
KNUST 
PHD PROPOSAL 

Mr. KWASI ADU OBIRIKORANG 

 

 1 

Sustainable and Economically Viable Fish Feeds for Ghana 
 
 
Objectives 
 

• Quantify the nutritional composition of potential feed ingredients  
 

• Determine the apparent nutrient and energy digestibilities of selected plant 
ingredients for fish 

 
• Investigate the effects of selected ingredients on feed utilization, growth and 

body composition of fish  
 

• Assess the cost effectiveness of diets fed to selected fish by calculating cost of 
gain  

 
• Conduct short-term tank culture trials with endemic, non-traditional species (in 

particular Tilapia (Sarotherodon galilaeus), Chrysichthys sp., and Africa bony-
tongue (Heterotis niloticus) to assess culture potential.   

 
 
 
Significance 
 
Aquaculture production in Ghana has more than doubled over the past ten years from 
550 mt in 1996 to 1,150 mt in 2006 (FAO, 2007), but culture still constitutes less than 
1% of national fish production. Aquaculture comprises mainly small-scale and a few 
commercial operators in Ghana. Average productivity from small-scale operators was 
less than 2.5 mt.ha-1yr-1 (Awity, 2005). Commercial aquaculture only emerged during the 
last five years but is already contributing between 30% and 35% of total production 
(Hecht, 2007). Fish species cultured in Ghana include mostly tilapia species. 
Oreochromis niloticus is the most predominant single species, constituting over 80% 
(950 mt in 2006) of aquaculture production (FAO, 2007). Other species, particularly the 
catfishes (Clarias sp.,and Heterobranchus sp.), account for the remaining 20%. These 
species need immediate attention in terms of developing less expensive and efficient 
feeds to increase their production since production has been very low due to lack of 
practical feeds. Other potential aquaculture species include; Redbelly tilapia (Tilapia 
zillii), Sarotherodon galilaeus multifasciatus, Chrysichthys (chrysichthys sp.), snake-
head (Parachanna obscura) and Africa bonytongue (Heterotis niloticus). Most of the fish 
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species mentioned are omnivores, which should facilitate development of aquafeeds 
with/without fish meal and oil. Some of these endemic species are already being 
cultured by some farmers, and it would be beneficial to expand culture of local species 
to facilitate expansion of environmentally sustainable aquaculture in Ghana.  
Recent demand for fish has led to the need for intensification of fish production in 
Ghana and this situation has made it essential to develop suitable complete and 
supplementary diets for use in nurseries and grow-out facilities (A. L. Dassah, personal 
Communication). Although high-quality commercial poultry feeds are readily available in 
Ghana, there is an acute paucity of nutritionally sound, cost-effective feeds for fish. The 
traditional feed mixture employed in the culture of fish is mostly supplementary and 
unbalanced. There is an urgent need to develop low-cost, nutritionally balanced diets 
that can support increased intensive and semi-intensive systems (the latter are 
commonly used in Ghana). The use of fish meal at high levels in fish feeds is not 
feasible in Ghana because of its high price and limited supply. However, a large number 
of less expensive oilseed and cereal by-products are available. Generally, a number of 
plant proteins have been evaluated as alternative protein sources in fish feeds ( Kaushik 
et al., 2004; Guimaraes et al., 2008; Aslaksen et al., 2007). However, only very few 
locally available plant products have been evaluated in fish feed in Ghana: these 
include groundnut cake (Oduro-Boateng, 1986) for Tilapia discolor, Pito brewery waste 
(Oduro-Boateng and Bart-Plange, 1988) for Tilapia busumana, and more recently, 
soybean meal, cottonseed meal, groundnut cake and groundnut husk (Agbo, 2008) for 
Oreochromis niloticus. This recent work produced positive results but was conducted in 
recirculating tank systems. Pond culture is more common in Ghana.  Therefore, it is 
important to test alternative feeds in pond culture and cage, under conditions that 
simulate commercial culture practices as closely as possible. 
 
 
 
Anticipated Benefits 
 
The information gathered from this research will lead to the development of less 
expensive and more efficient feeds that are high quality and safe, with healthy 
nutritional profiles for fish.  

The low-cost practical feeds that will be developed using locally available ingredients as 
alternatives to fish meal will make fish feed affordable and easily available to both 
resource-poor farmers (i.e. small scale) and large-scale farmers in Ghana. Investigation 
on successful adoption, extension and best practices for efficient feeding strategies for 
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particular fish species will be encouraged for maximum benefit to the farmer and safety 
of the environment. This study will also provide some information that will lead to 
development of culture for non-traditional fish species.  

The study will result in scientific publications, which will contribute to knowledge on 
available ingredients in Ghana, their nutritional composition as well as nutritional 
requirements of selected fishes and the nutritional effect of various ingredients on their 
growth and health. 

 

Research Design/Activity Plan 
 
This study will be conducted in Ashanti region of Ghana in the FRNR fish production 
facilities at the KNUST. The facilities include earthen ponds, aquaria and fibreglass and 
concrete tanks. The main methods to be used in this study will include: a) nutritional 
analyses of potential ingredients; b) determination of the digestibility of the ingredients 
for fish; c) conduct of feeding trials in ponds to assess the effect of the ingredients on 
growth, feed utilisation and body composition; d) determination of the economic viability 
of feeds used and e) conduct of short-term tank culture trials with endemic, non-
traditional species.   

 
a) Nutritional Analysis of Potential Fish Feed Ingredients 
 
Potential fish feed ingredients, especially agro by-products available in Ghana will be 
identified through market surveys and literature reviews. The ingredients will then be 
obtained for quantification of their biochemical and nutritional compositions. The 
proximate analyses of the potential dietary ingredients will be carried out using the 
following procedures that broadly adhere to AOAC (1990) protocols: 
 
 
Moisture  
Moisture content of the prospective feed ingredients will be determined by oven-drying 
the samples. The moisture content will be a gravimetric measurement of water in the 
feed ingredients expressed as a percentage of the initial sample weight. 
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Ash  
This will be determined by incineration (AOAC, 1990). It will be a measure of the total 
inorganic matter and represent the ash content and will be expressed as a percentage 
of the original weight of the sample. 
 
Crude Protein  
The micro-Kjeldahl method according to AOAC (1990) will be used for the determination 
of crude protein.   
 
Crude Lipid 
Crude lipid extraction and determination will be done by solvent extraction using Soxhlet 
extraction.  
 
Crude Fibre  
Crude fibre of the test ingredients will be determined using acid-base hydrolysis.  
 
Nitrogen Free Extractives (NFE)  
This will be estimated by subtracting the total of moisture, crude protein, crude lipid, ash 
and crude fibre from 100. 
 
Amino Acid Analysis 
The amino acid contents of the ingredients that will be used for feed formulation will be 
determined by photometric method 

 
Energy 
Energy contents of the ingredients will be determined using an Adiabatic Autobomb 
Calorimeter with benzoic acid as standard. 
 
 
 
b) Apparent Nutrient and Energy Digestibilities of the 
Selected Plant Ingredients 
 
Digestibility trials of the selected plant ingredients that will be used for fish feed 
formulation will be conducted by using a modified settling column system similar to the 
Guelph system (Cho et al., 1985) for faeces collection. Isonitrogenous and isoenergetic 
diets of the various test ingredients will be formulated for this experiment. The diets will 
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be formulated to satisfy the nutrient requirements of Nile tilapia (Oreochromis niloticus) 
and the African Catfish (Clarias gariepinus) which will be the experimental species. A 
control diet will be formulated with fishmeal as the sole source of protein and this will be 
replaced at different levels with the test ingredients at varying inclusion levels. All 
ingredients will be finely ground and sieved before being weighed and mixed uniformly. 
The diets will be pelletized and then air dried for at least 24 hours. Chromic oxide 
(Cr2O3) will be used as an indigestible marker in all the test diets at a concentration of 
0.5%. Feeding rates will be adjusted every week of the experiment which will last for 
eight weeks (56 days). 
 
The test diets and the reference diet will be hand-fed to the fish twice daily at 0900 h 
and 1600 h. The diets will be randomly assigned within the tanks, with each dietary 
treatment assigned to three tanks. Fish will be acclimated for 5 days before the onset of 
faeces collection. Faeces will be collected by opening a valve at the tip end of the 
collectors and carefully drain the deposited faeces into centrifuge bottles. The collected 
faeces will be immediately centrifuged and the supernatant discarded. The faeces will 
then be stored at -20 °C until analysed. Faecal col lection will be continued until it will be 
judged that sufficient sample had been collected for chemical analysis. The apparent 
digestibilities of the various feed ingredients will be determined by comparing the 
quantity of a nutrient consumed with that left in faeces at the end of the digestive 
process.  
 
 
Chromic Oxide Analysis 
Chromic oxide will be determined according to the method of Furukawa and Tsukahara 
(1966). The procedure depends upon the digestion of the sample by concentrated nitric 
acid and oxidising chromic oxide with 70% perchloric acid. Chromic III oxide will then be 
calculated according to the formula below: 
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The apparent digestibility coefficients (ADC) for the nutrients of the diets formulated 
using the test ingredients will be calculated as follows  
 

     (Bureau et al., 1999; Forster, 1999): 

 
 
Where D=% nutrient of diet; F=% nutrient of faeces; Di=% Cr2O3 of diet; Fi=%Cr2O3 of 
faeces 
 
 
The apparent nutrient digestibilities of the test ingredients will also be calculated as 
follows: 
 
 

 
 
 
Where Dref = % nutrient (or kJg-1 gross energy) of reference diet (as fed); Dingr = % 
nutrient (or kJg-1 gross energy) of test ingredient (as fed). 
 
 
 
 

c) Effects of Selected Ingredients on Feed Utilization, Growth 
and Body Composition of Fish 
 
Isonitrogenous and isoenergetic diets will be formulated and pelletized using the test 
feed ingredients that meet as many of the screening criteria as possible will be used.  It 
is anticipated that cottonseed meal, soybean meal, groundnut cake, groundnut husk, 
palm kernel cake, copra cake and cowpea cake will have potential as complete/partial 
alternative dietary protein sources to the more expensive fishmeal. The feed trials will 
be undertaken in earthen ponds using the different formulated feeds (i.e. treatments) to 
evaluate their nutritive value in terms of growth, feed utilisation and body composition 
for fish (i.e. Oreochromis niloticus and Clarias sp). Trials will be conducted under 
conditions suitable for each species, and diets will meet the published nutritional 
requirements of each species as closely as possible. A diet with fishmeal will serve as a 
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control in each trial, and a minimum of two (2) ponds will be assigned to each 
experimental diet. 
 
Analysis of Experimental Data 
Experimental data gathered during the growth trial and results from analysis of diets and 
carcasses will be used to determine various biological parameters namely: growth 
performance; food conversion ratio; protein, lipid and energy utilization; and apparent 
digestibility of the ingredients and diets. 
 
Growth performance 
Parameters used to evaluate growth performance in this study will be weight gain by 
fish and specific growth rate (SGR). SGR is the most commonly used expression of fish 
growth. 
 
 
Weight Gain (WG):  The difference between the final body weight and the initial body 
weight of fish over a period of time.  
 
 

 
 
 
Where FBW is final body weight (g), IBW is initial body weight (g). These weights are 
mean body weights. 
 
 
 
Specific growth rate (SGR)  
The instantaneous change in weight of fish expressed as the percentage increase in 
body weight per day over any given time interval. It is calculated by taking natural 
logarithms of body weight, and expresses growth as %.day-1 (Ricker, 1979). 
 
 

 
 
 
Where D is the number of days between weighings 
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Feed conversion ratio (FCR) 
FCR is defined as the amount of dry feed fed per unit live weight gain. It often serves as 
a measure of efficiency of the diet. The more suitable the diet for growth, the less food 
is required to produce a unit weight gain, i.e. a lower FCR (De Silva and Anderson, 
1995). It will be calculated as: 
 
 

 
 
 
 
Protein efficiency ratio 
Protein efficiency ratio (PER) is defined as the ratio between the weight gain of fish and 
the amount of protein fed (De Silva and Anderson, 1995): 
 
 

 
 
 
 
Body Composition of Fish 
Whole body proximate analysis and hepatosomatic index (HSI) will be used to 
determine body composition of fish. The proximate analysis of the fish will follow the 
same methods for the test ingredients, and components such as moisture, crude 
protein, crude lipid and ash will be analysed and expressed as percentage of fresh 
weight. At the end of each experiment 10 fish will be randomly selected from each 
treatment, including the control, and euthanized by overdose of benzocaine, dissected 
and livers removed, weighed and used to estimate the hepatosomatic index (HSI) 
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Statistical Analysis 
The experimental design used in this study will mainly be the completely randomized 
design (CRD) where different dietary treatments will randomly assigned to the 
experimental units (ponds and glass tanks). The null hypothesis that will be tested in 
this study will be; there is no significant difference between dietary treatment means.  
 
Statistical analyses in this study will be conducted using the GraphPad Prism 5 
Statistical Package for Windows. Differences among dietary treatment means will be 
tested by one-way analysis of variance (ANOVA), and means compared using Tukey’s 
Multiple Comparison Test to test for significance of variation between all the means. In 
all cases differences will be considered significant at p <0.05. 
 
 
 

d) Cost Analysis of Diets 
 
A simple economic analysis will be conducted to assess the cost effectiveness of all the 
diets used in the feed trials. Only the cost of feed will be used in the calculations with 
the assumption that all other operating costs remained constant. Costs of the feeds will 
be calculated using market prices of ingredients at the time of the experiment. The 
Incidence Cost (IC), which is governed by the unit cost of the feed and its apparent FCR 
will be employed for the cost analysis of the diets and will be calculated as followed: 
 
 

 
 
IC is actually the cost of feed to produce a kg of fish (relative cost per unit weight gain), 
and the lower the value the more profitable using that particular feed.  
 
 
 

e) Short-Term Tank Culture Trials with Endemic, Non-
Traditional Species 

Short-term tank culture trials will be conducted with endemic, non-traditional freshwater 
species of Ghana (in particular Tilapia (Sarotherodon galilaeus), Chrysichthys sp., and 
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Africa bony-tongue (Heterotis niloticus) to their assess culture potentials. The short-term 
studies will be mostly on palatability and acceptability of feed to determine preferences, 
optimum inclusion levels and feed intake.  

The trials will be conducted in an indoor flow-through system consisting of 20 glass 
tanks each with a sixty (60) litre capacity at the Department of Fisheries and Watershed 
of the Faculty of Renewable Natural Resources (FRNR) at Kwame Nkrumah University 
of Science and Technology (KNUST). The fish species will be fed with the diets 
formulated using different inclusion levels of the test ingredients. The palatability of the 
diets will be assessed subjectively by direct observation of fish behaviour and feeding 
responses. 
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