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ABSTRACT 
 

This study investigated the effect of feeding graded levels of fermented mixtures of cassava 

and palm kernel cake on the performance of broilers. Cassava root pulp and palm kernel cake 

were mixed in the ration of 3:1 and allowed to ferment in an air tight environment for six 

days and after that was sundried. The product was referred to as FCP mix. Fifty six days 

feeding trial was conducted using one hundred and sixty arbor acre chicks that were initially 

raised on a commercial starter diet for a week. After one week, the birds were weighed and 

randomly separated into five groups of thirty (30) birds each. Each group was further 

subdivided into three replicates of ten (10) birds each. Five diets were formulated with diet 1 

as the control diet while 2, 3, 4 and 5 had a replacement level of 25%, 50%, 75% and 100% 

of maize. At the end of the trial, 2 birds per replicate, giving a total of 30 were slaughtered to 

compare the internal organs such as gizzard, heart, abdominal fat. There were significant 

differences (P<0.05) in live weight and average daily weight gain but no significant 

differences (P>0.05) were observed for feed intake and feed conversion ration. The final live 

weight of birds fed diet containing 100% maize replacement level was similar (P>0.05) to 

that of the control. Feed cost per bird decreased progressively with increase in the inclusion 

level of FCP mix. No significant differences were found for the proportion of breast muscle, 

drumstick, wing and neck across treatment groups. Full gizzard weight in birds fed 50% FCP 

mix (3.59%) was significantly higher when compared to other treatments. There were 

significant differences (P<0.05) in cooking loss, water holding capacity and drip loss. 

Tenderness score for meat from bird in control diet was the lowest. There were no significant 

different (P>0.05) found among haemoglobin content, pack cell volume and red blood cells. 

It was concluded that FCP mix could completely replace maize without adversely affecting 

the overall growth performance of the bird.  

Key words: Fermentation, cassava, palm kernel cake, broiler, growth rate, meat quality. 
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CHAPTER ONE 

1.0 INTRODUCTION 

 

1.1 Background information 

Commercial and intensive poultry production was introduced in Nigeria in 1950 and 

since then the industry has expanded tremendously. Currently more than 50 million chickens 

are raised annually as a source of food for meat and eggs (CIWF, 2011). Poultry production 

has emerged as having an unquestionable capacity to close the existing gap in animal protein 

consumption in the country (Ugwu et al., 2008). Some of the reasons include their short 

gestation and generation interval, large number, fast growth rate, greater affordability, ease of 

rearing, absence of taboos to production and consumption and absence of barriers to 

production in any climatic zone in the country (Ibe, 2004). 

However, a lot of factors have been identified to be militating against the industry in 

spite of the increase in poultry production. These problems include erratic power supply, lack 

of infrastructure and inadequate management practices (Ugwu et al., 2008). The main factor 

hindering the rapid expansion of poultry production in Nigeria is the inadequate supplies of 

feedstuffs at affordable prices (Ugwu et al., 2008). Feed is the most expensive input in 

poultry production as it constitutes about 70-80 percent of the variable cost of production in 

reared stocks (Omeje et al.,1999, Ijaiya et al., 2004). The cost of grains in the feed industry 

has led to the quest for alternative source of energy feed (Onyimonyi & Onukwufor, 2003). 

Unfortunately many of these non- conventional feed resources seem to be inadequate, or have 

replaced maize and other grains only at the marginal levels (Udedibie et al., 2004, Esonu et 

al., 2005). Non- conventional energy sources include cassava root meal and palm kernel cake 

and other agro-industrial by products, which are more readily available or cheaper (Okeudo et 

al., 2005).   
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Cassava is a high yielding tropical root crop, thrives well under relatively low soil fertility 

and survives remarkably under wide climatic variations.  Cassava root meal is an alternative 

source for energy in animal feed. However, its use as poultry feed material is limited by three 

major factors. First, its protein content is low and amino acid profile is very poor when 

compared to maize. Secondly, cassava contains anti nutritional factors like cyanogenic 

glucosides (linamarin and lotaustralin), which on hydrolysis yields hydrocyanic acid which is 

toxic to the animal. Finally, the meals are floury and cause irritation in the respiratory tracts 

of farm animal. These limitations can be reduced by fermentation, pelletizing or mixing with 

molasses or oil (Oke, 1978) soaking, grating, boiling and fermentation (Tewe, 1996; Okoli et 

al., 2012) as well as wetting (Bradbury, 2004). Blending with vegetable oil and gelatinization 

(Udedibie et al., 2004 and 2008) improves cassava root meal. However, Ezeokeke et al. 

(2008) reported that addition of vegetable oil to livestock feeds causes rancidity to feed which 

reduces the shelf life and palatability of feed for animals. Gelatinization produces a very 

stable product but increases cost of feed due to its high energy demand (Okoli et al., 2012). 

Palm kernel cake is another material of great promise. It is a by-product of palm 

kernel oil extraction in many tropical regions in the world. Palm kernel cake is relatively 

cheap, easily available and virtually has no competition between man and animal (Chin, 

2001). Palm kernel cake is a good dietary option because its average content of energy, fiber 

and protein which contribute to the livestock feeding. Palm kernel cake is a medium grade 

protein with high fibre content and this has limited its use in poultry rations. Its amino acid 

profile is poor (Chin, 2002) and it is particularly high in non starch polysaccharides (mainly 

mannan) which limits its digestibility and usage.  
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1.2  Problem Statement 

Maize has been and is still a major limitation in monogastric nutrition due to its scarcity and 

high cost. This has led to continuing search for more readily available and cheaper 

alternatives suitable for the non ruminant. The study is therefore based on different inclusion 

levels (0%, 25%, 50%, 75% and 100%) of fermented cassava root meal and palm kernel cake 

mixture to replace maize in broiler ration. 

 

1.3  Objective of the Study 

The objectives of the study are 

 To determine the optimal dietary inclusion levels of fermented cassava and palm 

kernel cake (FCP- mix) and its effect on growth performance. 

 To determine the carcass characteristics, haematological indices and meat quality of 

birds fed FCP- mix. 

 To determine the cost implication of using FCP-mix in broiler diets 

 To recommend for adoption by farmers technologies developed in this study. 

 

1.4 JUSTIFIATION OF THE STUDY 

Poultry production has been limited by scarcity of grains in Nigeria. There is need therefore 

to exploit cheaper energy sources to replace the expensive cereal for monogastric animal 

feeding. This will reduce the competition between man and animal for this important food 

ingredient. This work was therefore designed to investigate a cheaper feed material that will 

lower the cost of feed for the feed industry, maximizing the profit for farmers and making 

poultry products cheaper to consumers.  
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CHAPTER TWO 

2.0      LITERATURE REVIEW 

2.1  Origin and Distribution of Cassava 

Cassava, (Manihot esculenta) is a woody shrub of the family euphorbiaceae. It is native to 

South America and is extensively cultivated as an annual crop in tropical and sub tropical 

regions for its edible starchy tuberous root (FAO, 2000). Cassava is the third largest source of 

carbohydrate for human food in the world and has been grown extensively as an important 

economic root crop in South-east Asia, Tropical Africa and Central America (Fauquet and 

Fargette, 1990). Cassava is a major staple food in the developing world, providing a basic diet 

for over half a billion people (Fauquet & Fargette, 1990). Cassava has the ability to withstand 

poor soils and drought (FAO, 1995) and the plant can yield 25 to 60 tonnes/ha depending on 

variety and cultivation practices (Chauynarong et al., 2009). Nigeria accounts for the largest 

production of cassava followed by Brazil, Thailand, Indonesia and the Congo Democratic 

Republic (FAO, 1995). The world production of cassava root was estimated to be 184 million 

tonnes in 2002, rising to 230 million tonnes in 2008 (FAO, 2008). Though Nigeria is the 

largest producing country, Thailand is the largest exporting country of dried cassava, with a 

total of 77 percent of world‟s export in 2005 (Chauynarong et al., 2009). 

 

 2.1.2  Nutrient composition of cassava root 

Cassava root is essentially a carbohydrate source (Tables 2.1, 2.2 and 2.3). Cassava contains 

60- 65 percent moisture, 20- 31 percent carbohydrate, 1-2 percent crude protein and a 

comparatively low content of calcium and vitamin C (Akinfala et al., 2002; Tewe, 2004). It 

also contains nutritionally significant quantities of thiamine, riboflavin and nicotinic acid. The 

metabolisable energy value of cassava root meal for poultry varies from 12.0- 14.6 MJ/Kg of 

dry matter (Olson et al., 1969; Maust et al., 1972; Hutagalung et al., 1974; Muller et al., 



 
 

 5 
 

1975; Fetuga & Oluyemi, 1976; Khajarern et al., 1982). Agwunobi & Okeke (2000) reported 

no significant differences in apparent metabolisable energy (AME) and chemical composition 

of nineteen (19) cultivars. Silva et al. (2000) worked on the cassava leaf meal and observed 

that the AME and apparent metabolisable energy for nitrogen was 7.10 and 7.08 MJ/Kg DM 

respectively. He also observed that it contained low level of protein (25g/kgDM) and was 

deficient in essential amino acids, fat, minerals and vitamins. Cassava is very low in fat or 

lipids. Hudson & Ogunsua (1974) reported that the lipids are mainly polar, galactosyl 

diglycerides and the fatty acids in cassava are mainly saturated. Cassava is a poor source of 

fat soluble vitamins and contains low levels of vitamins A, B1, B2 and niacin but higher level 

of vitamin C as well as minerals and calcium (Onwuneme, 1978). Cassava root products are 

deficient in carotene and other carotenoids making it necessary for supplementation for these 

pigments for the maintenance of normal egg yolk and broilers skin pigmentation (Kanto & 

Juttaporpong, 2005). 

2.1.3  Limitations of cassava meal as an animal feedstuff 

The use of cassava meal as livestock feed material is limited by several factors. These factors 

include the presence of toxic cyanogenic glucosides, deficiency in nutrients other than energy, 

dustiness of the dried products, mouldiness during processing and the high fibre and ash 

content of the peel (Tewe, 1983).  Varieties of cassava plants produces an amino acid derived 

β-glycosides of α-hydroxynitrites termed cyanogenic glycosides as defence bio molecules 

(Gleadow et al., 2008; Bak et al., 2006). The cassava plant produces two toxic cyanogenic 

glycosides, namely linamarin (2-β-D glucopyranosyloxy (Isobutyronitrils)) and lotaustralin. 

The enzymes linamarase and hydroxynitrile lyase act on the cyanogenic glycosides to release 

hydrogen cyanide (HCN). The cyanogenic glucosides and enzymes are however located in   

different tissues of the plant and are released when the tissues are disrupted (Kirmaryo et al., 

2000). Odukwe (1994) reported that consumption of cassava and its products causes cyanide 
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poisoning with symptoms of vomiting, nausea, dizziness, stomach pains, weakness, headache 

and diarrhoea and occasionally death. High dietary cyanogens exposure from poorly 

processed cassava roots has been associated with the occurrence of a neurological disorder 

“konzo” and irreversible paralysis of the legs (Bradbury, 2004). The cyanogenic potential of 

known cassava varieties ranges from less than 10mg HCN equivalent/kg fresh weight (ppm) 

to more than 500ppm (FAO, 2011). Chronic ingestion of fresh or processed cassava peel 

based diets containing sub-lethal dietary cyanide has reportedly caused impaired thyroid 

function and growth,  neonatal death and lower birth rates in animals (Fatufe et al., 2007; 

Ernesto et al., 2000). Drying can reduce HCN and sun drying has been found to be more 

effective than oven drying (Tewe et al., 1980). Drying during the wet season can cause 

mouldiness if not properly sundried. This can cause the growth of fungi such as Aspergillus 

spp which can be toxic when ingested by birds. The presence of hydrocyanic acid calls for 

additional supplementation of cassava based diets with methionine either in its pure form or 

animal protein supplementation particularly fish meal (Tewe & Egbunike, 1988). Oke (1978) 

reported that lysine supplementation is good for maximum efficiency.  

 

Dried cassava meal is floury in nature and this can reduce feed intake thereby reducing 

weight gain. Dustiness of the cassava meal can cause irritation of the respiratory tract unless 

feed is pelletized or vegetable oil is added (Apata & Babalola, 2012). Pelletilizing o powdered 

starch has been reported to produce ulcerogenic effects in the gastric mucosa (Oke, 1978).  
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Table 2.1: Proximate compositions of whole plant cassava, cassava tubers, cassava leaves and 

tender stems 

 Whole plant 

cassava 

Unpeeled 

cassava tuber 

Cassava 

leaves 

Cassava tender stem 

Dry matter 92 93 92.7 93.8 

Crude protein 9 4.72 18 10.7 

Crude fibre 4.94 2.08 14.1 27.9 

Ether extract 3.4 2.52 9.4 3.64 

Ash 3.32 8.43 7.9 10 

NFE 71.4 75.3 43.3 41.6 

 (DM basis, except for dry matter which is on air dry basis) 

Source: Akinfala et al., 2002 
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Table 2.2: Mineral content of cassava 

Mineral  Raw cassava 
a
 Cassava root 

b,c,d
 Cassava leaves 

b,c
 

Calcium (mg) 16 19 to 176 34 – 708 

Phosphorous (mg) 27 6 – 152 27 – 211 

Calcium/phosphorous  0.6 1.6 – 5.48 2.5 

Potassium
e
 (%) - 0.25 (0.72) 0.35 (1.23) 

Magnesium (%) - 0.25 (0.08) 0.12 (0.42) 

Copper (ppm) - 2.00 (6.00) 3.00 (12.0) 

Iron (mg) 0.27 0.3 – 14.0 04 – 8.3 

Manganese(ppm) - 3.00 (10.00) 72 (252.0) 

Zinc (ppm) - 14.00 (41.00) 71.0 (249.0) 

Sodium (ppm) - 76.00 (213.00) 51.0 (177.0) 

a 
Values were  obtained from the USDA Natl. Nutrient database for standard references ( 

http://www.nal.usda.gov/fnic/foodcomp/search/).  

 Nutrient values and weights are for the edible portion
. 

b 
Bradbury and Holloway (1988); 

c 
Woot- Tsuen et al., (1968); 

d 
Favier, (1977)  

e 
On a fresh weight (dry matter) basis ( adapted from Gil and Buitrago (2002)  

  

  

http://www.nal.usda.gov/fnic/foodcomp/search/
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Table 2.3: Vitamin content of cassava 

Vitamin  Raw cassava 
a
 Cassava roots 

b, c, d
 Cassava leaves 

b, c
 

Vitamin A (µg) - 5-0 – 35.0 8300 – 11800
e
 

Riboflavin (mg) 0.048 0.03 – 0.06 0.21 – 0.74 

Thiamine (mg) 0.087 0.03 – 0.28 0.06 – 0.31 

Niacin (mg) 0.854 0.6 – 1.9 1.3 – 2.8 

Vitamin C (mg) 20.6 14.9 – 50 60 – 370 

a 
Values were  obtained from the USDA Natl. Nutrient database for standard references  

http://www.nal.usda.gov/fnic/foodcomp/search/.   

Nutrient values and weights are for the edible portion
. 

b 
Bradbury and Holloway (1988); 

c 
Woot- Tsuen et al., (1968); 

d 
Favier, (1977)  

e 
On a fresh weight (dry matter) basis ( adapted from Gil and Buitrago (2002)  

  

  

http://www.nal.usda.gov/fnic/foodcomp/search/
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2.1.4  Feeding Values of Cassava in Broiler Diet 

The use of cassava as animal feed has long been in history (Tobayayong, 1935; Vogt, 1966; 

McMillan & Dudley, 1941). These authors reported depression in broiler performance when 

cassava replaced cereals. They attributed this to the presence of hydrogen cyanide which 

increased with inclusion levels of cassava in their experimental diets. Later studies (Tejada & 

Brambila, 1969; Job et al., 1980) reported satisfactory growth performance in broiler chicks 

in which maize was replaced with cassava up to 50- 100g/kg (5-10%) in the diet. More recent 

works by (Ravindran et al., 1986; Khajarern and Khajarern, 1986; Tewe and Ebgunike, 1992, 

Khajarern & Khajarern, 1992; Aderemi et al., 2000, Akinfala et al., 2002; Udedibie et al., 

2004) have shown positive results could be obtained in rations that are properly balanced to 

meet nutrient requirements of the animal. Eshiett & Ademosun (1980) found no significant 

difference in growth performance in broiler fed sun dried cassava meal at 0, 150, 300 or 

450g/kg. In a study by Gomez et al. (1983), the performance of chicken on control diets was 

similar to that of chicken fed up to 200g/kg cassava root meal of cultivars low or high in 

cyanide content. Waldroup et al. (1984) concluded that replacement of one third of the maize 

with cassava had no adverse effect on the body weight gains of broilers but there was a 

reduction in weight gain at higher levels. Brum et al., (1990) indicated that cassava meal 

replaced up to 66.7 percent of maize without adversely affecting growth performance. 

Ravindran et al., (1986) recommended that 15 percent cassava meal can substitute for 

coconut meal in broiler diet without affecting growth performance. Ekpeyong & Obi (1986) 

reported that broiler chicks fed diets containing  cassava root meal at 375 or 500g/kg 

inclusion level with or without zinc (50- 100mg/kg) for 56 days did not differ in body weight 

from the control and chicken given 500g cassava with 500mgZn/kg were significantly higher 

in body weight than the others. 
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The method of processing is known to influence utilization of cassava meals by poultry. 

Banday & Gowdh (1992) reported that broilers fed boiled cassava meal showed higher body 

weight than raw cassava or autoclaved cassava. When sun dried cassava peel meal was 

included in a broiler ratio at 50, 100 and 150 g/kg, it was observed that there was no 

significant influence on feed consumption, live  weight gain and the efficiency of feed 

utilization but feed intake tended to increase with increasing levels (Osei, 1992). Replacing 

maize with fermented whole cassava meal resulted in significantly lower weight gains only 

on total replacement of maize (Onjoro et al., 1998). Obikaonu & Udedibie, (2006) reported 

that birds fed 50% ensiled cassava peel meal diet had similar feed intake and body weight 

gain as the control group whereas the feed conversion ratio of birds on sundried cassava peel 

meal was poor. In a study by Oyebimpe et al. (2006), 200 g/kg sun dried cassava peel meal 

could replace maize in broiler diets with no reduction in growth performance. 

Eruvbetine et al. (2003) noted that at 100g/kg cassava product (50:50 cassava root meal and 

leaf meal) in broiler diet had no deleterious effect on growth, feed conversion and carcass 

characteristics, although (Borin et al., 2006) reported that the weight of the small intestine, 

caeca, gizzard and pancreas increase with increased in cassava leaf meal in the diet. Most of 

the present studies indicated that satisfactory growth response has been obtained for growing 

chicken at 10% incorporation of cassava meal or cassava peel into the diet, 40% inclusion of 

cassava meal or 20% inclusion of cassava peel in layer‟s diet is satisfactory for egg 

production (Tewe & Egbunike, 1992).  

 

2.1.5  Improving the Nutritive Value of Cassava Products 

The use of cassava as a substitute for maize will therefore make its greatest impact if it is 

properly processed before incorporation into poultry feeds. Certain precautions need to be 

taken to achieve satisfactory performance of stock on cassava-based diets. These include 
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removal of cyanide, higher protein supplementation with fish meal, soybean, groundnut cake 

or methionine in its pure form and the prevention of microbial activity during sun-drying as 

well as overcoming dustiness. Processing of cassava tubers using a combination of methods 

can reduce toxicity of the cyanide level, improve palatability and convert the perishable fresh 

roots into stable products (Tewe, 2004). These methods consist of different combinations of 

peeling, chopping, grating, soaking, drying, boiling, sun drying and fermenting (Tewe, 2004). 

According to Apata & Babalola ( 2012) the two most widely used processing methods are sun 

drying and ensiling. 

2.1.5.1 Sun drying 

Sun drying cassava is the cheapest and the most effective method in the tropics. Khajarern et 

al., (1982) observed a reduction of HCN content from 111.83ppm to 22.97ppm on sun drying 

of cassava roots for six days and the reduction was appreciable within three days of sun 

drying (Chauynarong et al., 2009). Sun drying at 28
0
C reduced HCN by 86 percent through 

evaporation of free cyanide (Gomez et al., 1984). Eruvebentine et al. (2003) observed that 

grinding together of cassava roots and leaves in the proportion of 50:50 before sun drying 

improved the texture and crude protein content and HCN was reduced. Nonetheless, Udedibie 

et al. (2008) and Enyenihi et al., (2009) reported that sun drying of cassava tuber could not 

eliminate HCN completely. The nutritive value of cassava was improved and the physical 

texture became flaky when boiled and sun dried (Eruvbentine & Adejeobi, 2000). Pelleting 

cassava formulated diet generated high temperature, but did not significantly alter the HCN 

concentration (Pangrahi et al., 1992). Sun drying may result to low quality product with 

severe Aspergillus and aflatoxin in the humid region especially in wet season. Enyenihi et al. 

(2013) reported that 4 days fermentation followed by gelatinization of cassava tubers resulted 

in non- dusty product that was HCN free if peeled and 50 ppm HCN if unpeeled. 
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2.1.5.2 Fermentation 

Fermentation of cassava is an old technique of improving the quality, reducing the hydrogen 

cyanide and improving the taste of the staple food in West Africa. Akinrele et al. (1962) 

reported on the flavour enriching ability of microorganism in the fermentation of cassava pulp 

and its conversion to a popular starchy staple (garri) consumed extensively in Nigeria. 

Gregory (1977) and Gregory et al. (1977) evaluated the use of submerged fermentation to 

improve cassava using a combination of high temperature and thermo tolerant fungi to ensure 

bio conversion and protein enrichment of cassava for livestock feeds. They found out that two 

fungi (Cephalosporium eichorniae 152 and Rhizopus chinensis 180) gave protein efficiency 

ratios and net protein ratios which paralleled those given by casein when all diets contained 

10 percent true protein and supplemented with methionine. Oboh & Akindahunsi (2003) 

worked on the fermented cassava peels with a consortium of micro organisms and found 

significant increase in the protein content and digestibility of the microbial treated peels over 

the untreated peels. They therefore suggested that such fermented cassava by product could 

be a good supplement in compounding animal feed. Nwafor & Ejukonemu, (2004) studied 

three amylolytic fungi (Isacchormyces cerevisae, Mucor spp and Rhizopus spp) and  

concluded that protein content of cassava waste could be enhanced substantially using some 

micro organisms that are capable of utilizing the waste as a sole carbon source and that 

moulds are better protein enhancers than yeast because hyphal growth of moulds will enable 

them penetrate and spread through the substrate than the yeast.  

Olowofeso & Onisami (2008)  demonstrated that inclusion of up to 60 percent sun 

dried cassava peels treated with yeast culture resulted in better economic gains with no 

compromise on performance. There was an increase in protein content and digestibility of dry 

matter when Aspergillus niger was used to ferment cassava leaves (Darma et al., 1994). 

Bakrie et al. (1995) reported an increase in crude protein content of cassava leaves from 19.2 



 
 

 14 
 

to 25.6% when Aspergillus niger was used to ferment cassava leaves. Fermented cassava 

leaves were better utilized by Ongole cattles and may be able to replace soy bean pressed 

cake in poultry diet (Barkrie et al., 1995).  Piumpol et al. (2011) reported cassava chips and 

ruzi grass fermented with both Sacchorymces cerevisae and Aspergillus niger could be used 

as a feed supplement for feeding heifer beef cattle and resulted in increase in growth rate. 

According to Aro (2008) microbial fermentation has played a significant role in the 

nutritional enhancement of erstwhile worthless and often discarded agro industrial product 

generated through the harvesting and processing of cassava roots. Fermentation has also 

helped to reduce the level of anti nutrient in these products while at the same time helping to 

increase the relatively low calorie content cassava peels and cassava starch residues. Festus et 

al. (1995) investigated cassava starch and flour associated with fermentation and found 

significant reduction in the cyanide content and pH while crude protein, acidity and apparent 

amylose content were increased in the fermented product. Naa et al. (2010) found that the 

micro organism present in fermented cassava pulp juice are capable of enhancing the 

nutritional value of cassava peels by increasing the protein content and reducing the 

cyanogenic glycoside content to levels safe for consumption by livestock. 

Muzanila et al. (2000) reported that fermentation can effectively reduce HCN 

content of cassava from 400 mg/kg in fresh root tubers to 5.84 mg/kg after wet fermentation 

comparison to 14.0 mg/kg after solid state fermentation. Manilal et al. (1987) conducted a 

study on the use of Aspergillus niger to improve the quality of cassava waste products in solid 

state fermentation and observed that the initial biomass protein in the material was increased 

from 1.60% to 7.0% after three days of fermentation. Padmaja & Balagopalan (1990) reported 

that using Trichoderma pseudokoninji enriched cassava waste in diet for broiler chicken up to 

600g/kg and had no adverse effect on growth performance and percentage of carcass yields. 
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Layers fed bio degraded diets (cassava root fermented by Aspergillus niger) were similar in 

performance to a maize fed group (Aderemi, 2006). 

 

2.2.0  Palm Kernel Cake 

Palm kernel cake (PKC) is a tropical agro industrial by product from oil palm production. 

PKC is solid residue obtained after the extraction of palm kernel oil from palm kernel seeds. 

The PKC results after two stages of oil extraction from the palm fruits. The first stage is the 

primary extraction of palm oil from the pericarp portion of the fruit which also produces the 

kernel, palm oil sludge (POS) and palm pressed fibre (PPF) (FAO, 2002). The solvent 

extracted and mechanical expeller pressed palm kernel cake are of two different qualities 

depending on the extent and efficiency of oil extraction (Sundu et al., 2006). According to 

Okeudo et al. (2005) the by product from the mechanical expeller procedure is referred to as 

palm kernel cake while that from the solvent extraction technique is called palm kernel meal. 

Expeller pressed palm kernel cake has higher oil content than solvent extracted meals. 

O‟mara et al (1999) reported ether extract values of 5-12% for expeller pressed and 0.5-3% 

for solvent extracted palm kernel meal.  

Palm kernel cake can contain from 12 to 23% crude protein depending on the 

efficiency of the process used to extract the oil (PNI, 1990). PKC is not a human food 

foodstuff or have other industrial uses for now.  Due to its high fibre content, the use of palm 

kernel cake in poultry rations is very limited. The resistance of dietary fibre in palm kernel 

cake to monogastric digestive enzymes has also been reported by Sundu & Dingle (2003). 
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2.2.1 Nutrient Composition of Palm Kernel Cake 

The nutrient composition of palm kernel cake is shown in table 2.5. Although,  palm kernel 

cake supplies energy,  it is more of a protein source (Fetuga et al., 1977; Nwokolo et al., 

1977; FAO, 2002). Palm kernel is aflotoxin free, palatable and has considerable potential as 

carbohydrate and protein sources (Sundu et al., 2006). Chin (2002) reported that PKC is 

medium grade protein feed with high fiber content and limited amino acid content. Palm 

kernel cake is well supplied in sulphur containing amino acid (Harrresign, 1982) and rich in 

lysine, histidine, threonine and methionine (Table 2.5). PKC is relatively high in some 

minerals like calcium, phosphorous, magnesium, manganese and iron but low in zinc and 

copper (Table 2.6). PKC is gritty in nature and has lower biological value than groundnut 

cake (Onwudike, 1986) but is readily available and cheap (Musttaffa et al., 1989). 

Due to its high fibre content, the use of palm kernel in poultry rations is very limited. 

Osei and Amos (1987) have reported that replacement of maize by PKC up to 15 percent had 

no significant effect on the feed consumption and body weight up to 8 weeks of age. Fetuga et 

al, (1977) showed that high fibre levels (≥11.0%) found in palm kernel resulted in lowered 

digestibility. Onwudike et al. (1986) reported that for PKC to be used in poultry diets, it 

needs to be combined with other protein sources in other to increase dietery levels of the 

deficient amino acids. Babatunde et al. (1975) observed significant improvement in the 

growth of chicks by supplementing PKC with methionine. Armas et al. (1977) advocated that 

feeding 45 percent PKC to broiler with or without lysine and methionine supplementation 

was effective. Okeudo et al. (2005) reported that percentage head and shank content 

decreased in broilers fed 30% PKC diet compared to the control diet. Okon & Ogunimodede 

(1996) demonstrated that broilers reared on 25% PKC have smaller heads and intestine than 

those on control diet. Gizzard size is known to be positively affected by dietary PKC (Okeudo 

et al., 2005).   
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Table 2.4 Physical characteristics and nutrient content of palm kernel meal. 

Fractions Composition References 

Dry matter (%) 92 – 94 (1) (5) 

Crude protein (%) 14- 21 (2) (3) (5) 

Gross energy (Kcal/kg) 4998 (1) 

Crude fibre (%) 21-23 (1) (4) (5) 

Lipid (%) 8- 17 (4) (5) 

Ash (%) 3- 6 (4) (5) 

NFE  59 (5) 

Bulk density (unmodified) (g/cm3) 0.67 (1) 

Bulk density (0.5mm) (g/cm3) 0.57 (1) 

WHC (1mm) (g water/g feed)* 2.82 (1) 

WHC (0.5mm) (g water/ g feed) 2.93 (1) 

* WHC: Water holding capacity. (1) Sundu et al., 2005c; (2) Nwokolo et al., 1976; (3) 

Onwudike, 1986; (4) Sue, 2001; (5) NRC (1971) 
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Table 2.5 Amino acid composition and availability of palm kernel meal  

Amino acids Composition (%) Availability 

(%) 

Broiler requirements 

0 – 3 weeks 

 (A) (B) (C) (B) (D) 

Arginine* 2.18 2.68 2.40 93.2 1.25 

Cystine 0.20    (Cys+ Meth) 0.90 

Glycine 0.82 0.91 0.84 63.3 (Glycine+ Serine) 1.25 

Histidine* 0.29 0.10 0.34 90.1 0.35 

Isoleucine* 0.62 0.60 0.61 86.1 0.80 

Leucine* 1.11 1.23 1.14 88.5 1.20 

Lysine* 0.59 0.69 0.61 90.0 1.10 

Methionine* 0.30 0.47 0.34 91.0 (Cys+ Meth) 0.90 

Phenylanine* 0.73 0.82 0.74 90.5 (Phenyl+ Tyrosine) 1.34 

Threonine* 0.55 0.66 0.60 86.5 0.80 

Tyrosine 0.38 0.58 0.47 85.0 (Phenyl+ Tyrosine) 1.34 

Serine 0.69 0.99 0.77 88.7 (Glycine+ Serine) 1.25 

Valine* 0.93 0.43 0.80 68.4 0.90 

Tryptophan* 0.17  0.19  0.20 

*Essential amino acids; (A): Yeong , 1983; (B): Nwokolo et al., 1976; (C): Hutagalung, 1982;  

(D): NRC, 1994 
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Table 2.6: Mineral composition of palm kernel cake 

Mineral   Composition 

Calcium (%) 0.21 

Phosphorous (%) 0.16 

Magnesium (mg/kg) 4.4 

Manganese (mg/kg) 135 

Potassium (%) 0.41 

Sodium (%)  

Chloride (%)  

Iron (%)  356 

Zinc (%)  41 

Copper (ppm) 27 

Source: Nwokolo et al., 1976  
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2.2.2  Anti Nutritional Factors in PKC  

PKC has been reported to contain β mannan which has anti nutritional properties that hinders 

the full utilization of nutrients in the PKC by monogatric animals. Ariff Omer et al. (1998) 

reported that PKC contains 30 percent β mannan, a powerful anti nutritive factor which can 

cause depression in feed conversion ratio and reduce weight gain by 20 - 25 percent in 

poultry. The value of PKC as feed is further reduced by presence of shells that accompanies 

local processing. PKC is dry and gritty and not readily accepted by ruminants and pigs. 

However, as it is mainly used in compound feeds, its lack of palatability is of less importance 

(Gohl, 1982). Palm kernel meal can be used in broiler diets provided that its limitations in 

terms of imbalance in amino acids (low levels of lysine, methionine+cystine) and 

metabolizable energy are taken into account when formulating rations. Growth performance 

is not significantly decreased at inclusion rates up to 20 to 30% (Onwudike, 1986c; Ugwu et 

al., 2008; Bello et al., 2011). Feed intake in diets containing palm kernel meal is generally 

higher than for the control diet, resulting in a less efficient feed conversion (Ezieshi et al., 

2008; Sundu et al., 2005). This increase of feed intake, which may compensate for the lower 

energy value of palm kernel meal, supports the minimal effect of palatability issues with this 

product in poultry. Higher inclusion levels have been tested, but animal performance depends 

on characteristics of the palm kernel meal used and on diet formulation (Sundu et al., 2006). 

For example, inclusion rates of 40 or 50% were detrimental to performance in several trials 

(Ezieshi et al., 2004; Iyayi et al., 2005). 

 

Enzyme supplementation (hemicellulases, mannanases) was found in some cases to increase 

the digestibility of palm kernel meal and thus its nutritive value (Sundu et al., 2006). Higher 

feed efficiency, caused by better growth performance and/or reduced feed consumption, has 

been observed with diets containing palm kernel meal supplemented with enzymes when 



 
 

 21 
 

compared to diets without enzymes (Esuga et al., 2008; Soltan, 2009; Sundu et al., 2005). 

Enzymes could also help to reduce the problems caused by wet faeces that are sometimes 

observed with palm kernel diets. Hemicellulose fermentation in the digestive tract has been 

linked to a potential probiotic activity that could explain some reported beneficial effects of 

palm kernel meal on animal health and digestive physiology (Sundu et al., 2006). In feeding 

trials, the inclusion of enzymes, particularly mannan degrading enzymes, has been studied by 

Luis (2002) and Sundu et al. (2004b and 2005a). Luis (2002) found that the use of mannan 

degrading enzymes can support maximum growth of broilers fed a diet having an energy 

reduction of 711 KJ/kg. A study of Iyayi & Davies (2005) indicated that the highest growth of 

broilers was reached when a 30% palm kernel meal diet was supplemented with enzymes, 

compared to the growth of broilers fed a corn soy diet. 

 

The grittiness of this feedstuff, caused by contamination by the nut shell, may help chickens 

grind the diet and it may also increase the size of the gizzard (Onwudike, 1986). The lignin 

content of the nut shells in palm kernel meal is a contributing factor to low digestibility. 

(Sundu et al., 2006) indicated that some small sized particles of nut shell of palm kernel meal 

were found in the small intestine of young birds and this may be due to the fact that the 

muscular gizzard of young birds is not well developed in young birds. A study by Onifade & 

Babatunde, (1998) indicated that the passage rate of digesta of a diet containing 20 % palm 

kernel meal was faster than that of a diet containing maize offal or brewers‟ dried grains. The 

gritty lignified shell of palm kernel meal may contribute to an increased passage rate of the 

digesta in the digestive tract. Duke (1986) stated that the contraction of the gizzard, 

proventriculus and duodenum are totally coordinated. Hard and fibrous feedstuffs may 

increase the contraction of the gizzard and may speed up the peristaltic movement of digesta 

in the duodenum and throughout the small intestine. This could account for the increased rate 
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of passage of digesta and could, in turn, result in increased feed intake (Sundu et al., 2006). 

The low digestibility of palm kernel meal, coupled with high consumption of palm kernel 

based diets, creates a considerable increase in faecal discharge.  

 

2.3 Solid State Fermentation 

Solid state fermentation (SSF) is defined as a process in which microorganism are grown on 

solid substrate in the absence of free water (Lagemaat & Pyle, 2001). SSF is a microbial 

process in which a solid material is used as the substrate or the inert support of 

microorganisms growing on it. SSF is one of nature‟s key bioconversion processes.  With 

SSF, the carbon cycle is continuously completed by decomposing organic matter allowing 

microorganisms, like fungi, to grow on a solid substrate and break it down to release nutrients 

and energy. Lateef et al. (2008) stated that SSF resembles the natural microbiological 

processes like compositing and ensiling. The substrates used for SSF production are 

commonly agro-industrial residues such as wheat bran, dried distillers grains (DDG), soybean 

hulls and rice bran. In China, SSF has been used extensively to produce brewed foods (such 

as Chinese wine, soy sauce, and vinegar) (Chen, 1992) while in Japan, SSF is used 

commercially to produce industrial enzymes (Sukaryana, 2003). 

 

Several fungi including Aspergillus niger, Trichoderma longibrachiatum, and Trichoderma 

reesei have been reported to degrade cellulose/ hemi cellulose in similar manner (Gritzali & 

Brown, 1979; Sheperd and Kung, 1996; Nsereko et al., 2000; Iluyemi et al., 2006). When 

cassava peels was subjected to fermentation with a mixed culture of Saccharomyces 

cerevisiae and Lactobacillus spp, it was observed decrease in both crude fibre and 

carbohydrate contents of the peels by 6.4% and 20.9% respectively (Oboh, 2006). In a related 

study, Ofuya & Nwajiuba (1990) reported an increase of 185% (5.6 - 16%) in the protein 
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content of cassava peels when fermented with Rhizopus spp. Iluyemi et al. (2006) also 

reported increase in the protein content of PKC in the range of 29.4 -54.5% when fermented 

with different isolates and increase in lipid content when Aspergillus niger, Saccharomyces 

rolfsii and Trichoderma harzianum were used. Fungal SSF can effectively lower the cyanide 

content of cassava (Ofuya & Obilor, 1994; Essers et al., 1995; Oboh, 2006). 

Ramin & Ivan, (2000) conducted an experiment using three different fungi (Aspergillus 

niger, Trichoderma harizianum and Rhizopus oryzae to increase the nutritional value of PKC. 

They observed that was an increase in crude protein concentration and a decrease in both 

neutral detergent fibre and acid detergent fibre concentrations due to treatment of PKC with 

Aspergillus niger or Rhizopus oryzae. The treatment with Trichoderma harizianum was not 

effective. Sukaryana et al. (2010) reported an increase in crude protein and a decrease in 

crude fibre when mixtures of palm kernel cake and rice bran were fermented using 

trichoderma viride. In another experiment conducted by Iyayi & Aderolu (2003), they found 

out that the protein content in brewer‟s dried grain (BDG), rice bran (RB), PKM and corn 

bran (CB) increased when fermented with Trichoderma viride by 87, 68, 32 and 61 % 

respectively. At the same time, the crude fibre in these products decreased by 35, 40, 36.5 and 

37.5 % respectively with a corresponding increase of 49, 37, 9 and 50 % respectively in the 

level of soluble sugars. They also observed in a feeding trial with layers that 50% of the 

maize in a standard commercial diet was replaceable with bio degraded BDG, RB and PKM. 

However, birds on BDG and RB diets had significantly higher hen day production than those 

on PKM and CB diets. They therefore concluded that fungal bio degradation of agro 

industrial by products can enhance nutritional status. Iyayi (2004) observed that there were 

changes in the protein, sugar and cellulose in agro industrial by products after fermentation 

with Aspergillus niger, Aspergillus flavus and Penicillum spp. 
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CHAPTER THREE 

3.0   MATERIALS AND METHOD 

3.1. Site of study 

The experiment was conducted at the Poultry Unit of the Teaching and Research Farm, 

Federal University of Technology, Owerri, Imo State. Owerri is located within the South- 

eastern part of Nigeria lying within the tropical humid rain forest vegetation zone. 

 

3.2  Collection and preparation of test ingredients 

Cassava was purchased from Ihiagwa local market in Owerri West Local Government Area 

of Imo State. The palm kernel cake was procured from an Agro allied dealer. The cassava 

tubers were peeled washed and grated with a locally fabricated conventional cassava grating 

machine. The resulting pulp was combined with palm kernel cake in a ratio of 3:1 (w/w) and 

thoroughly mixed manually to achieve a homogenous mass. The mixture was fed into plastic 

drums (50 litres capacity) and tightly closed to prevent gaseous passage in/out of the 

container. The mass was allowed to ferment for 6 days. On the 7
th

 day the container was 

opened and the contents were thinly spread (1 cm thick) on a polyethene mat and allowed to 

sundry into a dry friable mass. This took a maximum of 3 days. The dried samples were then 

stored in plastic containers until when needed for diet formulation. All dried fermented 

samples were used within 21 days of sun drying. 

3.3 Experimental diets 

Five diets were compounded such that diet 1 (control) contained maize as the major energy 

source. In diets 2, 3, 4 and 5, the dried fermented mixture of cassava root pulp and palm 

kernel cake (FCP mix) were used to replace  maize in the proportion of 25%, 50%, 75% and 

100% respectively. The proportions of soybean meal were also adjusted to achieve fairly 
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isoproteinous diets. The compositions of the experimental rations are shown the tables 3.1 

and 3.2 below. 

 

3.4 Experimental birds  

One hundred and fifty day old chicks were obtained from a commercial farm and stabilized 

on a commercial broiler starters‟ mash for one week. Thereafter the birds were randomly 

assigned to five (5) treatment groups of thirty (30) birds each. Each group was subdivided 

into three (3) replicates of ten (10) birds each. The birds were fed the experimental diets until 

eight (8) weeks of age. Feed and water were given ad libitum throughout the trial.  
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Table 3.1  Composition of experimental broiler starter diets 

Ingredients Diet 1 

(0% FCP ) 

Diet 2 

(25 % FCP) 

Diet 3 

(50% FCP) 

Diet 4 

(75% FCP) 

Diet 5 

(100 % FCP) 

Maize 56.00 43.50 30.00 15.50 0.00 

FCP mix 0.00 14.50 30.00 45.50 62.00 

Soybean meal 30.00 28.00 26.00 24.00 24.00 

Wheat offal 6.00 6.00 6.00 6.00 6.00 

Fish meal 4.00 4.00 4.00 4.00 4.00 

Bone meal 3.00 3.00 3.00 3.00 3.00 

Lysine 0.25 0.25 0.25 0.25 0.25 

Methionine 0.25 0.25 0.25 0.25 0.25 

Vit. and Min.premix* 0.25 0.25 0.25 0.25 0.25 

Salt  0.25 0.25 0.25 0.25 0.25 

Total 100 100 100 100 100 

* Contains the following per kg of feed: vitamin A-10,000,000iu; Vitamin D3- 2,000,000iu; 

Vitamin B1 0.75g; Vitamin B2- 5g; Nicotinic acid- 25g; Calcium pantothenate- 12.5g; 

Vitamin B12- 0.015; Vitamin K3- 2.5g; Vitamin E- 25g; Biotin- 0.05g; Folic Acid- 1g; 

Choline chloride- 250g; Cobalt- 0.4g; Copper-8g; Manganese- 64g; Iron- 32g; Zinc- 40g; 

Iodine- 0.8g; Flavomycine- 100mg; Spriamycine- 5g; Nitrate- 3g; DL- methionine- 50g; 

Selenium- 0.16g; Lysine- 120g; BHT- 5g. 
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Table 3.2  Composition of experimental broiler finisher diets 

Ingredients Diet 1 

(0% FCP ) 

Diet 2 

(25 % FCP) 

Diet 3 

(50% FCP) 

Diet 4 

(75% FCP) 

Diet 5 

100 % FCP) 

Maize 60.00 45.50 32.00 16.50 0.00 

FCP mix 0.00 15.50 32.00 49.50 68.00 

Soybean meal 22.00 20.00 18.00 16.00 14.00 

Wheat offal 10.00 10.00 10.00 10.00 10.00 

Fish meal 3.00 3.00 3.00 3.00 3.00 

Bone meal 4.00 4.00 4.00 4.00 4.00 

Lysine 0.25 0.25 0.25 0.25 0.25 

Methionine 0.25 0.25 0.25 0.25 0.25 

Vit. and Min.premix* 0.25 0.25 0.25 0.25 0.25 

Salt  0.25 0.25 0.25 0.25 0.25 

Total 100 100 100 100 100 

* Contains the following per kg of feed: vitamin A-10,000,000iu; Vitamin D3- 2,000,000iu; 

Vitamin B1 0.75g; Vitamin B2- 5g; Nicotinic acid- 25g; Calcium pantothenate- 12.5g; 

Vitamin B12- 0.015; Vitamin K3- 2.5g; Vitamin E- 25g; Biotin- 0.05g; Folic Acid- 1g; 

Choline chloride- 250g; Cobalt- 0.4g; Copper-8g; Manganese- 64g; Iron- 32g; Zinc- 40g; 

Iodine- 0.8g; Flavomycine- 100mg; Spriamycine- 5g; Nitrate- 3g; DL- methionine- 50g; 

Selenium- 0.16g; Lysine- 120g; BHT- 5g. 
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3.5.1 Determination of Proximate composition 

The proximate composition of the experimental materials (dried cassava root pulp, palm 

kernel cake, fermented mixture of cassava root pulp and palm kernel cake) was determined 

using the procedures of AOAC (1990). The determination was done in triplicate. 

 

Moisture Content Determination: 1.0 g of each sample was placed in an oven and dried at 

105 ˚C for three hours. The samples was allowed to cool in a desiccator and then re-weighed. 

The percentage moisture content was calculated by expressing the loss in weight on drying as 

a fraction of the initial weight of sample used and multiplied by 100. 

MC (%) = W0 / Wi x 100 

Where 

MC = Moisture content, 

Wo = loss in weight (g) on drying and 

Wi = initial weight of sample (g). 

 

Ash Content Determination: The ash content was determined using the ignition method. 

The crucibles used were thoroughly washed and pre-heated in a muffle furnace to about 500 

˚C. 1.0 g of the oven dried sample used in moisture determination was weighed in triplicate 

and placed in weighed crucible and then re-weighed. The crucible was covered with its lid, 

the number noted and then placed in a cold muffle furnace. The temperature was allowed to 

rise to 500 ˚C and the ashing carried on for three hours at this temperature. The crucible was 

removed from the furnace, allowed to cool in a desiccator and re-weighed. The percentage 

ash content was calculated using the formula: 

Ash (%) = (Ma / Ms) x 100 

Where: 
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Ma = Mass of ash (g) 

Ms = Mass of sample used (g) 

 

Crude Protein (CP) Determination: Determination of crude protein was done by first 

determining the total organic nitrogen using the macro - Kjeldhal method. This involved 

digestion, distillation and titration. One gram of the sample was weighed in triplicate and 

placed in digestion flasks. Few granules of anti - bumps and about 3.0 g of copper catalyst 

mixture (96 % anhydrous sodium sulphate, 3.5% copper sulphate and 0.5% selenium dioxide) 

were added to each of the flasks. Digestion was then commenced by adding (to each flask) 20 

cm
3
 concentrated sulphuric acid. Digestion was continued until a clear solution was obtained 

and then the flask was allowed to cool. The digest was then filtered and made up to 100ml 

with distilled water. 20ml of the diluted digest was pipette into round-bottomed flasks and 

used in the distillation step. For distillation, the round-bottomed flask was set on a heating 

mantle and connected, using a Liebig condenser, to a beaker (receiver flask) containing 20 

cm
3
 of 2 % boric acid, with screened methyl red indicator. The condenser was submerged in 

the boric acid by the use of a Buchner funnel. 30ml of 40% sodium hydroxide was then 

injected into the flask and distillation of the ammonia formed commenced by heating the 

flask. The distillation was continued until the boric acid solution completely changed from 

purple to greenish – yellow. The boric acid mixture (containing the ammonium borate 

complex formed) was then titrated with 0.1N HCl to colourless end point and the titre noted. 

The total organic nitrogen was then calculated using the formula: 

% TON = (TV × NE × TVd) / Ms × Vd  x 100 

Where 

TON = Total Nitrogen, 

TV = Titre value, 
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NE = Nitrogen equivalent to molarity of acid, 

TVd = Total volume to which digest was diluted, 

Ms = Mass of sample (g) 

Vd = Volume of digest distilled. 

 

% crude protein = % TON x 6.25 

 

Crude Fiber (CF) Determination: Crude fiber was determined by heating the sample of 

about 2grams in an oven at 105
0
C. It was cooled. 1.25% sulphuric acid was added. The 

samples were boiled for 30 minutes. Sulphuric acid was later drained and the samples were 

washed 3 times. 150ml of potassium hydroxide was added and boiled for 30 minutes. 

Samples were filtered and washed with water. The crucibles were removed and dried weight 

was determined.  

% crude fiber = W2-W1/W1 x100 

Where  

W1 = initial weight of crucible 

W2 = weight of crucible plus ash content 

 

Ether Extract (EE) Determination: Determination of ether extract content of the samples 

was done using Soxhlet type of the direct solvent extraction method. The solvent used was 

petroleum ether (boiling range 40 – 60 ˚C). 3.0 g of the dried sample was weighed in 

triplicate and secured in Soxhlet extraction thimble. The thimble was then put into 20ml 

capacity soxhlet extractor. A washed, oven - dried 100ml round - bottomed flask was weighed 

and approximately 60ml of the 40 – 60 ˚C boiling range petroleum ether added to it. The flask 

was then mounted on the heating mantle and connected to the extractor (with condenser). The 
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condenser and heating mantle were then activated and extraction carried on for four hours. At 

the end of extraction, the solvent was evaporated and the flask dried in the oven (at 60 ˚C). 

The flask was then cooled and re – weighed. The percentage crude lipid was calculated using 

the formula: 

% EE = Mex / Ms x 100 

Where 

Mex = mass of extract (g) 

Ms = Mass of sample used (g) 

 

Nitrogen Free Extracts Determination: Nitrogen free extracts of each sample was estimated 

by „difference‟. In this, the sum of the percentages of all the other proximate components was 

subtracted from 100. 

 

Nitrogen free extract (%) = [100 – (% moisture + % CP + % CF + % EE + % ash)]. 

 

Metabolizable Energy: This was calculated based on proximate composition using the 

prediction equations as described by Pauzenga (1985) as follows:  

ME = 37 x CP % + 81.8 x EE% + 35.5 x NFE %. 

 

Where; ME = metabolizable energy,  

CP = crude protein,  

EE = ether extract, 

NFE = nitrogen free extract, 
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3.5.2 Growth performance indices 

The birds were weighed at the beginning of the experiment and subsequently at the beginning 

of each week. Feed intake was determined daily as the different between the quantity given 

and the left over the following morning.  At the end of the experiments, the difference 

between the final live weight and initial live weight were determined and recorded as weight 

gain. The mean weight gained per replicate was further divided by the period of experiment to 

determine the average daily gain. Feed conversion ratio was calculated by dividing average 

daily feed intake of each replicate by the average daily weight gain. Mortalities if any was 

recorded on daily basis and summed up at the end of the experiment. Cost of feed and other 

inputs were estimated using the prevailing market prices while the experiment lasted. 

The cost per kilogram of each diet was calculated by multiplying the percentage composition 

of each ingredient with the price per kilogram of that ingredient and summing all. Feed cost 

per kilogram weight gain was calculated by multiplying the cost of kilogram of feed by the 

feed conversion ratio.  Costs of feed ingredients are presented in the appendices. 

 

 

3.5.3  Carcass weights 

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

weight of each replicate were randomly selected from each replicate. The birds were starved 

for 24 hours but water was provided ad libitum. The birds were individually weighed, then 

slaughtered by severing the jugular vein and were allowed to bleed to death in a vertical 

position (head down). After this, they were scalded in hot water, dressed and eviscerated. The 

carcass was cut into the constituent parts following the methods described by Okeudo et al., 

(2005). Each carcass part was weighed and the dressing percentage calculated as dressed 

weight divided by the live weight multiply by 100. The internal organs were carefully 
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separated and weighed. The carcass cuts and internal organs were expressed as percentage of 

the live weight. 

 

3.5.4 Meat quality and organoleptic assessment 

The drumsticks of each bird were weighed, kept in a plastic container and labelled. The 

samples were kept in a refrigerator maintained at 8 ˚C for 48 hours. After this, the drumsticks 

were removed and dried with filter paper and re-weighed. The difference between the initial 

weight and the final weight was calculated and expressed as percentage of the initial weight. 

This value was recorded as the drip loss. Water holding capacity was evaluated using the 

methodology described by Aladi (2006). Meat samples weighing approximately 5g were cut 

from the cranial ends of the right drumsticks, wrapped in a paper towel and crushed in a 

screw jack and left to stand for about one minute. The difference in muscle weight before and 

after the crushing was calculated. Water holding capacity (WHC) was calculated as loss in 

weight divided by the initial weight multiplied by 100.  

Cooking loss was determined by the difference in weight of muscle before and after cooking. 

Meat sample of about 30g was cut off from the right drumstick. The samples were 

individually wrapped in a polythene bag and labelled. The samples were then boiled for about 

30 minutes and thereafter allowed to cool. After this, they were dried with paper towel and 

reweighed. The difference in weight before and after cooking was expressed as a percentage 

of the weight before cooking and expressed as percentage. This was recorded as the cooking 

loss.  

The left side of the drumstick was used to assess the organoleptic quality. Samples 

were weighed to a size of 30g. The muscles where dipped in brine solution, packaged in a 

polythene bag and labelled for identification. The samples were boiled in water for 30 

minutes, cooled to room temperature. These were served to a panel of 30 trained assessors. 
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Each panellist was asked to masticate the sample and score them for juiciness, flavour, 

muscle fibre and overall tenderness, connective tissue amount, off flavour intensity, off 

flavour characteristic and hedonic rating using an eight point category rating as described by 

AMSA, (1978). 

3.5.5 Haematology and biochemical indices 

As each bird was bleeding, 2 ml of blood were collected into sample bottles treated with 

ethylenediaminetetraacetic acid (EDTA). Another 2 ml was collected into plain bottles for 

serum indices assessment.  

 

 

3.5.5.1 Haematological assay 

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

ruled chamber after diluting with 0.02 ml of blood mixed with EDTA. 4 ml of formaldehyde 

citrate solution was used as the diluting liquid at 1: 200 using a Pasteur pipette. The two ruled 

areas of the improved Neubauer chamber were filled with diluted blood and allowed to stand 

for 3 minutes for the cells to settle. The cells were counted in accordance with the procedures 

of WHO (1980).  

Cell count (10
12

/ L) = N x (D/A) x 10 x 10
9
 

Where  

N = Total number of cells counted  

D = Dilution factor of blood  

A = Total counted area (mm
3
)  

10 = Factor to convert area to volume (iμ)  

109 = Factor to convert count per iμ to count per litre  
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Packed cell volume (PCV): blood was filled into microcrit tube 3/4
th

 and sealed. The blood 

sample was centrifuged in a hematocrit centriguge at 200 rpm for 4-5 minutes. The values 

were read using a hematocrit reader and recorded. 

PCV = Height of red cell column / Height of total blood column  

Haemoglobin concentration: 2ml of haemoglobin standard tube was labelled. 5ml of 

Drabkin reagent were dispensed into tubes labelled blank, control and sample. Deionized 

water was added and thoroughly mixed and allowed to stand at room temperature for 

3minutes. Adjustment was made at zero absorbance at 540nm using reagent black. The values 

were read.            

Red cell indices: The Mean Corpuscular Haemoglobin (MCH), Mean Corpuscular Volume 

(MCV) and Mean Corpuscular Haemoglobin Concentration (MCHC) were expressed in 

picogram (pg), femtolitre (fl) and grams / 100 ml respectively. The MCH, MCV and MCHC 

were determined from RBC, PCV and hemoglobin (Hb). These hematological constant were 

calculated using the appropriate formulae as described by Jain (1986). 

MCV (fl) = PCV / RBC 

MCH (pg) = Hb × 10 / RBC  

MCHC (g / l) = Hb / PCV  

 

White blood cell count: The white blood cell count was obtained using a haemocytometer 

with Natt and Hendricks diluent to obtain a 1: 200 blood dilutions. The diluents and samples 

were mixed and carefully loaded into a counting chamber. This was left for 2 – 3 minutes for 

the cells to settle before they were counted using improved Neubauer haemocytometer at 

magnification of × 40. All the cells in the entire central square (1 mm2) were thereafter 

estimated in accordance with method of Schalm et al. (1975).  
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Cell count (109 / L) = N x (D/A) x 10 x 10
9 

Where  

N = Total number of cells counted  

D = Dilution factor of blood  

A = Total counted area (mm3)  

10 = Factor to convert area to volume (iμ)  

10
9
 = Factor to convert count per iμ to count per litre  

 

 

3.5.5.2 Serum Biochemical assay  

Serum urea: 4 ml of freshly prepared urea colour reagent was pipette into each tube and 

mixed vigorously. The content of each tube was incubated at 100C for 15 minutes. The 

absorbance was read using green filter 520nm colorimeter.  

Urea mmol/l= [Absorbance of test/ Absorbance of 10mmol/l] ×10 

 

Serum glucose: Four tubes were labelled blank, standard and treatment tube. 1.5 ml of 

protein precipitant was pipette into all the tube samples. 1.5ml of colour reagent was added 

and thoroughly mixed and incubated at 37oC for 10 minutes. Spectrophotometer was zeroed 

with blank sample and absorbance of all tubes read at 520 nm. The glucose level was 

thereafter calculated as; 

 

Concentration of glucose (mg / dl)  

= [ Abs. of treatment / Abs. of std ] × concentration of std. 
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Serum creatinine: Equal volume of sodium dodecylsulphate reagent, phosphate borate 

buffer and picric acid reagent were mixed thoroughly and 2 ml of freshly prepared creatinie 

working reagent was pipette and mixed well. Absorbance of every test sample was read and 

recorded from a spectrophotometer at 490 nm. The creatinine value of the treatment sample 

was calculated using the following general formula:  

Creatinine (μmol / L) =  

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

 

 

 

Alanine aminotransferase: Test tubes were labelled test, standard and blank, thereafter 

0.25ml of substrate was added to the tubes labelled test and warmed for 37
0
C for 5minutes. 

0.05ml of serum was added and allowed to incubate at 37
0
C for 30minutes. 0.25ml colour 

reagent was added, shook and left at room temperature for 20 minutes. 2.5ml of 0.4N NaOH 

was added in all the tubes and mixed properly. Absorbance of every tube was read and 

recorded from a spectrophotometer at 505 nm wavelength zeroed with reagent blank. The 

ALT value of the treatment sample was determined by comparing absorbance change with 

that of a known standard. The ALT of the treatment sample was calculated as ALT (IU / L) = 

[Abs of treatment / Abs of std] × conc. of std  

 

 

3.4 Statistical analysis: 

All data from the experiment were analysed using analysis of variance test in completely 

randomized design (CRD). Significantly different means were separated using least 

significance difference test as described by Hoshmand (1993). 
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CHAPTER FOUR 

4.0 RESULTS AND DISCUSSION 

The results of the proximate analysis of the feed are shown in table 4.1 and 4.2. 

4.1  Growth performance of the experimental birds 

The performance of the broilers fed graded levels of fermented mixture of cassava root pulp 

and palm kernel cake is shown in Table 4.3. The results shown that there were significant 

differences (P<0.05) for live weight and average daily weight gain but no significant 

differences (P>0.05) were observed for feed intake and feed conversion ratio. The final live 

weight of the birds fed diets containing 75% replacement level FCP mix (2458.67 g) was 

significantly (P>0.05) lower than the control.  

 There was a sharp increase in live weight by the fifth week up till the seventh week. This 

rapid increase eventually made up for the lagged phase and hence the no significant 

differences were found in the final live weights. The slow rate in live weight at the first- three 

weeks could be attributed to the adjustment to new diets devoid of maize.  

 

There was significant difference (P<0.05) in the average daily weight gain among treatments. 

Birds on control diet gained significantly (P<0.05) more weight per day (48.30 g/day) than 

those in that fed 75 % (45.36 g/day) and 100 % (46.40g/day) replacement levels respectively. 

This was expected to result in smaller live weights of the birds on 75% replacement levels at 

the end of the experiment. However, their growth rates rapidly increased during the 5
th

 and 6
th

 

weeks of age.  The initial drop in growth rate is responsible for the overall lower rates of gain 

at the end of the experiment.  

The sudden change in nature and composition of their diets is expected to have been 

responsible for the initial lag. Sudden changes in feed composition have been reported to 



 
 

 39 
 

affect performance of birds adversely (Olomu, 1995). Improved adjustment to the diets led to 

improved result after 4 weeks of age.  

 

Slight drops in the average weight gain of birds fed 75 % and 100 % replacement levels of 

FCP-mix were observed at the seventh week. This was accompanied by mortalities within 

treatment D group. The cause was suspected to be due to heat stress. This is because the cause 

of mortalities within the treatments during the week was diagnosed to be heat stroke. 

Moreover their performances improved in week 8 when weather condition improved and 

ameliorating strategies were taken. Hence the overall reduced performance of birds on 75 % 

replacement levels may not be directly attributed to the test material or their diet. 

 

There were no significant differences (P>0.05) among treatments for average daily feed 

intake and feed conversion ratio. Birds on the control diet recorded the least average feed 

intake (117.34g/day/bird) while those that ate 100 percent FCP- mix recorded the highest 

average daily feed intake (122.72g/day/bird).  Average daily feed intake seems to have 

increased linearly with inclusion levels of FCP-mix in the diets. Higher fibre contents of diets 

are expected to stimulate the smooth muscles of the gut which will increase peristaltic action 

and then increase motility of the digesta. This will in turn influence nutrient digestibility and 

absorption. Possibly the fermentation technology increased digestibility of the feed material 

and hence affected the patterns of feed intake. 
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Table 4.1: Proximate composition for starter diet 

Parameters  Diet 1 (0%)  Diet 2 (25%)  Diets (50%)  Diet 4 (75%)  Diet 5 (100%)  

Moisture (%) 12.1 11.16 11.8 11.2 12.1 

Crude protein 

(%) 

22.2 22.47 23.18 23.66 22.09 

Ether extract (%) 5.03 5.43 5.19 6.51 6.66 

Crude fiber (%)  6.1 5.74 4.31 4.06 3.76 

Ash (%) 7.27 8.05 8.07 8.21 8.49 

NFE  47.3 46.71 47.45 46.36 46.9 

Metabolisable 

energy (Kcal/Kg) 

2912 2933.77 2966.68 3027.07 3053.72 
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Table 4.2: Proximate analysis for finisher diet 

Parameters  Diet 1 (0%)  Diet 2 (25%)  Diet 3 (50%)  Diet4 (75%)  Diet 5 (100%)  

Moisture (%)  11.1 11.6 12.1 12.6 14.1 

Crude protein 

(%)   

18.25 16.71 16.6 14.71 15.72 

Ether extract (%) 7.1 4.26 4.14 4.13 4.46 

Crude fiber (%) 5.73 5.33 4.88 5.21 4.91 

Ash (%) 8.49 13.68 12.77 11.29 10.37 

NFE  49.33 48.42 49.45 52.06 50.37 

Metabolisable 

energy (Kcal/Kg)  

3007.25 2685.65 2710.55 2730.23 2737.09 
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Table 4.3 Growth Performance of the Experimental Birds 

 

Parameters 

Diet 1 Diet 2 Diet 3 Diet 4 Diet 5  

SEM 

 

Initial live weight (g) 

 

153.54 

 

157.03 

 

151.72 

 

154.54 

 

157.00 

 

 

 

Final live weight (g)  

 

2641.50
a
 

 

2607.00
a
 

 

2582.33
a
 

 

2458.67
b
 

 

2593.00
a
 

 

66.74 

 

Average weight gain(g/d/ b) 

 

48.40
a
 

 

47.56
ab

 

 

47.55
ab

 

 

45.36
bc

 

 

44.40
c
 

 

2.13 

 

Average  feed intake (g/d/b) 

 

117.34 

 

120.43 

 

114.57 

 

120.48 

 

122.72 

 

9.12 

 

Feed conversion ratio 

 

2.31 

 

2.417 

 

2.323 

 

2.617 

 

2.49 

 

0.39 

 

Feed cost (N/ kg) 

 

34.04 

 

 

32.25 

 

29.73 

 

24.27 

 

23.05 

 

 

Feed cost/weight gain 

(N/kg) 

 

53.62 

 

 

51.62 

 

 

52.11 

 

48.29 

 

 

49.03        

 

 

6.13 

 

Mortality (Number) 

 

 

0 

 

1 

 

2 

 

4 

 

0 

 

 

a,b,c Means in the same row with different super script are significantly different 
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 Though the birds fed 100% of maize replacement with FCP- mix at eight weeks recorded the 

highest feed intake, it did not however have any impact on the final live weight of the birds. 

The increase in feed intake of birds fed 100% FCP- mix could have resulted from the birds‟ 

quest to meet their energy requirement.  

 

Differences in feed conversion ratios of the birds were not significant (P>0.05) among 

treatments. The feed conversion ratio ranges from 2.31 to 2.62.  

Feed cost per bird decreased progressively with increase in the inclusion level of FCP- mix.  

The cost of feed per weight gain was relatively low when compared with the cost of feed per 

weight gain in the control diet. This suggests that since the aim of the farmer is to reduce cost 

and maximize profit, feeding the birds with 100 percent FCP- mix will attain the goal of the 

farmers. The feed cost per weight gain decreases as the inclusion level of FCP- mix increased. 

This resulted to saving 8.5% in feed cost at 100% substitution level. The mortality at the 75 

percent inclusion level of FCP- mix was the highest (4).  This could be the reason why the 

average weight gain was slightly low.  

4.2 Carcass and internal organ weights  

The carcass and internal organ characteristics of the broiler chicken fed graded levels of FCP- 

mix is shown in table 4.3. Significant differences were found for percentage kill out weight 

(P<0.05) but not for defeathered weight (P>0.05). Birds on control diets had significantly 

higher kill out weight (97.71%)  than those of treatments fed 50 %, 75 % and 100 % 

replacement levels of FCP- mix (96.84%, 96.78% and 96.66%) respectively. This however 

did not reflect in a significantly higher defeathered weight. This implies that birds on control 

diet had more feathers than birds of other treatments. It is likely that the test material did not 

support feather growth and development as did in the control diet. The reason for this is not 

clear but cassava based ration have been reported by Enriquez and Ross (1969) to require  
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supplementation of sulphur containing amino acid (methionine) to reduce the effect of toxic 

hydrocyanin and restore chicken performances to normal levels. Palm kernel cake is also low 

in sulphur containing amino acids. The test material (FCP-mix) is reported to be rich in 

microbial protein (Aladi et al., 2013) but its amino acid profile is yet to be investigated.  No 

significant differences (P>0.05) were found for the proportions of breast leg, drumstick, 

wings and neck across the treatment groups.  
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Table 4.4: Percentage carcass and organ weights of the experimental birds 

 A B C D E SEM 

Replacement levels of FCP-mix 0.00 25.00 50.00 75.00 100.00  

Kill out weight 97.71
a
 97.14

ab
 96.84

b
 96.78

b
 96.66

b
 0.32 

Defeathered weight 96.12 95.13 96.84 96.78 96.66 1.55 

Dressing percentage 75.87
a
 73.42

b
 72.39

c
 72.16

c
 73.87

b
 0.49 

       

Head 2.09
ab

 1.86
c
 2.00

bc
 2.19

ab
 2.23

a
 0.08 

Neck 3.56 3.47 3.85 3.91 3.72 0.28 

Wings 4.18 3.60 4.13 4.12 4.17 0.27 

Drumstick 11.76 11.85 12.65 12.41 12.45 0.91 

Shank 3.17
c
 2.86

bc
 3.32

b
 3.51

ab
 3.75

a
 0.15 

Heart 0.29
b
 0.48

ab
 0.46

a
 0.41

a
 0.41

a
 0.10 

GIT 3.41
b
 4.37

ab
 4.45

a
 4.75

a
 4.23

ab
 0.40 

Gizzard (full) 2.53
d
 2.86

bc
 3.59

a
 3.47

ab
 3.15

bc
 0.133 

Empty gizzard 1.95
c
 2.08

bc
 2.45

a
 2.44

ab
 2.67

abc
 0.16 

Abdominal fat 2.04
b
 2.29

ab
 2.69

a
 2.39

ab
 1.23

c
 0.23 

Liver 1.21 1.44 1.64 1.55 1.40 0.19 

Breast muscle 38.99
b
 40.83

a
 40.51

ab
 38.11

c
 39.62

ab
 1.66 

Leg 34.43 34.88 34.52 35.12 35.39 1.20 

Viscera 9.24
b
 11.34

a
 12.13

a
 12.14

a
 10.05

b
 0.50 

a,b,c Means in the same row with different super script are significantly different 
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The percentage weights of head, shank, heart, gastro intestinal tract, full gizzard, empty 

gizzard, abdominal fat and viscera were significantly different (P<0.05) among different 

treatments. The full gizzard weight in birds fed 50 percent FCP- mix (3.59%) was 

significantly (p<0.05) higher when compared with other treatments. Dietary inclusion of 

FCP-mix generally increased the size of gastrointestinal tract. This could be supported with 

the findings of Eruvbetine et al., (2003) who reported that the increased size of the gizzard in 

broilers fed high concentration of cassava could be the bulkiness of the feed. Hetland et al., 

(2003) reported that insoluble fiber modulates gut development, digestive function and 

gizzard activity. Abdominal fat of birds fed no maize based diet was low. The low abdominal 

fat may be associated with the inhibition of lipid synthesis in the liver and abdominal tissue 

because of the high fiber content of the test material. This is in accordance with the study of 

Akiba and Matsumoto (1982) who reported that chicken fed diets high in fiber (cellulose and 

alfalfa meal) had a significant reduction in lipid deposition and plasma lipid content. This 

suggests that birds fed FCP- mix is good for consumption especially to patients that required 

low fat meat.  

 

4.3  Meat quality of experimental birds 

The results on meat quality of the experimental birds fed different level of FCP- mix are 

shown in table 4.4. There were significant differences (P<0.05) in cooking loss, water holding 

capacity and drip loss. The cooking loss of the meat from birds fed control diet was 

significantly higher (p<0.05) than those of birds fed 50 % and 75 % maize replacement levels. 

No significant differences (p>0.05) were found in all sensory (tenderness, juiciness, flavour 

intensity, connective tissue and hedonic) scores evaluated. However tenderness score of meat 

from the birds on control diet was the lowest.  
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Table 4.5 Meat quality of experimental birds 

Parameters A B C D E SEM 

Cooking loss 44.57
a
 40.01

ab
 37.58

b
 37.41

b
 40.54

ab
 4.76 

Water holding capacity 17.13
cd

 15.88
d
 18.56

c
 29.87

b
 32.76

a
 2.66 

Drip loss 2.65
ab

 2.00
ab

 1.98
ab

 1.59
b
 3.17

a
 1.27 

Tenderness 5.00 5.17 6.14 6.00 5.57 1.83 

Connective tissue 5.71 6.29 6.43 6.29 6.00 1.41 

Juiciness 6.17 5.67 6.33 6.17 5.67 1.13 

Flavour intensity 5.71 5.71 6.00 5.71 5.71 1.39 

Hedonic score 4.67 5.17 5.00 5.17 5.33 2.18 

a,b,c Means that do not share a letter are significantly different. 

Note: The 8 point category rating scale was used; 

Juiciness/ tenderness/ flavour and  

off-flavour intensity/ hedonic rating 

Connective tissue amounts 

8 – extremely juicy/ tender/ flavoured/ off-flavoured/ like 8 – none  

7 – very juicy/ tender/ flavoured/ off-flavoured/ like 7 – practically none 

6 – moderately juicy/ tender/ flavoured/ off-flavoured /like 6 – traces 

5 – slightly juicy/ tender/ flavoured/ off-flavoured /like 5 – slight 

4 – slightly dry/ tough/ bland/ dislike 4 – moderate 

3 – moderately dry/ tough/ bland/ dislike 3 – slightly abundant 

2 – very dry/ tough/ bland/ dislike 2 – moderately    abundant 

1 – extremely dry/ tough/ bland / dislike 1 – abundant 
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The higher cooking loss of these samples must have been responsible for this apparently 

lower score. This also reflected in slightly higher score for connective tissue amount. The best 

hedonic score/rating was recorded by samples from birds fed 100 % FCP inclusion level. It is 

therefore judged that FCP-mix inclusion will not negatively affect sensory qualities of meat. 

 

4.4 Haematological and Serum Biochemical Indices  

The results for haematology and serum analysis are presented in tables 4.6 and 4.7 

respectively. No significant differences (P>0.05) were found for haemoglobin content, packed 

cell volume and red blood counts while there were significant differences in  (P<0.05) among 

treatments in mean corpuscular volume (MCV), mean cell haemoglobin concentration 

(MCHC), mean cell haemoglobin (MCH),  platelet count, total white blood counts (WBC) 

and differential white cell counts. Though differences were found in the red cell indices of the 

experimental birds, the values were within the normal range published for healthy broilers of 

similar age and in similar environment (Merck Veterinary Manual, 1979). However, no clear 

trend was established. The leukocyte count of birds on control and 100 % replacement level 

were similar whereas those on 75 % replacement levels were lower than the control. This 

decrease may have been due to the heat stress with affected the birds within that treatment. It 

is possible therefore that the test material was not responsible for the variations observed. 

Birds on 75 % and 100 % replacement levels of FCP-mix had significantly (p<0.05) higher 

levels of lymphocytes and lower levels of heterocytes. Lymphocyte counts are known to 

increase under stress and infection (Ghareeb et al., 2012). 
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4.6 Haematological indices of broiler fed with different level of FCP mix 

Parameters Diet 1 Diet 2 Diet 3 Diet 4 Diet 5 SEM 

HB (g/dl) 9.97 9.77 10.68 10.73 10.25 0.99 

PCV (%) 34.08 32.63 32.88 32.88 35.10 3.06 

RBC(×10
6
/UL) 2.56 2.59 2.59 2.52 2.69 0.27 

MCV (fl) 132.98
a
 126.18

b
 127.85

ab
 130.60

ab
 130.73

ab
 5.23 

MCH (pg) 38.88
a
 37.70

ab
 37.53

b
 38.82

ab
 38.07

ab
 1.09 

MCHC (%) 29.03
b
 31.02

a
 29.33

b
 29.55

ab
 29.13

b
 1.37 

PLT(×10
3
/UL) 22.67

a
 20.83

a
 18.33

a
 20.50

a
 19.87

a
 3.90 

WBC(×10
3
/UL) 83.78

a
 77.13

ab
 82.00

ab
 75.33

b
 84.08

a
 6.15 

LYM (%) 77.67
c
 83.83

abc
 81.00

bc
 87.67

ab
 90.67

a 
7.76 

NEUT (%) 

 

22.33
a
 16.17

abc
 19.00

ab
 12.33

bc
 9.33

c
 7.76 

a,b,c Means in the same row with different super script are significantly different 
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Table 4.7: Serum chemistry of experimental birds  

 

Parameters 

Diet 1 Diet 2 Diet 3 Diet 4 Diet 5 SEM 

Calcium (Mg/dl) 11.15
a
 10.72

a
 9.97

b
 9.43

b
 9.72

b
 0.52 

Phosphate (Mg/dl) 2.75
ab

 2.23
bc

 2.78
a
 2.08

c
 2.65

ab
 0.45 

Glucose (Mg/dl) 143.07 152.50 156.02 145.00 149.20 27.08 

Uric acid (Mg/dl) 2.80
b
 2.32

c
 3.57

a
 2.18

c
 2.30

c
 0.46 

Cholesterol (Mg/dl) 92.52 99.18 105.85 106.37 95.87 15.77 

Triglyceride (Mg/dl) 20.42 24.90 27.25 24.38 21.05 35.88 

Cl (Mmol/L) 118.40 113.70 104.83 104.77 103.95 21.47 

Na (Mmol/L) 145.00 143.77 135.68 137.72 137.13 20.30 

K (Mmol/L) 5.40
a
 4.98

ab
 3.98

b
 4.37

ab
 4.60

ab
 0.88 

HC03 (Mmol/L) 

 

28.83 28.50 26.50 28.33 28.17 2.15 

Urea (Mg/dl) 10.40
c
 12.03

ab
 12.50

a
 12.40

a
 11.83

bc
 1.45 

Creatinine (Mg/dl) 0.24
b
 0.35

a
 0.28

ab
 0.30

ab
 0.28

ab
 0.06 

Total Bilirubin (Mg/dl) 0.11 0.13 0.07 0.13 0.05 0.08 

Conj. Bilirubin (Mg/dl) 0.05
a
 0.06

a
 0.03

bc
 0.02

c
 0.03

c
 0.01 

ALT (IU/L) 2.50 2.42 2.50 2.42 2.33 0.211 

AST (IU/L) 35.22
a
 22.27

c
 32.38

ab
 21.00

c
 27.27

bc
 0.63 

ALP (IU/L) 175.10 163.40 157.90 156.31 147.52 553.30 

a,b,c Means that do not share a letter are significantly different. 
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The cholesterol level were not significantly different (P>0.05) among treatments. The level of 

glucose, triglyceride (Trig), bicarbonate chlorine, potassium, sodium, total bilirubin (TB), 

conjugated bilirubin (CB), alkaline phosphatase (ALP), alanine aminotransferase (ALT) and 

aspartate aminotransferase (AST) among treatments were not significantly different (P>0.05) 

across treatment groups. Birds on control diet had significantly (p<0.05) elevated levels of 

Aspartate aminotransferase. No clear trend in relation to dietary treatment was established 

and apparently none of the birds suffered any metabolic or physiological adversity. These 

results therefore suggest that 100% replacement of maize with FCP- mix in broiler diets 

would not result in any physiological disorders or impediments. 
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 CHAPTER FIVE  

5.0 CONCLUSION AND RECOMMENDATION 

5.1  Conclusion 

In this study, starter and finisher broilers were fed graded levels of fermented mixtures of 

cassava root pulp and palm kernel cake mixtures (FCP-mix). Graded levels of FCP- mix 

replaced maize in the diets at 0, 25, 50, 75 and 100% levels. The following were the 

concluded: 

Total (100%) replacement of maize with FCP- mix did not result to any significant reduction 

in live weight by the 8
th

 week of age. Dietary treatment had no effect on the feed conversion 

ratio and feed cost per unit weight gain. Birds fed the control diet (0% FCP-mix) were highest 

in dressing percentage whereas counterparts on 100% maize replacement with FCP- mix 

where lowest in abdominal fat compared to birds on other dietary treatments. this shows that 

feeding FCP-mix had no muscle production, but rather results in significantly reduced carcass 

fat. Meat quality was not affected by the replacement of maize with FCP- mix at any level of 

inclusion. Results from haematology and serum biochemical analysis shows that replacing 

maize with FCP- mix had no untoward effect on physiology and metabolism to the birds. 

5.2  Recommendations 

It is therefore recommended that fermented cassava and palm kernel cake mixture  

1. Should be encouraged in the feeding of broilers to reduce over dependence of maize by our 

farmers which have led to high cost of raising birds thereby discouraging farmers from 

investing in the poultry business.  

2. Public extension/ advisory staff should be mobilized to convey these results to practicing 

farmers. 

3. Further studies on different fermentation processes should be conducted to determine the 

most effective and affordable method. 
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Contribution to knowledge: Base on the study, 50 percent of fermented cassava and palm 

kernel cake mixtures can replace maize without any deleterious effect on the broiler. 
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APPENDICES 

 

 

Cost of ingredient /kg at the time of the experiment 

Ingredient Cost/kg (N) 

Maize 80 

FCP 26 

Soybean meal 140 

Wheat offal 46 

Fish meal 300 

Bone meal 30 

Lysine 1200 

Methionine 2000 

Vitamin and premix 800 

Salt 160 

 

 


