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ABSTRACT 

A study was carried out to determine the suitability of selected plant materials to replace animal proteins 

from the conventional diets used to culture O. niloticus in Kenya. The research done at Sagana 

Aquaculture Centre was aimed at formulating cheap diets using Cassava Leaf Meal (CLM), Boiled Tea 

Leaf Meal (BTLM) or pawpaw Leaf Meal (PLM). Each test ingredient replaced Fresh Water Shrimps 

Meal (FSM) from a control diet in an 8-week feeding trial using O. niloticus fingerlings both in aquaria 

(initial mean weight 12.36±1.1g fish
-1

) and hapas (initial mean weight 10.55g fish
-1

). Fish growth 

performance, resulting whole body proximate composition (WPC), and the effects on the Hepatosomatic 

index (HSI) were used to assess the efficacy of the substitutions. Four isonitrogenous (300g/kg) practical 

diets were formulated to contain 0%, 25%, 50% or 100% of the plant ingredients. Experimental fish were 

fed 10% of their body weight in triplicates. In hapas, increased dietary BTLM had no significant effect on 

the SGR (g/day) and PWI but inclusion beyond 25% BTLM caused a significant decrease (P<0.05) in 

FBW. Increasing BTLM caused poor growth in aquaria. Diets with BTLM had no significant effect on 

carcass moisture level for fish in hapas, but at 50%BTLM inclusion HSI increased significantly. In 

aquaria increased inclusion of BTLM had no significant effect on the whole body moisture composition. 

Full replacement with BTLM caused a significant decrease in carcass crude protein (CP), while 

25%BTLM caused a significant decrease (P<0.05) in WB ash. In aquaria inclusion beyond 25%BTLM 

significantly increased in HSI. In hapas increased CLM caused a significant decrease (P<0.05) in SGR 

(g/day) and percentage weight increase (PWI) but had no significant effect on final body weight (FBW) 

up to 50%CLM. In aquaria 25% CLM caused a significant increase in SGR (g/day) and inclusion beyond 

25% CLM caused a significant decrease in FBW. Inclusion of CLM beyond 25% CLM caused a 

significant increase (P<0.05) in carcass moisture composition in hapas while in aquaria no significant 

effect was observed on carcass  moisture and carcass  CP up to 50%CLM, but a significant increase in 

carcass moisture was observed  at 100%CLM levels. CLM had no significant effect on HSI up to 

50%CLM inclusion in hapas. Increased in PLM had no significant effect (P>0.05) on growth 

performance. In hapas, 25%PLM caused a significant increase (P<0.05) in carcass moisture while 

inclusion levels of 50%PLM and 100%PLM significantly decreased (P<0.05) carcass ash. PLM had no 

significant effect (P<0.05) on HSI in hapas. In aquaria, PLM had no significant effect on the carcass 

moisture and ash but increased levels caused a significant (P<0.05) decrease in the HSI. In conclusion all 

test ingredients could partially be used to replace Freshwater shrimp meal from the conventional diet used 

to culture O. niloticus except pawpaw leaf meal, could wholly substitute freshwater shrimp meal. 
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CHAPTER ONE 

 

INTRODUCTION 

 

1.1  Background Information  

Increasing demand of protein due to overpopulation explosion has caused more attention to be 

focused on fish farming. Tilapia culture offers one of the solutions due to the relative ease of 

tilapia farming and its rapid growth rate in tropical and semi-tropical climates (Osama et al., 

2008). Tilapia production in developing countries occurs primarily in semi-intensive ponds with 

fertilization and/or supplementary feeding (Tacon, 1990). Supplemental feeds are applied to 

increase fish yields above those produced with fertilization alone (Knud-Hansen & Batterson, 

1991). Recently in Kenya for instance recent times have witnessed increased fish farming 

especially in the rural areas. In these areas fish farmers use natural food in the ponds which are 

supplemented with formulated fish feeds to enhance fish production (FAO, 2005). However the 

challenges facing aquaculture in Kenya lie in the identification of cost effective feeds for the production 

of the Nile tilapia O. niloticus.  

 

Feed is among the most costly items in fish production and accounts for over 50% of the total 

operating costs (Liti et al., 2005). However despite the ability of Nile tilapia to utilize plant 

proteins efficiently, commonly used tilapia feeds have inclusions including animal protein 

sources like fishmeal and freshwater shrimp Caridina nilotica (Roux) meal (El-sayed, 1998) as 

the primary source of protein.  Currently, the freshwater shrimp meal, a by-product of the omena 

Rastrineobola argentea fishery in L. Victoria is used as an ingredient in the conventional diet for 

culture of O. niloticus in Kenya. Animal proteins are desirable ingredients due to their high 

essential amino acids, essential fatty acids, digestible energy, vitamins and minerals (Tacon, 

1993). In addition, they have good palatability and high nutritional value (Liti et al., 2006). 

Unfortunately animal proteins are expensive and scarce in Kenya, hence making tilapia feeds and 

production expensive (Liti et al., 2006). Furthermore they are either consumed directly by 

humans or included as ingredients in formulated diets for livestock production hence increasing 

their demand and raising their prices (New and Wijkström, 2002). Since animal proteins like 

freshwater shrimps are expensive and scarce, it is not economical to use them in diets for semi-

intensive culture of O. niloticus, which is the most cultured fish species in Kenya (Liti et al., 
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2005). Therefore there has been growing interest among investigators to replace animal proteins 

with cost-effective alternatives particularly those of plant origin (Robinson et al., 1984). 

Identification of cost effective plant materials as ingredients for formulation of fish feed that is 

cheaper for a small scale fish farmer is therefore imperative. Proximate analysis by Munguti et 

al., (2006), showed that plant materials like cassava leaves, pawpaw leaves and boiled tea leaf 

residues have a good potential for use as ingredients for tilapia in semi-intensive pond culture.  

 

This study evaluated the effects of replacing freshwater shrimps with either cassava leaves, 

boiled tea leaves residues or pawpaw leaves in the conventional diet used to culture O. niloticus 

at the Sagana Aquaculture Centre. The study was aimed at reducing the cost of fish feeds in rural 

areas.  

1.2  Statement of the Problem 

The efficiency with which fish converts feeds into animal proteins makes fish a superior 

candidate for farming in comparison to other domestic animals. Fish culture requires less labour 

input compared to other agricultural practices and the profit margin achieved is usually higher. 

For a small scale farmer who wishes to culture O. niloticus the issue of feed becomes a 

stumbling block. This necessitates an innovative approach in utilizing available cheaper 

ingredients in feed formulation. The goal of the present study was to formulate a cheaper diet 

with good nutritional value for the culture of O. niloticus in a semi-intensive system within the 

desired culture period.  

1.3  Objectives 

1.3.1  Broad Objective 

The broad objective was to develop cheap and effective diets for O. niloticus culture using 

evaluating the effectiveness of selected plant materials as substitutes for freshwater shrimp meal, 

in the conventional fish diet. 
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1.3.2  Specific Objectives 

The objectives of the study were: 

a. To evaluate pawpaw leaves, cassava leaves and boiled tea leaves residues for  possible 

replacement of fresh water shrimp meal in the conventional diet on the growth and their 

effects on growth and performance of O. niloticus. 

b. To determine the appropriate replacement level of the fresh water shrimp meal ingredient 

in the conventional (control) diet with pawpaw leaves, cassava leaves or boiled tea leaves 

residues. 

c. To determine the consequences of the replacement on the carcass proximate composition 

of the experimental fish and hepatosomatic index.  

1.4  Hypotheses 

a. The result of including either boiled tea leaves residues meal, pawpaw leaf meal and 

cassava leaf meal on growth and performance, of O. niloticus is not different from that of 

the control diet. 

b. The effect of the replacement of FWS by different ingredients on growth performance of 

O. niloticus is similar. 

c. There is no significant differences between the replacement formulations and the control 

diet in their effect on the carcass proximate composition and the hepatosomatic index. 

1.5  Justification 

The challenges facing production of O. niloticus in Kenya today lie in the identification of cost-

effective fish feeds. To identify such feeds, simultaneous evaluation and comparison of 

feedstuffs is necessary. Currently, one of the ingredients used in the conventional diet for culture 

of O. niloticus culture is freshwater shrimp meal (Caridina nilotica Roux). Studies show that 

diets containing freshwater shrimp meal as to be more efficient in promoting fast growth. 

However, its inclusion in the conventional diets increases the cost of the diets due to its scarcity 

and high cost in Kenya. Furthermore scarcity of freshwater shrimp which is a by-product of the 

omena (Rastrineobola argentea) fishery in Lake Victoria is occasioned  by frequent closures of 

the lake’s fisheries. In addition, transport from its source to potential fish farming areas in central 
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and eastern parts of Kenya increases its cost. Therefore replacement of FSM with cheaper and 

reliable plant protein feedstuffs is necessary to reduce the cost of O. niloticus feeds. Proximate 

analysis on cassava leaves, papaya leaves and boiled tea leave residues show that these 

ingredients have potential for use in diets for culture of O. niloticus. Availability of the materials 

in areas where small scale subsistence fish farming is practiced creates a possibility of using such 

plant materials to replace the expensive animal protein component in O. niloticus culture. This 

study was aimed at replacing freshwater shrimp meal from the conventional diet with substitutes 

of either cassava leaf meal, boiled tea leaf residues meal or pawpaw leaf meal. 

 

1.6 Definition of Terms  

Anti nutritional factors: Variety of defenses employed by plants to prevent their seeds and 

tubers from being eaten or, if they are eaten, from being digested. Oilseed meals contain 

antinutritional factors, some of which can be destroyed by heat treatment.  

Ash: Inorganic materials that remain after a sample is heated at 500
o
C. This temperature is 

sufficient to burn all the organic material in a sample. The ash category contains essential 

elements, nonessential elements, and toxic elements. 

Boiled tea leave residues: Wastes of used tea leaves strained and usually thrown away after 

cooking tea. In the current study residues from tea cooked with milk were used with an 

assumption that some of the crude protein was contributed by milk in the tea. 

Complete feeds- Complete diets that supply all the nutrients (protein, carbohydrates, fats, 

vitamins, and minerals) necessary for the optimal growth and health of the fish. 

Conventional feed source: Feed stuffs that are regularly used in the formulation of fish feed in 

Kenya. Their usage is standardized and widely acceptable in Kenya. 

Feed conversion ratio: Dry weight of feed required to produce one unit wet weight of fish. 

Crude protein: Protein estimated from nitrogen (Kjedahl) present in a feed sample.  

Crude fibre: A measure of the material remaining in a sample after it has been digested in a 

weak acid, and a weak base, minus the inorganic residue (ash). Carbohydrates removed 

from the sample by this procedure are considered those that would also be digested by an 

animal and those that are left are considered complex carbohydrates that are indigestible.  

Diet: A prescribed or controlled mixture or combination of feed ingredients or foods 
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Ether extracts: lipid-soluble materials in a sample that can be extracted with a non polar 

solvent, such as petroleum ether, chloroform, or, any other related solvent. 

Fish biomass: Total weight of fish in a pond. 

Feed conversion ratio: Quantity of feed fed divided by fish weight gain over a specific time 

period (abbreviated FCR)  

Feed formulation: Combination and blending together of feed ingredients (based on a formula) 

into nutritionally balanced and economically sound diet that can be used in required 

amount to provide the level of production desired for fish cultivation. The formulas may 

vary from one region to another. 

Growth: Measured over a specific time period, growth is the increment in weight or length in 

groups of fish fed various experimental diets  

Hapa: A meshed enclosure used in fish farming. In the current study the hapas measured 1 m
3
 

and are shown shown below in Photograph plate 1. 

 

Photograph plate 1- Showing installed hapas in a grow-out pond in Sagana fish Farm 

 

Nitrogen free extracts: Category of compounds that includes simple sugars, compound sugars, 

and soluble polysaccharides, such as starch. NFE is not determined directly but, rather by 

difference and represents the amount or percentage remaining after the other categories 

are subtracted from 100%. 
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Premix: Microingredients, generally vitamins or minerals often mixed with diluents that are 

which is added to feed mixtures, as a supplement. 

Proximate analysis: A system of analysis that fractionates feed components into six categories ( 

CP, CL, CF, ash, NFE  and DM),. 

Recirculatory system: A water recycling system with a biofilter to remove traces of ammonia 

and feacal matter. The system shown in Photograph plate 2 below is connected to a series 

of aquaria which were used in the present  study. 

 

             Photograph plate 2: Recirculatory system with a biofilter 

 

Supplement feeds: Supplemental diets that do not contain a full complement of nutrients, 

vitamins or minerals, but are used to help fortify the naturally available diet with extra 

 protein, carbohydrate and/or lipid 

Specific growth rate (SGR): Daily instantaneous growth rate which can be used to compare 

growth on a daily basis. 
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CHAPTER TWO 

 

LITERATURE REVIEW 

2.1  Suitability of Tilapia as Desirable Aquaculture Species 

In Africa, some 35 million people depend wholly or partly on the fisheries sector for their 

livelihood (FAO, 1996).The consumption and demand for fish as a source of protein is on the 

increase in Africa, because in this region, poverty and lack of basic food nutrients are severe. 

Since capture species that are presently exploited seem to have reached their natural limits (FAO, 

1996), there is considerable need to expand aquaculture in Africa in order to improve food 

security (Jamu and Ayinla, 2003).  

 

Tilapia farming is an old traditional practice in some African countries (Popma and Michael, 

1999), where it forms a source of fish protein to many low-income communities   (Liti et al., 

2005). In these areas protein is the most deficient among nutrients and there has been increased 

pressure on the exploitation of the wild fishery resources from the natural aquatic ecosystems 

(Liti et al., 2005). As a result of the decrease in wild fishery, fish farming practices have 

increased in the rural areas. 

 

Owing to a number of favorable characteristic traits, tilapia species are ideal for fish culture in 

tropical regions. There are various species of genus tilapia which are commonly farmed in the 

tropics particularly in Africa. They are normally very hardy and are acclimated to high 

temperatures and minimal dissolved oxygen content. Most species are omnivorous and are 

capable of tolerating a high salt content in the water. Up to the size of 4-5 cm Tilapia fry eat 

natural food, which necessitates pond manuring during this period. On the hand plant residues 

like leaves of cassava Manihot esculenta (Crantz), sweet potato Ipomea batatus (L) Lam, and the 

banana Musa paradisiacal(L) are suitable for supplemental feeding of herbivorous species. 

Feeding material can also be easily obtained from domestic sources, hotel and industrial sources 

(Martena and Berka, 1982). 
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2.2  Background Information on Fish Feed Formulation  

Good nutrition in animal production systems is essential to economically produce a healthy, high 

quality product. Fish nutrition has advanced dramatically in recent years with the development of 

new, balanced commercial diets that promote optimal fish growth and health. There is need for 

development of new species-specific diet formulations to support the aquaculture (fish farming) 

industry as it expands to satisfy increasing demand for affordable, safe, and high-quality fish 

(Craig and Helfrich, 2007). The necessity of nutritional studies stemmed from the realization that 

nutrition involves both chemical reactions and physiological processes (Devendra, 1988). By  the 

19
th

 century, the chemical basis of nutrition was well established and  surmised the need for 

carbohydrates, proteins, fats, and macro and micro-minerals (Devendra, 1988). Afterwards the 

need for yet another nutrient was made by the discovery and isolation of vitamins. Currently it is 

factual that the animals including fish require approximately 40 nutrients (Devendra, 1988). As 

opposed to the past where research was adhoc and large scale in approach, today the science of 

nutrition is one of specific, precision and completeness in terms of the requirements by the 

animals. 

 

Although the methods of feed formulation vary from one region to another, it involves the 

combination and blending together of feed ingredients (based on a formula) into nutritionally 

balanced and economically sound diets that can be used in required amount to provide the levels 

of production desired in fish cultivation (Gabriel et al., 2007). The processing methods which 

include sourcing, mixing, pelleting, drying and storing are very crucial because they determine 

bioavailability of nutrients, feed acceptability, palatability and durability which often have 

profound effect on performance of fish. During feed formulation emphasis is put on the cost and 

there is always the need to formulate a diet at the least possible cost so as to maximize profit. 

This is achieved by careful selection of ingredients that are cheap but rich in nutrients for fish 

growth and optimum performance. Effective substitution of one ingredient for another can best 

be done when knowledge of the nutrient availability of the substitute is ascertained (Gabriel et 

al., 2007). 

 

Artificial diets may be either complete or supplemental. Complete diets supply all the nutrients 

(protein, carbohydrates, fats, vitamins, and minerals) necessary for the optimal growth and health 
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of the fish. Most fish farmers use complete diets (Craig and Helfrich, 2007). When fish are 

reared in high density indoor systems or confined in cages and cannot forage freely on natural 

feeds, they must be provided a complete diet. In contrast, supplemental (incomplete, partial) 

diets are intended only to help support the natural food (insects, algae, zooplankton, small fish) 

normally available to fish in ponds or outdoor tanks. Supplemental diets do not contain a full 

complement of vitamins or minerals, but are used to help fortify the naturally available diet with 

extra protein, carbohydrate and/or lipid (Craig and Helfrich, 2007). 

2.3  Nutrient Requirement for Tilapia 

2.3.1  Protein and Amino Acids 

Protein is the most significant component in fish feeds because of its high cost and it is an 

important constraint to growth (Reay, 1979). The gross digestible protein requirements for a 

number of fish species have been determined and mostly range from 28-50% of the total dry 

weight. An alternative to reducing the protein costs is to utilize cheaper sources of protein, but 

here the quality of protein in reference to the amino acid composition gains a critical 

consideration. The minimum dietary level of an amino acid-balanced protein required for 

optimum growth in absence of natural food is near 50% for tilapia fry and decreases to about 

35% as fish increase to 30g in size. Protein requirements for larger fish have been reported to 

vary from 25% to 35% of the feed; this varies with the size of the fish, amount of natural food in 

the culture system, and dietary factors such as quality of protein and energy level (Lim, 1989). 

Tilapias require at least 10 essential amino acids. These are arginine, histidine, isoleucine, 

leucine, lysine, methionine, phenylalanine, threonine, tryptophan, and valine. Tilapias efficiently 

digest t fish meal, meat meal and bone meal (Popma, 1982).  

2.3.2  Energy 

According to Kubaryk (1980) tilapia digest gross energy in most commercial feedstuffs. 

However, limited digestion occurs in highly fibrous feedstuffs, such as alfalfa meal and coffee 

pulp well for energy needs. They digest carbohydrates in feedstuffs relatively well, much better 

than salmonids, but as the percentage of starch in the diet increase, digestibility decreases. Fats 

or proteins are more digestible to tilapia than are carbohydrates 
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2.3.3  Essential Fatty Acids 

Tilapias appear to have a dietary requirement for fatty acids of the linoleic (n-6) family. 

Supplementation of tilapia diets with vegetable oils (soya bean or corn oils) rich in 18:2 n-6 has 

given better performance than those containing fish oils high in 20:5 n-3 fatty acids     (Takeuchi 

et al., 1983a). The optimum dietary levels of n-6 fatty acids have been estimated to be about 

0.5% for O. niloticus (Takeuchi et al., 1983b). Deficiency signs in fish fed with diets deficient in 

n-6 and n-3 fatty acids in tilapia are reduced appetite; retarded growth; and swollen, pale, and 

fatty livers. Tilapias do not tolerate as high levels of dietary fat as salmonids. A dietary lipid 

level in excess of 12% depresses growth of juvenile O. aureus and O. niloticus hybrids (Jauncey 

and Ross, 1982). 

 

2.3.4  Vitamins 

Relatively little information is available on vitamin requirements of tilapias. One reason for this 

is that most tilapia culture occurs in ponds where the fish consume large amounts of natural 

foods which probably satisfy their vitamin needs. Vitamin supplements are often minimal in 

practical feeds for tilapia cultured in semi and extensive ponds. In intensive culture systems 

where limited or no natural food organisms are present, vitamins must be added to commercial 

feeds. Due to lack of information on vitamin requirements for tilapia, allowances established for 

other warm water species are used. Metabolically tilapias probably have similar vitamin 

requirements as other warm water fishes (Lim Chorn, 1989). They show the classical vitamin C 

deficiency signs when deprived of natural foods. Vitamin E deficiency causes reduced growth 

rate, ceroids in liver and kidney, failure of mature males to develop sexual coloration, and 

degenerative changes in the skeletal muscle. Lovell and Limsuwan (1982) showed that O. 

niloticus produced vitamin B12 in their long intestinal tract through bacterial synthesis and did 

not require the vitamin in their diet. Other vitamins may be synthesized by intestinal micro-

organisms. 

 

2.3.5  Minerals 

Like other fin fishes, tilapia get significant amount of minerals, such as calcium, from water. 

Although there is lack of information on the mineral requirements for tilapia, it is likely that they 
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require most of the minerals known to be essential for other finfish species. The dietary level of 

available phosphorus required for maximum growth and normal bone mineralization of O. 

niloticus was estimated to be less than 0.9 % (Watanabe et al., 1980). 

2.4  Use of Plant Material as Feed in Culture of Oreochromis niloticus 

Fish feed technology is one of the least developed sectors of aquaculture particularly in Africa 

and other developing countries of the world (FAO, 2003). It is one of the fundamental challenges 

facing the development and growth of aquaculture in the African continent. As a result fish feed 

development in sub-Saharan Africa has not made a significant progress in aquaculture as 

expected. According to Hecht (2000), it is observed that the research on inexpensive feed 

ingredients has not contributed greatly to aquaculture development in Africa and suggested that 

more research on how best plant protein can be used as fish feed is required. 

 

Agricultural by-products form a big proportion of the plant materials currently fed to fish. They 

are used as supplementary feeds, and may consist of nutritional components absent in the natural 

aquatic environment. Rice bran, soybean meal, peanut meal, ground-nut oil cake, and wheat 

middlings are some common items added as commercial feeds for fish ponds in Israel, India and 

Southeast Asia (Reay, 1979). Elsewhere, farmers in the Philippines have become more 

innovative and resourceful in utilizing whatever agricultural by-products that are available in 

their particular location. The primary objective being to hasten fish growth and increase 

production while at the same time reducing the feed cost (Pantastico, 1988). Plant feed sources 

also generally known as non-conventional plant feed stuff (NCPF) are many and abundant, 

almost in every locality in Africa. Their potential and utilization in aquaculture feed have been 

reviewed (Ugwumba and Ugwumba, 2003). NCPF inclusion levels in fish feeds however varies 

and largely depends on their availability, nutrient level, processing technique, species of fish and 

cultural farming pattern prevalent in the locality (Gabriel et al., 2007). The nutritional 

requirements in different species of fish vary and therefore the nutritional needs of the fish 

species to be cultured must be known for effective feed formulation to be achieved (Gabriel et 

al., 2007). 
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High costs and scarcity of animal protein feedstuffs have prompted investigations into replacing 

the animal proteins with cost-effective alternatives and more so those of plant origin (Rinchard et 

al., 2002). As such several potential possibilities have been explored to replace the animal 

protein in feeds used to culture O. niloticus. Sarlicornia meal a by-product produced from 

mechanical extraction of the oil from the seeds of Salicormia bigelovii, has been investigated as 

a replacement for fish meal in feeds for O. niloticus (Belal and Dosari, 1999). The results of the 

study indicated that salicornia meal can replace up to 40% of the fish meal in feeds for Nile 

tilapia without reduction in growth or changes in body composition. Most published research on 

the use of plant proteins in tilapia feeds has focused on the inclusion of soybean meal (SBM) 

(Wilson et al, 2004), cottonseed meal (CSM) (El-Saidy and Gaber, 2004), sunflower meal (SFM) 

(Maina et al, 2003), and linseed meal (LSM) (El-Saidy and Gaber, 2001). Gaber (2006) 

investigated the effects of plant-protein-based diets supplemented with Yucca schidigera on 

growth, digestibility, and chemical composition of the O. niloticus fingerlings. SBM, CSM, SFM 

and LSM were used and supplemented with Yucca schidigera. The above study demonstrated 

that as much as 100% of the fish meal protein could be replaced by SBM, CSM, SFM, and LSM 

when supplemented with Y. schidigera in commercial production of tilapia. Addition of Y. 

schidigera to formulated O. niloticus diets was shown to reduce ammonia accumulation and 

increase fish growth. El-Saidy and Gaber (2004) reported that adding yucca to Nile tilapia diets, 

especially in intensive culture systems, at 750 mg/kg diet could reduce ammonia and nitrites in 

the water and act as a growth stimulant to improve growth performance and feed utilization. 

 

Research has also shown that substitution of fish oils by substantial vegetable oils can be 

achieved without negatively affecting growth performance of the Nile tilapia (Tortensen et al., 

2000). To reduce reliance on fish oil for production of aquaculture feeds, palm oil has been used 

as a substitute for the fish oil. The potential and advantages palm oil has over other vegetable oils 

when used in diets for Atlantic salmon (Salmo salar), tilapia (Oreochromis spp.) and various 

catfishes have been reported (Ng, 2004). It has been reported that the use of various palm oil 

products such as crude palm oil (CPO), refined palm oil or palm fatty acid distillates in the diets 

of these fish elicited growth and feed utilization efficiency comparable with fish fed equivalent 

levels of dietary marine fish oils (Ng et al., 2006). 
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Usually, plant proteins have some negative qualities such as amino acid imbalances and 

antinutritional factors. As a result efforts have been made to improve the metabolic efficiency of 

plant-protein-based feed by supplementing them with extracts from other plants. An example is 

the use of natural and biologically active plant products which have been investigated as 

synthetic growth stimulants. The products are also able to reduce the accumulation of 

nitrogenous wastes that limit production intensity in aquaculture (Francis et al., 2002).  

 

In Kenya, the most commonly used animal ingredients in fish feeds for O. niloticus culture are 

fish meal and fresh water shrimp meal (Liti et al., 2006). Liti et al. (2006) investigated the 

possibility of partially and completely replacing the shrimp meal from the diet with a mixture of 

plant protein comprising cotton seed meal and wheat bran in fertilized ponds. Three 

isonitrogenous diets were formulated to contain approximately 24% crude protein. Fresh water 

shrimp meal Caridina nilotica Roux, was included at two levels: 12% and 6%. Shrimp meal was 

excluded from the third diet so that the diet contained all plant protein. The results of the study 

did not demonstrate significant differences between groups of O. niloticus fed on the three 

different test diets that is 0%, 6%, 12% shrimp meal. The results were similar to those of El-

Saidy and Gaber (2003) who did not observe any significant reduction in growth after O. 

niloticus was fed on a diet in which all the fish meal protein was substituted with that of a 

mixture of plant feedstuffs. These findings are also collaborated by Jackson et al. (1982) who 

reported good growth of tilapia even at 100% inclusion level of CSM in the diets. The results 

also showed a 36% reduction in production cost and led to a conclusion that animal protein is not 

required in diets for production of O. niloticus only under semi-intensive culture. 

 

Munguti et al. (2006) investigated the proximate composition of selected feedstuffs for O. 

niloticus production with a specific focus on materials of plant origin  that are found in different 

regions of Lake Victoria basin, central Kenya and eastern Kenya. Plant materials selected 

included arrow root leaves, banana stems, leaves and peels; boiled tea leave residues, cassava 

leaves, leucaena leaves, papaya leaves and peels; pyrethrum leaves, water fern(whole), sweet 

potato leaves, and water hyacinth(whole). Leaf meals with exception of banana leaves had a high 

potential for inclusion in tilapia feeds, as they all had a protein content of above 250mg/kg of 

feed, which was close to the value recommended for inclusion in the grow out diets for O. 
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niloticus (Santiago and Lovell, 1988). Some plant materials however had high crude fibre values: 

water hyacinth Eichhornia crassipes (Mart) Solms-Laub 26%; water fern Azolla pinnata 30%; 

banana Musa paradisiaca (L) stems 44%, and pyrethrum Anacyclus spp 28% (Munguti et al., 

2006). The high crude fibre value makes them unsuitable as ingredients in fish diets. Banana 

leaves, papaya fruit peels, pyrethrum waste and whole water hyacinth had crude protein levels 

ranging between 13%-18% which is low for inclusion in the tilapia diet. Banana peels and 

pyrethrum leaves had low crude protein of 7.2% and 10% respectively. 

 

Arrowroot (Maranta arundinacea) was suitable for use as an ingredient in fish feeds because it 

had a higher CP value 33%, however, it does not grow well in low rainfall areas, which form a 

greater portion of Kenya. Cassava, Manihot esculenta (Crantz), arrowroot and sweet potato 

Ipomea batatus (L) are tuber plants and their roots are commonly used as human food. Their 

leaves are rarely consumed by humans in many regions of Kenya, and thus may be available for 

use in tilapia feeds. However, cassava leaves contain a toxic component known as linamarin, 

which causes cyanide poisoning when the leaves are bruised in water (Tewe, 1991). Leucaena is 

widely used in livestock feeds (Duke, 1983).This plant is rich in amino acid leucine, which 

enhances its potential for inclusion in fish feeds. However, the presence of mimosine that is toxic 

to most animals, may limit its application in fish feeds (D’Mello, 1991). Differences in growth 

response between male and female when fed on leucaena leaf meal have been observed. Males 

seemed to tolerate better than females. However the production of fry was significantly reduced 

beyond the 40% inclusion level (Santiago et al., 1998). D’ Mello, (1991) noted that mimosine 

causes disruption of reproductive processes and teratogenic effects in animals. Munguti et al. 

(2006) recommended the use of the currently underutilized leaves of Camellia sinensis (L) 

Kuntze (residues), sweet potato Ipomea batatus (L) Lam, because of their high potential as 

feedstuffs for tilapia grown in semi-intensive pond culture which relies heavily on local 

resources. This conclusion was based on the actual contents of protein, crude fibre, the 

possibility and practicability of removing antinutritional constituents, and on the local 

availability and the potential competition with other uses. 
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2.4.1  Pawpaw as a Feed Ingredient 

The pawpaw plant Carrica papaya (L) is an herbaceous plant with a soft stem. It belongs to the 

family Caricaceae and is now present and widespread throughout tropical Africa (Oloyede, 

2005). C. papaya is cultivated for its fruits; it is favoured by the people of the tropics, for 

breakfast, and as ingredients in jellies. Its juice makes a popular beverage while young leaves, 

shoots and fruits are cooked as vegetable (Oloyede, 2005). Evaluations by Reyes and Fermin 

(2003) showed that the leaves of the pawpaw plant have a CP of 23% while proximate analysis 

by Munguti et al. (2006) gave a CP value of 28% which is lower compared to  cottonseed cake 

39% CP, an ingredient in the Sagana diet. However, pawpaw leaves have a lower CF value of 

13% while cottonseed cake has a crude fibre of 24%. 

 

Literature on utilization of C. papaya leaf meals in fish feed is scarce (Munguti et al., 2006) but 

available information indicates that its leaf meal could be a good source of protein because of its 

good amino acid profile (Gerpacio and Castillo, 1979). The pawpaw leaf and the unripe fruit 

contain papain, which degrades protein into amino acids (Chaplin, 2005). Buchanan (1969) 

reported that papain promotes proteolytic digestion and thereby increases the protein digestibility 

of papaya leaf meal. The pawpaw leaves therefore maybe a valuable ingredient in tilapia feed 

production systems, which are based on local resources, due to their high protein content and 

proteolytic properties. 

 

2.4.2  Tea Leaves as a Feed Ingredient 

From the tea plant Camellia sinensis (L) tea leaves are plucked to make the most consumed 

beverage in the world, (Katiyar and Mukhtar, 1996). Kenya has more than 110,000 hectares of 

land dedicated to tea (Ruto, 2007). Normally after preparation of tea as a beverage, the tea leaves 

residues are thrown away as wastes. Literature on the use of tea leaf residues in Kenya as a 

potential fish feed ingredient is scarce. With the high tea production in Kenya and with most of 

the tea residues being thrown away as waste, it is logical to tap into using the residues as fish 

feed. Boiled tea leaves residue (BTLR) being a by-product of a popular beverage in Kenya is 

readily available in all parts of the country. The proximate analysis results show BTLR to have 

higher CP values of 27% (Munguti et al., 2006). 
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2.4.3  Cassava Leaves as Feed Ingredients 

Cassava Manihot esculenta (Crantz ) is a major food source for a large part of world population, 

particularly in the countries of South America, Africa and Asia where it is primarily a major 

source of energy for about 300-500 million people (Pushkar et al., 1992). Several varieties of 

cassava have been identified in farming systems in Africa (Oluwole et al., 2007) but they are 

often grouped into bitter and sweet varieties. Cassava contains linamarin as the principal 

cyanogenic glucoside, which upon hydrolysis liberates hydrogen cyanide (Yeoh et al.. 1996). 

 

Cassava is increasingly becoming an important food and cash crop in Kenya, and it is grown in 

three main regions namely Western, Central and Coast.  Cassava is grown under small-scale 

system in the country with about 80% of the households cultivating 2 acres or less, and with only 

5% cultivating 5 or more acres of cassava. 

 

In Kenya cassava is mainly used for human food although there is also limited use in animal 

feeds. Use of high quality cassava chips in the feed industry is viable, tested and operational. In 

ruminants, cassava can be used to replace all the maize in their diets. There is also evidence that 

ruminants can use sulphur-containing materials to detoxify hydrogen cyanide of dietary origin 

such as in cassava (Abate, 1983). In dairy meals, it has been reported that cassava can 

completely substitute maize (Abate, 1983). It has also been reported that the cassava roots can 

completely replace maize as a source of energy in feeds for pigs and poultry (Tewe and 

Egbunike, 1992). Studies on the use of cassava leaves in fish or livestock diets is lacking and 

there is need for such studies to evaluate its potential in fish nutrition studies. A study by 

Munguti et al. (2006) demonstrated the potential of using cassava leaves in diets used to culture 

O. niloticus. This conclusion was based on the actual contents of crude protein. 

 

2.5  Conceptual /Theoretical Framework 

 

Application of the knowledge on the nutritional requirements of fish in the husbandry and 

feeding of various culture species is essential for successful aquaculture (Lovell, 1989).  In a 

pond system, O. niloticus can get their nutrition from natural sources. However, to reach 

maturity or market size in a short time, there is need to supplement natural food production in 

ponds with formulated feeds. Of all the components in fish feeds, proteins are the most important 
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and for this reason animal proteins are most desired. Since animal proteins are expensive, plant 

proteins could be used as replacements. Cheap and locally available plant materials would be 

more desirable for the purpose of replacing the expensive animal protein ingredient in 

conventional diet used for the culture of O. niloticus. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 Figure 1: The conceptual framework demonstrating reduction in cost without compromising 

growth. 
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2.6 Scope and Limitations 

The fish used in the study were not 100% males and this affected the mean harvest weights as 

most of the fish that performed poorly were females. The experiments set up in the earthen ponds 

were affected by vagaries of weather of which the study had no control of and which affected the 

primary production potential of the ponds. This in turn may have had an impact on the growth of 

the fish as they tended to rely mostly on the supplementary diets.  
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CHAPTER THREE 

 

MATERIALS AND METHODS 

 

3.1  Study Site and Facility Description 

The experiment was performed at the Sagana Aquaculture Centre, 90 km northeast of Nairobi, 

altitude 1230 m, latitude 0°39´S and longitude 37°12´E. The centre is located approximately 2.5 

km off the Nairobi-Nyeri highway at the Sagana-Kerugoya junction (Fig. 2). The experiments 

were conducted in laboratory aquaria with a dimension of 0.45m x 0.3mx 0.3m, and upper open 

end hapas of size of 1m
3
 installed in a single earthen pond. The aquaria were set in a thermo 

regulated recirculating system, comprising a settling tank for solid removal and a bio filter 

(trickling filter) to remove ammonia.   

 

3.2  Pond and Water Quality Management 

The experimental pond was fertilized weekly at a rate of 20 kg N and 8 kg P ha
-1

wk
-1

 with Urea 

and diammonium phosphate (DAP), respectively, and limed once at 2500 kg ha
-1

 with CaCO3 at 

the beginning of the experiment. Key water quality parameters, which included temperature, pH, 

dissolved oxygen (DO) and chlorophyll a, were measured three times a week in the aquaria and 

hapa experiments. DO was measured using model 57 oxygen meter (YSI industries, Yellow 

springs, OH, USA), while a glass electrode pH meter, Hi-9024 microcomputer (Hanna 

Instruments Ltd., Chicago, IL., USA), was used to take pH measurements. Chlorophyll a was 

determined as described in APHA (1990). 
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Figure 2: Map of Kenya showing place where study area is located as described in materials and 

methods 

 
Figure 3 Sketch map of Sagana Aquaculture Centre location off the Nairobi Nyeri Highway 
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Photograph plate 3: Aerial picture of Sagana Aquaculture Center 

 

3.3   Experimental Diets 

3.3.1  Sources and Processing of Feed Ingredients 

The test ingredients: pawpaw leaves and sweet potato leaves were sourced from farms around the 

Sagana Aquaculture Centre. Boiled tea leave residues was sourced from hotels in Sagana town. 

Freshwater shrimp meal was purchased from Kisumu, while cotton seed cake and wheat bran 

was bought from animal feed stores in Sagana town. All the ingredients were ground into fine 

powder before being subjected to proximate analysis.  

Research ponds in which hapas were set 

Offices, laboratory and hatchery in 

which the indoor experiments were 

conducted in aquaria 
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3.3.2  Proximate Analyses for the Experimental Diets  

 
The proximate composition of all the test ingredients is shown in Table 1. Analyses of crude protein, 

crude fibre, ether extracts, ash and moisture content were done in triplicates, following the procedure 

by AOAC (1995).  

Dry matter (DM) was determined by drying 5grams of sample in an oven at 1050
 C for six hours to a 

constant weight. The samples were then cooled in a desiccator. Dry matter was determined as:  

DM = Weight of dry sample – Weight of crucible. 

Subsequently the dried sample in the crucible was ashed in a muffle furnace for four hours at 550oC, 

cooled in the desiccator and weighed. Ash was expressed as: 

Ash = Weight of substance remaining on the crucible after ashing (g). 

The ash content was finally expressed as a percentage of the dry matter of each sample- the loss in 

weight represents ash- free dry weight.  

 

Crude protein was quantified by the standard micro-Kjeldahl Nitrogen method. An initial sample 

size of 0.4grams was hydrolysed with concentrated sulphuric acid, half of a Kjeldahl tablet and 3 

drops of Silicon anti-foaming agent at a temperature of about 420oC using a Behroset Inkjet M 

digestion apparatus (Behr Labor-Technik GmbH, Dusseldorf, Germany). Distillation of the cooled 

down sample was performed with a Behr S 1 steam distillation apparatus (Behr Labor-Technik 

GmbH, Dusseldorf, Germany) under alkaline conditions. The distillate containing ammonia was 

trapped in 4% boric acid solution to which an indicator (indicator 5 for titration of ammonia; Merck, 

Darmstadt, Germany) had been added. Thereafter the solution was titrated with 0.1N HCL until 

change of color. 

CP content was then calculated as follows:  

% CP= (a x b/1000 x 14 x 100x 6.25)/ c  

Where: 

a= ml of HCL used  

b= Concentration of the HCL used for titration (=0.1)  

c= weight of analyzed sample (approximately 0.4g)  

14 represents the molecular weight of nitrogen  

6.25 represents a factor for the conversion from nitrogen content into crude protein content  
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In order to determine the correct dilution factor a standard with defined nitrogen content 

(Tris(hydroxymethyl)-amino methane; MERCK GmbH; Germany) was used for calibration of the 

apparatus. All the values for CP were expressed as a percentage of the dry matter. 

Ether extracts was analyzed using a sample size of 2 grams in a soxhlet extractor with petroleum 

ether (boiling point 40-60oC). Two grams of the sample were weighed in a thimble of known weight 

and extracted for three hours. The thimble containing the remaining sample was then dried in an oven 

at 600C for 5 hours, cooled in a desiccator and weighed. The content of the ether extract was 

calculated as shown:  

EE (g) = Weight of Sample before extraction (g) –Weight of dried sample after extraction 

Crude fibre (CF) was determined by boiling 1 gram of sample in a standard solution of 3.13% 

H2SO4 for ten minutes. The solution was then filtered through a previously heated and weighed 

glass sinter plate with the help of a vacuum pump. The filter with sample was then boiled in a 

solution of 2.25% NaOH for 10 minutes. The solution was then filtered through a glass sinter 

plate using a vacuum pump. The remaining sample was rinsed with hot water followed by 

acetone so that the remaining sample was washed out. Afterwards the glass sinter plate with the 

filtered residue was dried in an oven for 5 hours at 60
0
C, cooled in a desiccator and weighed. The 

residue was ashed for 4 hours at 550
0
C in a muffle furnace and finally weighed. The fiber 

content was calculated as loss in weight after ignition. 

 

Nitrogen Free Extracts which represents easily soluble carbohydrates (mostly sugars and 

starch) were estimated by subtracting the values of CP, EE, CF, and ash from the dry matter. 

NFE was expressed as:  

NFE= DM-CP-EE-CF-Ash 
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Table 1: Proximate composition of test ingredients used expressed in g kg
-1

 

 ‡
Content   g/kg DM     

  DM  CP  EE  CF  ASH  NFE  

†Ingredient        

CLM 

PLM 

BTLM 

FSM 

CSM 

WB 

928±0.08 

932+0.11 

936±0.11 

932±0.11 

956±0.72 

944±0.31  

237±0.07 

263±0.32 

240±0.30 

601±0.60 

231±1.34 

194±0.71  

77±0.69 

107±2.61 

235±0.41 

103±1.04 

176±0.37    

93±0.27  

171±1.77 

148±0.72 

137±0.11 

64±3.31 

74±1.75 

130±2.92  

87±0.11 

101±0.21 

48±0.03 

191±0.12 

191±0.08 

39.±0.11  

354±3.54 

320±1.62 

355±13.3 

28±2.92 

284±2.75 

488±2.75  

Values are means ± Standard deviation 

†Ingredients (CLM= Cassava leaf meal, PLM= Pawpaw leaf meal, BTLM= Boiled tea leaf residue 

meal, FSM= Freshwater Shrimp Meal, CSM = Cotton seed Meal, WB= Wheat bran) 

‡
 Content

 
(DM = dry matter, CP= Crude protein, EE= ether extracts, CF= Crude fibre, NFE= 

Nitrogen free extracts) 

 

3.3.3   Experimental Diet Formulation 

Three plant materials (pawpaw leaves, cassava leaves and boiled tea leave residues) were used to 

substitute the freshwater shrimp meal in the conventional diet developed at Sagana for the 

culture of O. niloticus known as the Sagana diet. For every test plant material four diets were 

formulated to be isonitrogenous. The composition of the experimental diets is shown in Tables 2, 

3 and 4. The ingredients were ground, mixed, moistened and extruded through a motor driven 

meat mince. The resulting strands were sun dried and broken into suitable sizes before being fed 

to the fish. The experiment was done both in the hatchery and in a fertilized pond. Each plant 

ingredient was included to replace FSW at four levels of 0% 25%, 50%, and 100%. The 

ingredients were ground, mixed, moistened and extruded through a motor driven meat mince. 

The resulting strands were sun dried and broken into suitable sizes before being fed to the fish.  



 

 

25 

 

Table 2: Formulation (percent inclusion level) and proximate composition of diets formulated 

using BTLM as an ingredient 

                                                          Diets  

‡
Ingredients        

†
Control  25% BTLM  50% BTLM  100% BTLM  

FWS  12 9 6 0 

CSM  59 59 59 59 

WB  28 28 28 28 

BTLR  0 3 6 12 

Vitprem  0.5 0.5 0.5 0.5 

Minprem  0.5 0.5 0.5 0.5 

Total  100 100 100 100 

*Proximate composition  

DM  924±0.31 935±0.22 931±0.93 939±1.27 

CP  344±0.42 338±0.82 311±0.40 289±0.61 

EE  146±0.62 146±0.68 131±0.19 143±0.5 

CF  62±0.92 88±0.60 114±0.51 121±0.47 

Ash  80±0.17 73±0.11 69±0.29 47±0.28 

NFE  280±0.83 278±0.93 300±0.19 502±7.4 

Diets include the control and diets formulated with increasing levels of boiled tea leaf residues 

 meal 
†
Control  diet is the conventional diet used in production of O. niloticus  commonly called 

Sagana diet and comprising of 12% Freshwater shrimps, 58% Cotton seed cake meal 

and 28 % wheat bran meal  

‡
Ingredients (FWS= freshwater shrimps, CSM= Cotton seed cake meal, WB= Wheat bran, 

BTLM = Boiled tea leaf residues meal, Vitprem= Vitamin premixes [composition is 

given in Table 5], Minprem = Mineral premixes [composition is given in Table 5] 

*Proximate composition of the test diets values expressed as means ± the standard deviation CP, 

EE, CF, Ash and NFE expressed as g/kg of DM 

   DM = dry matter, CP= Crude protein, EE= ether extracts, CF= Crude fibre,  

   NFE= Nitrogen free extracts 
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Table 3: Formulation (percent inclusion level) and proximate composition of diets formulated 

using CLM as an ingredient 

Diets 

‡
Ingredients 

†
Control  25% CLM  50% CLM  100% CLM  

FSM  12  9  6  0  

CSM 59  59  59  59  

WB 28  28  28  28  

CLM  0  3  6  12  

VitPrem 0.5  0.5  0.5  0.5  

Minprem 0.5  0.5  0.5  0.5  

Total  100  100  100  100  

*Proximate composition 

Dry matter  924±0.28 891±0.93 906±0.11 911±0.12 

CP  344±0.44 348±1.34 306±1.34 303±0.44 

EE  146±0.61 81±0.12 66±1.55 91±1.08 

CF  62±0.91 101±1.21 135±4.91 121±0.47 

Ash  80±0.17 45±1.61 50±0.11 50±0.33 

NFE  280±0.83 329±1.73 299±1.06 525±5.77 

 

Diets include the control and diets formulated with increasing levels of Cassava leaf meal 

†
Control  diet is the conventional diet used in production of O. niloticus  commonly called 

Sagana diet and comprising of 12% Freshwater shrimps, 58% Cotton seed cake meal 

and 28 % wheat bran meal  

‡
Ingredients (FWS= freshwater shrimps, CSM= Cotton seed cake meal, WB= Wheat bran, CLM 

= Cassava leaf meal, Vitprem= Vitamin premixes [composition is given in Table 5], 

Minprem = Mineral premixes [composition is given in Table 5] 

*Proximate composition of the test diets values expressed as means ± the standard deviation CP, 

EE, CF, Ash and NFE expressed as g/kg of DM 

   DM = dry matter, CP= Crude protein, EE= ether extracts, CF= Crude fibre,  

   NFE= Nitrogen free extracts 
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Table 4: Formulation (percent inclusion level) and proximate composition of diets formulated 

using PLM as an ingredient 

Diets 

‡
Ingredients  

†
Control 25% PLM  50% PLM  100% PLM  

FSM  12  9  6  0  

CSM 59  59  59  59  

WB 28  28  28  28  

PLM  0  3  6  12  

VitPrem 0.5  0.5  0.5  0.5  

Minprem 0.5  0.5  0.5  0.5  

Total  100  100  100  100  

*Proximate composition 

Dry matter  886±0.49 879±0.11 887±0.21 967±0.48 

CP  250±0.38 250±0.51 250±0.29 234±0.29 

EE  72±0.19 80±0.21 86±0.42 90±0.37 

CF  132±0.11 140±0.99 132±0.29 107±0.29 

Ash  62±0.29 72±0.28 93±0.09 128±0.19 

NFE  370±0.41 337±0.12 347±0.21 422±0.13 

Diets include the control and diets formulated with increasing levels of Pawpaw leaf meal 

†
Control  diet is the conventional diet used in production of O. niloticus  commonly called 

Sagana diet and comprising of 12% Freshwater shrimps, 58% Cotton seed cake meal 

and 28 % wheat bran meal  

‡
Ingredients (FWS= freshwater shrimps, CSM= Cotton seed cake meal, WB= Wheat bran, CLM 

= Pawpaw leaf meal, Vitprem= Vitamin premixes [composition is given in Table 5], 

Minprem = Mineral premixes [composition is given in Table 5] 

*Proximate composition of the test diets values expressed as means ± the standard deviation CP, 

EE, CF, Ash and NFE expressed as g/kg of DM 

   DM = dry matter, CP= Crude protein, EE= ether extracts, CF= Crude fibre,  

   NFE= Nitrogen free extracts 
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Table 5: Composition of vitamin and mineral premixes used in each formulated diet      

Vitamin contents                                    Mineral contents 

Vitamin Content Mineral Content(mg) 

A 5,000 000 IU Copper sulphate 1.5 

D3 1,000 000 IU Manganese sulphate 90 

E 1,500 IU Manganese iodide 300 

B1 600MG Zinc oxide 70 

B2 2500MG Nicotinic acid 5500 

B6 125MG Calcium pantothenate 5000 

B12 75MG   

K 1250MG   

C 200MG   

 

3.4 Growth Experiment 

O. niloticus male fingerlings with an initial average weight of 10 ± 0.5g were used as the test 

fish. The fish were acclimatized for two weeks prior to start of each experiment. Feed was 

offered at 10 % of body weight per day for 60 days. The fish were hand fed two times a day at 

1000hrs and 1600hrs. Sampling was done biweekly and based on the growth increment feed 

adjusted depending on the weight gained. At the end of the study, all fish from the aquaria set up 

and pond set up were harvested, weighed and counted. At the beginning of the experiment, 30 

fish were sampled for analysis of body composition. 

  

3.5  Experimental Set-up 

The experiments were conducted in laboratory aquaria (0.45m x 0.3m x 0.3m) and in hapas (1m 

x 1m x 1m) installed in fertilized earthen ponds. The aquaria were set in a thermo regulated 

recirculating system, comprising of a settling tank for solids removal and a bio filter (tickling 

filter) for ammonia removal. The diets were allocated to the male O. niloticus fingerlings held in 

the aquaria and hapas. The experimental diets were tested in aquaria and hapas in triplicate. 
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3.6  Data Analysis 

The main water quality parameters including pH, temperature and dissolved oxygen were 

measured three times a week. Water temperature and dissolved oxygen were monitored weekly 

through the experimental period using an oxygen-temperature meter (model 55, YSI 2002, 

Yellow Springs, OH, USA). Ammonia and nitrite were analyzed biweekly following the 

methods described in APHA (1995). 

 

Data on fish performance and effect of the diets on the carcass proximate composition was 

analyzed by single classification analysis of variance (ANOVA) as described by Sokal & Rolhf 

(1981). When significance between means was demonstrated, Duncan’s multiple range tests 

(Duncan, 1955) was used to identify means which were significantly different from each other. 

Significance difference was declared significant at P=0.05. 
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CHAPTER FOUR 

RESULTS   

  
 

4.1  Effect of Increased Dietary Inclusion of Boiled Tea Leaf Meal on the Growth 

Performance of O. niloticus 

4.1.1 Growth Performance  

Effects of BTLM on growth performance of O. niloticus in hapas and in the glass aquaria are 

presented in Table 6 and 7 respectively. For fish grown in hapas increasing the dietary inclusion 

of BTLM caused no significant effect on the SGR(g/day) and PWI. However inclusion beyond 

25%BTLM caused a significant decrease in FBW (P<0.05).  

 

Table 6: Growth performance of O. niloticus grown in hapas.  
 Levels of substitution of Fresh water shrimps with BTLR  

*Parameter  Control  25% BTLM 50% BTLM  100% BTLM 

IBW(g)  12.27±1.10
a 
 13.60±0.44

a
  12.07±1.3

a
  11.80±0.95

a 
 

FBW(g)  30.30±3.20
a 
 30.10±3.20

a
  25.83±1.10

ab 
 22.54±4.50

b 
 

ITL(cm)  8.69±0.52
a 
 8.84±0.20

a
  8.81±0.33

a
  8.65±0.20

a
  

FTL(cm)  11.84±0.52
a
  11.70±0.60

a
  11.16±0.20

a 
 10.90±0.80

a
  

SGR(% day-1)  1.51±0.32
a
  1.32±0.23

a
  1.31±0.08

a 
 1.05±0.77

a
  

PWI %  149.88±49.25
a
  121.94±29.66

a
  120.20±0.78

a 
 90.78±34.24

a
  

Survival 100.00±0.00
a
 100.00±0.10

a
 100.00±0.20

a
 96.67±5.77

a
 

Values are means ±standard deviation of triplicates. Different superscripts letters in the same row 

indicate significant statistical difference (P<0.05).  

*Parameter  

IBW = initial body weight 

FBW = Final mean weights  

ITL = Initial mean total lengths  

FTL = Initial mean total lengths 

PWI = Percentage weight increase = (final weight -initial weight) / initial weight x 100 

 SGR = Specific daily growth rate [Ln(Final weight- Ln initial weight)/No of days] x 100  
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Fish grown in aquaria exhibited decreased growth performance with increased dietary inclusion 

of BTLM. There was a significant difference in performance of fish fed on the control diet and 

those fed on increasing levels of BTLM. At 25%BTLM, 50%BTLM and 100BTLM the fish 

showed decreasing SGR (g/day), PWI and FBW. The poorest performance was recorded in fish 

fed on 100%BTLR. 

 

Table 7: Growth performance of O. niloticus grown in glass aquaria.  

              Levels of substitution of Fresh water shrimps with BTLR 

*
Parameter  Control  25% BTLM  50% BTLR  100% BTLR  

IBW(g)  11.27±1.40
a
  11.90±0.72

a
  10.60±0.82

a
  9.4±0.67

b
  

FBW(g)  27.91±3.75
a
  18.52±2.36

b
  15.94±1.83

bc
  10.85±0.79

c
  

ITL(cm)  8.63±0.38
a
  8.46±0.43

a
  8.40±0.18

a
  8.28±0.12

a
  

FTL(cm)  11.55±0.58
a
  10.12±0.40

b
  9.67±0.13b

c
  8.89±0.12

c
  

SGR(% day
-1

)  1.50±0.23
a
  0.75±0.29

b
  0.67±0.31

b
  0.23±0.15

c
  

PWI %  149.36±35.08
a
  58.65±27.82

b
  51.70±26.71

b
  15.03±1.06

b
  

Survival 40.00±36.05
a
 60.00±10.00

a
 90.00±17.32

a
 76.66±32.15

a
 

 

Values are means ±standard deviation of triplicates. Different superscripts letters in the same row 

indicate significant statistical difference (P<0.05).  

*Parameter  

IBW = initial body weight 

FBW = Final mean weights  

ITL = Initial mean total lengths  

FTL = Initial mean total lengths 

PWI = Percentage weight increase = (final weight -initial weight) / initial weight x 100 

 SGR = Specific daily growth rate [Ln(Final weight- Ln initial weight)/No of days] x 100  

 

4.1.2 Growth Trends  

Growth trend curves showing the growth of O. niloticus in the hapas and in the aquaria are 

shown in Figures 3 and 4 respectively. In hapas fish fed on the control diet and 50% BTLR 

started showing differential growth after the second week of culture. The trend of fish fed on 

25% BTLR split from the rest of the diets before the second and remained so until the fourth 
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week after which the curve assumed a similar trend as that of the 0% BTLM, the trend continued 

until the eighth week. The trend curve for 100% BTLM showed a lower increase in weight but 

had similar weight as that of 50% BTLM at the end of the experiment. Growth reduction did not 

appear towards the end of the culture period. At harvest fish fed on 0% BTLM and 25% BTLM 

had separated from those fed on 50% BTLM and 100% BTLM however there was no significant 

difference (P>0.05) in the mean harvest weights. 

 

Growth trends of fish grown glass aquaria showed differential growth trends before the second 

week. From the beginning of the culture time to the end fish fed on 0 % BTLM maintained the 

highest trend followed by 25% BTLM, 50% BTLM then the 100% BTLM had the lowest trend. 

The trend curve for 100% BTLM showed an all time low in increase in weight and managed an 

increase in weight slightly above the stocking weight. There was slowed growth at week 6 for all 

the diets 0%, 25% and 50% BTLM though the curves all picked up later. There was a significant 

difference (P>0.05) in the average mean harvest weights. 

 

 

Figure 4: Growth trend curves of O. niloticus fed on diets with increasing levels of BTLM in 

place of FSM grown in Hapas 
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Figure 5: Growth trend curves of O. niloticus fed on diets with increasing level of BTLM grown 

in glass aquaria 

 

4.1.3 Effect of BTLM on carcass proximate composition and Hepatosomatic Index  

Effect of increasing dietary inclusion of BTLM on whole body composition of O. niloticus is 

shown in table 8 and 9 respectively. For fish grown in hapa increased inclusion of BTLM in the 

diet caused no significant effect (P>0.05) on the whole body moisture composition. However 

increased inclusion beyond 50% BTLM caused a significant increase in HSI. Similarly increased 

dietary inclusion of BTLM had no significant effect on the whole body moisture composition for 

fish raised in aquaria. However at 100%BTLM there was a significant decrease in whole body 

crude protein composition, while at 25%BTLM there was a significant decrease (P<0.05) in 

whole body ash at and a significant increase in whole body ash at 50%CLM and 100%CLM. 

Increased dietary inclusion of BTLM caused a significant increase in HSI at 25%BTLM and 

100%BTLM inclusion, but 50%BTLM inclusion had no significant effect on the HSI.  
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Table 8: Effect of the diets on the carcass proximal composition and HSI of O. niloticus cultured 

in hapas.  

                               Levels of substitutions of Freshwater shrimps (FSM)with BTLM 

Parameter              Control      25%BTLM    50% BTLM            100%BTLM 

Moisture  75.50±2.72
a
 74.45±0.93

a
 74.98±1.24a 73.04±1.92

a
 

Ash 5.1±0.10
a
 5.0±0.50

a
 5.3±0.10

a
 5.6±0.30

a
 

*
HSI  0.48±0.26

a 0.71±0.31
a 0.44±0.18

a 1.53±0.28
b 

Values are means ±standard deviation of triplicates. Different superscripts letters in the same row 

indicate significant statistical difference (P<0.05). 
*
HSI- Hepatosomatic index = [Weight of liver/ weight of fish] x 100 

 

Table 9: Effect of the diets on the carcass proximal composition and HSI of O. niloticus cultured 

in glass aquaria;  

Levels of substitutions of Freshwater shrimps (FSM)with BTLR 

Parameter  Control  25% BTLM  50% BTLM  100% BTLM  

Moisture  73.57±1.40
a
  72.94±2.30

a
  75.07±2.00

a
  75.45±0.64

a
  

Crude 

protein  

16.16±0.89
a
  17.18±1.79

ab
  14.75±0.51

ab
  14.07±0.20

b 
 

Ash  5.3±0.05
a 
 4.9±0.07

b
  5.8±0.15

cd
  5.80±0.43

d 
 

*
HSI  0.32±0.2

a 
 0.81±0.24

b 
 0.81±0.02

ab
  0.79±0.58

b 
 

Values are mean ±standard deviation of triplicates. Different superscripts letters in the same row 

indicate significant statistical difference (P<0.05)  

*
HSI- Hepatosomatic index = [Weight of liver/ weight of fish] x 100 
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4.2 Effect of Cassava Leaves on Growth Performance and Carcass proximate 

composition of Oreochromis niloticus 

 4.2.1 Growth Performance 

Effect of CLM on growth performance of O. niloticus in hapas and aquaria are presented in 

Table 10 and 11 respectively. In hapas increased dietary inclusion of CLM caused a significant 

decrease in SGR (g/day) and PWI. However increased dietary inclusion had no significant effect 

on FBW up to 50%CLM. At 100%CLM there was a significant   difference (P<0.05) reduction 

in FBW. The highest PWI were recorded in the control diet (130.90±36.52) while the lowest 

PWI was recorded in 100% CLM (33.94±8.48). A similar pattern was observed with 

SGR(g/day). Effect of the diets on final body weights in hapas was different.  

 

Table 10: Growth performance of O. niloticus grown in hapas.  

 

                                       Levels of  substitution of Freshwater shrimps with 

CLM 

Parameter     Control  25% CLM  50% CLM  100% CLM  

IBW(g)  11.07±0.57
a
  11.50±0.62

a
  10.44±1.12

a
  11.36 ±0.71

a
  

FBW(g)  25.45±3.26
a
  21.71±2.53

a
  21.67±1.53

a
  15.18 ±0.17

b
  

ITL(cm)  8.23±0.42
a
  7.94±0.14

 a
 8.08±0.26

a
  8.43 ±0.12

a
  

FTL(cm)  10.89±0.31
a
  10.73±0.19

ab
  10.30±0.19

b
  10.12 ±0.36

c
 

SGR(% day
-1

)  1.38±0.27
a
  1.05±0.11

b
  1.22±0.14

a 
 0.48±0.10

c 
 

PWI %  130.90±36.52
a
  88.34±12.05

b
  108.44±17.43

ab 
 33.93±8.48

c 
 

Survival 93.33±11.55
a
 99.33±5.77

a
 100.00±0.00

a
 96.67±5.77

a
 

Values are means ±standard deviation of triplicates. Different superscripts letters in the same row 

indicate significant statistical difference (P<0.05).  

*Parameter  

IBW = initial body weight 

FBW = Final mean weights  

ITL = Initial mean total lengths  

FTL = Initial mean total lengths 

PWI = Percentage weight increase = (final weight -initial weight) / initial weight x 100 

 SGR = Specific daily growth rate [Ln(Final weight- Ln initial weight)/No of days] x 100  
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Increased inclusion of CLM in O. niloticus diets had a different effect on fish grown in aquaria 

compared to those raised in hapas. At 25%CLM there was significant increase in SGR(g/day) but 

at 50%CLM and 100%CLM there was a significant decrease in SGR(g/day). Increased dietary 

inclusion of CLM had no significant effect on PWI up to 50%CLM inclusion, but at 100% CLM 

inclusion the diet caused a significant decrease in PWI. Inclusion beyond 25%CLM caused a 

significant decrease in FBW.  

 

Table 11: Growth performance of O. niloticus grown in glass aquaria.  

                     Levels of  substitution of FSM with CLM 
Parameter  Control  25% CLM  50% CLM  100% CLM  
IBW(g)  11.47±0.78

a
  10.03±0.76

a  10.97±0.32
a
  11.13±0.68

a
  

FBW(g)  23.18±1.73
a  21.78±1.06

ab
  19.77±0.50

bc
  18.37±1.71

c
  

ITL(cm)  8.20±0.29
a
  8.45±0.26 

a 8.06±0.26
a
  8.10±0.19

a
  

FTL(cm)  10.98±0.46 
a 10.38±0.68

ab
  10.76±0.29

a
  9.74±0.27

b
  

SGR(% day-1)  1.17±0.17
a
  1.29±0.91

b
  0.98±0.06

c
  0.83±0.24 

d 

PWI %  102.81±19.97ab  117.53±12.06a  80.32±6.04bc  65.83±22.86c  

Survival 66.67±41.63
a 36.67±37.86

a 28.52.±23.59
a 67.04±48.69

a 

Values are means ±standard deviation of triplicates. Different superscripts letters in the same row 

indicate significant statistical difference (P<0.05).  

*Parameter  

IBW = initial body weight 

FBW = Final mean weights  

ITL = Initial mean total lengths  

FTL = Initial mean total lengths 

PWI = Percentage weight increase = (final weight -initial weight) / initial weight x 100 

 SGR = Specific daily growth rate [Ln(Final weight- Ln initial weight)/No of days] x 100  

 

4.2.2 Growth Trends 

Growth trends of the fish fed on diets formulated by substituting FSM with CLM are shown in 

Figure 5 and 6 respectively. Growth trends of fish grown hapas showed the control diet having 

the highest growth curve. The trend of the fish fed on the control diet split off after the second 

week of sampling. The trend of 25%CLM had a low start but rose after the second week. The 
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50%CLM trend maintained an intermediate position. Growth trends in glass aquaria the fish 

growing differently. Although 25% CLM had the highest rates within the first four weeks growth 

assumed a linear growth pattern in the last two weeks. In the control the fish had a consistent 

growth rate that resulted in the highest growth rate at the end of the experiment. At the 

100%CLM the trend showed a trend that did not go beyond 15grams. 

 

 

Figure 6: Growth trends of O. niloticus fed on diets with increasing levels of CLM in place of  

FSM in cultured in Hapas 
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Figure 7: Growth trends of O. niloticus fed on diets with increasing levels of CLM in place of 

FSM in cultured in glass aquaria 

 

 

4.2.3 Effect on carcass  proximate composition and HSI   

Effects of the diets on the whole body composition and HSI is shown in Figure 12 and Figure 13 

respectively. Dietary inclusion of CLM beyond 25%CLM caused a significant increase (P<0.05) in 

whole body moisture composition. The highest moisture (76.58±0.76) content was recorded at 

50%CLM. At 25%CLM and 100%CLM the diets had the same effect on the whole body moisture 

content. Inclusion of CLM in the diets caused a significant increase (P<0.05) in HSI at 25%CLM and 

100%CLM.  

 

Table 12: Effect of the diets on the carcass proximate composition and HSI of O. niloticus 

cultured  in hapas.  

Level of substitution of FSM with CLM 

Parameter  0% (Control)  25% CLM  50% CLM  100% CLM  

Moisture  72.97±1.72
a
  75.34±1.69

ab 
 76.58±0.76

b 
 75.41±0.26

ab
  

*
HSI 0.51±0.34

a
  1.65±0.38

b
  0.85±0.79

ab
  0.81±0.18

ab
  

Values are means ±standard deviation of triplicates. Different superscripts letters in the same row 

indicate significant statistical difference (P<0.05). 
*
HSI- Hepatosomatic index = [Weight of liver/ weight of fish] x 100 
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In aquaria the dietary inclusion of CLM had no significant effect on the whole body moisture 

composition and whole body crude protein composition up to 50%CLM, but caused a significant 

increase in whole body moisture at 100%CLM. At 100%CLM the diet caused a significant 

decrease in whole body CP. Increased dietary inclusion of CLM had no significant effect on HSI 

up to 50%CLM inclusion.  

 

Table 13: Effect of diets on HSI and carcass proximate composition of O. niloticus cultured in 

aquaria.  

                                         Levels of substitution of FSM with CLM  

Parameter   Control  25% CLM  50% CLM  100% CLM  
Moisture  71.23±3.22 

a 72.48±3.05
 a 72.16±0.37

a  76.53±2.25
b
  

CP 27.82±0.39
a
  28.04±0.35

a  29.88±1.07
a
  24.67±2.33

b
  

*
HSI 1.79±0.29

a
  1.08±0.62

ab  1.58±0.81
ab

  0.94±0.49
b
  

Values are means ±standard deviation of triplicates. Different superscripts letters in the same row 

indicate significant statistical difference (P<0.05). 
*
HSI- Hepatosomatic index = [Weight of liver/ weight of fish] x 100 
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4.3 Effect of Substituting Freshwater Shrimp Meal (FSM) with Pawpaw Leaf Meal 

(PLM) on Growth Performance of Oreochromis niloticus 

 

4.3.1 Growth Performance 

Fish growth data are presented in table 14 and 15 respectively. Growth performance in Hapas set 

up in an earthen pond was similar among the formulated diet (P>0.05). Increased dietary 

inclusion of PLM had no significant effect  (P>0.05) in all the parameters (SGR (g/day) PWI, 

and FBW). PLM successfully replaced FSM from the control diet up to 100% replacement. The 

effects of all the formulated diets on O. niloticus was similar (P>0.05) to the control in all the 

parameters (SGR (g/day), PWI and FBW) for the fish cultured in the glass aquaria. PLM 

completely replaced FSM from the control diet. 

Table 14: Effect of diets growth performance of O. niloticus hapas.  

Levels of substitution of FWS using PLM 

Parameter  0% (Control)  25% PLM  50% PLM  100% PLM  

IBW(g)  9.07±0.49
a
  9.33±0.99

a
  8.43±0.37

a
  8.93±1.08

a
  

FBW(g)  21.88±4.89
a 
 25.39±1.85

a
  23.86±4.49

a
  19.31±0.75

a
  

ITL(cm)  8.74±0.37
a
  8.49±0.16

a 
 8.59±0.36

a
  8.80±0.13

a
  

FTL(cm)  10.94±0.67
a
  11.48±0.33

a
  11.16±0.30

a 
 10.06±0.36

b
  

SGR(% day-1)  1.44±0.47
a
  1.67±0.13

a
  1.71±0.26

a 
 1.29±0.19

a
  

PWR %  143.80±67.22
a
  172.14±21.41

a
  181.72±42.43

a 
 118.20±25.66

a 
 

Survival 93.33±5.77
a
 96.67±5.77

a
 95.83±7.22

a
 94.44.33±9.62

a
 

Values are means ±standard deviation of triplicates. Different superscripts letters in the same row 

indicate significant statistical difference (P<0.05).  

*Parameter  

IBW = initial body weight 

FBW = Final mean weights  

ITL = Initial mean total lengths  

FTL = Initial mean total lengths 

PWI = Percentage weight increase = (final weight -initial weight) / initial weight x 100 

 SGR = Specific daily growth rate [Ln(Final weight- Ln initial weight)/No of days] x 100  
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Table 15: Effect of diets growth performance of O. niloticus cultured in glass aquaria.  

Levels of substitution of FWS using PLM 

Parameter  0% (Control)  25% PLM  50% PLM  100% PLM  

IBW(g)  7.73±0.56
a
  8.08±0.81

a
  7.60±0.31

a
  7.33±0.51

a
  

FBW(g)  16.06±3.68
a  17.77±3.02

a
  16.60±6.38

a  10.22 ±0.87
a
  

ITL(cm)  8.40±0.39
a
  8.44±0.34

a
  8.33±0.12

a
  8.02±0.42

a
  

FTL(cm)  9.40±0.45
a
  9.69±0.45

a
  9.36±0.49

a
  8.43 ±0.99

a
  

SGR(% day-1)  1.19±0.34
a  1.30±0.44

a  1.23±0.68 
a 0.55±0.21

a 

PWI %  107.01±40.08
a
  124.07±63.45

a
  121.08±94.77

a
  39.95±18.26

a
  

Survival 48.15±46.26
a 58.89±8.93

a 24.07±12.60
a 48.15±10.50

a 

 

Values are means ±standard deviation of triplicates. Different superscripts letters in the same row 

indicate significant statistical difference (P<0.05).  

*Parameter  

IBW = initial body weight 

FBW = Final mean weights  

ITL = Initial mean total lengths  

FTL = Initial mean total lengths 

PWI = Percentage weight increase = (final weight -initial weight) / initial weight x 100 

 SGR = Specific daily growth rate [Ln(Final weight- Ln initial weight)/No of days] x 100  

 

4.3.2 Growth Trends 

Growth trend curves of fish grown in hapas and glass aquaria are presented in Figure 7 and 8 

respectively. For the fish grown in hapas the trends did not show differentiated growth until the 

fourth week. After the fourth week 25% PLM maintained the highest growth while 100% PLM 

maintained the least growth. Sagana diet and 50% PLM exhibited intermediate growth. Between the 

fourth and sixth week there was a slight reduction in growth exhibited by 25% PLM. A similar trend 

was observed in the fish fed on the test diets in the glass aquaria. After the fourth week 25% PLM 

differentiated from the other treatments and maintained the highest growth up to the end of the 

experiment. At harvest time the curves showed a similar trend exhibited by fish cultured in the hapas. 

However the trend of fish fed on 100%PLM had a dipped at the end of the experiment. There was no 

significant difference in the mean harvest weights (P>0.05). 
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Figure 8: Growth trend curves of O. niloticus fed on diets with increasing levels of PLM in place 

of  FSM in cultured in Hapas 
 

 

Figure 9: Growth trends curves of O. niloticus fed on diets with increasing levels of PLM in 

place of FSM in cultured in glass aquarium 
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4.3 Effects of PLM on carcass proximate composition and HSI   

Effect of increasing dietary inclusion of PLM on whole body proximate composition and 

hepatosomatic composition of O. niloticus grown in hapa and aquaria is shown in Table 16 and 

17 respectively. For fish grown in hapas inclusion beyond 25%PLM caused a significant increase 

(P>0.05) in whole body moisture while at 50%PLM and 100%PLM the whole body ash 

decreased significantly (P<0.05). Increased inclusion of dietary PLM had no significant effect on 

HSI. For fish grown in aquaria, increase in dietary inclusion of PLM had no significant effect on 

the whole body moisture and whole body ash. However increased dietary inclusion of PLM 

caused a significant decrease (P<0.05) in the HSI. 

 

Table 16: Effect of the diets on the carcass proximate composition and HSI of O. niloticus cultured  in 

hapas.  

Level of substitution of FSM with PLM 

Parameter   Control  25% PLM  50% PLM  100% PLM  
Moisture  60.02±11.33

a
  72.67±4.14

ab  76.75±1.81
b  79.40±5.76

b
  

Ash 10.13±2.17
a * 6.90±0.28

b    6.29±0.48
b 

*
HSI 1.69±0.31

a
  1.59±0.27

a
  1.70±0.54

a
  1.36±0.40

a
  

Values are means ±standard deviation of triplicates. Different superscripts letters in the same row 

indicate significant statistical difference (P<0.05). 
*
HSI- Hepatosomatic index = [Weight of liver/ weight of fish] x 100 

 

 

Table 17: Effect of diets on HSI and Carcass proximate composition of O. niloticus grown in 

aquaria.  

Level of substitution of FSM with PLM 

Parameter  Control  25% PLM  50% PLM  100% PLM  
Moisture  77.49±1.01

a
  77.80±1.57

a  79.50±2.99
a 78.29±1.85

a 

Ash     5.76±2.5
a 6.7±0.56

a   6.59±0.31
a  6.89±1.58

a 

*
HSI   2.60±0.52

a
  1.81±0.46

b
    1.72±0.35

b
    1.18±0.28

c
  

Values are means ±standard deviation of triplicates. Different superscripts letters in the same row 

indicate significant statistical difference (P<0.05). 
*
HSI- Hepatosomatic index = [Weight of liver/ weight of fish] x 100 
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CHAPTER FIVE 

 

DISCUSSION 

5.1  The Efficacy of Boiled Tea Leaf Residues as Ingredients in Diets for O. niloticus  

Results on growth performance parameters from the present study indicated that growth of O. 

niloticus that were fed diets containing 25% BTLR, and 50% BTLR and cultured in hapas in 

ponds were similar to the control diet (0% BTLR). Results show that BTLR can be used to 

replace up to 50% of FSM from diets used to culture O. niloticus in earthen ponds. The fish fed 

on 25% BTLR and 50% BTLR had similar PWI, SGR/d and FBW as those of the control diet. 

Fish grown in glass aquaria and fed increasing levels of BTLR performed poorly. Fish fed on the 

control diet performed better and had higher values than those of 25%, 50% and 100% BTLR. 

Whether this was due to inadequacy in amino acid supply to meet the high requirements or due 

to cumulative effects of accumulated anti-nutritional factors remains to be investigated. This 

could not be ascertained within the culture period of 8 weeks. It has been suggested that the 

length of a feeding trial can bring out growth differences in a significant manner (Matilde et al., 

2004). The study however proved that the negative effects of the diets were more pronounced in 

the glass aquaria than in the earthen ponds.   

 

One of the problems related to supplementation of fish diets with plant proteins is the high 

carbohydrate content which is normally not easily digested by most fish species (Matilde et al., 

2004). Proximate analysis of the formulated diets showed a marked increase in crude fibre 

content of the diets with an increase in inclusion of BTLR. This may have had a negative effect 

on the fish performance resulting poor growths at 100% BTLR in the pond. Sklan et al. (2004) 

speculated that high fibre content in feedstuffs may reduce enzymatic activity in the gut resulting 

in poor digestion. Plant ingredients also contain varying levels of non-starch polysaccharides 

whose possible adverse effects in fish are little known in fish (Matilde et al., 2004), this opens 

doors for the further exploration. Another reason for poor performance of fish at 100% BTLR in 

hapas may be low consumption rates caused by unpalatability of the diet. Low consumption of 

this diet coupled with high gut viscosity may have increased endogenous nutrient losses in the 

gut of the fish resulting in the reduced growth. Almost all plant protein sources are deficient in at 
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least one amino acid. Coupled with this they contain anti-nutritional factors (ANF). Although 

analysis was not done to get the amino acid profile of the diets, the diets may have had a poor 

amino acid profile hence the poor performance of the fish fed on increasing levels of BTLR in 

the glass aquaria. In the hapas fish fed on up to 50% BTLR performed similar to those fed on the 

control diet. A similar pattern was observed by Munguti et al. 2007 where they observed that fish 

reared in earthen ponds fed on diets formulated by replacing freshwater shrimps with increasing 

levels of hydrolyzed feather meal (HFM) performed well. Though Mendoza et al. (2001) 

reported HFM to be deficient in some essential amino acids the culture condition offered fish 

extra nutrition from the pond which may have supplemented the deficit of the essential amino 

acids in the diet. The study identifies the interaction between the components of the ponds 

natural food and the formulated diets, which may have improved the amino acid profiles 

resulting in good feed utilization and excellent growths in the ponds.   

 

Growth trends curves in the present study differentiated at different sizes of tilapia during the 

course of study, suggesting existence of different critical standing crops (CSC) (the point where 

growth decline occurs for each individual) among the test diets in the hapas in ponds. One 

hundred percent BTLR became less effective in sustaining growth of O. niloticus at a size of 

approximately 15 g. The CSC for O. niloticus in fertilized ponds was reported to occur at 

individual mean weight of 35 g (Diana, 1997). Based on the present results, it is reasonable to 

suggest that the 100% BTLR used had probably no direct nutritional benefits to O. niloticus in 

fertilized ponds and merely acted as a fertilizer. In fertilized ponds, feed supplements might play 

one or both of the following roles: provision of substrate energy to spare dietary protein for 

growth (Shiau & Peng 1993) or supplementation of the natural food protein after CSC has been 

passed (Tacon & De Silva 1997). It is, therefore, still possible to use 100% BTLR as a 

supplementary feed in earthen pond as it will act as a fertilizer. However production of fish using 

this diet will take long for the fish to reach market size. Furthermore at 100% BTLR the 

formulated diet had poor binding properties therefore posing floating difficulties. The poor 

binding properties may have caused inability of the fish to get the food in time before it settled 

on the hapa bottom. Tilapia is known to prefer floating food to sunken food. 

 



 

 

46 

 

5.2 The Efficacy of Cassava Leaves as Ingredients in Diets for O. niloticus  

Cassava Mannihot esculenta(Crantz) is one of the tuber plants whose roots are commonly used 

as human food. Their leaves are rarely consumed by human in many regions of Kenya, making it 

available for use in tilapia feeds (Munguti et al., 2006). Proximate analysis carried out on leaves 

collected in farms around showed the leaves had a CP value of 23.67±0.1 and relatively high CF 

levels of 17.10±1.8. The crude protein levels were lower than those recorded by Munguti et al. 

(2006) who reported CP values of 30.80±4.8. Nevertheless the leaves offered a good source of 

plant protein to be included in the diets. Results from the study showed that cassava leaves can 

replace up to 50% of FSM from diets formulated for the culture of O. niloticus in earthen ponds 

or semi intensive culture. At 100%CLM there was slowed growth and low final body weight.. 

Possible reasons for the poor performance include diet unpalatability, ANFs and high crude fiber 

content.  Cassava leaves have linamarin a toxic compound that causes cyanide poisoning 

(Munguti et al., 2006). The toxic effect can be removed by boiling or sun drying (Jauncey and 

Ross, 1982; Tewe, 1991). Before the cassava leaves were incorporated into the diets they were 

sun dried as a processing precaution to reduce toxicity. Though the effectiveness of the 

processing could not be quantified it may have alleviated the problem of toxicity to lower levels. 

High crude fiber contents may have prevented up to 100% replacement of FSM with CLM. an 

increase in CLM inclusion subsequently caused an increase in the crude fiber levels beyond the 

values recommended for O. niloticus. The ability of the CLM to replace up to 50% of FSM in 

diets for culture in earthen ponds may have been made possible by the availability of extra food 

provided by natural pond food. It was impossible to replace FSM up to beyond 25% in glass 

aquaria probably due the high crude fiber levels that encouraged elimination of the food from the 

intestines before absorption took place. The fish thereafter had no extra food to ingest and had to 

rely on the next portion of offered food.  

 

Increase in CLM replacement of FSM in hapas led to an increase an increase in the whole body 

moisture content. The results are comparable to those in previous work (Mario and Miguel, 

2008). The authors reported an increase in the whole body moisture content with an increase in 

inclusion of peanut leaf meal to replace fish meal from diets used to culture O. niloticus. Fish 

cultured in glass aquaria and fed on 25% CLM and 50%CLM had similar moisture levels as 
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those fed on the control diet. The findings showed a similar trend with those of a previous study 

(Al-dosari and Belal, 1999). The authors reported no significant difference in whole body 

moisture contents when they replaced up to 40 % fish meal from O. niloticus diets with 

sarliconia meal in glass aquaria experiments. The effect was similar on the whole body crude 

protein values.  

 

5.3  The Efficacy of Pawpaw Leaves as Ingredients in Diets for O. niloticus  

Information on the utilization of Carica papaya leaves in fish feeds is scarce. However, the 

amino acid profiles of pawpaw leaves give them an advantage over other plant materials and 

therefore it can be used in diets for O. niloticus (Gerpacio and Castillo, 1997).  Munguti et al. 

(2006) reported CP values of pawpaw leaves at 28.2%±5.0 values slightly lower to those their 

study recorded for cotton seed cake 38.8%±7.2 and slightly higher than the values they reported 

for sunflower seed cake 25.9%±0.1. On the basis of their results Munguti et al. (2006) 

recommended pawpaw leaves to be used in formulated diets for O. niloticus. In the current study 

O. niloticus performed well both in hapas and flow through systems in indoor systems. 

Fish fed on diets with up to 100% PLM performed similar to fish fed on the control diet. There 

was no significant difference in the SGR/d, PWI and FBW between fish fed on the control diet 

and those fed on increasing levels of PLM. A similar pattern was observed in the fish cultured in 

glass aquaria, which had a flow through system. The findings may have resulted from the 

presence of papain that promotes proteolytic digestion therefore increasing the protein 

digestibility of pawpaw leaf meal (Buchunan, 1969). Chaplin (2005) reported the presence of 

papain in pawpaw leaves and its unripe fruits which degraded protein into amino acids. This may 

have also contributed to the better performance of the fish in both culture conditions. The 

findings show the potential of pawpaw leaves over other plant materials like peanut leaves 

(Garduno and Olvera, 2008), sarliconia leaf meal (Belal, 1999), which could replace fish meal up 

to 20% and 40% respectively. However, the studies were not carried long enough to establish 

whether any toxic compound in the diets could cause any problems to the fish when fed the diets 

over a long period of time. 

 

The good attributes of the pawpaw leaves as an ingredient in diets for O. niloticus are depicted 

by the growth trend curves. Though mean values for SGR, % PWI and FWB did not show a 
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significant difference between the control and inclusions up to 100%PLM in hapas, the growth 

trends showed that at 25%PLM the growth curves differentiated from the rest of the treatments 

and maintained a higher growth rate until the end of the experiment. The growth curves show 

that at 25%PLM the fish had higher growth rates than at 0%PLM. The growth curve for 50% 

PLM had an intermediate trend until the 6
th

 week where the fish assumed a higher growth rate 

and realized higher growth rates than the control diet. A similar trend was observed in the fish 

grown in the glass aquaria though at the end of the experiment the growth rate seemed to have 

reduced. This could be attributed to a small percentage of female fish in the batch that had 

already started incubating eggs in their mouth hence compromising on their feeding. 
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CHAPTER SIX 

CONCLUSIONS AND RECOMMENDATIONS 

6.1 Conclusion 

In order for aquaculture to continue growing, there is need to reduce reliance on animal proteins 

and to use plant as alternative protein sources. The rapid decline of good sources of animal 

protein like freshwater shrimps in Kenya through over fishing and poor management demands a 

rapid initiative to explore other sources of cheap yet efficient proteins to replace it. The use of 

plant protein sources is the obvious solution to this problem to reducing the amount of freshwater 

shrimp meal used in diets for O. niloticus but at the same time maintaining optimal fish growth 

and feed efficiency. The present study concluded that: 

 

Cassava leaves replace up to 50% freshwater shrimps from diets used to culture O. niloticus in 

earthen ponds without compromising its growth.  

Pawpaw leaf meal was only effective in replacing up to 50 % of freshwater shrimps from diets 

used to culture O. niloticus. The higher performances at 25% PLM and 50% PLM suggest that 

PLM may have played a dual role of nutrient supply and enhancement of the utilization of the 

nutrients from the other feed ingredients.  

6.2 Recommendations 

Results from the study show that cassava leaves and paw leaves could successfully replace 

freshwater shrimps from diets used to culture O. niloticus.  Boiled tea leaf residues showed 

limited potential in replacing freshwater shrimps from diets used to culture O. niloticus.  

Pawpaw and cassava leaves could replace up to 50% of freshwater shrimps from form diets used 

to culture O. niloticus in fertilized earthen ponds. Alternative processing of the pawpaw or 

cassava leaves prior to use could be done to determine if the ingredients will have a better effect 

on O. niloticus growth is also recommended. Preparation of silage and fermentation of  the 

leaves can be done to improve palatability and reduce significantly toxic substances present in 

the leaves to safe level concentrations.  
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APPENDICES 

 

Appendix A: Photograph  plates 

 

Appendix A1: The control diet 

 

 
Photograph plate 1: The control diet commonly referred to as the Sagana diet 

 

Appendix A2: Ingredients used to formulate the control diet 

 

 
Photograph Plate 2: Wheatbran, Freshwater Shrimp meal   Cotton seed cake 
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Appendix A3: Sourcing of ingredients  

    

  
Photograph Plate 3: Sourcing of ingredients from farms around Sagana Aquaculture Centre 
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Photograph plate 4: Caricca papaya (L) leaves 

 

 
Photograph plate 5: Mannihot esculenta (Crantz) leaves 
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Photograph plate 6: Boiled tea leaf residues 
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Appendix C 4: Drying of ingredients prior to formulation of test diets 

 

 
Photograph plate 7: Sun drying of the ingredients prior to diet formulation 
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AppendixA 5: Lab equipment 
 

 
Photograph plate 8: Electric grinder (Thomas-Wiley intermediate mill, 3348-L10 series, USA) 

 

 
Photograph plate 9: Behroset Inkje M digestion apparatus (behr Labor-Technik GmbH, 

Dusseldolf, Germany) 
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Photograph plate 10: Behr S 1 steam distillation apparatus (behr Labor-Technik GmbH, 

Dusseldolf, Germany) 
 

 
Photograph plate 11: Oven used for drying samples during proximate analysis 
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              Photograph plate 12: Muffle furnace 

 

 
Photograph plate 13: Soxhlet extractor for ether extraction 
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Photograph plate 14: Meat mince used for palletizing formulated diets 

 

 
Photograph plate 15: Diesel engine miller used to grind the feed material 
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Appendix A 5. Formulated diets 

 
Photograph plate 18: Pelletized diets prior to storage and feeding 
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Appendix A 6: Experiment set-up  

  

 
Photograph plate 20: Indoor experimental set-up using glass aquaria connected to a 

recirculatory system 
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Photograph plate22: Fortnight sampling to determine average increase in length and weight 
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Photograph plate 22: Sacrificing of fish at end of the experiment to determine carcass 

composition and measurement of  HSI 

 

 

 

   
Photograph plate 23: Fish liver samples 
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Appendix B : Rainfall pattern during the sampling period 

 

 


