTCS, 100% ZTSD and 100% 

ZTCC in the ration of broiler chicks promoted FCR, PER, PCV, Hb, RBC and carcass 

traits. 
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CHAPTER ONE 

1.0          INTRODUCTION 

The cost of conventional protein and energy sources like groundnut, fish meal, soya 

beans, maize, sorghum and wheat for monogastric animal production has been on the 

increase in some developing countries since the last decade. This was as a result of 

competition with man over few available cereals, grains and legumes with resultant 

scarcity and increase in price. It is not economical to use these feedstuffs for poultry 

production (Opara, 1996, Oduguwa et al., 2004 and Esonu et al., 2004). Aside this, 

feed accounts for 65-75% of all the cost of production of non-ruminant animals 

(Esonu et al., 2002). The escalating cost of the conventional feedstuffs motivated the 

nutritionists to search for alternative feedstuffs (Adeniji, 2001). This has led to 

sourcing of locally available and cheap plant materials to formulate a balanced ration 

for monogastric animals (Esonu, 2008). 

The increased demand for animal protein due to rapid population growth in the 

developing countries like Nigeria has placed a higher demand on animal protein. The 

shortage of animal protein among average Nigerians demands a logical solution such 

as an increase in the production and consumption of poultry products (FAO, 1997). 

Fasuyi and Aletor (2005) reported that per capita consumption of animal protein had 

been on the decline for the past decades. This was due to inadequate supply of animal 

products from livestock industry (Abeke, 2005). Available statistics indicated that 

Nigeria ranked high amidst countries where the intake of protein is low. It is estimated 

on the average that Nigerians consumed about 7g of protein per day instead of 

28g/head/day recommended by FAO (Uchegbu et al., 2007). 

Poultry meat is favoured over beef because of its higher protein and lower caloric 

content in addition to other favourable meat qualities such as tenderness (Dafwang, 
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2002). Broiler meat is generally accepted and rapidly consumed by practically every 

groups in Nigeria (Okon, 1983). In many countries, per capita consumption of poultry 

meat has expanded directly in proportion to the increase in the availability of poultry 

meat at an affordable price (FAO, 1966). Agriculturists and nutritionists have 

generally agreed that developing the poultry industry of Nigeria is the fastest means of 

bridging the protein-deficiency gap presently prevailing in the country (Amos, 2006). 

It is also a promising source of additional income and quick returns from investment 

(Kekocha, 1994). There had been inadequate supply of good quality feeds throughout 

the year due to seasonal fluctuations in supply of convectional ingredients. This is a 

major problem preventing optimum performance of poultry birds in the developing 

countries.  

Animal nutritionists are currently focusing on cheap but suitable alternative feedstuffs 

especially crop residues and industrial by–products, to sustain livestock industry in 

Nigeria (Alhasan, 1985). The evaluation of these unconventional feed resources 

besides other strategies would reduce pressure on the demand for conventional feed 

resources thereby ensuring attainment of feed security for poultry (Fajimi et al., 1993). 

Recent innovations in animal nutrition have led to the use of by-products as animal 

feed ingredients thus solving the problem of risk to environmental hazards giving rise 

to cheaper feedstuffs. The incorporation of these by-products in livestock feeds is a 

form of recycling of biological waste which will reduce pollution in developing 

countries (Owen and Jayasuriya, 1989). This will consequently lead to reduced cost of 

poultry products, increased profit for poultry producers and increased availability of 

cheaper poultry products for consumers (FAO, 2012). 

A large quantity of unconventional feedstuffs abounds in Nigeria which is suitable as 

poultry feed ingredients (Ologhobo, 1992). The lignocellulosic materials (rice hull, 
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sawdust, corn husk, corn cobs, wood-chips, barks, rice-straw, etc.,) are by-products of 

industries and farms. Efforts are being made by animal scientists to explore the 

possibilities of utilizing them as alternative feed resources. However, the enrichment 

of the lignocellulosic materials has become important for the nutrition of the Nigerian 

livestock industry (Anigbogu, 2011). Corn cobs can be defined as the waste products 

of maize grain shelling. They littered the surroundings, street, markets and constitute 

public nuisance. They can block drainage canals and cause flooding (Ndubuisi et al., 

2008). The corn cobs carry the grains, husks, shanks and silks which are harvested 

from the farmlands. Alokan (1998) reported that corn cob is perhaps the most 

prominent cereal crop by-product in Nigeria. Several million tons of corn cobs that 

had no immediate use to humans accumulate on farm processing units contributing to 

land and air pollution as sizeable percentage are burnt to provide space for other useful 

purposes and ashes used as fertilizer in crop farming (Oladeinde, 2000). 

 Soyabean hull is a by-product derived from dehulled soyabean seeds before being 

processed to soya milk or soyabean meal. Soybean hull, due to their high fibre 

contents, are known to be poorly digested by monogastric animals, but normally well 

digested by ruminant animals (Chee et al., 2005). Esonu (1998) reported that soybean 

hull has estimated feeding value of 74 – 80% of that of maize when included in 

moderate to high quality of maize based broiler finishers’ diets. However, much has 

not been done in assessing and establishing its uses as a feed stuff for livestock 

especially broiler chicken. 

Cassava sifting is derived from the processing of cassava flour. This by-product of 

flour processing industry is not useful to man. It is a waste and even constitute 

nuisance in waste disposal of these industries (Odunsi, 2017). There is evidence in 

literature that cassava peels and cassava waste product ensue during the processing of 
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cassava tubers could be utilized to a great extent in the feeding of poultry and pigs 

(Ewane, 1996). 

Sawdusts are small discontinuous particles or small fragments of wood produced 

during sawing of logs of timber into saleable sizes. Sawdust is a by-product of 

sawmilling industries which is produced in very large quantities in most developing 

nations, as a result of ever rising demand for building materials and furniture (El-

Ladan and Olofin, 2013). The small fragments flow from the cutting edges of the saw 

blade to the floor during sawing operation, therefore, they are considered as a nuisance 

and waste to man and its environment (Olusola and Omojola, 2013). However, 

researches have identified sawdusts as raw materials for the production of biogas, 

packaging fillers, as lagging materials (Ogunleye and Awogbemi, 2007; Ogunleye and 

Awogbemi, 2012).  

Agbim and Omaliko (1993) observed that there was a great concern about the 

accumulation of sawdust, and its attendant environmental hazard. A general attribute 

of this and other wastes, is the large quantity generated and the high costs of effective 

disposal, especially if long hauls are undertaken (El-Ladan and Olofin, 2013). For 

most sawmilling industries, the best and most popular means of disposing sawdust is 

by open-air burning, although a little percentage is used as fuel, poultry litter and other 

purposes (Ebhodage, 1993). Studies in the management of sawdust as waste are not 

new in Nigeria, but most of these studies have had their focus on utilizing the waste as 

a soil amendment material, with promising results. Ibrahim (2003) attempted a study 

on exploring the potentials of sawdust as a livestock feed, and reported encouraging 

results. 

Zymomonas mobilis is a bacterium belonging to the genus Zymomonas that is known 

for its bio-ethanol production efficiency (Seo et al., 2005, Gunasekaran and Chandra, 
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1999), with activities that surpass yeast in some aspects. It is generally found in 

African palm wine and Mexican pulque. It is a rod-shaped gram-negative bacterium. It 

is 2-6µm long and 1-1.4µm wide but can vary significantly (Yanase et al., 2005; 

Cazetta et al., 2007). Its ability to efficiently ferment carbohydrates using the Entner-

Doudoroff pathway makes it an attractive option for life-enzyme for animal feed 

(Onyejekwe, 2010).  

  1.1  Justification  

Agro-industrial by-products (AIBPs) refer to the by-products derived in the industry 

during the processing of the main products. They are less fibrous, more concentrated, 

highly nutritious and less costly compared to crop residues (Aguilera, 1989). 

Therefore, the feeding of AIBPs will help to decrease feeding cost in developing 

country like Nigeria. The utilization of wheat offal as a major dietary fibre source in 

most parts of poultry producing areas of Nigeria has escalated its price, thereby 

necessitating a search for a cheaper and locally available alternative (Lamidi et al., 

2008).  

In the past, agro-industrial by-products such as brewers spent grains, wheat and maize 

offals and molasses were either being burnt or improperly disposed on land or in the 

water bodies which resulted in environmental pollution (Onyeonagu and Njoku, 2010). 

It is necessary to alleviate the negative impact of indiscriminate disposal of these 

organic materials in the environment by diverting them for livestock feeding, 

biofertilizer production, bioenergy generation, etc. (Kivaisi et al., 2010).  Soyabean 

hulls are poorly being digested by non-ruminant animals due to their high fibre 

contents (Dourado et al., 2011) but, they have potential as alternative feed ingredient 

for poultry birds (Chee et al., 2005). In order to enhance their utilization and other 

high fibre non-conventional feedstuffs, nutritionists have resorted to using exogenous 
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enzyme supplementation (Esonu et al., 2010) to improve the nutritive value of 

feedstuffs (Adeola and Olukosi, 2009). Corn cob is currently being thrown away after 

processing of maize. In order to stop this trend, it is better to incorporate this fibrous 

feedstuff into non-ruminant diets. The militating problem affecting the use of corn cob 

in chicken diet is the constituent high fibre content which can be improved by 

fermentation.  The utilization of corn cob will reduce the attendant competition 

between man and animals especially in monogastric animal nutrition (Oke et al., 

2007). The use of fermentation procedures to improve the nutritive value, utilization of 

fibrous feeds as well as the generation of high protein had been reported by Cantner 

(1995) and Rajagopal (1977).   

Sawdust is a lignocellulosic material that is burnt away annually in industrial sites 

resulting in pollution thereby aggravating the existing environmental hazards. Millions 

of tons of these lignocellulosic materials, which are wasted every year are found 

around industrial sites such as sugar mills and sawmills (Pidjen and Bender, 1975). 

However, there is scarce information concerning the utilization of sawdust by chickens 

(Oke and Oke, 2007), these authors suggested biological and chemical treatment of 

sawdust in order to improve its digestibility by broiler chickens.  

Zymomonas mobilis has hetero-fermentative ability to produce gas from glucose, 

fructose and sucrose. It has a shorter fermentation time (300 – 400%) than yeast, and 

higher ethanol yield of 92 – 94% efficiency, high level of ethanol tolerance, non-toxic, 

locally available and its ability to be genetically and mutationally altered (Jeon et al., 

2005). The treatment of fibrous feedstuffs with Zymomonas mobilis microbes is 

proposed to breakdown the polysaccharide and lignin contents into simpler 

carbohydrates, which the poultry birds can utilize for better productivity. Also, the 

utilization of degraded fibrous feedstuffs for farm animals will reduce the cost of 
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production, encourage production of cheap animal protein for Nigerians, increase 

foreign reserve and greatly reduce environment hazards/pollution (Anigbogu and 

Onyejekwe, 2010). Therefore, little information is available on the effect of feeding 

Zymomonas mobilis fermented fibrous feedstuffs on growth reponse of broiler 

chickens hence this study will be carried out to determine the effects of untreated and 

treated fibrous feedstuffs on growth performance, apparent nutrient digestibility, 

haematological and serum metabolites and sensory evaluation of meat of broiler 

chickens. 

1.2 Broad objective   

To evaluate the response of broiler chickens fed diets containing various fibrous 

feedstuffs (soyabean hull, cassava sifting, sawdust and corn cobs) treated with 

Zymomonas mobilis. 

1.2.1 Specific objectives  

(i) To assess the growth response of broiler chickens fed diets containing various 

fibrous feedstuffs treated with Zymomonas mobilis. 

(ii) To determine the apparent nutrient digestibility of broiler chickens fed diets 

containing various fibrous feedstuffs treated with Zymomonas mobilis. 

(iii) To determine the haematological and serum chemistry of broiler chickens fed 

diets containing various fibrous feedstuffs treated with Zymomonas mobilis. 

 (iv) To determine the carcass yields and relative organ weight of broiler chickens fed 

diets containing various fibrous feedstuffs treated with Zymomonas mobilis. 

 (v) To determine the viscosity of ileal digesta of broiler chickens fed diets containing 

various fibrous feedstuffs treated with Zymomonas mobilis. 

  (vi) To determine the sensory evaluation of meat obtained from broiler chickens fed 

diets containing various fibrous feedstuffs treated with Zymomonas mobilis. 
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 (vii) To evaluate the economy of feed conversion of feeding the experimental diets to 

broiler chickens.



9 
 

CHAPTER TWO 

2.0    LITERATURE REVIEW 

2.1 Definition and Classification of Fibre 

Mc Donald et al. (2002) refer to fibre as cell walls of plant tissue that mostly consist of 

lignin, cellulose as well as hemicelluloses. It is also the composition of plant cell that 

is resistant against enzymes in the small intestine. In chemical viewpoint, fibre is 

illustrated as non-starch polysaccharides. Non-Starch Polysaccharides (NSP) covers a 

large variety of polysaccharide molecules excluding alpha-glucans (starch). The 

classification of NSP was based on the methodology that was utilized for extraction 

and isolation of polysaccharides. The residue remaining after a series of alkaline 

extractions of cell wall materials was called cellulose and the fraction of this residue 

solubilised by alkali was called hemicelluloses (Choct, 1997).  

The composition of crude fibre differs in different plants in the plant taxa (Varastegani 

and Dahlan, 2014). Neutral Detergent Fibre (NDF) refers to the insoluble portion of 

the Non-Starch Polysaccharide plus lignin, and Acid Detergent Fibre (ADF) refers to a 

portion of insoluble NSP comprised largely, but not exclusively, of cellulose and 

lignin. However, NSP falls into three main groups, namely, cellulose, non-cellulosic 

polymers and pectic polysaccharides (Bailey, 1973). Polysaccharides are polymers of 

monosaccharides joined through glycosidic linkages and are defined and classified in 

terms of the following structural considerations; identity of the monosaccharides, 

monosaccharide ring forms, positions of the glycosidic linkages, configurations of the 

glycosidic linkages, sequence of monosaccharide residues in the chain and presence or 

absence of non-carbohydrate substituents (Choct, 1997). Mc Nab and Boormann 

(2002) classified non-starch polysaccharides into two types of soluble and insoluble 

NSP. 
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Dietary fibre is made of diverse polymers with variability in physiochemical 

properties that result in differences in ion exchange capacity, viscosity, bulking, and 

fermentation in the gastrointestinal tract when included in the diet. Although, it may 

not be easy to measure dietary fibre but the physiological effects of fibre can be 

explained by differentiating them into soluble and insoluble components (Mertens, 

2003; Newman et al. 1992). Insoluble dietary fibre is not degraded by microbial 

fermentation and could increase faecal output. In poultry intake, excretion and 

degradation of fibre (NDF, ADF or CF) vary among different species. Ning et al. 

(2003) reported that intake, excretion and degradation of dietary fibre were high for 

five and seven months old emus compared to turkeys and chickens of a similar age. 

The authors suggested that the difference could be attributed to the well-developed 

ceca in the emus as opposed to turkeys and chickens. The results also showed that 

most fibre degradation was reported to occur in the ceca. Wang et al. (2007) reported 

that NDF and ADF degradation was better in the ceca compared to ileum and rectum 

portions of the GIT. Degradation of fibre also increases with age in poultry. Emus, 

turkeys and chickens of seven months degraded NDF and ADF much better than the 

five month old birds (Ning et al., 2003). 

2.2 Structure and Composition of Cellulosic Biomass 

Cellulose is the most abundant component of plant biomass which is found in nature 

almost exclusively in plant cell walls but can be produced by some animals such as 

tunicates and a few bacteria. There was variation in the composition and anatomical 

structure of cell walls in the plant taxa, they had high cellulose content in the range of 

approximately 35 – 50% of plant dry weight (Lynd et al., 1999). Cellulose fibres are 

embedded in a matrix of other structural biopolymers, primarily hemicelluloses and 
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lignin, which comprise 20% - 35% and 5% - 30% respectively of plant dry weight 

(Lynd et al., 1999; Marchessault and Sundararajan,1993; Van Soest,1994). 

Although cellulose forms a distinct crystalline structure, cellulose fibres in nature are 

not purely crystalline. The degree of departure from crystalline is variable and has led 

to the notion of a “lateral order distribution” of crystallinity, which portrays a 

population of cellulose fibres in statistical term as a continuum from purely crystalline 

to purely amorphous, with all degrees of order in between (O’Sullivan,1997). 

2.3 Hemicelluloses and lignin 

Hemicelluloses are branched polymers of xylose, arabinose, galactose, mannose and 

glucose. These polymers bind bundles of cellulose fibrils to form microfibrils, which 

enhance the stability of the cell wall. They also cross-link with lignin, creating a 

complex web of bonds that provide structural strength but also challenge microbial 

degradation. Lignin is a complex polymer of phenyl propane units, which are cross-

linked to each other with a variety of different chemical bonds. Thus complexity has 

thus far proven to be as resistant to detailed biochemical characterization as it is to 

microbial degradation (Jacobus, 2001). 

2.4 Nutritional and Biological Effects of Dietary Fibre 

The use of feed ingredients high in dietary fibre in poultry nutrition has generally been 

discouraged due to the negative effects on nutrient utilization and performance such as 

decrease in body weight gain and feed conversion. Feeding animals diets high in 

dietary fibre, especially soluble fibre alters the rate of faecal passage, microbiota, 

metabolites and efficacy of digestion (Bach Knudsen, 2001). Commensal bacteria in 

the large intestine utilize fibre as a source of energy. An increase in the energy supply 

increases microbial metabolism and microbial population growth. Bacteria produce 

short chain fatty acids such as acetate, butyrate, and propionate during the metabolism 
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causing increased bacterial populations. This results in further production of short 

chain fatty acids (Walugembe, 2013). 

There has been limited inclusion of dietary fibre in poultry diets, particularly chickens, 

due to its negative effects on nutrient digestion. Villamide and San Juan (1998) 

reported the true metabolizable energy (TME) of sunflower seed meal with variations 

in NDF and ADF has a negative correlation with NDF, ADF, CF, hemicelluloses, 

cellulose and lignin. Soluble fibre is known to increase viscosity in the small intestine 

(Choct et al., 1996), and subsequently inhibits digestion and absorption. The rate of 

digesta passage is reduced, thereby decreasing feed intake and creates favourable 

conditions for proliferation of microbes in the intestine (Smiths and Annison, 1996; 

Choct et al., 1996; Langhout, 1998). Large amounts of fermentation were observed in 

some experiments when chickens were fed diets containing soluble NSP (such as non-

starch, non-NDF polysaccharides including peptic substances, β-glucans, fructans and 

gums (Choct et al., 1996; Langout, 1998 and Hall, 2003). Hence, the ability of micro-

organisms to ferment dietary fibre is correlated to the amount and type of dietary fibre 

components in the diet. Diets that are high in insoluble fibre (cellulose, hemicellulose 

and lignin) contain low energy, birds increase feed consumption to compensate for the 

reduced nutrient concentration in the feed (Hill and Dansky, 1954). Feed ingredients 

high in insoluble fibre cause an increase in the bulk of the digesta that eventually leads 

to fast digesta passage through the GIT, unless the animal has a large digestive system 

capacity. This effect has been reported to improve digestibility (Krogdahl, 1986; 

Rogel et al., 1987a, b). 

Insoluble fibre in monogastric diets has for long been considered as diluents of 

nutrients (Edwards, 1995). The little or no degradation of insoluble fibre in chickens 

results in increased bulk of digest in the intestinal tract. This makes its effect on 
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microbial population quite insignificant (Krogdahl, 1986; Choct et al., 1996 and 

Langout, 1998). Some experiments have shown that as long as insoluble fibre is 

included in poultry diets at moderate concentrations, performance of the birds will not 

be affected despite the fact that the nutrient concentrations of the diets is reduced 

(Hetland and Svihus, 2001; Hetland et al., 2002). Hughes and Duncan (1972) reported 

that fibre in the diet of chicken will influence the behaviour of the birds by reducing 

cannibalism because the birds spent more time in eating than pecking each other. 

2.5 Fibre Requirement of poultry 

The latest researches precisely recommend 3 – 4% crude fibre for poultry for a greater 

period while 5% crude fibre could be applied for layers. However, poultry-feed 

manufacturers and poultry producers believe that fibre content must be kept below 7% 

in poultry feed. Fibre is thought to decline chicken production and growth that is it 

decreases the effectiveness of feed utilization (Varastegani and Dahlan, 2014). 

However, according to a recent survey, the welfare of chicken may be improved due to 

the fibre in the feed. First, chickens that were fed with lower quantities of fibre 

suffered from cannibalism more than those that were fed with diets of higher fibre. 

This may be due to the longer period they need to digest the high-fibre feed because 

they were given more feed. Secondly, fibre ingredients in laying hens’ diet could 

decrease the emission of ammonia in their manure. In order to provide energy for 

good-bacteria, fibre in the chickens’ digestive tract replaces some of the nitrogen. The 

increase in bacterial metabolism changes ammonia into ammonium which is less 

volatile for chickens’ health (Varastegani and Dahlan, 2014). 

2.6 Utilization of lignocellulosic materials as livestock feeds 

The lignocellulosic materials (rice hull, sawdust, corn husk, corn cob, wood-chips, 

barks, rice-straw, etc.) are by-products of industries and farms. They could be used to 
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reduce the gap between feed unavailability and requirement of nutrients in the 

production of ruminant animals. Efforts are being geared towards exploring the 

possibilities of their use as alternative feed resources (Anigbogu, 2011). The 

lignocellulosic materials are abundant and poorly utilized as livestock feed because 

they are high in tannin and oxalate compounds with indigestible fibres which could 

result to toxicity, poisoning and poor productivities among the farm stocks. The high 

levels of anti-nutritional factors interact with protein and minerals to form insoluble 

complexes. They contain high levels of potential digestible carbohydrates for 

livestock, but when fed undegraded, they are largely indigestible to ruminants and 

other herbivores. This is because the structural characteristics of the wastes are 

composed of lignin, hemicelluloses and cellulose which form a close, physical and 

chemical complex known as lignocelluloses (Anigbogu, 2011).  

2.6.1 Utilization of soyabean hull in livestock feeds 

The soyabean hull is a good source of carbohydrates but it has some drawbacks. Its 

use is limited in livestock feeding due to its high fibre contents. Soyabean hull had 

been reported in literature to contain about 10 - 12% crude protein (CP), 43% crude 

fibre (CF), 1 - 2% ether extract (EE), and 4 - 5% crude ash (Kornegay, 1978; Mitaru et 

al., 1984). The soyabean hull’s amino acid patterns as percentage of total CP were 

similar to those of soyabean meal (Kornegay, 1981; NRC, 1998). A digestible energy 

content of the hull, 2,070kcalkg,-1 was lower than that of wheat bran, 2,420kcalkg-1 

(NRC, 1998). However, Soybean hull contains 22.75% crude protein, 18.15% crude 

fibre, 14.60%, ether extract, 8.00% ash and 20.90% NFE (Esonu et al., 1997, Esonu, 

1998 and Preston, 1989). In other to enhance its utilization and other high fibre non–

conventional feedstuffs, nutritionists have resorted to using exogenous enzyme 

supplementation, (Annison and Choct., 1991; Scheiderier and Abudabos, 1998; 
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Acamovic, 2001; Ofongo et al. 2008; Aderolu et al. 2007). Enzyme activity is basic to 

digestion of feed components and release of nutrients in the gastrointestinal tract and 

the main rationale for the use of exogenous enzyme is to improve the nutritive value of 

feed stuffs (Adeola and Olukosi, 2009). Faulkner et al. (1994) evaluated soybean hulls 

and corn as sources of supplemental creep feed for nursing beef calves. They 

concluded that a highly digested fiber source such as soybean hulls can successfully 

replace corn as a creep feed source when economically feasible. Soybean hulls can 

replace part of the roughage in dairy cow diets, and provided higher energy without 

causing acidosis that usually occurs with high energy feeds such as maize grain (Blasi 

et al., 2000). Shriver et al. (2003) observed that fibre addition (10% soybean hulls) to 

a low protein diet had little effect on overall nitrogen balance or growth performances, 

but increased volatile fatty acid concentrations in barrows. They also observed that 

supplementing soybean hulls to a low protein diet had minor effect on carcass traits. 

However, the average back fat decreased, and the10th-rib fat depth was numerically 

reduced by adding the hulls. It has been reported that feeding 10% soybean hulls to 

fattening gilts or barrows (above 85kg) had positive effects on growth rate, feed 

conversion ratio, and carcass characteristics (DeCamp et al., 2001). Chee et al. (2005) 

reported that the soybean hulls can be included up to 10 and 12% for growing or 

finishing pig diets, respectively, replacing the wheat bran on a weight basis without 

any adverse effects on palatability of diets and animal performances. Also, Esonu et 

al. (2005) reported that inclusion of up to 20% soyabean hull improved the feed 

cost/dozen eggs in laying hens while cellulolytic enzyme supplementation at 30% 

dietary level of soyabean hull meal in layer diet could not significantly affect the 

performance of laying hens. Esonu et al. (2010) reported that 30% dietary level of 

https://www.feedipedia.org/node/22069
https://www.feedipedia.org/node/22069
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soybean hull meal with/without Safzyme® supplementation could be used in laying 

birds diets without any deleterious effects on birds. 

 

2.6.2 Utilization of sawdust in livestock diets 

About 147.2 million metric tons of the fibre solids are found in the world (USDA, 

1997), the global output of wheat straw residue and rice straw were estimated at 709.2 

and 673.3 metric tonnes. In addition, the total global output of non-wood fibres was 

about 61 metric tonnes (Atchison, 1995). Badejo and Giwa (1985) gave the estimated 

volume of sawdust in 1981 to be 1.72 million metric tonnes m3. Owonubi and Badejo 

(2000) reported that wood wastes increased to 3.87 million metric tonnes m3 in 1993. 

Out of these wood waste estimates, sawdust accounts for about 10 – 20%. Since 

agricultural wastes are available at no or low cost, they can be improved, processed 

and supplemented to reduce feed insecurity in poultry nutrition. There are two ways of 

improving the usefulness of high fibrous residues such as sawdust for livestock; a) 

modification of sawdust biologically, chemically or physically to increase the ability 

of the rumen microbes to degrade them, b) supplementing them so as to create 

conducive condition in the rumen to ensure that the fibres are broken down at high 

rates as possible (El-Ladan and Olofin, 2013). In animal nutrition, sawdust as cellulose 

is mainly used to furnish bulk, stimulate appetite and to decrease the incidence of 

abscesses among the farm stocks. Also, Anigbogu et al. (2008a) revealed that sawdust, 

ammoniated sawdust and biodegraded sawdust have been used in animal feeding. 

Gohl (1981) reported the uses of sawdust in livestock feed is an attempt to solve the 

problem of disposing the by-product. The major limitation in the use of sawdust as 

feed (which constitute about 62.10% crude fibre- lignocellulosic plant material) is the 

crystalline nature of the cellulose and recalcitrance of lignin (Chesson et al., 1983). 
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Efforts to improve the bioconversion of cellulosic material as feed have been made 

during the last decades, the chemical and physical methods of treatment have 

improved to some extent the availability of nutrients in feeds, but are not yet 

acceptable to the farmers (Igba-Shah and Miller, 1983). The recent microbial 

technology using efficient microorganisms and Innovation Solid-State Fermentation 

(SSF) technology (Anigbogu et al., 2009) may be appropriate for the biological 

conversion of sawdusts (lignocellulosic waste) to valuable feed, making enzymatic 

hydrolysis more accessible in the rumen (Lewis et al., 1996). Oke and Oke (2007) 

reported that up to 80 g/kg sawdust from Daniella ogea tree can be included in broiler 

chicken diets without any detrimental effect on their weight gain and reduced cost of 

production. The authors suggested biological and chemical treatment of this 

lignocellulose waste in order to improve its digestibility. 

2.6.3 Utilization of corn cobs in livestock feeds 

Corn cob is derived from the post-harvest processing of corn (maize) which account 

for about 30 – 40% of the weight of the dehusked maize (Adeyemi et al., 2008). Corn 

cobs had been employed in ruminant feeding as feed fillers (Umunna et al., 1980; 

Alokan, 1998), but they are not included as component of commercial non-ruminant 

animal feed because of its high fibre, lignin and hemicelluloses which will impair 

digestion and utilization (Adeyemi et al., 2008). Corn cobs have high percentage of 

lignin (45% cellulose, 35% hemicellulose and 15% lignin), low nutritive value and 

degradation rate (Sun and Cheng, 2002). Therefore, rumen micro flora lack enzymes 

for degradation of cellulose, hemicellulose and lignin which are embedded within the 

lignin structures. Thus, the nutritive values of corn cob depend on the availability of 

nutrients, lignifications and crystallinity of cellulose (Olagunju et al., 2013).  
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Adeyemi et al., (2008) reported that rumen filtrate fermented corn cob can replace 

50% of dietary maize and can be included in practical rabbit diets at up to 25%. Also, 

Adedire et al. (2012) observed that Rhizopus fermentation improved the performance 

and utilization of crude fibre, phosphorus, ADF and NDF by rabbits fed corn cob and 

cowpea husk and it was concluded that corn cob and cowpea husk possessed the 

potential as fibre sources in rabbit ration. In a trial in Nigeria, pullets fed a diet 

containing 10% maize cobs reached maturity earlier, but birds fed 20% maize cobs did 

not come into lay within the time frame of the experiment. Birds fed maize cobs at 

15% of the diet had nitrogen retention identical to the control (Longe and Ogedengbe, 

1989). In Ghana, diets containing up to 7.5% ground maize cobs fed ad libitum to 

commercial broiler chickens did not alter growth performance, carcass yields, health 

and biochemical indices (Donkoh et al. 2003). 

2.7 Production of soyabean flour 

 Soyabean seeds are processed to produce flour which is used for infant formula and 

other products. The soyabean hull is the by-product of the flour production. The flow 

chart of the processing is shown in figure I.  



19 
 

          Soya bean seeds 

            

               Sorting 

 

    Washing (with clean water) 

 

    Blanching (for 45 minutes) 

 

    Dehulling     Soyabean hull 

 

    Drying (at 60oC for 12 hours) 

 

    Toasting (30 minutes) 

 

    Dry milling (milling machine) 

 

    Sieving (sieve of about 150mm) 

 

   Packaging and sealing (with food grade polyethylene) 

 

    Soyabean flour 

 

Figure I: Flow chart for the production of Soyabean flour 

Source: Opara et al. (2012)        



20 
 

2.8 Processing of lumber 

The processing of logs into various products result into wood waste. One of the 

products is sawdust which is a small discontinuous chips or small fragments of wood 

during sawing of logs of timber into marketable sizes. The flow chart is shown in 

figure II. 

2.9 Processing of maize cobs 

Maize shelling is the post-harvest operation which involves the removal of seeds from 

the cobs. It can be carried out in the field or at the the storage environment. The corn 

cobs derived from the the shelling of maize seeds can be crushed with hammer mill to 

produce ground corn cobs. The flow chart for the processing of ground corn cobs is 

shown in figure III. 

2.10 Utilization of cassava in broiler chicken diets 

Cassava (Manihot esculenta Crantz) can be described as a perennial woody shrub with 

edible roots, which grows in tropical and subtropical parts of the world. Cassava is an 

essential crop in developing countries, especially in sub-Saharan Africa, because it 

thrives well in poor soils with low rainfall, and being a perennial crop it can be 

harvested as required by the farmers. (Onyenwoke and Simonyan, 2014). There was 

more than 248 million tons of cassava produced worldwide in 2012 of which Africa 

accounted for 58% (IITA, 2012). Nigeria produced about 54 million metric tonnes 

(MT) per annum of cassava tubers (FAO, 2013), she became the highest cassava 

producer in the world, producing a third more than Brazil and almost double the 

production capacity of Thailand and Indonesia (Onyenwoke and Simonyan, 2014).  

Eruvbetine et al. (2003) reported that cassava products had been in use for a long time 

as an energy source to replace cereal grains in livestock feeds. Cassava has been used 

as an alternative energy source and its inclusion in diets for poultry has been
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       Logs 

 

   Debarking  Waste wood 

 

   Sawing   

  

   Re-sawing     Sawdust   

 

   Edging   Waste wood  

 

  Trimming  Waste wood  Chipping Wood 

                                                           

   Planing  Drying   Boiler 
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Figure II: Process-flow-diagram for sawmill operation 

Source: Gopalakrishnan et al. (2012)
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Figure III: Flow chart of maize shelling process and production of ground 

corn cobs 

Source: Re-modified flow chart of maize shelling (Karikatti et al. 2015) 
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extensively studied (Tewe and Egbunike 1992, Eruvbetine 1995, Adegbola, 1977). 

Eruvbetine et al. (2003) found that broilers could be successfully fed a substitution of 

10% half cassava root and half leaf meal. Abu et al. (2015) found that up to 20% 

inclusion of cassava leaf meal and 20% cassava peelings could be used as a 

replacement for maize and soybean meal. Body weight reduces significantly when 

broilers were fed whole cassava. Akinfala et al. (2002) observed that replacing maize 

with either 12.5% or 25% whole cassava plant resulted in reduced growth rate of 13% 

and 19% respectively in broilers. Additionally, Gomez et al. (1983) found that 

performance of broilers fed 200 g/kg cassava root meal was similar to that of birds fed 

maize based diets, and Ezeh and Arene (1994) found that cassava root meal could 

replace up to 75% of dietary maize, resulting in a cost benefit ratio of 1.41:1 

against maize. The opposite was however illustrated by Oso et al. (2014) in a study in 

which unpeeled cassava root meal was fed to broilers up to a level of 200 g/kg. It was 

found that live weight, weight gain, feed intake and crude protein digestibility 

decreased and serum glucose and cholesterol levels increased as the dietary cassava 

root meal level increased. Efficiency of nutrient utilisation of cassava can be improved 

by using microbial enzyme supplements. Midau et al. (2011) found that a diet 

containing 50% cassava peel meal supplemented with a cocktail of enzymes 

(Maxigrain) resulted in performance values similar to that of a 100% maize diet. Also, 

Bhuiyan et al. (2012) found that presence of carbohydrase and phytase significantly 

improved live weight and ME energy in birds fed diets containing cassava chips and 

pellets. The oil content of the cassava based diets may also influence efficiency. Kana 

et al. (2014) found that cost of feed consumed was reduced and bird growth was 

increased when diets containing cassava flour and fibre were supplemented with palm 

oil. Additionally, the efficacy of cassava in the bird likely varies with bird age. Mhone 
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et al. (2008) observed a live weight of 2 kg and dressed carcass weight of 1.2 kg at 

week 7 when broilers were fed diets containing 20% cassava from either 2 or 6 weeks 

of age, but when birds were fed these diets from day old live weight and dressed 

carcass weight were lower. 

2.11 Process of production of high quality cassava flour (HQCF)  

The harvested cassava tubers were taken to the factory where processing of HQCF 

was carried out on the cassava tubers to bagged flour after been sifted. This was 

carried out within six hours. The processing of cassava to cassava sifting is divided 

into two main sections which are:  

Wet section: Wet processing start from offloading point of cassava; the cassava tubers 

were deposited in the machine; the machine rolled the cassava to the 1st check point 

where there was check for foreign objects such as stone, nails etc. The cassava tubers 

moved to the dry pilling machine where the peel was separated from the tubers, the 

tubers then moved to root washer tumbling over one another, the root washer washed 

the dirt from the peeled root tubers, then moved to slicing machine, (where the root 

was chopped), grinding machine ground the cassava to pulp form (Odunsi, 2017). 

This was then transported to 2nd check point (this is section where the operator stays 

to check the foreign object that escapes the 1st check point and also chopped the 

tubers), the chopped cassava moved to the milling machine (which is specially design 

to mill the cassava thereby making the cassava pulp look milky and a lot of water is 

involved, the milky form moved to the flour milk tank, the milky form moved to the 

filter press (it removed the water from the milky form of cassava to form cake, the 

membrane helps in reducing the water). Heat was not involved in filtering, compressed 

air was used, and the cassava milky form stayed for about 15 minutes in the machine, 

before moving to the hot dryer (Odunsi, 2017). 
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Dry section: The hot dryer made the compressed cassava to come out in form of cake, 

the anti-nutritional factor of cassava hydrogen cyanide was reduced due to the amount 

of heat produced in the dryer (heat reduce the amount of cyanide in cassava), the cake 

was milled in to powdery form by milling machine, the powdery form was allowed to 

cool, it is made up of flour, cassava sift 1 and cassava sift 2. The sift is the by-product 

of cassava flour which will account for 15% to 10% while flour was between 85% to 

90% (Odunsi, 2017). 

The flow chart for the industrial processing of high quality cassava to obtain cassava 

sifting I and II by Thai farm which is located in Ososa, Ogun state, Nigeria is shown in 

figure IV.
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Figure IV: Flow chart of processing of high quality cassava sifting  

Source: Odunsi (2017) 
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2.12 Utilization of wheat offal in the broiler chicken diets 

The processing of wheat into flour for human food has made wheat offal abundantly 

available in Nigeria. This by-product of the milling process has no value as human 

food because of the high fibre content (Christopher et al., 2007). Lawal et al. (2012) 

reported that fungal degradation of wheat offal showed improved crude protein 

content, decreased crude fibre level and increased ash bioavailability via the 

depolymerisation process through solid state fermentation. done by the enzymes 

released by the fungus (Aspergillus niger) in an attempt to feed on the wheat offal. 

They reported that 7% degraded wheat offal can be included in the diets of broiler 

birds with positive results than feeding undegraded wheat offal. 

Christopher et al. (2007) reported that maize can be replaced with about 25% wheat 

offal in broiler chicken diets without adverse effect on the growth, feed intake and 

efficiency of feed utilization, but led to a considerable reduction in feed cost. 

However, they concluded that 10% replacement value of maize with wheat offal 

resulted in optimum growth performance of the broiler chickens. 

The proximate analysis of undegraded wheat offal and degraded wheat offal is shown 

in Table 1. 
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Table 1: Proximate and detergent fibre analysis of the undegraded and degraded 

wheat offal (g/100 gDM) 

Parameter Undegraded wheat offal Degraded wheat offal 

Dry matter 87.53 89.11 

Crude protein 2.43 4.00 

Ash 2.33 3.58 

Ether extract 0.17 0.13 

Crude fibre 11.60 8.35 

Nitrogen free extract 84.14 86.19 

Gross energy (Kcal/Kg) 4.73 5.86 

Cellulose 8.12 6.55 

Hemicellulose 5.33 4.23 

Neutral detergent fibre 2.11 1.85 

Acid detergent fibre 3.16 2.90 

Acid detergent lignin 7.02 6.20 

 

Source: Lawal et al. (2012) 
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2.13 Fermentation of fibrous feedstuffs 

Fermentation is the enzymatic decomposition and utilization of foodstuffs, particularly 

carbohydrates, by microbes. Fermentation takes place throughout the gastrointestinal 

tracts of all animals, but the intensity of fermentation depends on microbe numbers, 

which are generally higher in large bowel. Thus, the large intestine is quantitatively 

the most important site of fermentation, except for species with fore stomachs 

(ruminants) (Richard, 2012). Importantly, the major end products of microbial 

digestion of cellulose and other carbohydrates are volatile fatty acids, lactic acids, 

methane, hydrogen and carbon dioxide (Stevens and Hume, 1998). Volatile or short –

chain fatty acids (especially acetic, propionic and butyric acids) generated from 

fermentation are not only metabolized within intestinal epithelial cells, but can be 

absorbed by diffusion and thereby contribute fuel to systematic energy metabolism. 

2.14 Substrates used in microbial fermentation 

All solid substrates have a common feature, their basic macromolecular structure. In 

general, substrates for solid state fermentation (SSF) are composite and heterogeneous 

products from agriculture or by-products of agro-industries. This basic 

macromolecular structure (e. g. cellulose, starch, pectin, lignocelluloses, fibres etc.) 

confers the properties of a solid to the substrate. The structural macromolecule may 

simply provide an inert matrix (sugarcane bagasse, inert fibres, resins) within which 

the carbon and energy source (sugars, lipids, organic acids) are absorbed. But 

generally, the macromolecular matrix represents the substrates and provides also the 

carbon and energy source (Doelle et al., 1992). Each macromolecular type of substrate 

present different kind of heterogeneity. Lignocelluloses occur within the plant cell 

walls, which consist of cellulose microfibrils embedded in lignin, hemicelluloses and 

pectin. Each category of plant material contains variable proportion of each chemical 
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compound. Different enzymes are required to degrade cellulose e. g., endo and exo-

cellulases plus cellobiase (Senez et al., 1980). Pectins are polymers of galacturonic 

acid with different ratio of methylation and branching. Exo and endo-pectinases and 

demethylases hydrolyse pectin into galacturonic acid and methanol. Hemicelluloses 

are divided into xylans, mannans and galactans. Most of the hemicelluloses are 

heteropolymers containing two to four different types of sugar residues (Senez et al., 

1980). Lignin represents between 26 – 29% of lignocelluloses, and is strongly 

bounded to cellulose and hemicelluloses, hiding and protecting them from the 

hydrolase attack. Lignin peroxidise is the major enzyme involved in lignin 

degradation. Effective cellulose hydrolysis requires the synergetic action of several 

cellulases, hemicellulases and lignin peroxidases. Lignocellulose is an abundant and 

cheap natural renewable material and a lot of work had been carried out on its 

breakdown using fungal species (Senez et al., 1980). 

 2.15 Fermentation as new tool in feed enrichment in animal nutrition 

Fermentation had been used to produce amino acids, proteins, vitamins, antibiotics and 

certain enzymes. It can also be used to convert by-products and waste materials into 

livestock feeds and at the same time, lessening the pollutants in the environment. 

Processing is an integral part of fermentation because it is essential for destruction of 

pathogens, improvement in storage, handling characteristics and maintenance or 

enhancement of palatability together with production (CAST, 1978). Fermentation is a 

chemical change brought about by enzymes produced by various microorganisms. 

Fermented products are derived from enzymatic fermentation of organic substrates. 

Yeast, mould or bacteria can be utilized in a controlled aerobic or anaerobic process to 

produce alcohols, acids, vitamins, B-complexes or antibiotics. Ensiminger (1991) 

reported that two fermentation processes which are of practical importance in 
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livestock feeding (i) ensiling (ii) improvement of the nutritional value of feeds either 

by fermenting the feedstuff or by fermenting other materials that may be used as feed 

additives to supplement the original feeds. Fermented foods often are actually more 

nutritious than their unfermented counterparts. This can come about in at least three 

different ways (Wilson et al., 1980). Microorganisms not only are catabolic, breaking 

down more complex compounds but they are metabolic and synthesize several 

complex vitamins and other growth factors, for examples, industrial production of 

riboflavin, vitamin B12 and the precursors of vitamin C is largely by special 

fermentation processes (Kofi, 1991). The second important way by which fermented 

foods can be improved nutritionally is through the liberation of nutrients locked into 

plant structures and cells by indigestible materials (Pederson, 1963). The milling 

processes do much to release nutrients from such items by physical rupturing 

cellulosic and hemicellulosic structures surrounding the endocellulosic structures 

around the endosperm (in case of certain grains) which is rich in digestible 

carbohydrates and protein. Fermentation especially by certain mould break down 

indigestible protective coatings and cell walls both chemically and physically 

Pederson (1971). The third way by which fermentation can enhance nutritional value 

especially of plant materials involve enzymatic splitting of cellulose, hemicelluloses 

and related polymers which goes on naturally in the rumen of the cow through the 

enzymatic action of protozoa and bacteria (Frazier, 1976).  

2.16 Bacterium Zymomonas mobilis as potential benefit in Livestock feed 

The bacterium Zymomonas mobilis is isolated from fresh palm-sap. Palm wine is an 

alcoholic beverage obtained from the fermentation of the sugary sap of various palm 

species in Nigeria. It is usually obtained from Raphia vinifera, Raphia hookeri and 

Elaeis guineensis by methods described by Bassir (1968), Faparusi (1966) and Okafor 
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(1972). Raphia palms usually yield more sap than oil palms although raphia palms can 

only be tapped once in its life because its terminal inflorescence is destroyed during 

tapping (Okafor, 1977). Bassir (1962), Faparusi (1966) and Okafor (1977) had 

reported the presence of various microorganisms such as bacteria and yeasts which are 

responsible for the fermentation of palm wine. The types of bacteria present in palm 

wine depend on the stage of fermentation and the composition of the sap. Zymomonas 

mobilis was identified as the only Zymomonas species present in palm wine obtained 

from the three different ecological sites. It was gram-negative, catalase positive, 

anaerobic, plump rods with an unusual width. Its hetero-fermentative activity leads to 

the production of gas from glucose, fructose and sucrose while maltose and arabinose 

are not fermented. Some isolations were motile, but oxidase and urease are negative. 

These observations were similar to those reported by Swings and De Ley (1977) on 

Zymomonas mobilis isolated from different sources. Zymomonas mobilis was used to 

ferment the juice of agave plant to produce pulque (an alcoholic beverage) (Talaro and 

Talaro, 1999; Ingraham and Ingraham, 2004). In Mexico, bacterium Zymomonas 

mobilis was used to traditionally produce distilled spirit tequila from the fermentation 

of juices from the agave plant (Ingraham and Ingraham, 2004; Nester et al., 2004). 

Although, alcohol production is common with yeasts, it is rare among bacteria 

(Ingraham and Ingraham, 2004). Yeasts are utilized to make most beverages but 

Zymomonas species are the most important alcoholic fermenters of the bacterial group 

in plant saps and juices. Zymomonas are facultative anaerobes with both respiratory 

and fermenting capabilities. They are harmless and beneficial to man and cattle. The 

fermentation products of Zymomonas are used in the treatment of various diseases 

such as enteric metabolic disorders, gynaecological infections (Swings and De Ley, 

1977). 
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2.17 Benefits of Zymomonas mobilis over other micro-organisms 

Zymomonas mobilis has shorter fermentation time (300-400%) than yeast with higher 

ethanol yield (92 - 94% verse 88 – 90% for yeast). It can convert sugar mixtures to 

ethanol with 90 – 95% efficiency as reported in the University of Energy Efficiency 

and Renewable Energy report, United States of America (Ichita, 2006). 

2.18 Poultry Industry in Nigeria 

Commercial poultry production in Nigeria began in the early 60’s. Halbrook (1962) 

reported that there were about 30 million chickens in Nigeria as the time of the report 

with no commercial poultry farms but only two government poultry units at Riyom 

and Mando Roads. Smaller indigenous birds were crossed with larger imported breeds 

in the southern part of the country. The poultry industry started earlier especially when 

the then Regional Governments introduced the farm settlement schemes which 

educated farmers on agriculture. The reports described the Eastern Region’s Poultry 

Programme as the best in the 60’s. It was complete in every respect with both plans 

and action on providing a supply of chickens, making feeds available, arranging 

vaccinations, training and follow up field services on extension and marketing 

(Halbrook, 1962).  

The development of poultry as a business had been described by many as more 

promising than any other livestock business for Nigeria. Halbrook (1962) was of the 

view that poultry development programmes will pay more for the country than any 

other animal production programme and there is a great potential for it. Poultry are 

among the most adequate domesticated animals and there are only few places on the 

globe where climatic conditions make the keeping of poultry flock impossible 

(Thaman, 1968). Nowadays poultry production has developed and occupies a place of 

pride among the livestock enterprises due to its rapid monetary turnover (Laseinde, 
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1994). This has made the enterprise attractive and popular among small, medium as 

well as large scale poultry farmers. The poultry industry has become a diverse industry 

with a variety of business interests such as egg production, broiler production, 

hatchery and poultry equipment business (Oluyemi and Roberts, 1979). 

2.19 Nutrient Requirement of Broiler chickens 

Olomu (1995) reported the nutrient requirement of broiler chickens at starter and 

finisher phases. It is presented in Table 2.  
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Table 2: Nutrient requirements of broiler chickens 

        Weeks    

Nutrients     0 – 4    6 – 9 

MetabolizableEnergy (Kcal/Kg)       3000.00                     3000.00 

Crude Protein (%)             24.00              20.00 

Arginine (%)     1.30    1.10 

Glycine + Serine (%)    1.30    1.10 

Histidine (%)     0.54    0.45 

Isoleucine (%)     1.20    1.00 

Lysine (%)     1.20    0.95 

Methionine (%)    0.55    0.40 

Methionine + Cystine (%)   0.75    0.65 

Phenylalanine (%)    0.87    0.75 

Phenylalanine + Tyrosine (%)  1.62    1.38 

Threonine (%)     0.70    0.55 

Tryptophan (%)    0.20    0.18 

Valine (%)     1.22    1.04 

Calcium (%)     1.25    1.00 

Total Phosphorus (%)    0.85    0.70 

Available Phosphorus (%)   0.55    0.45 

Sodium (%)     0.25    0.25 

Potassium (%)     0.45    0.45 

Manganese (mg)             60.00             60.00 

Magnesium (mg)           550.00            550.00 

Iron (mg)              95.00              95.00 

Copper (mg)              10.00              10.00 

Zinc (mg)              40.00    40.00 

Selenium (mg)     0.20     0.20 

Iodine (mg)     0.40     0.40 

 

Source: Olomu (1995) 
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CHAPTER THREE 

3.0 MATERIALS AND METHODS 

3.1  Location of the Experiment 

   The research was carried out at the Poultry Unit, Directorate of University Farms 

(DUFARMS), and Animal Nutrition Laboratory, Federal University of Agriculture, 

Abeokuta, Ogun State, Nigeria. The former is located on Latitude 7º 13¹ 35.48’’N., 

Longitude 3º 26¹ 12.38’’E with an elevation of 415 feet and high altitude of 700 feet 

while the latter is on Latitude 7º 13¹ 57.53’’N., Longitude 3º 26¹ 12.38’’E with an 

elevation of 473 feet and high altitude of 1141 feet (Google Earth, 2014). It is located 

in rainforest vegetation zone which has humid climatic condition with a mean annual 

rainfall of 1,037mm and mean temperature and humidity of 34.7oC and 83% 

respectively. 

3.2 Test Ingredients 

The fibrous industrial by-products used in this study were: 

i) Soyabean hull (SBH) 

ii) Cassava sifting (CS) 

iii) Sawdust (SD) 

iv) Corn cobs (CC) 

The soyabean hull was collected from Nestle Plc., Agbara Estate, Ogun State, 

Nigeria.The soyabean hull was milled using grinding machine because of its slippery 

nature and stored on pallets.  

Cassava sifting was collected from Thai Farm International Limited, Ososa near Ijebu-

Ode, Ogun State, Nigeria. The corn cobs were collected from the maize shelling unit 

of the Obasanjo farm Nigeria, Ltd., Igboora, Nigeria. The corn cobs were crushed 

using hammer mill and screened using 3.5mm sieve before storage on pallets. The 



37 
 

sawdust was collected at the Lafenwa sawmill, Lafenwa, Abeokuta, Ogun State, 

Nigeria. 

 3.3 Preparation of Zymomonas mobilis innoculum and incorporation in the 

feed  

Pure strains of Zymomonas mobilis used in this study was extracted from fresh palm 

wine. The Z. mobilis suspension was used to inoculate the soyabean hull to obtain 

SBH starter inoculum for the study 

3.4 Preparation of Soyabean hull starter inoculums 

 The starter inoculum was prepared in the traditional setting under laboratory condition 

as in Anigbogu et al. (2009) using a fermentation vat (volume 3.5 litres).  The 

following materials were weighed and homogeneously mixed, 500g soyabean hull as 

substrate with 100ml of Zymomonas mobilis suspended in defined cultured media in 

the fermentation vat.  Two litres of water was poured into the vat and stirred to obtain 

a homogeneous mixture. The mixture was under room temperature of between 23.1ºC 

to 24.6 ºC for 20 days and was properly turned using a plastic rod on 24 hourly basis. 

After which the fermented product was used as starter inoculums (fermented dough) 

for the study. 

3.5 Preparation of life-enzyme (Soyabean hull degraded Z. mobilis Microbes) 

The life enzyme was prepared as in Anigbogu et al. (2009) using 25 kg soyabean hull 

placed in the fermentation vat (volume = 100 litres) with 50 litres of water added to 

2.5 kg previously fermented dough (containing Z. mobilis microbes) which acted as 

starter inoculums. The sample was homogeneously mixed and kept to ferment for a 

period of 20 days. After which, the fermented product was sun-dried, analysed and 

store as life-enzyme (Soyabean hull degraded Z. mobilis microbes) for the 

experimental study. 
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The same procedures were used to produce Cassava sifting, Sawdust and Corn cobs 

degraded Zymomonas mobilis microbes.
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Figure 5: Improvized fermentation vats with fermented product
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Figure 6: Untreated Soyabean hull and Zymomonas mobilis treated Soyabean hull 
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Figure 7: Untreated Cassava sifting and Zymomonas mobilis treated Cassava sifting
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Figure 8: Untreated Sawdust and Zymomonas mobilis treated Sawdust 
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Figure 9: Untreated corn cobs and Zymomonas mobilis treated corn cobs



44 
 

The study was divided into series of experiments which were conducted separately at 

different times of the year. 

Experiment 1: Replacement of wheat offal with treated and untreated soyabean 

hull 

3.6 Management of birds and experimental diets 

Two hundred and forty (240) unsexed day old marshal broiler chicks were obtained 

from Obasanjo farms Nigeria limited, Igboora, Nigeria.  They were weighed on group 

basis and the weight was divided by the number in the group to obtain individual 

weight, and randomly allotted to five dietary treatments. A total of 48 birds were used 

per treatment and were replicated 3 times with 16 birds each. 

  The chicks were brooded for 2 weeks. All routine vaccinations and necessary 

medication were administered to the birds. Feed and water were supplied to the birds 

ad libitum. The birds were raised for eight weeks (0-4weeks for the starter phase and 

5-8 weeks for the finisher phase). The test diets were formulated such that the 

soyabean hull was included to replace wheat offal at 0, 50 and 100% levels. The 

Zymomonas mobilis treated soyabean hull was incorporated to replace wheat offal at 

50% and 100% levels both at the starter and finisher phases and the diets were 

formulated to be iso-proteinous and iso – caloric. 

The composition of the experimental broiler chicken diet is shown in Table 3.
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Table 3: Percentage Composition of Experimental Broiler Chicken Diets (DM- Basis) for Experiment 1 

Ingredients  

 

0% 

Starter 

-Z.mobilis 

50% 

Diets 

-Z.mobilis 

100% 

 

+Z.mobilis 

50% 

 

+Z.mobilis 

100% 

 

0% 

Finishers 

-Z.mobilis 

50% 

Diets 

-Z.mobilis 

100% 

 

+Z.mobilis 

50% 

 

+Z.mobilis 

100% 

Maize 53.60 53.60 53.60 53.60 53.60 54.60 54.60 54.60 54.60 54.60 

Soyabean meal 29.50 29.50 29.50 29.50 29.50 23.50 23.50 23.50 23.50 23.50 

Fish meal 5.00 5.00 5.00 5.00 5.00 5.00 5.00 5.00 5.00 5.00 

Groundnut cake 2.50 2.50 2.50 2.50 2.50 2.50 2.50 2.50 2.50 2.50 

Wheat offal 5.00 2.50 0.00 2.50 0.00 10.00 5.00 0.00 5.00 0.00 

Soyabean hull 0.00 2.50 5.00 2.50 5.00 0.00 5.00 10.00 5.00 10.00 

Bone meal 2.00 2.00 2.00 2.00 2.00 2.00 2.00 2.00 2.00 2.00 

Limestone 1.50 1.50 1.50 1.50 1.50 1.50 1.50 1.50 1.50 1.50 

Broiler premix 0.25 0.25 0.25 0.25 0.25 0.25 0.25 0.25 0.25 0.25 

Lysine 0.10 0.10 0.10 0.10 0.10 0.10 0.10 0.10 0.10 0.10 

Methionine 0.20 0.20 0.20 0.20 0.20 0.20 0.20 0.20 0.20 0.20 

Toxin Binder 0.10 0.10 0.10 0.10 0.10 0.10 0.10 0.10 0.10 0.10 

Salt  0.25 0.25 0.25 0.25 0.25 0.25 0.25 0.25 0.25 0.25 

TOTAL  100.00 100.00 100.00 100.00 100.00 100.00 100.00 100.00 100.00 100.00 

           

Calculated analysis:           

Metabolizable energy 

(Kcal/Kg) 

2857.23 2856.62 2856.01 2880.78 2904.33 2838.85 2837.63 2836.40 2885.95 2933.05 

Crude Protein (%) 23.38 23.38 23.39 23.45 23.52 21.68 21.69 21.69 21.82 21.95 

Crude Fibre (%) 3.62 4.30 4.98 3.91 4.19 3.67 5.03 6.39 4.25 4.82 

Ether Extract (%) 3.83 3.99 4.15 3.99 4.15 3.83 4.15 4.47 4.16 4.48 

Ash (%) 2.60 2.68 2.75 2.70 2.80 2.26 2.40 2.54 2.46 2.66 

Nitrogen Free Extract 

(%) 

50.57 49.66 48.74 49.95 49.33 52.56 50.73 48.91 51.32 50.09 

Calcium (%) 1.48 1.50 1.53 1.51 1.54 1.47 1.51 1.56 1.53 1.60 

Phosphorus (%) 0.57 0.62 0.68 0.62 0.67 0.54 0.65 0.75 0.64 0.74 
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Experiment 2: Replacement of wheat offal with treated and untreated cassava 

sifting 

3.7 Management of birds and experimental diets 

Two hundred and forty (240) unsexed day old marshal broiler chicks were obtained 

from Obasanjo farms Nigeria limited, Igboora, Nigeria.  They were weighed on group 

basis and the weight was divided by the number in the group to obtain individual 

weight, and randomly allotted to five dietary treatments. A total of 48 birds were used 

per treatment and were replicated 3 times with 16 birds each. 

  The chicks were brooded for 2 weeks. All routine vaccinations and necessary 

medication were administered to the birds. Feed and water were supplied to the birds 

ad libitum. The birds were raised for eight weeks (0-4weeks for the starter phase and 

5-8 weeks for the finisher phase). The test diets were formulated such that the cassava 

sifting was included to replace wheat offal at 0, 50 and 100% levels. The Zymomonas 

mobilis treated cassava sifting was incorporated to replace wheat offal at 50% and 

100% levels both at the starter and finisher phases and the diets were formulated to be 

iso-proteinous and iso–caloric. 

The composition of the experimental broiler chicken diet is shown in Table 4. 
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Table 4: Percentage Composition of Experimental Broiler Chicken Diets (DM- Basis) for Experiment 2 

Ingredients  

 

0% 

Starter 

-Z.mobilis 

50% 

Diets 

-Z.mobilis 

100% 

 

+Z.mobilis 

50% 

 

+Z.mobilis 

100% 

 

0% 

Finishers 

-Z.mobilis 

50% 

Diets 

-Z.mobilis 

100% 

 

+Z.mobilis 

50% 

 

+Z.mobilis 

100% 

Maize 53.60 53.60 53.60 53.60 53.60 54.60 54.60 54.60 54.60 54.60 

Soyabean meal 29.50 29.50 29.50 29.50 29.50 23.50 23.50 23.50 23.50 23.50 

Fish meal 5.00 5.00 5.00 5.00 5.00 5.00 5.00 5.00 5.00 5.00 

Groundnut cake 2.50 2.50 s2.50 2.50 2.50 2.50 2.50 2.50 2.50 2.50 

Wheat offal 5.00 2.50 0.00 2.50 0.00 10.00 5.00 0.00 5.00 0.00 

Cassava sifting 0.00 2.50 5.00 2.50 5.00 0.00 5.00 10.00 5.00 10.00 

Bone meal 2.00 2.00 2.00 2.00 2.00 2.00 2.00 2.00 2.00 2.00 

Limestone 1.50 1.50 1.50 1.50 1.50 1.50 1.50 1.50 1.50 1.50 

Broiler premix 0.25 0.25 0.25 0.25 0.25 0.25 0.25 0.25 0.25 0.25 

Lysine 0.10 0.10 0.10 0.10 0.10 0.10 0.10 0.10 0.10 0.10 

Methionine 0.20 0.20 0.20 0.20 0.20 0.20 0.20 0.20 0.20 0.20 

Toxin Binder 0.10 0.10 0.10 0.10 0.10 0.10 0.10 0.10 0.10 0.10 

Salt  0.25 0.25 0.25 0.25 0.25 0.25 0.25 0.25 0.25 0.25 

TOTAL  100.00 100.00 100.00 100.00 100.00 100.00 100.00 100.00 100.00 100.00 

           

Calculated analysis:           

Metabolizable energy 

(Kcal/Kg) 

2857.23 2875.05 2893.77 2883.34 2909.45 2838.85 2875.39 2911.92 2891.07 2943.30 

Crude Protein (%) 23.38 23.09. 22.80 23.03 22.68 21.68 21.10 20.52 20.98 20.28 

Crude Fibre (%) 3.62 3.73 3.84 3.81 3.99 3.67 3.90 4.12 4.05 4.42 

Ether Extract (%) 3.83 3.79 3.75 3.89 3.95 3.83 3.76 3.68 3.96 4.08 

Ash (%) 2.60 2.63 2.65 2.63 2.65 2.26 2.31 2.63 2.30 2.35 

Nitrogen Free Extract (%) 50.57 50.73 50.96 50.64 50.73 52.56 52.93 53.05 52.71 52.87 

Calcium (%) 1.48 1.48 1.49 1.51 1.53 1.47 1.47 1.48 1.52 1.57 

Phosphorus (%) 0.57 0.58 0.60 0.60 0.63 0.54 0.56 0.59 0.60 0.65 



48 
 

Experiment 3: Replacement of wheat offal with treated and untreated sawdust 

3.8 Management of birds and experimental diets  

Two hundred and forty (240) unsexed day old marshal broiler chicks were obtained 

from Obasanjo farms Nigeria limited, Igboora, Nigeria.  They were weighed on group 

basis and the weight was divided by the number in the group to obtain individual 

weight, and randomly allotted to five dietary treatments. A total of 48 birds were used 

per treatment and were replicated 3 times with 16 birds each. 

  The chicks were brooded for 2 weeks. All routine vaccinations and necessary 

medication were administered to the birds. Feed and water were supplied to the birds 

ad libitum. The birds were raised for eight weeks (0-4weeks for the starter phase and 

5-8 weeks for the finisher phase). 

  The test diets were formulated such that the sawdust was included to replace wheat 

offal at 0, 50 and 100% levels. The Zymomonas mobilis treated sawdust was 

incorporated to replace wheat offal at 50% and 100% levels both at the starter and 

finisher phases and the diets were formulated to be iso-proteinous and iso – caloric. 

The composition of the experimental broiler chicken diet is shown in Table 5.



49 
 

Table 5: Percentage Composition of Experimental Broiler Chicken Diets (DM- Basis) for Experiment 3 

 

Ingredients  Starter Diets    Finisher diets   

  -Z.mobilis -Z.mobilis +Z.mobilis +Z.mobilis  -Z.mobilis -Z.mobilis +Z.mobilis +Z.mobilis 

  0% 50% 100% 50% 100% 0% 50% 100% 50% 100% 

Maize 53.60 53.60 53.60 53.60 53.60 54.60 54.60 54.60 54.60 54.60 

Soyabean meal 29.50 29.50 29.50 29.50 29.50 23.50 23.50 23.50 23.50 23.50 

Fish meal 5.00 5.00 5.00 5.00 5.00 5.00 5.00 5.00 5.00 5.00 

Groundnut cake 2.50 2.50 2.50 2.50 2.50 2.50 2.50 2.50 2.50 2.50 

Wheat offal 5.00 2.50 0.00 2.50 0.00 10.00 5.00 0.00 5.00 0.00 

Sawdust 0.00 2.50 5.00 2.50 5.00 0.00 5.00 10.00 5.00 10.00 

Bone Meal 2.00 2.00 2.00 2.00 2.00 2.00 2.00 2.00 2.00 2.00 

Limestone 1.50 1.50 1.50 1.50 1.50 1.50 1.50 1.50 1.50 1.50 

Broiler premix 0.25 0.25 0.25 0.25 0.25 0.25 0.25 0.25 0.25 0.25 

Lysine 0.10 0.10 0.10 0.10 0.10 0.10 0.10 0.10 0.10 0.10 

Methionine 0.20 0.20 0.20 0.20 0.20 0.20 0.20 0.20 0.20 0.20 

Toxin binder 0.10 0.10 0.10 0.10 0.10 0.10 0.10 0.10 0.10 0.10 

Salt 0.25 0.25 0.25 0.25 0.25 0.25 0.25 0.25 0.25 0.25 

TOTAL 100.00 100.00 100.00 100.00 100.00 100.00 100.00 100.00 100.00 100.00 

           

Calculated analysis:           

Metabolizable energy 

(MJ/Kg) 

2857.23 2828.22 2799.20 2846.24 2835.24 2838.85 2780.82 2722.80 2816.86 2794.87 

Crude Protein (%) 23.38 23.01 22.64 23.14 22.89 21.68 20.94 20.20 21.19 20.70 

Crude Fibre (%) 3.62 4.97 6.32 4.69 5.77 3.67 6.37 9.07 5.82 7.97 

Ether Extract (%) 3.83 3.75 3.68 3.86 3.90 3.83 3.69 3.54 3.91 3.98 

Ash (%) 2.60 2.82 3.03 2.65 2.70 2.26 2.68 3.10 2.36 2.46 

Nitrogen Free 

Extract(%) 

50.57 49.45 48.33 49.65 48.74 52.56 50.32 48.09 50.72 48.89 

Calcium (%) 1.48 1.48 1.48 1.48 1.48 1.47 1.47 1.46 1.47 1.46 

Phosphorus (%) 0.57 0.59 0.61 0.59 0.61 0.54 0.57 0.61 0.57 0.61 
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Experiment 4: Replacement of wheat offal with treated and untreated corn cobs 

3.9 Management of birds and experimental diets  

Two hundred and forty (240) unsexed day old marshal broiler chicks were obtained 

from Obasanjo farms Nigeria limited, Igboora, Nigeria. They were weighed on group 

basis and the weight was divided by the number in the group to obtain individual 

weight, and randomly allotted to five dietary treatments. A total of 48 birds were used 

per treatment and were replicated 3 times with 16 birds each. 

  The chicks were brooded for 2 weeks. All routine vaccinations and necessary 

medication were administered to the birds. Feed and water were supplied to the birds 

ad libitum. The birds were raised for eight weeks (0-4weeks for the starter phase and 

5-8 weeks for the finisher phase).   The test diets were formulated such that the corn 

cobs will be included to replace wheat offal at 0, 50 and 100% levels. The Zymomonas 

mobilis treated corn cobs was incorporated to replace wheat offal at 50% and 100% 

levels both at the starter and finisher phases and the diets were formulated to be iso-

proteinous and iso – caloric. 

The composition of the experimental broiler chicken diet is shown in Table 6
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Table 6: Percentage Composition of Experimental Broiler Chicken Diets (DM- Basis) for Experiment 4 

Ingredients  Starter diets    Finisher diets   

  -Z.mobilis -Z.mobilis +Z.mobilis +Z.mobilis  -Z.mobilis -Z.mobilis +Z.mobilis +Z.mobilis 

  0% 50% 100% 50% 100% 0% 50% 100% 50% 100% 

Maize 53.60 53.60 53.60 53.60 53.60 54.60 54.60 54.60 54.60 54.60 

Soyabean meal 29.50 29.50 29.50 29.50 29.50 23.50 23.50 23.50 23.50 23.50 

Fish meal 5.00 5.00 5.00 5.00 5.00 5.00 5.00 5.00 5.00 5.00 

Groundnut cake 2.50 2.50 2.50 2.50 2.50 2.50 2.50 2.50 2.50 2.50 

Wheat offal 5.00 2.50 0.00 2.50 0.00 10.00 5.00 0.00 5.00 0.00 

Corn cobs 0.00 2.50 5.00 2.50 5.00 0.00 5.00 10.00 5.00 10.00 

Bone meal 2.00 2.00 2.00 2.00 2.00 2.00 2.00 2.00 2.00 2.00 

Limestone 1.50 1.50 1.50 1.50 1.50 1.50 1.50 1.50 1.50 1.50 

Broiler premix 0.25 0.25 0.25 0.25 0.25 0.25 0.25 0.25 0.25 0.25 

Lysine 0.10 0.10 0.10 0.10 0.10 0.10 0.10 0.10 0.10 0.10 

Methionine 0.20 0.20 0.20 0.20 0.20 0.20 0.20 0.20 0.20 0.20 

Toxin binder 0.10 0.10 0.10 0.10 0.10 0.10 0.10 0.10 0.10 0.10 

Salt 0.25 0.25 0.25 0.25 0.25 0.25 0.25 0.25 0.25 0.25 

TOTAL 100.00 100.00 100.00 100.00 100.00 100.00 100.00 100.00 100.00 100.00 

           

Calculated analysis:           

Metabolizable energy 

(Kcal/Kg) 

2857.23 2843.17 2829.10 2880.49 2903.75 2838.8

5 

2810.72 2782.59 2885.37 2931.88 

Crude Protein (%) 23.38 23.04 22.70 23.19 23.01 21.68 21.00 20.32 21.31 20.93 

Crude Fibre (%) 3.62 4.54 5.45 3.88 4.14 3.67 5.51 7.34 4.20 4.72 

Ether Extract (%) 3.83 3.76 3.69 3.95 4.08 3.83 3.69 3.55 4.08 4.33 

Ash (%) 2.60 2.80 3.00 2.65 2.70 2.26 2.65 3.05 2.36 2.46 

Nitrogen Free 

Extract(%) 

50.57 49.86 49.16 50.32 50.07 52.56 51.14 49.73 52.06 51.56 

Calcium (%) 1.48 1.55 1.63 1.54 1.59 1.47 1.62 1.76 1.58 1.69 

Phosphorus (%) 0.57 0.59 0.61 0.59 0.61 0.54 0.57 0.61 0.57 0.61 
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3.10 Chemical analysis 

The proximate composition (CP, CF, EE and ash) of the ground samples of untreated 

and treated soyabean hull, cassava sifting, sawdust and corn cobs was determined 

according to the standard procedures of AOAC (2015). The fibre fraction such as 

neutral detergent fibre (NDF), acid detergent fibre (ADF) and acid detergent lignin 

(ADL) were determined by the method of Van Soest et al. (1991). Calcium and 

phosphorus of the test ingredients were determined by the methods of Grueling 

(1966). Gross energy of the ground samples was determined using a Gallenkamp 

Ballistic bomb calorimeter (Cam Metric Ltd., Cambridge, UK).  

3.10.1 Moisture content determination 

The moisture content was obtained using the oven-drying method AOAC (2015). The 

empty can was weighed (W1) and 2g of samples measured into it, and then weighed 

together(W2). The sample was dried in the oven at a temperature of 105oC for 3 hours. 

Then cooled in the dessicator and weighed. Drying, cooling and weighing were 

continuously repeated until a constant dry weight is achieved (W3). 

The percentage moisture was calculated as follows:                                                                                                                                                                 

% moisture content = W2 - W3   x  100                                                                                                                                                                          

   W2 - W1        1 

W1 = weight of empty can 

W2= weight of can + sample before drying 

W3= weight of can + sample after drying 

3.10.2 Crude protein determination 

The protein content was determined by the Kjedahl method (AOAC, 2015), the total 

nitrogen was determined and multiplied by the factor 6.25 to obtain the crude protein 

value. The 0.5g of each sample was weighed into the Kjedahl flask, and mixed with 
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10mls of concentrated sulphuric acid. A tablet of selenium catalyst was added to it. 

The mixture was digested (heated) under a fume cupboard until a clear solution was 

obtained in a separate flask. The acid and other reagent were digested, but without 

sample to form the blank control. All the digests were carefully transferred to 100ml 

volumetric flask using distilled water and made up to a mark in the flask. A 100ml 

portion of each digest was mixed with equal volume of 45% NaOH solution in 

Kjedahl distilling unit. The mixture was distilled and the distillate collected into 10ml 

of 4% boric acid solution containing 3 drops of mixed indicators (bromocresol green 

methyl red). A total of 50ml distillate was obtained and titrated against 0.02M H2SO4 

solution. Titration was done from the initial green colour to a deep red end point. The 

Nitrogen(N) content were calculated as shown:  

% N2 =  (100 × N×14 × Vf) T    

     W   100   Va 

Where:  

 W = weight of sample analyzed 

 N = concentration of H2SO4 tiltrant 

 Vf = Total volume of digest 

 Va = Volume of digest distilled 

 T = Titre value – Blank 

3.10.3 Total Ash Determination 

Ash content was determined by Muffled Furnace Ignition Method (AOAC., 2015). A 

5g portion of the sample was weighed into a clean, dried and weighed crucible, and 

then placed on the muffle furnace set at 5500C. The sample was allowed to ash to a 

white grey colour, and then cooled in a dessicator, and finally weighed to get the 

weight of the ash, which was calculated as follows: 
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% Ash =    Weight of ash   ×   100 

 Weight of original food        1 

 

=  W3 – W1 ×  100 

  W2 – W1          1 

Where: W1 = weight of the empty crucible 

 W2 = weight of sample after washing and drying to a constant + crucible 

 W3=weight of sample ash +crucible 

3.10.4 Nitrogen Free Extract determination 

The nitrogen free extract (NFE) content was determined by difference (AOAC., 2015). 

The nitrogen free extract was determined by relationship as follows: 

% NFE =100 - % (a + b + c + d + e) 

a = Crude protein (CP) 

b = Ash content of sample(ash)  

 c = Ether extract content of sample (EE) 

d = Crude fibre (CF) 

e = moisture (H2O) 

3.10.5 The Metabolizable Energy (MJ/Kg) will be estimated from Panzenga, 1985 

using  

ME = (37 x %CP + 81.1 x %EE + 35.5 x NFE). 

3.11 DATA COLLECTION 

3.11.1 Performance Characteristics 

The weekly feed intake and the body weight were measured with a weighing scale in 

the morning before feeding and the average weight gain and feed conversion ratio 
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were calculated. A record of mortality was kept as it occurred throughout the feeding 

trial. Measurement was taken weekly throughout the period of the experiment. 

(i) Average Weight Gain/bird =  Final weight – Initial weight 

               Total number of birds 

(ii) Daily Weight Gain/bird =  Average weight gain 

     Number of Days 

(iii) Average Feed Intake/bird =  Feed supplied – left over feed 

           Total number of birds 

(iv) Daily Feed Intake =   Total feed consumed 

                        Number of Days 

(v) Feed Conversion Ratio(FCR) = Feed consumed 

     Weight gain 

(vi) Protein Efficiency Ratio (PER) = Weight gain 

     Protein intake 

(vii) Total Cost of Feed Consumed (TCFC) = Total feed consumed (Kg) × Cost per 

Kg of feed 

(viii) Cost of feed per Kg weight gain = FCR × Cost of feed/Kg 

3.11.2 Metabolic Trial 

The metabolic trial was carried out at the 4th and 8th week of the experiments, 6 

experimental birds per treatment (2 broiler birds per replicate) were randomly selected 

and kept separately in appropriate metabolic cages equipped with individual feeders, 

water troughs and facility for separate excreta collection for each experiment. A 3-day 

acclimatization period was allowed prior to the commencement of 3-day metabolic 

trial. The weight of feed given to each bird was recorded. The total droppings voided 

from the birds was collected in a labelled aluminium foil daily, weighed wet and dry in 
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the oven at 65ºC to constant weight. The dried droppings from the same replicate was 

pooled and ground. The dried, pooled and ground samples were analyzed for crude 

protein, crude fibre, ether extract and ash according to standard procedures of AOAC 

(2015). 

The Apparent Digestibility was calculated using the formula: 

Dry Matter Digestibility = Weight of Feed Intake(DM) – Wt. of dropping(DM) × 100 

      Weight of Feed Intake (DM)    1 

Also, the Digestible Crude Protein (DCP) will be calculated from the result of 

proximate composition of both the feed and faecal samples as follows: 

Digestible Crude Protein (DCP) = 

Feed Intake (DM) × %CP in diet – Droppings (DM) × %CP in droppings × 100 

   Feed Intake (DM) × %CP in diet       1 

The same method will be used for the digestibility of fat. crude fibre and ash. 

3.11.3 Blood collection and analysis 

Blood samples were collected individually from 15 broiler chickens (3 birds per 

treatment) via the wing vein using sterilized syringe at the end of the starting and 

finishing phases of the feeding trials. About 2.5ml of blood sample was collected from 

each bird into vials containing ethylene diamine tetra-acetic acid (EDTA) as 

anticoagulant for the determination of haematological parameters (Red Blood Cell, 

White Blood Cell, Packed Cell Volume and Haemoglobin). However, another set was 

collected into heparinised tubes for serum biochemistry measurement (Glucose, 

Cholesterol, Total Protein, Albumin, Globulin, Uric acid, Creatinine, Aspartate 

aminotransferase and Alanine aminotransferase). The blood samples were allowed to 

clot, and put in a refrigerator for 6 hours and later spun in a centrifuge at 900 rpm for 

20 minutes. The separated blood sera was labelled for each bird and stored in the 
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freezer at 2ºC prior to analysis. The sera were allowed to thaw under room temperature 

before subsequent analyses. Haemoglobin concentration was estimated using the 

cyanmethaemoglobin method (Cannan, 1958), packed cell volume (PCV), red blood 

cell (RBC) and white blood cell (WBC) count of the blood samples were determined 

in Wintrobe haematocrit tube according the method of Schalm et al. (1975). 

3.11.4  Carcass and organ weight determination 

At the end of 8 weeks, fifteen broiler chickens (3 birds per treatment) were selected at 

random and starved for about 18 hours to empty their crops for each experiment. They 

were slaughtered by cervical dislocation, allowed to bleed, scalded in warm water and 

defeathered. They were thereafter taken to the laboratory where other measurement 

like the dressed weight, weight of the cut parts and organs were taken with a sensitive 

electronic scale. The weight of the cut-up parts and organs was expressed as 

percentage of live weight according to “Modified Kosher” method as described by 

Abe et al., (1996), while the dressing percentage was calculated as follows: 

 Dressing % =  Eviscerated weight x    100 

                              Liveweight.          1 

3.11.5 Measurement of Ileal digesta viscosity 

Viscosity was destermined by Stowarld method as described by Habibi (1999). At the 

end of the experiment (8 weeks), a total of 15 broiler chickens (3 birds per treatment) 

were slaughtered for each experiment to examine the ileal digesta viscosity using 

viscometer. The abdomen of each of the bird was opened immediately after death and 

the intestinal content was exposed. The ileal digesta content was collected from the 

Merekel’s diverticulum to the ileo-caecal junction. The ileal digesta for each replicate 

was emptied into a sample bottle and properly labelled. A uniform weight of sample 

was taken from each sample bottle using a sensitive scale and was diluted to a volune 
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of 50ml. The ileal digesta contents for each replicate was placed in a centrifuge tube 

and centrifuged at 6000rpm for 20minutes. The supernatant was withdrawn and 

viscosity was determined in a Torsion VHA-205-F viscosity using a torsion wire of  

36swg and a 11/16 in cylinder. 

3.11.6 Sensory Evaluation 

The sensory evaluation of cooked samples of broiler chicken breast minced meat from 

three birds per treatment was carried out by ten panellists. Parameters that was 

evaluated by the panellists include, colour, juiciness, flavour, tenderness and overall 

acceptability. Each meat sample was coded and presented one after the other to each 

member of the panel. Each member rinsed his or her mouth with water after assessing 

each meat sample to avoid carry over effect. The panelists awarded scores using a nine 

(9) point hedonic scale of (i) Dislike extremely (ii) Dislike very much (iii) Dislike 

moderately (iv) Dislike slightly (v) Intermediate (vi) Like slightly (vii) Like 

moderately (viii) Like very much (ix) Like extremely (Ogunwole et al., 2013). 

3.11.7 Economy of feed conversion 

The prevailing market prices of the ingredients per kg at the time of the study was 

used to calculate the cost of feed per kilogram diet (#), total cost of feed consumed per 

bird (#) and cost of feed per kilogram weight gain (#) both for the starter and finisher 

phases). 

The cost benefits analysis was based on the methods as applied by Anigbogu and 

Anosike (2010). The cost of dietary ingredients (N/ kg) was used to calculate the 

cost/kg of each diet.  Where the, 

Cost of the feed/kg (N) = Total cost feed in Naira (N) 

             Quantity of feed in kg 

Cost of feed consumed /Kg weight gain = feed conversion ratio x cost of feed per kg 
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Cost of production/broiler = cost of feed/bird + cost of broiler + cost of 

medication/bird + fare/bird 

Gross Revenue /broiler = price/kg live weight of broiler x final weight obtained/broiler 

 Gross Profit /broiler =Gross revenue – cost of production 

Rate of return on investment (%) =  Profit (net income)  x 100 

               Cost of production    1 

Economic efficiency (EE) = Net revenue (profit)  

                                                    Feed cost    

Cost differential =cost/kg weight gain of control diet - cost/kg weight gain of treated 

diet 

Relative cost benefit (%) =  Cost difference           x 100 

    Cost/kg weight gain of control diet      1 

3.12 Experimental design and Statistical analysis 

The experimental design used for this study was completely randomized design 

(CRD). All data collected were subjected to one-way analysis of variance (ANOVA) 

as outlined by Daniel (1995) with the aid of SAS (2001) and the significant means 

separated by Duncan’s multiple range test at 5% level of significance (Steel and 

Torrie, 1980). 

3.13 Statistical Model 

Yij = µ + ti + Eij 

Where: Yij = observed value of dependent variable 

 µ = population mean 

 ti = Effect of treatment 

 Eij = Random residual error  
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     CHAPTER FOUR 

4.0                                             RESULTS 

4.1 Proximate composition of untreated soyabean hull and treated soyabean 

hull 

The result of proximate composition of the untreated soyabean hull and treated 

soyabean hull is shown in Table 7. The fermentation of soyabean hull with 

Zymomonas mobilis improved (p<0.05) the value of crude protein from 17.06% to 

19.68% (13.31%), nitrogen free extract of 31.38% increased to 35.32% (11.16%). The 

ash also increased (p<0.05) from 2.87% to 4.00% which was 28.25% increment. The 

crude fibre and the fibre fraction were reduced (p<0.05) after the Z. mobilis treatment. 

The crude fibre, neutral detergent fibre, acid detergent fibre and acid detergent lignin 

had 78.2, 62.18, 105.11 and 88.10% reduction respectively. The calcium content of the 

soyabean hull increased (p<0.05) from 1.00 to 1.39g/Kg after biodegradation. The 

gross energy reduced from 3833.50 to 3644.70kcal/kg (5.18%) while the 

metabolizable energy of 1825.50kcal/kg increased to 2792.02kcal/kg (34.62%). 

4.2 Proximate composition of untreated cassava sifting and treated cassava 

sifting 

The result of proximate composition of untreated cassava sifting and treated cassava 

sifting is shown in Table 8. The crude protein content of cassava sifting of 2.97% 

increased (p<0.05) to 5.36% (44.59%) after biodegradation. The ether extract value of 

2.00% increased (p<0.05) to 6.00% (66.67%) but, nitrogen free extract value of 

65.03% reduced to 62.24% (4.48%).  The crude fibre and neutral detergent fibre 

decreased (p<0.05) after treatment with Z. mobilis. They had 23.08% and 6.38% 

reduction in values. The acid detergent fibre decreased (p<0.05) from 18.00% to 

11.00% (63.64%). The Calcium content of the Cassava sifting of 0.20 g/kg increased  
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Table 7: Proximate analysis of untreated and treated soyabean hull* (SBH) 

 (DM-basis) 

Components (%) Untreated 

SBH 

Treated 

 SBH 

t-test (P-value) 

Dry matter 87.94b 89.00a -7.64 (0.002) 

Moisture 12.06a 11.00b 7.64 (0.002) 

Crude protein 17.06b 19.68a -18.88 (0.0001) 

Crude fibre 35.64a 20.00b 112.68 (0.0001) 

Ether extract 9.90 10.00 -0.72 (0.51) 

Nitrogen free extract 31.38b 35.32a -28.39 (0.0001) 

Ash 2.87b 4.00a -8.14 (0.0012) 

Neutral detergent fibre 81.09a 50.00b 223.98 (0.0001) 

Acid detergent fibre 57.43a 28.00b 212.03 (0.0001) 

Acid detergent lignin 18.81a 10.00b 63.47 (0.0001) 

Calcium (g/Kg DM) 1.00b 1.39a -2.81 (0.0483) 

Phosphorus (g/Kg DM) 2.27 2.16 0.79 (0.4724) 

Gross energy (Kcal/Kg) 3833.50a 3644.70b 1360.19 (0.0001) 

**Metabolizable energy (Kcal/Kg) 1825.50b 2792.02a -6963.18 (0.0001) 

Means on the same row having different superscripts are significantly different 

(P<0.05) 

* = Average of three determinations  

**Metabolizable energy values were calculated using the method 

 37x %CP + 81x % EE + 35.5 x % NFE for poultry birds (Fisher and Boorman, 1986) 
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Table 8: Proximate analysis of untreated and treated cassava sifting* (CS)  

(DM-basis) 

Components (%) Untreated CS Treated CS t-test (P-value) 

Dry matter 87.00b 87.50a -3.60 (0.0227) 

Moisture 13.00a 12.50b 3.60 (0.0227) 

Crude protein 2.97b 5.36a -17.22 (0.0001) 

Crude fibre 16.00a 13.00b 21.61 (0.0001) 

Ether extract 2.00b 6.00a -28.82 (0.0001) 

Nitrogen free extract 65.03a 62.24b 20.10 (0.0001) 

Ash 1.00 0.90 0.72 (0.5111) 

Neutral detergent fibre 50.00a 47.00b 21.61 (0.0001) 

Acid detergent fibre 18.00a 11.00b -50.43 (0.0001) 

Acid detergent lignin 2.00 2.00 0.000 (1.0000) 

Calcium (g/Kg DM) 0.20b 1.12a -6.63 (0.0027) 

Phosphorus (g/Kg DM) 0.63b 1.27a -4.61 (0.0099) 

Gross energy (Kcal/Kg) 3600.60b 3677.50a -554.02 (0.0001) 

**Metabolizable energy (Kcal/Kg) 2580.66b 2894.44a -2260.59 (0.0001) 

Means on the same row having different superscripts are significantly different 

(P<0.05) 

* = Average of three determinations  

**Metabolizable energy values were calculated using the method 

 37x %CP + 81x % EE + 35.5 x % NFE for poultry birds (Fisher and Boorman, 1986)
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(p<0.05) to 1.12 g/kg and the value of Phosphorus increased (p<0.05) from 0.63g/kg 

to 1.27 g/kg after treatment with Z. mobilis. The gross energy had a slight increase 

(p<0.05) in value, 3600.60 to 3677.50kcal/kg (2.09%) while the metabolizable energy 

of 2580.66kcal/kg increased (p<0.05) to 2894.44kcal/kg (10.84%).  

4.3 Proximate composition of untreated sawdust and treated sawdust 

The result of proximate composition of the untreated sawdust and treated sawdust is 

shown in Table 9. The biodegradation of the sawdust with Zymomonas mobilis led to 

the improvement (p<0.05) in crude protein value from 2.14% to 7.13% (69.99%). The 

ether extract value 0.60% increased (p<0.05) to 5.00% (88.0%), nitrogen free extract 

value of 15.82% to 20.87% (24.20%). There was significant reduction (p<0.05) of 

crude fibre and fibre fraction of the sawdust. The crude fibre, neutral detergent fibre, 

acid detergent fibre and acid detergent lignin had 21.37, 35.32, 58.92 and 189.36% 

reduction, respectively after degradation. The ash content 8.47% decreased (p<0.05) to 

2.00% (323.50%). The gross energy of 3944.70kcal/kg increased (p<0.05) to 

4000.90kcal/kg (1.40%) while the metabolizable energy of 689.45kcal/kg increased 

(p<0.05) to 1410.20kcal/kg (51.11%). 

4.4 Proximate composition of untreated corn cobs and treated corn cobs 

The result of proximate composition of untreated corn cobs and treated corn cobs is 

shown in Table 10. The biodegradation of corn cobs resulted in improved (p<0.05) 

nutrient composition, crude protein value of 3.41% increased (p<0.05) to 9.45% 

(63.90%) while the ether extract of 0.70% increased (p<0.05) to 8.50% but the ash 

content of 7.92% decreased (p<0.05) to 2.00% after biodegradation. The nitrogen free 

extract value of 31.11% increased (p<0.05) to 49.05% (57.67%). The crude fibre, 

neutral detergent fibre, acid detergent fibre and acid detergent lignin decreased by 

137.89, 38.50, 64.64 and 197.50% respectively after fermentation with Z. mobilis. 
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Table 9: Proximate analysis of untreated and treated sawdust* (SD) (DM-basis) 

Components (%) Untreated 

SD 

Treated 

SD 

t-test (P-value) 

Dry matter 89.51a 86.50b 21.69 (0.0001) 

Moisture 10.49b 13.50a -21.69 (0.0001) 

Crude protein 2.14b 7.13a -35.95 (0.0001) 

Crude fibre 62.48a 51.50b 79.10 (0.0001) 

Ether extract 0.60b 5.00a -31.70 (0.0001) 

Nitrogen free extract 15.82b 20.87a -36.38 (0.0001) 

Ash 8.47a 2.00b 46.61 (0.0001) 

Neutral detergent fibre 89.31a 66.00b 167.93 (0.0001) 

Acid detergent fibre 76.76a 48.00b 207.20 (0.0001) 

Acid detergent lignin 40.51a 14.00b 191.00 (0.0001) 

Calcium (g/Kg DM) 0.05 0.04 1.23 (0.2879) 

Phosphorus (g/Kg DM) 0.85 0.83 0.144 (0.8924) 

Gross energy (Kcal/Kg) 3944.70b 4000.90a -404.89 (0.0001) 

**Metabolizable energy (Kcal/Kg) 689.45b 1410.20a -5192.56 (0.0001) 

 

Means on the same row having different superscripts are significantly different 

(P<0.05) 

* = Average of three determinations  

**Metabolizable energy values were calculated using the method 

 37x %CP + 81x % EE + 35.5 x % NFE for poultry birds (Fisher and Boorman, 1986)
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Table 10: Proximate analysis of untreated and treated corn cobs* (CC) 

(DM-basis) 

Components (%) Untreated 

CC 

Treated 

CC 

t-test (P-value) 

Dry matter 88.30 88.00 2.16 (0.0967) 

Moisture 11.66 12.00 -2.45 (0.0705) 

Crude protein 3.41b 9.45a -43.51 (0.0001) 

Crude fibre 45.20a 19.00b 188.76 (0.0001) 

Ether extract 0.70b 8.50a -56.19 (0.0001) 

Nitrogen free extract 31.11b 49.05a -129.25 (0.0001) 

Ash 7.92a 2.00b 42.65 (0.0001) 

Neutral detergent fibre 90.03a 65.00b 180.33 (0.0001) 

Acid detergent fibre 69.15a 42.00b 195.60 (0.0001) 

Acid detergent lignin 29.75a 10.00b 142.29 (0.0001) 

Calcium (g/Kg DM) 3.05a 2.32b 5.26 (0.0063) 

Phosphorus (g/Kg DM) 0.84 0.84 0.000 (1.0000) 

Gross energy (Kcal/Kg) 9311.30b 9855.10a -3917.74 (0.0001) 

**Metabolizable energy (Kcal/Kg) 1287.35b 2780.28a -10755.60 (0.0001) 

 

Means on the same row having different superscripts are significantly different 

(P<0.05) 

* = Average of three determinations  

**Metabolizable energy values were calculated using the method 

 37x %CP + 81x % EE + 35.5 x % NFE for poultry birds (Fisher and Boorman, 1986)
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The value of Calcium content decreased from 3.05 to 2.32g/kgDM after treatment. 

The gross energy increased (p<0.05) from 9311.30kcal/kg to 9855.10kcal/kg (5.52%) 

while the metabolizable energy of 1287.35kcal/kg increased (p<0.05) to 

2780.28kcal/kg (53.70%). 

4.5 Growth response of starting broiler chickens fed diets containing 

soyabean hull 

The performance characteristics of starting broiler chickens fed soyabean hull based 

diets is shown in Table 11. The dietary treatments significantly (p<0.05) influenced 

the final body weight, average weight gain and daily weight gain. The starting broiler 

chickens fed 100% Z. mobilis treated soyabean hull (100% ZTSBH) had the highest 

values for average weight gain and daily weight gain while the birds fed the control 

diet had the least values. The average feed intake and daily feed intake are 

significantly (p<0.05) affected by the dietary treatments. The daily feed intake ranged 

between 42.30g and 54.40g, the birds fed 50% Z. mobilis treated soyabean hull (50% 

ZTSBH) had significantly (p<0.05) higher value while birds fed the control diet had 

the least value which was statistically similar (p>0.05) to the value obtained from birds 

fed 100% untreated soyabean hull (UTSBH). The dietary treatments significantly 

(p<0.05) affected the cost of feed consumed and cost of feed/kg weight gain. Broiler 

chickens fed 50% ZTSBH had the highest values for cost of feed consumed/bird and 

cost of feed/kg weight gain while birds on 50% UTSBH had the least value for cost of 

feed consumed/bird and birds on 100% ZTSBH had the least value for cost of feed/kg 

weight gain. The mortality was significantly influenced (p<0.05) across the dietary 

treatments, highest value was recorded in 50% ZTSBH while the least value was 

observed in 50% UTSBH and 100% UTSBH. 
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Table 11: Performance characteristics of starting broiler chickens (0 – 4weeks) fed diets containing untreated and treated 

Soyabean hull 

                                          Dietary treatments    

Parameters 1 2 3 4 5  

 Control diet 50% UTSBH 100% UTSBH 50% ZTSBH 100% ZTSBH SEM 

Initial body weight (g/bird) 35.00 33.00 35.00 35.00 33.00 0.60 

Final body weight (g/bird) 525.00e 565.00d 621.00b 605.00c 675.00a 13.61 

Average weight gain (g/bird) 490.00e 532.00d 586.00b 570.00c 642.00a 13.75 

Daily weight gain (g/bird) 17.50d 19.00c 20.93b 20.36b 22.93a 0.51 

Average feed intake (g/bird) 1181.00c 1142.00c 1195.00c 1470.00a 1282.00b 32.87 

Daily feed intake (g/bird) 43.74c 42.30d 44.26c 54.40a 47.48b 1.16 

Feed conversion  ratio 2.41b 2.15c 2.04cd 2.58a 2.00d 0.06 

Protein efficiency ratio 2.24d 2.53c 2.85a 1.94e 2.65b 0.09 

Cost of the feed/Kg (N/Kg) 151.38a 150.00bc 148.63d 150.13b 148.88cd 0.30 

Total cost of feed consumed/bird (N) 178.78c 171.30e 177.61d 220.69a 190.86b 4.70 

Cost of feed/Kg weight gain (N /Kg) 364.86b 321.99c 303.09d 387.18a 297.30e 9.43 

Mortality (%) 4.00b 0.67c 0.67c 6.00a 3.33b 0.57 

Means on the same row having different superscripts are significantly different (P<0.05) 

SEM: Standard Error of Mean



68 
 

4.6 Growth response of finishing broiler chickens fed diets containing 

soyabean hull 

The performance characteristics of finishing broiler chickens fed soyabean hull treated 

with Zymomonas mobilis based diets is shown in Table 12. The dietary treatments 

significantly (p<0.05) influenced the final body weight, average and daily weight gain. 

The daily weight gain values ranged between 51.89g and 60.54g, the birds fed 50% 

ZTSBH had the highest value while birds fed 100% ZTSBH had the least value. The 

average feed intake was significantly (p<0.05) influenced by the dietary treatments. 

The birds fed the control diet had the highest value which was statistically (p>0.05) 

similar to the value obtained in birds fed 50% ZTSBH. The dietary treatments did not 

statistically affect (p>0.05) the daily feed intake and the feed conversion ratio. The 

highest numerical value of 2.76 of FCR was observed in broiler chickens fed control 

diet while the least value of 2.50 was recorded for broiler chickens fed 50% ZTSBH. 

The protein efficiency ratio was significantly (p<0.05) influenced by the dietary 

treatments. The value ranged between 1.86 and 2.16, the birds fed 50% UTSBH and 

100% UTSBH had statistically similar (p>0.05) and highest value while birds with the 

lowest value was observed in 50% ZTSBH. The dietary treatments significantly 

(p<0.05) influenced the total cost of feed consumed/bird and cost of feed/kg weight 

gain. The birds fed the control diet had statistically highest values for the total cost of 

feed consumed/bird and cost of feed/kg weight gain. However, the birds fed 50% 

UTSBH and 100% ZTSBH had least values which are statistically similar for total 

cost of feed consumed/bird while the birds fed 50% UTSBH, 100% UTSBH and 50% 

ZTSBH had similar (p>0.05) lowest values for cost of feed/kg weight gain. There was 

significant (p<0.05) influence observed in mortality across the dietary treatments.  

The values ranged between 0.67 and 6.67%.
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Table 12: Performance characteristics of finishing broiler chickens (5 – 8weeks) fed diets containing untreated and treated 

Soyabean hull 

                                          Dietary treatments    

Parameters 1 2 3 4 5  

 Control diet 50% UTSBH 100% UTSBH 50% ZTSBH 100% ZTSBH SEM 

Initial body weight (g/bird) 525.00e 565.00d 621.00b 605.00c 675.00a 13.63 

Final body weight (g/bird) 2100.00b 2072.00b 2248.00a 2300.00a 2128.00b 26.08 

Average weight gain (g/bird) 1575.00bc 1507.00c 1627.00ab 1695.00a 1453.00d 25.05 

Daily weight gain (g/bird) 56.25c 53.82d 58.11b 60.54a 51.89e 0.83 

Average feed intake (g/bird) 4346.00a 3836.00c 4144.00b 4241.00ab 3920.00c 54.97 

Daily feed intake (g/bird) 155.21 137.00 148.00 151.46 140.00 3.27 

Feed conversion  ratio 2.76 2.55 2.55 2.50 2.71 0.04 

Protein efficiency ratio 1.86c 2.16a 2.14a 1.99b 2.01b 0.03 

Cost of the feed/Kg (N/Kg) 162.63a 159.88b 157.13c 160.13b 157.63c 0.55 

Total cost of feed consumed/bird (N) 706.79a 613.30d 651.15c 679.11b 617.91d 9.58 

Cost of feed/Kg weight gain (N /Kg) 448.76a 406.97c 400.21c 400.66c 425.26b 5.21 

Mortality (%) 6.00a 2.67b 0.67c 6.67a 4.00b 0.62 

Means on the same row having different superscripts are significantly different (P<0.05) 

SEM: Standard Error of Mean
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4.7 Apparent nutrient digestibility of starting broiler chickens fed diets 

containing SBH 

The apparent nutrient digestibility of starting broiler chickens fed diets containing 

Soyabean hull is shown in Table 13. The dietary treatments did not influence (p>0.05) 

the crude fibre digestibility. The values of dry matter digestibility ranged between 

62.64 and 74.30%, the highest value observed in was statistically (p>0.05) similar to 

the values obtained in 50% UTSBH and 100% UTSBH. The crude protein digestibility 

values ranged between 65.94 and 73.67%, the highest value was recorded in 100% 

ZTSBH which was similar (p>0.05) to the values observed in 50% UTSBH, 100% 

UTSBH and 50% ZTSBH, however, significantly (p<0.05) lowest value was recorded 

in the control diet. The values of the neutral detergent fibre digestibility ranged 

between 55.31 and 66.28%, the highest value was observed in 100% ZTSBH with 

similar value in 50% UTSBH while the lowest value was recorded in the control diet. 

The acid detergent fibre digestibility values ranged between 41.92 and 70.24%, the 

highest value was recorded in the control group while the lowest value was obtained in 

50% ZTSBH. The acid detergent lignin digestibility values ranged between 43.45 and 

69.61%, the highest value was obtained in the control diet but the lowest value was 

recorded in 50% ZTSBH. The values of ether extract digestibility ranged between 

65.06 and 72.65%, the highest value was observed in 100% ZTSBH with similar 

(p>0.05) value recorded in 100% UTSBH but the lowest value was recorded in the 

control diet. The ash digestibility values ranged between 66.42 and 73.28%, the 

highest value obtained in 50% UTSBH was similar (p>0.05) to the values recorded in 

100% UTSBH and 100% ZTSBH. The lowest value in the control diet was similar to 
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Table 13: Apparent nutrient digestibility of starting broiler chickens (0 – 4weeks) fed diets containing untreated and treated 

Soyabean hull 

                                          Dietary treatments   

Parameters 1 2 3 4 5  

 Control diet 50% UTSBH 100% UTSBH 50% ZTSBH 100% ZTSBH SEM 

Dry matter digestibility 62.64c 73.88a 74.18a 67.07b 74.30a 1.29 

Crude protein digestibility 65.94b 72.26a 72.93a 71.51a 73.67a 0.78 

Crude fibre digestibility 63.52 64.88 63.95 65.38 65.30 0.32 

Acid detergent fibre digestibility 70.24a 46.51c 49.54b 41.92d 46.28c 2.68 

Neutral detergent fibre digestibility 55.31d 64.35ab 63.73b 58.80c 66.28a 1.11 

Acid detergent lignin digestibility 69.61a 62.04c 50.36d 43.45e 62.04b 2.43 

Ether extract digestibility 65.06c 68.86b 71.82a 68.19b 72.65a 0.77 

Ash digestibility 66.42b 73.28a 73.19a 68.39b 71.79a 0.78 

Nitrogen free extract digestibility 63.58d 70.69bc 72.49ab 69.51c 73.12a 0.94 

Calcium digestibility 70.40bc 70.06c 78.90a 71.83b 80.18a 1.18 

Phosphorus digestibility 78.24b 81.49a 78.69b 79.62b 82.15a 0.45 

Apparent metabolizable energy digestibility 64.33b 72.62a 73.23a 66.24b 73.63a 1.08 

Means on the same row having different superscripts are significantly different (P<0.05) 

SEM: Standard Error of Mean
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the value obtained in 50% ZTSBH. The values of nitrogen free extract digestibility 

ranged between 63.58 and 73.12%, the highest value was recorded in 100% ZTSBH 

similar to the valuein 100% UTSBH but the lowest value was obtained in the control 

diet. The values of Calcium digestibility ranged between 70.06 and 80.18%, the 

highest value (p<0.05) was recorded in 100% ZTSBH which was similar to the value 

obtained in 100% UTSBH but the lowest value was recorded in 50% UTSBH. The 

Phosphorus digestibility value ranged between 78.24 and 82.15%. The highest value 

was recorded in 100% ZTSBH which was similar (p>0.05) to the value in 50% 

UTSBH. However, least values were obtained in control diet, 100% UTSBH and 50% 

ZTSBH. The apparent metabolizable energy digestibility values ranged between 64.33 

and 73.63%, the highest value was recorded in the birds fed 100% ZTSBH which had 

similar value with birds fed 50% UTSBH and 100% UTSBH. The broiler chickens fed 

the control diet had lowest value which was similar (p>0.05) to the value obtained in 

50% ZTSBH.  

4.8  Apparent nutrient digestibility of finishing broiler chickens fed diets 

containing SBH 

The apparent nutrient digestibility of finishing broiler chickens fed soyabean hull 

treated with Zymomonas mobilis based diets are shown in Table 14. The dietary 

treatments significantly (p<0.05) influenced the nutrient digestibility of the finishing 

broiler chickens. The values of dry matter digestibility ranged between 53.17 and 

71.00%, the highest value obtained in 100% UTSBH while the significantly (p<0.05) 

lowest value was recorded in 50% ZTSBH. The crude protein digestibility values 

ranged between 65.98 and 72.33%, the highest value recorded in 100% ZTSBH was 

similar (p>0.05) to the value obtained in 100% UTSBH but the lowest value was 

recorded in birds fed 50% ZTSBH. The crude fibre digestibility values ranged 
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Table 14: Apparent nutrient digestibility of finishing broiler chickens (5 – 8weeks) fed diets containing untreated and treated 

Soyabean hull 

                                          Dietary treatments   

Parameters 1 2 3 4 5  

 Control diet 50% UTSBH 100% UTSBH 50% ZTSBH 100% ZTSBH SEM 

Dry matter digestibility 59.00d 60.83c 71.00a 53.17e 66.27b 1.65 

Crude protein digestibility 69.16b 69.17b 71.50a 65.98c 72.33a 0.63 

Crude fibre digestibility 56.67c 58.33c 66.50a 57.60c 61.81b 0.99 

Acid detergent fibre digestibility 59.00c 57.79c 62.82b 55.73d 66.23a 1.02 

Neutral detergent fibre digestibility 50.24d 53.91c 64.49a 47.78e 59.90b 1.66 

Acid detergent lignin digestibility 63.64c 66.48b 72.50a 61.30d 64.85bc 1.03 

Ether extract digestibility 65.00c 60.28d 70.18a 56.71e 66.74b 1.29 

Ash digestibility 61.61d 64.15c 71.00a 63.08cd 66.63b 0.90 

Nitrogen free extract digestibility 55.86c 51.11d 65.23a 54.90c 62.00b 1.38 

Calcium digestibility 69.39c 69.51c 67.49d 71.84b 85.07a 1.71 

Phosphorus digestibility 70.28d 72.66c 82.40a 72.41c 78.15b 1.20 

Apparent metabolizable energy digestibility 66.12c 67.71c 74.37a 56.53d 70.30b 1.60 

Means on the same row having different superscripts are significantly different (P<0.05) 

SEM: Standard Error of Mean
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between 56.67 and 66.50%, the significantly highest value was observed in 100% 

UTSBH while the lowest value recorded in the control diet was similar (p>0.05) to the 

values obtained in 50% UTSBH and 50% ZTSBH. The acid detergent fibre 

digestibility values ranged between 55.73 and 66.23%, the birds fed 100% ZTSBH 

had significantly (p<0.05) highest value while birds fed 50% ZTSBH had the lowest 

value. The values of neutral detergent fibre digestibility values ranged between 47.78 

and 64.49%, the birds fed 100% UTSBH had the highest value while the lowest value 

was recorded in 50% UTSBH. The acid detergent lignin digestibility values ranged 

between 61.30 and 72.50%, the highest value was observed in 100% UTSBH while 

the lowest value was obtained in 50% ZTSBH. The birds fed 100% UTSBH had 

significantly (p<0.05) highest value of 70.18% for ether extract digestibility and the 

lowest value of 56.71% was recorded in 50% ZTSBH. The ash digestibility value 

ranged between 61.61 and 71.00%, the highest value was recorded in 100% UTSBH 

with the lowest value was observed in the control diet. The nitrogen free extract 

digestibility value ranged between 51.11 and 65.23%, birds fed 100% UTSBH had 

statistically (p<0.05) highest value and lowest value was recorded in 50% UTSBH. 

The value of Calcium digestibility ranged between 67.49 and 85.07%, the highest 

value was recorded in 100% ZTSBH and the lowest value was in 100% UTSBH. The 

Phosphorus digestibility values ranged between 70.28 and 82.40%, the birds fed 100% 

UTSBH had highest (p<0.05) value while the lowest value was obtained in the control 

group. The highest value (74.37%) for apparent metabolizable energy digestibility was 

observed in 100% UTSBH and lowest value (56.53%) was recorded in 50% ZTSBH.  
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4.9 Haematological parameters and serum metabolites of starting broiler 

chickens fed diets containing SBH 

The haematological and serum metabolites of starting broiler chickens fed soyabean 

hull treated with Zymomonas mobilis based diets are shown in Table 15. The dietary 

treatments significantly (p<0.05) affected the packed cell volume, haemoglobin, red 

blood cell and white blood cell. The starting broiler chickens fed the control diet had 

statistically (p>0.05) similar values with birds fed diets 100% UTSBH, 50% ZTSBH 

and 100% ZTSBH for packed cell volume and haemoglobin. The red blood cell values 

ranged between 2.10 and 2.75 (x1012L) with birds on 100% ZTSBH had the highest 

value which was statistically similar to the values obtained in birds fed the control diet 

and 100% UTSBH and 50% ZTSBH. The least value was observed in birds fed 50% 

UTSBH. There was no significant (p>0.05) differences observed in MCH, MCHC and 

MCV. However, the dietary treatments significantly (p<0.05) influenced the 

heterophil, lymphocytes, eosinophil, monocytes and basophils. The serum metabolites 

were statistically (p<0.05) affected by the dietary treatments. The total protein values 

ranged between 2.45 and 3.75g/dl with the birds fed 50% UTSBH had the highest 

value and the least value was recorded in birds fed the control diet. The highest value 

of glucose was recorded in birds fed 100% ZTSBH while the lowest value was 

recorded in birds fed the control diet. The values of the cholesterol ranged between 

77.00 and 100.00mg/dl, the highest value was recorded in birds fed 50% ZTSBH 

while the least value was observed in the birds fed the control diet. The birds fed the 

control diet, 50% UTSBH and 50% ZTSBHhad similar (p>0.05) values for uric acid 

while the least value obtained in 100% UTSBH was similar to the value recorded in 

100% ZTSBH. The broiler birds fed 100% ZTSBH had highest value of AST which 

was similar to the values in the control group, 50% UTSBH and 100% UTSBH.
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Table 15: Haematological parameters and serum metabolites of starting broiler chickens (0 – 4 weeks) fed diets containing untreated and 

treated Soyabean hull 

                                          Dietary treatments   

Parameters 1 2 3 4 5  

 Control diet 50% UTSBH 100% UTSBH 50% ZTSBH 100% ZTSBH SEM 

Haematological parameters:       

Packed cell volume (%) 30.50ab 25.00c 31.00ab 29.00b 32.50a 0.73 

Haemoglobin (g/dl) 10.10ab 8.30c 9.65b 9.30b 10.60a 0.62 

Red blood cell (x1012/L) 2.37ab 2.10b 2.50ab 2.40ab 2.75a 0.08 

Mean Corpuscular Haemoglobin (pg) 40.43 39.54 39.64 38.77 38.49 0.83 

Mean Corpuscular Haemoglobin in Concentration (g/dl) 33.12 33.28 31.15 32.11 32.57 0.39 

Mean Corpuscular Volume (fl) 122.18 118.92 128.00 121.09 118.19 3.31 

White blood cell (x109/L) 11.85c 22.90a 23.00a 19.25b 21.30a 1.13 

Heterophil (%) 34.50a 30.50b 29.00b 34.00a 30.50b 0.63 

Lymphocytes (%) 64.50b 68.00a 68.00a 64.50b 68.00a 0.49 

Eosinophil (%) 0.00b 0.00b 0.50a 0.50a 0.00b 0.08 

Monocytes (%) 0.50b 1.00ab 1.00ab 1.00ab 1.50a 0.14 

Basophils (%) 0.50b 0.50b 1.50a 0.00b 0.00b 0.16 

Serum metabolites:       

Total protein (g/dl) 2.45d 3.75a 3.15b 2.95bc 2.75c 0.12 

Albumin (g/dl) 1.40c 1.80b 2.10a 1.45c 1.75b 0.07 

Globulin (g/dl) 2.05a 1.95a 1.05c 1.50b 1.00c 0.13 

Glucose (mg/dl) 97.00d 106.00c 129.50b 77.00e 134.00a 5.65 

Cholesterol (mg/dl) 77.00d 82.00c 91.00b 100.00a 89.50b 2.13 

Uric Acid (mg/dl) 5.20a 5.20a 3.15c 4.60ab 4.00bc 0.23 

Creatinine (mg/dl) 0.70b 0.45c 0.35c 0.20d 0.90a 0.07 

Aspartate Amino-Transferase (U/L) 58.50a 55.50a 57.50a 48.50b 60.00a 1.18 

Alanine Amino-Transferase (U/L) 28.50b 21.50d 30.50a 24.00c 22.00d 0.99 

Means on the same row having different superscripts are significantly different (P<0.05); SEM: Standard Error of Mean 
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 However, the least value was obtained in birds fed 50% ZTSBH. The highest value of 

ALT was obtained in 100% UTSBH while the least value in 50% UTSBH was similar 

to the value in 100% ZTSBH. 

4.10 Haematological parameters and serum metabolites of finishing broiler 

chickens fed diets containing SBH 

The haematological and serum metabolites of finishing broiler chickens (5 – 8weeks) 

fed treated and untreated soyabean hull are shown in Table 16. The dietary treatments 

did not influence (p>0.05) MCHC of the broiler chickens. The birds fed 50% UTSBH 

had significantly highest values for packed cell volume, haemoglobin and red blood 

cell while the least value for red blood cell was recorded in birds fed the control diet. 

The values of white blood cells ranged between 14.70 and 24.60(x109/L), the highest 

value was observed in birds fed 50% ZTSBH while the least value was recorded in 

birds fed the control diet. The birds fed the control diet had highest values for MCH 

and MCV which are statistically similar to the values obtained in birds fed 50% 

UTSBH. The values obtained in birds fed 50% UTSBH had statistically similar values 

with birds fed 100% UTSBH, 50% ZTSBH and100% ZTSBH. The dietary treatments 

significantly (p<0.05) influenced the serum metabolites. The highest values for total 

protein was observed in birds fed the 100% UTSBH which was statistically similar to 

values obtained in birds fed control diet and 100% ZTSBH. The least value was 

recorded in birds fed 50% UTSBH. The values of glucose ranged between 100.00 and 

131.00(mg/dl), the highest value was recorded in birds fed 100% UTSBH and lowest 

value recorded in birds fed the control diet. The cholesterol values ranged between 

72.00 and 100.00(mg/dl), the highest value was observed in birds fed the control diet 

and the least value was recorded in birds fed 50% UTSBH. The birds fed 100% 

UTSBH had highest (p<0.05) value of uric acid which was similar
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Table 16: Haematological parameters and serum metabolites of finishing broiler chickens (5– 8weeks) fed diets containing 

untreated and treated Soyabean hull 

                                          Dietary treatments   

Parameters 1 2 3 4 5  

 Control diet 50% UTSBH 100% UTSBH 50% ZTSBH 100% ZTSBH SEM 

Haematological parameters:       

Packed cell volume (%) 38.00b 47.00a 37.00b 36.00b 39.00b 1.15 

Haemoglobin (g/dl) 12.20b 14.80a 12.00b 11.70b 12.80b 0.34 

Red blood cell (x1012/L) 2.90d 3.80a 3.20c 3.20c 3.40b 0.08 

Mean Corpuscular Haemoglobin (pg) 42.07a 38.95ab 37.51b 36.55b 37.67ab 0.72 

Mean Corpuscular Haemoglobin in Concentration (g/dl) 32.12 31.57 32.50 32.48 32.93 0.54 

Mean Corpuscular Volume (fl) 131.10a 123.66ab 115.62b 112.46b 114.67b 2.28 

White blood cell (x109/L) 14.70d 20.80b 16.90c 24.60a 18.00c 0.93 

Heterophil (%) 33.00a 36.00a 27.00b 34.00a 37.00a 1.06 

Lymphocytes (%) 65.00b 62.00bc 69.00a 65.00b 61.00c 0.86 

Eosinophil (%) 1.00a 0.00b 1.00a 0.00b 1.00a 0.16 

Monocytes (%) 1.00ab 2.00a 2.00a 0.00b 1.00ab 0.24 

Basophils (%) 0.00b 0.00b 1.00a 1.00a 0.00b 0.15 

Serum metabolites:       

Total protein (g/dl) 3.30ab 2.60c 3.60a 3.00bc 3.50ab 0.11 

Albumin (g/dl) 2.10b 1.50d 1.90c 2.40a 1.80c 0.08 

Globulin (g/dl) 1.20b 1.10b 1.70a 0.60c 1.70a 0.11 

Glucose (mg/dl) 100.00b 126.00a 131.00a 127.00a 124.00a 3.12 

Cholesterol (mg/dl) 100.00a 72.00c 98.00b 97.00a 91.00b 2.79 

Uric Acid (mg/dl) 3.50ab 3.00b 4.20a 3.30ab 3.40ab 0.17 

Creatinine (mg/dl) 0.50b 0.20c 0.60ab 0.60ab 0.80a 0.06 

Aspartate Amino-Transferase (U/L) 47.00c 46.00c 52.00b 56.00a 50.00b 1.00 

Alanine Amino-Transferase (U/L) 20.00bc 26.00a 21.00abc 25.00ab 17.00c 1.08 

Means on the same row having different superscripts are significantly different (P<0.05); SEM: Standard Error of Mean
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to the values obtained in control diet, 50% ZTSBH and 100% ZTSBH while the least 

value recorded in 50% UTSBH was similar to the values in the control group, 50% 

ZTSBH and 100% ZTSBH. The birds fed 50% ZTSBH had highest value for AST but 

the lowest value in 50% UTSBH was similar to the value in the control group. The 

ALT value ranged between 17.00 and 26.00 (U/L), the highest value was obtained in 

50% UTSBH while the lowest value recorded in 100% ZTSBH was similar to the 

value obtained for birds fed control diet and 100% UTSBH.  

4.11 Carcass characteristics of broiler chickens fed diets containing treated and 

untreated SBH 

The carcass characteristics of broiler chickens fed diets containing treated and 

untreated soyabean hull is shown in Table 17. The dietary treatments significantly 

(p<0.05) influenced the eviscerated weight. The highest value was recorded in birds 

fed 50% ZTSBH while the least value was observed in birds fed 50% UTSBH. 

The cut parts were significantly (p<0.05) affected by the dietary treatments. The breast 

values ranged between 20.00 and 25.22%, the highest value was observed in birds fed 

50% ZTSBH while the least value was recorded in birds fed the control diet which 

was similar (p>0.05) to the values obtained in birds fed other diets. The thigh values 

ranged from 7.83 and 9.78%, the highest value was recorded in birds fed 100% 

UTSBH while the least value was recorded in birds fed 100% ZTSBH. The highest 

values for drumstick and back of the broiler chickens were recorded in the control 

group while the least values were obtained in 50% ZTSBH. The organ weight was 

affected (p<0.05) by the dietary treatments. The birds fed 50% UTSBH had higher 

(p<0.05) values for spleen, liver, kidneys and gizzard while birds fed 100% UTSBH 

had least values for spleen and liver. However, the birds fed 50% ZTSBH had least 

values for kidneys and gizzard.  The whole gastro-intestinal tract values ranged 
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Table 17: Carcass characteristics of broiler chickens fed diets containing untreated and 

treated Soyabean hull 

                                Dietary treatments    

Parameters 1 2 3 4 5  

 Control 50% 100% 50% 100%  

 diet UTSBH UTSBH ZTSBH ZTSBH SEM 

Live weight (g) 2100.00 2100.00 2250.00 2300.00 2100.00 34.23 

Dressed weight (g) 2020.00 2040.00 2040.00 2040.00 1920.00 19.89 

Eviscerated weight (g) 1480.00ab 1420.00b 1540.00ab 1580.00a 1500.00ab 19.83 

Dressing percentage (%) 70.60 67.63 68.89 68.85 71.43 1.20 

Cut parts (% of LW)       

Head (%) 3.81a 2.86c 2.67d 3.48b 2.86c 0.12 

Breast (%) 20.00b 21.90b 22.22b 25.22a 21.90b 0.55 

Thigh (%) 8.57c 9.52b 9.78a 7.83d 9.52b 0.20 

Drumstick (%) 11.43a 9.52c 10.67b 8.70d 10.48b 0.27 

Wing (%) 8.57b 8.57b 8.89a 7.83c 8.57b 0.10 

Back (%) 17.14a 16.19c 16.89b 15.65d 14.29e 0.27 

Neck (%) 4.76a 2.86e 3.56d 4.35b 3.81c 0.17 

Shank (%) 4.76a 4.76a 3.56b 3.81b 3.81b 0.15 

Organ weight  

(% of LW) 

      

Heart (%) 0.77a 0.49c 0.54b 0.56b 0.50c 0.03 

Spleen (%) 0.11ab 0.14a 0.07b 0.11ab 0.13a 0.01 

Liver (%) 1.67bc 1.90a 1.56c 1.74ab 1.10d 0.07 

Kidneys (%) 0.29a 0.29a 0.18b 0.17b 0.29a 0.02 

Gizzard (%) 2.86a 2.86a 2.67b 2.61b 2.86a 0.03 

Whole GIT (%) 18.10a 10.48d 11.56c 13.04b 12.38bc 0.71 

Means on the same row having different superscripts are significantly different (P<0.05) 

LW: Live weight 

GIT: Gastro-intestinal tract 

SEM: Standard Error of Mean
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between 10.48 and 18.10%, the highest value was observed in birds fed the control diet 

and the least value was observed in birds fed 50% UTSBH.  

4.12 Viscosity of ileal digesta of broiler chickens fed diets containing SBH 

The viscosity of ileal digesta of broiler chickens fed soyabean hull treated with 

Zymomonas mobilis based diets is shown in Table 18. The dietary treatments 

significantly (p<0.05) influenced the ileal digesta of broiler chickens fed the 

experimental diets. At 100rpm, the highest (p<0.05) value (1.56cps) was obtained in 

50% ZTSBH and the lowest value (1.10cps) was recorded in 100% UTSBH. 

4.13 Sensory evaluation of meats of broiler chickens fed diets containing SBH 

The sensory evaluation of meats from broiler chickens fed diets containing treated and 

untreated soyabean hull is shown in Table 19. The dietary treatments significantly 

(p<0.05) influenced the colour, flavour and overall acceptability but did not influence 

(p>0.05) juiciness and tenderness. The birds fed 100% ZTSBH had highest value for 

meat colour while the least value was recorded in 50% UTSBH. The highest value for 

flavour of the meat was recorded in 50% ZTSBH while the lowest value obtained in 

100% ZTSBH was similar to the values recorded in 50% UTSBH and 100% UTSBH. 

The overall acceptability values ranged between 6.00 and 6.65, the highest value was 

obtained in birds fed the control diet while the least value was recorded in birds fed 

100% ZTSBH.  

4.14 The economy of feed conversion of broiler chickens fed diets containing 

SBH  

The economy of feed conversion of broiler chickens fed soyabean hull with 

Zymomonas mobilis based diets is shown in Table 20. The dietary treatments 

significantly (p<0.05) affected the cost of the feed, gross revenue/broiler and gross 

profit. The highest value for the cost of the feed /kg was recorded in the control diet  
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Table 18: Viscosity of Ileal digesta of broiler chickens fed diets containing 

untreated and treated Soyabean hull 

                                    Dietary treatments    

Parameters 1 2 3 4 5  

 Control 50% 100% 50% 100%  

 diet UTSBH UTSBH ZTSBH ZTSBH SEM 

50rpm 1.42e 1.61c 1.53d 2.84a 2.42b 0.15 

60rpm 1.40d 1.48c 1.15e 2.09a 1.81b 0.09 

100rpm 1.33c 1.31c 1.10d 1.56a 1.50b 0.04 

abcde Means on the same row having different superscripts are significantly different 

(P<0.05) 

SEM: Standard Error of Mean 
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Table 19: Sensory evaluation of meat from broiler chickens fed diets containing 

untreated and treated Soyabean hull 

                                Dietary Treatments    

Parameters 1 2 3 4 5  

 Control 50% 100% 50% 100%  

 diet UTSBH UTSBH ZTSBH ZTSBH SEM 

Colour 6.10b 5.95c 6.20b 6.35a 6.45a 0.05 

Juiciness 5.65 5.65 5.90 5.75 5.75 0.04 

Flavour 5.90b 5.85bc 5.75bc 6.20a 5.70c 0.05 

Tenderness 6.00 5.90 5.95 5.85 5.75 0.06 

Overall acceptability 6.65a 6.10bc 6.25b 6.15bc 6.00c 0.07 

abcMeans on the same row having different superscripts are significantly different 

(P<0.05) 

SEM: Standard Error of Mean
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Table 20: Economy of feed conversion of broiler chickens fed diets containing untreated and treated Soyabean hull 

Parameters 1 2 3 4 5  

 Control diet 50% UTSBH 100% UTSBH 50% ZTSBH 100% ZTSBH SEM 

Cost of the feed/Kg (N/Kg) 162.63a 159.88b 157.13c 160.13b 157.63c 0.55 

Price/Kg live weight (N) 750.00 750.00 750.00 750.00 750.00 0.00 

Cost of production/broiler (N/broiler) 1270.78 1169.81 1213.97 1285.01 1193.98 20.71 

Gross revenue/broiler (N/broiler) 1575.00b 1551.75b 1686.00a 1725.00a 1592.54b 18.61 

Gross profit (N) 304.22e 381.94d 472.03a 439.99b 399.77c 15.30 

Rate of return on Investment (%) 23.94c 32.65b 38.88a 34.24b 33.48b 1.32 

Economic efficiency 0.34b 0.49a 0.57a 0.49a 0.49a 0.02 

Relative cost benefit (%) 0.00d 9.31b 10.82a 2.39c 1.17cd 1.20 

Means on the same row having different superscripts are significantly different (P<0.05) 

SEM: Standard Error of Mean 
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while the least value was recorded in 100% UTSBH. The birds fed 100% UTSBH had 

significantly (p<0.05) highest values for gross revenue, gross profit, rate of return on 

investment, economic efficiency and relative cost benefit while the least values were 

observed in birds fed the control diet. However, the least value for gross revenue was 

recorded in 50% UTSBH which was similar to the value recorded in the control diet 

and value obtained in birds fed 100% ZTSBH. The dietary treatments did not affect 

(p>0.05) the daily feed intake and feed conversion ratio. The relative cost benefit 

values ranged between 0.00 and 10.82%, the highest value was observed in 100% 

UTSBH while the least value was recorded in the control diet. 
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4.15 Growth response of starting broiler chickens fed cassava sifting based 

diets 

The performance characteristics of starting broiler chickens fed Cassava sifting based 

diets are shown in Table 21. The birds fed the control diet significantly (p<0.05) had 

the highest values for the final body weight, average weight gain and daily weight gain 

while the lowest values were observed in birds fed 100% Zymomonas mobilis cassava 

sifting (100% ZTCS). The dietary treatments did not significantly (p>0.05) affect the 

average feed intake but the birds fed 100% untreated cassava sifting (100% UTCS) 

had numerical highest value of 1449.00g and birds fed 100% ZTCS had the lowest 

value of 1066.00g. The dietary treatments influenced (p<0.05) the daily feed intake, 

feed conversion ratio and protein efficiency ratio. The daily feed intake values ranged 

between 39.48 and 50.26g, the birds fed 50% UTCS had the highest value while the 

birds fed 100% ZTCS had the least value. The birds fed 100% UTCS had highest 

value of 2.34 and the least value of 1.73 was observed in birds fed 50% ZTCS for feed 

conversion ratio. The protein efficiency ratio obtained in birds fed the control diet, 

50% UTCS and 50% ZTCS were similar (p>0.05) to the highest value recorded in the 

control diet. The least value was observed in birds fed 100% UTCS which was similar 

(p>0.05) to the value in 100% ZTCS. The dietary treatments influenced (p<0.05) the 

total cost of feed consumed/bird and cost of feed/kg weight gain. The cost of feed 

ranged between N175.02 and N237.53, the highest value was obtained in 100% UTCS 

while the lowest value was observed in 100% ZTCS. Moreover, the cost of feed/kg 

weight gain highest value of N383.12 was recorded in 100% UTCS but the lowest 

value of N284.89 was obtained in diet 50% ZTCS. The mortality highest value 

obtained in 100% UTCS was similar (p>0.05) to the value obtained in 100% ZTCS, 

however, similar (p>0.05) lower values were obtained in birds fed the control diet, 
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Table 21: Performance characteristics of starting broiler chickens (0 – 4weeks) fed diets containing untreated and treated cassava sifting 

                                          Dietary treatments    

Parameters 1 2 3 4 5  

 Control diet 50% UTCS 100% UTCS 50% ZTCS 100% ZTCS SEM 

Initial body weight (g/bird) 38.00 40.00 40.00 40.00 40.00 0.54 

Final body weight (g/bird) 757.00a 700.00c 660.00d 726.00b 548.00e 19.39 

Average weight gain (g/bird) 719.00a 660.00c 620.00d 686.00b 508.00e 19.54 

Daily weight gain (g/bird) 25.68a 23.57c 22.14d 24.50b 18.14e 0.70 

Average feed intake (g/bird) 1348.00c 1357.00b 1449.00a 1190.00d 1066.00e 36.45 

Daily feed intake (g/bird) 49.93c 50.26b 53.67a 44.07d 39.48e 1.35 

Feed conversion  ratio 1.87c 2.06b 2.34a 1.73d 2.10b 0.06 

Protein efficiency ratio 2.52a 2.47a 2.09b 2.56a 2.14b 0.06 

Cost of the feed/Kg (N/Kg) 164.38 164.15 163.93 164.23 164.18 0.14 

Total cost of feed consumed/bird (N) 221.58b 222.75b 237.53a 195.43c 175.02d 6.17 

Cost of feed/Kg weight gain (N /Kg) 308.18c 337.50b 383.12a 284.89d 344.52b 9.23 

Mortality (%) 1.60b 1.60b 4.00a 1.60b 3.20a 0.30 

Means on the same row having different superscripts are significantly different (P<0.05) 

SEM: Standard Error of Mean
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50% UTCS and 50% ZTCS.  

4.16 Growth response of finishing broiler chickens fed cassava sifting based 

diets 

The performance characteristics of finishing broiler chickens fed cassava sifting based 

diets are shown in Table 22. The dietary treatments affected (p<0.05) the final body 

weight, average weight gain and daily weight gain. The birds fed 50% ZTCS had 

highest values for final body weight, average weight gain and daily weight gain while 

birds fed 100% UTCS which was similar (p>0.05) to the values recorded in the control 

group and 100% UTCS. However, the birds fed control diet had least values of 

average weight gain and daily weight gain. The birds fed 50% UTCS had highest 

(p<0.05) values for average feed intake and daily feed intake but the least values were 

recorded in 100% UTCS. The dietary treatments did not influence (p>0.05) the feed 

conversion ratio and protein efficiency ratio. The feed conversion ratio values ranged 

between 3.03 and 3.78, the birds fed control diet had numerical (p>0.05) highest value 

while the least value was recorded in the 50% ZTCS. The birds fed the 100% ZTCS 

had numerical (p>0.05) highest value of 1.61 while the birds fed control diet had the 

least value for protein efficiency ratio. The birds fed 50% UTCS had highest (p<0.05) 

value for total cost of feed consumed/bird which was similar to the value recorded in 

50% ZTCS, but the least value was observed in 100% UTCS. The highest value for 

cost of feed/kg weight gain was observed in the control group while the lowest value 

recorded in 50% ZTCS was similar to the value in 50% UTCS. The highest value of 

mortality recorded in 100% UTCS was similar to the value obtained in 100% ZTCS 

while the least value obtained in the control group had similar value in 50% ZTCS.  
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Table 22: Performance characteristics of finishing broiler chickens (5 – 8weeks) fed diets containing untreated and treated 

cassava sifting 

                                          Dietary treatments    

Parameters 1 2 3 4 5  

 Control diet 50% UTCS 100% UTCS 50% ZTCS 100% ZTCS SEM 

Initial body weight (g/bird) 757.00a 700.00ab 660.00b 726.00ab 548.00c 21.72 

Final body weight (g/bird) 1570.00c 1770.00b 1550.00c 1820.00a 1560.00c 31.36 

Average weight gain (g/bird) 813.00d 1070.00a 890.00c 1094.00a 1012.00b 29.10 

Daily weight gain (g/bird) 29.04c 38.21b 31.79bc 39.07a 36.14ab 1.25 

Average feed intake (g/bird) 3077.00d 3333.00a 2893.00e 3316.00b 3200.00c 43.76 

Daily feed intake (g/bird) 109.89b 119.04a 103.32c 118.43b 114.29ab 1.73 

Feed conversion  ratio 3.78 3.11 3.25 3.03 3.29 0.21 

Protein efficiency ratio 1.18 1.46 1.33 1.41 1.61 0.12 

Cost of the feed/Kg (N/Kg) 178.89 177.89 176.89 178.14 177.39 0.64 

Total cost of feed consumed/bird (N) 550.44c 592.91a 511.74d 590.71a 567.65b 8.24 

Cost of feed/Kg weight gain (N /Kg) 677.05a 554.12cd 574.99bc 539.96d 584.00b 13.13 

Mortality (%) 1.60d 3.20bc 4.80a 2.40cd 4.00ab 0.35 

Means on the same row having different superscripts are significantly different (P<0.05) 

SEM: Standard Error of Mean
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4.17 Apparent nutrient digestibility of starting broiler chickens fed cassava 

sifting based diets 

The apparent nutrient digestibility of starting broiler chickens fed cassava sifting based 

diets is shown in Table 23. The dietary treatments did not influence (p>0.05) crude 

protein digestibility of the starting broiler chickens. The dry matter digestibility values 

ranged between 63.33 and 74.12%, the highest value observed in 100% ZTCS was 

similar (p>0.05) to the value in the control diet, but the lowest value in 100% UTCS 

was similar to the value in 50% ZTCS. The values of crude fibre digestibility ranged 

between 55.76 and 73.38%, the highest value was in 100% ZTCS had similar value in 

100% UTCS while the lowest value was recorded in 50% UTCS. The acid detergent 

fibre digestibility values ranged between 70.81 and 78.30%, the highest value in 100% 

ZTCS had similar value with the values in 100% UTCS and 50% ZTCS. The lowest 

value in 50% UTCS was similar (p>0.05) to the values recorded in the control diet, 

100% UTCS and 50% ZTCS. The values of neutral detergent fibre digestibility ranged 

between 65.35 and 74.54%, the birds fed 100% ZTCS had highest value which was 

similar to the value in the control diet. The lowest value in 50% UTCS was similar to 

the values in 100% UTCS and 50% ZTCS. The acid detergent lignin digestibility 

values ranged between 41.38 and 67.06%, the highest value was in 100% ZTCS but
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Table 23: Apparent nutrient digestibility of starting broiler chickens (0 – 4weeks) fed diets containing untreated and treated 

cassava sifting 

                                          Dietary treatments   

Parameters 1 2 3 4 5  

 Control diet 50% UTCS 100% UTCS 50% ZTCS 100% ZTCS SEM 

Dry matter digestibility 70.91ab 63.33d 68.24bc 65.71cd 74.12a 1.14 

Crude protein digestibility 75.92 73.19 75.25 74.46 77.61 0.65 

Crude fibre digestibility 67.88b 55.76d 70.44ab 61.63c 73.38a 1.77 

Acid detergent fibre digestibility 73.27b 70.81b 74.90ab 74.74ab 78.30a 0.83 

Neutral detergent fibre digestibility 72.55ab 65.35c 69.45bc 66.48c 74.54a 1.07 

Acid detergent lignin digestibility 60.00b 42.50c 41.94c 41.38c 67.06a 2.94 

Ether extract digestibility 75.26ab 70.74b 73.81ab 71.43ab 75.88a 0.75 

Ash digestibility 74.76ab 71.67b 72.157ab 73.37ab 76.75a 0.72 

Nitrogen free extract digestibility 72.50ab 61.19d 70.95bc 67.48c 76.09a 1.45 

Calcium digestibility 78.76b 64.27d 75.70c 64.20d 80.38a 1.89 

Phosphorus digestibility 82.64bc 76.36d 81.35c 84.90a 83.62ab 0.81 

Apparent metabolizable energy digestibility 72.83ab 68.74b 70.22ab 69.07b 74.60a 0.80 

Means on the same row having different superscripts are significantly different (P<0.05) 

SEM: Standard Error of Mean 
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the lowest value recorded in 50% ZTCS had similar (p>0.05) value with those in 50% 

UTCS and 100% UTCS. The values of ether extract digestibility ranged between 

70.74 and 75.88%, the highest value in 50% ZTCS was similar (p>0.05) to the values 

recorded in the control diet, 100% UTCS and 50% ZTCS while the lowest value in 

50% UTCS was also similar to the values in the control diet, 100% UTCS and 50% 

ZTCS. The ash digestibility values ranged between 71.67 and 76.75%, the highest 

value recorded in diet 5 was similar to the values in the control diet, 50% UTCS and 

50% ZTCS. However, the lowest value in 50% UTCS was similar to the values in the 

control diet, 50% UTCS and 50% ZTCS. The nitrogen free extract digestibility ranged 

between 61.19 and 76.09%, the highest value in 100% ZTCS was similar to the value 

obtained in the control diet while the birds fed 50% UTCS had lowest value. The 

values of Calcium digestibility ranged between 64.20 and 80.38%, the highest value 

was observed in 100% ZTCS while the least value recorded in 50% ZTCS had similar 

value in 50% UTCS. The Phosphorus digestibility values ranged between 76.36 and 

84.90%, similar highest values were observed in 50% ZTCS and 100% ZTCS, 

however, the least value was recorded in 50% UTCS. The apparent metabolizable 

energy digestibility values ranged between 68.74 and 74.60%, the highest value 

recorded in 100% ZTCS was similar (p>0.05) to the values in the control diet and 

100% UTCS but the lowest value in 50% UTCS was similar to the values in the 

control diet, 100% UTCS and 50% ZTCS. 

4.18 Apparent nutrient digestibility of finishing broiler chickens fed cassava 

sifting based diets 

The apparent nutrient digestibility of finishing broiler chickens fed cassava sifting 

based diet is shown in Table 24. The dietary treatments did not influence (p<0.05) 

crude protein digestibility, acid detergent fibre digestibility, ether extract digestibility
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Table 24: Apparent nutrient digestibility of finishing broiler chickens (5 – 8weeks) fed diets containing untreated and treated 

cassava sifting 

                                          Dietary treatments   

Parameters 1 2 3 4 5  

 Control diet 50% UTCS 100% UTCS 50% ZTCS 100% ZTCS SEM 

Dry matter digestibility 59.00ab 55.67ab 52.64b 55.67ab 61.73a 1.27 

Crude protein digestibility 70.28 67.79 66.99 68.69 71.30 1.04 

Crude fibre digestibility 53.75b 49.05b 50.46b 50.83b 62.96a 1.64 

Acid detergent fibre digestibility 68.46 60.77 65.23 62.80 64.01 1.17 

Neutral detergent fibre digestibility 51.67a 48.45ab 42.98b 47.25ab 51.79a 1.29 

Acid detergent lignin digestibility 74.00a 67.30ab 70.08a 60.95b 68.64ab 1.48 

Ether extract digestibility 66.15 65.33 69.61 64.62 69.09 1.09 

Ash digestibility 68.33ab 70.20a 60.68b 64.31ab 66.36ab 1.30 

Nitrogen free extract digestibility 61.06 60.63 61.04 64.13 62.41 1.01 

Calcium digestibility 81.18ab 79.88b 69.45c 81.58a 81.06ab 1.25 

Phosphorus digestibility 67.54c 73.99b 64.51d 78.20a 78.41a 1.51 

Apparent metabolizable energy digestibility 65.42ab 59.81ab 60.09ab 57.81b 66.77a 1.32 

Means on the same row having different superscripts are significantly different (P<0.05) 

SEM: Standard Error of Mean
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and nitrogen free extract digestibility. The highest value (61.73%) recorded in 100% 

ZTCS for dry matter digestibility was similar to the values obtained in the control diet, 

50% UTCS and 50% ZTCS, but the lowest value (52.64%) in 100% UTCS was 

similar to the values in the control diet, 50% UTCS and 50% ZTCS. The values of 

crude fibre digestibility ranged between 49.05 and 62.96%, the highest value was 

recorded in 100% ZTCS while the lowest value in 50% UTCS was similar (p>0.05) to 

the values in the control diet, 50% UTCS, 100% UTCS and 50% ZTCS. The neutral 

detergent fibre digestibility values ranged between 42.98 and 51.79%, the highest 

value observed in 100% ZTCS was similar (p>0.05) to the values recorded in the 

control diet, 50% UTCS and 50% ZTCS. But, the lowest value in 100% UTCS was 

similar to the values obtained in 50% UTCS and 50% ZTCS. The values of acid 

detergent lignin digestibility ranged between 60.75 and 74.00%, the highest value 

recorded in the control diet had similar (p>0.05) values in diets 50% UTCS, 100% 

UTCS and 100% ZTCS, however, the lowest value in 50% ZTCS was similar to the 

values in 50% UTCS and 100% ZTCS. The ash digestibility values ranged between 

60.68 and 70.20%, the highest value in 50% UTCS was similar to the values in the 

control diet, 50% ZTCS and 100% ZTCS. The lowest value in 100% UTCS was 

similar to the values in the control diet, 50% ZTCS and 100% ZTCS. The highest 

value (81.58%) for Calcium digestibility recorded in 50% ZTCS was similar to the 

values in control group and 100% ZTCS, while the least value (69.45%) was observed 

in birds fed 100% UTCS. The Phoshorus digestibility values ranged between 64.51 

and 78.41%, the highest value in 100% ZTCS had similar value in 50% ZTCS with the 

least value recorded in 100% UTCS. The values of apparent metabolizable energy 

digestibility values ranged between 57.81 and 66.77%, the highest value in 100% 

ZTCS was statistically similar to the values in the control diet, 50% UTCS and 100% 
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UTCS. However, the lowest value in 50% ZTCS was similar (p>0.05) to the values in 

the control diet, 50% UTCS and 100% UTCS. 

4.19 Haematological parameters and serum metabolites of starting broiler 

chickens fed cassava sifting based diets 

The haematological and serum metabolites of starting broiler chickens fed cassava 

sifting based diets are shown in Table 25. The dietary treatments did not influence 

(p>0.05) the red blood cell, MCHC and MCV. The birds fed 100% ZTCS had highest 

(p<0.05) values for packed cell volume and haemoglobin while the least values were 

obtained in birds fed 50% ZTCS. The values observed in white blood cell were similar 

(p>0.05) in birds fed the control diet, 100% UTCS and 100% ZTCS. The highest value 

of MCH recorded in 50% UTCS had similar values in 100% UTCS and 50% ZTCS 

but the least value was observed in 100% ZTCS. The values of white blood cell ranged 

between 10.50 and 13.60 (x109/L), the highest value recorded in 100% UTCS was 

similar (p>0.05) to the values in control diet and 100% ZTCS. The least value in 50% 

ZTCS had similar (p>0.05) value recorded in 50% UTCS. The heterophil values were 

similar (p>0.05) in birds fed the control diet, 50% UTCS, 100% UTCS and 50% 

ZTCS while the least value obtained in 100% ZTCS had similar (p>0.05) values in 

diets 50% UTCS, 100% UTCS, and 50% ZTCS. The same highest value observed for 

lymphocytes in 50% ZTCS and 100% ZTCS was similar (p>0.05) to the values 

recorded in 50% UTCS and100% UTCS but the least value obtained in the control diet 

was similar (p>0.05) to the value recorded in 100% UTCS. The dietary treatments did 

not affect (p>0.05) serum total protein and uric acid. The glucose values ranged 

between 100.00 and 136.00 mg/dl with the highest value observed in 50% ZTCS and 

the lowest value obtained in 50% UTCS. The cholesterol lowest value recorded in 

50% ZTCS was similar (p>0.05) to the value recorded in 100% UTCS.
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Table 25: Haematological parameters and serum metabolites of starting broiler chickens (0 – 4 weeks) fed diets containing untreated 

and treated cassava sifting 

                                          Dietary treatments   

Parameters 1 2 3 4 5  

 Control diet 50% UTCS 100% UTCS 50% ZTCS 100% ZTCS SEM 

Haematological parameters:       

Packed cell volume (%) 24.00ab 24.00ab 23.00ab 22.00b 26.00a 0.51 

Haemoglobin (g/dl) 8.10ab 8.00ab 7.70ab 7.30b 8.70a 0.18 

Red blood cell (x1012/L) 2.40 2.00 2.00 2.00 3.00 0.17 

Mean Corpuscular Haemoglobin (pg) 34.00bc 40.00a 39.00ab 37.00ab 29.00c 1.23 

Mean Corpuscular Haemoglobin in Concentration (g/dl) 33.80 33.30 33.50 33.20 33.50 0.42 

Mean Corpuscular Volume (fl) 100.00 120.00 115.00 110.00 87.00 6.47 

White blood cell (x109/L) 12.50a 10.70b 13.60a 10.50b 13.30a 0.40 

Heterophil (%) 37.00a 29.00ab 31.00ab 28.00ab 25.00b 1.56 

Lymphocytes (%) 61.00b 68.00a 66.00ab 70.00a 70.00a 1.08 

Eosinophil (%) 0.00b 0.00b 0.00b 1.00a 1.00a 0.14 

Monocytes (%) 1.00c 2.00b 2.00b 1.00c 3.00a 0.21 

Basophils (%) 1.00a 1.00a 1.00a 0.00b 1.00a 0.14 

Serum metabolites:       

Total protein (g/dl) 4.00 3.00 4.20 3.70 3.90 0.20 

Albumin (g/dl) 2.10ab 2.20ab 2.40ab 2.00b 2.50a 0.07 

Globulin (g/dl) 1.90a 0.80b 1.80a 1.70a 1.40a 0.12 

Glucose (mg/dl) 122.00b 100.00d 124.00b 136.00a 108.00c 3.46 

Cholesterol (mg/dl) 85.00a 87.00a 79.00ab 75.00b 87.00a 1.64 

Uric Acid (mg/dl) 5.20 5.70 3.60 5.00 3.80 0.32 

Creatinine (mg/dl) 0.80ab 0.40bc 0.20c 1.00a 0.30c 0.10 

Aspartate Amino-Transferase (U/L) 49.00b 52.00ab 40.00c 51.00b 56.00a 1.50 

Alanine Amino-Transferase (U/L) 31.00a 18.00c 23.00b 12.00d 21.00bc 1.74 

Means on the same row having different superscripts are significantly different (P<0.05); SEM: Standard Error of Mean
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The AST values ranged between 40.00 and 56.00 (U/L), the highest value was 

observed in 100% ZTCS with similar (p>0.05) value in 50% UTCS and the least value 

obtained in 100% ZTCS. The birds fed the control diet had highest (p<0.05) value of 

31.00 (U/L) of ALT while the lowest value of 12.00 (U/L) was recorded in 50% 

ZTCS.  

4.20 Haematological parameters and serum metabolites of finishing broiler 

chickens fed cassava sifting based diets 

The haematological parameters and serum metabolites of finishing broiler chickens 

fed cassava sifting based diets are shown in Table 26. The dietary treatments did not 

influence (p>0.05) the packed cell volume, haemoglobin, and MCHC. The red blood 

cell values ranged between 1.20 and 2.00 (x1012/L), the birds fed 100% UTCS had the 

highest value which was similar (p>0.05) to the values in control diet and 50% UTCS 

while the least value obtained in 100% ZTCS was similar (p>0.05) to the values in 

control diet, 50% UTCS, and 50% ZTCS. The birds fed 100% ZTCS had highest 

(p<0.05) values of white blood cell, MCH, MCV and heterophyl but the lowest values 

for white blood cell was recorded in birds fed 50% ZTCS. Moreover, the birds fed 

100% UTCS had the lowest value of MCH and MCV while the least value of 

heterophyl was obtained in the control diet. The lymphocytes values ranged between 

58.00 and 80.00%, the highest value was recorded in the birds fed the control diet with 

similar (p>0.05) value in 50% ZTCS and the least value obtained in birds fed 100% 

ZTCS was similar to the values in 50% UTCS and 100% UTCS. 

 The dietary treatments influence (p<0.05) the serum metabolites of the finishing 

broiler chickens. The values of total protein ranged between 3.00 and 4.70 (g/dl), the 

same highest value was obtained in birds fed the control diet and 100% UTCS while 

the least value was observed in birds fed 50% UTCS and 100% ZTCS which was
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Table 26: Haematological parameters and serum metabolites of finishing broiler chickens (5– 8weeks) fed diets containing untreated and 

treated cassava sifting 

                                          Dietary treatments   

Parameters 1 2 3 4 5  

 Control diet 50% UTCS 100% UTCS 50% ZTCS 100% ZTCS SEM 

Haematological parameters:       

Packed cell volume (%) 28.00 28.00 27.00 25.00 26.00 0.74 

Haemoglobin (g/dl) 9.20 9.30 8.50 8.30 8.70 0.34 

Red blood cell (x1012/L) 1.50ab 1.80ab 2.00a 1.30b 1.20b 0.11 

Mean Corpuscular Haemoglobin (pg) 61.00ab 52.00bc 43.00c 64.00ab 73.00a 3.28 

Mean Corpuscular Haemoglobin in Concentration (g/dl) 32.90 33.20 31.50 33.20 33.50 0.46 

Mean Corpuscular Volume (fl) 187.00b 156.00c 135.00d 192.00b 217.00a 7.83 

White blood cell (x109/L) 12.40b 12.60b 12.40b 10.90b 14.50a 0.38 

Heterophil (%) 19.00d 34.00b 37.00ab 27.00c 40.00a 2.12 

Lymphocytes (%) 80.00a 65.00bc 59.00c 72.00ab 58.00c 2.55 

Eosinophil (%) 0.00b 0.00b 1.00a 1.00a 1.00a 0.17 

Monocytes (%) 1.00b 1.00b 2.00a 0.00c 1.00b 0.19 

Basophils (%) 1.00a 0.00b 1.00a 0.00b 0.00b 0.14 

Serum metabolites:       

Total protein (g/dl) 4.70a 3.00b 4.70a 3.50b 3.00b 0.22 

Albumin (g/dl) 2.80a 1.80c 2.50b 2.40b 1.50d 0.13 

Globulin (g/dl) 2.10a 1.20b 2.20a 1.10b 1.50ab 0.15 

Glucose (mg/dl) 120.00abc 125.00ab 115.00bc 132.00a 110.00c 2.61 

Cholesterol (mg/dl) 63.00b 83.00a 85.00a 79.00a 90.00a 2.76 

Uric Acid (mg/dl) 2.10c 3.50b 3.20bc 5.20a 2.50bc 0.32 

Creatinine (mg/dl) 0.60ab 0.20b 0.20b 0.50ab 0.80a 0.08 

Aspartate Amino-Transferase (U/L) 46.00ab 50.00ab 44.00b 35.00c 54.00a 1.97 

Alanine Amino-Transferase (U/L) 23.00ab 15.00b 27.00a 24.00a 22.00ab 1.46 

Means on the same row having different superscripts are significantly different (P<0.05); SEM: Standard Error of Mean
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similar to the value in 50% ZTCS. The glucose values ranged between 110.00 and 

130.00 (mg/dl), the highest value was recorded in 50% ZTCS with similar (p>0.05) 

values in control diet and 50% UTCS while the lowest value was obtained in 100% 

ZTCS had similar (p>0.05) values in control diet and 100% UTCS. The values of 

cholesterol were similar (p>0.05) in birds fed the experimental diets except in the birds 

fed the control diet which have the least value. The birds fed 50% ZTCS had highest 

(p<0.05) value of uric acid while least value was obtained in the control diet which 

was similar (p>0.05) to the values recorded in 100% UTCS and 100% ZTCS. The 

AST values ranged between 35.00 and 54.00 (U/L), the highest value obtained in 

100% ZTCS was similar (p>0.05) to the values observed in the control diet and 50% 

UTCS but the lowest value was recorded in 50% ZTCS. The ALT highest value 

obtained in 100% UTCS was similar (p>0.05) to the values recorded in the control 

group, 50% ZTCS and 100% ZTCS while the least value observed in 100% ZTCS was 

similar (p>0.05) to the value recorded in the control diet. 

4.21 Carcass characteristics of broiler chickens fed cassava sifting based diets 

The carcass characteristics of broiler chickens fed cassava sifting based diet is shown 

in Table 27. The birds fed 50% ZTCS had highest (p<0.05) values for live weight, 

dressed weight and eviscerated weight while similar (p>0.05) values were obtained in 

control diet, 100% UTCS and 100% ZTCS for live weight and dressed weight and 

eviscerated weight while similar (p>0.05) values were obtained in the control group, 

100% UTCS and 100% ZTCS for live weight and dressed weight. Moreover, the 

broiler chickens on the control diet and 100% UTCS had similar (p>0.0%) lowest 

value for eviscerated weight. The highest value of dressing percentage observed in 

50% UTCS was similar (p>0.05to the values recorded in the 50% ZTCS but the same 

least value was observed in birds fed the control diet and 100% UTCS. 
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Table 27: Carcass characteristics of broiler chickens fed diets containing 

untreated and treated cassava sifting 

                                Dietary treatments     

Parameters 1 2 3 4 5   

 Control 50% 100% 50% 100%   

 diet UTCS UTCS ZTCS ZTCS SEM  

Live weight (g) 1600.00b 1700.00ab 1600.00b 1800.00a 1600.00b 25.77  

Dressed weight (g) 1500.00bc 1620.00ab 1440.00c 1660.00a 1520.00bc 25.98  

Eviscerated weight (g) 1180.00d 1380.00b 1180.00d 1460.00a 1240.00c 30.16  

Dressing percentage (%) 73.75c 81.18a 73.75c 81.11a 77.50b 0.90  

Cut parts (% of LW)        

Head (%) 1.90b 3.53a 3.75a 3.33a 3.28a 0.23  

Breast (%) 17.14c 15.29d 17.50bc 18.89a 18.59ab 0.37  

Thigh (%) 8.57c 12.94a 10.00b 12.22a 10.94b 0.44  

Drumstick (%) 9.52b 11.76a 11.25a 11.11a 12.03a 0.28  

Wing (%) 7.62b 9.41a 7.50b 10.00a 7.66b 0.32  

Back (%) 18.10a 17.65ab 13.75c 16.67b 16.41b 0.43  

Neck (%) 2.86c 4.71a 2.50c 3.33c 4.38ab 0.27  

Shank (%) 2.86c 5.88a 6.25a 4.44b 4.38b 0.36  

Organ weight  

(% of LW) 

       

Heart (%) 0.95ab 1.18a 1.25a 0.56b 0.55b 0.10  

Spleen (%) 0.07 0.18 0.21 0.11 0.08 0.02  

Lungs (%) 0.76a 0.76a 0.81a 0.67ab 0.55b 0.03  

Liver (%) 1.90b 3.53a 3.13ab 2.22b 2.19b 0.22  

Kidneys (%) 0.45b 0.59b 0.94a 0.56b 0.60b 0.05  

Proventriculus (%) 0.95b 1.18a 1.25a 1.11ab 1.09ab 0.03  

Gizzard (%) 2.86d 3.53b 3.75a 3.33c 2.19e 0.15  

Empty gizzard (%) 0.95c 2.35ab 2.50a 2.22b 1.09c 0.18  

Abdominal fat (%) 0.95b 0.59c 1.25a 1.11ab 1.09ab 0.06  

Whole GIT (%) 14.29d 17.65c 25.00a 12.22e 20.23b 1.20  

Means on the same row having different superscripts are significantly different 

(P<0.05); LW: Live weight; SEM: Standard Error of Mean 
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The cut parts were influenced (p<0.05) by the replacement of wheat offal by cassava 

sifting.  The birds fed 50% ZTCS and 100% ZTCS had highest (p<0.05) value for 

breast while the least value was recorded in 50% UTCS. The thigh values ranged 

between 8.57 and 12.22 (% LW), the highest value was observed in 50% UTCS while 

the lowest value was in the control group. There were similar (p>0.05) values for 

drumstick in all the dietary treatments except in the control diet where the lowest value 

was recorded. The highest value for the back was recorded in the control diet which 

was similar (p>0.05)   to the value in 50% UTCS while the lowest value was obtained 

in 100% UTCS. The cassava sifting based diets did not affect (p>0.05) the spleen, 

which have similar (p>0.05) values across the treatments. The broiler chickens fed 

100% UTCS had highest (p<0.05) values for heart, lungs, kidneys, proventriculus, 

gizzard, empty gizzard, abdominal fat and whole gastro-intestinal tract Te birds on the 

control diet had the least values for spleen, liver and kidneys. However, the birds on 

100% ZTCS had lowest values for heart, lungs, gizzard while the birds on 50% UTCS 

had least value for abdominal fat. The lowest value of 12.22% for whole gastro-

intestinal tract was obtained in birds fed 50% ZTCS. 

4.22 Viscosity of ileal digesta of broiler chickens fed cassava sifting based diets 

The viscosity of ileal digesta of broiler chickens fed cassava sifting based diets are 

shown in Table 28. The dietary treatments influenced (p<0.05) the ileal digesta 

viscosity of the broiler chickens. At 100rpm, the highest value (4.70cps) observed in 

50% UTCS was similar to the value recorded in 50% ZTCS but, the lowest value 

(2.78cps) was recorded in 100% ZTCS. 
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Table 28: Viscosity of Ileal digesta of broiler chickens fed diets containing 

untreated and treated cassava sifting 

                                Dietary treatments    

Parameters 1 2 3 4 5  

 Control 50% 100% 50% 100%  

 diet UTCS UTCS ZTCS ZTCS SEM 

50rpm 6.76b 6.60b 5.44c 11.40a 4.84d 0.62 

60rpm 5.50c 6.47b 4.00d 7.03a 3.57e 0.36 

100rpm 4.04b 4.70a 3.26c 4.55a 2.78d 0.20 

abcde Means on the same row having different superscripts are significantly different 

(P<0.05) 

SEM: Standard Error of Mean 
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 4.23 Sensory evaluation of meats of broiler chickens fed cassava sifting based 

diets 

The sensory evaluation of meats from broiler chickens fed cassava sifting based diets 

is shown in Table 29. The dietary treatments influenced (p<0.05) the sensory 

evaluation parameters. The highest value of colour obtained in the control diet was 

similar (p>0.05) to the values recorded in diet 50% ZTCS and 100% ZTCS but the 

least value was observed in 50% UTCS. The meats from birds fed 50% ZTCS had 

significantly (p<0.05) highest values for juiciness, flavour, tenderness and overall 

acceptability, while the lowest values for colour, tenderness and overall acceptability 

were recorded in 50% UTCS. The least value for juiciness was observed in 100% 

UTCS while the least value for flavour recorded in 100% UTCS was similar (p>0.05) 

to the values recorded in control diet, 50% UTCS and 100% ZTCS.  

4.24 Economy of feed conversion of broiler chickens fed cassava sifting based 

diets 

The economy of feed conversion of broiler chickens fed cassava sifting based diet is 

shown in Table 30. The dietary treatments did not influence (p>0.05) the cost of the 

feed/kg and cost of production/broiler. However, there were differences (p<0.05) in 

gross revenue, gross profit, rate of return on investment, economic efficiency and 

relative cost benefit. The birds fed 50% ZTCS had highest (p<0.05) values of gross 

revenue and gross profit, rate of return on investment and economic efficiency while 

the least values for gross profit, rate of return on investment and economic efficiency 

were obtained in 100% ZTCS. However, the least value of gross revenue recorded in 

100% UTCS was similar (p>0.05) to the observed values in the control group and 

100% ZTCS. The relative cost benefit values ranged between 0.00 and 29.84%. 
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Table 29: Sensory evaluation of meat from broiler chickens fed diets containing 

untreated and treated cassava sifting 

                                Dietary  treatments    

Parameters 1 2 3 4 5  

 Control 50% 100% 50% 100%  

 diet UTCS UTCS ZTCS ZTCS SEM 

Colour 5.95a 4.85c 5.25b 5.85a 5.75a 0.12 

Juiciness 5.40b 4.95c 4.40d 6.35a 4.95c 0.18 

Flavour 5.05b 4.95b 4.50b 6.00a 5.05b 0.16 

Tenderness 5.80b 5.05d 5.55c 6.20a 5.70bc 0.10 

Overall acceptability 5.90b 5.45c 5.10d 6.55a 5.75b 0.13 

abcMeans on the same row having different superscripts are significantly different 

(P<0.05) 

SEM: Standard Error of Mean
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Table 30: Economy of feed conversion of broiler chickens fed diets containing untreated and treated cassava sifting 

   Dietary treatments    

Parameters 1 2 3 4 5  

 Control diet 50% UTCS 100% UTCS 50% ZTCS 100% ZTCS SEM 

Cost of the feed/Kg (N/Kg) 178.89 177.89 176.89 178.14 177.39 0.64 

Price/Kg live weight (N) 900.00 900.00 900.00 900.00 900.00 0.00 

Cost of production/broiler (N/broiler) 1254.51 1296.98 1215.81 1294.78 1271.72 14.88 

Gross revenue/broiler (N/broiler) 1413.00b 1593.00a 1395.00b 1638.00a 1404.00b 28.83 

Gross profit (N) 158.49d 296.02b 179.19c 343.22a 137.28e 22.12 

Rate of return on Investment (%) 12.63cd 22.82b 14.74c 26.51a 10.40d 1.69 

Economic efficiency 0.29b 0.50a 0.35b 0.58a 0.23b 0.04 

Relative cost benefit (%) 0.00d 25.13b 29.84a 21.93c 25.86b 2.82 

Means on the same row having different superscripts are significantly different (P<0.05) 

SEM: Standard Error of Mean 
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4.25 Growth response of starting broiler chickens fed sawdust based diets 

The performance characteristics of starting broiler chickens fed sawdust based diets is 

shown in Table 31. The average weight gain and daily weight gain were influenced 

(p<0.05) by the dietary treatments. The average weight gain ranged from 475.00 to 

633.00(g), broiler chickens fed 50% untreated sawdust (50% UTSD) had the highest 

value and the least value was recorded in the birds fed 100% treated sawdust (100% 

ZTSD). The daily weight gain ranged between 16.96 and 22.61(g), the highest value 

was observed in 50% UTSD while the least value observed in the birds fed 100% 

ZTSD had similar value with the recorded values in the control diet, 100% UTSD and 

50% ZTSD. 

The average feed intake and daily feed intake were significantly (p<0.05) influenced 

by the inclusion of treated and untreated sawdust in the diets of the starting broiler 

chickens. The average feed intake ranged between 1138.00 and 1223.00(g). The 

highest value was observed in birds fed 50% ZTSD while the least value of 1138.00g 

recorded in 100% ZTSD was similar to the value obtained in the control group. The 

daily feed intake highest value of 45.30g was recorded in 50% ZTSD while the least 

value of 42.15g was observed in birds fed 100% ZTSD but similar to the value 

recorded in the control diet. The feed conversion ratio and protein efficiency ratio 

were influenced (p<0.05) by the dietary treatments. The feed conversion ratio ranged 

from 1.84 to 2.40. The starting broiler chickens fed 50% ZTSD had the highest value 

which was similar (p>0.05) to the values recorded in other dietary treatments except 

birds fed 50% UTSD which had the least value. The highest value of protein 

efficiency ratio was observed in birds fed 50% UTSD while the least value was 

recorded for birds fed 100% ZTSD. The dietary treatment significantly (p<0.05) 

influenced the total cost of feed consumed/bird and cost of feed/kg weight gain. 
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Table 31: Performance characteristics of starting broiler chickens (0 – 4weeks) fed diets containing untreated and treated 

sawdust 

                                          Dietary treatments    

Parameters 1 2 3 4 5  

 Control diet 50% UTSD 100% UTSD 50% ZTSD 100% ZTSD SEM 

Initial body weight (g/bird) 35.00 33.00 33.00 35.00 35.00 0.59 

Final body weight (g/bird) 527.00c 666.00a 534.00c 553.00b 510.00d 14.96 

Average weight gain (g/bird) 492.00d 633.00a 501.00c 518.00b 475.00e 15.07 

Daily weight gain (g/bird) 17.57b 22.61a 17.89b 17.50b 16.96b 0.58 

Average feed intake (g/bird) 1141.00d 1165.00b 1153.00c 1223.00a 1138.00d 8.30 

Daily feed intake (g/bird) 42.26d 43.15b 42.70c 45.30a 42.15d 8.30 

Feed conversion  ratio 2.32a 1.84b 2.30a 2.36a 2.40a 0.06 

Protein efficiency ratio 2.21c 2.81a 2.30b 2.13d 1.99e 0.08 

Cost of the feed/Kg (N/Kg) 151.38a 149.83b 148.28c 149.95b 148.53c 0.33 

Total cost of feed consumed/bird (N) 172.72c 174.55b 170.97c 183.39a 169.03d 1.35 

Cost of feed/Kg weight gain (N /Kg) 351.07ab 275.75c 341.25b 354.03ab 355.85a 8.26 

Mortality (%) 0.00c 2.00a 0.67b 0.00c 0.67b 0.20 

Means on the same row having different superscripts are significantly different (P<0.05) 

SEM: Standard Error of Mean
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The value of total cost of feed consumed/bird ranged between N169.03 to N183.39. 

The value of cost of feed/kg weight gain ranged from N275.75 to N355.85. The 

highest value in 100% ZTSD was similar to the values recorded in control diet while 

the least value was obtained in 50% UTSD. There was significant (p<0.05) difference 

in mortality during the starting phase. It ranged between 0.00 and 2.00%. The highest 

value was recorded for birds fed 50% UTSD while the lowest value was observed in 

50% ZTSD had similar (p>0.05) value with the control diet.  

 4.26 Growth response of finishing broiler chickens fed sawdust based diets 

The performance characteristics of finishing broiler chickens (5-8 weeks) fed sawdust 

based diets is shown in Table 32. The dietary treatments significantly (p<0.05) 

affected average weight gain and daily weight gain. The daily weight gain ranged 

between 44.61g and 50.04g. The highest value was observed in birds fed 50% ZTSD 

while the least value was recorded in birds fed 50% UTSD. The average feed intake 

and daily feed intake were affected (p<0.05) by the dietary treatments. The average 

feed intake ranged from 3561.00 and 3880.00(g). The highest value was recorded for 

birds fed 50% ZTSD with similar values obtained in 50% UTSD and 100% ZTSD 

while birds that consumed control diet had the least value. The values of daily feed 

intake ranged between 127.18g and 138.57g, the highest value was observed in birds 

fed 50% ZTSD which was similar to values obtained in 50% UTSD and 100% ZTSD 

while the birds fed control diet had the least value. The feed conversion ratio was not 

significantly (p>0.05) influenced by the dietary treatments. However, the protein 

efficiency ratio was influenced (p<0.05) by the inclusion of treated and untreated 

sawdust. The values of the protein efficiency ratio ranged between 1.46 and 1.91. The 

highest value was recorded for birds that were fed the control diet which was similar   
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Table 32: Performance characteristics of finishing broiler chickens (5 – 8weeks) fed diets containing untreated and treated 

sawdust 

                                          Dietary treatments    

Parameters 1 2 3 4 5  

 Control diet 50% UTSD 100% UTSD 50% ZTSD 100% ZTSD SEM 

Initial body weight (g/bird) 527.00c 666.00a 534.00c 553.00b 510.00d 14.96 

Final body weight (g/bird) 1869.00c 1915.00b 1858.00d 1954.00a 1822.00e 12.32 

Average weight gain (g/bird) 1342.00b 1249.00e 1324.00c 1401.00a 1312.00d 13.11 

Daily weight gain (g/bird) 47.93b 44.61e 47.29c 50.04a 46.86d 0.47 

Average feed intake (g/bird) 3561.00c 3760.00ab 3729.00b 3880.00a 3833.00ab 32.45 

Daily feed intake (g/bird) 127.18d 134.29ab 133.18c 138.57a 138.57ab 1.11 

Feed conversion  ratio 2.65 3.01 2.82 2.77 2.92 0.09 

Protein efficiency ratio 1.91a 1.46c 1.69b 1.85a 1.81a 0.04 

Cost of the feed/Kg (N/Kg) 175.89 176.39 173.89 175.64 174.39 0.40 

Total cost of feed consumed/bird (N) 579.13c 599.83b 583.33c 619.95a 601.51b 3.96 

Cost of feed/Kg weight gain (N /Kg) 431.54d 480.25a 440.58c 442.50c 458.47b 4.63 

Mortality (%) 0.67c 3.33a 0.67c 2.67ab 2.00b 0.30 

Means on the same row having different superscripts are significantly different (P<0.05) 

SEM: Standard Error of Mean 
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to values obtained in 50% ZTSD and 100% ZTSD while the least value was observed 

in birds on 50% UTSD. 

The total cost of feed consumed and cost of feed/kg weight gain were affected 

(p<0.05) by the inclusion of treated and untreated sawdust. The total cost of feed 

consumed/bird had values between N579.15 and N619.95. The highest value for total 

cost of feed consumed/bird was recorded in 50% UTSD while the least value obtained 

in the control group had similar value in 100% UTSD. The cost of feed/kg weight gain 

had values N431.54 to N480.25. The highest value was observed in finishing broiler 

chickens fed 50% UTSD and the least value was recorded for birds fed the control 

diet. There was significant (p<0.05) difference in mortality across the dietary 

treatments, the highest value of 3.33% was recorded in 50% UTSD with similar value 

in 50% ZTSD and the same least value in birds fed control diet and 100% UTSD.  

4.27 Apparent nutrient digestibility of starting broiler chickens fed sawdust 

based diet 

The apparent nutrient digestibility of starting broiler chickens fed sawdust based diet is 

shown in Table 33. The dietary treatments significantly (p<0.05) influenced the 

nutrient digestibility. The dry matter digestibility values ranged between 66.27 and 

77.64%, the highest value observed in the control diet was similar (p>0.05) to the 

value in 100% UTSD while the lowest value was recorded in birds fed 100% ZTSD. 

The birds fed the control diet had highest (p<0.05) value for crude protein digestibility 

which was similar (p>0.05) to the values in diets 100% UTSD and 50% ZTSD. The 

lowest value was observed in 100% ZTSD. Crude fibre digestibility values ranged 

between 59.17 and 77.50%, the highest value was recorded in 100% UTSD, similar 

values were observed in diets 50% UTSD, 50% ZTSD and 100% ZTSD while the 

lowest value was recorded in the control diet. The acid detergent fibre digestibility
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Table 33: Apparent nutrient digestibility of starting broiler chickens (0 – 4weeks) fed diets containing untreated and treated 

sawdust 

                                          Dietary treatments   

Parameters 1 2 3 4 5  

 Control diet 50% UTSD 100% UTSD 50% ZTSD 100% ZTSD SEM 

Dry matter digestibility 77.64a 72.59c 77.50a 75.71b 66.27d 1.14 

Crude protein digestibility 74.78a 72.76b 75.29a 74.63a 70.45c 0.48 

Crude fibre digestibility 59.17c 66.28b 77.50a 66.86b 66.27b 1.57 

Acid detergent fibre digestibility 72.11a 68.42b 72.53a 71.90a 62.47c 1.02 

Neutral detergent fibre digestibility 68.82a 64.01c 68.97a 67.57b 57.27d 1.18 

Acid detergent lignin digestibility 71.48d 72.43c 76.17a 74.46b 69.18e 0.65 

Ether extract digestibility 73.91a 70.43d 71.24c 72.85b 66.57e 0.68 

Ash digestibility 73.72a 71.09c 73.61a 72.62b 67.30d 0.64 

Nitrogen free extract digestibility 73.36a 70.25c 73.68a 72.34b 63.69d 0.99 

Calcium digestibility 81.21b 77.63c 70.68d 86.06a 64.46e 2.05 

Phosphorus digestibility 83.97a 80.91b 81.75b 83.71a 77.48c 0.65 

Apparent metabolizable energy digestibility 78.10a 72.66c 76.20b 76.04b 69.57d 0.81 

Means on the same row having different superscripts are significantly different (P<0.05) 

SEM: Standard Error of Mean 
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had highest (p<0.05) value in 100% UTSD with similar values in the control diet and 

50% ZTSD but the lowest value was recorded in 100% ZTSD. The neutral detergent 

fibre digestibility values ranged between 57.27 and 68.97%, the highest value recorded 

in 100% UTSD had similar value in the control diet but the lowest value was in 100% 

ZTSD. The values for acid detergent lignin digestibility ranged between 69.18 and 

76.17%, the highest value was recorded for birds fed 100% UTSD and the lowest 

value was observed in 100% ZTSD. The ether extract digestibility values ranged 

between 66.57 and 73.91%, highest (p<0.05) value was recorded in the control diet 

while the lowest value was observed in 100% ZTSD. The ash digestibility values 

ranged between 67.30 and 73.72%, with the highest value recorded in the control diet 

while the lowest value was observed in 100% ZTSD. The values of nitrogen free 

extract digestibility ranged between 63.69 and 73.68%, the highest value was recorded 

in 100% UTSD while while the lowest value was observed in 100% ZTSD. The values 

of Calcium digestibility ranged between 64.46 and 86.06%, the highest value was 

recorded in 50% ZTSD with the least value observed in 100% ZTSD. The Phosphorus 

digestibility values were within 77.48 and 83.95%, the highest value observed in the 

control diet had similar value in 50% ZTSD but the lowest value was recorded in 

100% ZTSD. The apparent metabolizable energy digestibility values ranged between 

69.57 and 78.10%, the highest value was observed in the control diet while the lowest 

value was recorded in 100% ZTSD.  

4.28 Apparent nutrient digestibility of finishing broiler chickens fed sawdust 

based diet 

The apparent nutrient digestibility of finishing broiler chickens fed sawdust based 

diets is shown in Table 34. The dietary treatments did not influence (p<0.05) crude 

protein, ether extract, ash and nitrogen free extract digestibility. The dry matter 
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Table 34: Apparent nutrient digestibility of starting broiler chickens (5 – 8weeks) fed diets containing untreated and treated 

sawdust 

                                          Dietary treatments   

Parameters 1 2 3 4 5  

 Control diet 50% UTSD 100% UTSD 50% ZTSD 100% ZTSD SEM 

Dry matter digestibility 74.41a 76.00a 72.59ab 68.89b 75.46a 0.88 

Crude protein digestibility 77.93 78.29 77.55 76.28 78.49 0.59 

Crude fibre digestibility 75.94a 76.00a 74.24ab 70.12b 75.00a 0.80 

Acid detergent fibre digestibility 75.98ab 76.86a 74.50ab 71.67b 77.02a 0.76 

Neutral detergent fibre digestibility 75.13ab 76.68a 73.62ab 70.85b 75.49ab 0.77 

Acid detergent lignin digestibility 67.15b 74.50a 70.37ab 59.63c 69.54b 1.42 

Ether extract digestibility 77.41 78.00 76.44 73.72 77.92 0.69 

Ash digestibility 76.40 77.94 76.83 75.80 77.42 0.58 

Nitrogen free extract digestibility 75.95 77.27 75.16 73.13 76.56 0.67 

Calcium digestibility 85.71b 85.28b 84.83b 78.53c 88.29a 0.88 

Phosphorus digestibility 87.11a 86.53ab 85.45b 82.85c 87.09a 0.46 

Apparent metabolizable energy digestibility 75.50a 76.64a 73.94ab 69.78b 76.42a 0.86 

Means on the same row having different superscripts are significantly different (P<0.05) 

SEM: Standard Error of Mean
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digestibility values ranged between 68.89 and 76.00%, the highest value was recorded 

in 50% UTSD which was similar (p>0.05) to the values observed in the control diet, 

100% UTSD and 50% ZTSD while the lowest value was recorded in 50% ZTSD. The 

crude fibre digestibility values ranged between 70.12 and 76.00%, the highest value 

recorded in 50% UTSD was similar (p>0.05) to values obtained in the control diet, 

100% UTSD and 50% ZTSD. The lowest value was recorded in 50% ZTSD which 

was similar to the value recorded in 100% UTSD. The acid detergent fibre digestibility 

values ranged between 71.67 and 77.02%, the highest value recorded in 100% ZTSD 

was similar (p>0.05) to the values observed in the control diet, 50% UTSD and 100% 

UTSD. The lowest value observed in 50% ZTSD was similar (p>0.05) to the values 

recorded in the control diet and 100% UTSD. The values of the neutral detergent fibre 

digestibility values ranged between 70.85 and 76.68%, the highest value observed in 

50% UTSD was similar (p>0.05) to the values recorded in the control diet, 100% 

UTSD and 100% ZTSD. The lowest value in 50% ZTSD was similar (p>0.05) to the 

values obtained in the control diet, 100% UTSD and 100% ZTSD. The acid detergent 

lignin digestibility values ranged between 59.63 and 74.50%, the highest value was 

observed in 50% UTSD which was similar to the value recorded in 100% UTSD but 

the lowest value was recorded in 50% ZTSD. 

 The value of Calcium digestibility ranged between 78.53 and 88.29%, the highest 

value was recorded for birds fed 100% ZTSD while the lowest value was obtained in 

50% ZTSD. The values of phosphorus digestibility ranged between 82.85 and 87.11%, 

the highest value recorded in the control group was similar to the values observed in 

50% UTSD and 100% ZTSD but the lowest value was recorded in 50% ZTSD. The 

values of apparent metabolizable energy digestibility ranged between 69.78 and 

76.64%, the highest value recorded in 50% UTSD was similar (p>0.05) to the values 
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obtained in the control diet, 100% UTSD and 100% ZTSD. The lowest value observed 

in 50% ZTSD was significantly (p>0.05) similar to the value recorded in 100% UTSD. 

4.29 Haematological parameters and serum metabolites of starting broiler 

chickens fed sawdust based diets 

The haematological and serum metabolites of starting broiler chickens fed sawdust 

mobilis based diets are shown in Table 35. The dietary treatments influenced (p<0.05) 

the packed cell volume, red blood cell, white blood cell, heterophil, lymphocytes, 

eosinophil, monocytes and basophils. However, haemoglobin, MCH, MCV and 

MCHC were not affected (p>0.05) by the dietary treatments. The broiler chickens fed 

100% UTSD had highest (p<0.05) values for packed cell volume, red blood cell and 

lymphocytes while the birds fed 100% ZTSD had highest value for white blood cell 

and birds on 50% ZTSD had highest value for heterophyl. However, the birds fed 

100% ZTSD had the lowest values for PVC, RBC, WBC and lymphocytes while the 

least value for heterophyl was recorded in 100% UTSD. The dietary treatments 

significantly (p<0.05) influenced the total protein, albumin, globulin, glucose, 

cholesterol, uric acid, creatinine, AST and ALT. The birds fed 50% ZTSD had highest 

(p<0.05) values for total protein, albumin and globulin but the lowest values for these 

serum metabolites were obtained in the control group and 100% ZTSD. The values for 

glucose ranged between 112.00 and 127.50(mg/dl), the highest value was recorded in 

birds on 100% UTSD while the least value was observed in birds on 50% UTSD. 

The values of cholesterol ranged between 88.50 and 103.00(mg/dl). Starting broiler 

chickens on 50% ZTSD had the highest value and birds on 50% UTSD had the least 

value. The uric acid values ranged between 3.95 and 5.75(mg/dl), the highest value 

was observed in 50% UTSD wihle the least value was recorded in 100% ZTSD.
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Table 35: Haematological parameters and serum metabolites of starting broiler chickens (0 – 4 weeks) fed diets containing untreated 

and treated sawdust 

                                          Dietary treatments   

Parameters 1 2 3 4 5  

 Control diet 50% UTSD 100% UTSD 50% ZTSD 100% ZTSD SEM 

Haematological parameters:       

Packed cell volume (%) 27.50c 30.50b 32.00a 26.00d 26.50cd 0.65 

Haemoglobin (g/dl) 8.90 10.00 10.50 8.50 8.70 0.31 

Red blood cell (x1012/L) 2.25ab 2.70ab 2.88a 2.15b 2.50ab 0.11 

Mean Corpuscular Haemoglobin (pg) 40.19 37.06 37.35 39.56 35.88 1.61 

Mean Corpuscular Haemoglobin in Concentration (g/dl) 32.41 32.86 32.80 32.77 32.85 0.86 

Mean Corpuscular Volume (fl) 123.07 112.96 113.66 121.54 108.67 3.66 

White blood cell (x109/L) 19.50b 13.90d 12.05e 16.20c 21.15a 0.91 

Heterophil (%) 31.00cd 33.50bc 29.00d 37.00a 36.00ab 0.86 

Lymphocytes (%) 65.50b 63.50b 70.00a 61.50b 62.50b 0.95 

Eosinophil (%) 0.50b 1.00a 0.00b 0.00b 0.50b 0.12 

Monocytes (%) 1.50a 2.00a 0.50b 0.50b 0.50b 0.18 

Basophils (%) 1.50a 0.00c 0.50bc 1.00ab 0.50bc 0.17 

Serum metabolites:       

Total protein (g/dl) 3.50b 4.20a 3.40b 4.50a 2.55c 0.19 

Albumin (g/dl) 1.30b 2.10a 2.00a 2.20a 1.35b 0.11 

Globulin (g/dl) 2.20a 2.10a 1.40b 2.30a 1.20b 0.13 

Glucose (mg/dl) 118.50d 112.00e 127.50a 125.50b 123.50c 1.49 

Cholesterol (mg/dl) 90.00c 88.50c 97.00b 103.00a 90.50c 1.48 

Uric Acid (mg/dl) 4.20c 5.75a 4. 20c 5.35b 3.95d 0.19 

Creatinine (mg/dl) 0.65b 0.50c 0.75b 0.70b 0.95a 0.04 

Aspartate Amino-Transferase (U/L) 65.00a 47.00d 54.00b 51.00c 47.00d 1.81 

Alanine Amino-Transferase (U/L) 21.00b 20.67b 26.50a 24.50a 21.50b 0.66 

Means on the same row having different superscripts are significantly different (P<0.05); SEM: Standard Error of Mean



117 
 

The values of AST ranged between 47.00 and 65.00(U/L), highest value was obtained 

in the the control diet while the same lowest value was recorded in 50% UTSD and 

100% ZTSD. The ALT values ranged between 20.67 and 26.50(U/L), the highest 

value in 100% UTSD was similar (p<0.05) to the value obtained in 50% ZTSD while 

similar lowest values were recorded in the control diet, 50% UTSD and 100% ZTSD.  

4.30 Haematological parameters and serum metabolites of finishing broiler 

chickens fed sawdust based diets 

Haematological and serum metabolites of finishing broiler chickens fed sawdust based 

diets are shown in Table 36. The packed cell volume, haemoglobin, red blood cell and 

white blood cell were influenced (p<0.05) by the experimental diets. The birds fed 

50% UTSD had highest value for PCV while the least value was recorded in 100% 

ZTSD. The highest values recorded in birds fed 50% UTSD for haemoglobin and RBC 

were similar (p>0.05) to those of the birds fed the control diet. The MCH, MCHC and 

MCV were affected (p<0.05) by the dietary treatments. The highest value for MCV 

recorded in birds fed 50% ZTSD was similar (p>0.05) to the values obtained for birds 

on the control diet and 100% ZTSD while the least value was recorded in broilers fed 

50% UTSD. The birds fed the control diet had the highest value for WBC, however, 

the least value was observed in birds fed 50% ZTSD. The highest value for heterophyl 

was recorded in 50% UTSD with similar value in 100% UTSD while the lowest value 

in 50% ZTSD was similar (p>0.05) to the value in control diet and 100% ZTSD. The 

values of lymphocytes ranged between 60.00 and 70.00(%), the highest value in 50% 

ZTSD was similar (p>0.05) to the values in 100% UTSD and 100% ZTSD, however, 

the least value was recorded in 50% UTSD. The dietary treatments influenced 

(p<0.05) the total protein, albumin, globulin, glucose, cholesterol, uric acid and
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Table 36: Haematological parameters and serum metabolites of finishing broiler chickens (5– 8weeks) fed diets containing untreated and 

treated sawdust 

 

                                          Dietary treatments   

Parameters 1 2 3 4 5  

 Control diet 50% UTSD 100% UTSD 50% ZTSD 100% ZTSD SEM 

Haematological parameters:       

Packed cell volume (%) 39.00b 53.00a 37.00b 34.00c 28.00d 2.23 

Haemoglobin (g/dl) 12.50a 11.90a 12.40a 11.00b 9.50c 0.31 

Red blood cell (x1012/L) 3.30ab 3.50a 3.00bc 2.60cd 2.30d 0.13 

Mean Corpuscular Haemoglobin (pg) 37.91ab 34.01b 42.14a 42.30a 41.29a 1.12 

Mean Corpuscular Haemoglobin in Concentration (g/dl) 32.09a 22.47b 33.57a 32.40a 33.96a 1.22 

Mean Corpuscular Volume (fl) 31.25b 44.53a 29.83b 30.98b 29.55b 1.58 

White blood cell (x109/L) 23.10a 17.00c 15.60d 12.90e 18.20b 0.91 

Heterophil (%) 31.00bc 35.00a 32.00ab 28.00c 31.00bc 0.70 

Lymphocytes (%) 65.00b 60.00c 67.00ab 70.00a 68.00ab 1.05 

Eosinophil (%) 0.00b 1.00a 0.00b 0.00b 0.00b 0.12 

Monocytes (%) 3.00a 2.00ab 1.00bc 1.00bc 0.00c 0.30 

Basophils (%) 1.00ab 2.00a 0.00b 1.00ab 1.00ab 0.21 

Serum metabolites:       

Total protein (g/dl) 3.10c 6.30a 4.60b 2.10e 2.70d 0.41 

Albumin (g/dl) 1.80b 2.90a 1.50bc 1.00c 1.80b 0.18 

Globulin (g/dl) 1.30c 3.40a 3.10b 1.10d 0.90e 0.29 

Glucose (mg/dl) 120.00c 122.00b 112.00e 115.00d 133.00a 1.94 

Cholesterol (mg/dl) 87.00b 76.00e 84.00c 82.00d 90.00a 1.29 

Uric Acid (mg/dl) 3.20b 5.00a 4.80a 3.00b 2.80b 0.28 

Creatinine (mg/dl) 0.10c 0.40ab 0.40ab 0.30b 0.50a 0.04 

Aspartate Amino-Transferase (U/L) 45.00c 50.00b 49.00b 48.00b 63.00a 1.69 

Alanine Amino-Transferase (U/L) 24.00b 28.00a 14.00d 19.00c 23.00b 1.33 

Means on the same row having different superscripts are significantly different (P<0.05); SEM: Standard Error of Mean 
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creatinine. The finishing broiler chickens fed 50% UTSD had the highest values for 

total protein, albumin, globulin and uric acid while birds on 50% ZTSD had the least 

values for total protein and albumin. The cholesterol values were within (122.00 -

133.00mg/dl), the broiler birds on 100 ZTSD had the highest value while birds on 

100% UTSD had the least value. The AST and ALT were significantly (p<0.05) 

affected by the dietary treatments. The highest value of AST was obtained in 100% 

ZTSD while the lowest value was recorded in the control diet. Moreover, the birds fed 

50% UTSD had highest (p<0.05) value for ALT while the lowest value was recorded 

in 100% UTSD. 

4.31 Carcass characteristics of broiler chickens fed sawdust based diets 

The carcass characteristics of broiler chickens fed sawdust based diets is shown in 

Table 37. The dietary treatments influenced (p<0.05) the dressed weight and 

eviscerated weight. The dressed weight values ranged between 1500.00 to 1850.00g. 

The broiler chickens fed 50% ZTSD had the highest value while the least value was 

observed in birds fed 100% UTSD. The birds on other diets similar (p>0.05) values 

with the control group. The eviscerated weight (1250.00 - 1360.00g) had highest value 

in birds fed 50% UTSD which had similar (p>0.05) values with birds on the control 

diet and 100% ZTSD. The least value was recorded in birds fed 50% ZTSD. The 

drumstick was not affected (p>0.05) by the experimental diets. The values of the 

breast ranged from 18.95 to 21.62%, the highest value recorded in the birds fed control 

diet was similar (p>0.05) to birds fed 100% UTSD while the lowest value was 

observed in birds fed 50% UTSD. The thigh values (9.73-10.81%), the highest value 

recorded in the birds fed control diet were similar (p>0.05) to the values of birds fed 

50% UTSD, 100% UTSD and 50% ZTSD except in birds fed 100% ZTSD which had 

the least value. The back had similar (p>0.05) values across the dietary treatments
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Table 37: Carcass characteristics of broiler chickens fed diets containing 

untreated and treated sawdust 

                                Dietary treatments    

Parameters 1 2 3 4 5  

 Control 50% 100% 50% 100%  

 diet UTSD UTSD ZTSD ZTSD SEM 

Live weight (g) 1850.00 1900.00 1900.00 1900.00 1850.00 17.75 

Dressed weight (g) 1720.00b 1740.00b 1500.00c 1850.00a 1680.00b 33.07 

Eviscerated weight (g) 1320.00ab 1360.00a 1280.00b 1250.00b 1300.00ab 12.73 

Dressing percentage (%) 71.35 71.79 67.47 65.77 70.33 0.97 

Cut parts (% of LW)       

Head (%) 3.24b 3.16b 3.16b 3.16b 4.32a 0.13 

Breast (%) 21.62a 18.95c 21.05ab 20.00b 19.46c 0.30 

Thigh (%) 10.81a 10.53a 10.53a 10.53a 9.73b 0.10 

Drumstick (%) 10.81 10.53 10.53 10.53 11.89 0.24 

Wing (%) 8.65c 9.47b 8.42d 9.47b 16.22a 0.78 

Back (%) 16.22a 16.84a 16.84a 15.79a 9.73b 0.74 

Neck (%) 3.24b 3.16b 3.16b 4.21a 4.32a 0.17 

Shank (%) 5.41a 5.26a 4.21b 5.26a 5.41a 0.15 

Organ weight 

 (% of LW) 

      

Heart (%) 0.39c 0.42b 0.59a 0.53ab 0.59a 0.03 

Spleen (%) 0.13b 0.16b 0.19b 0.29a 0.19b 0.02 

Liver (%) 1.89d 2.11c 2.37b 2.63a 2.16c 0.07 

Kidneys (%) 0.22b 0.21b 0.21b 0.21b 0.32a 0.01 

Gizzard (%) 2.16c 2.11c 4.21a 3.16b 2.16c 0.22 

Whole GIT (%) 12.97c 11.71e 13.68b 12.63d 14.05a 0.22 

Means on the same row having different superscripts are significantly different 

(P<0.05) 

LW: Live weight 

GIT: Gastro-intestinal tract 

SEM: Standard Error of Mean 
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 except in 100% ZTSD which had the least value. The organ weight was affected 

(p<0.05) by the dietary treatments. The values of the heart ranged between 0.39 and 

0.59(%), the highest value in 100% ZTSD was similar to the values recorded in 100% 

UTSD and 50% ZTSD while the least value was observed in the control diet. The birds 

fed 50% ZTSD had highest value for liver with the lowest value in the control diet. The 

highest value of the whole gastro-intestinal tract was observed in 100% ZTSD while the 

lowest value was recorded in 50% UTSD. 

4.32 Viscosity of ileal digesta of broiler chickens fed sawdust based diets 

The viscosity of ileal digesta of broiler chickens fed sawdust based diets is shown in 

Table 38. The dietary treatments influenced (p<0.05) the viscosity of ileal digesta of the 

broiler chickens. At 100rpm, the highest value of 1.49cps was recorded in the control 

diet and the lowest value of 1.13cps observed in 50% ZTSD was similar (p>0.05) to the 

values recorded in 100% UTSD and 100% ZTSD. 

4.33 Sensory evaluation of meat from broiler chickens fed sawdust based diets 

The sensory evaluation of meats from broiler chickens fed sawdust based diets is shown 

in Table 39. The dietary treatments significantly (p<0.05) influenced the colour, 

juiciness, flavour, tenderness and overall acceptability. The highest value of 6.65 

recorded in the control diet for colour was statistically (p>0.05) similar to the values 

obtained in 100% UTSD and 50% ZTSD but the lowest value of 5.75 was recorded in 

50% UTSD. The highest value of 6.35 obtained in 100% UTSD for juiciness was 

similar (p>0.05) to the value in 100% ZTSD but the least value was observed in 50% 

UTSD. The flavour values ranged from 5.15 to 6.10 with the highest value obtained in 

100% UTSD which was similar (p>0.05) to the values recorded in the control diet, 50% 

ZTSD and 100% ZTSD, however, the least value was recorded in 50% UTSD. The 

highest value of 6.65 for tenderness was recorded in 50% ZTSD



122 
 

Table 38: Viscosity of Ileal digesta of broiler chickens fed diets containing 

untreated and treated sawdust 

                                Dietary treatments    

Parameters 1 2 3 4 5  

 Control 50% 100% 50% 100%  

 diet UTSD UTSD ZTSD ZTSD SEM 

50rpm 1.82a 1.30c 0.94d 1.47b 0.86e 0.09 

60rpm 1.57a 1.29b 1.07d 1.17c 0.73e 0.07 

100rpm 1.49a 1.24b 1.15c 1.13c 1.14c 0.04 

abcde Means on the same row having different superscripts are significantly different 

(P<0.05) 

SEM: Standard Error of Mean 
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Table 39: Sensory evaluation of meat from broiler chickens fed diets containing 

untreated and treated sawdust 

                                Dietary  treatments    

Parameters 1 2 3 4 5  

 Control 50% 100% 50% 100%  

 diet UTSD UTSD ZTSD ZTSD SEM 

Colour 6.65a 5.75c 6.60a 6.60a 6.25b 0.09 

Juiciness 6.05b 5.35c 6.35a 5.95b 6.12ab 0.10 

Flavour 5.75a 5.15b 6.10a 5.70a 5.85a 0.10 

Tenderness 6.20c 5.95d 6.45b 6.65a 6.40b 0.07 

Overall acceptability 6.50a 6.00b 6.40a 6.40a 6.15b 0.05 

abcMeans on the same row having different superscripts are significantly different 

(P<0.05) 

SEM: Standard Error of Mean
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but the least value of 6.00 in 50% UTSD. The control diet had the highest value for 

overall acceptability which was similar (p>0.05) to the values obtained in 100% 

UTSD and 50% ZTSD but the lowest value was recorded in 50% UTSD. 

4.34 Economy of feed conversion of broiler chickens fed sawdust based diets 

The economy of feed conversion of broiler chickens fed sawdust based diets is shown 

in Table 40. The dietary treatments influenced (p<0.05) the cost of production/broiler, 

gross revenue, gross profit, rate of return on investment, economic efficiency and 

relative cost benefit. The cost of production values ranged between N1137.06 and 

N1188.55, the highest value was recorded for birds fed 50% ZTSD while the least 

value was observed in birds fed the control diet which was similar (p>0.05) to the 

values for birds fed 100% UTSD. The gross profitt values ranged from N210.75 to 

N276.95, the highest value was observed in birds fed 50% ZTSD which had similar 

(p>0.05) with the birds fed 50% UTSD but, the least value was recorded for birds on 

100% ZTSD. The birds fed the control diet and 50% UTSD, 100% UTSD and 50% 

ZTSD had similar (p>0.05) values for rate of return on investment and economic 

efficiency while birds fed 100% ZTSD had the least values. 

 The values of relative cost benefit ranged between 0.00 and 11.29%, the highest value 

was recorded in 50% UTSD while the least value was obtained in the control diet but 

similar (p>0.05) value was observed in birds fed 100% UTSD and 50% ZTSD. 
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Table 40: Economy of feed conversion of broiler chickens fed diets containing untreated and treated sawdust 

   Dietary treatments    

Parameters 1 2 3 4 5  

 Control diet 50% UTSD 100% UTSD 50% ZTSD 100% ZTSD SEM 

Cost of the feed/Kg (N/Kg) 175.89 176.39 173.89 175.64 174.39 0.40 

Price/Kg live weight (N) 750.00 750.00 750.00 750.00 750.00 0.00 

Cost of production/broiler (N/broiler) 1137.06c 1159.59b 1139.50c 1188.55a 1155.75b 5.18 

Gross revenue/broiler (N/broiler) 1401.75ab 1434.00ab 1391.25b 1465.50a 1366.50b 14.21 

Gross profit (N) 264.69b 274.41a 251.75c 276.95a 210.75d 6.54 

Rate of return on Investment (%) 23.28a 23.66a 22.09a 23.30a 18.23b 0.61 

Economic efficiency 0.35a 0.35a 0.33a 0.34a 0.27b 0.01 

Relative cost benefit (%) 0.00d 11.29a 2.09c 2.54c 6.24b 1.08 

Means on the same row having different superscripts are significantly different (P<0.05) 

SEM: Standard Error of Mean
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4.35 Growth response of starting broiler chickens fed corn cobs based diets 

The performance characteristics of starting broiler chickens fed corn cobs based diets 

is shown in Table 41. The dietary treatments significantly (p<0.05) affected the 

average weight gain and daily weight gain. There was similar (p>0.05) values for daily 

weight gain observed in the birds fed the control diet and 100% Zymomonas mobilis 

treated corn cobs (100% ZTCC) which were significantly (p<0.05) different from 

values obtained in birds fed other diets. The average feed intake and daily feed intake 

are significantly (p<0.05) affected by the dietary treatments. The birds fed 50% ZTCC 

had highest values for daily feed intake while the birds fed 100% ZTCC had the least 

value. Feed conversion ratio values ranged between 1.92 and 2.40, the highest value 

was recorded in birds fed 50% UTCC while the least value was observed in birds fed 

100% ZTCC. 

The dietary treatments significantly (p<0.05) influenced the cost of feed 

consumed/bird and cost of feed/kg weight gain. The total cost of feed consumed/bird 

ranged between N217.18 and N245.95, the highest value was observed in 50% UTCC 

and the least value recorded in 100% ZTCC. The highest value for the cost of 

feed/weight gain was recorded in 50% UTCC and the least value observed in 100% 

ZTCC. The values of the mortality ranged between 0.00 and 0.80%. The value 

recorded in the control diet was similar (p>0.05) to the value obtained in 50% ZTCC 

which was higher than the values obtained in other dietary treatments.  

4.36 Growth response of finishing broiler chickens fed corn cobs based diets 

The performance characteristics of finishing broiler chickens fed corn cobs based diets 

is shown in Table 42. The dietary treatments significantly (p<0.05) influenced average 

weight gain and daily weight gain. The birds fed the control diet had higher values for 

average body gain and daily weight gain while the least values were recorded in birds
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Table 41: Performance characteristics of starting broiler chickens (0 – 4weeks) fed diets containing untreated and treated corn cobs 

                                          Dietary treatments    

Parameters 1 2 3 4 5  

 Control diet 50% UTCC 100% UTCC 50% ZTCC 100% ZTCC SEM 

Initial body weight (g/bird) 43.00 43.00 44.00 43.00 44.00 0.35 

Final body weight (g/bird) 736.00a 643.00d 680.00c 724.00b 738.00a 9.92 

Average weight gain (g/bird) 693.00a 600.00d 636.00c 681.00b 694.00a 9.91 

Daily weight gain (g/bird) 24.75a 21.43d 22.71c 24.32b 24.79a 0.35 

Average feed intake (g/bird) 1454.00b 1440.00c 1401.00d 1504.00a 1335.00e 15.11 

Daily feed intake (g/bird) 53.85b 53.33c 51.89d 55.70a 49.44e 0.56 

Feed conversion  ratio 2.10c 2.40a 2.20b 2.21b 1.92d 0.04 

Protein efficiency ratio 2.29 2.02 2.18 2.02 2.43 0.10 

Cost of the feed/Kg (N/Kg) 164.38a 163.40ab 162.43b 163.53ab 162.68b 0.23 

Total cost of feed consumed/bird (N) 239.01b 235.30b 227.56c 245.95a 217.18d 2.72 

Cost of feed/Kg weight gain (N /Kg) 344.89c 392.17a 357.81b 361.16b 312.94d 7.03 

Mortality (%) 0.80a 0.00b 0.00b 0.80a 0.00b 0.11 

Means on the same row having different superscripts are significantly different (P<0.05) 

SEM: Standard Error of Mean
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Table 42: Performance characteristics of finishing broiler chickens (5 – 8weeks) fed diets containing untreated and treated corn cobs 

                                          Dietary treatments    

Parameters 1 2 3 4 5  

 Control diet 50% UTCC 100% UTCC 50% ZTCC 100% ZTCC SEM 

Initial body weight (g/bird) 736.00a 643.00b 680.00c 724.00b 738.00a 9.92 

Final body weight (g/bird) 2133.00a 1963.00b 1920.00c 1913.00d 2130.00a 26.53 

Average weight gain (g/bird) 1397.00a 1320.00c 1240.00d 1189.00e 1392.00b 22.01 

Daily weight gain (g/bird) 49.89a 47.14c 44.29d 42.46e 49.71b 0.79 

Average feed intake (g/bird) 4055.00a 3771.00c 3806.00b 3479.00e 3488.00d 57.83 

Daily feed intake (g/bird) 144.82a 134.68c 135.93b 124.25e 124.57d 2.07 

Feed conversion  ratio 2.90b 2.86c 3.07a 2.93b 2.51d 0.05 

Protein efficiency ratio 1.59 1.65 1.69 1.48 1.80 0.05 

Cost of the feed/Kg (N/Kg) 174.89bc 176.39a 173.89c 175.64ab 174.39c 0.27 

Total cost of feed consumed/bird (N) 709.18a 665.17ab 661.83ab 611.05b 608.27b 14.68 

Cost of feed/Kg weight gain (N /Kg) 507.64a 503.91a 533.73a 513.92a 436.98b 11.63 

Mortality (%) 4.80a 0.80c 2.40b 2.40b 0.80c 0.41 

Means on the same row having different superscripts are significantly different (P<0.05) 

SEM: Standard Error of Mean
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fed 50% ZTCC. The average feed intake and daily feed intake are significantly 

(p<0.05) affected by the dietary treatments. The birds fed the control diet had highest 

value for average feed intake and daily feed intake while the least values were 

observed in birds fed 50% ZTCC. The feed conversion ratio values ranged between 

2.51 and 3.07, the highest value was recorded in birds fed 100% UTCC while the least 

value was observed in birds fed 100% ZTCC. Protein efficiency ratio was similar 

(p>0.05) across the dietary treatments. The highest numerical value was recorded in 

1005 ZTCC while the least value was observed in 50% ZTCC. 

The cost of feed consumed/bird and cost of feed/kg weight gain are significantly 

(p<0.05) affected by the dietary treatments. The finishing broiler chickens fed the 

control diet had highest values for the cost of feed consumed/bird and cost of feed/kg 

weight gain which are similar (p>0.05) to values obtained in birds fed 50% UTCC and 

100% UTCC. However, the least values were obtained in birds fed 100% ZTCC. The 

values of the mortality range between 0.80 and 4.80%. There was highest (p<0.05) 

value for mortality in birds fed the control diet while the lowest similar values were 

obtained in 50% UTCC and 100% ZTCC. 

4.37 Apparent nutrient digestibility of starting broiler chickens fed corn cobs 

based diets 

The nutrient digestibility of starting broiler chickens fed corn cobs based diets are 

shown in Table 43. The dietary treatments influenced (p<0.05) the nutrient 

digestibility of the starting broiler chickens. The birds fed 50% UTCC had the highest 

value of 79.91% for dry matter digestibility and the lowest value of 65.92% observed 

in 100% ZTCC had similar value (p>0.05) with birds fed 100% UTCC and 50% 

ZTCC. The values of crude protein digestibility ranged between 69.25 and 76.75%, 

the highest value recorded in 50% UTCC was similar (p>0.05) to the values recorded



130 
 

 

Table 43: Apparent nutrient digestibility of starting broiler chickens (0 – 4weeks) fed diets containing unreated and treated corn cobs 

                                          Dietary treatments   

Parameters 1 2 3 4 5  

 Control diet 50% UTCC 100% UTCC 50% ZTCC 100% ZTCC SEM 

Dry matter digestibility 76.50a 79.91a 69.00b 69.00b 65.92b 1.48 

Crude protein digestibility 75.38a 76.75a 73.42ab 72.63ab 69.25b 0.84 

Crude fibre digestibility 61.25b 68.31a 46.67c 46.67c 47.46c 2.46 

Acid detergent fibre digestibility 75.59a 76.62a 74.36a 72.50a 68.46b 0.91 

Neutral detergent fibre digestibility 68.18a 72.07a 61.72b 62.50b 60.34b 1.28 

Acid detergent lignin digestibility 42.50bc 52.73a 39.00cd 35.67d 43.46b 1.78 

Ether extract digestibility 74.05ab 74.55a 69.09c 70.00bc 72.31abc 0.75 

Ash digestibility 75.31ab 76.52a 68.39c 69.33c 71.35bc 0.99 

Nitrogen free extract digestibility 71.01a 70.17b 64.01b 62.50b 63.80b 1.07 

Calcium digestibility 78.43b 74.25d 75.92c 73.52d 83.48a 0.99 

Phosphorus digestibility 81.59a 80.39a 76.17b 73.66c 76.26b 0.80 

Apparent metabolizable energy digestibility 69.57b 73.89a 64.30c 65.15c 61.33c 1.27 

Means on the same row having different superscripts are significantly different (P<0.05) 

SEM: Standard Error of Mean 
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in the control diet, 100% UTCC and 50% ZTCC. However, the lowest value recorded 

in 100% ZTCC was similar to the values observed in 100% UTCC and 50% ZTCC. 

The crude fibre digestibility values ranged between 46.67 and 68.31%, the highest 

value was obtained in 50% UTCC while the lowest values recorded in 100% UTCC 

and 50% ZTCC were similar (p>0.05) to the value observed in 100% ZTCC. The 

values of acid detergent fibre digestibility ranged between 68.46 and 76.62%, the 

highest value observed in 50% UTCC had similar (p>0.05) value with the control diet, 

100% UTCC and 50% ZTCC, however, lowest (p<0.05) value was recorded in 100% 

ZTCC. The neutral detergent fibre digestibility values ranged between 60.37 and 

72.07%, the highest value recorded in 50% UTCC had similar value with the control 

diet while the lowest value in 100% ZTCC was similar to the values in 100% UTCC 

and 50% ZTCC. The values of the acid detergent lignin digestibility ranged between 

35.67 and 52.73%, the highest value was obtained in 50% UTCC while the lowest 

value was recorded in 50% ZTCC with similar (p>0.05) value in 100% UTCC. The 

ether extract digestibility values ranged between 69.09 and 74.55%, the highest value 

observed in 50% UTCC was similar (p>0.05) to the values recorded in the control diet 

and 100% ZTCC. The values of the ash digestibility ranged between 68.39 and 

76.52%, the highest value was recorded in 50% UTCC but the lowest value was 

observed in 100% UTCC with similar (p>0.05) values recorded in 50% ZTCC and 

100% ZTCC. The nitrogen free extract digestibility values ranged between 62.50 and 

70.59%, the highest value was obtained in the control diet while other treatments had 

similar (p>0.05) values. The values of Calcium digestibility ranged between 73.53 and 

83.48%, the highest value was recorded in 100% ZTCC while the lowest value 

observed in 50% ZTCC was similar to the recorded value in 50% UTCC. Moreover, 

the Phosphorus digestibility values ranged between 73.66 and 81.59%, the the lowest 
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value of 71.16% in the control diet was similar (p>0.05) to the value recorded highest 

value recorded in the control diet was similar (p>0.05) to the value obtained in 50% 

UTCC but the least value was recorded in 50% ZTCC. The significantly (p<0.050 

highest value (73.89%) for apparent metabolizable energy digestibility was recorded 

in the control diet while the lowest value (62.33%) in 100% ZTCC was similar 

(p>0.05) to the values in 100% UTCC and 50% ZTCC.  

 

4.38 Apparent nutrient digestibility of finishing broiler chickens fed corn cobs 

based diets 

The apparent nutrient digestibility of finishing broiler chickens fed corn based diets is 

shown in Table 44. The dietary treatments influenced (p>0.05) the nutrient 

digestibility of finishing broiler chickens. The birds fed 50% ZTCC had highest 

(p>0.05) value of 74.00% for dry matter digestibility but the lowest value of 50.54% 

recorded in 100% UTCC and 100% ZTCC was similar to the value observed in the 

control diet. The crude protein digestibility values ranged between 66.67 and 75.24%, 

the highest value obtained in 50% ZTCC was similar (p>0.05) to the value in 50% 

UTCC, but the lowest value in 100% UTCC was similar (p>0.05) to the values in the 

control diet and 100% ZTCC. The values of crude fibre digestibility ranged between 

47.11 and 65.00%, the highest value was recorded in 50% ZTCC while the lowest 

value was obtained in 50% UTCC. The acid detergent fibre digestibility values ranged 

between 53.90 and 71.29%, the birds fed 50% ZTCC had highest (p<0.05) value while 

the lowest value recorded in 100% UTCC was similar (p>0.05) to the value in 100% 

ZTCC. The values of neutral detergent fibre digestibility values ranged between 44.74 

and 65.76%, the highest value was observed in 50% ZTCC but the lowest value in 
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Table 44: Apparent nutrient digestibility of finishing broiler chickens (5 – 8weeks) fed diets containing untreated and treated corn cobs 

                                          Dietary treatments   

Parameters 1 2 3 4 5  

 Control diet 50% UTCC 100% UTCC 50% ZTCC 100% ZTCC SEM 

Dry matter digestibility 53.29c 62.68b 50.54c 74.00a 50.54c 2.47 

Crude protein digestibility 68.06bc 71.14ab 66.67c 75.24a 68.13bc 0.96 

Crude fibre digestibility 55.45b 47.11c 41.54d 65.00a 59.02b 2.29 

Acid detergent fibre digestibility 60.77c 66.84b 53.90d 71.29a 54.85d 1.87 

Neutral detergent fibre digestibility 49.30c 55.12b 44.74d 65.76a 47.95cd 2.04 

Acid detergent lignin digestibility 60.16c 68.04b 62.52c 70.63b 76.15a 1.61 

Ether extract digestibility 69.01bc 70.43ab 61.54d 73.75a 65.21cd 1.23 

Ash digestibility 66.61b 70.31ab 57.38c 72.50a 55.64c 1.88 

Nitrogen free extract digestibility 44.29e 64.97b 48.88d 70.68a 58.36c 2.66 

Calcium digestibility 66.80d 70.88c 66.52d 86.99a 81.25b 2.20 

Phosphorus digestibility 72.78b 74.07b 73.29b 86.05a 65.57c 1.77 

Apparent metabolizable energy digestibility 65.44b 65.50b 60.22c 76.90a 57.94c 1.81 

Means on the same row having different superscripts are significantly different (P<0.05) 

SEM: Standard Error of Mean
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100% UTCC was similar (p>0.05) to the value in 100% ZTCC. The birds fed 100% 

ZTCC had highest (p<0.05) value of 76.15% for acid detergent lignin digestibility but 

the lowest value in the control group (60.16%) was similar to the value (62.52%) 

obtained in 100% UTCC. The ash digestibility highest value in 50% ZTCC was 

similar (p>0.05) to the values recorded in the control diet but the lowest value in 100% 

ZTCC was similar (p>0.05) to the value in 100% UTCC. The nitrogen free extract 

digestibility highest value was obtained in birds fed 50% ZTCC while the lowest value 

was recoeded in the control group. The values of Calcium digestibility ranged between 

66.52 and 86.99%, the highest value was recorded in 50% ZTCC while the least value 

observed in 100% UTCC had similar (p>0.05) value in control diet. The highest value 

for phosphorus digestibility was obtained in 50% ZTCC, however, the lowest value 

was recorded in the control diet. The birds fed 50% ZTCC had highest (p<0.05) value 

of apparent metabolizable energy digestibility while those fed 100% ZTCC had lowest 

value. 

4.39 Haematological parameters and serum metabolites of starting broiler 

chickens fed corn cobs based diets 

The haematological and serum metabolites of starting broiler chickens fed corn based 

diets are shown in Table 45. The dietary treatments significantly (p<0.05) affected the 

red blood cell, white blood cell, MCH, MCV, heterophil and lymphocytes. The birds 

fed the control diet had highest value for red blood cell while birds fed 50% ZTCC had 

the least value. The birds fed 50% ZTCC had highest (p<0.05) values for white blood 

cell, MCH, and MCV but, the lowest values for MCH and MCV were recorded in the 

control diet. Also, the highest value for lymphocytes was recorded in 100% UTCC 

which was similar to the values observed in the control diet, 50% UTCC and 100% 
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Table 45: Haematological parameters and serum metabolites of starting broiler chickens (0 – 4 weeks) fed diets containing untreated 

and treated corn cobs 

                                          Dietary treatments   

Parameters 1 2 3 4 5  

 Control diet 50% UTCC 100% UTCC 50% ZTCC 100% ZTCC SEM 

Haematological parameters:       

Packed cell volume (%) 27.00 25.00 25.00 28.00 30.00 0.79 

Haemoglobin (g/dl) 9.00 8.30 8.00 9.30 10.00 0.32 

Red blood cell (x1012/L) 3.70a 1.30d 2.10c 1.20d 3.00b 0.27 

Mean Corpuscular Haemoglobin (pg) 24.00e 64.00b 38.00c 78.00a 33.00d 5.44 

Mean Corpuscular Haemoglobin in Concentration (g/dl) 33.30 33.20 32.00 33.20 33.30 0.57 

Mean Corpuscular Volume (fl) 73.00d 192.00b 119.00c 233.00a 100.00c 16.14 

White blood cell (x109/L) 16.10ab 14.50b 11.80c 18.20a 15.40b 0.63 

Heterophil (%) 32.00ab 33.00ab 24.00c 30.00b 36.00a 1.21 

Lymphocytes (%) 69.00ab 65.00ab 72.00a 70.00ab 63.00b 1.22 

Eosinophil (%) 0.00b 1.00a 0.00b 0.00b 0.00b 0.12 

Monocytes (%) 0.00b 1.00a 1.00a 0.00b 0.00b 0.13 

Basophils (%) 1.00b 0.00c 2.00a 0.00c 1.00b 0.20 

Serum metabolites:       

Total protein (g/dl) 4.50a 3.50b 3.10c 3.10c 3.20bc 0.15 

Albumin (g/dl) 2.30ab 2.50a 2.00bc 1.80cd 1.60d 0.10 

Globulin (g/dl) 2.20a 1.00c 1.10bc 1.30bc 1.60b 0.13 

Glucose (mg/dl) 120.00 128.00 121.00 113.00 118.00 3.55 

Cholesterol (mg/dl) 90.00ab 88.00ab 80.00b 83.00ab 100.00a 2.31 

Uric Acid (mg/dl) 3.60bc 4.50ab 4.50ab 2.80c 5.27a 0.28 

Creatinine (mg/dl) 0.50a 0.60a 0.70a 0.10b 0.70a 0.07 

Aspartate Amino-Transferase (U/L) 42.00ab 45.00ab 42.00ab 50.00a 38.00b 1.63 

Alanine Amino-Transferase (U/L) 24.00ab 21.00ab 25.00a 20.00b 24.00ab 0.71 

Means on the same row having different superscripts are significantly different (P<0.05); SEM: Standard Error of Mean     
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UTCC. Moreover, the lowest values for WBC and heterophil were recorded in birds 

fed 100% UTCC. Moreover, there were influence (p<0.05) on the eosinophil, 

monocytes, and basophils across the dietary treatments. The dietary treatments 

influenced (p<0.05) all the serum metabolites observed in the current study. The birds 

fed the control diet had highest value for total protein while the least same value was 

recorded for birds fed 100% UTCC and 50% ZTCC which was similar (p>0.05) to the 

value recorded in 100% ZTCC. The dietary treatments did not influence (p>0.05) the 

glucose. Although, birds on 50% UTCC had numerical higher value, with least value 

in 50% ZTCC. The cholesterol values (80.00-100.00mg/dl) were affected (p<0.05) by 

the dietary treatments, the highest value was observed in birds fed 100% ZTCC while 

the least value was recorded in birds fed 100% UTCC. The highest value for uric acid 

recorded in 100% ZTCC, was similar (p>0.05) to the values obtained in 50% UTCC 

and 100% UTCC while the least value was recorded in 50% ZTCC. The AST values 

ranged between 38.00 and 50.00 (U/L), with the highest value observed in birds fed 

50% ZTCC which was similar (p>0.05) to values obtained in birds fed the control diet, 

50% UTCC and 100% UTCC. The lowest value was obtained in birds fed 100% 

ZTCC. The birds fed 100% UTCC had highest value of 25.00U/L which was similar 

(p>0.05) to values obtained in control diet, 50% UTCC and 100% ZTCC while the 

least value was obtained in 50% ZTCC. 

4.40 Haematological parameters and serum metabolites of finishing broiler 

chickens fed corn cobs based diets 

 The haematological and serum metabolites of finishing broiler chickens fed corn cobs 

based diets are shown in Table 46. The dietary treatments (p<0.05) influenced 

(p<0.05) the haematological parameters except MCHC. The birds fed 50% UTCC had 

highest (p<0.05) values for PCV, and haemoglobin which were similar (p>0.05) to the 
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Table 46: Haematological parameters and serum metabolites of finishing broiler chickens (5– 8weeks) fed diets containing untreated and 

treated corn cobs 

                                          Dietary treatments   

Parameters 1 2 3 4 5  

 Control diet 50% UTCC 100% UTCC 50% ZTCC 100% ZTCC SEM 

Haematological parameters:       

Packed cell volume (%) 30.00b 39.00a 29.00b 27.00b 26.00b 1.63 

Haemoglobin (g/dl) 10.00b 13.00a 9.70b 9.00b 8.60b 0.51 

Red blood cell (x1012/L) 1.00b 1.20b 1.20b 2.00a 1.40b 0.11 

Mean Corpuscular Haemoglobin (pg) 100.00a 108.00a 81.00b 45.00d 61.00c 6.53 

Mean Corpuscular Haemoglobin in Concentration (g/dl) 33.30 33.30 33.40 33.30 33.10 0.52 

Mean Corpuscular Volume (fl) 300.00b 325.00a 242.00c 135.00e 186.00d 18.91 

White blood cell (x109/L) 12.00b 10.60b 15.10a 16.80a 11.80b 0.65 

Heterophil (%) 29.00b 38.00a 22.00c 21.00c 36.00a 1.98 

Lymphocytes (%) 70.00b 60.00c 78.00a 77.00ab 62.00c 2.17 

Eosinophil (%) 0.00b 0.00b 0.00b 0.00b 1.00a 0.11 

Monocytes (%) 1.00b 2.00a 0.00c 1.00b 1.00b 0.17 

Basophils (%) 0.00b 0.00b 0.00b 1.00a 0.00b 0.11 

Serum metabolites:       

Total protein (g/dl) 3.10c 6.30a 4.60b 2.10e 2.70d 0.41 

Albumin (g/dl) 1.80b 2.90a 1.50bc 1.00c 1.80b 0.18 

Globulin (g/dl) 1.30c 3.40a 3.10b 1.10d 0.90e 0.29 

Glucose (mg/dl) 120.00c 122.00b 112.00e 115.00d 133.00a 1.94 

Cholesterol (mg/dl) 87.00b 76.00e 84.00c 82.00d 90.00a 1.29 

Uric Acid (mg/dl) 3.20b 5.00a 4.80a 3.00b 2.80b 0.28 

Creatinine (mg/dl) 0.10c 0.40ab 0.40ab 0.30b 0.50a 0.04 

Aspartate Amino-Transferase (U/L) 45.00c 50.00b 49.00b 48.00b 63.00a 1.69 

Alanine Amino-Transferase (U/L) 24.00b 28.00a 14.00d 19.00c 23.00b 1.33 

Means on the same row having different superscripts are significantly different (P<0.05); SEM: Standard Error of Mean 
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values obtained across the dietary treatments. The red blood cell values ranged 

between 1.00 and 2.00 (x 1012/L), the highest value was recorded in birds fed 50% 

ZTCC while the least value recorded in the control diet was similar (p>0.05) to the 

values obtained in other diets. The highest value of WBC was obtained in birds fed 

50% ZTCC while the least values was observed in birds fed 50% UTCC was similar 

(p>0.05) to the values recorded in the control group and 100% ZTCC. The birds fed 

50% UTCC had highest (p<0.05) values of MCH, MCV and heterophil while the least 

values were recorded in birds fed 50% ZTCC. The finishing broiler chickens fed 50% 

UTCC had highest (p<0.05) values for total protein, albumin, globulin, uric acid and 

ALT. The least values for total protein and albumin was observed in birds fed 50% 

ZTCC while birds fed 100% ZTCC had least values for globulin and uric acid. The 

birds fed diet 5 had highest (p<0.05) values for glucose, cholesterol, creatinine and 

AST, while the least values for these metabolites were recorded in control diet, 100% 

UTCC and 50% ZTCC. 

4.41 Carcass characteristics of broiler chickens fed corn cobs based diets 

The carcass characteristics of broiler chickens fed corn cobs based diets is shown in 

Table 47. The dietary treatments influenced (p<0.05) the live weight, dressed weight, 

eviscerated weight and the dressing percentage. The dressing percentage values ranged 

between 69.13 and 77.28%, the highest value was recorded in birds fed the control diet 

while the least value was obtained in birds fed 100% UTCC. The birds fed the control 

diet had highest (p<0.05) value for breast which was (p>0.05) similar to the values 

obtained in birds fed 50% UTCC and 100% ZTCC. The values of thigh ranged 

between 10.53 and 11.00(%), the highest value obtained in birds fed 100% UTCC was 

similar (p>0.05) to the value obtained in birds fed 100% ZTCC but the lowest values 

were observed in birds fed 50% UTCC and 50% ZTCC. The highest value of 
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Table 47: Carcass characteristics of broiler chickens fed diets containing 

untreated and treated corn cobs 

                                Dietary treatments    

Parameters 1 2 3 4 5  

 Control 50% 100% 50% 100%  

 diet UTCC UTCC ZTCC ZTCC SEM 

Live weight (g) 2200.00a 1900.00b 2000.00b 1900.00b 2000.00b 32.46 

Dressed weight (g) 2120.00a 1820.00c 1940.00b 1780.00c 1900.00b 32.24 

Eviscerated weight (g) 1700.00a 1460.00c 1380.00d 1460.00c 1540.00b 29.08 

Dressing percentage (%) 77.28a 77.00a 69.13b 76.85a 77.00a 1.05 

Cut parts (% of LW)       

Head (%) 2.73e 4.21a 3.00d 3.16c 4.00b 0.16 

Breast (%) 20.00a 17.89ab 16.00b 15.79b 18.00ab 0.51 

Thigh (%) 10.91b 10.53c 11.00a 10.53c 11.00a 0.06 

Drumstick (%) 10.91a 10.53a 8.00b 10.53a 11.00a 0.33 

Wing (%) 8.18ab 8.42ab 7.00b 8.42ab 9.00a 0.27 

Back (%) 17.27c 15.79d 16.00d 18.95a 18.00b 0.32 

Neck (%) 3.64b 3.16c 3.00c 4.21a 4.00ab 0.13 

Shank (%) 4.55c 4.21d 4.00e 5.26a 5.00b 0.13 

Organ weight 

 (% of LW) 

      

Heart (%) 0.91c 1.05a 1.00b 1.05a 1.00b 0.01 

Spleen (%) 0.18a 0.13b 0.11bc 0.13b 0.10c 0.01 

Lungs (%) 0.82ab 0.95a 0.75bc 0.63c 0.80b 0.03 

Liver (%) 3.64a 3.16b 3.00b 3.16b 4.00a 0.11 

Kidneys (%) 0.73b 0.68b 0.43d 0.58c 0.90a 0.04 

Proventriculus (%) 0.91 1.05 1.00 1.05 1.00 0.03 

Gizzard (%) 2.73c 5.26a 5.00a 4.21b 3.00c 0.28 

Empty gizzard (%) 1.82c 3.16a 3.00ab 3.16a 2.50b 0.15 

Abdominal fat (%) 0.91c 1.05b 1.00b 2.11a 1.00b 0.12 

Whole GIT (%) 15.45d 18.95b 17.00c 16.84c 21.00a 0.53 

Means on the same row having different superscripts are significantly different 

(P<0.05) 

LW: Live weight 

GIT: Gastro-intestinal tract 

SEM: Standard Error of Mean 
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drumstick recorded in birds fed 100% ZTCC was similar (p>0.05) to the values 

obtained in the birds fed the control diet and diets 2,4 and 5. The lowest value of 

8.00% was recorded in birds fed diet 3. The highest value of the back was recorded in 

50% ZTCC but, the lowest value was observed in the control group. The dietary 

treatments did not influence (p<0.05 the proventriculus of the broiler chickens. The 

birds fed 50% UTCC and 100% UTCC had the same highest value for heart while the 

least value was obtained in the birds fed the control diet. The liver values ranged 

between 3.00 and 4.00%, the birds fed 100% ZTCC had the highest value while the 

least value was obtained in birds fed 100% UTCC. The birds fed 5 had highest 

(p<0.05) value for whole GIT while the least value was obtained in birds fed the 

control diet. 

4.42 Viscosity of ileal digesta of broiler chickens fed corn cobs based diets 

The viscosity of ileal digesta of broiler chickens fed corn cobs based diets are shown 

in Table 48. The dietary treatments significantly (p<0.05) influenced the ileal digesta 

viscosity of the broiler chickens. At 100rpm, the highest value (7.40cps) was observed 

in 100% UTCC but the lowest value (3.03) was recorded in the control diet. 

4.43 Sensory evaluation of meats from broiler chickens fed corn cobs based 

diets 

The sensory evaluation of meats from broiler chickens fed corn cobs based diets is 

shown in Table 49. The dietary treatments influenced (p<0.05) the colour, juiciness, 

flavour, tenderness and overall acceptability. The birds fed 50% ZTCC had highest 

(p<0.05) value of 6.00 for colour of the meat while least value was observed in birds 

fed 100% ZTCC which was similar (p>0.05) to the values obtained in other dietary 

treatments. The birds on 100% UTCC had highest (p<0.05) values for juiciness, 

flavour and tenderness, however, the least values for the aforementioned parameters 
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Table 48: Viscosity of Ileal digesta of broiler chickens fed diets containing 

untreated and treated corn cobs 

                                   Dietary treatments    

Parameters 1 2 3 4 5  

 Control 50% 100% 50% 100%  

 diet UTCC UTCC ZTCC ZTCC SEM 

50rpm 4.04d 7.22c 15.14a 7.50c 9.20b 0.98 

60rpm 3.58c 6.05b 12.90a 5.80b 6.02b 0.85 

100rpm 3.03c 4.22b 7.40a 3.90bc 3.30c 0.43 

abcde Means on the same row having different superscripts are significantly different 

(P<0.05) 

SEM: Standard Error of Mean 
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Table 49: Sensory evaluation of meat from broiler chickens fed diets containing 

untreated and treated corn cobs 

                                           Dietary  treatments    

Parameters 1 2 3 4 5  

 Control 50% 100% 50% 100%  

 diet UTSD UTSD ZTSD ZTSD SEM 

Colour 6.65a 5.75c 6.60a 6.60a 6.25b 0.09 

Juiciness 6.05b 5.35c 6.35a 5.95b 6.12ab 0.10 

Flavour 5.75a 5.15b 6.10a 5.70a 5.85a 0.10 

Tenderness 6.20c 5.95d 6.45b 6.65a 6.40b 0.07 

Overall acceptability 6.50a 6.00b 6.40a 6.40a 6.15b 0.05 

abcMeans on the same row having different superscripts are significantly different 

(P<0.05) 

SEM: Standard Error of Mean
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were recorded in 50% UTCC, 50% ZTCC and 100% ZTCC. The overall acceptability 

values ranged between 5.05 and 5.90, the highest value was recorded in birds fed 

100% UTCC and the lowest value was obtained in birds fed 50% UTCC.   

4.44 Economy of feed conversion of broiler chickens fed corn cobs based diets 

The economy of feed conversion of broiler chickens fed corn cobs based diets is 

shown in Table 50. The dietary treatments significantly (p<0.05) influenced the cost of 

the feed/kg, the highest value of N176.39 was obtained in 50% UTCC which was 

similar (p>0.05) to the value obtained in 50% ZTCC with the least value of N173.89 

observed in 100% UTCC. The cost of production/broiler ranged between N1312.34 

and N1413.25, the highest value was obtained in the control diet while the lowest 

value was recorded in 100% ZTCC which was similar (p>0.05) to the value in 50% 

ZTCC. The gross profit was higher (p<0.05) for birds fed 100% ZTCC but lower value 

was obtained in 100% UTCC. The birds fed 100% ZTCC had highest (p<0.05) values 

of rate of return on investment, economic efficiency and relative cost benefit while the 

least values for rate of return on investment and economic efficiency were recorded in 

100% UTCC. The values of relative cost benefit ranged between 0.00 and 13.92%, the 

highest value was recorded in 100% ZTCC while the least value observed in the 

control diet was similar (p>0.05) to value recorded in birds on 50% UTCC. Also, 

similar (p>0.05) value was obtained in birds on 50% UTCC and 50% ZTCC for 

relative cost benefit. 

4.45 Overview of the best growth response of the finishing broiler chickens (5 - 

8 weeks) 

The overview of the best growth response of the finishing broiler chickens is shown in 

Table 51. The values showed that untreated and treated soyabean hull promoted best 

growth response of finishing broiler chickens, followed by untreated and treated  
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         Table 50: Economy of feed conversion of broiler chickens fed diets containing untreated and treated corn cobs 

   Dietary treatments    

Parameters 1 2 3 4 5  

 Control diet 50% UTCC 100% UTCC 50% ZTCC 100% ZTCC SEM 

Cost of the feed/Kg (N/Kg) 174.89bc 176.39a 173.89c 175.64ab 174.39c 0.27 

Price/Kg live weight (N) 900.00 900.00 900.00 900.00 900.00 0.00 

Cost of production/broiler (N/broiler) 1413.25a 1369.24b 1365.90b 1315.12c 1312.34c 10.13 

Gross revenue/broiler (N/broiler) 1917.00a 1764.00b 1728.00c 1719.00c 1917.00a 24.08 

Gross profit (N) 503.75b 394.76d 362.10e 403.88c 604.66a 23.82 

Rate of return on Investment (%) 35.64b 28.83d 26.51e 30.71c 46.07a 1.86 

Economic efficiency 0.71b 0.59b 0.55b 0.66b 0.99a 0.05 

Relative cost benefit (%) 0.00d 0.73cd 5.14b 1.24c 13.92a 1.39 

Means on the same row having different superscripts are significantly different (P<0.05) 

SEM: Standard Error of Mean 
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Table 51: Overview of the best growth response from finishing broiler chickens (5 – 8 weeks) fed diets containing various fibrous 

feedstuffs treated with Zymomonas mobilis 

Parameters Soyabean hull Cassava sifting Sawdust Corn cobs 

Average weight gain (g/bird) 1453.00 – 1695.00 813.00 – 1094.00 1249.00 – 1401.00 1189.00 – 1397.00 

Daily weight gain (g/bird) 51.89 – 60.54 29.04 – 39.07 44.61 – 50.04 42.46 – 49.89 

Average feed intake (g/bird) 3836.00 – 4346.00 2893.00 – 3333.00 3561.00 -3880.00 3479.00 – 4055.00 

Daily feed intake (g/bird) 137.00 – 155.21 103.32 – 119.04 127.18 – 138.57 124.25 – 144.82 

Feed conversion ratio 2.50 – 2.76 3.03 – 3.78 2.65 – 3.01 2.51 – 3.07 

Protein efficiency ratio 1.86 - 2.16 1.18 – 1.61 1.46 – 1.91 1.48 – 1.80 
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sawdust, untreated and treated corn cobs with the least growth response from broiler 

chickens fed untreated and treated cassava sifting based diets. 
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CHAPTER FIVE 

5.0                                               DISCUSSION 

The proximate composition of the experimental diets met the nutrient requirements of 

the starting and finishing broiler chickens in the tropics as stated by Olomu, 1995. The 

crude protein of Zymomonas mobilis fermented soyabean hull of 19.68% was greater 

than the value of 14.45% obtained in fermented cowpea husk as reported by Adedire 

et al. (2012). However, the crude fibre, nitrogen free extract, ash and acid detergent 

fibre values were lower than the values for the fermented cowpea husk by the same 

authors. The improved nutrient composition of treated soyabean hull may be due to the 

fermentation with Zymomonas mobilis. The biodegradation had considerably increased 

its crude protein content. In addition, Egounlety and Aworh (2000) observed that 

fermentation brings about numerous biochemical and nutritional changes in the raw 

materials, besides the breakdown of certain constituents, reduction of antinutritional 

factors and the synthesis of B vitamins. The metabolizable energy of fermented 

soyabean hull of 2793.02kcal/kg is comparable with the value of 2764.10kcal/kg of 

wheat offal (Aduku, 1993). The reduced gross energy following fermentation may be 

attributed to the fact that a large proportion of the fermentable carbohydrates of the 

soyabean hull could have been removed during fermentation as observed by Adeyemi 

et al. (2011) for fermented pineapple peels. However, the values of crude protein, 

ether extract, ash were lower than the values reported by Esonu et al. (1997), but the 

values of acid detergent fibre, neutral detergent fibre and nitrogen free extract were 

greater than the values obtained by the same authors.  

The fermentation of cassava sifting with Zymomonas mobilis improved its crude 

protein, ether extract and ash content. This observation agreed with the findings of  

Eka (1979) who reported that there may be enrichment of products following 
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fermentation of foodstuffs as fermented products exhibited a relative increase in 

protein, lipid and ash content. In the same vein, Adeyemi et al. (2007) reported that 

the increased crude protein may be linked with the proliferation of microbial bodies. 

The crude protein value of 5.36% of fermented cassava sifting was less than the values 

of 8.8% reported for maize (NRC, 1994), and 15.61% reported for wheat offal 

(Aduku, 1993). This implied that Z. mobilis treated cassava sifting can be used for 

partial replacement of maize protein. However, the crude protein of fermented cassava 

sifting is greater than the values of 2.5% reported for cassava pellets (INRA, 1989), 

while the metabolizable energy content of 2894.44 Kcal/Kg was comparable to the 

value of 2832 kcal/kg reported by CVB (1998) for cassava pellets. The low calcium 

content of cassava sifting following fermentation may be due to gradual leaching of 

the mineral in the fermenting water as observed by Oso et al. (2012) for fermented 

pigeon pea. This agreed with the findings of Dulhan et al. (2002) who reported 

reduction in calcium content of pigeon pea seeds soaked in water. 

The crude protein of Z. mobilis fermented sawdust of 7.13% was greater than the value 

of 5.56% reported by Anigbogu and Anosike (2010) for Zymomonas mobilis degraded 

sawdust but lower than the value reported for wheat offal by Aduku (1993). The crude 

fibre of 51.50% obtained in the study was lower than the value (58.85%) reported by 

Anigbogu and Anosike (2010). However, the value of ether extract of 5.00% was 

greater than 0.16% reported by the same authors. The difference might be due to the 

specie of trees, length of storage of the timber, sawdust at the sawmills and the milling 

pattern (Oke and Oke, 2007). There was improvement in the gross energy of the 

fermented sawdust. This might be due to the hydrolysis of the crude fibre into 

disaccharides and monosaccharide which resulted in the availability and utilization of 

liberated energy (Faniyi, 2006; Adedire et al., 2012). 
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The proximate composition of the treated corn cobs used in the study was closer to the 

previous results reported in the literature. The crude protein of fermented corn cobs of 

9.45% reported in the study was greater than 4.79% reported by Olagunju et al. (2013) 

and lower than 12.06% for fermented corn cobs by Adedire et al. (2012). The crude 

fibre of the fermented corn cobs of 19.00% was greater than the value of 6.83% 

reported by Olagunju et al. (2013) but lower than the value of 26.55% reported by 

Adeyemi et al. (2008) for fermented corn cobs. The difference between the reported 

value in the study and literature, may be due to the length of storage, drying period and 

the specie of maize from which the cobs was harvested. The ether extract value of 

8.50% was greater than the value of 1.00% reported by Adeyemi et al. (2008), but the 

values of ash and nitrogen free extract were lower than the values reported for 

fermented corn cobs by Adedire et al. (2012) and Olagunju et al. (2013). The 

difference in the values may be due to the microorganisms used for fermentation The 

metabolizable energy of fermented corn cobs (2780.28 kcal/kg) was comparable to the 

value (2764.10 kcal/kg) for wheat offal (Aduku, 1993). The fermentation of corn cobs 

with Zymomonas mobilis improved its crude protein content. This could be attributed 

to the possible secretion of enzyme. This agreed with the reports of Olagunju et al. 

(2013) who reported that fermentation of corn cobs with white rot fungi improved its 

protein content, fibre level, ash and some mineral elements like calcium, potassium 

and zinc. Also, Olagunju et al. (2013) reported that increase in crude protein content 

of corn cobs by Lachnocladium spp. might be due to the secretion of laccase and 

manganese peroxidase, amylases and cellulases (Oboh and Akindahunsi, 2003) by the 

fermenting organism (Sidharth et al. 2013) and increase in the growth of the fungi 

(Omer et al., 2012). The variation in nutrients could be due to differences in the type 

of cultivars, fermentation period/duration, processing methods, conditions and storage 
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methods (Udedibie and Carlini, 2000; Onu et al. (2001). However, reduced Ca and P 

content of the fermented corn cobs when compared with the non-fermented product 

suggested utilization of the constituent minerals by Zymomonas mobilis during 

fermentation as observed by Oso et al. (2015). 

The soyabean based diets influenced the weight, feed intake, feed conversion ratio, 

protein efficiency ratio, total cost of feed consumed/bird and cost of feed/kg weight 

gain of the starting broiler chickens. This observation agreed with the findings of 

Opoola et al. (2016) who reported that the final weight, body weight gain, feed intake 

and feed conversion ratio were significantly affected by dietary treatments. The 

improvement in the growth performance of the starting broiler chickens fed the Z. 

mobilis treated soyabean hull (ZTSBH) may be due to the reduction of anti-nutritional 

factors as observed by Reddy and Pierson (1994) and Khattab and Arntfield (2009). 

They reported appreciable reductions in the tannin and phytic acid contents of cereals 

and legumes respectively. The birds fed 50% ZTSBH and 100% ZTSBH had higher 

values of daily feed intake than birds fed the control and other diets. This agreed with 

the findings of Steenfeldt et al. (1998) who reported an increase in feed intake of 

broiler chickens when their diets were supplemented with enzyme. Moreover, birds 

fed 100% ZTSBH had the lowest value of feed conversion ratio which was similar to 

the value obtained in 100% untreated soyabean hull (UTSBH). This may be due to 

better utilization of the incorporated treated soyabean hull in the diet. The total cost of 

feed consumed/bird was higher for birds fed 50% ZTSBH and 100% ZTSBH. This 

might be due to high feed consumption by the broiler chickens. However, the birds fed 

100% ZTSBH had the lowest value of cost of feed/kg weight gain compared with the 

control and other diets. This attested to the fact that replacement of wheat offal with 

treated soyabean hull based diet was more cost effective than other treatments. 
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Also, the inclusion of soyabean based diets influenced the body weight, average feed 

intake, protein efficiency ratio, total cost of feed consumed/bird and cost of feed/kg 

weight gain of the finishing broiler chickens. The broiler chickens fed 50% ZTSBH 

had the highest values of final body weight, average weight gain and daily weight 

gain. However, the values recorded for final body weight and average weight gain 

were similar to the values obtained from the birds fed 100% UTSBH. This observation 

did not agree with the findings of Odeh et al. (2016) who reported no differences in 

final weight gain and daily weight gain for broiler chickens fed rice milling waste 

based diets. The values of daily weight gain (51.89 - 60.54g/bird) obtained in this 

study were higher than the 34.18g/bird as reported by Olomu (1995) for broiler 

chickens at 9 weeks of age in the tropics and 42.95 - 46.39g/birds reported by Odeh et 

al. (2016). This may be attributed to the quality of the soyabean based diets used in the 

study. Moreover, a higher body weight observed in chicks fed 100% ZTSBH at day 28 

which was not reflected at the finisher phase might be due to the fact that older poultry 

birds’ nutrient requirements decrease with age (NRC., 1994) and because they 

possessed a well-developed digestive tracts and organs (Lilja, 1983). However, the 

daily feed intake was similar across the dietary treatments but the control group had 

numerically higher value for daily feed intake. The reduced feed intake recorded in the 

study could be said to indicate an adequacy of the energy content of the diets because 

the broiler chickens were fed isocaloric dietsThe values of the feed conversion ratio 

were not affected by dietary treatments. Feed conversion ratio measures how efficient 

the broiler chickens convert feed consumed into meat. The numerical lowest value 

obtained in 50% ZTSBH (2.50) is similar to the value (2.50) reported by Olomu 

(1995). Adeyemo and Longe (2007) defined protein efficiency ratio as a clear 

indicator of the quality of dietary protein. They further stated that dietary protein 
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quality can be assessed by its availability for tissue deposition. The birds fed 50% 

UTSBH and 100% UTSBH had similar higher value for protein efficiency ratio than 

the values in other diets. The value of mortality recorded in diet 4 was comparable to 

the value of 6.78% obtained for Anak 2000 broiler chickens by Awobajo et al. (2007). 

The Poultry International (1994) reported that genetic factors (breeds) may be 

responsible for high death rate of some breeds of domestic fowls. The economic value 

of replacement of wheat offal with treated and untreated soyabean hull in diets of 

broiler chickens was depicted by the reduced total cost of feed consumed/bird and cost 

of feed/kg weight gain. This may be due to the low cost of soyabean hull, low 

processing cost and the nutrient composition of the soyabean hull which supported 

growth response of broiler chickens. This observation agreed with the findings of 

Odeh et al. (2016) who fed graded levels of rice milling waste to broiler chickens and 

Ngiki et al. (2014) who replaced maize with cassava root-leaf meal mixture in broiler 

chicken diets. Mortality was recorded in all the dietary treatments which may not be 

linked with the diets. This agreed with the report of the Poultry International (1994) 

that total flock mortality may be due to the birds’ age and health, ventilation and 

season of the year.  

The broiler chickens fed the experimental 100% ZTSBH had highest values for dry 

matter (DM), crude protein digestibility (CPD), neutral detergent fibre digestibility 

(NDFD), ether extract digestibility (EED), nitrogen free extract (NFED), Calcium, 

Phosphorus and apparent metabolizable energy digestibility (AMED) compared to the 

values from other diets. This observation agreed with the reports of Agboola et al. 

(2014) who reported that apparent nutrient digestibility in broiler chickens was 

significantly improved with enzyme supplementation. Although, Adeniji and Omonijo 

(2004) reported that fibres are arranged in such a way that proteins are trapped within 
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them which make it difficult for enzyme to digest them in the gastro-intestinal tracts of 

non-ruminant animals. The treatment of soyabean hull with Zymomonas mobilis to 

produce life-enzyme based diets assisted the broiler chickens at the starter phase to 

digest and promote optimum nutrients absorption from the GIT. Replacement of wheat 

offal with Zymomonas mobilis based diet improved ether extract digestibility as 

evidenced by the highest value recorded in broiler chickens fed 100% ZTSBH. It was 

noted that the presence of non-starch polysaccharides in the diet reduced bile acid 

secretions which affected lipid emulsification. This can lead to decreased absorption of 

lipids and fat-soluble vitamins (Knarreborg et al., 2002) which can be related to a 

slower digesta passage rate. However, soluble NSP increased the retention time of the 

digesta in the intestine (Van Der Klis et al., 1993) which decreased oxygen tension 

and promoted the development of anaerobic microflora. The multiplication of the 

anaerobic microflora leads to the production of toxins and deconjugation of bile salts 

which are essential for fat digestion (Carre et al., 1995). The dietary treatments 

influenced the nutrient digestibility of finishing broiler chickens fed soyabean hull 

treated with Zymomonas mobilis based diets. This result did not agree with the reports 

of Milad et al. (2011) who reported that there were no significant differences in the 

apparent nutrient digestibility in broiler chickens fed corn bran-based diets with or 

without polyzyme. The superior value of crude protein digestibility obtained in 100% 

ZTSBH may be due to the life-enzyme derived from the treatment of soyabean hull 

with Zymomonas mobilis. Moreover, Almirall et al., (1995) reported that enzyme 

supplementation enhanced carbohydrate digestibility, reduced gut viscosity and led to 

improvement of fat utilization in broiler chickens. The nutrient digestibility values 

observed in 50% ZTSBH and 100% ZTSBH for finishing broiler chickens were not 

superior to the values obtained in other diets. This was in agreement with the findings 
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of other researchers (McCracken and Bedford, 2001 and Rebole et al., 2010) who 

reported no response or negative response to the effects of enzymes on broiler 

performance. Moreover, McCracken and Bedford (2001) observed that the diet 

composition and diet form could affect the performance response of broilers to 

enzyme supplementation. Biggs et al. (2007) stated that differences in responses might 

be due to the intrinsic properties of enzyme product. Myashauskene et al. (1984) 

reported that the utilization of an enzyme in broiler chicken feed caused greater 

proteolytic activity in the stomach and duodenum that ultimately improved the 

digestibility of crude protein. The birds fed 100% UTSBH had highest values for most 

of the nutrient digestibility parameters except in crude protein and acid detergent fibre 

digestibility. The observation was not in agreement with the reports of Adebiyi et al. 

(2009) who reported that poultry birds on the control diet had the highest apparent 

nutrient digestibility values when broiler chickens were fed different physically treated 

cowpea seed hull. The report agreed with the findings of Fafiolu et al. (2015) who 

observed that palm kernel extraction residue (PKER) had a significantly higher 

apparent digestibility, digestive dry matter, crude protein, ether extract, ash, nitrogen 

free extract and metabolizable energy in Marshall broiler chickens.  

The values of PCV (25.00 - 32.50%) and haemaglobin (8.30 - 10.60g/dl) were within 

the normal range (22.00 – 35.00%) and (7.00 – 13g/dl) reported by Bounous et al. 

(2000) for healthy broiler chickens. The packed cell volume and haemoglobin 

concentration are generally influenced by inadequate intake of energy and protein with 

lower values indicating anaemia (Maxwel, 1982; Rastogi, 2007; Muhammad and 

Oloyede, 2009). The results obtained for PCV and Haemoglobin of the birds suggested 

the nutritional adequacy of the soyabean hull based diets. The red blood cell values 

(2.10 - 2.75x1012/L) were within the normal range (1.58 - 3.28x1012/L) reported by Jain 
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(1986). The values followed the same trend as the MCH and Hb. Furthermore, MCH 

followed the same pattern as MCV across the dietary treatments. Although, MCH is an 

indicator of the blood carrying ability of the red blood cell, this could suggest that the 

broiler chickens fed the diets are more efficient in performing respiratory function as 

observed by Abdulazeez et al. (2016) and Soetan et al. (2013). The values of white 

blood cell (11.85 - 23.00x109/L) obtained in the study were lower than the value of 

25.00(x109/L) reported by Diarra and Usman (2008). The control group had the least 

value of WBC, since white blood cells are known to fight against diseases, the result 

of this study indicated that birds on soyabean hull based diets had similar immunity 

status which is superior to those of the control group. Furthermore, livestock with low 

white blood cell count are exposed to high risk of disease infection, while those with 

high counts are capable of producing antibodies in the process of phagocytocis and 

have higher degree of resistance to diseases (Soetan et al., 2013). The values of 

lymphocytes were within the normal range (45.0 - 70.0%) reported by Jain (1993) but 

the values of eosinophil, monocyte and basophil from the study were lower than the 

normal ranges: eosinophil (1.5 – 6.0%), monocyte (5.0 – 10.0%) and basophil (rare) 

reported by Jain (1993). Moreover, the dietary treatments affected the serum 

metabolites of the broiler chickens. At 28 days of age, the broiler chickens had higher 

total protein values in the dietary treatments except in the control group. This 

observation indicates that the birds had low protein demand to tissues (Café et al., 

2012). The mean values of total protein are within the range cited by Thrall (2007) that 

is 2.5 to 4.5 (g/dl). The values of albumin obtained in the control group, and diets 2, 4 

and 5 were lower than the values (2.0 to 3.5g/dl) cited by Anon (1980) and Jain 

(1986). The globulin values (1.00-2.05g/dl) in the study are comparable with the 

normal range for Gallus gallus specie that is 0.5 to 1.8g/dl as cited by Thrall (2007). 
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The values of glucose (77.00 - 134.00mg/dl) were within the normal range for broiler 

chickens (65.00-140mg/dl) cited by Am. Med. Laboratory (2001). The values of 

cholesterol obtained in the control group, diets 50% UTSBH, 100% UTSBH and 

100% ZTSBH (77.00, 82.00, 91.00 and 89.50mg/dl) were lower than the values 

(100.30-108.21mg/dl) reported by Aderemi (2004). This may be due to demand of 

energy caused by higher body development at the starter phase as reported by Almeida 

et al. (2006) and Café et al. (2012). The uric acid values (3.15-5.20mg/dl) in this study 

were lower than the normal range (7.00 - 21.00mg/dl) reported by Am. Med. 

Laboratory (2001) for broiler chickens. Szabo et al. (2005) reported a direct 

relationship between protein intake and blood level of uric acid of growing turkey 

(Meleagris gallopavo). The birds fed 100% ZTSBH had higher creatinine which might 

be due to the life-ezyme incorporated to their diet. This might be directly related to 

increased muscle activity and volume (Café et al., 2012). The values of ALT (21.50 - 

30.50 IU/L) were within the values (19 to 50 IU/L) reported by Lumeij (1997) for 

most species of birds. The dietary treatments influenced the haematological 

parameters with the exception of MCHC. This observation is in agreement with the 

findings of Abdulazeez et al. (2016) who fed broiler chickens with graded levels of 

Baobab (Adansonia digitata L.) seed meal. The PCV values (36.00 - 47.00%) in the 

study were greater than the values (31.00 - 40.00%) reported by Oyewale (1987) and 

Swenson (1970). This is an indication that the birds were not anaemic and were 

immunologically balanced. The haemoglobin values (11.70 - 14.80g/dl) were greater 

than the normal range (7.0 - 13.0g/dl) cited by Jain (1993) and Bounous et al. (2000). 

This further indicated that, all the broiler chickens had higher tendency to resist 

respiratory stress because haemoglobin is the oxygen-carrying pigment which is 

carried on the red blood cells (Muhammad and Oloyede, 2009). The red blood cell 
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values (2.90 - 3.80x1012/L) were greater than the normal range (1.58 - 3.28x1012/L) 

reported by Jain (1986). Also, the treated and untreated soyabean hull based diets were 

nutritionally adequate in providing a sound plane of nutrition. The dietary treatments 

influenced the mean corpuscular volume (MCV) of the broiler chickens. The mean 

corpuscular haemoglobin (MCH) followed the same pattern as MCV. The significant 

differences observed in this study could be attributed to inclusion of Zymomonas 

mobilis treated soyabean hull in the experimental diets. This observation agreed with 

the reports of Muhammad et al. (2015) who fed diets containing differently processed 

mucuna seed meal to finisher broiler chickens. The MCH and MCV values in all the 

dietary treatments in this study fell within the normal range of 16 to 53 (pg) and 90 to 

140 (fl) respectively as earlier reported by Mitruka and Rawnsley (1977) and Anon 

(1980). This finding is in line with what had been earlier reported by Tuleun et al. 

(2007) and Muhammad et al. (2015) in broiler chickens that nutrient is an important 

factor in haemopoesis. Also, Seivered (1977) reported that increased MCV, MCH and 

MCHC lead to anaemia in farm animals. The white blood cell values (14.70 - 

24.60x109/L) from this study were lower than the average value of 25.00(x109/L) 

reported by Diarra and Usman (2008) for broiler chickens. It could be due to 

individual differences of the broiler chickens. White blood cell fight against diseases, 

the result of this study indicated that broiler chickens on treated and untreated 

soyabean hull -based diets have similar immunity status which is superior to those of 

the control group. Therefore, farm animals with low white blood cell count are 

exposed to high risk of disease infection, however, livestock with high WBC counts 

are capable of producing antibodies in the process of phagocytocis and have higher 

degree of resistance to diseases (Soetan et al., 2013). The lymphocyte values (61.00 -

69.00%) in the study are greater than the values (29.00 - 34.67%) reported by Kpanja 
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et al. (2016) and lower than the values (94.03 - 98.33%) reported by Muhammad et al. 

(2015) for broiler chickens fed unprocessed and processed velvet bean (Mucuna 

pruriens L.) as dietary protein sources. The values of eosinophil (0.00 - 1.00%) 

observed in the study were lower than the value (1.5 - 6.00%) reported by Clinical 

Diagnostic Division (1990). The value of eosinophil (1.00%) observed in the control 

group, 100% UTSBH and 100% ZTSBH was within the values (1.00 - 1.67%) 

reported by Daudu (2012). The monocytes values (0.00 - 2.00%) in the study were 

lower than the values (5.0 - 10.0%) reported by Jain (1993) and the values (2.00 - 

4.33%) reported by Daudu et al. (2015) for broiler chickens fed diets containing 

mango seed kernel based diets. The values of basophil (0.00 - 1.00%) are lower than 

the values (4.00 - 5.50%) reported by Madubuike and Ekenyem (2006). They fed 

broiler chickens with varying dietary levels of Ipomoea asarifolia leaf meal based 

diets. Also, Jain (1993) reported ‘rare’ for the value of basophil for healthy broiler 

chickens. Moreover, the values of lymphocytes, monocyte and eosinophil suggest the 

resistance of the broiler chickens in disease conditions. For example, high lymphocyte 

values would be recorded in bacterial and viral infection such as coccidiosis and high 

monocytes values would be recorded in case of injury to body tissues. It can be 

inferred from the result that the replacement of wheat offal with treated and untreated 

soyabean hull did not adversely influence the broiler chicken physiological status. The 

dietary treatments influenced the serum metabolites of the finishing broiler chickens 

fed soyabean hull treated with Zymomonas mobilis based diets. The values of total 

protein (2.60 - 3.50g/dl) were comparable with the values (3.00 -5.00g/dl) reported by 

Obikaonu et al. (2012), lower than the values (5.00 - 8.00g/dl) by Anon (1980). 

However, the values of (2.60g/dl) obtained in 50% UTSBH was lower than the values 

(3.31 - 5.39g/dl) reported by Mitruka and Rawnsley (1997) for broiler chickens. It 
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implied an efficient utilization of the dietary protein by the finishing broiler chickens. 

Reddy and Salunkhe (1984) reported lower values of plasma total protein as a result of 

inhibition of protein utilization in broiler chickens. The values of the albumin (1.50 - 

2.40g/dl) in the study were comparable with the values (2.0 - 3.5g/dl) reported by 

Anon (1980) and Jain (1986). Sasipriya and Siddhuraju (2013) observed that in the 

liver with acute or chronic damage, the level of albumin in the blood will typically be 

low. Moreover, the globulin values (0.60 - 1.70g/dl) were lower than the values (2 - 

3.50g/dl) reported by Marieb and Hoehn (2007). The blood glucose values (100.00 - 

131.00mg/dl) in the study were within the normal range for broiler chickens reported 

by Am. Med. Laboratory (2001). The values of the glucose obtained in the control 

group (100mg/dl) was lower than the normal range (125 - 200iu/l) by Anon (1980), 

and Jain (1986) but the values from other diets were lower than the normal blood 

glucose values for broiler chickens (200 to 500mg/dl) cited by Café et al. (2012) and 

234.94 - 309.17(mg/dl) reported by the same authors. The decrease in total protein 

concentration in the control group may be an indication of reduction in protein 

synthesis. The values of cholesterol (72.00 - 100.00mg/dl) were lower than the values 

(100.30 -108.21mg/dl) by Aderemi (2004) while the values in the control group, diets 

100% UTSBH and 50% ZTSBH were within the range (93.33 - 116.67mg/dL) 

reported by Nworgu (2004). The values of the cholesterol may be due to the level of 

fats in the diets as observed by Olorode et al. (1996) when they fed sheabutter or palm 

kernel cake in broilers in the humid tropics. The uric acid values (3.00 - 4.20mg/dl) 

were lower than the normal range (7.00 - 21mg/dl) reported by Am. Med. Laboratory 

(2001). Babatunde and Pond (1987) observed that blood urea concentration is 

inversely related to the protein quality, the replacement of wheat offal with soyabean 

hull based diet confirmed the adequacy of the feed stuff in the diets of broiler 
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chickens. However, Oyebimpe (2012) observed that high urea concentration may be 

toxic to the liver and kidneys of broiler chickens. Iyayi and Tewe (1998) reported that 

total protein and serum urea depend mainly on the quality and quantity of protein in 

the diet. The increased level of serum uric acid could be due to the anti-nutritional 

factors which lower the quality of protein indicating imbalances in amino acids 

(Kaneko, 1989) besides kidney malfunction which results in high level of serum uric 

acid (Nworgu et al., 2007). Also, Kwiecien et al. (2015) reported that an increased 

concentration of uric acid in plasma may be due to oxidative stress and it can be a 

result of the body’s adaptation to increased production of reactive oxygen species. The 

values of creatinine for control diet, 100% UTSBH, 50% ZTSBH, and 100% ZTSBH 

(0.50 - 0.80mg/dl) were greater than the values (0.46+/- 0.05mg/dl) reported by (Silva 

et al., 2007) for 42-day old broiler chickens, while the lowest value (0.20mg/dl) 

obtained in 50% UTSBH was lower than the values reported by the same authors. It 

had been reported in the literature that the level of creatinine is directly related to 

muscle volume and activity, and therefore, its lower blood levels in old and young 

chickens (Rajman et al., 2006; Agawane and Lonkar, 2004; Sandhu et al., 1998). The 

values of AST (46.00 - 56.00U/L) in the study were greater than the values (21.00 - 

32.33ui/l) reported by Opoola et al. (2016). Moreover, the ALT values (17.00-

26.00U/L) were comparable with the values (19.00 - 32.00U/L) by Opoola et al. 

(2016). It implied that the livers were not adversely affected by the replacement of 

wheat offal with treated and untreated soyabean hull. Broiler chickens fed 100% 

ZTSBH had the lowest value (17.00U/L) of ALT which is an indication that 

Zymomonas mobilis treated soyabean hull have decreased antinutritional factors 

thereby maintaining the integrity of the liver.  
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The dietary treatments did not significantly (p>0.05) influenced the live weight, 

dressed weight and dressing percentage of the broiler chickens. This observation was 

contrary to the findings of Zanu et al. (2017) who reported lower (p<0.05) weight of 

carcass, dressed weight and dressing percentage for broiler chickens fed cassava root 

flour. Moreover, Adeyemo and Longe (2007) reported significant differences for live 

weight, plucked weight and dressed weight when broiler chickens were fed graded 

levels of cotton seed cake based diets. The values of live weight (2.10 – 2.30kg) in the 

study were greater than the values (1.60 - 1.95kg) reported by Adeyemo and Longe 

(2007). However, the values of dressing percentage (67.63 - 71.43%) were comparable 

to the findings of Adeyemo and Longe (2007) who reported 65.63 - 73.33% for 

dressed weight when broiler chickens were fed graded levels of cotton seed cake. 

Also, the values were within the values (67.6 - 82.07%) of dressing percentage 

reported by Zanu et al. (2017). The cut up parts and organ weight of finishing broiler 

chickens were influenced by the treated and untreated soyabean hull based diets. This 

observation did not agree with the reports of Fafiolu et al. (2015). They reported no 

significant differences in the weight of the cut-up parts, and harvested organs, and 

length of the GIT when palm kernel extraction residue (PKER) and palm kernel sludge 

(PKS) were fed to Marshall broiler chickens. The values of the primal cut (breast, 

thigh, drumstick and backs) obtained in broiler chickens on 100% ZTSBH were 

comparable with the control group. It indicates that treated soyabean hull based diet 

promoted the deposition of muscle. The treated soyabean hull based diet did not 

elevate the values of the organs compared with the control group and other dietary 

treatments. This may indicate that there were no abnormalities or pathological lesions 

in these organs.  
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The dietary treatments influenced the ileal digesta viscosity of the broiler chickens. 

This observation did not agree with the findings of Alzawqari et al. (2010) who 

reported that the supplementation of glycine and desiccated oxbile to broiler chicken 

diet had no significant effect on ileal digesta viscosity. Moreover, the replacement of 

wheat offal with the treated soyabean hull in the diets of broiler chickens resulted in 

the highest values of viscosity of ileal digesta. The highest value (2.84cps) in the study 

obtained in 50% ZTSBH was within the values (2.50-140.00cps) reported by Jozefiak 

et al. (2007), they observed that xylanase supplementation reduced ileal viscosity 

significantly only in broiler chickens fed with rye. 

The soyabean hull based diets influenced the colour, flavour and overall acceptability 

of the meat of the broiler chickens. The strong influence of ZTSBH on the colour of 

the meat might be due to the improved colour of the SBH by the Z. mobilis. The 

overall acceptability of the taste panelists might be due to the positive effect of 

ZTSBH on the colour of the meat as observed by Liang et al. (2004). There were no 

differences in juiciness and tenderness of the meat of the broiler chickens used in the 

study. This agreed with the findings of Ponte et al. (2008) who reported that 

subterranean clover pasture had no impact on the juiciness and tenderness of broiler 

meat. Although, Ponte et al. (2008) observed that differences in tenderness may be due 

to the fast growth of broiler chickens which led to larger muscle fibres and differences 

in proteolytic potential (Dransfield and Sosnicki, 1999). Moreover, Seabra et al. 

(2001) observed that tenderness is usually thought to be the essential organoleptic 

attribute of meat, the taste panelists classified meat from broiler chickens fed the 

control diet with the highest value for overall acceptability. The replacement of wheat 

offal with untreated and treated soyabean hull may possibly resulted in different 

flavours which led to different sensory attributes (Gordon and Charles, 2002). The 
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values (5.65 - 6.65 points) on a nine-point hedonic scale in the study were within the 

values (6.00 - 8.70 points) reported by Adeyemo and Sanni (2013) for meat from 

broiler chickens fed hydrolyzed cassava peel meal based diets. Moreover, the values 

were within the values (6.50 - 7.57 points) of meat from Marshall broiler chickens 

reported by Olaifa et al. (2016) and 4.60 - 7.20 points (Amao et al., 2015) from meat 

of organically raised broiler chickens. The scores of meat were above the threshold of 

5 points, which suggested that replacement of wheat offal by soyabean hull have 

positive impact in improving sensory characteristics of meat and do not exert any 

adverse effect on the quality or acceptability of meat.  

The dietary treatment influenced the economy of feed conversion of broiler chickens 

fed Z. mobilis treated soyabean hull based diets with the exception of price/kg live 

weight and cost of production/broiler. The values of cost of the feed/kg were lower in 

100% UTSBH and 100% ZTSBH than the values obtained in the control and 50% 

UTSBH and 50% ZTSBH. This may be due to the cost of the fibrous by-product and 

fermentation of soyabean hull compared to the cost of wheat offal as at the time of the 

study. This observation did not agree with the findings of Augustine et al. (2010) who 

reported a numerical decrease in the feed cost per kg for broiler chickens fed graded 

levels of Cassia obtusifolia seed meal based diets. The highest value of cost of the 

feed/kg recorded in the control group may be due to the cost of wheat offal at the time 

of the experiment. This observation did not agree with the findings of Yunusa et al. 

(2015) who reported a non-significantly lower value of feed cost/kg in the control diet 

than other diets when broiler chickens were fed different dietary energy sources. There 

were no differences in the cost of production/broiler (N/broiler) in the study. This may 

be due to the similar daily feed intake of the broiler chickens. Ewa et al. (2006) 

observed that revenue is a factor determined by final body weight and the ruling 
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market price at the time of the study. Therefore, the highest value of gross 

revenue/broiler was recorded in 100% UTSBH and 50% ZTSBH while similar values 

were obtained in the control group and other diets. The broiler chickens fed 100% 

UTSBH had highest values of gross profit, rate of return on investment, economic 

efficiency and relative cost benefit which may be due to the final body weight and 

feed intake of the broiler chickens. However, the broiler chickens on 100% ZTSBH 

had higher values of gross profit and rate of return on investment than the control 

group. This may be due to the inclusion of Z. mobilis treated soyabean hull in the diets 

which is cost effective than the wheat offal in the control diet. 

At the starter phase, the birds fed the control diet (wheat offal based diet) had highest 

values for final body weight, average weight gain and daily weight gain than birds fed 

other diets. However, birds on 50% ZTCS had better performance in term of body 

weight compared with the other birds. This may be due to the combination of Z. 

mobilis treated cassava sifting with wheat offal in the diet. The inclusion of treated 

cassava sifting depressed average feed intake and daily feed intake in 50% ZTCS and 

100% ZTCS. This may be due to the low palatability of the diets. This agreed with the 

reports of Muller et al. (1974) that cassava root meal is low in palatability and as the 

levels increased in the diet, it reduces the palatability of the diet. Although, isocaloric 

feeds were formulated for birds, the higher feed intake in birds fed 100% UTCS 

without corresponding increase in weight may be ascribed to the lower energy 

concentration per kg of feed with the starting broiler chickens increasing intake to 

meet their energy requirement (Hill and Dansky, 1954). The result agreed with the 

earlier work of Esonu et al. (2003) who reported that inclusion of fibrous feed stuff in 

a feeding trial had an energy dilution effect on feed thereby increased feed intake. 

However, the birds fed 50% ZTCS had superior values for feed conversion ratio and 
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protein efficiency ratio. This may be due to the combination of wheat offal and treated 

cassava sifting with their complementary role in the supply of protein in the diet. It 

may show that birds in this group optimally utilized the feed protein consumed to 

maximize production in relation to the control and other diets. Maynard et al. (1979) 

reported that FCR and PER are parameters that suggest the extent of diet utilization. 

The high cost of feed consumed/bird in 50% ZTCS is in agreement with the report of 

Bogart and Taylor (1983) that high daily feed intake resulted in high cost of 

production. The low cost of feed/kg weight gain of 50% ZTCS could be due to the low 

feed intake compared with the control diet. The highest mortality occurred in 100% 

UTCS which was similar to the value in 100% ZTCS but lower values were obtained 

in the control and other diets. The mortality may not be linked with the cassava sifting 

based diets.  

At the finisher phase, the birds on 50% ZTCS had superior final body weight, average 

weight gain and daily weight gain. This observation was contrary to the result obtained 

at the starting phase. Moreover, birds on 50% ZTCS had better performance in term of 

growth parameters compared to other birds on the other diets. This may be due to the 

adequacy of the diets due to complementary effect of wheat offal and treated cassava 

sifting fed to the birds. 

The birds fed 50% UTCS had higher values for average feed intake and daily feed 

intake than other birds fed other diets. The increased feed intake might be due to 

higher body weight than other groups. There were no differences on FCR and PER of 

the finishing broiler chickens. Moreover, the birds on 50% ZTCS had superior 

numerical value for feed conversion ratio while broiler chickens fed 100% ZTCS had 

numerical higher value of protein efficiency ratio. This further confirmed that cassava 

sifting can replace wheat offal in the diet of broiler chickens. The total cost of feed 
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consumed/bird was higher in 50% UTCS with similar values in 50% ZTCS. This may 

be due to increased feed intake (Bogart and Taylor, 1983). The cost of feed/kg weight 

gain was higher in control diet than other diets. This could be as a result of higher feed 

consumption which did not result in an improved performance of the broiler chickens. 

Mortality was recorded across the dietary treatments, the highest mortality was 

recorded in 100% UTCS, the least value in the control group was similar to the values 

in 50% UTCS and 50% ZTCS. Although, mortality may be unrelated to the cassava 

sifting based diets, other factors might be responsible. Manning et al. (2007) stated 

that mortality is related to slaughter age, the longer the growing cycle, the higher the 

mortality. The ACP (2006) pegged the benchmark standard of 5% mortality in broiler 

chicken production irrespective of age. All the dietary treatments had mortality rate 

below this standard.  

There were differences in all the parameters evaluated with the exception of crude 

protein digestibility, acid detergent fibre digestibility, ether extract digestibility, 

nitrogen free extract. In all parameters measured, highest or similar values occurred in 

birds fed 100% ZTCS as compared to the control group. The improved nutrient 

digestibility of birds with Zymomonas mobilis treated cassava sifting based diets could 

be attributed to the bacteria adopted which is capable of degrading the fibre 

components of the diets. It released the trapped nutrients, thereby rendering more 

nutrients available for utilization by the birds (Akpodiete et al., 2006; Aguihe et al., 

2015). Earlier works had reported that enzyme enhanced the efficiency of feed 

utilization by improving the nutrient digestibility (Ani and Nnamani, 2011; Annison 

and Choct, 1991; Bedford, 1995). It implies that Zymomonas mobilis could hydrolyze 

the non-starch polysaccharides of cassava sifting based diet so as to make nutrients 

and minerals more available to the birds. 
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The dietary treatments did not influence the red blood cell, MCHC, MCV., total 

protein and uric acid but affected other haematological and serum metabolites of the 

starting broiler chickens. The PCV values (22.00 – 26.00%) obtained in this study 

were within the normal range (22.00 – 35.00%) for broiler chickens (Bounous et al., 

2000). Isaac et al. (2013) stated that PCV is involved in the transport of oxygen and 

absorbed nutrients. Therefore, increased PCV showed better circulation and thus 

resulted in an increased primary and secondary polycythemia. The values of 

haemoglobin obtained from the dietary treatments fell within the values (7.00 – 

13.00g/dl) reported by Bounous et al. (2000). Although, the red blood cells were not 

significantly influenced by the dietary treatments, the values were within the normal 

values (1.58 - 3.28 x1012L) by Jain (1986). The birds fed 100% UTCS had highest 

value for white blood cell which was similar to the values in the control diet and 100% 

ZTCS. The replacement of treated and untreated cassava sifting did not have 

deleterious effect on the blood parameters studied. The haematological constituents 

reflect the physiological responsiveness of the livestock to its environment (external or 

internal). It is a veritable tool for monitoring animal health (Udedibie and Asoluka, 

2008).  

At the finishing phase, the cassava sifting based diets did not affect the packed cell 

volume, haemoglobin, and MCHC. The values of PCV fell within the normal range 

(22.00 – 34.00%) by Jain (1993). It implied that dietary treatments had no effect on the 

relative quantity of blood cells as compared with the total volume of blood (Health and 

Olusanya, 1985). This report did not agree with the finding of Madubuike and 

Ekenyem (2006) who reported significant difference in PCV of broiler chickens fed 

varying levels of Ipomoea asarifolia leaf meal. Church et al. (1984) and Babatunde et 

al. (1987) showed that PCV and haemoglobin are correlated with the nutritional status 
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of the livestock which directly relate to the nutritional balance of the diet fed to the 

animals. However, the birds fed 50% ZTCS and 100% ZTCS had lowest values for red 

blood cells which were similar to the control diet but were below the normal range of 

RBC (1.58 – 3.28 x 1012L) by Jain (1986). Ugwuene, (2011) stated that a reduced red 

blood cell count implies a reduction in the level of oxygen that would be carried to the 

tissues as well as the level of carbon dioxide returned to the lungs. There were 

significant differences (P<0.05) among treatments with respect to mean corpuscular 

haemoglobin (MCH) and mean corpuscular volume (MCV). The values of MCH 

which is the average amount of haemoglobin in each red blood cell measured, 

followed the same trend as MCV. The statistical differences noticed in MCH and 

MCV could be attributed to the inclusion of treated and untreated cassava sifting in the 

experimental diets. Birds fed 50% UTCS and 100% UTCS had MCH values that fell 

within the normal range (16 - 53pg) and birds fed 100% UTCS had MCV values 

within 16 to 53pg as earlier reported by Mitruka and Rawnsley (1977) and Anon 

(1980). All the birds on the control and other diets have highest values for MCH and 

MCV which were higher than the normal range (33.00 – 47.00pg) and (90.00 – 

140.00fl) for healthy broiler chickens. This observation was not in agreement with the 

reports of Muhammad et al. (2015) and Tuleun et al. (2007) for broilers chickens. 

White blood cells are involved in protecting the animals from infection and consist of 

lymphocytes, monocytes, neutrophils, eosinophils and basophils. They kill virus-

infected cells, promote the production of antibodies and destroy foreign materials 

(antigens) that enter the body. Therefore, higher presence in the blood would connote 

a threat to normal health and the body builds up its defence against the threat 

(Olugbemi et al., 2010). Champe et al. (2008) stated that neutrophils and monocytes 

are components of white blood cells that are responsible in both oxygen-independent 



169 
 

and oxygen-dependent mechanism for fighting virus, engulfing and killing bacteria. 

The values of lymphocytes (58.00 to 80.00%) implied that, all the broiler chickens in 

the treatments had adequate immune response status. Thus, inclusion of treated and 

untreated cassava sifting did not predispose broiler chickens to infection, as higher 

count than normal implies that the immune system of the birds may be combating 

some kind of infection, as reported by Adeyemo and Longe (2007) and Frandson 

(1986). Basophils contain the anticoagulant, Heparin, which is normally released in 

areas of inflammation to prevent lymph, clotting and stasis of blood (Frandson, 1986). 

Therefore, treated cassava sifting inclusion in the 50% ZTCS and 100% ZTCS did not 

cause inflammation in the broiler chickens. Adeyemo and Longe (2007) reported 

eosinophil to phagocytise particles formed when an antibodies and antigen react, 

which is a strategy for fighting disease infection by chickens. The dietary treatments 

influenced the serum metabolites of the finishing broiler chickens. The range of 3.00 - 

4.70g/dl for total protein observed in this study was within the normal range of 5.00 to 

8.00(g/dl/bird) and 3.31 to 5.39(g/dl) reported by Anon (1980), Mitruka and Rawnsley 

(1977). Hence, the values indicated nutritional adequacy of the cassava sifting in 

respect of protein, therefore, high serum protein and albumin values are reflection of 

amount of protein and better quality in the diets (Omoikhoje et al., 2004 and Eggum, 

1970). The albumin values range of 1.50 to 2.80(g/dl) showed significant differences 

among the treatment groups but they are within the reference values of 2.0 - 3.5(g/dl) 

reported by Anon (1980) and Jain (1986). The globulin values range of 1.10 - 

2.20(g/dl) observed in this experiment are low compared with the normal ranges of 

2.33 - 3.33(g/dl). Globulin is responsible for immunoglobin which are the main sites 

of the antibodies (Peters et al., 1982). Melluzzi et al. (1991) observed that alteration in 

nutritional protein status are better shown in the albumin than in the globulin content 
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of the blood. The glucose values ranged between 110.00 to 132.00(mg/dl), the lowest 

value of 110.00mg/dl observed in 100% ZTCS was similar to the values obtained in 

the control diet and 100% UTCS. The value was below the range of 125 – 200(iu/l) 

reported by Anon (1980) and Jain (1986). However, Balogun (1982) and Melluzzi et 

al. (1991) revealed that low blood glucose could be an indication of incipient problem 

with ketosis or inadequate intake. The values of uric acid (2.10 - 5.20mg/dl) obtained 

in the study are low compared with the normal uric acid in blood of broiler chickens of 

7 - 21(mg/dl) (Am. Met. Laboratory, 2001). Oyebimpe (2012) observed that higher 

value of uric acid may indicate poor utilization of protein or the kidneys are not 

functioning properly. Also, low levels could be due to low protein intake or severe 

liver failure. The serum urea comes from the diet and tissue deamination of proteins. It 

indicates the good quality of dietary protein (Altama, 1979; Ewulola and Egbunike, 

2008). The values of creatinine (0.20 - 0.80mg/dl) obtained in this study are within the 

reference values (0.90 – 1.85mg/dl) reported by Mitruka and Rawnsley (1977) for 

chickens. Higher values of creatinine than normal indicate kidney malfunction 

(Champe et al., 2008). Oke (1978) reported that high level of creatinine is sometimes 

observed in the kidney diseases due to kidney’s role of removing creatinine, muscle 

degeneration and exposure to toxic substances which impair kidney functions. The 

lower value might indicate that the inclusion of the fibrous feedstuff did not cause 

muscular wastage due to anti-nutritional factors. The values of cholesterol (63.00 – 

90.00mg/dl) obtained in the study are within the normal range (52 – 148mg/dl) 

reported by Mitruka and Rawnsley (1977) and comparable with the values of (84 – 

94mg/dl) for broiler chickens fed maggot meal by Akpodiete and Okagbare (2002). It 

had been reported by Hale et al. (1986) that dietary fibre lowered blood cholesterol, 

total lipids and glucose. The lowered values of cholesterol might be due to high fibre 
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content of the diets. The value of AST (35 - 54U/L) was within the normal range while 

the values obtained in the control group and other dietary treatments were lower than 

the values (52 – 270U/L) reported by Coles (2007). However, the values of ALT (15 – 

27U/L) are within the normal range for most birds (6.5 – 263U/L) reported by Coles 

(2007). The same author also observed that the values of AST and ALT can 

considerably vary according to the age, animal species, sex and environment. This 

observation was contrary to the reports of Khempaka et al. (2014), they reported no 

significant different higher values of AST (300.72 – 358.60U/L) and lower values of 

ALT (12.25 – 18.80U/L) when broiler chickens were fed cassava pulp feedstuff 

fermented with Aspergillus oryzae based diet. Other authors have reported high values 

of AST in broiler chickens with different results arising from the dietary energy 

density, amino acid content and age under normal state of health (Azadmanesh and 

Jahanian, 2012; Corduk et al., 2007; Emadi et al., 2010).  

The dietary treatments influenced the live weight, dressed weight, eviscerated weight 

and the dressing percentage. Furthermore, Zanu et al. (2017) reported lower weight of 

carcass, dressed weight and dressing percentage for broiler chickens fed cassava root 

flour. The values of the dressing percentage (73.75 - 81.18%) were influenced by the 

dietary treatments. The highest value in the 50% UTCS had similar value with 50% 

ZTCS but the lowest similar values were obtained in the control diet and 100% UTCS. 

This showed that treated and untreated Z. mobilis treated cassava sifting had positive 

influence on the carcass yield of the broiler chickens as reflected by the dressing 

percentage. The values of the dressing percentage obtained are comparable with the 

finding of other authors such as Esonu et al. (2008) who reported 74.82 - 77.39% and 

Lamidi et al. (2008) who obtained 69.49 - 73.98%. However, the reduction in dressing 

percentage recorded in 100% UTCS was caused by an increase in the weight of gastro-
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intestinal tract (25.00%) which was twice the value (12.22%) obtained in 50% ZTCS. 

Moreover, González-Alvarado et al. (2007) and Jiménez-Moreno et al. (2009) had 

reported that inclusion of fibre increased the relative weight of the different segments 

of the gastro-intestinal tract in birds. The cassava sifting based diets influenced the cut 

up parts (% of live weight) of the broiler chickens. This was contrary to the reports of 

Muhammad et al. (2015) who reported no significant differences in the values for cut–

up parts expressed as percentage of slaughter weight. 

Moreover, there were differences between groups for organ weight except in spleen. 

This result was contrary to the report of Noman et al. (2015) who reported no 

differences between groups in weight of liver, gizzard, heart, spleen or pancreas. 

Plumber and Kiepper (2011) reported that higher body weight and lower organ weight 

indicate good performance. Also, Fafiolu et al. (2015) reported no differences in the 

weight of the cut up parts, dressed weight and harvested organs of Marshall broiler 

chickens fed palm kernel extraction residue and palm kernel sludge based diets. The 

significantly higher values of gizzard observed in 50% UTCS and100% UTCS might 

be due to the untreated fibrous feedstuff in the broiler chickens’ diet. Hetland et al. 

(2005) reported that it is difficult to grind coarse insoluble fibre which result in 

increased gizzard size. The bulk handling due to increased fibre content of ration 

affect the weight of gastro-intestinal tract and gizzard positively (Adeyemo and Longe, 

2007). Rose (2001) also noted that increased development of the gizzard will enhance 

its grinding role. Aderemi (2003) reported that anti-nutritional factors could be 

associated with the enlargement of organs such as liver and pancreas because of their 

higher detoxification activity.  

The values of the viscosity of ileal digesta of the broiler chickens fed cassava sifting 

based diets observed in this study were within the values reported in the literature. 



173 
 

Veldman and Vahl (1994) reported 2.9 - 5.6(cp), Allen et al. (1996) stated 7.5 -

35.6(cp) and 2.2 - 21.2(cp) (Dusel et al., 1998) for wheat based diets. The lowest 

values recorded in 100% ZTCS did not lead to improve performance of broiler 

chickens. This is in agreement with the findings of Liang and Liu (1999). They 

reported that at low viscosities (<10cp), decreased viscosity did not result in further 

improvement in growth performance. Dusel et al. (1998) observed that absolute 

digesta viscosity is not a reliable indicator for predicting growth performance. But, in 

many cases, the positive effect of enzymes on growth performance could be linked 

with a decreased digesta viscosity. 

The replacement of wheat offal with untreated and treated cassava sifting influenced 

the sensory attributes of meats from broiler chickens. Briedenstein and Carpenter 

(1983) observed that colour, juiciness, flavour and tenderness are the primary 

determinants of the eating quality of meat. The panellists’ scores for the sensory 

attributes were higher for the ZTCS than UTCS. This might be due to the 

improvement of the meat quality by the inclusion of the Zymomonas mobilis treated 

cassava sifting in the diets. This agreed with the observation of Omojola and 

Adesehinwa (2007) who reported that flavour, juiciness and tenderness were among 

the eating qualities that were significantly improved by the exogenous enzyme 

inclusion in broiler chickens’ diets.  Tenderness is the most important organoleptic 

attribute of meat (Seabra et al., 2001) therefore, the panelists classified meat from 

birds fed 50% ZTCS with the highest value for overall acceptability. The values of 

overall acceptability from this study are low compared with the result of Ogunwole et 

al. (2013) who reported 6.72 - 7.23 when broiler chickens were fed diets supplemented 

with graded levels of ascorbic acid. The birds fed the control diet had the highest score 

for colour but similar to the values obtained in 50% ZTCS and 100% ZTCS. Liang et 
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al. (2004) observed that the skin and meat colour constitute the initial means of visual 

assessment of acceptability by the consumers. Also, variation in colour and texture is a 

function of fibre size, myoglobin concentration and broiler great-grandparent lines 

(Olaifa et al., 2016).  

Poultry meat quality is influenced by the diet, genotype, age at slaughter and motor 

activity of birds, and their adaptation for outdoor production (Ojedapo et al., 2008; 

2009). Organoleptic attributes are the trait that influence the consumers to regularly 

purchase and consume meat. The colour of the meat from the control diet was slightly 

acceptable, 50% UTCS and 100% UTCS was intermediate, diet 4 was slightly 

acceptable and 100% ZTCS was slightly acceptable. The juiciness of the meat for the 

control, 50% UTCS and 100% ZTCS was intermediate, 100% UTCS was dislike 

slightly and 50% ZTCS slightly acceptable. The flavour of the meat for control diet, 

50% UTCS, 100% UTCS and 100% ZTCS was intermediate while 50% ZTCS was 

slightly acceptable. The tenderness of the meat for the control diet, 100% UTCS, 50% 

UTCS and 100% ZTCS was slightly acceptable but 50% UTCS was intermediate. The 

overall acceptability of meat in control diet and 100% ZTCS was slightly acceptable, 

50% UTCS and 100% UTCS was intermediate while 50% ZTCS was moderately 

acceptable. The less tender breast meat of broiler chickens in the dietary treatments 

could be attributed to increased locomotion activities due to enough space for 

exercises thereby making the muscles very tough (Shields et al., 2004). Fanatico et al. 

(2007) reported that consumers preferred meat from farm animal reared on semi-

intensive system to those reared on intensive system.  

It was observed that replacement of wheat offal with cassava sifting had influence on 

the gross revenue/broiler and gross profit/broiler across the dietary treatments. The 

birds fed 50% ZTCS had higher values of gross revenue/broiler, gross profit, rate of 
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return on investment and economic efficiency. This was closely followed by the 

values obtained in birds fed 50% UTCS. This may be due to the combination of wheat 

offal with treated or untreated cassava sifting which resulted in the better performance 

of birds compared to the control group. However, birds fed 100% ZTCS had lowest 

values for gross revenue/broiler, gross profit/broiler, rate of return on investment and 

economic efficiency. This may be due to the poor growth performance of the birds 

coupled with the high average feed intake recorded in this group. This observation did 

not agree with the findings of Aguihe et al. (2015), who reported that addition of 

Maxigrain® to cassava peel meal (CPM) based diet resulted in the maximum profit 

which was connected with the ease to which broilers utilized the CPM and gained 

higher body weight.  

At the starter phase, the birds fed 50% untreated sawdust (50% UTSD) had highest 

values of final body weight, average weight gain and daily weight gain but the least 

values were obtained in birds fed 100% ZTSD. However, broiler chickens fed other 

diets had similar daily weight gain. Therefore, addition of Z. mobilis treated sawdust 

improved the growth performance of the broiler chickens. Moreover, Acamovic 

(2001) reported that endogenous losses can be altered by supplementary enzymes, and 

other compounds for example tannins due to the release of contents of the cells of 

dietary components by enzyme action. However, Mathlouthi et al. (2002) reported that 

there was no beneficial effect of xylanase addition to diet containing 10% wheat bran 

compared to wheat or wheat-barley diets fed to laying hens. This observation agreed 

with the findings of Lawal et al. (2012) who reported that body weights of broiler 

chickens fed degraded wheat offal improved at the starter phase. The result was also in 

agreement with the report of Yunusa et al. (2015), they reported significant differences 

in daily weight gain and feed conversion ratio of the chicks at the end of the starter 
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phase. Generally, broiler chickens fed the experimental diets did not show any 

particular trend in their pattern of feed consumption, though statistical differences in 

treatment means were obtained between the treatments. This may be due to the energy 

levels of diets which was compensated for by other ingredients to meet the energy 

requirement of the broiler chickens as the diets were formulated to be isocaloric and 

isonitrogenous. There were similar values in the control diet and other diets for feed 

conversion ratio while the lowest value of 1.84 was recorded in 50% UTSD. Also, 

higher value of protein efficiency ratio was recorded in 50% UTSD with the lowest 

value in 100% ZTSD. This observation may be due to combination of wheat offal and 

untreated sawdust in the diet. Also, the quantity of the sawdust was not high enough to 

cause any deleterious effect on the growth performance. The broiler chickens fed 50% 

ZTSD had higher value of total cost of feed consumed/bird while the lowest value was 

obtained in 100% ZTSD. This observation was due to the significantly highest value 

of daily feed intake recorded for birds fed 50% ZTSD. 

The higher cost of feed/kg weight gain recorded in 100% ZTSD was similar (p>0.05) 

to the values obtained in the control diet and 50% ZTSD. However, the lowest value 

was recorded in 50% UTSD. This may be due to the highest weight gain of the birds 

therefore, it was more economical to feed starter broiler chickens with mixture of 

wheat offal and untreated sawdust based diet. There was no mortality observed in the 

control diet and 50% ZTSD but the highest values were obtained in 50% UTSD. There 

was no trend in the mortality rate but it was not likely that sawdust contained high 

level of toxic substances which may be deleterious to the animal health. 

 However, at the finisher phase, the trend of the performance characteristics did not 

follow the pattern established at the starter phase. The broiler chickens fed 50% ZTSD 

had higher values of final body weight, average weight gain and daily weight gain, the 
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birds on 50% UTSD had lowest values of average weight gain and daily weight gain. 

The combination of wheat offal and Z. mobilis treated sawdust promote improved 

weight gain of the broiler chickens. In addition, the broiler chickens on the 50% ZTSD 

had higher values of average feed intake and daily feed intake which were similar to 

the values recorded in 50% UTSD and 100% ZTSD. The lowest values were obtained 

in the control group. The increased feed intake may be due to the increased passage 

rate of the more fibrous digesta in the small intestine. This agreed with the reports of 

Sundu et al. (2006) that hard and fibrous feedstuffs may increase the contraction of the 

gizzard. This may have sped up the peristaltic movement of the digesta which can lead 

to increased feed intake. There was no difference in feed conversion ratio, but the 

control diet had lowest numerical value. The reduction in FCR in 100% UTSD and 

50% ZTSD may have resulted from higher protein content of diets having treated 

sawdust and wheat offal as compared to the control diet. This is because protein is 

essential in the accretion of meat by broiler chickens (Aftab et al., 2006). The 

similarities among all treatments in the feed conversion ratio (FCR) indicated that the 

treated and untreated sawdust based diets were favourable compared to the control 

diet.  The comparable FCR was in agreement with the reports of Ngiki et al. (2014) 

who included cassava root-leaf meal mixture in broiler diets and Eruvbetine et al. 

(2003) who included cassava leaf meal and cassava root meal (50:50) in the diets of 

broiler chickens. The protein efficiency ratio (PER) was significantly influenced by 

the sawdust based diets. Similar values were obtained in the control diet, 50% ZTSD 

and 100% ZTSD while lowest value was recorded in 50% UTSD. This could be due to 

efficient utilization of the protein in the diets which resulted in high body weight gain. 

The total cost of feed consumed/bird increased across the dietary treatments. The birds 

on 50% ZTSD and 100% ZTSD had higher values than other diets including the 
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control diet. This could be due to increase feed consumption by the broiler chickens. 

Also, cost of feed/kg weight gain was influenced by the inclusion of treated and 

untreated sawdust in the diets, the birds on 50% UTSD had statistically highest value, 

similar values were obtained in 100% UTSD and 50% ZTSD while the lowest value 

was recorded in the control diet. This observation revealed that the broiler chickens 

will consume more feed at higher cost to maintain the similar weight with the birds fed 

the control diet. The result did not agree with the findings of Makinde and Sonaiya 

(2011) who reported that the inclusion of 100 and 150g sun dried blend of maize offal 

and blood meal (SDMBM) in broiler diets resulted in superior feed cost per unit 

weight gain compared to the control diet. However, the observation agreed with the 

report of Afolayan et al. (2012), they reported increased feed cost/kg weight gain as 

the levels of sweet potato meal substituted for maize on a weight for weight basis.  

At the starter phase, the values of dry matter, ether extract, ash and apparent 

metabolizable energy digestibility were significantly higher in birds fed the control 

diet while crude protein, crude fibre, acid detergent fibre, neutral detergent fibre, acid 

detergent lignin and nitrogen free extract digestibility values were statistically higher 

in birds fed 100% UTSD. The depressed nutrient digestibility and increased feed 

conversion ratio with the inclusion of treated sawdust in the diets may be attributed to 

the fact that the residual anti-nutrient (tannins) are probably complexing some 

nutrients thereby obstructing their absorption and the complete utilization of the 

nutrients. The observation was similar with the findings of Kayode et al. (2012). They 

reported that nutrient retention decreased with increase in fungal mixed-culture 

fermented mango kernel cake at the broiler starting phase.  

At the finisher phase, the birds fed 100% ZTSD had statistically higher nutrient 

digestibility for most of the parameters measured were similar to the values obtained 
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in the control group. An improvement in the broiler chicken’s nutrient digestibility 

was observed during the finisher phase compared with what was obtained during the 

starter phase of the experiment. The performance of the chickens was better at the 

finisher phase than at the starter phases, this may be due to a better utilization of the 

nutrients with increase in the age of the broiler chickens, as reported by Kayode et al. 

(2012); Onilude and Osho (1999). Oldale (1996) reported that the inclusion of raw 

materials in livestock’s diet is restricted by many factors including the quality and 

digestibility of the materials, the species concerned and the age of the livestock. 

Amuchie (2001) reported that anti-nutritional factors in the diet of animal have 

statistical negative effects on farm animal production such as reduction in palatability, 

digestibility and utilization of ration. There could be intoxication of different classes 

of farm animals, resulting in mortality or decreased production of animal and 

reduction in the quality of meat, egg and milk products due to the presence of toxic 

residues.  

At the starter phase, the dietary treatment influenced the haematological parameters 

with the exception of haemoglobin, MCH, MCHC and MCV. The blood variables 

most often influenced by dietary treatments were identified as RBC, PCV, plasma 

protein, glucose and clotting time (Aletor, 1989; Aletor and Egberongbe, 1992). The 

packed cell volume, haemoglobin and red blood cell values were within the normal 

ranges (22.00 – 35.00%), (7.00 – 13.00g/dl) and (1.58 – 3.28 x 1012L) reported by Jain 

(1986) and Bounous et al. (2000). High PCV, Hb and RBC show improved oxygen-

carrying capacity of the cells, which result to better availability of nutrients (Oleforuh-

Okoleh et al., 2015). Although, there were no differences among dietary treatments for 

MCH, MCHC and MCV, their values were within the normal ranges (33.00 – 

47.00pg), (26.00 – 35.00g/dl) and (90.00 – 140.00fl) cited by Jain (1993) and Benerjee 
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(2004). This may indicate similar haemoglobin content. This observation agreed with 

the findings of Fasuyi and Aletor (2005). They reported a no significant difference in 

MCH, MCV and Hbc when cassava leaf protein concentrate replaced fish meal in 

broiler diets. The white blood cell values were within the normal values for broiler 

chickens (1.20 – 3.00 x 104µl) reported by Jain (1993). The WBC, heterophil, 

eosinophil, basophils, monocytes and lymphocyte indicate the immunity potentials of 

the chickens. The sawdust based diets influenced the serum metabolites of the broiler 

chickens. The values of total protein were within the normal range for Gallus gallus 

specie that is 2.5 to 4.5g/dl as cited by Thrall (2007). The values of albumin obtained 

in the control group and 100% ZTSD are similar but are lower than the normal range 

(2.00 – 3.50g/dl) reported by Anon (1980) and Jain (1986). The birds on 100% UTSD 

and 50% ZTSD had values of globulin which were lower than the normal range (2.00 - 

3.50g/dl) reported by Marieb and Hoehn (2007). However, the values were within the 

normal range (0.5 to 1.8g/dl) as cited by Thrall (2007). The total protein, albumin and 

globulin values obtained in the study attest to the nutritional adequacy of treated and 

untreated sawdust in replacing wheat offal in meeting the protein needs of the broiler 

chickens. 

Moreover, the values of glucose (112.00 – 127.50mg/dl) obtained in this study were 

lower than the normal range (200 - 500mg/dl) reported by Café et al. (2012). The 

values of cholesterol (88.50 - 103.00mg/dl) observed in the study were within the 

values (58.00 – 128.00mg/dl) reported by Zomrawi et al. (2012) for broiler chickens 

fed ginger root powder at levels 0.5, 1 and 1.5% respectively. The birds fed 100% 

ZTSD had lowest value of uric acid compared to other diets. Babatunde and Pond 

(1987) observed that blood urea concentration is inversely related to protein quality, 
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therefore, the lowest value of total protein observed in 100% ZTSD may be due to the 

inferior protein quality and/or nutrition of the sawdust.  

The dietary treatments influenced the haematological parameters of the finishing 

broiler chickens. The birds fed the control diets, 50% UTSD and 100% UTSD had 

higher values of PCV compared with the normal range (22.00 – 35.00%) by Bounous 

et al. (2000) while the values of PCV of birds on 50% ZTSD and 100% ZTSD were 

within the normal range. This is an indication that the fibrous feedstuffs ensure good 

health status of the birds because low PCV values indicate anaemia. The haemoglobin 

values (9.50 - 12.50g/dl) were within the normal range (7.00 – 13.00g/dl) reported by 

Jain (1993). This might indicate that the replacement of wheat offal with treated and 

untreated sawdust in the broiler chicken diets was nutritionally adequate in providing a 

sound plane of nutrition. Lindsay (1977) reported that haemoglobin concentration 

decreased in livestock on low protein intake, parasite infection or liver damage. 

However, the PCV and Hb are correlated with the nutritional status of the livestock 

which directly relate to the nutritional balance of the diet fed to the livestock (Church 

et al. 1984, Babatunde et al. 1987). This further indicated that, all the broiler chickens 

had higher tendency to resist respiratory stress because Hb which is carried by the 

RBC is the oxygen carrying pigment as earlier reported by Muhammad and Oloyede 

(2009). The red blood cell values (2.30 - 3.50 x 1012/L) obtained in the diets were 

within the normal range (2.54 – 3.30 x 106mm-3) reported by Aletor and Egberongbe 

(1992). It had been reported by Ugwuene (2011) that reduced RBC indicates reduction 

in the level of oxygen that would be carried to the tissues as well as the level of carbon 

dioxide returned to the lungs. The values of MCH (34.01 – 42.30pg) observed in the 

study were within the normal range (33.00 – 47.00pg) reported by Jain (1993). The 

values of MCHC (22.47g/dl) in birds fed 50% UTSD were lower than the normal 
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range (26.00 – 35.00g/dl) for broiler chickens (Jain 1993). However, all the values 

obtained for MCV were lower than the normal range (90.00 – 140.00fl) reported by 

Jain (1993). MCV is an important trait which is responsible for the cell size of 

erythrocytes and it is an essential factor in determining the ability of poultry birds to 

withstand prolonged oxygen starvation (Mitruka and Rawnsley, 1977). The value of 

white blood cells (23.10 x 109/L) obtained in the control group was significantly 

(p<0.05) higher than the values (12.90 – 18.20 x 109/L) recorded for broiler chickens in 

other dietary treatments. The values (12.90 - 23.10 x 109/L) of WBC were within the 

normal range of 9.20 to 31.00 x 106mm-3 reported in literature (Riddell, 2011; Mitruka 

and Rawnsley, 1977; Banks, 1974) for healthy Nigerian local chickens. The white 

blood cells play essential role in disease resistance, especially in the production of 

antibodies and the process of phagocytosis. The lymphocytes were the most numerous 

and frequent white blood cell type followed by heterophils, eosinophils and the 

monocytes (Afolabi et al., 2011). The same trend was observed by Bounous et al. 

(2000) and described the lymphocytes as the most numerous WBC in chickens and 

turkeys. However, the result from the study did not agree with their reports because 

the values obtained for eosinophil (0.00 – 0.10%) were lower than the values of 

monocytes (0.00 – 3.00%). The lymphocytes (60.00 - 70.00%) and monocytes (0.00 - 

3.00%) which were agranulocytes of WBC, were within the normal range from 47.2 to 

85.0% and 0.06 to 5.0% respectively for a healthy chicken (Riddell, 2011; Mitruka 

and Rawnsley, 1977). However, the birds on 100% ZTSD had zero value for 

monocytes which was lower than the value reported in literature. Banks (1974) 

reported 6% monocytes for domestic chickens and Islam et al. (2004) reported 3.42+/- 

0.50%) monocytes for local chicken of Bangladesh. Moreover, lymphocytes are 

involved in antibody production, as they are reactive cells in inflammation and 



183 
 

delayed hypersensitivity (Banks, 1974). Small lymphocytes may be responsible for the 

development of clones of plasma cells while monocytes are phagocytic cells. The high 

lymphocytes and heterophil count in this study is consistent with the findings of 

Afolabi et al. (2010) who also observed high lymphocytes and heterophils in chickens. 

This is in contrary to the reports of Oyewale (1987) who observed higher white blood 

cell count and lower lymphocyte counts in Nigerian fowls. The heterophils (28.00 to 

35.00%) and the eosinophils (0.00 to 1.00%) that are granulocytes of WBC were 

within normal range from 10 to 53.6% and 0.00 to 15% respectively for a healthy 

chicken (Riddell, 2011; Pampori and Iqbal, 2007; Mitruka and Rawnsley, 1977). The 

eosinophil functions in phagocytosis while the basophils are responsible for the 

elaboration of histamines and heparin in circulating blood (Afolabi, et al., 2011). The 

chemistry of serum or detection/identification/analysis/verification of serum 

metabolites such as cholesterol, urea, etc., in the blood system is for the purposes of 

detecting organ diseases in domestic animals and the amount of available protein in 

the diets (Iyayi and Tewe, 1998). The serum biochemical constituents are positively 

correlated with the quality of the diet (Brown and Clime, 1972; Adeyemi et al., 2000). 

Kaneko (1997) reported that serum protein profile and the absolute values of 

individual fractions are an excellent basis for a tentative diagnosis. Moreover, the 

dietary treatments influenced the serum metabolites of the finishing broiler chickens. 

The values of total protein obtained in birds fed 50% ZTSD (2.10g/dl) and 100% 

ZTSD (2.70g/dl) were lower than the normal range (3.00 – 5.00g/dl) reported by 

Obikaonu et al. (2012) but the higher value (6.30g/dl) was recorded in 50% UTSD 

was within the normal range (5.00 – 8.00g/dl) reported by Anon (1980). Reddy and 

Salunkhe (1984) reported decreased total protein which was attributed to inhibition of 

protein utilization in broiler chickens. The value of albumin (1.00g/dl) recorded in 
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50% ZTSD was lower than the normal range (2.10 - 3.45g/dl) reported by Am. Met. 

Laboratory (2001). However, the values of globulin obtained in the control group, 

50% ZTSD and 100% ZTSD (0.90 - 1.30g/dl) were lower than the normal range (2.00 

- 3.50g/dl) reported by Marieb and Hoehn (2007). Globulin carries essential metals 

through the blood stream to the various parts of the body of farm animals. It helps to 

fight infections in the body of animals. Therefore, high globulin levels are often 

pronounced in birds with serious infections because of abnormally increased 

production of antibodies. 

The values of globulin (0.90 – 3.40g/dl) observed in the study revealed that the 

inclusion of treated sawdust in the broiler diet did not precipitate any severe effects on 

the health status of the birds. Serum urea can be used as a test of protein break down, 

renal function, hydration status and liver failure (Agboola et al. 2013). The 

concentration of uric acid also depends on diet especially those with high protein 

content. However, the values of uric acid (2.80 - 5.00mg/dl) in this study were lower 

than the normal range (7.00 – 21.00mg/dl) reported by Am. Met. Laboratory, (2001). 

The values obtained when treated sawdust replaced wheat offal in 50% ZTSD 

(3.00mg/dl) and 100% ZTSD (2.80mg/dl) were similar to the value (3.20mg/dl) in the 

control group. This probably suggested that there was a better digestion, utilization 

and absorption of protein from the treated sawdust used which invariably improved 

protein utilization. High concentration of urea may be toxic to both the liver and 

kidney while low levels could be due to low protein intake or severe liver failure 

(Oyebimpe, 2012). It had been reported by Baron (1973) that increased concentration 

of creatinine is associated with renal impairment. The values of glucose (112.00 - 

133.00mg/dl) in this study were within the normal range (65.00 – 140.00mg/dl) 

reported by Am. Met. Laboratory (2001). The cholesterol values (76.00 - 90.00mg/dl) 
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were within the values (76.30 - 115.57mg/dl) reported by Onyimonyi et al. (2012) 

who fed dried garlic powder to broiler chickens. However, the values were lower than 

(100.30 - 108.21mg/dl) reported by Aderemi (2004), (93.33 - 116.67mg/dl) by 

Nworgu (2004) and (143.10 - 163.00mg/dl) reported by Nworgu et al. (2007). This 

will restore the confidence of consumers who earlier had reduced or stopped their 

consumption of chicken due to cholesterol scare. Also, this will protect the consumers 

from the negative effect of cholesterol which include obesity, heart attack and stroke 

(Onyimonyi et al., 2012). Ekpenyong and Biobaku (1986) reported that the levels of 

SAST and SALT are normally low in blood but they become high when the plane of 

nutrition is low or when there is an occurrence of liver damage by toxic substances. 

The values of AST (45.00 - 63.00U/L) were comparable to the values reported by 

Sobayo et al. (2013) when they fed graded levels of Garcinia kola (Bitter kola used as 

phytobiotic in broiler chicken diets. Moreover, the values of ALT (14.00 - 28.00U/L) 

were within the values of 13.55 - 47.90(U/L) reported by the same authors. The 

dietary treatments influenced the sensory parameters. The values of colour ranged 

between 5.75 to 6.65 points as assessed on a nine-point hedonic scale were similar to 

the values (5.71 to 6.75) reported by Omojola and Adesehinwa (2007) but they 

observed that the colour rating improved as the level of enzyme inclusion increased 

with no significant differences. 

There was no difference in live weight of the broiler chickens fed the experimental 

diets. This was in harmony with the observation of Odeh et al. (2016) who reported no 

difference between treatments for the live weight. However, there were differences in 

dressed weight and eviscerated weight. This was contrary to the findings of 

Abdulraheem et al. (2006) who observed no statistical difference between treatment 

groups when rice bran was used to replace maize in broiler chicken diets. Birds on 
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50% ZTSD had superior higher value of dressed weight compared with control diet. 

The higher dressed carcass weight (1850.00g) of broiler chickens fed 50% ZTSD may 

be considered to be a direct consequence of the better body weight and FCR of the 

broiler chickens in this treatment. Although, birds fed the control diet with dressed 

weight of 1720.00g and 100% ZTSD with value of 1680.00g did not have the highest 

live weight per finisher broiler chicken, they manifested remarkable dressed weight as 

a percentage of live weight indicating that all diets supported a proportional 

cumulative weight gain. However, it implies that the dressed weight of broiler 

chickens was not directly proportional to the weight gain or performance traits. Also, 

high weight gain value may not imply a concomitant increase in the dressed weight 

value expressed as a percentage of live weight (Fasuyi and Aletor, 2005). The dressing 

percentage was not influenced by the dietary treatments. Birds on 50% UTSD had 

numerical higher value (71.79%) of dressing percentage compared to the control 

(71.35%) and other diets (65.77 – 70.33%). This may suggest that treated and 

untreated sawdust can be utilized to replace wheat offal in broiler diets. The values of 

dressing percentage (65.77 - 71.79%) were lower than the values (74.15 – 86.29%) 

reported by Odeh et al. (2016). The dietary treatments influenced the cut-up parts of 

the broiler chicken except the drumstick. The birds fed 100% ZTSD had the lowest 

values of thigh (9.73%) and back (9.73%) compared with birds fed other diets. It may 

imply that the replacement of wheat offal by treated sawdust may not fully support the 

growth of some body parts of the broiler chickens. This observation is in agreement 

with the reports of Fasuyi and Aletor (2005). 

The organ weights of the broiler chickens were influenced by the sawdust based diets. 

This observation was contrary to the findings of Adebiyi et al. (2009), they reported 

no significant differences in the weight of heart and gizzard when differently treated 



187 
 

cowpea seed hulls was fed to broiler chickens. The birds fed 100% UTSD had highest 

value (4.21%) of gizzard followed by the value (3.16%) obtained in 50% ZTSD there 

were similar values in the control and other diets. The increase in the size of the 

gizzard might be due to the muscular activity which might have also resulted in the 

increased weight of liver of the birds fed 100% UTSD and 50% ZTSD. The values of 

the whole gastrointestinal tract did not follow any trend, but birds fed 100% UTSD 

(13.68%) and 100% ZTSD (14.05%) had highest values while the least value 

(11.71%) was obtained in birds on 50% UTSD. Abdelsamie et al. (1983) reported that 

higher fibre contents at similar feed intakes enhanced relative weight and length of the 

gastrointestinal tracts of broiler chickens. Longe and Ogedengbe (1989) reported that 

the gravity of feeding dietary fibre on growth response is a function of the source and 

concentration of the fibre source.  

The sawdust based diets influenced the viscosity of ileal digesta of broiler chickens. 

This result was contrary to the findings of Omidiwura and Agboola (2016). They 

reported that there were no significant differences observed in the digesta viscosities 

of different sections of the GIT except at the duodenum. The inclusion of treated 

sawdust to replace wheat offal in the broiler chicken diets reduced the ileal digesta 

viscosity at 100rpm. This observation was in agreement with the findings of Gunal et 

al. (2004) who reported that the supplementation of low or high viscous wheat-based 

diets with the enzyme preparations of amylase or xylanase activity led to statistical 

reduction in ileal digesta viscosity. Also, Yasar and Forbes (2000) reported that 

enzyme supplementation of wheat-based diets markedly reduced digesta viscosity in 

broiler chickens. However, Flourie, et al. (1984) proposed that increased GIT viscosity 

increases the thickness of the intestinal unstirred water layer thereby reduce the 

nutrient uptake. The birds in the control group had statistically higher values of ileal 
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digesta viscosity compared with the values in other diets. This may be due to the 

possible reduction in feed passage rate throughout the GIT. Increased digesta viscosity 

may be involved in the slowdown of the passage rate of digesta within the gut (Yasar, 

2003). However, the passage rate was not determined in the study. Van Der Klis et al. 

(1993) and Almirall et al. (1995) reported that increased digesta viscosity induced by 

viscous gel forming dietary compounds reduced the rate of digestion and passage of 

digesta throughout the gut and may depress feed intake similar in the case of the 

control diet. The values of ileal digesta viscosity obtained in the study (0.73 -1.82cps) 

were lower than the values (5.0 -11.6 cps) reported by Yasar (2003) for 42-day old 

broiler chickens fed with diets based on wheat grain of different particle sizes. Also, it 

has been reported by earlier authors that broiler chickens fed wheat-based diets had 

fore-gut viscosity ranged from 1.5 to 21.1cps and the distal viscosity from 2.7 to 

39.2cps (Allen et al., 1996; Bedford et al., 1991; Bedford, 1997; and Liang and Liu, 

1999).  

The replacement of wheat offal with untreated and treated sawdust had influence on 

the sensory attributes of the broiler chicken meat. The values obtained in 100% UTSD, 

50% ZTSD and 100% ZTSD were similar to the control group. This implied that the 

taste panellists could not differentiate the meat samples. The sawdust based diets 

improved the juiciness and tenderness of the meat. Therefore, Z. mobilis treated 

sawdust promoted overall acceptability of meat from broiler chickens without any 

deleterious influence on the meat quality. Briedenstein and Carpenter (1983) reported 

that colour, flavour, juiciness and tenderness are the essential parameters of the eating 

quality of meat. Also, Pippen et al. (1969) reported that the components responsible 

for flavour are from lean portion and dissolved in the fat during cooking. However, 

Awosanya et al. (1990) observed that the only factor which was responsible for 
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consumers’ overall acceptability of rabbit meat is the age at which the animal is 

slaughtered. Therefore, the younger the age of the livestock, the more acceptable is its 

meat. Moreover, juiciness is important in the tenderness of meat because it provides 

lubrication to the consumers, and enhance mouth feel (Owens et al., 2004). 

Tenderness had been reported as a major quality determinant and probably the most 

essential sensory characteristic of meat (Deatherage, 1963). Tenderness score followed 

a similar trend as juiciness and flavour. Quali (1990) and Smulders et al. (1991) 

reported that meat tenderization is a multifactorial process which depend on a number 

of biological and environmental factors. The utilization of treated sawdust increased 

the degree of tenderness as assessed by the taste panelists. This agreed with the 

findings of Omojola and Adesehinwa (2007) who reported that exogenous enzyme 

increased the degree of tenderness of breast meat from broiler chickens. However, the 

result for texture, colour and overall acceptability did not agree with the reports of the 

same authors who observed that these parameters were not affected by the inclusion of 

enzyme in the broiler chicken diets.  

The dietary treatments influenced the economy of feed conversion of broiler chickens 

except in the cost of the feed/kg and price/kg live weight. The relative advantage or 

disadvantage of using any diet can be determined by the price of the feedstuffs at the 

time of use and the current prices of live and dressed chickens in such environment 

(Ojewola, 1993). However, there was reduction in the cost of the feed/kg in the study. 

This observation agreed with the reports of Duwa et al. (2014) who reported reduction 

in the feed cost N/kg as the level of banana peel meal increased in broiler chickens’ 

diets. In addition, Apata and Ojo (2000) reported that the high cost of feed was 

generally due to the exorbitant price and scarcity of conventional feed ingredients and 

that this could be lowered by using non-conventional feed ingredients. The cost of 
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production/broiler was higher in 50% ZTSD (N1188.55/broiler chicken) compared 

with the results of other dietary treatments. This may be due to the high feed 

consumption recorded in this group. The rate of return on investment and economic 

efficiency had similar pattern across the dietary treatments. This observation was 

contrary to the findings of Zakaria et al. (2008). They reported that the calculations for 

the three budgets showed a reduction in gross margins and cost-benefit ratio when 

BergazymP and Hemicell-D were added to the birds’ diets compared to control diet 

due to reductions in final body weight. The inclusion of treated sawdust as a 

replacement for wheat offal resulted in lowest values of rate of return on investment 

and economic efficiency compared with the control group and other dietary 

treatments. However, Zakaria et al. (2008) reported that the reduction in body weight 

in addition to the cost of adding enzymes resulted in economic losses to the producers. 

At the starter phase, the birds fed 100% Z. mobilis treated corn cobs (100% ZTCC) 

had highest values for final body weight (738.00g/bird), average weight gain (684. 

00g/bird) and daily weight gain (24.79g/bird). This may be due to the improvement in 

the nutrient composition of treated corn cobs as observed by Olagunju et al. (2013). 

The reduced feed intake in broiler chickens fed 100% ZTCC could indicate an 

adequacy of the energy content of the diet. The metabolizable energy of the treated 

corn cobs (2780.28kcal/kg) is comparable with the value (2764.10kcal/kg) reported for 

wheat offal (Aduku, 1993), therefore, it implies that it can replace wheat offal energy 

for energy in broiler chicken diet. Moreover, the improved feed conversion ratio (1.92) 

and protein efficiency ratio (2.43) observed in the birds fed 100% ZTCC compared to 

the control group (2.10 and 2.29) may be due to the improved nutritive value of the 

fermented corn cobs with Zymomonas mobilis. The total cost of feed consumed/bird 

and cost of feed/kg weight gain in 100% ZTCC are lower than the values obtained in 
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the control and other diets. This may be due to the low cost of fermented corn cobs 

compared to the cost of wheat offal as at the time of the study. This observation was 

similar to the reports of Donkoh et al., (2003). Although, a higher mortality was 

recorded in the control group and 50% Zymomonas mobilis treated corn cobs (50% 

ZTCC), the result of post-mortem autopsy revealed that their death may be due to 

systemic infection from the hatchery. However, Donkoh et al. (2003) reported no 

death or health related problems when ground maize cobs was fed to broiler chickens.  

At the finisher phase, the birds fed the control diet had highest value of final body 

weight (2133.00g/bird) which was similar to the value (2130.00g/bird) observed in 

100% ZTCC. Also, they have the highest values of average weight gain 

(1397.00g/bird) and daily weight gain (49.89g/bird). This observation was contrary to 

the report of Donkoh et al. (2013), they reported that ground maize cobs did not have 

significant impact on weight gain of broiler chickens. The birds fed the control diet 

had highest value of average feed intake (4055.00g/bird) and daily feed intake 

(144.82g/bird). It may be due to higher body weight than other broiler chickens. There 

was declined feed intake across the other dietary treatments. The reduced feed 

consumption could be responsible for the lowered body weight gain recorded 

compared with the birds fed the control diet. The birds fed 100% ZTCC had lowest 

value for feed conversion ratio (2.51) and the highest value of protein efficiency ratio 

(1.80). Reduction in the feed conversion ratio may have resulted from higher protein 

content of diets having Zymomonas mobilis treated corn cobs compared with the 

control diet. Aftab et al. (2006) reported that protein functions mainly in the accretion 

of meat by broilers. This observation agreed with the observation of Alam et al. (2003) 

who reported an increase in growth rates, feed intake and better feed conversion ratio 

when broiler diet was supplemented with exogenous enzyme. Although, the fibre in 
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the diet was within the recommended range (NRC, 1994), the performance of the birds 

may be due to the fact that as the birds grow older, they adapted to the high fibre diets, 

digested and utilized them better (Sikka, 1990). However, the total cost of feed 

consumed/bird and cost of feed/kg weight gain were lower than the values obtained in 

the control and other diets. This may have compensated for the reduced daily weight 

gain and feed intake. There was highest value for mortality in the control diet (4.80%) 

while similar values are obtained in 100% UTCC (2.40%) and 50% ZTCC (2.40%) 

with the lowest value in 50% UTCC (0.80%). Thus further confirmed the nutritional 

potential of Zymomonas mobilis treated corn cobs for broiler chickens. The mortality 

may not be related to the dietary treatments.  

The trend of dry matter digestibility was proportional to the degree of lignification of 

the fibre in the diet (Gidenne et al., 1998) that is, higher fibre content improves the dry 

matter digestibility. This observation is in agreement with the report of Aboushour and 

Baraket (1986) that increased dietary fibre will lead to increase in dry matter intake 

and digestibility. The result obtained at the starter phase revealed that the inclusion of 

treated and untreated corn cobs had influence on the nutrient digestibility of starting 

broiler chickens. The starting broiler chickens fed 50% UTCC had highest values for 

the nutrient digestibility except in NFED. However, the values obtained in 100% 

ZTCC were comparable with the control diet. This may be due to the age and the 

gastro-intestinal tract of the broiler chickens. The industrial treatment of wheat offal 

and the crushing of the corn cobs might have contributed to the better utilization of the 

diets. This agreed with Khajaren and Khajaren (2003) who reported that physical 

treatments for instance, milling, chopping, soaking, before feeding of feedstuffs gave 

positive response in term of increasing feed intake and digestibility. Moreover, 

Daveby et al. (1998) reported better digestibility of nutrients of milled pea compared 
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to crushed pea. The nutrient digestibility values obtained in 50% ZTCC were 

comparable to the values recorded in 100% ZTCC. This may be due to the 

fermentation of the corn cobs with Zymomonas mobilis. It might have reduced the 

possible non-starch polysaccharides in the corn cobs. Life-enzyme produced during 

fermentation could have brought unexpected benefits as observed by Adebiyi et al. 

(2009) for fermented cowpea seed hull. Enzymes have been shown in literature to 

improve nutrient digestibility when added to poultry bird diets containing cereals such 

as maize (Saleh et al., 2003), wheat (Fengler et al., 1988), oat (Friesen et al., 1992) 

and rye (Fengler and Marquardt, 1988). Bedford (2000) reported that Roxazyme G2G 

reduces gut viscosity and nutrient entrapment and lead to better digestion in broiler 

chickens. The broiler chickens fed 50% ZTCC had highest values for nutrient 

digestibility except for acid detergent lignin digestibility. However, most of the 

nutrient digestibility values obtained in 100% ZTCC were comparable with the control 

diet. The improved nutrient digestibility implied that the experimental broiler chickens 

were able to effectively digest and utilize the treated corn cobs which could have been 

excreted and decomposed in the soil. Also, Lazaro et al. (2003) reported that enzyme 

supplementation of wheat-based diets improved nutrient digestibility. The crude fibre 

digestibility and its component values were higher in the test diets than the control. It 

indicated that anti-nutritional factor (ANFs) levels in the test diets did not significantly 

impair the utilization of these nutrients. This agreed with the reports of Raji et al. 

(2015) who observed that African yam bean cake enhanced apparent nutrient 

digestibility of broiler finishers. In the present study, nutrient digestibilities were 

significantly influenced by the life-enzyme based diets. This agreed with the reports of 

Choct et al. (1995, 1999), who stated that starch and/or protein digestibility of poultry 

birds on xylanase treatment was better compared to those without xylanase treatment. 



194 
 

The poor nutrient digestibility recorded in broiler chickens fed 100% UTCC (untreated 

corn cob based diet) can be attributed to the gel forming capacity (viscosity) of non- 

starch polysaccharides which was responsible for low nutrient digestibility and/or 

availability (Bedford and Classen, 1992).  

Bounous et al. (2000) reported that laboratory examination of blood variables will aid 

the diagnosis of several diseases and dysfunctions in livestock. It can provide reliable 

results and promote research studies on nutrition, physiology and pathology. Some 

authors had reported in their previous works that the blood variables (RBC, PCV, 

plasma protein and glucose) were most consistently affected by dietary treatments 

(Aletor, 1989; Aletor and Egberongbe, 1992). Duke (1985) had clearly established the 

functions of blood in circulating hormones, metabolites, as thermo-regulators and 

general hormeostasis in farm animals. Also, Veulterinora (1991) reported that diets 

have significant influence on haematological variables. The packed cell value and 

haemoglobin were not influenced by the dietary treatments at the starter phase. The 

PCV values (25.00 – 30.00%) are within the normal range of 22.0 - 35.0% for broiler 

chickens (Anon, 1980; Swenson, 1999). Church et al. (1984) and Babatunde et al. 

(1987) showed that PCV and Hb are correlated with the nutritional status of the animal 

which directly related to the nutritional balance of the diet fed to the animals. The 

birds on the control diet had higher value (3.70 x 1012L) for red blood cell, followed by 

birds fed 100% ZTCC (3.00 x 1012/L) but the birds on 50% UTCC (1.30 x 1012L) and 

50% ZTCC (1.20 x 1012/L) had similar lowest values. Olugbemi et al. (2010) reported 

that red blood cells are responsible for the transportation of oxygen and carbon dioxide 

in the blood as well as the manufacture of haemoglobin. Therefore, higher values 

indicate a greater potential for these functions and a better state of health. 
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The dietary treatments influenced the MCH and MCV but did not affect the MCHC. 

The values obtained for birds fed the control diet (24.00pg and 73.00fl), 100% UTCC 

(38.00pg and 119.00fl) and 100% ZTCC (33.00pg and 100.00fl) for MCH and MCV 

were within the normal range (33.00 - 47.00pg and 90.00 – 140.00fl) for broiler 

chickens (Jain, 1993). However, the birds fed 50% UTCC (64.00pg and 192.00fl) and 

50% ZTCC (78.00pg and 233.00fl) had higher values for MCH and MCV. Seivered 

(1972) reported that high values of MCV, MCH and MCHC caused anaemia in 

livestock. On the other hand, MCH indicates the blood carrying ability of the red 

blood cell which may suggest that the birds on 50% UTCC and 50% ZTCC are more 

efficient in performing respiratory functions as reported by Soetan et al. (2013). The 

values of white blood cell count (11.80 – 18.20 x 109/L) recorded in the dietary 

treatments are within the normal values (1.20 – 3.00 x 104µl) stated by Jain (1993). 

High WBC may be associated with inflammatory diseases, infection diseases or stress, 

or may be common in young birds (Fudge, 1997; Fudge, 2000 and Clark et al., 2009). 

The values for heterophil and lymphocytes were within the normal values (15.00 – 

40.00% and 45.00 – 70.00%) for healthy broiler chickens (Jain, 1993). This suggested 

the resistance of the birds in disease condition. The corn cobs based diets influenced 

the serum metabolites except glucose. The inclusion of treated and untreated corn cobs 

in the diets depressed the total protein, albumin and globulin of the birds. This 

observation was in contrary to the report of Fasuyi and Aletor (2005). They reported 

that the total serum protein, albumin and globulin were not significantly affected when 

cassava leaf protein concentrate replaced fish meal in broiler diets.  

At the finisher phase, the dietary treatments significantly influenced all the 

haematological parameters except MCHC which had similar values across the dietary 

treatments. The birds fed 50% UTCC had higher value (39.00%) of PCV while birds 
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on 100% UTCC had higher value (78.00%) of lymphocytes, which was similar to the 

value observed in 50% ZTCC (77.00%). The values obtained in birds on 50% ZTCC 

for MCH (45.00pg) and MCV (135.00fl) were within the normal range (33.00 - 

47.00pg and 90.00 – 140.00fl) reported by Jain (1993) and Benerjee (2004) but the 

values obtained in the other dietary treatments were higher than the normal values for 

healthy broiler chickens. The similar values of MCHC obtained in the dietary 

treatments revealed that replacement of wheat offal with treated and untreated corn 

cobs has no deleterious effect on the broiler chickens as they maintained their normal 

MCHC. The values of uric acid (2.80 – 5.00mg/dl) obtained in this study were lower 

than the normal value for urea (7.00 – 21.00mg/dl) reported in literature (Am. Met 

laboratory, 2001). The metabolism of uric acid is influenced by the quantity of protein 

and amino acids in the diet (Oduguwa et al., 1996). Serum uric acid (Morgensten et al. 

1966) and creatinine (Eggum, 1970) can be utilized as an indirect measure of protein 

adequacy. High levels of AST and ALT may indicate an occurrence of liver 

damage/low plane of nutrition as observed by Ekpenyong and Biobaku (1986).  

The corn cobs based diets significantly influenced live weight, dressed weight, 

eviscerated weight and dressing percentage. The birds fed the control diet had higher 

average live weight which led to higher dressed weight and eviscerated weight. But 

this was closely followed by the values from the birds fed 100% ZTCC. This could be 

attributed to the fact that the broiler chickens performed well on Zymomonas mobilis 

treated corn cobs based diet as well as on control diet. The findings agreed with the 

reports of Duruna et al. (2006). They reported differences on the live weight, 

eviscerated weight and dressing percentage of broiler chickens fed varying levels of 

Anthronata macrophyla seed meal. The highest value of dressing percentage obtained 

in the control was similar to the values recorded in 50% UTCC, 50% ZTCC and 100% 
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ZTCC. The values (69.13 - 77.28%) of dressing percentage were higher than the 

values (65.63 - 73.33% and 63.02 – 63.06%) reported by Adeyemo and Longe, (2007) 

and Akinleye et al. (2008) but lower than the values (79.00 – 81.00%) obtained by 

Donkoh et al. (2003). Higher body weight and lower offal weight reflect good 

performance characteristics of poultry birds (Plumber and Kiepper, 2011). The treated 

and untreated corn cobs based diets affected the cut-up parts of the broiler chickens 

expressed as the percentage of live weight. This was contrary to the reports of Donkoh 

et al. (2003) who reported no influence of ground maize cobs level on the carcass 

yield of broiler chickens processed at 56 days of age. The values of breast, thigh and 

drumstick obtained in 100% ZTCC compared to the control group revealed the 

adequacy of the treated fibrous feedstuff to replace wheat offal without retarding 

muscle development. However, Aduku and Olukosi (2000) observed that most of the 

cut-up parts are based on individual processors’ knowledge and efficiency because 

there was no standard to follow in the fabrication of carcasses of slaughtered animals 

and poultry in most developing countries. The birds fed 50% UTCC (5.26%) and 

100% UTCC (5.00%) had higher values for gizzard than birds fed the control (2.73%) 

and other diets (3.00 and 4.21%). This may be as a result of handling of bulky feeds. 

Rose (2001) reported that increase in the development of the gizzard will enhance its 

grinding role. The values of empty gizzards followed the same trend as the whole 

gizzards. The birds fed 100% ZTCC had highest value (21.00%) of gastro-intestinal 

tract compared to the other diets. This was contrary to the report of Yeroch and 

Danicke (1995), they reported that birds fed high-barley or high-wheat diets had 

elevated intestinal weight, which negatively affect the carcass yield but the negative 

effect was reduced after supplementation with appropriate enzyme.  
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The corn cobs based diets exerted influence on the ileal digesta viscosity of broiler 

chickens. Birds fed 100% UTCC (100% Zymomonas mobilis untreated corn cobs) had 

higher values (7.40cp) at 100rpm but the lowest value (3.03cp) obtained in the control 

diet was similar to values (3.30cp) and (3.90cp) recorded for broiler chickens fed 50% 

ZTCC and 100% ZTCC. This may be responsible for the depressed performance of the 

birds on 100% UTCC because of possible reduction in feed passage rate throughout 

the gastro intestinal tract (Yasar, 2003). Vidanarachchi et al. (2010) reported that ileal 

digesta viscosity increased in birds fed higher level of Undaria extract compared with 

the negative control. The inclusion of treated corn cobs in the diets of broiler chickens 

reduced ileal digesta viscosity in 50% ZTCC (3.90cp) and 100% ZTCC (3.30cp). This 

observation agreed with the report of Hew et al. (1998). They reported that exogenous 

xylanases increased the solubilisation of arabinoxylans, decreased digesta viscosity 

and led to improved nutrient digestion and absorption. The values obtained were 

greater than the values reported by Vidanarachchi et al. (2010) but the values recorded 

in the control group, 50% ZTCC and 100% ZTCC were within the values (5.0 – 

11.6cps) reported by Yasar (2003).  

The incorporation of untreated and treated corn cobs had influence on the sensory 

attributes of the meat. The taste panel score for colour recorded in 100% ZTCC was 

similar to the values obtained in the control diet and 50% UTCC and 100% UTCC. 

This might be due to the influence of ground corn cobs on the colour of the meat 

(Briedenstein and Carpenter, 1983). The values obtained in the 50% ZTCC and 100% 

ZTCC compared favourably with the control group. This is an indication that Z. 

mobilis treated corn cobs had positive influence on tenderness thereby affecting the 

overall acceptability by the consumers. Also, the untreated and treated corn cobs 

influenced the colour, juiciness and flavour of the meat. It can be inferred that corn 
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cobs based diets might have led to improvement in collagen and myofibrillar 

solubility, therefore, improving the tenderness of edible muscles (Waskar et al. 2009). 

The corn cobs based diets generated broiler chicken meat with a greater degree of 

consumer acceptability. 

The cost of feed/kg lowest value (N173.89) recorded in 50% UTCC was similar to the 

values obtained in the control diet (N174.89) and 100% ZTCC (N174.39). This may 

be due to the cost of treated and untreated corn cobs compared to the cost of wheat 

offal. The highest cost of feed/kg observed in 50% UTCC (N176.39) and 50% ZTCC 

(N175.64) may be due the combination of wheat offal and treated and/or untreated 

corn cobs in the diets. The lowest cost of production/broiler recorded in 100% ZTCC 

(N1312.34) had similar value in 50% ZTCC (N1315.12), compared with the control 

diet (N1413.25). The gross revenue/broiler (N1917.00) recorded in the control diet 

was similar to the value in 100% ZTCC (N1917.00) but was higher than other values 

in 50% UTCC (N1764.00), 100% UTCC (N1728.00) and 50% ZTCC (N1719.00). The 

gross profit/broiler of N604.66 in 100% ZTCC was greater than N503.75 obtained in 

the control diet. This may be due to the nutritional adequacy of Z. mobilis treated corn 

cobs which supported the growth performance of broiler chickens. The additional cost 

of purchasing enzymes and incorporating them into feeds had been removed by the 

production of life-enzyme based feed. The rate of return on investment, economic 

efficiency and relative cost benefit followed the same trend as the gross profit/broiler. 

The inclusion of Z. mobilis treated corn cobs in the diet of broiler chickens yielded 

13.92% relative cost benefit when compared with the control diet. 



200 
 

CHAPTER SIX 

6.0 CONCLUSION AND RECOMMENDATIONS 

6.1 Conclusion 

The following conclusion can be drawn from the present results: 

• The replacement of wheat offal with untreated and treated soyabean hull 

improved the feed conversion ratio and protein efficiency ratio thereby 

promoted growth response of the broiler chickens.  

• The apparent nutrient digestibility of the broiler chickens was improved by the 

replacement of wheat offal with 100% untreated and treated soyabean hull.  

• UTSBH and ZTSBH increased the PCV, haemoglobin, red blood cell, total 

protein and glucose of the broiler chickens.  

• The carcass characteristics of the broiler chickens were increased by the 

soyabean based diets. The cut parts were improved by 100% UTSBH and 

ZTSBH in the diets. The replacement of wheat offal with soyabean hull based 

diets promoted the development of the organs of the birds. 

• 50% UTSBH reduced the ileal digesta viscosity of the broiler chickens. 

•  Moreover, the sensory attributes such as colour, juiciness and tenderness of 

the meat were improved by the 50% ZTSBH.  

• The economy of feed conversion of broiler chickens fed soyabean hull based 

diets revealed that untreated and/or treated soyabean hull could replace wheat 

offal with increased gross profit and rate of return on investment. 

▪ Untreated and treated cassava sifting influenced the feed conversion ratio and 

protein efficiency ratio of the starting broiler chickens but had no influence on 

FCR and PER of the finishing broiler chickens.  
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▪ Values of apparent nutrient digestibility increased as a result of the 

incorporation of Z. mobilis treated cassava sifting in the diets. 

▪  Haematological parameters and serum metabolites of broiler chickens were 

positively improved by the cassava sifting based diets.  

▪ Cassava sifting based diets increased the dressing percentage of the broiler 

chickens. The cut parts were adequately promoted without any deleterious 

influence on the organs of the broiler chickens.  

▪ 100% ZTCS reduced ileal digesta viscosity which affected the nutrient 

absorption of the broiler chickens.  

▪ 50% ZTCS increased the sensory attributes of the meat from the experimental 

birds. 

▪  The economy of feed conversion of broiler chickens fed the 50% ZTCS 

showed higher gross profit and rate of return on investment. 

o 50% untreated sawdust (UTSD) had improved FCR and PER at the starting 

phase but 50% ZTSD and 100% ZTSD promoted better PER at the finshing 

phase.  

o Replacement of wheat offal by 50% and 100% ZTSD improved the apparent 

nutrient digestibility parameters.  

o The inclusion of ZTSD improved PCV, Hb, RBC, total protein and blood 

glucose during the feeding trials.  
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o 100% UTSD depressed the carcass characteristics of broiler chickens but 50% 

ZTSD increased the major parts of interest such breast, thigh, drumstick and 

back of the broiler chickens. 

o 100% UTSD, 50% and 100% ZTSD reduced the viscosity of the ileal digesta 

of the broiler chickens.  

o The inclusion of 100% UTSD and 100% ZTSD increased the sensory attributes 

of the meat of the broiler chickens.  

o The replacement of wheat offal with 50% UTSD and ZTSD increased the gross 

profit and rate of return on investment. 

➢ The replacement of wheat offal with100% ZTCC improved feed conversion 

ratio and protein efficiency ratio of the broiler chickens at both phases.  

➢ Values of apparent nutrient digestibility of the broiler chickens were improved 

by the corn cobs based diets.  

➢ 50% UTCC and ZTCC promoted the haematological parameters and serum 

metabolites of the broiler chickens. Inclusion of 100% ZTCC improved the 

blood glucose of the birds.  

➢ The carcass characteristics were not negatively influenced by the corn cobs 

based diets. Values of dressing percentage and cut parts were improved by the 

replacement of wheat offal by 50% UTCC and 100% ZTCC in broiler chicken 

diets. 

➢ The sensory attributes of the meat were positively supported by the 

replacement of wheat offal with 50% ZTCC in the broiler chickens’ diets. 
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➢  50% ZTCC and 100% ZTCC reduced the ileal digesta viscosity of the broiler 

chickens.  

➢ Corn cobs based diets improved the economy of feed conversion of broiler 

chickens. The birds fed 100% ZTCC had highest gross profit and rate of return 

on investment. 

✓ The availability of these agro-industrial by-products in commercial quantity 

and Zymomonas mobilis from palm wine will assist in converting them to 

alternative fibrous feedstuffs in tropical environment.  

6.2 Recommendations 

As a result of the findings obtained in the present studies, it can be recommended that, 

1. 100% untreated and 100% treated soyabean hull can be used to replace wheat offal 

in broiler chickens’ diets. 

2.  50% untreated and 100% treated cassava sifting can be used to replace wheat offal 

in broiler chickens’ diets.  

3. 50% untreated and 100% treated sawdust can be incorporated in the diets of broiler 

chickens. 

4. 100% untreated and 100% treated corn cobs can replace wheat offal in broiler 

chicken diets without deleterious effects on the growth response and health status in 

the tropical environment. 



204 
 

REFERENCES 

Abdelsamie, R. E., Ranaweera, K. N. P. and Nano, W. E. 1983. The influence of fibre 

content and physical texture of the diet on the performance of broilers in the tropics. 

British Poultry Science 24: 383 - 390. 

 

Abdulazeez, H., S. B. Adamu, J. U. Igwebuike, G. J. Gwayo and Muhammad, A. I. 

2016. Haematology and Serum Biochemistry of Broiler Chickens Fed Graded Levels 

of Baobab (Adansonia digitata L.) Seed Meal. Journal of Agriculture and Veterinary 

Science Volume 9, Issue 10 Ver. II (Oct.), PP 48-53. www.iosrjournals.org 

 

Abdulraheem, A.O., Abubakar, A. and Yahaya, U. K. 2006. Influence of rice bran on 

growth performance of broiler chickens FCET JOVATEB.vol.1 (1): 87 – 92. 

 

Abe, H. A., Kimura, T. and Yamuchi, K.1996. Effect of collagen on toughness of meat 

from spent laying hens. Journal of Food Science Technology 43: 831 – 834. 

 

Abeke, F. O. 2005. Evaluation of the nutritive value of Lablab pureus beans in 

replacing groundnut cake in poultry diets. Ph. D Thesis, Animal Science Department, 

Ahmadu Bello University, Zaria. Pp. 1-128. 

 

Aboushour, A. M. and Baraket, M. A. 1986. Effect of dietary fibre levels on 

digestibility performance and caecal microbial activity in growing rabbits. World 

Review Animal Production 22: 52 - 54. 

 

Abu, O. A., Olaleru, I. F. and Omojola, A. B. 2015. Carcass characteristics and meat 

quality of broilers fed cassava peel and leaf meals as replacements for maize and 

soyabean meal. IOSR-Journal of Agricultural and Veterinary Science 8(3):41-46. 

 

Acamovic, T., 2001. Commercial Application of Enzymes technology for poultry 

production. World’s Poultry Science Journal 57: 225 - 236. 

 

ACP 2006. Assured chicken production standards 2005 - 2006. 

 

Adebiyi, O. A., Ologhobo, A. D., Akinfemi, A., and Adu O. A. 2009. Response of 

Broilers to Different Physical Treatments of Cowpea Seedhull. Production Agriculture 

and Technology 5 (1): 75 - 91. 

 

Adedire, A. O., Oduguwa, O. O., Edema, M. O., Onifade, O.  S. and Onwuka, C. F. I. 

2012. Performance and nutrient utilization of rabbits fed diets based on crop residues 

fermented with Rhizopus oligosporus. Nigeria Journal of Animal Production 39(1): 

114 - 121. 

 

Adegbola, A. A. 1977. Methionine as an additive to cassava-based diets. In: Mestel, 

B., Graham, M., Editors. Cassava as animal feed. Proceedings of a workshop held at 

the University of Guelph, 18-20 April. Ottawa, Canada: Ottawa, International 

Development Research Centre; p. 9-17. 

 

Adeniji, A. A. 2001. The potential of bovine blood rumen content meal as a feedstuff 

for livestock. Tropical Animal Production Investigation 4:151 - 156. 

http://www.iosrjournals.org/


205 
 

Adeniji, A. A. and Omonijo, O. A. 2004. The replacement value of palm kernel cake 

for groundnut cake in the diets of weaner rabbits. Livestock Production Science 85(2-

3): 287 – 291. 

 

Adeola, O. and Olukosi, O. A. 2009. Opportunities and challenges in the use of 

alternative feedstuffs in poultry production. Proceedings of the 3rd Nigerian 

International Poultry Summit 22-26 February, Abeokuta, Nigeria, p. 45-54. 

 

Aderemi, F. A. 2003. Effect of enzyme Supplemented cassava root sievate (CRS) in 

cassava-based  diet on some visceral organs of pullet chicks. Proceedings of 8th Annual 

Conference Animal Science Association Nigeria (ASAN), September 16th – 18th, 

Federal University of Technology, Minna, Nigeria. 

 

Aderemi, F. A. 2004. Effects of replacement of wheat bran with cassava root sievate 

supplemented or unsupplemented with enzyme on the haematology and serum 

biochemistry of pullet chicks. Tropical of Journal Animal Science 7: 147 – 153. 

 

Aderolu, A. Z., Iyaye, E. A. and Onilude, A. A. 2007. Changes in the nutritional value 

of Rice husk during Trichoderm viride degradation. Bulgarian Journal of Animal 

Science 13(5):583 – 589. 

 

Adeyemi, O. A., Ajado, A. O., Okubanjo, A. O. and Eniolorunda, O. O. 2011. 

Response of growing rabbits to graded levels of fermented and unfermented pineapple 

peel. Nigerian Journal of Animal Production 38(1): 86 - 98. 

 

Adeyemi, O. A., Eruvbetine, D., Oguntona, T., Dipeolu M. A. and Agunbiade, J. A. 

2008. Feeding broiler chicken with diets containing whole cassava root meal 

fermented with rumen filtrate. Archivos de Zootechnia 57(218): 247 – 258. 

 

Adeyemi, O. A., Eruvbetine, D., Oguntona, T., Dipeolu, M. A. and Agunbiade, J. A. 

2007. Enhancing the nutritional value of whole cassava root meal by rumen filtrate 

fermentation. Archivos de Zootechnia 56(214): 261 – 264.  

 

Adeyemi, O. A., Fashina, O. E. and Balogun, M. O. 2000. Utilization of full-fat 

Jatropha seed in Broiler Diet: Effect on Haematological Parameters and Blood 

Chemistry. In: Proceedings of 25th Annual Conference of Nigerian Society Animal 

Production (NSAP) 19th - 23rd March 2000, Umudike pp: 108 - 109. 

 

Adeyemi, O. A., Sobayo, R. A., Aluko, F. A. and Oke, D. B. 2008. Utilization of 

rumen filtrate  fermented corn-cobs by weaner rabbits. Nigeria Journal Animal 

Production 35(1): 69 – 75. 

 

Adeyemo I. A. and Sanni, A. 2013. Physical appearance and organoleptic properties of 

poultry meat fed Aspergillus niger hydrolyzed cassava peel meal based diet. 

International Journal of Agricultural Policy and Research, 1(6): 166 - 171. 

  

Adeyemo, G. O. and Longe, O. G. 2007. Effects of graded levels of cottonseed cake 

on performance, haematological and carcass characteristics of broilers fed from day 

old to 8weeks of age. African Journal of Biotechnology 6 (8): pp. 1064 - 1071. 



206 
 

Aduku, A. O. 1993. Tropical Feedstuff-Analysis Table. Department of Animal 

Science, Faculty of Agriculture, Ahmadu Bello University, Samaru, Zaria, Nigeria. 

 

Aduku, A. O. and Olukosi, J. O. 2000. Animal Products Processing and Handling in 

the Tropics. Living Books Series, G. U. Publication, Abuja, Nigeria, pp 24 - 32. 

 

Afolabi, K. D., Akinsoyinu, A. O., Abdullah, A. R. O., Olajide, R. and Akinleye, S. B. 

2011. Haematological Parameters of the Nigerian Local Grower Chickens Fed varying 

Dietary levels  of Palm Kernel cake. POLJOPRIVREDA 17(1) 74 - 78. 

 

Afolayan, S. B., Dafwang, I. I., Tegbe, T. S. B. and Sekoni, A. 2012. Response of 

broiler chickens fed  on maize-based diets substituted with graded levels of sweet 

potato meal. Asian Journal of Poultry Science 6(1): 15 – 22. 

 

Aftab, U., Ashraf, M. and Jiang, Z. 2006. Low Protein Diets for Broilers. World 

Poultry Science Journal 62: 688 - 698. 

 

Agawane, S. B., and Lonkar, P. S. 2004. Effect of probiotic containing Saccharomyces 

boulardii on experimental ochratoxicosis in broilers: hematobiochemical studies. 

Journal of Veterinary Science 5(4): 359 - 367. 

 

Agbim, N. N. and Omaliko, C. F. E. 1993. Forage-corn response to rice-mill waste and 

fertilizer. Journal Environmental Quality 12(3): 320-324. 

 

Agboola, A. F., Ajayi, H. I., Ogunbode, S. M., Majolagbe, O. H., Adenekan, O. O., 

Oguntuyo, C. T. and  Opaleye, R.O. 2013. Serum Biochemistry and Haematological 

indices of broiler Chickens fed graded levels of Frog (Rana esculata) meal as 

replacement to fish meal. International Journal of Agriculture and Biosciences 2(5): 

260 - 265. 

 

Agboola, A. F., Awoyemi, M. O., Inyang, U. O. and Ogunbode, S. M. 2014. Growth 

response and nutrient digestibility of broiler chickens fed wheat-based diets 

supplemented with an exogenous enzyme. International Journal of Agriculture and 

Biosciences 3(2): 95 - 101. www.ijagbio.com 

 

Aguihe, P.C., Kehinde, A.S., Babatunde, T.O. and Iyayi, E.A. 2015. Effect of 

supplementation of  cassava peel meal based diet with enzyme Maxigrain® on 

performance, apparent nutrient digestibility and economic indices of broiler finishers. 

Nigerian Society of Animal Production 42(1):100-109. 

 

Aguiler, J. F. 1989. Use of Agro-industrial by-products in the feeding of ruminants. 

Revista Argentina de production animal. 9: 253 – 67. 

Akinfala, E. O., Aderibigbe, A. O. and Matanmi, O. 2002. Evaluation of the nutritive 

value of whole cassava plant as replacement for maize in the starter diets for broiler 

chicken. Livestock Research for Rural Development 14:1 - 6. 

 

Akinleye, S. B., Iyayi, E. A. and Afolabi, K. D. 2008. The performance, haematology 

and carcass traits of broilers as affected by diets supplemented with or without Biomin 

a natural growth promoter. World Journal of Agricultural Sciences 4 (4): 467 - 470. 

http://www.ijagbio.com/


207 
 

Akpodiete, O. J. and Okagbare, G. O. 2002. Haematological and biochemical indices 

of meat and egg type chickens fed maggot meal. Tropical Journal of Animal Science 

5(1): 175-180. 

 

Akpodiete, O. J., Eruvbetine, D. and Gagiyovwe, E.E. 2006. Effect of enzyme 

supplementation on  palm kernel cake based diets on broiler chicken performance. 

Nigeria Journal of Poultry Science 4:1 - 6. 

 

Alam, M. J., Howlider, M. A. R., Pramanik, M. A. H. and Haque, M.A. 2003. Effect 

of exogenous enzyme in diet on broiler performance. International Journal of Poultry 

Science 2:168-173. 

 

Aletor, V. A. 1989. Effect of varying levels of fish meal substitution with soya bean 

meal on certain metabolites. Nigeria Journal of Technology Res. 1: 111 – 114. 

Aletor, V. A. and Egberongbe, O. 1992. Feeding differently processed soyabean. Part 

2. An assessment of haematological responses in chicken diet. Nahrung 36(4): 364 – 

369. 

 

Alhassan, W. S. 1985. The potential of Agro-industrial by-products and Crop residues 

for Sheep and Goat Production in Nigeria. Proceedings of small ruminant production 

in Nigeria 1: 165-175. 

 

Allen, C. M., Bedford, M. R. and Mc Cracken, K. J. 1996a. Effect of rate of wheat 

inclusion and enzyme supplementation on diet metabolizability and broiler 

performance. British Poultry Science 37: 544 -545. 

 

Almeida, J. G., Vieira S. L., Gallo, B. B., Conde, O. R. A. and Olmos, A. R. 2006. 

Period of incubation and post-hatching holding time influence on broiler performance. 

Brazilian Journal of Poultry Science 8: 153 - 158. 

 

Almirall, M., Francesch., M., Perez-Venderell, A. M., Brufau, J. and Esteve-Garvia, E. 

1995. The differences in intestinal viscosity produced by barley and beta-gluconase 

alter digesta enzyme alternative and ilea nutrient digestibility more in broiler chicks 

than in cocks. Journal of Nutrition 125(4): 947 - 955. 

 

Alokan, I. A. 1998. A note on corn cobs in sheep diet. Nigerian Journal of Animal 

Production 15: 227 – 231. 

 

Altama, R.B. (1979). Avian Clinical Pathology, Radiology, Parasitic and Infectious 

Diseases, Proceeding of American Animals Hospital Association, South Bend, IN. 

 

Alzawqari, M., Kermanshahi, H. and Nassiri Moghaddam, H., 2010. The effect of 

glycine and desiccated ox bile supplementation on performance, fat digestibility, blood 

chemistry and ileal digesta viscosity of broiler chickens. Global Veterinaria 5: 187 – 

194.  

 

Amao, S. R. Oyewumi, S. O. Olatunde, A. K. Oguntunde, M. M. 2015. Carcass 

Characteristics and Organoleptic Properties of Organically Raised Broiler Chickens. 

Journal of Natural Sciences Research Vol.5, No.17, 12 – 19. 



208 
 

American Metabolic Testing Laboratories Inc. Chemistry Profile (2001). 

www.caprofile.net/t3.html. 

 

Amos, T. T. 2006. Analysis of Backyard Poultry Production in Ondo State, Nigeria. 

International Journal of Poultry Science 5 (3):247 – 250. 

 

Amuchie, E. C. Jr. 2001. Anti-nutritional factors in feeds and their effects on livestock 

production. Seminar presentation to the Department of Animal Production, University 

of Agriculture, Makurdi, Nigeria (Unpublished). 

 

Ani, A. O. and Nnamani, M. E. 2012. Response of cockerel chicks to diets containing 

raw Bambara nut (Vigna subterranea, L. Verde) offal and supplementary enzyme. 

Nigeria Poultry Science Journal 9: 126 – 138. 

 

Anigbogu, N. M. 2003. The effect of fish waste feed/corn offal based diets on 

performance characteristics on Early-weaned crossbred F1 Nigerian Lambs. Indian 

Journal of Animal Nutrition 20(1):30-31. 

 

Anigbogu, N. M. 2011. Bio-Remediation: Zymomonas mobilis for Life-enzyme 

production as Farm Animal Feed. Proceedings, 36th Conference, Nigerian Society for 

Animal Production, 13-16 March, University of Abuja, Nigeria, Pgs.755-757. 

 

Anigbogu, N. M. and Anosike, J. C. 2010. Zymomonas mobilis degraded and 

sweetened sawdust (life-enzyme) cake as feed for the goats. Indian Journal of Animal 

Nutrition 27(1): 50 - 55. 

 

Anigbogu, N. M. and Onyejekwe, I. E. 2010. Direct fed Microbe (Zymomonas mobilis 

Degraded Rice Hull) as feed for Maradi goats. Proceedings of the 15th Annual 

Conference of Animal Science Association of Nigeria, Sept. 13th – 15th. University of 

Uyo, Nigeria 15:88 – 90. 

 

Anigbogu, N. M., Ibe, S. N., Akomas, S. C., Oke, U. K. and Ezeokoli, C. D. 2008. 

Growth and carcass characteristics of Bororo Zebu cattle fed Water Hyacinth 

containing diets. Indian Journal of Dairy Sciences 61(5): 365 – 368. www.cat.inist.fr. 

 

Anigbogu, N. M., Ibe, S. N., Anosike, J. C. and Assam, E. M. 2009. The effect of 

Life-Enzyme (Sawdust treated with Zymomonas mobilis) on the performance 

characteristics of Red Sokoto Goats. Journal of Sustainable Agriculture and 

Environment 11(1):12 - 18. 

 

Annison, G. and Choct, M. 1991. Anti-nutritive activities of cereal non-starch 

polysaccharides in broiler diets and strategies minimizing their effects. World’s 

Poultry Science Journal 47: 232-242. 

 

Anon 1980. Guide to the care and use of experimental animals. Vol. 1. Canadian 

Council on Animal Care. Ottawa, Ontario, Canada. Pp. 85 – 90. 

 

Apata, D. F. and Ojo, U., 2000. Efficiency of the Trichodermia viride enzymes 

complex in broiler  starter fed cowpea testa based diet. In: Ukachukwu, S. N., 

Ibeauchi, J. A., Ibe, S. N., Ezekwe, A. G. and Abasiekong S. F. (eds.), Animal 

http://www.caprofile.net/t3.html
http://www.cat.inist.fr/


209 
 

Production in the New Millenium: Challenges and options. Proceeding of the 25th 

Annual Nigerian Society of Animal Production Conference. Pp 132 - 134. 

 

Association of Official and Analytical Chemists 2015. Official Methods of Analysis. 

Arlington, USA. 

Atchison, J. E. 1995. Progress in the global use of non-wood fibres and prospects for 

the greater use in the future. In Paper International, April-Jun. Pg. 22. B., Susan, H. H., 

Clifford, W., Keith, H. S. eds., Application of Biotechnology to Traditional Fermented 

Foods. National Research Council, Washington D. C. 

 

Augustine, C., Igwebuike, J. U., Salome, S., Midau, A., Ja’afar-Furo, M.R., Mojaba, 

D. I. and Dazala, I. U. 2010 Evaluation of economic performance of broiler chickens 

fed graded Levels of processed Cassia obtusifolia seed meal. International Journal of 

Sustainable Agriculture 2 (3): 47-50. 

 

Awobajo, O. K., R. T. Akinrolabu, A. A. Mako, A. O. Igbosanu and Olatokunbo, O. T. 

2007. The Mortality Rate of Two Different Breeds of Broilers after Brooding Stage to 

Maturity. Middle-East. Journal of Scientific Research 2 (1): 37-42. 

 

Awosanya. B., Joseph, J. R., Apata, D. F. and Agbola, M. A. 1990. Performance, 

blood chemistry and  carcass quality attributes of rabbit fed raw and processed 

Pueraria seed meal. Tropical Journal of Animal Science 2(2): 89 - 96. 

 

Azadmanesh, V. and Jahanian, R. 2012. Effect of lipotropic factors on immune 

responses, liver health and thyroid activity of broiler chicks fed on high-energy diets. 

World’s Poultry Science Journal, Supplement 1. 2012. 

 

Babatunde, G. M. and Pond, W. G. 1987. Nutritive value of Nigerian rubber seed 

(Hevea brasiliensis)1- Rubber seed meal. Nutr. Rep. Int., 36: 617 - 630. 

 

Babatunde, G. M., Pond, W. O., Krook, L., Dvan Vlech, L., Walker, E. R. and 

Chapman, P. 1987. Effect of dietary safflower oil or hydrogenated coconut oil on 

growth rate and on swine blood and tissue components of pigs fed fat-free diets. 

Journal of Nutrition 92: 1903. 

 

Bach Knudsen, K. E. 2001. The nutritional significance of “dietary fibre” analysis. 

Animal Feed Science Technology 90: 3 – 20. 

 

 Badejo, S. O. and Giwa, S. A. 1985. Volume assessment and economic importance of 

sawmill wood  waste utilization in Nigeria. Technical Report No. 50. Forestry 

Research Institute of Nigeria, Ibadan. 

 

Bailey, R. W. 1973. In “Chemistry and Biochemistry of Herbage”, Vol. 1, P. 157. 

 

Balogun, M. A. 1982. Biochemical and nutritional evaluation of some unexploited 

crop seeds. Ph D Thesis, University of Ibadan, Ibadan, Nigeria. 

 

Banks, W. J. 1974. Histology and Comparative organology. A Text-Atlas The 

Williams and Wilkins Company. Baltimore. 428 E Preston Street, Baltimore, Md. 

212032, USA pp.79-83. 



210 
 

Baron, D. N. 1973. A short textbook of chemical Pathology. 3rd Ed. The English 

Language Book Society (ELBS) pp 15 - 20. 

 

Bassir, O. 1962. Observations on the fermentation of palm wine. West Africa Journal 

Biol. Appl. Chem. 6: 20 – 28. 

 

Bassir, O. 1968. Some Nigerian Wines. West Africa Journal Biol. Appl. Chem. 10: 41 

– 45. 

 

Bedford, M. R. 1997. In Recent Advances in Animal Nutrition in Australia, pp. 1 – 7. 

Eds. J.  L. Corbett, M. Choct, J. V. Nolan and J. B. Rowe. The University of New 

England, Armidale.  

 

Bedford, M. R. 2000. Exogenous enzymes in monogastric nutrition-their current value 

and future benefits. Animal Feed Science and Technology 86: 1 - 13. 

 

Bedford, M. R., and H. L. Classen. 1992. Reduction of intestinal viscosity through 

manipulation of dietary rye and pentosanase concentration is affected through changes 

in the carbohydrate composition of the intestinal aqueous phase and results in 

improved rates and food conversion efficiency of broiler chicks. Journal of Nutrition 

122: 560 – 569. 

 

Bedford, M. R., Classen, H. L. and Campbell, G. L. 1991. The effect of pelleting, salt 

and pentosanase on the viscosity of intestinal contents and the performance of broilers 

fed rye. Poultry Science 70: 1571 - 1577. 

 

Bedford, M.R. 1995. Mechanism of action and potential environmental benefits from 

the use of feed enzymes. Animal Feed Science and Technology 53: 145-155. 

 

Benerjee, G. C. 2004. A textbook of Animal husbandry. 8th Edition. Oxford and IBH 

Pub. Co., PVT., LTD. 

 

Bhuiyan, M., Romero, L. F. and Iji, P. 2012. Maximising the energy value of cassava 

products in diets for broiler chickens. In: Proceedings of the 23rd Annual Australian 

Poultry Science Symposium. p. 272-275. 

 

Biggs, P., Parsons, C. M., Fahey, G. C. 2007. The effects of several oligosaccharides 

on growth performance, nutrient digestibilities, and ceca microbial populations in 

young chicks. Journal of Poultry Science 86: 2327 - 2336. 

 

Blasi, D. A., Drouillard, J., Titgemeyer, E. C., Paisley, S. I. and Brouk, M. J. 2000. 

Soybean hulls, composition and feeding value for beef and dairy cattle. Kansas State 

University, January 2000.  

 

Bogart, R. and Taylor, R. E. 1983. Scientific farm Animal Production. 2nd Edition, 

Macmillan publishing Co., New York, U. S. A. 

 

Bounous I. D., Wyatt, R. D., Gibbs, P. S., Kilburn, J. V., Quist, C. F. 2000. 

Haematological and serum biochemical reference intervals for juvenile wild turkeys. 

Journal of Wildlife Diseases 36(2):393-396. 



211 
 

 

Bounous, D. L., and Stedman, N. L. 2000. Normal Avian Haematology: Chicken and 

Turkey. In: Feldman, B. F., Zinkl, J. G. and N. C. Jain, Lippin Cotts, Williams and 

Wilkisin, Philadelphia, Pp 1147 – 1154. 

 

Bousnes, R. and Taussky, H. H. 1945. Colorimetric determination of Creatinine by 

Jaffe Reaction. Journal of Biochemistry 158: 581 – 591. 

 

Briedenstein, B. C. and Carpenter, Z. L. 1983. Nutrient value of meat. Journal of 

Animal Science 57:119. 

 

Brown, J. A. and Clime, T. R. 1972. Nutrition and Haematological values. Journal of 

Animal Science 35:211 - 218. 

 

Café, M. B., F. P. Rinaldi, H. R. Morais, M. R. Nascimento, A. V. Mundim, Marchini, 

C. F. P. 2012. Biochemical blood parameters of broilers at different ages under 

thermoneutral environment.  World Poultry Conference Salvador-Bahia- Brazil 5 – 9 

August, 2012, pp 143 – 146. World  Poultry Science Journal, supplement 1, 

Expanded Abstract-poster presentation-chicken Breeder and Broiler production. 

 

Cannan, R. K. 1958. Text Book of Clinicaal Practical Biochemistry, Volume I, 5th 

Edition, CBS Publisher and Distributor, pp. 497 – 480. 

 

Cantner, E. W. 1995. Utilization of Agricultural waste products in Animal Nutrition. 

Journal Animal Research Development 41:56-70. 

 

Carré, B., J. Gomez and Chagneau, A. M. 1995. Contribution of oligosaccharide and 

polysaccharide digestion, and excreta losses of lactic acid and short chain fatty acids, 

to dietary metabolisable energy values in broiler chickens and adult cockerels. British 

Poultry Science 36: 611 - 629. 

 

CAST, 1978. Feeding Animal Waste. Council Agricultural Science Technology: Rep. 

No. 17, p. 48. 

 

Cazetta, M. L., Celligoi, M. A. P. C., Buzato, J. B. and Scarmino, I. S. 2007. 

Fermentation of molasses by Zymomonas mobilis: Effects of temperature and sugar 

concentration on ethanol production. Bioresource Technology 98: 2824 – 2828. 

 

Cenlral Veevocderbureau. 1998. Veevoedertabel. CVB, Lelystad, The Netherlands. 

 

Champe, P. C., Harvery, R. A. and Ferrier, D. R. 2008. Amino acids: disposal of 

Nitrogen in: Biochemistry 4th Edition. Wolters Kluwar (India) Pvt. Ltd., New Delhi 

PP 245 – 260. 

 

Chee, K. M., Chun, K. S., Huh, B. D., Choi, J. H., Chung, M. K., Lee, H. S., Shin, I. S. 

and Whang, K. Y. 2005. Comparative feeding values of soybean hulls and wheat bran 

for growing and finishing swine. Asian-Australian Journal Animal Science, vol. 18, 

No. 6, pp. 861-867, ISSN 1011-2367. 

 



212 
 

Chesson, A., Stewart, C. S. and Wallace, R. J. 1983. Influence of plant phenolic acds 

on the growth and cellulytic of rumen bacteria. Applied Environmental Microbiology, 

44: 597– 603. 

 

Choct, M. 1997. Feed Non-Starch Polysaccharides: Chemical Structures and 

Nutritional Significance. Feed Milling International, June Issue pp. 13 – 26. 

 

Choct, M., Hughes, R. J., Wang, J., Bedford, M. R., Morgan, A. J. and Annison, G. 

1996. Increased small intestinal fermentation is partly responsible for the anti-nutritive 

activity of non-starch polysaccharides in chickens. British Poultry Science 37: 609 – 

621. 

 

Choct, M., R. J. Hughes and M. R. Bedford. 1999. Effects of xylanase on individual 

bird variation, starch digestion throughout the intestine, and ileal and caecal volatile 

fatty acid production in chickens fed wheat. British Poultry Science 40: 419 - 422. 

 

Choct, M., R. J. Hughes, R. P. Trimble, K. Angkanapron and Annison. G. 1995. Non-

starch polysaccharide-degrading enzymes increase the performance of broiler chickens 

fed wheat of low apparent metabolizable energy. Journal of Nutrition 125: 485 - 492. 

 

Christopher, G. I., Offfiong, S. and Idiong, C. I. 2007. Effect of the replacement of 

maize with wheat offal in broiler finisher diets on growth performance and feed cost. 

Journal of Central European Agriculture 8(1):33-38. 

 

Church, J. P., Judd, J. T., Young, C. W., Kebay, J. L. and Kim, W. W. 1984. 

Relationships among diet constituents and specific serum clinical components of 

subjects eating self-selected diets. Africa Journal of Clinical Nutrition 40: 1338 – 

1344. 

 

Clark, P., Boardman, W. S. J. and Raidal, S. R. 2009. General haematological 

characteristics of birds. In: Atlas of clinical avian haematology. Ames (IA): Wiley-

Blackwell; p. 33 – 53. 

 

Clinical Diagnostic Division 1990. Veterinary Reference Guide: Summary of 

Reference Intervals for use with KODAK EKTACHEM products. Eastman Kodak 

Company, Rochester, NY., USA. 

 

Coates, M. E., Ford, J. E. and Harrison, G. F. 1968. Intestinal synthesis of vitamins of 

the B-complex in chicks. British of Journal Nutrition 22: 493 – 498. 

 

Coles, B. H. 2007. Essentials of avian medicine and surgery. Blackwell Publication, 

Oxford.Conn. 

 

Corduk, M., Ceylan, N. and Ildiz, F. 2007. Effects of dietary energy density and L-

carnitine supplementation on growth performance, carcass traits and blood parameters 

of broiler chickens. South African Journal of Animal Science, 37: 65-73. 

 

Dafwang, I. I. 2002. Broilers and Broiler production in Nigeria. Poultry production in 

Nigeria. A Training Manual on National training workshop on poultry production in 



213 
 

Nigeria. (Editors: Gefu, J. O., Adeyinka, I. A. and Sekoni, A. A.). September 1 – 6, pp. 

76 – 86. 

 

Daniel, W. W. 1995. Biostatistics: a foundation for Health sciences, 5th edition. Mc 

Graw-Hill Book Company, New York. 

 

Daudu, O. M. 2012. Effect of ginger by-product meal supplementation with enzyme 

palm oil on performance, blood chemistry and histopathology of broiler chickens. 

Unpublished PhD Thesis. Department of Animal Science. Ahmadu Bello University 

Zaria Nigeria. 

 

Daudu, O. M., Igwoche, A., Idris, A., Olugbemi, T. S. and Omage, J. J. 2015. Serum 

metabolites and meat characteristics of broiler chickens fed diets containing mango 

seed kernel. Journal of Animal Production Research 27: 108 – 116.  

 

Daveby, Y. D., Abrahamson, M. and Aman, P. 1998. Chemical composition of certain 

dehulled legume seeds and their hull with special reference to carbohydrate. Swedish 

Journal of Agricultural Research 23: 3 – 14. 

 

Deatherage, F. E. 1963. The effects of water and inorganic salts on tenderness. Pages 

45-68. In Proceedings Meat Tenderness Symposium, Campbell Soup Co., Camden 

N.J. 

 

DeCamp, S. A., Hill, B., Hankins, S. L., Herr, C. T., Richert, B. T., Sutton, A. L., 

Kelly, D. T., Cobb, M. L., Bundy, D. W., Powers, W. J. 2001. Effects of soybean hulls 

on pig performance, manure  composition, and air quality. Purdue University Swine 

Research Repository.  

 

Denstadli, V., Balance, S., Knutsen, S. H., Westereng, B. and Svihus, B., 2010. 

Influence of graded levels of brewers dried grains on pellet quality and performance in 

broiler chickens. Poultry Science 89:2640-2645. 

 

Diarra, S. S. and Usman, B. A. 2008. Growth performance and some blood parameter 

of broiler chickens fed raw or cooked mango kernel meal. International Journal of 

poultry science. Cambridge, UK: Cambridge University press. Pp 7(4): 315 – 31. 

 

Doelle, H. W., Mitchell, D. A. and Rolz, C. E. 1992. Solid Substrate Cultivation. 

Elsiever Science Publ. Ltd., London and New York; 466p. 

 

Donkoh, A., Nyannor, E. K. D., Asafu-Adjaye, A., Duah J. 2003. Ground maize cob 

as a dietary ingredient for broiler chickens in the tropics. Journal of Animal Feed 

Science 12, 153 - 161. 

 

Dourado, L. R. B., Pascoal, L. A. F., Costa, F. G. P., Biagiotti, P. 2011. Soyabeans 

(Glycine max) and soyabean products in poultry and swine nutrition. In: Krezhova, D. 

(Ed.). “Recent trends for enhancing the diversity and quality of soyabean products”, 

InTech, October, 2011. 

Dransfield, E., and Sosnicki. A. A. 1999. Relationship between muscle growth and 

poultry meat quality. Poultry Science 78: 743 – 746. 



214 
 

Duke, H. H. 1985. Duke’s Physiology of Domestic animals. 8th ed. Ithaca and 

London. Comstock publishing associates, a division of Cornell University Press. USA. 

pp. 212 - 213. 

 

Dulhan, A., Khetarpaul, N. and Bishnoi, S., 2002. Changes in phytates and HCl -

extractability of calcium, phosphorus and iron of soaked, dehulled, cooked, and 

sprouted pigeon pea cultivar. Plant Food for Human Nutrition 57, 275–284. 

 

Duruna, C. S., Ujejlegbe, A. B. I. and Etuk, E. B. 2006. Performance and 

characteristics of broiler finisher fed graded level of Anothonata macrophyla seed 

meal as replacement for Arachis hypogea meal. In: Proceedings of the 11th Annual 

Conference of Animal Science Association of Nigeria (ASAN) 18th - 21st September, 

2006, International Institute of Tropical Agriculture, Ibadan, Nigeria. 

 

Dusel, G., Kluge, H. and Jeroch, H. 1998. Xylanase supplementation of wheat-based 

rations for broilers: influence of wheat on characteristics. Journal of Applied Poultry 

Research 7: 119 – 131. 

 

Duwa, H., B. Saleh., M. Lamido and Saidu, A.  2014. Growth, Haematological and 

serum Biochemical indices of Broiler chickens fed Banana peel meal as replacement 

for maize in the semi-Arid zone of Nigeria. Online Journal of Animal and Feed 

Research 4(50): 121 - 126. 

 

Ebhodaghe, P. O. 1993. Conditioning of sawdust as a suitable soil amendment for 

plant growth. Unpublished M.Sc. Thesis, Department of Soil Science, University of 

Nigeria, Nsukka. 

 

Edwards, C. A. 1995. The physiological effect of dietary fibre. In: Kritchewsky, D. 

and Bonfield, C. (Eds). Dietary fibre in health and disease. Eagan Press, St. Paul, 

Minnesota, USA, p 58 – 71. 

 

Eggum, B. O. 1970. Blood urea in measurement as a technique for assessing protein 

quality. British Journal of Nutrition 24:983-988. 

 

Egounlety, M. and Aworh, O. C. 2000. Biochemical changes in soyabean (Glycine 

max Merr.), cowpea (Vigna unguiculanta L. Walp), and groundbean (Macrotyloma 

geocarpa Harms) during fermentation with Rhizopus oligosporus. (Paper presented at 

the International Seminar on Traditional African Fermented Foods. Accra, Ghana). 4-

6, 25. 

 

Eka, O. U. 1979. Effect of fermentation on the nutrient status of locust beans. Food 

Chemistry 5: 305 - 308. 

 

Ekpenyong, T. E. and Biobaku, W. O. 1986. Growth response of rabbits fed activated 

sewage sludge and dried poultry waste. Journal of Applied Rabbit Research 9(1) pp 

14-16. 

 

El-ladan, I. Y. and Olofin, E. A. 2013. Evaluation of Various Chemical Treatments of 

Sawdust as a  Replacement for Wheat Offal in Feeding Goat (Capra prisca) 

International Journal of Pure and Applied Sciences and Technology 19(1), pp. 70-74. 



215 
 

 

El-Ladan, I. Y. and Olofin, E. A. 2013. Proximate and mineral analysis of variously 

treated sawdust as a  potential livestock feed. International Journal of Pure and 

Applied Sciences and Technology 19(1): 44 – 48. 

 

Emadi, M., Kaveh, K., Jahanshiri, F., Hair-Bejo, M., Ideris, A. and Alimon, A. R. 

2010. Dietary tryptophan effects on growth performance and blood parameters in 

broiler chicks. Journal of Animal and Veterinary Advances 9: 700-704. 

  

Ensiminger, M, E. 1991. Animal Science Digest (Animal Agricultural Services) 9th 

ed., Interslate Publishers Inc. USA. P. 845 – 859. 

 

Eruvbetine, D. 1995. Processing and utilisation of cassava as animal feed for non-

ruminant animals. In: Paper presented at the workshop on alternative feedstuffs for 

livestock organized by the Lagos State Ministry of Agriculture and Cooperative and 

Rural Development, Lagos, Nigeria. 

 

Eruvbetine, D., Dipeolu, M.A. and Oguntona, E. B. 2002 Comparison of enzyme and 

Antibiotic inclusion in diets for laying hens. Proc. 27th Ann. Conf. Nig. Soc. For 

Anim. Prod (NSAP), March 17-21. Federal University of Technology, Akure, Nigeria. 

Pp101 - 104. 

 

Eruvbetine, D., Tajudeen, I. D. Adeosun, A. T. and Olojede. A. A. 2003. Cassava 

(Manihot esculenta) leaf and tuber concentrate in diets for broiler chickens. 

Bioresources Technology 86: 277 – 281. 

 

Eruvbetine, D., Tajudeen, I. D., Adeosun, A. T., Olojede, A. A. 2003. Cassava 

(Manihot esculenta) leaf and tuber concentrate in diets for broiler chickens. 

Bioresources Technology 86:277-281. 

 

Esonu, B. O. 1998. Performance and internal organ characteristics of weaned rabbit 

fed graded levels of dietary soybean hulls. JOTEN 3. (1 & 2):28-33. 

 

Esonu, B. O., Azubuike, J. C., Emelalom, O. O., Etuk, E. B., Okoli, I. C., Ukwu, H. O. 

and Nneji, C. S. 2004. Effect of Enzyme supplementation on the performance of 

broiler finisher fed Microdesmis puberula leaf meal. International Journal of Poultry 

Sciences 3:112-114. 

 

Esonu, B. O., Etuk, E. B. and Ezeigbo, O. O. 1997. Determination of optimal dietary 

levels of soybean (Glycine max (L) Merrill) hulls for broilers. JOTEN 2. (1 & 2): pp 

76-82. 

 

Esonu, B. O., Iheshiulor, O. O. M., Chukwuka, O. K., Omede, A. A., Ogbuewu, I. P. 

2010. Performance Characteristics and Haematology of Laying Birds fed Safzyme® 

Supplemented Soybean Hull Diet. Report and Opinion 2(8). 

http://www.sciencepub.net/report 

 

Esonu, B. O., Iheukwumere, F. C., Emenalom, O. O., Uchegbu, M. C. and Etuk, E. B. 

2002. Performance, Nutrient utilization and Organ characteristics of broiler finisher 

http://www.sciencepub.net/report


216 
 

fed Microdesmis puberula leaf meal. Livestock Researches for Rural Development 

14(6):15 (http:www.cipav.org.co/Irrd./Irrd.14/6/esonu146.htm). 

 

Esonu, B. O., Iheukwumere, F. C., Iwuji, T. C., Akamu, N. and Nwugo, O. H. 2003. 

Evaluation of  Microdesmis puberula leaf meal as feed ingredient in broiler starter 

diets. Nigeria Journal of Animal Production 30(1): 3 - 8. 

Esonu, B. O., Izukanne, R. O. and Inyang, O. A. 2005. Evaluation of cellulolytic 

enzyme supplementation on production indices and nutrient utilization of laying hens 

fed soyabean hull based diets. International Journal of Poultry Science Vol. 4, no. 4, 

pp. 213-216 ISSN 1682 - 8356. 

 

Esonu, B. O., Udedibie, A. B. I., Emenalom, O. O. Madumere, C. C. and Ucheghu, O. 

A. 2008. Evaluation of oil palm (Elaeis guinensis) leaf meal as feed ingredient in 

broiler diets. Nigeria Journal of Animal Production 35(1): 32 - 39. 

 

Ewa, V. U., Nwakpu, P. E. and Otuma, M. 2006. Effect of feed restriction on growth 

performance and economy of production of broiler chicks. Animal Research 

International 3(3): 513 – 515. 

 

Ewane, D. 1996. A study of the mix of cassava peel meal and blood (CABLO) as feed 

ingredient for  monogastric animals. M.Sc. Thesis, University of Nigeria, Nsukka. 

 

Ewulola, E. O. and Egbunike, G. N. 2008. Haematological and biochemical response 

of growing rabbit bucks fed dietary Sumonisin B1. African Journal of Biotechnolgy 7 

(23): 4304 - 4309. 

 

Ezeh, N. O. A. and Arene, O. B. 1994. Economics of using cassava root meal as 

substitute for maize in poultry feeds. In: Proceedings of the Tenth Symposium of the 

International Society for Tropical Root Crops, held in Salvador, Bahia, Brazil, October 

23-29. 

 

Fafiolu, A. O., Jegede, A. V., Teniola, A. A., Olarotimi, I. D., Odukoya, S. O., Alabi, 

J. O. and Oduguwa, O. O. 2015. Performance, Carcass characteristics and apparent 

nutrient digestibility of broiler chickens fed palm-kernel extraction by-products. 

Nigerian Society for Animal Production 42(1): 110 - 117. 

 

Fajimi, A. O., Babatunde, G. M., Ogunlana, F. F. andOyejide, A. 1993. Comparative 

Utilization of  Rubber Seed Oil and palm oil by broilers in a humid tropical 

environment. Animal Feed Science and Technology 43:177-188. FAO. 35, 36 – 39.  

 

Fanatico, A. C., Pillai P. B., Emmert, J. L., Gbur, E. E., Muellenet, J. F. and Owens, C. 

M. 2007. Sensory attributes of slow and fast growing chicken genotypes raised indoors 

or with outdoors access. Journal of Poultry Science 86: 2441-2447. 

 

Faniyi, F. O. 2006. Optimizing the usefulness of poultry faeces and crop residues for 

meat, fish and egg production. Inaugural lecture at the Oyo State College of 

Education, Oyo State, Nigeria. Pg. 1 – 30. 

 

Faparusi, S. I. 1966. A Biochemical Study of palm-wine from different varieties of 

Elaeis guineensis. PhD Thesis. University of Ibadan, Nigeria. 



217 
 

 

Fasuyi, A. O. and Aletor, V. A. 2005. Protein replacement value of cassava (Manihot 

esculenta, Crantz) leaf protein concentrate (CLPC) in broiler starter: Effect on 

performance, muscle growth, haematology and serum metabolites. International 

Journal of Poultry Science 4(5): 339 - 349. 

 

Faulkner, D. B., Hummel, D. F., Buskirk, D. D., Berger, L. L., Parrett, D. F and. 

Cmarik, G. F. 1994. Performance and nutrient metabolism by nursing calves 

supplemented with limited or unlimited corn or soyhulls. Journal of Animal Science 

72:470. 

 

Fengler, A. I. and Marquardt, R. R. 1988. Water-soluble pentosans from rye. II. 

Effects on the rate of  dialysis and on the retention of nutrients by the chick. Cereal 

Chemistry 65: 298 - 302. 

 

Fengler, A. I., J. R. Pawlik and Marquardt, R. R. 1988. Improvements in nutrient 

retention and  changes in excreta viscosities in chicks fed rye-containing diets 

supplemented with fungal enzymes, sodium taurocholate and penicillin. Canadian 

Journal of Animal Science 68: 483 - 491. 

 

Fisher, C. B. and Boorman, K. N. 1986. Nutrient Requirement of Poultry and 

Nutritional Research. Butterworths, London, United Kingdom. 

 

Flourie, B., Vidon, N., Florent, C. H. and Bernier, J. J. 1984. Effect of pectin on jejuna 

glucose and unstirred layer thickness in normal man. Gut 25: 936-941. 

 

Food and Agriculture Organization (FAO) 1966. Agricultural Development in Nigeria, 

1965 - 80. Rome, Italy. 

 

Food and Agriculture Organization (FAO) 1997. Production Year Book. Rome, Italy 

50:112 - 118. 

 

Food and Agriculture Organization(FAO) 2012. The state of Food Insecurity in the 

World. Food and Agriculture Organization of the United Nations. Rome, Italy. 

 

Food and Agriculture Organization (FAO) 2013. Tthe United Nations Statistical 

Database-FAOSTAT. http://faostat.fao.org/ 2013 

 

Frazier, W. C. 1976. Food Microbiology. 2nd Edition. Mc-Graw Hill Book Co. New 

York. 

 

Friesen, O. D., W. Guenter, R. R. Marquardt and Rotter, B. A. 1992. The effect of 

enzyme supplementation on the apparent metabolizable energy and nutrient 

digestibilities of wheat, barley, oats, and rye for the young broiler chick. Poultry 

Science 71: 1710 - 1721. 

 

Fudge A. M. 2000. Avian complete blood count. In: Fudge A. M., editor. Laboratory 

Medicine: avian and exotic pets. Philadelphia: W. B. Saunders Co; p. 9–18. 

 



218 
 

Fudge, A. M. 1997. Avian clinical pathology - hematology and chemistry. In: Altman 

R. B., Furumoto, E. J., Corey, P. and Wursch, P. 1993. Effects on blood lipids of very 

high intake of fibre in diets low in saturated fat and cholesterol. The New England 

Journal of Medicine 329: 21 - 26. 

 

Gidenne, T., Carabano, R., Garcia, J. and de Bias, C. 1998. Fibre digestion in 

Nutrition of Rabbits (Eds. C. de Bias and J. Wiseman) pp 69 - 88. 

 

Gohl, I. B. 1981. Tropical Feeds. FAO. 532pp. Rome. 

 

Gomez, G., Valdivieso, M., Santos, J., Hoyos, C. 1983. Evaluation of cassava root 

meal prepared from  low-cyanide or high-cyanide containing cultivars in pig and 

broiler diets. Nutrition Reports International Journal 28:693-704. 

 

González-Alvarado, J. M., Jiménez-Moreno, E., Lázaro, R., Mateos, G. G. 2007. 

Effect of type of cereal, heat processing of the cereal, and inclusion of fiber in the diet 

on productive performance and digestive traits of broilers. Poultry Science 86: 1705-

1715. 

 

Gopalakrishnan, B., Mardikar, Y., Gupta, D., Jalali, S. M. and Chaudhari, S. 2012. 

Establishing Baseline Electrical Energy Consumption in Wood Processing Sawmills 

for Lean Energy Initiatives: A Model Based on Energy Analysis and Diagnostics, 

Energy Engineering, 109(5): 40 - 80. 

 

Grueling, H. T. 1966. The chemical analysis of plant tissue Mimeo No. 6622. 

Agronomy Department, Cornell University, Ithaca, New York. 

 

Gunal, M., Yasar, S. and Forbes, J. M. 2004. Performance and some digesta 

parameters of Broiler chickens given low or high viscosity wheat-based diets with or 

without enzyme supplementation. Turkish Journal of Veterinary and Animal Science 

28: 323 - 327. 

 

Gunasekaran, P. and Chandra, R. K. 1999. Ethanol Fermentation Technology-

Zymomonas mobilis. Current Science 77(1): 56 -68. 

 

Habibi, Z. 1999. Practical Methods of Chemistry Laboratory. Publishing in Soharb, 

pp: 403 – 407 

. 

Halbrook, E. R. 1962. A survey Report and Recommendation on the development of a 

poultry program for the Northern region of Nigeria. United States Agency for 

International Development, August, 1962. 

 

Hale, O. M., Newton, G. L. and Haydon, L. C. D. 1986. Effects of diets and exercise 

on performance, carcass traits and plasma composition of growing finishing barrows. 

Journal of Animal Science 62(3): 665 – 671. 

 

Hall, M. B. 2003. Challenges with non-fiber carbohydrate methods. Journal of Animal 

Science 81:3226-3232. 

 



219 
 

Health, E. and Olusanya, S. 1985. Anatomy and Physiology of Tropical Livestock. 

International Tropical Agricultural Series. Longman, London and New York. 

 

Hemening, D. A. 1992. Clinical Hematology of Homeostatisis (2nd Edn.). E. A. Davis 

Co., Philadephia. 

 

Hetland, H. and Svihus, B. 2001. Effect of oat hulls on performance, gut capacity and 

feed passage time in broiler chickens. British Poultry Science 42: 354 – 361. 

Hetland, H., Svihus, B. and Olaisen, V. 2002. Effect of feeding whole cereals on 

performance, starch  digestibility and duodenal particle size distribution in broiler 

chickens. British Poultry Science 13: 525 – 547. 

 

Hetland. H., Svihus. B. and Choct, M. 2005. Role of insoluble fiber on gizzard activity 

in layers. Journal of Applied Poultry Research,14: 38-46. 

 

Hew, L. I., V. Ravindran, Y. Mollah, and Bryden, W. L. 1998. Influence of exogenous 

xylanase supplementation on apparent metabolisable energy and amino acid 

digestibility in wheat  for broiler chickens. Animal Feed Science and Technology 75: 

83 – 92. 

 

Hill, F. W. and Dansky, L. M. 1954. Studies on the energy requirement of chickens. I. 

The effect of dietary energy level on growth and feed consumption. Journal of Poultry 

Science 33: 112 - 119. 

 

Hughes, B. O. and Duncan, I. J. 1972. The influence of line and environmental factors 

upon feather pecking and cannibalism in fowls. British Poultry Science 13: 525 – 547. 

 

Ibrahim, M. Y. E. 2003. Laboratory studies on sawdust and its potentials as a livestock 

feed. BIJE 4(1): 1-9. 

 

Ichita, A. N. 2006. Effects of two nitrogenous sources on Zymomonas mobilis life-

enzyme production from cassava peel as sheep feed. Unpublished project submitted to 

the College of Animal Science and Animal Health in partial fulfillment of the 

requirements of the award of Bachelor of Agriculture Degree. Michael Okpara 

University of Agriculture, Umudike, Nigeria. 

 

Igba-Shah, S. and Miller, E. O. 1983. Feeding crop residue and animal waste to 

ruminants in Pakistan. In: Proceedings FAO/Pakistan Agricultural Research Council 

(PARC) workshop on least cost ration formulation. Islamabad, Pakistan, 4 – 24. 

 

IITA. 2012. An annual report on cassava production. pp. 4-6. 

 

Ingraham, J. L. and Ingraham, C. A. 2004. Benefits and Uses of Microorganism. In:  

M. Juliet(Ed.). Introduction to Microbiology. A case History Approach. 3rd Edition. 

Brooks/Cole-Thomson, California, USA., p. 270. 

 

Institute National de la RechercheAgronomique, 1989. L’Alimentation desanimaux 

monogastriques: Porc, lapin, volalilles. INRA, Paris, France.  



220 
 

Isaac, L. J., Abah, G., Akpan, B. and Ekaette, I. U. 2013. Haematological properties of 

different breeds and sexes of rabbits. Proceedings of the 18th Annual Conference of 

Animal Science Association  of Nigeria. Pp. 24 – 27. 

 

Islam, M. S., Lucky, N. S., Islam, M. R., Ahad, A., Das, B. R., Rahman, M. M., 

Siddivi, M. S. I. 2004. Haematological parameters of Fayoumi, Assil and local 

chickens reared in Sylhet Region in Bangladesh. International Journal of poultry 

science 4(10):748 - 756. 

 

Iyayi, E.A. and Tewe, O. O. 1998. Serum Total Protein, Urea and Creatinine Levels as 

indices of Quality of cassava Diets for Pigs. Trop. Vet. 16: 59 - 67. 

 

Jacobus, P. H. 2001. Biotechnology and utilization of bio-waste as a resource for 

bioproduct development. TRENDS in Biotechnology 19(5): 174. 

http://tibtech.trends.com 

 

Jain N. C. 1993. Essentials of Veterinary Haematology, 4th ed. Lea and Febiger, 

Philadelphia, U. S. A. 

 

Jain, N. C. 1986. Schalm’s Veterinary Haematology. 4th Edition, Lea and Febiger, 

Philadelphia. 

 

Jamroz, D., Jakobsen, K., Bach Knudsen, K. E., Wilczkiewicz, A. and Orda, J. 2002. 

Digestibility and energy value of the non-starch polysaccharides in young chickens, 

ducks and geese fed diets containing high amounts of barley. Comparative 

Biochemistry and Physiology 131: 657 – 668. 

 

Jamroz, D., Wiliczkiewicz, A. and Skorapiñska, J. 1998. Fermentation and apparent 

digestion of the structural carbohydrates in chicks, ducks and geese fed triticale 

mixtures supplemented with enzymes. Journal Animal Physiology and Animal 

Nutrition 79: 1 – 17. 

 

Jeon, Y. S., Chung, H., Park, S., Hur, I., Lee, J. H. and Chun, J. 2005. PHYDIT: a 

JAVA-based integrated environment for molecular phylo-geny of ribosomal RNA 

sequences. Bioinformatics. 21: 3171–3173. 

 

Jiménez-Moreno, E., González-Alvarado, J. M., González-Serrano, A., Lázaro, R., 

Mateos, G. G. 2009. Effect of dietary fiber and fat on performance and digestive traits 

of broilers from one to twenty-one days of age. Poultry Science 88: 2562-2574. 

 

Jorgensen, H., Zhao, X. Q., Knudsen, K. E. and Eggum, B. O. 1996. The influence of 

dietary fibre  source and level on the development of the gastrointestinal tract, 

digestibility and energy metabolism in broiler chickens. British Journal of Nutrition 

75: 379 – 395. 

 

Józefiak, D., A. Rutkowski, and S. A. Martin. 2004. Carbohydrate fermentation in the 

avian ceca: A review. Animal Feed Science and Technology 113:1–15. 

 

Jozefiak´, D., A. Rutkowski, B. B. Jensen, Engberg, R. M. 2007. Effects of dietary 

inclusion of triticale, rye and wheat and xylanase supplementation on growth 

http://tibtech.trends.com/


221 
 

performance of broiler chickens and  fermentation in the gastrointestinal tract. Animal 

Feed Science and Technology 132: 79–93. 

 

Kana, J. R., Engwali, F. D., Defang, F. H., Teguia, A., Ngouana, T. R. and Mube, K. 

H. 2014. Economics of broiler production fed on various dietary levels of cassava 

flour and cassava fibre supplemented with and without palm oil. Journal of Animal 

Production Advances 4(7):455-462. 

 

Kaneko, J. J. 1997. Serum Proteins and the Dysproteinemias. In: Clinical 

Biochemistry of Domestic Animals, 5th edn., eds Kaneko, J. J. Harvey and M. Bruss, 

Academic press, San Diego, C. A., pp: 117 - 138. 

 

Karikatti, G., Jangali, S. J., Kathani, A., Lokeshwar, R. and Sattur, S. 2015. Crank 

operated maize sheller. International Journal for Scientific Research and Development 

3(4):2321-0613. 

 

Kayode, R. M.  O., Sani, A., Apata, D.F., Joseph, J. K. Annongu, A. A., Kolawole, O. 

M., Awe, S. and Obalowu, M. A. 2012. Performance and Carcass characteristics of 

broiler chickens fed on fungal mixed-culture (Aspergillus niger and Penicillium 

chrysogenum) fermented mango kernel cake. Global Research Journal of 

Microbiology 2(1): 67 - 75. 

 

Kekocha, C. C. 1994. Poultry Production Handbook. Macmillan Publishers Ltd. 

London, pp: 166. 

 

Kivaisi, A. K., Assefa, B., Hashim, S. O. and Mshandete, A. M. 2010. Sustainable 

utilization of agro-indusrial wastes through integration of bioenergy and mushroom 

production. International Livestock Research Institute, Nairobi, Kenya. 

Khajaren, S. and Khajarern, J. 2003. Potential for the utilization of crop residues and 

agro- industrial by-products in animal feeding in south west Asia. Nutrition Project 

Annual Report, Khon kaen. University of Khon kaen, Thailand. pp. 145 - 162. 

 

Khattab, R. Y. and Arntfield, S. D. 2009. Nutritional quality of legume seeds as 

affected by some  physical treatments 2. Anti-nutritional factors. Food Science 

and Technology 42(6): 1113 – 1118.  

 

Khempaka, S., Thongkratok, R., Okrathok, S. a n d Molee, W. 2014. An Evaluation of 

Cassava Pulp  Feedstuff Fermented with A. oryzae, on Growth Performance, Nutrient 

Digestibility and Carcass Quality of Broilers. Journal of Poultry Science 51(1): 71 – 

79. 

 

Knarreborg, A., R. M. Engberg., S. K. Jensen and Jensen, B. B.2002. Quantitative 

determination of bile  salt hydrolase-activity in bacteria isolated from the small 

intestine of chickens. Appl. Environ. Microbiol., 68: 6425 - 6428. 

 

Kofi, E. A. 1991. Lesser known fermented plant foods. In: Eimer, L., Clader, J. R., 

Mpaoko, B., Susan, H. H., Susan, H. H., Clifford, W., and Keith, H. S. eds., 

Application of Biotechnology to Traditional fermented foods. National Research 

Council, Washington DC. 



222 
 

 

Kornegay, E. T. 1978. Soybean hulls for growing, finishing swine. Feedstuffs. May 1, 

pp. 24-26. 

Kornegay, E. T. 1981. Soybean hull digestibility by sows and feeding value for 

growing-finishing swine. Journal Animal Science 53:138-145. 

 

Kpanja, E. J., Omage, J. J. and Bawa G. S. 2016. Performance, bio-chemical and 

haematological characteristics of broilers fed graded levels of steam-treated castor 

bean cake based diets. Journal Animal Production Research 28(1): 130 – 137. 

 

Krogdahl, A. 1986. Antinutrients affecting digestive functions and performance in 

poultry. Proceedings of the 7th European Poultry conference, Paris Vol. 1, pp. 239 – 

248. 

 

Kwiecien, M., Samolinska, W. and Bujanowicz-Haras, B. 2015. Effects of iron–

glycine chelate on growth, carcass characteristic, liver mineral concentrations and 

haematological and biochemical blood parameters in broilers. Journal of Animal 

Physiology and Animal Nutrition pp 1 – 13. 

 

Lamidi, A. W., Fanimo, A. O., Eruvbetine, D. and Biobaku, W. O. 2008. Effect of 

Graded levels  of Pineapple (Ananas comosus L. Meer) crush waste on the 

performance, carcass yield and blood parameters of broiler chickens. Nigeria Journal 

of Animal Production 35(1):40-47. 

 

Langout, D. J. 1998. The role of intestinal flora as affected by non-starch 

polysaccharides in broiler chicks. PhD Thesis, Wageningen Agricultural University, 

Wageningen, The Netherlands.162pp. 

 

Laseinde, E. A. O. 1994. Terminology in Poultry Production. Tropical Agricultural 

Production series. 

 

Lawal, T. E., G. F. Faniyi, O. M. Alabi, S. G. Ademola and Lawal, T. O. 2012. 

Enhancement of the  feeding value of wheat offal for broiler feeding after its solid 

state fermentation with Aspergillus niger. African Journal of Biotechnology 11(65), 

pp. 12925 – 12929. 

 

Lázaro, R., M. García, M. J. Araníbar and Mateos, G. G. 2003. Effect of enzyme 

addition to wheat, barley and rye-based diets on nutrient digestibility and performance 

of laying hens. British Poultry Science 44: 256 - 265. 

 

Lewis, G. E., Sanches, W. K., Treacher, R., Pritchard, G. T. and Feng, P. 1996. Effect 

of direct fed fibrolytic enzymes on digestion of a forage-based diet fed to steers. 

Journal of Animal Science 8: 273 – 276. 

 

Liang, Y. D., Yin, J. Y. and Huang, B. F. 2004. Effect of supplemental canthaxanthin 

and apoester in diets on performance of laying hens and yolk colour. China Poultry, 8: 

161-163. 

 



223 
 

Liange, C. and Liu, Y. G. 1999. Apparent Metabolizable energy values, xylan contents 

and digesta viscosity in relation to broiler performance on wheat diets. Proceedings of 

Australian Poultry Science Symposium Pp 116 - 119. 

 

Lilja, C. 1983. A comparative study of postnatal growth and organ development in 

some species of birds. Growth, 47: 317 – 339. 

 

Lindsay, D. B. 1977. The effect of feeding patterns and sampling on blood parameters. 

Occasional Public. No. 1 British Society of Animal Production Ed. By D. Lister, pp. 

99-120. 

 

Longe, O. G. and Ogedengbe, N. E. E, 1989. Influence of fibre on metabolizable 

energy of diet and performance of growing pullets in the tropics. British poultry 

Science 30: 193 – 205. 

 

Lumeij, J. T. 1997. Avian Clinical Biochemistry. In: Kaneko, J. J., Harvey, J. W., and 

Bruss, M. L.  Clinical Biochemistry of Domestic Animals 5th edition. San Diego, 

Academic Press, 932p. 

 

Lynd, L. R., Wyman, C. E. and Gerngross, T. U. 1999. Biocommodity Engineering. 

Biotechnology Progress. 15: 777 – 793. 

 

 Madubuike, F. N. and Ekenyem, B. U. 2006. Haematology and serum biochemistry 

characteristics of broiler chicks fed varying dietary levels of Ipomoea asarifolia leaf 

meal. International Journal of Poultry Science 5(1): 9 – 12. 

 

Makinde, O. A. and Sonaiya, E. B. 2011. Utilization of sun-dried maize offal with 

blood meal in diets for broiler chickens. Open Journal of Animal Sciences 1(3): 106 – 

111. http://www.scirp.org/journal/OJAS 

 

Manning, L., Chadd, S. A., and Baines, R. N. 2007. Key health and welfare indicators 

for broiler production. World Poultry Science 63: 46 - 58. 

 

Marchessault, R. H. and Sundararajan, 1993. Cellulose. P. 11 – 95 In G. O. Aspinall 

(ed.), The Polysaccharides, vol. 2. Academics Press, Inc., New York, N. Y. 

 

Marieb, E. M. and Hoehn, K. 2007. Anatomy and Physiology 4th Ed. San Francisco 

CA Peerson, Benjamin, Cummings. Pp 649. 

 

Mathlouthi, N. and Lalles, J.  P. 2002. Xylanase and β-glucanase supplementation 

improve conjugated bile acid fraction in intestinal contents and increase villus size of 

small intestine wall in broiler chickens fed a rye-based diet. Animal Science 80: 2773 - 

2779. 

 

Maxwel, M. H. 1982. The of Dietary Rapeseed meal on haematology and 

thrombocytes ultha structure of the Adult fowls. Avian Pathology 11:427. 

 

Maynard, L. A., Loosli, H. F., and Warner, R. G. 1979. Animal Nutrition. 7th edn. 

Tarta Mc Graw Hill Publishing, New Delhi., 348 pp. 

 

http://www.scirp.org/journal/OJAS


224 
 

Mc Nab, J. M. 1973. The avian ceca: a review. World’s Poultry Science Journal 29: 

251 – 263. 

 

McCracken, K. J. and Bedford, M. R. 2001. Diet composition affects apparent energy 

value of wheat on the response to xylanase in broiler diets. British Poultry Science 42: 

S94-S95. 

 

McDonald, P., Edwards, R. A., Greenhalgh, J. F. D. and  Morgan, C.A., 2002. Animal 

Nutrition, 6th edition. Pearson, Prentice Hall, UK. 

 

McNab, J. M. and Boormann, K. N. Eds. 2002. Poultry feedstuffs [electronic 

resource]: supply, composition, and nutritive value. No. 26. CABI. 

 

Melluzzi, A., Giuseppe, P., Faffaell, G. and Guglielmo, F. 1991. Determination of 

blood constituents, reference value in broilers. Poultry Science 71: 337 – 345. 

 

Mertens, D. R. 2003. Challenges in measuring insoluble dietary fibre. Journal of 

Animal Science 81: 3233 – 3249. 

 

Mhone, M. S., Chande, Y., Safalaoh, A. C. L., Gondwe, T. N., Mhone, A. R. K. and 

Mahungu, N. M. 2008. Potential role of cassava in broiler diets: effects on growth 

performance. Livestock and  Pastures Commodity Group presentations of activities, 

experiments and new proposals. In: DARS Annual review and planning meeting, 

Mangochi, 17th September, p. 14-28. 

 

Midau, A., Augustine, C., Yakubu, B., Yahaya, S. M., Kibon, A., Udoyong, A. O. 

2011. Performance  of broiler chicken fed enzyme supplemented cassava peel meal 

based diets. International Journal of Sustainable Agriculture 3(1):1-4. 

 

Milad M., Hossein B. and Mohammad Y. 2011 Effect of Polyzyme in Broilers Fed 

with Corn (Zea mays L.) Bran-Based Diets. Advances in Environmental Biology, 5(7): 

1651-1655.  

 

Mitaru, B. N., R. Blair, R. D. Reichert and W. E. Roe. 1984. Dark and yellow rapeseed 

hulls, soybean hulls and a purified fiber source: Their effects on dry matter, energy, 

protein and amino acid digestibilities in cannulated pigs. Journal Animal Science 

59:1510-1518. 

 

Mitruka, H. M. and Rawnsley, S. K. 1977. Chemical, Biochemical and 

Haematological Reference in normal experimental Animals. Mason, N.Y., pp. 287 - 

380. 

 

Morgensten, S. R., V. Flor, J. H. Kaufman and Klain, B. 1966. The automated 

determination of serum uric acid. Journal of Clinical Pathology 12: 748 - 766. 

 

Muhammad N. O. and Oloyede, O. B. 2009. Haematological parameters of Broiler 

chicks fed Aspergillus Niger fermented Terminalia catappa seed Meal-Based Diet. 

Global Journal of Biotechnology and Biochemistry 4(2): 179 – 183.  

 



225 
 

Muhammad, A. I., S. B. Adamu, N. K. Alade, A. B. Amin and Abdulazeez, H. 2015. 

Studies on Haematology and Serum Biochemistry of Broiler Chickens Finished on an 

Unprocessed and Processed Velvet Bean (Mucuna Pruriens (L.)) as Dietary Protein 

Sources. Biokemistri (An International Journal of the Nigerian Society for 

Experimental Biology) 27(2): 68 – 75. 

 

Muhammad, N. O. and Oloyede, O. B. 2009. Haematological parameters of broiler 

chicks fed Aspergilus niger-fermented Terminalia cattapa seed meal based diets. 

Global Journal of Biotechnology and Biochemistry. 4(2): 179 – 183.  

 

Muhammad, N. O. and Oloyede, O. B. 2009. Haematological Parameters of Broiler 

Chicks fed Aspergillus niger - Fermented Terminalia catappa Seed Meal-Based Diet. 

Global Journal of Biotechnology & Biochemistry 4 (2): 179-183. 

 

Muller, Z., Chou, K.C. and Nah, K.C. 1974. Cassava as a total substitute for cereals in 

livestock and  poultry rations. World Animal. Rev. 12(1): 19 – 24. 

 

Myashkauskese, A., E. Sirvidene and Sirvidis, V. 1984. Effective utilization of some 

enzyme preparations by meat-line chicks fed on low nutrient diets. Nauchnye Trudy 

Pribalttiiskoi Zonal  noi opytnoi stantsii po Ptitsevodstvu, 9: 36-43 (Nutr. Abst. 

Rev.,56: 2728, 1986). 

 

National Research Council. 1998. Nutrient Requirements of Swine. 10th ed. National 

Academy Press, Washington, DC. 

 

Ndubuisi, E. C., Iheukwumere, F. C., and Onyekwere, M. U., 2008. The effect of 

varying dietary levels  of maize cob meal on the growth and nutrient digestibility of 

grower pigs. Research Journal of Animal Sciences 2(4):100-102. 

 

Nester, E. W., Anderson, D. G., Roberts, C. E., Pearsall, N. N. and Nester, M. T. 2004. 

Microorganisms in Food and Beverage production – Alcoholic fermentations by 

Yeast.  In. C. H. Wheatley Microbiology. A Human Perspective. 4th Edition. Mc-Graw 

Hill, New York, USA. Pp151 – 153 and pp. 804 -806. 

 

Newman, R. K., Klopfensten, C. F., Newman, C. W., Guuritno, N. and Hofer, P. J. 

1992. Comparison of the cholesterol lowering properties of whole barley, oat bran and 

red dog in chicks and rats. Cer. Chem. 69: 240 – 244. 

 

Ngiki, Y. U., Igwebuike, J. U. and Moruppa, S. M. 2014. Effects of Replacing Maize 

with Cassava Root-Leaf Meal Mixture on the Performance of Broiler Chickens. 

International Journal of Science and Technology, 3(6): 352 – 362. 

 

Ning, H., Xiaowen, F., Na, D., Shengping, H., Haibing, C. and Yuming, G. 2003. 

Comparative study of  digestive performance on dietary fibres in emus, turkeys and 

cocks. Journal of China Agricultural University 5: 105 – 109. 

 

Noman, Z. A., M. M. Hasan, S. Talukder, Y. A. Sarker, T. K. Paul and Sikder, M. H. 

2015. Effects of garlic extract on growth, carcass characteristics and haematological 

parameters in broilers. The Bangladesh Veterinarian 32 (1): 1 – 61. 

 



226 
 

NRC. 1994. Nutrient requirement of Poultry. 9th Revised edition. National Academy 

press, Washington D.C. 

 

Nworgu, F. C. 2004. Utilization of forage meal supplements in broiler production PhD 

Thesis. Animal Science Department, University of Ibadan, Ibadan, Nigeria: 136-160. 

 

Nworgu, F. C., Ogungbenro, S. A. and Solsi, K. S. 2007. Performance and some blood 

chemistry indices of broiler chickens served fluted pumpkin (Telfaria occidentalis) 

leaves extract supplement, American Eurasian Journal of Agricultural and 

Environmental Science (2): 90 – 98. 

 

O’Sullivan, A. C. 1997. Cellulose: the structure slowly unravels. Cellulose 4: 173 – 

207. 

 

Obikaonu, H. O., Okoli, I. C., Opera, M. N., Okoro, V. M. O., Ogbuewu, I. P., Etuk, 

E. B. and Udedibie, A. B. I. 2012. Haematological and serum biochemical indices of 

starter broilers fed leaf neem (Azadirachta indica). Journal of Agricultural Technology 

8(1): 71 - 79. 

 

Oboh, G. and Akindahunsi, A. A. 2003. Biochemical changes in cassava products 

(flour and garri) subjected to saccharomyces solid media fermentation. Food 

Chemistry 82(4): 599 - 602. 

Odeh, M. O., Igwebuike, J. U., Ubosi, C. O. and Akwukwaegbu, S. O. 2016. 

Performance, Carcass Characteristics and Cost Benefit Analysis of Broiler chickens 

fed graded Levels of Rice Milling Waste. Journal of Biology, Agriculture and 

Healthcare 6(19): 126 – 132. www.iiste.org 

 

Oduguwa, O. O., B. K. Ogunmodede and Fanimo, A. O. 1996. Comparative Efficacy 

of three Commercial Vitamin and Trace Mineral Premixes for Rearing Broiler 

Chickens at Starter and finisher phases. Pertanika Journal of Tropical Agriultural 

Science 19(1): 81 - 87. 

 

Oduguwa, O. O., Fanimo, A. O. and Jegede, A. V. 2004. Effect of Enzyme 

supplementation on the utilization of Shrimp waste meal based diets by broiler 

chicken. Nigeria Journal of Animal Production 31(2):167-173. 

 

Odunsi, O. M. 2017. Preformance and Biometric measurements of broiler chickens fed 

cassava sifting as replacement for wheat offal. Unpublished undergraduate project 

report, Department of Animal Nutrition, Federal University of Agriculture, Abeokuta, 

Nigeria. 

 

Ofongo, S. T., Saska, K., Iyaye, E. A. and Sudekum, K. 2008. Rice mill feed: an agro-

industrial by-product with potential for rural development. In proceedings of the 

International Tropentag Conference, University of Hohenhiem, Stuttgart, Germany, 

October 6 – 10. 

 

Ogunleye, I. O. and Awogbemi, O. 2007. “Determination of thermo-physical 

properties of eight varieties of sawdust”. Journal of Research in Engineering, 4 (4): 8 - 

14. 

http://www.iiste.org/


227 
 

 

Ogunleye, I. O. and Awogbemi, O. 2012. “Effects of silica clay on thermo-physical 

properties of Iroko sawdust cement board”. International Journal of Science and 

Technology, 2 (7): 479 – 485. 

 

Ogunwole, O. A., Oso, Y. A. A., Omotoso, R. R., Majekodunmi, B. C., Ayinde, B. O. 

and Oikeh, I. 2013. Performance, carcass characteristics and meat physico-chemical 

properties of broiler chickens fed graded levels of supplemental ascorbic acid. 

Agricultural and Biological Journal of North America 4(4): 485-495. 

 

Ojedapo, L. O., Adedeji, T. A., Amao, S. R., Ameen, S. A., Ige, A. O., Olaniyi, O. A. 

and Sanyaolu, V. F. 2009. The influence of strain and sex on carcass on three 

commercial broilers reared in cage system. Tropical Journal of Animal Science 11: 1 – 

7. 

 

Ojedapo, L. O., Akinokun, J. O., Adedeji, T. A, Olayeni, T. B., Ameen, S. A. and 

Amao, S. R. 2008. Effect of strain and sex on carcass characteristics of three 

commercial broilers reared in deep litter system in derived savannah area of Nigeria. 

World Journal of Agricultural Science 4: 487 – 491. 

 

Ojewola, G. S. 1993. Productive performance and body composition of broiler as 

influenced by dietary energy and protein in Humid tropics. PhD Thesis. Department of 

Animal Science, University of Ibadan, Nigeria. 

 

Okafor, N. 1972. The source of the Micro-organisms in palm wine. Symposium of 

Nigeria Society of Microbiology 1:97. 

 

Okafor, N. 1977. The Micro-biological method for palm wine preservation. Journal 

Applied Bacteriology 43: 159 – 161. 

 

Oke, D. B. and Oke, M. O. 2007. Effects of feeding Grade Levels of Sawdust obtained 

from Daniellia ogea Tree on the performance and Carcass characteristics of Broiler 

chickens. Research Journal of Poultry Sciences 1(1):12-15. 

 

Oke, D. B., Oke, M. O. and Adeyemi, O. A. 2007. Influence of dietary fermented 

corn-cob on the performance of broilers. Journal of Food Technology 5(4): 290 -293. 

 

Oke, O. L. 1978. Problems in the use of cassava as animal feed. Animal Feed Science 

Technology 3: 345 – 380. 

 

Okon, S. 1983. Minimum cost rations and optimum marketing weights in Broiler 

production with groundnut meal as the source of protein. Unpublished MSc. Thesis. 

Department of Agricultural Economics and Rural Sociology, ABU, Zaria.  

  

Oladeinde, A. E. 2000. Effect of dietary fermented corn cobs on performance of 

finishing broiler. MSc. Thesis, Department of Animal Production, Olabisi Onabanjo 

University, Ago-Iwoye, Nigeria. 

 



228 
 

 Olagunju, A., E. Onyike, A. Muhammad, S. Aliyu and Abdullahi, A. S. 2013. Effects 

of fungal (Lachnocladium spp) pre-treatment on nutrient and anti-nutrient composition 

of corn cobs.  African Journal of Biochemical Researches 7(1): 210 – 214. 

Olaifa R.O., Sogunle O.M. and Okubanjo A.O. 2016. Evaluation of Quality, 

Organoleptic Attributes and Chemical Composition of Broiler Chicken Meat Reared 

on Intensive and Semi-Intensive Systems. Journal of Meat Science and Technology 

Vol 4 (1) pages 25 – 32. 

 

Oldale, P. M. D. 1996. Enzymes: A tool for unlocking nutrients in animal feeds. F. 

Hoffmann-La Roche  Ltd. Vitamin and Fine Chemical Division, CH-4070, Base, 

Switzerland. 

 

Oleforuh-Okoleh, V. U., G. C. Chukwu and Adeolu, A. I. 2015. Effect of ground 

ginger and garlic on the growth performance, carcass quality and economics of 

production of broiler chickens. Global Journal of Bio-science and Biotechnology 3(3): 

225 – 229. 

 

Ologhobo, A. D. 1992. The Dilemma of Animal feeds and Indigenous Poultry 

Production in Nigeria. Proceedings 14th World’s Poultry Congress, Amsterdam. 

 

Olomu, J. M. 1995. Monogastric Animal Nutrition, Principles and Practices. 

AJACHEM Publishers, Benin City, Nigeria. Pp 108 – 214. 

 

Olorode, B. R., Onifade, A. A., Opara, A. O., Babatunde, G. M. 1996. Growth, 

nutrient retention, haematology and serum chemistry of fed shea butter or palm kernel 

cake in the humid tropics. Journal of Applied Animal Research 10: 173-180. 

 

Olugbemi, T. S., S. K. Mutayoba and Lekule, F. P. 2010. Effect of Moringa (Moringa 

oleifera) inclusion in cassava based diets fed to broiler chickens. International Journal 

of Poultry Science 9(4): 363 – 367. 

 

Olusola, O. I. and Omojola, A. 2013. Comparative Study of the Effects of Sawdust 

from Two Species of Hard Wood and Soft Wood as Seeding Materials On Biogas 

Production. American Journal of Engineering Research (AJER) Volume-02, Issue-01, 

pp. 16-21. 

 

Oluyemi, J. A. and Roberts, F. A. 1979. Poultry Production in warm Climate. 

Macmillan Press Ltd. London, pp: 197. 

 

Omer, H. A. A., Ali, F. A. F. and Gad, S. M. 2012. Replacement of clover hay by 

biologically treated  corn stalk in growing sheep rations. Journal of Agricultural 

Science 4: 257 - 268. 

 

Omidiwura, B.R.O. and Agboola, A.F. 2016. Performance, digesta viscosity and 

Microbial load in Broilers fed diets that contain 20% wheat with Roxazyme GZG. 

American Journal of Experimental  Agriculture. 11(5):  1- 7. 

 

Omojola, A. B. and A. O. K. Adesehinwa 2007. Performance and Carcass 

Characteristics of Broiler Chickens fed Diets supplemented with graded levels of 

RoxazymeG. ® International Journal of Poultry Science 6(5): 335 - 339. 



229 
 

 

Onilude, A. A. and Osho, B. A. 1999. Effect of fungal enzymes mixture 

supplementation of various fibre-containing diets fed to broiler chicks. In: 

performance and carcass characteristics. World Journal of Microbiology and 

Biotechnology 15:309-314. 

 

Onu, P. N., Madubuike, F. N., Esonu, B. O.  and Onu, D. O. 2001. The effect of wild 

cocoyam (Caladium bicolor) on the performance and internal organ weight of finisher 

broilers. Journal of Science, Agriculture, Food, Technology and Environment 1:19-24. 

 

Onyejekwe, I. E. 2010. Effect of direct-fed microbes (Zymomonas mobilis Treated 

Rice Hull) on Maradi Goats. Thesis submitted to the College of Animal Science and 

Animal production. Michael Okpara University of Agriculture, Umudike, Abia State, 

Nigeria. 

 

Onyenwoke, C. A. and Simonyan, K. J. 2014 Cassava post-harvest processing and 

storage in Nigeria: A review. African Journal of Agricultural Research Vol. 9(53), pp. 

3853-3863. 

 

Onyeonagu, C. C. and Njoku, O. L. 2010. Crop residues and agro-industrial by-

products used in traditional sheep and goat production in rural communities of 

Markudi LGA. Agro-Science Journal of Tropical Agriculture, Food, Environment and 

Extension. 9(3): 161 – 169. 

Onyimonyi, A.E., Chukwuma, P.C. and Igbokwe Chinenye 2012. Growth and 

hypocholesterolemic  properties of dry garlic powder (Allium sativura) on broilers. 

African Journal of Biotechnology 11(11): 2666 - 2671. 

 

Opara, B. J., Uchechukwu, N., Omodamiro, R. M. and Paul, N. 2012. Production and 

sensory evaluation of food blends from maize-plantain-soybean as infant 

complementary food. Journal of Stored Products and Post-Harvest Research Vol. 

3(6):75-79. 

 

Opara, C. C. 1996. Studies on the use of Alchonia cordifolia leaf meal as feed 

ingredient in poultry diets.  M.Sc. Thesis. Federal University of Technology Owerri, 

Nigeria. 

 

 Opoola, E., Ogundipe, S. O., Bawa, G. S. and Onimisi, P. A. 2016. Effect of diets 

formulated on the basis of four critical essential amino acids on the crude protein 

requirement, nutrient digestibility and haematological parameters of broiler chicks 

reared under tropical environment.  Journal of Animal Production Research 28 (2): 

179 – 190. 

 

Oso, A. O., Akapo, O., Sanwo, K. A. and Bamgbose, A. M. 2014. Utilization of 

unpeeled cassava (Manihot esculenta Crantz) root meal supplemented with or without 

charcoal by broiler chickens. Journal of Animal Physiology and Animal Nutrition 

98:431-438. 

Oso, A. O., Idowu, O. M. O., Jegede, A. V., Olayemi, W. A., Lala, O. A. and 

Bamgbose, A. M. 2012.  Effect of dietary inclusion of fermented pigeon pea (Cajanus 



230 
 

cajan) meal on growth, apparent nutrient digestibility and blood parameters of 

cockerel chicks. Tropical Animal Health Production 44: 1581 – 1586. 

 

Oso, A. O., Li, L., Zhang, B., Uo, R., Fan, J. X., Wang, S., Jiang, G., Liu, H., Rahoo, 

T., Tossou, M. C., Pirgozliev, V., Oduguwa, O. O., Bamgbose, A. M. 2015. Effect of 

fungal fermentation with Aspergillus niger and enzyme supplementation on 

metabolizable energy values of unpeeled cassava root meal for meat-type cockerels. 

Animal Feed Science and Technology 210:281–286. 

 

Owen, E., and Jayasuriya, M. C. N., 1989. Review. Research and Development in 

Agriculture 6(3) pp., 129-138. 

 

Owens, C. M., L. Cain Cavitt and Meullenet, J.  C. 2004. Tenderness Evaluation in 

Poultry meat. Proc. of the 57th American Meat Science Association Reciprocal Meat 

Conference. (pp 115 -121) June 20-23, Lexington, Kentucky. 

 

Owonubi, J. J. and Badejo, S. O. O. 2000. Indusrial Scale wood waste conversion into 

building materials at FRIN. Ibadan. A paper presented at the 38th annual conference 

of Science Association of Nigeria. 10th – 14th December, 2000. 

 

Oyebimpe, K. 2012. Utilization of Enzyme-supplemented cassava root meal as 

replacement for maize in diets for broiler chickens and cockerels. PhD Thesis, 

Department of Animal Nutrition, Federal University of Agriculture, Abeokuta, 

Nigeria. 

 

Oyewale, J. O. 1987. Haematological and Plasma biochemical values of two breeds of 

domestic fowl  in a tropical environment. Animal Technology 38: 49 - 53. 

 

Pampori, Z. A. and Iqbal, S. 2007. Haematology, Serum Chemistry and 

Electrocardiographic Evaluation in Native Chicken of Kashmir. International Journal 

of Poultry Science 6(8): 578 - 582. 

 

Panzenga, U. 1985. Feeding Parent Stock. Zootecnia International. Pp. 22 – 24. 

 

Pederson, C. S. 1971. Microbiology of Food Fermentation. AVI publishing Co. West 

Port. 

 

Peters, A., Proskauer, C. C., and Riback, C. E. 1982. The chandelier cell in the rat 

visual cortex. Journal Comp. Neurol. 206: 397 – 416. 

 

Pidgen, W. J. and Bender, F. 1975. Utilization of lignocelluloses by ruminants. 

Ruminant Nutrition; selected articles from World Animal Review. FAO., Rome, pp. 

30 – 32. 

 

Pippen, E. L., Mecchi, E. P. and Nonak, M. 1969. Origin and nature of aroma in fat of 

cooked poultry. Journal of Food Science 34: 436 - 446. 

 

Plumber, H. S. and Kiepper, B. H. 2011. Impact of poultry processing by-products on 

wastewater generation, treatment and discharges. In Proceedings of the 2011 Georgia 

Water Resources Conference, University of Georgia, 11–13 April, USA. 



231 
 

 

Ponte, P. I. P., C. M. C. Rosado, J. P. Crespo, D. G. Crespo, J. L. Moura˜o, M. A. 

Chaveiro-Soares, J. L. A. Bra´s, I. Mendes, L. T. Gama, J. A. M. Prates, L. M. A. 

Ferreira, and Fontes, C. M. G. A. 2008. Pasture Intake Improves the Performance and 

Meat Sensory Attributes of Free-Range Broilers. Poultry Science 87: 71 – 79. 

 

Poultry International, 1994. Broiler Industry of the Future. Ibadan. The University of 

Georgia College of Agricultural and Environmental Science, 32: 48-49. 

 

Preston, R. L. 1989. Typical composition of feed of cattle and sheep 1989-90. 

Feedstuffs 61:19-33. 

 

Quali, A. 1990. Post-mortem changes in muscles Tissue. J. Muscles Foods, 1: 129 - 

134. 

 

Rajagopal, M. V. 1977. Microbial protein from corn waste. Journal Food Technology 

12:633-637. 

 

Raji, M. O., Ogunjimi, J. T., Ogunbode, A. A., Ogungbenro, S. D., Osuolale, S. O.  

and Ajani, M. O. 2015. Performance characteristics and apparent nutrient digestibility 

of broiler finisher fed African yam bean cake as partial replacement for soybean meal. 

Arch. Zootec. 64 (246): 175-178. 

 

Rajman, M., Jurani M., Lamosova, D., Macajova, M., Sedlackova, M., Kostal, L., 

Jesova, D., Vyboh, P. 2006. The effects of feed restriction on plasma biochemistry in 

growing meat type chickens (Gallus gallus). Comparative Biochemistry and 

Physiology 145: 363 - 371. 

 

Rastogi, S. C. 2007. Essentials of Animal Physiology, 4th Ed. New age int. Pub. 

Ansuri Road, Daryanganj. 

 

Rebolé, A., Ortiz, L. T., Rodríguez, M. L., Alzueta, C., Treviño, J. and Velasco, S. 

2010. Effects of inulin and enzyme complex, individually or in combination, on 

growth performance, intestinal microflora, cecal fermentation characteristics, and 

jejunal histomorphology in broiler chickens  fed a wheat-and barley-based diet. 

Poultry Science 89: 276-286. 

 

Reddy, N. R. and Pierson, M. D. 1994. Reduction in anti-nutritional and toxic 

components in plant foods by fermentation. Food Research International, 27(3): 281 – 

290.  

 

Reddy, N. R. and Salunkhe, D. K. 1984. Phytates in Legumes and Cereals – reviews. 

Advance Food Research 28: 1 – 8. 

 

Redig, P. 1989. The avian ceca: obligate combustion chambers or facultative after 

burners. The conditioning influence of diet. J. Exp. Zool. Suppl. 3: 66 – 69. 

 

Richard, B. 2012. Microbial fermentation. About.com, Part of the New York Times 

Company Sciences. 

 



232 
 

Riddell, C. 2011: Comparative Anatomy, Histology and Physiology of the Chicken. 

Department of pathology, Western College of Veterinary Medicine, University of 

Saskatchewan, Saskatoon, Saskachewan, Canada S7N OWO. Pg. 37. 

 

Rogel, A. M., Balnave, D., Bryden, W. L. and Annison, E. F. 1987a. Improvement of 

raw potato starch digestion in chickens by feeding oat hulls and other fibrous feed 

ingredients. Australian Journal of Agricultural Research 38: 629 – 637. 

 

Rogel, A. M., Balnave, D., Bryden, W. L. and Annison, E. F. 1987b. T 

he digestion of wheat starch in broiler chickens. Australian Journal of Agricultural 

Research 38: 639 – 649. 

 

Rose, S. P. 2001. Principles of poultry science. C. A. B. International. Pp. 110 - 111. 

 

Saleh, F., A. Ohtsuka, T. Tanaka and Hayashi, K. 2003. Effect of enzymes of 

microbial origin on in- vitro digestibilities of dry matter and crude protein in maize. 

Journal of Poultry Science 40: 274-281. 

 

Sandhu, B. S., Singh, B., and Brar, R. S. 1998. Haematological and biochemical 

studies in broiler chickens fed ochratoxin and inoculated with inclusion body hepatitis 

virus, singly and in concurrence. Veterinary Research Communications 22: 335 - 346. 

 

SAS Institute, 2001. SAS users Guide Statistics. SAS Institute Inc., Cary,  NC. 

 

Sasipriya, G. and Siddhuraju, P. 2013. Evaluation of growth performance, serum 

biochemistry and haematological parameters on broiler birds fed with raw and 

processed samples of Entada scandens, Canavalia gladiata and Canavalia ensiformis 

seed meal as an alternative protein source. Tropical Animal Health Production 45: 811 

– 820. 

 

Schalm, O. W., Jain, N. C. and Qureshi, M. Q. 1975. Veterinary Haematology, 3rd 

Edition, Lea and Fibiger, Philadephia. 

 

Scheiderier, S. and Abudabos, A. 1998. Enzyme supplementation in corn/soy based 

layer diet. The Nebraska Poultry Report. pp.12-13. 

 

Seabra, L. M., J. F. Zapata, M. F. Fuentes, C. M. Aguiar, E. R. Freitas, and Rodrigues, 

M. C. 2001. Effect of deboning time, muscle tensioning and Calcium chloride 

marination on texture characteristics of chicken breast meat. Poultry Science 80:109–

112. 

 

Seivered, C.E. 1972. Haematology for Medical Technologist, Lea and Febger, 

Philadelphia, 4th edition. 

 

Senez, J. C., Raimbault, M. and Deschamps, F. 1980. Protein enrichment of starchy 

Substrates for  animal feeds by Solid State Fermentation. Animal Review FAO. 35, 36 

– 39. 

Seo, J. S., Chong, H., Park, H S., Yoon, K. O., Jung, C., Kim, J. J., Hong, J. H., Kim, 

H., Kim, J. H., Kil, J. I., Park, C. J., Oh, S. J., Kim, J. Y., Kang, H. L., Lee, S. Y., Lee, 



233 
 

K. J. and Kang, H. S. 2005. The genome sequence of ethanologenic bacterium 

Zymomonas mobilis ZM4. Nature Biotechnology, 23(1): 63 – 68. 

 

Shields, S. J., Remena, R. A., Gainer, J. P. and Mench, J. A. 2004. A dust bathing by 

broiler chickens; a comparison of preference for four different substrates. Applied 

Animal Behaviour Science, 87: 69 - 82. 

 

Shriver, J. A., Carter, S. D., Sutton, A. L., Richter, B. T., Senne, B. W. and Pettery, L. 

A. 2003. Effects of adding fiber sources to reduced-crude protein, amino acid-

supplemented diets on nitrogen excretion, growth performance, and carcass traits of 

finishing pigs. Journal of Animal Science 81:492-502. 

 

Sidharth, V., Devendra, P. M., Mohmed, S., Ayushi, A. and Sangeeta, N. (2013). 

Development of microbial consortium for production of blend of enzymes for 

hydrolysis of agricultural wastes into sugars. Journal of Scientific and Industrial  

Research 72:  585 - 590. 

 

Sikka S.S. 1990. Crude fibre is useful in rations. Misset, July/August, p. 29. 

 

Silva, P. R. L, Freitas Neto O. C., Laurentiz, A.  C., Junqueira, O. M. and Fagliari, J. J. 

2007. Blood  Serum Components and Serum Protein Test of Hybro-PG Broilers of 

Different Ages. Brazilian Journal of Poultry Science 9(4): 229 - 232. 

 

Smiths, C. H. M. and Annison, G. 1996. Non-starch plant polysaccharides in broiler 

nutrition– towards a  physiologically valid approach to their determination. World’s 

Poultry Science Journal 42: 203 – 221.  

 

 Smits, C. H. M., Veldman, A., Verstegen, M. W. A. and Beynen, A. C. 1997. Dietary 

carboxymethylcellulose with High instead of low viscosity reduces macronutrient 

digestion in Broiler chickens. The Journal of Nutrition 127(3): 483 - 487. 

 

Smulders, F. J., Vanloack, M. R. and Ellelenboom, G. 1991. In: The European Meat 

Industry in the 1999’s Ed. F. J. M. Smulders. Audet Nijmogen, pp 121 - 129.  

 

Sobayo, R. A., Adeyemi, O. A., Oso, A. O., Fafiolu, A. O., Daramola, J. O., Sodipe, 

G., Ogunade, I. B. and Odetola, O. M. 2013. Haematological, Serum and Carcass 

characteristics of broiler chicken fed graded levels of Garcinia kola (Bitter kola) used 

as phytobiotic. Nigeria Journal of Animal Production 40(1): 48 - 56.  

 

Seo, J. S., Chong, H., Park, H. S., Yoon, K. O., Jung, C., Kim, J. J., Hong, J. H., Kim, 

H., Kim, J. H., Kil, J. I., Park, C. J., Oh, H. M., Lee, J. S., Jin, S. J., Um, H. W., Lee, 

H. J., Oh, S. J., Kim, J. Y., Kang, H. L., Lee, S.Y., Lee, K. J., Kang, H. S. 2005. The 

genome sequence of the ethanologenic bacterium Zymomonas mobilis ZM4. Nature 

Biotechnology, 23(1):63-68. 

 

Soetan, K. O., Akinrinde, A. S. and Ajibade, T. O. 2013. Preliminary studies on the 

haematological parameters of cockerels fed raw and processed guinea corn (Sorghum 

bicolor), Proc. of 38th Annual Conference of Nigerian Society for Animal Production, 

Pp. 49-52. 

 



234 
 

Steel, T. G. O. and Torrie, L. H. 1980. Principles and procedures of Statistics. A 

biometrical approach. 2nd Edition, Mc Graw-Hill Book company, New York. 

 

Steenfeldt, S., Mullertz, A. and Frisjenson, J. 1998. Enzyme supplementation of 

wheat-based diets for broilers. Animal Feed Science and Technology, 75: 27 - 43. 

 

Stevens, C. E. and Hume, J. D. 1998. Contribution of microbes in vertebrate 

Gastrointestinal Tract to production and conversion of nutrients. Physiol. Rev. 78: 393 

– 427. 

 

Sun, Y. and Cheng, J. 2002. Hydrolysis of lignocellulosic materials for ethanol 

Sundu, B., Kumar, A. and Dingle, J. 2006. Response of broiler chicks fed increasing 

levels of Copra meal and enzymes. International Journal of Poultry Science 5(1): 13 - 

18. 

 

Swenson, M. J. 1970. Duke’s Physiology of domestic animals. 8th Ed. University press 

Limited, Ibadan, Nigeria. 

 

Swenson, M. J. 1999. Duke’s Physiology of Domestic animal, Constock Publishing 

Associates a Division of Cornell University Press, Thecae, London, Eleventh edition, 

Pp. 22 – 48. 

Swings, J. and De Ley, J. 1977. The Biology of Zymomonas. American Journal of 

Bacteriology Review 41: 1 – 46. 

 

Szabo, A., Mezes, M., Horn, P., Suto, Z., Bazar, G. and Romvari, R. 2005. 

Developmental dynamics of some blood biochemical parameters in the growing turkey 

(Meleagris gallopavo). Acta Veterinary Hungary 53: 397 - 409. 

 

Talaro, K. P. and Talaro, A. 1999. Microbial fermentation in food products from 

plants-beer and other alcoholic beverages. In K. T. Kane(ed.) Foundation in 

Microbiology. Third edition. Mc-Graw Hill, New York USA pp. 859-861. 

 

Tewe, O. O. and Egbunike, G. N. 1992. Utilization of cassava in non-ruminant 

livestock feeds. In: Hahn, S. K., Reynolds, L., Egbunike, G. N., Editors. Cassava as 

livestock feed in Africa. Proceedings of IITA/ILCA/University of Ibadan workshop on 

the potential utilization of cassava as livestock feed in Africa; p. 28-38. 

 

Thaman, W. 1968. Poultry keeping in Tropical areas. FAO, Rome. 

Thrall, M. A. 2007. Hematologiae bioquimica clinica veterinaria Philadelphia, 

Lippincott, Williams Wilkins, Sao Paulo: Roca, 582pp. 

 

Tsukahara, T. and Ushida, K. 2000. Effects of animal or plant protein diets on 

cecalfermentation in  guinea pigs (Cavia porcellus), rats (Rattus norvegicus) and 

chicken (Gallus gallus domesticus). Comp. Bioch. Physiol. 127: 139 – 146. 

 

Tuleun, C. D., Adenkola, A. Y. and Oluremi, O. I. A. 2007. Performance 

characteristics and haematological variables of broiler feed diet containing mucuna 

(Mucuna utilis) Seed Meal. Tropical Veterinary. 25: 74 - 81. 

 



235 
 

Turtuero, F., Brenas, A. and Riperez, J. 1975. The influence of intestinal(ceca) flora 

on serum and egg yolk cholesterol levels in laying hens. Poultry Science 54: 1935 – 

1938. 

 

Uchegbu, M. C., Ikechukwu, N. M., Omede, A. A., Nwaodu, C. H., Anyanwu, G. A., 

Okoli, I. C., and Udedibie, A. B. I. 2007. Comparative evaluation of three commercial 

feeds on the performance of broilers. Proceedings of Agricultural Society’s 41st 

Conference, Zaria, Nigeria. Pp. 359-363. 

 

Udedibie, A. B. I. and Asoluka, O. C. 2008: Effects of 5-hour wetting of sun-dried 

cassava tuber  meal  on the HCN content and dietary value of the meal for young 

broiler chicks. Nigeria Journal of Animal Production 35(1): 25 - 31. 

 

Udedibie, A. B. I. and Carlini, C. R. 2000. Relative effects of dry and most heat 

treatment on hemagglutinating and anti-tryptic activities of selected legume grains. 

Nigerian Poultry Science Journal 1: 81-87. 

 

UGCAES, 1987. Broiler Production and Management. Georgia, 1: 1-16. 

 

Ugwuene, M. C. 2011. Effect of dietary palm kernel meal for maize on the 

Haematological and serum chemistry of broiler Turkey. Nigeria Journal of Animal 

Science 13: 93 – 103. 

 

Umunna, N. W., Bailting, M. R. R. and Khopfentein, T. J. 1980. High temperature and 

pressure processing of maize cob: Digestibility in-vitro of processed cobs. Animal 

Feed Science and Technology 12: 151 – 158. 

 

USDA, 1997. USDA Agricultural Statistics 1993 and USDA Economics Research 

Service 1997. 

 

Van Der Klis, J. D., A. Van Voorst and Van Cruyningen, C. 1993. Effect of a soluble 

polysaccharide (carboxy methyl cellulose) on the physicoxcal conditions in the 

gastrointestinal tract of broilers. British Poultry Science 34: 971 - 983. 

 

Van Soest, P. J. 1985. Definition of fibre in animal feeds. In: Recent Advance in 

Animal Nutrition (Haresign, W. and Cole, D. J. A., Eds.) Butterworths, London, pp. 

71-86. 

 

Van Soest, P. J. 1994. Nutritional ecology of the ruminant. 2nd Ed. Cornell University 

Press, Ithaca,  N. Y. 

 

Van Soest, P. J., Robertson, J. B. and Lewis B. A. 1991. Methods for dietary fiber, 

neutral detergent fibre and nonstarch polysaccharides in relation to animal nutrition. 

Journal of Dairy Science 74, pp. 3583-3597. 

 

Varastegani, A. and Dahlan, I. 2014. Influence of Dietary Fibre Levels on Feed 

utilization and Growth performance in Poultry. Journal of Animal Science Advance 

4(6): 422 – 429. 

 



236 
 

Veldman, A. and Vahl, H. A. 1994. Xylanase in broiler diets with differences in 

characteristics and content of wheat. British Poultry Science 35: 537 – 550. 

 

Veulterinora, M. 1991. Nutrition and Erythropoiesis. In: CRC Handbook of 

Nutritional requirements in functional context. M. Rechcigi (ed.) Boca Ration, CRC 

Press. Pp 65-74. 

 

Vidanarachchi J. K., A. V. Elangovan, L. L. Mikkelsen, M. Choct and Iji, P. A. 2010. 

Effect of some plant extracts on growth performance, intestinal morphology, 

microflora composition and activity in broiler chickens. Animal Production Science 

50: 880 – 889. 

 

Villamide, M. J. and San Juan, L. D. 1998. Effect of chemical composition of 

sunflower seed meal on its true metabolizable energy and amino acid digestibility. 

Poultry Science 77: 1884– 1892. 

 

Walugembe, M. 2013. The effect of high and low dietary fibre diets on the 

performance of two lines of chickens with divergent growth rates. Graduate Theses 

and Dissertations. Iowa State University Digital Repository @Iowa State University. 

Paper 13336. 

 

Wang, Z., Cerrate, S., Coto, C., Yan, C. and Waldroup, P. W. 2007. Utilization of 

distillers dried grains with solubles (DDGS) in broiler diets using a standardized 

nutrient matrix. International Journal of .Poultry Science 6(7): 470-477. 

 

Waskar, V. S., Devangare, A. A., Gosavi, P. P., Ravikanth, K., Maini, S. and Rekhe, 

D. S. 2009. Meat Quality Attributes of broilers supplemented with herbal toxin binder 

product. Veterinary World 2(7): 274 – 277. 

 

Wilson, P. N., Brigstocke, T. D. A. and Williams, D. R. 1980. Process Biochemistry 

50(7):36. 

  

Yanase, H., Nozaki, K. and Okamoto, K. 2005. Ethanol production from cellulosic 

materials by genetically engineered Zymomonas mobilis. Biotechnology Letters 27, 

259 – 263. 

 

Yasar, S. 2003. Performance, Gut size and Ileal Digesta Viscosity of Broiler Chickens 

fed with whole wheat added diet and the diets with different wheat particle sizes. 

International Journal of Poultry Science 2(1): 75 - 82. 

 

Yasar, S. and Forbes, J. M. 2000. Enzyme supplementation of dry and wet wheat-

based feeds for broiler chickens: performance and gut response. British Journal of 

Nutrition 84: 297 - 307. 

 

Yeroch, H. and Danicke, S. 1995. Barley in poultry feeding: a review. Poultry Science 

51(3): 271-291. 

 

Yunusa, Y., U. D. Doma, D. Zahraddeen, S. B. Abubakar, A. Umar and Isah, A. 2015. 

Performance and Economics of production of broiler chickens fed different dietary 

energy sources. Asian Journal of Poultry Science 9(1): 41 – 49. 



237 
 

 

Zakaria, H. A. H., Jalal, M. A. R. and Jabarin, A. S. 2008. Effect of Exogenous 

Enzymes on the growing performance of broiler chickens fed regular corn/soya bean-

based diets and the Economics of enzyme supplementation. Pakistan Journal of 

Nutrition 7(4): 534 -539. 

 

Zanu, H. K., Azameti, M. K., and Asare, D. 2017. Effects of dietary inclusion of 

cassava root flour in broiler diets on growth performance, carcass characteristic and 

haematological parameters. International Journal of Livestock Production Vol.8(3), 

pp. 28-32. 

 

Zomrawi, W. B., Abdel Atti, K. H. A., Dousa, B. M. and Mahala, A. G. 2012. The 

effect of ginger root powder (Zingiber officinale) supplementation on broiler chicks’ 

performance, blood and serum constituents. Online Journal Animal Feed Reserches 

2(6):457-460.



238 
 

APPENDIX I: VACCINATION PROGRAMME FOR BROILER CHICKENS 

 

S/N DAYS ACTIVITIES 

1 1 Glucose, multivitamins (WSP), vitamin B complex, 

gentamycin, saline water- injection 

2 2 – 5 Vitamin and Antibiotics 

3 6 Vitamin only 

4 7 1st IBDV (1st Gomboro) 

5 7 – 9 Vitamin 

6 10 - 12 Water only 

7 13 Vitamin only 

8 14 1st NDVL (1st Lasota) 

9 14 - 16 Vitamin only 

10 17 - 19 Anticocci 

11 20 Vitamin 

12 21 2nd IBDV (2nd Gumboro) 

13 21 - 23 Vitamin only 

14 24 - 28 Coccidiostat and Antibiotics in water 

15 29 - 30 Water only 

16 31 Vitamin only 

17 32 2nd NDVL (2nd Lasota) 

18 32 - 34 Vitamin only 

19 35 Dewormer 

20 36 - 38 Vitamin only 

21 39 - 45 Water only 

22 46 - 48 Vitamin only 

23 49 - 56 Water only 
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APPENDIX II: SENSORY EVALUATION QUESTIONNAIRE 

 

Instruction: Kindly assess the broiler chicken meat samples presented in the labelled plates A – E and award score using a nine (9) point 

Hedonic scale of: 

 

1. Dislike extremely  2. Dislike very much   3. Dislike moderately  4. Dislike slightly 

5. Intermediate   6. Like very much   7. Like moderately  8. Like very much 

9. Like extremely 

 

 

General comment(s)……………………………………………………………………………………………. 

 

 

Thank you sir/ma for your anticipated cooperation and understanding.

Parameters A1R1 A1R2 A1R3 B1R1 B1R2 B1R3 C1R1 C1R2 C1R3 D1R1 D1R2 D1R3 E1R1 E1R2 E1R3 

Colour                

Juiciness                

Flavour                

Tenderness                

Overall Acceptability                   
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APPENDIX III: PRICE LIST OF FEEDSTUFFS, UNTREATED AND 

TREATED BY-PRODUCTS AS AT THE TIME OF THE STUDY 2014 – 2016 

 

Ingredients Price at the starter phase 

(N/Kg) 

Price at the Finisher phase 

(N/Kg) 

Maize 88.50 – 115.00 112.50 – 115.00 

Soyabean meal 137.50 – 144.00 143.00 – 155.00 

Groundnut cake 115.00 – 120.00 120.00 

Fish meal (Imported) 825.00 – 850.00 850.00 -1150.00 

Wheat offal 49.00 – 65.00 60.00 – 65.00 

Untreated Soyabean hull 10.00 10.00 

Treated Soyabean hull 15.00 15.00 

Untreated Cassava sifting 40.00 40.00 

Treated Cassava sifting 45.00 45.00 

Untreated Sawdust 10.00 10.00 

Treated Sawdust 13.00 13.00 

Untreated Corn cobs 20.00 20.00 

Treated corn cobs 25.00 25.00 

Bone meal 50.00 – 55.00 50.00 – 55.00 

Limestone 15.00 15.00 

Lysine 750.00 – 800.00 750.00 – 800.00 

Methionine 2,600.00 - 2,800.00 2,600.00 - 2,800.00 

Toxin binder 700.00 – 875.00 700.00 – 900.00 

Premix  700.00 – 900.00 800.00 – 975.00 

Salt 65.00 – 70.00 65.00 – 70.00 

Milling cost (N/Kg) 3.50 - 4/00 3.50 – 4.00 

 


