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ABSTRACT 

Availability of quality feed is one of the most important factors for the best production in 

aquaculture sector. Despite the great potential, aquaculture has remained underdeveloped in 

Ethiopia. The study evaluated the effect of increasing animal-based protein in developing 

compound feed for juvenile Oreochromis niloticus on growth and apparent nutrient digestibility. 

The study was conducted at the National Fisheries and Other Aquatic Life Research Center 

(NFALRC), Sebeta, Ethiopia from June 2021 to October 2021. Three treatment diets and a 

control diet was tested in triplicate tanks in greenhouse conditions. Three iso-nitrogenous (35 % 

crude protein) diets were formulated. The first treatment was a commercial feed (Alema 

excellent) which is prepared for fry and fingerling stages of tilapia and was used as a control 

diet. The other treatment diets contain 22 % animal-based protein and 78% plant-based protein 

(ABP22), 43% animal-based protein and 57% plant-based protein (ABP43), and 65% animal-

based protein and 25% plant-based protein (ABP65). Chromic oxide at an inclusion level of 1% 

was used as an external marker for the digestibility study. A total of 360 juvenile O. niloticus 

were stocked in four treatments, each in three replicates using a completely randomized design.  

A total of 156 juvenile O. niloticus were stocked in triplicate in aquaria for the apparent 

digestibility study. The results showed that increasing the proportion of animal-based 

ingredients in the diet significantly affected the growth (P < 0.05) and nutrient digestibility of 

juvenile O. niloticus. Fish fed with ABP22 diet and the control showed better growth and 

improved nutrient digestibility. This could be attributed to the use of soybean meal as a major 

protein source and mixing effect of different plant proteins, which might reduce the anti-

nutritional effect, present in plant protein sources. Better carcass composition of the fish was 

also observed for the control and ABP22 diets than the others. This could be related to the 

composition of the diets fed, which have direct relationship with body composition of the fish. 

From the economic point of view, ABP22 feed was found to have the lowest incident cost (48.7) 

and higher profit index (0.69) than the rest of the diets. The results of the present study indicated 

promising results on the nutritional and economic factors for increasing plant-based protein in 

the diet of juvenile O. niloticus in terms of growth parameters, apparent nutrient digestibility, 

carcass composition, and economic analysis. 

Keywords: apparent nutrient digestibility, aquaculture, plant-based protein, feed formulation, 

fish feed, tilapia
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1. INTRODUCTION 

1.1. Background of the study 

Aquaculture continues to make a steady contribution to the total global fish production. In 2018, 

114.5 million tonnes of live weight production was recorded with a total first sale value of USD 

263.6 billion (FAO, 2020). Capture fishery production has remained relatively static since the 

late 1980s, with aquaculture contributing to the continued remarkable growth in the supply of 

fish for human consumption (FAO, 2018). For many decades, global fish consumption has 

continued outpacing world human population growth. In the years between 1961 and 2017, 

average annual global fish consumption reached 3.1%, while population growth was estimated at 

1.6%. Similarly, it exceeded the consumption of meat from all terrestrial animals combined (2.7 

%). Per capita consumption of food fish increased from 9.0 kg in 1961 to 20.3 kg in 2017, at an 

average rate of 1.5% per year (FAO, 2020). 

Much of the success of aquaculture production relies on the advancement of aquaculture 

technologies, including culture systems (cage culture, raceway, pen culture, integrated farming, 

RAS, etc.) and fish feed and seed technologies. The production of fish in aquaculture begins with 

the stocking of fries or juveniles to the rearing environment. Therefore, high quality seed is 

crucial to ensure rapid growth and enable harvesting in a short time (Bisht et al., 2013). Fish feed 

accounts for more than 50% of the total production cost with protein being the most expensive 

component (Cheng et al., 2010; Munguti et al., 2012). Despite the high potential of the country, 

aquaculture in Ethiopia is still underdeveloped due to lack of sustainable formulated aqua feeds 

(Zenebe Tadesse et al., 2012; Abelneh Yimer et al., 2015; Firew Admasu et al., 2017).  

Under natural condition, the feeding habit of juvenile Nile tilapia was described as mixed feeders 

(mixivorous) (Tudorancea et al., 1988). Tilapia also accepts artificial diets from terrestrial based 

ingredients (El-Sayed, 2006). The importance of agro-industrial byproducts including noug cake, 

wheat bran and brewery waste as supplementary single ingredient feeds for O. niloticus 

fingerlings in ponds has been reported (Zenebe Tadesse et al., 2012). In addition, the suitability 

of three oilseed byproducts available in Ethiopia (soybean cake, Niger seed cake and linseed 

cake) for feeding juvenile Nile tilapia was recently investigated and found to be a good source of 

protein (Akewak Geremew et al., 2015).  
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Depending on the size of the fish, O. niloticus requires different amount of nutrients, especially 

protein. Hence, when formulating artificial feeds for fish, the ingredients of the feed must be 

matched to the needs and physiology of the fish. Therefore, it is important to formulate high 

quality feeds that contain the necessary nutrients (such as proteins, lipids, carbohydrates, 

vitamins and minerals) required for fast growth and higher apparent digestibility for juvenile O. 

niloticus. 

1.2. Statement of the problem 

Feed is the most important input contributing largely to the sustainable production of fish. In 

spite of its importance, there is lack of readily available fish feed in Ethiopia. Although 

government stations and some small-scale private fish farms produce on-farm feeds using locally 

available feed ingredients, there is no quality and complete feed for different stages of fish 

cultured in Ethiopia (Alayu Yalew et al., 2015).  

A feed ingredient may appear to be an excellent source of nutrients in terms of chemical 

composition but may not be digested and absorbed by the target fish species. Knowledge of 

nutrient digestibility of the various feed ingredients used in formulating fish feed is desirable so 

that effective substitution of one ingredient for another could be achieved. Together with 

chemical analysis and growth performance, digestibility studies provide the nutritive value of a 

particular protein source in a complete feed for fish (Koprucu and Ozdemir, 2005). 

Fish meal and bone and meat are good source of animal protein available in the local market. 

Fish meal is the most commonly used animal source protein because of its high digestibility and 

balanced amino acid profile satisfying most nutritional requirements of fish (Ng and Romano, 

2013). Various combinations of locally available ingredients (plant and animal origin) as protein 

input and comparison of such diets with commercial feed haven‟t been studied including the 

digestibility of such combinations. Therefore, fish meal and bone and meat meal were used as 

animal protein sources in this study to evaluate the effect of different dietary proportions of 

animal-based proteins on growth performance and apparent digestibility in juvenile O. niloticus. 

1.3. Research questions 

 What is the effect of increasing concentrations of animal source feed ingredients on the 

growth performance and carcass composition of juvenile O. niloticus?   
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 Are there differences in apparent digestibility of test diets with increasing proportion of 

animal source feed ingredients in juvenile O. niloticus? 

 Is increasing the proportion of animal source feed ingredients in the diet of juvenile O. 

niloticus economically better?  

1.4. Research hypothesis  

This study hypothesized that an increase in the proportion of animal source feed ingredients in 

the diet of juvenile O. niloticus affects the growth performance, apparent digestibility and 

proximate chemical composition of the fish. 

1.5. Objectives of the study 

1.5.1. General objective  

 To evaluate the effects of different amounts of animal-based and plant-based feed 

ingredients on growth performance, apparent digestibility and economic viability of 

juvenile O. niloticus in tanks for better production and profitability in the aquaculture 

sector. 

1.5.2. Specific objectives 

 To evaluate the growth performance, carcass composition and economic analysis of 

juvenile O. niloticus fed with increasing dietary proportion of animal source feed 

ingredients in tank system. 

 To determine the apparent digestibility of diets formulated with increasing dietary 

components of animal source feed ingredients in juvenile O. niloticus in aquaria. 

1.6. Significance of the study 

The results of the study provided information on the nutritional requirements of juvenile O. 

niloticus. As the nutritional requirements of O. niloticus vary at different stages of growth, it is 

crucial to formulate feed for each stage of the fish. Since commercial feeds are expensive, the 

present study helps the fish farmers to produce their own fish feed for the juveniles O. niloticus. 

Therefore, the present study was important for maximizing the productivity in aquaculture sector 

by improving the growth performance and survival rate of juvenile O. niloticus. 
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2. LITERATURE REVIEW 

2.1. World’s aquaculture overview 

Aquaculture is rising at a higher pace than the rest of the food industry. During the period 2000–

2016, average annual growth fell to 5.8%, while double-digit growth was still seen in a small 

number of countries, especially in Africa from 2006 to 2010. In 2016, the global aquaculture 

industry produced 80 million tonnes of food fish and 30.1 million tonnes of aquatic plants.54.1 

million tonnes of finfish, 17.1 million tonnes of mollusks, 7.9 million tonnes of crustaceans, and 

938,500 tonnes of other aquatic animals were produced as farmed food fish. China, by far the 

largest producer of farmed food fish in 2016, has produced more per year since 1991 than the 

rest of the world combined. India, Indonesia, Vietnam, Bangladesh, and Egypt were the other big 

producers. The bulk of the cultured plants were seaweeds, with microalgae having a much 

smaller production volume. China and Indonesia were by far the most prolific producers of 

aquatic plants (FAO, 2018). 

In 2016, about 88 percent (over 151 million tonnes) of total fish supply was used for direct 

human consumption, an improvement from previous decades. Most of the non-food fish 

(approximately 20 million tonnes) was converted to fishmeal and fish oil (FAO, 2018). By-

product use is increasing in importance, with a growing focus on their regulated, clean, and 

hygienic handling, resulting in waste reduction (FAO, 2016). The most favored and expensive 

source of fish is live, fresh or chilled, which accounts for the largest share of fish consumed 

directly by humans (45 percent in 2016) followed by frozen (31 percent). Despite advances in 

fish processing and distribution, an estimated 27 percent of landed fish is lost or wasted between 

landing and consumption (FAO, 2018).  

Fishmeal production peaked in 1994 at 30 million tonnes (live weight equivalent) and has been 

decreasing ever since. Fish by-products, which were historically thrown away, now account for 

an increasing portion of fishmeal production. By-products are expected to account for 25 to 35 

percent of total fishmeal and fish oil output (FAO, 2018). For farmed fish feeds, fishmeal and 

fish oil are still the most nutritious and digestible ingredients. As feed demand rises, the amount 

of fishmeal and fish oil used in compound feeds for aquaculture has shown a strong downward 

trend, with strategic ingredients at lower concentrations and for specific stages of development, 

such as hatchery, broodstock, and finishing diets, being used more selectively (FAO, 2016).  
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China is the world's largest fish producer and, since 2002, the world's largest exporter of fish and 

fish products, but at a slower pace than in the 1990s and 2000s. Norway, Vietnam, and Thailand 

were the top exporters in 2016, following China. The European Union (EU) was the largest 

single market for fish and fish products, followed by the United States of America and Japan; 

together, these three markets accounted for approximately 64% of the overall volume of global 

fish and fish product imports in 2016. As a result of improved economic fundamentals, fish 

imports increased in all three markets in 2016 and 2017 (FAO, 2018). 

2.2. Aquaculture in Africa 

Aquaculture was first introduced to many African countries around the turn of the twentieth 

century, largely to meet the needs of colonial recreational fishing (Hecht et al., 2006; Adeleke et 

al., 2021). It was adopted as a source of long-term food production by colonial governments later 

between the 1940s and 1950s in Africa, with the goal of improving rural nutrition and producing 

additional revenue, diversification to minimize the likelihood of crop failure and rural job 

formation (Brummett et al., 2008). 

The contribution of Africa to global aquaculture development is still negligible (2.75%) 

(Halwart, 2020). New aquaculture production systems, such as tanks and cages, as well as 

improvements to existing production systems, were implemented (Satia, 2017). In Africa, the 

aquaculture sector employs approximately 6.2 million people, with a significant number of 

women working in large-scale commercial farms (Satia, 2016). As a result, the aquaculture 

sector could significantly contribute to food security, unemployment reduction, and Africa's 

economic growth. 

Egypt, Nigeria, Uganda, Ghana, Tunisia, Kenya, Zambia, Madagascar, Malawi, and South Africa 

are the top aquaculture producers in Africa (Satia 2011; 2017). Several factors, including 

capacity building in critical subject areas, embracing good governance, research and 

development, access to credit facilities, and, most importantly, the promotion of private sector 

have contributed to this key aquaculture producer's remarkable growth over the last decade 

(Satia, 2017). Investments in sound management, new production processes, the formulation and 

use of aqua-feeds and the emergence of dynamic and robust producer associations and service 

providers have all resulted from private sector initiatives (Satia, 2011). 
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2.3. Aquaculture in Ethiopia 

Ethiopia has high potential both in terms of soil/water and climate with a rich biologic diversity 

of native fish species to develop a fish culture (Shibru Tedla, 2016). FAO (2014) reported that 

cold water species farming on the high central plateau over 2,500 m can be achieved throughout 

the year at approximately 11 % of Ethiopia's surface area. Likewise, the surrounding and central 

mountains have also favorable temperatures for warm water fish. (Aschalew Lakew et al., 2016; 

Gadisa Natea et al., 2017). In addition, tilapia and other warm water species could also be grown 

in the lowlands that represent around 33 % of the total area. Furthermore, Eshete Dejen and 

Zemenu Mintesnot (2012) reported that approximately 1.4%, 55.49%, and 43.1% of the country 

were found to be highly, moderately and marginally suitable, respectively for commercial Nile 

tilapia production under a pond cultivation system. 

Ethiopia is further endowed with a mean annual flow (runoff) of 122 billion cubic meters with an 

estimated total length of 80,065 km, comprising 12 drainage basins (8 river basin, one lake basin 

and three dry water basins). The country also has many lakes, small water bodies and floodplain 

areas of around 13,637 km
2
 (Gashaw Tesfaye and Wolff, 2014). The reservoirs which are under 

construction such as Gilgel-Gibe III and the Grand Ethiopian Renaissance Dam (GERD) are 

expected to increase the total inland water by over 15% when completed and goes operational 

(Aschalew Lakew et al., 2016; Tola Meko et al., 2017).  

Fish consumption in Ethiopia is generally very low (0.5 Kg/person/year) compared with the 

average per capita consumption reported (9.9 Kg/person/year) in other African countries (FAO, 

2020). However, in towns near the lakes and rivers of the Ethiopian Rift Valley and Gambella 

area, the per capita consumption was reportedly close to the African average. Moreover, in some 

regions of the Rift Valley there is growing demand for food fish. High demand for food fish is 

being attributed to growing human population, intensive economic activities and increased 

family incomes in Addis Ababa and major cities such as Hawassa, Adama, Bahir Dar and 

Mekelle. In addition, awareness of the health benefits of fish by the urban community could be 

the driving force for increased fish consumption in the cities (Aschalew Lakew et al., 2016). Fish 

of commercial importance including the Nile tilapia and African catfish collected from Rift 

valley lakes were reported to be rich in the long chain of omega-3 polyunsaturated fatty acids 

like eicosapentaenoic acid (20:5ω3, EPA) and docosahexaenoic acid (DHA, 22:6ω3) (Zenebe 
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Tadesse, 1999). It is also well established, that the w3 polyunsaturated fatty acids are medically 

important for humans in preventing cardiovascular illnesses or lower cholesterol accumulation in 

blood vessels (Zenebe Tadesse, 2010; Aschalew Lakew et al., 2016). 

In Ethiopia, aquaculture operations have been restricted to the introduction of exotic and 

indigenous freshwater fish into several man-made and natural bodies of water (Kassahun 

Asaminew, 2012; Aschalew Lakew et al., 2016; Gadisa Natea, 2019). Because of its adaptability 

to a wide range of environmental conditions and the high demand of the fish by local consumers, 

the Nile tilapia (O. niloticus) has been stocked to many small water bodies (Aschalew Lakew et 

al., 2016; Gadisa Natea et al., 2017). Despite the fact that Ethiopia has a diverse range of fish 

species, there is a strong reliance on Nile tilapia. That is, Nile tilapia is the country's benchmark 

for fish farm production, narrowing Ethiopia's aquaculture production diversity. However, the 

economic importance of African catfish in the country's fishery products is great alongside Nile 

tilapia, although their pond farming has not yet well practiced like in other African countries. 

(Gadisa Natea et al., 2017). 

2.4. Tilapia Aquaculture 

The Nile tilapia is a species of freshwater omnivorous cichlid that originated in Africa and has 

since been imported, either intentionally or accidently, all over the world (Eknath and Hulata 

2009). The Mozambique tilapia, Oreochromis mossambicus, was the first tilapia to be introduced 

to Asia in the 1940s, but it has since been mainly supplanted by the Nile tilapia, O. niloticus, due 

to its superior growth performance. Initially, these fish, also known as "aquatic chickens," were 

extensively farmed in inland ponds. Over 100 tropical and sub-tropical countries now culture 

tilapia in various culture systems due to many beneficial characteristics such as their tolerance to 

crowding, high marketability, relative ease of captive spawning year-round, high disease 

resistance, success with polyculture, and ability to accept lower cost diets from terrestrial-based 

ingredients (El-Sayed, 1999; Shiau, 2002; FAO, 2011). 

Nile tilapia (O. niloticus) aquaculture was first started by ancient Egyptians around 4000 years 

ago (Shibru Tedla, 2016). It is the most commonly cultured freshwater fish in the world with 

over 3.4 million tonnes production (FAO, 2016). Although, it is native fish species to Africa, it is 

among the most widely grown fish worldwide (Fitzsimmons et al., 2011; FAO, 2014). Tilapia 

production is increasing in Asia, South America, and Africa, with new supplies targeting 
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domestic and regional consumers rather than international markets (FAO, 2014). Various factors 

contributed to tilapia's rapid global distribution including its growth and adaptation to a broad 

range of environmental conditions (Mjoun et al., 2010). Popma and Masser (1999) also 

mentioned that, Nile tilapia has a high growth rate, reproduces easily without the use of special 

hatchery technology, eats a wide variety of feeds, can live in poor water conditions, tolerates 

stress, and is resistance to disease. 

One of the advantages of Nile tilapia is the relative ease with which it may be genetically 

modified to increase productivity. With O. niloticus x O. aureus, hybridization is rather common, 

resulting in mostly male populations capable of growing at quicker rates than non-hybrid 

counterparts and controlling broad reproduction in ponds. Hormone and temperature-induced sex 

reversals are also possible. However, because the initial global „founder populations' were small 

and unknown, resulted in inbreeding and low performance, genetic selection methods were used 

to increase tilapia productivity, with the development of the „genetically improved farmed tilapia' 

strain being one example (Eknath and Hulata, 2009). As a result of the trend to increase tilapia 

productivity through genetic programs, as well as the shift in tilapia aquaculture from extensive 

to semi-intensive farming practices, there will inevitably be a greater reliance on designing 

species-specific (even strain-specific) and cost-effective diets to keep up with their expansion. 

Because feeding is generally a substantial expense in a contemporary tilapia farm, this 

emphasizes the necessity of proper nutrition and feeding management (El-Sayed, 1999; Ng and 

Romano, 2013).  

2.5. Nutritional requirements of farmed tilapia 

Complete fish feeds should provide all essential nutrients and energy to meet the physiological 

requirements of growing animals. Amino acids, fatty acids, vitamins, minerals, and energy-

yielding macronutrients (protein, lipid and carbohydrate) are all essential nutrients for fish 

(Hixson, 2014). Tilapia depends entirely on natural food, which is supplemented by fertilization, 

in extensive farming systems, while semi-intensive farming systems use both natural and 

supplementary feeds (El-Sayed, 2006).  

Tilapia are relatively inexpensive fish to feed due to their low trophic level and omnivorous 

feeding  habits, as opposed to other finfish such as salmon, which require high protein and lipid 

diets based on more costly protein sources such as fish meal. Furthermore, tilapia is similar 
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with channel catfish (Ictalurus punctatus), in that they may withstand higher levels of dietary 

fiber and carbohydrate than most other cultured fish. A well-balanced prepared feed is vital to 

good tilapia culture because it ensures high yield and rapid growth at low cost. Although there 

are minor differences between tilapia species, the size of the fish has the greatest impact on 

nutrient requirements. (Mjoun et al., 2010). 

2.5.1. Protein requirements 

Proteins are essential for all living organisms‟ structure and work (El-Sayed, 2006). According to 

Hixon (2014) proteins are essential in the diet to produce amino acids, which are used to 

synthesize new proteins or preserve existing proteins in tissues, while excess protein is converted 

to energy. The optimal protein concept, in which dietary amino acids are supplied in the same 

ratio as required by the animal, can be employed to maximize the growth effect of protein while 

minimizing cost (Nguyen and Davis, 2009). Furthermore, nitrogenous waste linked with amino 

acids that are underused or deaminated as an energy source will be reduced (Abdel-Tawwab et 

al., 2010). 

Proteins are made up of amino acids and are the most expensive component in most fish diets 

(El-Sayed, 1999; Ng and Romano, 2013). The species, digestibility, and amino acid profile of the 

protein source, as well as the life stage status, can influence the overall protein demand. Tilapia 

fry and spawning females, in general, require protein diet (30–40% CP) than fingerlings and 

grow-out fish (20–30% CP) for optimal performance (Abdel-Tawwab et al., 2010; Ng and 

Romano, 2013). Furthermore, El-Sayed (2006) also suggested that since fry and fingerling fish 

are growing muscle, internal organs, and bones at a rapid pace, they require diets high in protein, 

lipids, vitamins, and minerals and low in carbohydrates. Higher protein levels, on the other hand, 

do not always imply better development. According to a study conducted by Bahnasawy et al. 

(2009), Nile tilapia fingerlings fed at 30% protein diet grew faster than those fed a 35% protein 

diet. This is due to the fact that each fish size has a protein capacity above which excess protein 

cannot be efficiently used (Daudpota et al., 2014). The ability of tilapia to use dietary protein for 

growth is influenced by the amount of protein in the diet as well as the availability of non-protein 

energy sources (Anani and Nortey, 2017). 

Water salinity between 0 and 10% had no influence on the dry matter, protein, or energy 

digestibility of Nile tilapia diets (Ng and Romano, 2013), whereas salinities between 1.2 and 



10 
 

25% had no effect on their total protein demand (Larumbe-Moran et al., 2010). However, the 

total protein demand will be heavily influenced by the protein sources, quality and essential 

amino acid composition. 

2.5.2.  Lipid requirements 

Dietary lipids are a major source of energy, aid in the absorption of fat-soluble vitamins, play a 

key role in membrane structure and function, serve as precursors for steroid hormones and 

prostaglandins, aid in the proper functioning of physiological processes, and serve as 

metabolizable sources of essential fatty acids (Mjoun et al., 2010; Ayisi et al., 2017). According 

to FAO (2016), the dietary crude lipid requirement of O. niloticus is 6–13% for fry and 

fingerlings, and 4–12% for adults. 

Waxes, sterols, triacylglycerides, sphingolipids, and phosphoglycerides (or phospholipids) are 

among the five types of lipids, which are classed as polar or nonpolar lipids based on their water 

solubility (NRC, 2011). Lipids are added to fish diets as a highly digested and concentrated 

energy source, as well as key components of cellular membranes, hormone precursors, and aids 

in the absorption of lipid-soluble vitamins. Furthermore, the oil coating on extruded pellets 

improves the palatability and look of the food for fish (NRC, 2011). Protein sparing, in which 

non-protein energy is increased, is one approach for ensuring energy not to be  a limiting factor, 

resulting in catabolism of protein as an energy source.  

Appropriate dietary lipid inclusion levels are critical considerations because deficiencies can 

stunt growth and result in excessively fatty fish. In feeds for hybrid tilapia, the minimum 

requirement and optimal level have been determined to be 5% and 12% dietary lipid, 

respectively. Furthermore, increasing dietary lipid inclusions from 6% to 18% linearly increased 

protein sparing in all diets at all evaluated protein levels of 6–30%, however a lipid level of 24 

percent lowered protein sparing (De Silva et al., 1991). Lower lipid levels could be used during 

intensive culture in recirculating systems if sufficient energy sources of digestible carbohydrates 

and proteins are present in the diets of Mozambique tilapia (Fitzsimmons et al., 1997). Similarly, 

El-Sayed and Garling (1988) defined that carbohydrates can have a lipid sparing effect; however, 

when excessive carbohydrates are present (carbohydrate to lipid ratio of 24.11), detrimental 

growth can occur, most likely because of a dietary essential fatty acid deficiency. As a result, a 
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balance must be struck in which carbohydrates are used as a less expensive energy source to 

maximize growth while lipids are used to meet the tilapia's essential fatty acid requirements. 

Commercial tilapia feeds have traditionally relied on marine fish oil as the only source of 

nutritional lipids. It's critical to find adequate lipid replacements in tilapia feeds as fish oil 

becomes more expensive and scarce (Turchini et al., 2009). Since several studies have 

demonstrated that soybean oil is viable for tilapia meals, it is often utilized as an alternative to 

fish oil. For instance, Gaber (1996) reported good growth for Nile tilapia when fed soybean oil-

based diets. Aside from soybean oil, meals including coconut oil, linseed oil, grapeseed oil, or 

poultry fat in a 1:1 ratio with fish oil had shown no effect on Nile tilapia growth over a 15-week 

period experiment (Trushenski et al., 2009). 

Fish use free fatty acids as a source of rapid energy. Fatty acids are also important components of 

all lipids, particularly the two types of essential fatty acids: omega-3 (n-3) and omega-6 (n-6) (n-

6) fatty acids that cannot be produced in the body of an animal are essential in the diet of fish. 

Generally, cold-water fish appear to require n-3 highly unsaturated fatty acids (HUFA), whereas 

warm-water fish appear to require HUFA from either the n-3 or n-6 classes, or a combination of 

both (Webster and Lim, 2002). This indicates that tilapia prefers plant oils (high in n-6 fatty 

acids) to fish oils (high in n-3 fatty acids).These essential fatty acids can be obtained by 

supplementing their diet with marine fish oil, soybean oil, rapeseed oil, linseed oil, or other 

natural food creatures found in the pond, such as zooplankton (El-Sayed, 2006; Ng and Romano, 

2013).  

2.5.3. Carbohydrate requirements 

Carbohydrates are a cheaper source of energy than protein, and their use in pelleted feeds will 

improve the quality (Stone et al., 2003). Since they do not have to maintain a steady body 

temperature, fish have lower dietary energy requirements. Because of their neutral buoyancy in 

water, they expend less energy in protein waste excretion and need less energy to sustain their 

position in space. (Hancz, 2011). Different species' carbohydrate digestibility tends to be based 

on the carbohydrate's complexity as well as its dietary content, with simpler carbohydrate 

becoming more easily digested and carbohydrate digestibility decreasing as dietary content rises 

(Krogdahl et al., 2005). High carbohydrate levels, on the other hand, have been confirmed to be 

beneficial to the fish. For instance, Mjoun et al. (2010) suggested that tilapia can efficiently use 
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carbohydrate levels up to 30 to 40% in their diet, which is significantly higher than most 

cultivated fish. This falls within the range identified by Amirkolaie et al. (2006), who found 

improved growth in O. niloticus fed diets containing 10 to 40% starch. Furthermore, FAO (2016) 

suggested a carbohydrate concentration of more than 25% for all stages of O. niloticus. 

The presence of intestinal bacteria has been suggested as a factor to the ability of tilapia to digest 

and utilize starch although it is largely determined by the starch's complexity (Leenhouwers et 

al., 2007, 2008). Kihara and Sakata (1997) found that Nile tilapia have gut bacteria capable of 

digesting a-starch at higher rates than other indigestible carbohydrate sources, such as cellulose, 

sodium alginate, chitin, and kaolin, resulting in short chain volatile fatty acids. Cellulose is 

widely used as inert filler in nutrition tests despite the fact that it has no nutritional value (Sinha 

et al., 2011). The gut of Nile tilapia was found to be capable of fermenting all tested 

carbohydrate sources (highest for glucose and lowest for wheat starch) and it was subsequently 

claimed that this would not only increase energy production but also reduce infection by 

pathogens (Leenhouwers et al., 2008). Moreover, Amirkolaie et al. (2006) investigated the 

effects of high and low starch diets that were either gelatinized or native, and found that 

gelatinized diets provided superior growth rates and faecal removal efficiency to Nile tilapia, and 

that this was also linked to lower volatile fatty acids production and thus microbial fermentation 

within the intestine. 

The reason for superior carbohydrate consumption in some fish than others are still unknown, 

and they may differ between fish species (Leenhouwers et al., 2007).This highlights the 

necessity of species-specific research. What is known is that dietary non-starch polysaccharides 

will continue to be a problem in tilapia nutrition; hence research into pre-treatments, such as 

degradation methods (e.g. enzymes, heat, acidity) or the addition of beneficial bacteria or 

enzymes, should continue (Ng and Romano, 2013). 

2.5.4. Vitamins and mineral requirements 

Standard fish metabolism requires vitamins and minerals. While most of these requirements are 

normally met naturally in extensive and semi-intensive pond cultures, vitamin and mineral 

supplementation in the form of premixes can be helpful in intensive systems. However, precise 

criteria for all vitamins are unknown (Mjoun et al., 2010). 
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Minerals, which include Mg, Na, K, Fe, Ca, P, Zn, Cr, and Cu, are inorganic elements that play 

important roles in enzyme function, including digestion (e.g. lipase, alkaline phosphatase), gas 

exchange, acid/base balance (e.g. carbonic anhydrase), and osmoregulation (Na+/K+ -ATPase). 

Since Nile tilapia is mostly farmed in freshwater/ low salinity waters and most of these minerals 

are found in brackish/marine environments dietary supplementation of minerals is essential for 

optimal health and productivity (Ng and Romano, 2013). Additionally, Vitamins are organic 

substances that are essential for growth, health, reproduction and maintenance. They also play 

vital role in facilitating the absorption of minerals, protecting cells, and acting as co-factors that 

are required for the metabolism of macro-nutrients. Also, vitamins are necessary for cell 

respiration (Webster and Lim, 2002). 

Mineral deficits or excesses can lead to poor performance, thus careful consideration is 

necessary. This will eventually aid in the creation of diets containing the most appropriate 

mineral level and type for optimal growth, as well as the selection of the most appropriate 

commercially manufactured diets, as they can have a wide range of mineral levels (Tacon & De 

Silva, 1983). Mineral deficiencies can also lead to problems such as: poor growth, anemia, skin 

and fin lesions, erosion of fins, bilateral lenticular cataract development dwarfism (short body), 

anorexia, dark coloration, bone softening, and deformities of the head, vertebrae and ribs (NRC, 

1993). 

2.6. Major sources of protein for tilapia feed 

2.6.1.  Animal sources 

Feather meal, meat and bone meal, and animal/fishery by-products are the most often utilized 

animal protein alternatives to fishmeal. Catfish meal grew tilapia substantially better than mixed 

benthic meal, small pelagic meal, processing waste meal, and commercially available anchovy 

meal, which were all otherwise discarded by-catch (Goddard et al., 2008). Apart from 

Methionine, which has the greatest ash concentration, it was claimed that this was linked to the 

highest dietary amino acid levels. Because the quality and ash concentration of such by-catch 

varies based on location, processing, and composition, the results may not be universal (Goddard 

et al., 2008). 

Other example of animal protein sources is blood meal which is rich in protein and lysine. 

However, it is deemed unpalatable. A study conducted on Nile tilapia diet with 50% and 100% 
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replacement of fish meal with blood meal showed that fish fed on fish meal based diet performed 

better in terms of growth than those on blood meal. However, those on 50% (blood meal and fish 

meal) performed better than 100% blood meal and it was concluded that blood meal can 

substitute fishmeal at 50% (James et al., 2016). Similarly, Aziza and El-Wahab (2019) reported 

lower growth performance of blood meal diet than other animal protein sources. Unlike the 

above works blood meal was also found to be a good source of animal protein completely 

replacing fish meal. For example, Agbebi et al. (2009) reported that fish meal can be replaced 

completely by blood meal without any effect on growth, survival and feed conversion of Nile 

tilapia and Clarias gariepinus juveniles. Similarly, Aladetohun and Sogbesan (2013) also found 

improved growth performance with blood meal inclusion in the diets of Nile tilapia. Besides, (El-

Sayed, 1998) pointed that blood meal provided the best growth and feeding efficiency among 

diverse animal sources such as meat and bone meal, and poultry by-products, followed by 

chicken by-products. 

Bone and meat meal is also a good source of animal protein which can be used in fish diet. 

Hasan et al. (2012) suggested up to 50% replacement of fish meal with bone and meat meal for 

Nile tilapia is possible. Yu (2004) pointed optimum rate of replacement of fish meal with bone 

and blood meal to be 50% for shrimp or trout and 60% for Nile tilapia. Moreover, the possibility 

of replacement of fish meal with bone and meat meal up to 50% was suggested by Gomaa and El 

Moghazy (2014). Additionally, feather meal is also a good source of animal protein. Since it 

contains a complex protein (keratin) it should be hydrolyzed to improve bioavailability (Munguti 

et al., 2014). Despite being hydrolyzed or enzyme-pretreated, feather meal resulted in 

significantly poorer hybrid tilapia development when utilized as a partial replacement (66%) for 

high-quality fishmeal, most likely due to a low histidine and lysine content as well as low protein 

digestibility. Feather meal, on the other hand, is high in important Sulphur-containing amino 

acids i.e. methionine and cysteine and may be advantageous when combined with other protein 

sources (Ng and Romano, 2013). 

In the meantime, 100% fishmeal replacement with a commercially available poultry by-product 

meal-pet food grade-based diet (PBM-PG) was conceivable, however porcine meal resulted in 

significantly reduced growth and feeding efficiency in the same trial. This was due to the high 

apparent digestibility coefficient (ADC) of crude protein and energy from fishmeal (89.7% and 
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86%, respectively) and PBM-PG (87.8% and 84.4%, respectively), but porcine meal had a lower 

ADC (82.1% and 79.6%, respectively) (Hernandez et al., 2010).  

2.6.2.  Plant sources 

Soybean meal is the most common plant protein used in tilapia diets; however, due to the rising 

cost of this ingredient, alternatives such as cottonseed meal and rapeseed/canola meal are being 

investigated, and the level of inclusion largely depend on the country where tilapia is farmed. It 

has high protein content (40–44%) and a relatively good amino acid profile (El-Sayed, 1999) and 

many studies have shown that it has a high digestibility in tilapia (Guimaraes et al., 2008; Zhou 

and Yue, 2012). The apparent digestibility of protein from fermented soybean meal and soybean 

meal (94.9% and 90.9%, respectively) was often significantly higher in tilapia hybrids than diets 

containing canola meal, cottonseed meal, peanut meal, or various animal sources such as 

fishmeal (Zhou and Yue, 2012). Riche et al. (2001) found no variations in apparent amino acid 

availability (AAAA) between graded levels of dietary soybean meal (without additional phytase) 

and dietary fishmeal. In the meantime, Guimaraes et al. (2008) found that the AAAA of soybean 

meal was either not significantly different or significantly higher than that of corn gluten meal, 

CSM28 (28% protein) or CSM38 (38% protein), and that the apparent digestibility of protein 

from soybean meal (92.4%) was higher than that of fishmeal (88.6%) for Nile tilapia. 

While soybean meal has a high protein and amino acid digestibility, it is often lacking the 

Sulphur essential amino acids (Methionine and Cysteine) that tilapia require for healthy growth 

(Furuya et al., 2004). No amino acid supplementation was performed in an early soybean meal 

study, and a low dietary Methionine content was indicated as one of the main causes of slow 

growth in Mozambique tilapia (Jackson et al., 1982). L-lysine and DL-methionine 

supplementation has been used frequently since then to ensure that they are not limiting. 

Although this is not always enough for soybean meal to completely replace fishmeal (Furuya et 

al., 2004; Goda et al., 2007). 

Anti-nutritional factors, an inadequate amino acid profile, Phosphorous deficits, poor 

digestibility or utilization were cited as explanations in most studies that only advocated partial 

replacements of other protein sources for fishmeal (Yue and Zhou 2008; Zhao et al., 2010). 

Rather than focusing on a single protein source, various researches have investigated the viability 

of tilapia meals containing a variety of animal and plant mixtures. While the specific dietary 
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ingredient combinations will vary, the main goal is to diminish anti-nutritional effects linked 

with a single protein source while also complementing the overall amino acid profile (El-Saidy 

and Gaber 2003; Borgeson et al., 2006; Liti et al., 2006). 

2.7. Overview of aquaculture feed development in Ethiopia  

Availability of feed resources is the major factor contributing for the development of small-scale 

aquaculture in Ethiopia. Commercial fish feeds are not readily available in the country. Even 

though, Alema Kodijs PLC, one of the feed mills in Ethiopia mainly formulating and producing 

feeds for poultry and livestock has started producing fish feeds, most of the aquaculture practice 

depends on farm made feeds in the country (Mulugeta Wakjira et al., 2013). Farm made aqua-

feeds are cheaper than commercial aqua-feeds and allows fish farmers to use locally available 

agricultural by-products (Akewake Geremew, 2015). Several studies have indicated the 

possibility of sustaining Nile tilapia farm using locally available ingredients for the preparation 

of supplemental and compound feeds (Firew Admasu et al., 2017). 

One of the techniques to minimize the cost in preparing fish feed is replacing fish meal, which is 

expensive and less available with other plant and animal protein sources. Inclusion and 

replacement of fish meal with different plant products have been evaluated as potential protein 

source in the diet of Nile tilapia. Among these lupin and pea mixtures (Zhang et al., 2012), 

soybean meal (Sharda et al., 2017), peanut meal (Liu et al., 2012) and rice polish and mustard oil 

cake (Khan et al., 2013) have been reported. Similarly, in Ethiopia partial replacement of fish 

meal with plant products have been evaluated as potential protein sources in the diets of Nile 

tilapia. For instance, brewery waste, Noug cake, and wheat bran (Abelneh Yimer and Yared 

Tigabu 2016), wheat, maize, sorghum, rice, niger seed, ground nut, bone meal, soybean and 

Jatropha curcas Kernel Meal  (Kassaye Balkew et al., 2013), oilseed cakes, Akewake Geremew, 

2015), lupin and grass pea (Tsegay Fisseha, 2020).  

The availability of different animal and plant feedstuffs for small scale aquaculture in Ethiopia 

have been identified (Kassahun Asaminew, 2012). The integration of this feed stuffs in fish feed 

formulation resulted in enhanced growth performance in the farmed fish. For instance, Firew 

Admasu et al. (2012) studied the growth performance of O. niloticus in pond culture system by 

using poultry manure, wheat bran, maize bran and barley bran and reported sustained growth 

performance and better FCR in the species. Similarly, Zenebe Tadesse et al. (2012) studied the 



17 
 

growth performance of O. niloticus in concrete ponds using different agro industrial by products 

including noug, wheat bran and brewery waste and found promising results. Further, Bezuayehu 

Gutema et al. (2021) found better growth performance in fry of O. niloticus fed on diets prepared 

from fish silage, brewery waste, wheat bran and soybean meal. Moreover, a feeding experiment 

conducted on O. niloticus in earthen pond by using leftover flours from local grain mill machine 

and common bean indicated that formulation of fish feed from locally available agricultural by-

product can achieve good growth of Nile tilapia without any negative impact (Mekonnen 

Melesse et al., 2019). Besides, Abelneh Yimer and Zenebe Tadesse (2019) also suggested the 

possibility of replacing live feed with dry feed diets that are locally available including blood 

meal, fish meal, soybean, maize, wheat and barley without any negative effect on the growth 

performance of O. niloticus fry. 

Despite the different research works done in Ethiopia on feed formulation for the best 

performance of O. niloticus in aquaculture, there is lack of quality feed which fulfills all 

necessary requirements of the fish at different stages. Additionally, most of the research works 

depend on semi-intensive aquaculture system rather than intensive aquaculture. Unlike Ethiopia 

different African countries like Cameroon, Kenya, Malawi, Nigeria, Zambia and Uganda 

manufacture commercial tilapia feeds. However, tilapia culture in sub-Saharan Africa countries 

is mainly a small-scale, semi-intensive activity, practiced mainly by non-commercial farmers in 

freshwater earthen ponds (El-Sayed, 2013). Future studies should focus on compound feed 

formulation of different commercial fish species considering the age and nutritional requirements 

for better aquaculture practice in the country. 

Formulating fish feed is important to enhance knowledge of nutrient requirement, locally 

available feed ingredients and digestive capacity of the fish for different animal and plant protein 

mixtures. Therefore, evaluating the performance of juvenile tilapia using different animal and 

plant based protein sources provide information of nutritional requirements and digestibility 

capacity of the fish for the feed. 
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3. MATERIALS AND METHODS 

3.1. Experimental setup for the growth study in tanks 

The feeding experiment was conducted at the National Fisheries and Other Aquatic Life 

Research Center (NFALRC), Sebeta, Ethiopia under greenhouse condition from June to October, 

2021. The growth experiment was conducted in tanks with a water holding capacity of 1000 

liters. The tanks were continuously aerated using aerators (model –A29-100 /SPM E1). The 

tanks were cleaned every two weeks to remove any left over and accumulated feeds at the 

bottom. Fish were removed from the tanks and kept in buckets filled with water until the tanks 

were cleaned and filled with fresh spring water. Once the cleaning was complete, the fish were 

carefully returned to their tanks. The tanks were placed in greenhouse to elevate the water 

temperature to the preferred range (26 – 30°C). It is assumed that the experimental subjects 

(fishes), tanks and other variables such as light and humidity in the greenhouse are uniform and 

the same for each treatment. 

 

Figure 1. The experimental set-up used for the growth experiment. 
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3.2. Experimental setup and determination of digestibility in aquaria 

The experiment on apparent digestibility was carried out in aquaria with a water holding capacity 

of 50 liters. It consists of a physical filter comprising three tanks of 200 liters capacity filled with 

gravels, and sand filters. The temperature was maintained between 26-28
0
C using heaters. The 

aquaria were continuously aerated using aerator. A total of twelve aquaria were used for four 

treatments run in triplicate including the control. Juvenile O. niloticus (8-10g) mean weight was 

collected from outdoor ponds of the NFALRC. For each treatment, 39 juveniles were used at a 

rate of 13 fish per aquarium.  

Prior to the start of the digestibility experiment, the experimental fish were acclimated to the 

experimental conditions for two weeks. This time is considered sufficient for the fish to adapt to 

the new diet. Test diets and the control diet were then randomly assigned to the aquaria. Fish 

were fed 5% of their body weight once a day at 11:00AM. One hour after feeding, the aquaria 

were siphoned to remove uneaten food and fecal matter. The fecal matter that settled at the 

bottom of each aquarium was collected early in the morning. The feces were then centrifuged at 

4000 rpm for 10 minutes. The wet settled solids of feces were frozen at -23°C to delay bacterial 

decomposition until analysis. The fecal samples were later thawed, oven dried at 105°C, ground 

and analyzed for crude protein (CP), crude lipid (CL) and moisture content following standard 

procedures.  

Chromic oxide in the feces was determined according to Furukawa and Tsukahara (1966). 

Approximately 50 to 100 mg of the sample was weighed and transferred to digestion tubes. 

Digestion of the collected samples were carried out in two phases; first, 5 ml of concentrated 

nitric acid (HNO3) was added to the digestion tubes and the tubes were placed in a heating 

mantle for about 20 minutes to dissolve all organic matters contained in the sample. Then, 3ml of 

70 % per chloric acid was added to the digestion tubes, which were kept in the heating mantle 

until a color change from green to yellow, orange or red was observed. The boiling was extended 

for ten minutes after color change to ensure complete digestion. After cooling the sample to 

ambient temperature, 100 ml of distilled water was added to the tubes. The concentration of 

chromic oxide was then measured at 350nm in a spectrometer. The standard curve obtained by 

the wet acid digestion technique is expressed by the following equation: Y=0.2089X+0.0032, 

where Y is the optical density at 350mμ, and X is the chromic oxide content of the sample 

(mg/100ml).  



20 
 

 

 

Figure 2. The recirculatory water system used for the digestibility experiment. 

The apparent digestibility coefficients (ADC) for the nutrients of the diets were calculated as 

follows (Bureau et al., 1999): 

        (  (
 

 
)  (

  

  
) ) 

Where, D=% nutrient of diet; F=% nutrient of feces; Di=% Cr2O3 of diet; Fi = % Cr2O3 of feces.                                                                                                            

3.3. Preparation of test diets 

The feed ingredients used for the preparation of the test diets were purchased from the local 

market. Oil cakes (noug and soybean) were milled before formulation. Fish meal was obtained 

from Bahir Dar fisheries and Other Aquatic Life Research Center (BFOALRC). Bone and meat 

meal was purchased from Addis Ababa Abattoirs Enterprise in Addis Ababa. Juvenile Nile 
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tilapia requires 30 - 35% protein in their diet (NRC, 1993). Therefore, three treatment diets 

(CP=35%) were formulated. The treatment diets were formulated based on proportion of animal-

based protein (ABP) and plant-based protein (PBP). Alema excellent (commercial feed for Nile 

tilapia fry and fingerling) was used as a control diet. Treatment 1 contains 22% ABP and 78% 

PBP, Treatment 2, contains 43% ABP and 57% PBP, and Treatment 3, contains 65% ABP and 

35% PBP. All the treatment diets were fortified with soya oil, vitamin and mineral premixes and 

lysine (NRC, 2011). After the ingredients were mixed well to form dough, it was pelleted using 

meat mincer and air dried. 

Table 1. Composition of feed ingredients in the test diets (g kg 
-1

 as-fed) fed to juvenile tilapia in 

different proportions of animal and plant-based feed ingredients.  

Ingredients ABP22 ABP43 ABP65 

Fish meal 55 125 200 

Maize 200 276 360 

Soybean meal 450 250 54 

Sorghum 20 38 80 

Wheat Middling 120 100 60 

Bone & meat 75 130 185 

Noug 70  70 50 

Lysine  1  1  1 

Vitamin premix  5  5  5 

Soybean oil  4  5  5 

Note: ABP22= 22% of animal-based protein and 78% of plant-based protein. 

          ABP43= 43% of animal-based protein and 57% of plant-based protein. 

          ABP65= 65% of animal-based protein and 35% of plant-based protein. 

The fish were fed 3 – 5 % of their body weight depending on the stage of development. The 

calculated daily ration was given two times per day (10 am and 4pm) for 120 days. For the 

digestibility experiment, chromic oxide (Cr2O3) was added as an indigestible marker. It was 
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incorporated in-to the experimental diets at 1% inclusion level as a marker for determining the 

digestibility of the test diets as recommended by Ribeiro et al. (2011). 

3.4. Determination of growth and feed utilization 

Three experimental diets and control diet with three replicates were evaluated in 12 tanks for 

growth performance of juvenile O. niloticus. Before commencing the actual growth study, the 

experimental tanks were thoroughly washed with spring water and detergent. The experimental 

fish (juvenile O. niloticus) of the same batch were hatched at NFALRC hatchery and reared to 

juvenile stage. A total of 90 juveniles were randomly assigned to each treatment at a stocking 

density of 30 fish per tank. The initial weight of the experimental fish (360 juveniles) was 

measured before they were stocked to each tank. The experimental juvenile fish and test feeds 

were assigned randomly to each tank following complete random design (CRD). The fish were 

acclimatized for four weeks prior to the start of the actual experiment. 

For growth performance determination, fish were sampled monthly. Total length and weight of 

sampled fish were measured. The experimental tanks were inspected daily to see the condition of 

the fish and to check if some mortality happened. Moreover, the number of fish initially stocked 

and finally obtained at the end of the experiment was recorded to calculate the survival rate. The 

cost of each input was recorded for partial economic analysis. 

Parameters that were used to estimate growth performance in the experiment include: specific 

growth rate (SGR), daily growth rate (DGR), relative growth rate, weight gain and mean length 

gain. It was obtained according to Ricker (1975) as follows: 
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3.5. Determination of proximate chemical composition 

Proximate analysis of treatment diets, experimental fish and feces was determined following 

standard procedures. Samples of fish were taken at the time of harvest for the carcass proximate 

analysis. Samples were also taken from formulated diets and feces for proximate analysis. The 

proximate analysis was carried out in triplicate according to the standard methods of AOAC 

(2001). 

Crude protein (CP) was determined and analyzed in triplicate sample using the standard micro-

Kjeldahl Nitrogen method as described in AOAC (2001). First, one gram of sample was digested 

in concentrated H2SO4 using the Behroset InKje M digestion apparatus in the presence of one 

gram Kjeldahl catalyst copper until a clear solution formed. After completion of the digestion, 

the formed clear solution was cooled for 30 minutes. The resulting solution was distilled under 

alkaline conditions using the automatic Kjeldahl distillation system by adding 40 ml sodium 

hydroxide (40%) and distilled water. The distillate containing ammonia was trapped in a 30 ml 

boric acid (2%) solution. The distillation process was terminated when the volume of the 

receiving flask was between 100 and 150 ml. Then, the nitrogen content was estimated by 

titration of the formed ammonium borate with 0.1N HCl. Crude protein was estimated by 

multiplying the nitrogen content by a factor of 6.25. The result was expressed as a percentage of 

the original weight of the sample. 

                    
(                
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Where VS = volume (ml) of standardized acid used to titrate a test; VB =volume (ml) of 

standardized acid used to titrate reagent blank; M = molarity of standard HCL; 14.01 = atomic 

weight of N; W = weight (g) of test portion of standard; 10 = factor to convert mg/g to percent; 

and F = factor to convert N to protein. The F factors are 5.70 for wheat, 6.38 for dairy products 

and 6.25 for other feed materials. 

Crude lipid (CL) was determined by solvent extraction method using Soxhlet extractor for 6 

hours. First, an empty porous cellulose extraction thimble covered with fat-free cotton was oven 

dried at 105 °C for 30 minutes, cooled in a desiccator for 30 minutes and weighed. Next, three 

grams of a dried and ground sample was placed in a thimble. The thimble was placed in an 

extraction chamber suspended above a flask containing diethyl ether solvent and below the 

condenser. A flask containing diethyl ether solvent in the presence of boiling chips was placed 

inside the extraction chamber then heated at 60
o
C and the solvent evaporates moves up into a 

condenser where it's converted into a liquid that trickles into the extraction chamber containing 

the sample. At the end of the extraction process, which typically lasts for 6 hours, the thimble 

containing the extracted sample was oven-dried at 105 °C for 30 minutes, cooled in a desiccator 

for 30 minutes and the weight was determined. The weight of fat was calculated from the 

difference between weight of the thimble containing the sample before and after extraction, and 

the crude fat in the initial sample was then calculated as a percentage value.  

                                                                                      

                        
                 

                
 

In balancing the ration, it is essential to know the water content of each component. It is also 

necessary to monitor the moisture content in prepared feed, as values above 8% favor the 

presence of insects, and above 14%, there is a risk of contamination by fungi and bacteria. The 

method is based on drying a sample in an oven and determining moisture content by the weight 

difference between dry and wet material. For this purpose, clean crucibles were oven dried at 

105
o
C for 1 hour, cooled in a desiccator and weighed (W1). Then, three grams of sample (W2) 

was weighed into pre-measured crucibles and dried at 105
o
C for 12hours. After cooling in a 

desiccator to room temperature, it was again weighed (W3) in triplicates. Then, the moisture 

content was determined using the following equation: 
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The ash content of feed ingredients, test diets and carcass that measure the total inorganic matter 

was determined by incineration procedure. First, the crucibles were cleaned and dried in a muffle 

furnace for 30 minutes at 550
o
C, cooled in a desiccator for 30 minutes at room temperature, and 

weighed (M1). Then 3g of fresh sample to an accuracy of 4 decimal places in the dish was 

weighed (M2) and incinerated for 12 hours at 550
o
C using a muffle furnace and finally resulted 

in clean and white in appearance, cooled, weighed and recorded as weight (M3). The resulted 

increase in the final weight of crucible after incineration represented the ash and was expressed 

as a percentage of the original sample: 

            
                  

                
 

Total organic matter (TOM) was estimated by subtracting the total ash content from 100.  

3.6. Measurement of physico-chemical parameters 

The physico-chemical parameters including dissolved oxygen (DO), water temperature, pH, and 

conductivity were monitored regularly using a multiline probe (Model, HQ 40d). Ammonia was 

monitored biweekly in the laboratory in triplicate following standard analytical procedures. 

Water sample from each tank was collected and filtered. Twenty five ml water sample was taken 

from each tank after filtration. Finally, 2.5 ml of reagent (A), which was prepared by dissolving 

130 g sodium-salicylate and trisodium citrate- dihydrate in 800ml of distilled water and adding 

0.97g of sodium nitroprusside was added to the sample. Immediately after adding reagent (A), 

2.5 ml of reagent (B), which was prepared by first dissolving 32 g of NaOH in 1000 ml distilled 

water (base) and adding 0.2 g of sodium dichloroisocyanurate in 100 ml of the prepared base was 

added to the sample. The sample was kept in dark place for 1.5hr and then absorption was 

measured using a spectrophotometer at 655nm (APHA, 1999).  

3.7. Length weight relationship and Fulton’s condition factor 

The length-weight relationships and condition factor of fish indicates their wellness as well as 

determines the stress of water pollution on the fish. Fish from each tank were collected monthly 

for length-weight measurements. Total length and weight were measured using ruler and digital 
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balance, respectively. Total length was measured to the nearest centimeter and weight to the 

nearest gram. Fulton‟s condition factor was obtained using the following formulae: 

                          
             

              Ricker (1975) 

 

3.8. Partial economic analysis of experimental diets 

The profit index and incidence costs were calculated according to (El-Sayed, 1990). The 

incidence cost (IC), which is the cost of feed to produce a kg of fish (relative cost per unit weight 

gain) was calculated using the following formulae:  

               
            

                       
 

             
             

            
 

The value of fish was calculated based on the current sale price of the fish. The lower the cost of 

feed ingredients used in the test feed formulation, the more profitable it will be using that 

particular test feed. 

3.9.  Statistical analysis 

All collected data were statistically analyzed using one-way analysis of variance (ANOVA) with 

a significance level of P<0.05. All statistical analyses were carried out using the SPSS version 

20.0 (SPSS, Michigan Avenue, Chicago, IL, USA). Means that were significantly different were 

analyzed by Duncan‟s multiple range tests.   
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4. RESULTS 

4.1. Proximate Composition and Prices of Feed Ingredients 

The proximate composition and price of the ingredients used in the study are shown in Table 2. 

Crude protein of the feed ingredients ranged from 71.8 g kg 
-1

 to 608.7 g kg 
-1

 with the lowest 

and highest values recorded in maize meal and fish meal, respectively. Similarly, total lipid was 

the highest in fish meal (186.3 g kg 
-1

) and the lowest in maize meal (33 g kg 
-1

). The ash content 

was highest in bone & meat meal (284 g kg 
-1

) and lowest for sorghum (16.7 g kg 
-1

). The total 

organic matter (TOM) was highest in sorghum (983.3 g kg 
-1

) and lowest in bone and meat meal 

(716 g kg 
-1

). 

Table 2. Proximate chemical composition (g kg 
-1

) and prices (Birr kg 
-1

) of individual feed 

ingredients used in the study. 

Ingredients DM CP CL TOM Ash Prices 

Fish meal 951.2 608.7 186.3 792 208 41.6 

Maize flour 842 71.8 33 979.8 20.2 14.74 

Soybean meal 953 401 81 938 62 37 

Sorghum 902 119 97.8 983.3 16.7 23 

Wheat Middling 987 179 44 953 47 15 

Bone &meat meal 954 568 185 716 284 19 

Noug cake 928 303 83 887 113 22.5 

Where, DM- dry matters, CP- crude protein, CL- total lipid, TOM- total organic matter. 

The prices of ingredients used in the study are shown in Table 2. Fish meal was the most 

expensive ingredient (41.6 Birr kg
-1

) followed by soybean meal (37 Birr kg 
-1

). Maize and wheat 

middling were the least expensive ingredients and cost 14.74 Birr kg 
-1

 and 15 Birr kg 
-1

, 

respectively. 
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4.2. Proximate Chemical Composition of Experimental Diets 

The proximate chemical compositions of the test diets used in the experiment, including the 

control, are presented in Table 3. The experimental diets were formulated to be iso-nitrogenous 

using Feed Win software.  

Table 3. Proximate chemical composition of experimental diets (g kg 
-1

) fed to juvenile tilapia.  

Components  Control ABP22 ABP43 ABP65 

DM 925.6 927.6 931.6 943.3 

CP 351.0 348.0 347.0 346.0 

CL 102.0 120.0 135.0 142.0 

TOM 894 908 916 909 

Ash 106.0 92.0 84.0 91.0 

Note:    ABP22 = 22% of animal-based protein and 78% plant-based protein 

             ABP43 = 43% of animal-based protein and 57% of plant based-protein 

             ABP65 = 65% of animal-based protein and 35% of plant based-protein 

4.3. Growth Performance and Feed Utilization 

The growth responses of juvenile tilapia fed on experimental diets are presented in Table 4. 

There were no significant differences in initial body weight (IBW) fed on the different 

experimental diets (P > 0.05). The highest final body weight was recorded for the control diet 

(37.2 g) followed by ABP22 diet (36.5 g), but there was no statistically significant difference 

among these diets. The lowest SGR, WG and RGR were recorded in ABP65. The results of the 

present study revealed that the growth performance of juvenile O. niloticus slightly decreased 

with increasing levels of animal based protein. The results of monthly changes in mean total 

length and body weight of the juvenile O. niloticus are given in Figure 3 and 4, respectively. The 

feed conversion (FCR) values varied significantly (P < 0.05) among the test diets. The highest 

FCR value was obtained for ABP65 diet (4.5). Relatively lower FCR was obtained for ABP22 

(2.2) and the control diet (2.1). There were no significant differences (P > 0.05) in survival rate 

of juvenile O. niloticus among the experimental diets.  
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Table 4. Growth performance and feed utilization of juvenile Nile tilapia, O. niloticus fed on 

different experimental diets. 

Parameters Control ABP22 ABP43 ABP65 

IBW (g) 9.93 ± 0.78
a
 9.70 ± 0.20

a
 10.93 ± 0.33

a
 11.26 ± 0.51

a
 

FBW (g) 37.16 ± 2.22
b
 36.50 ± 1.15

b
 32.60 ± 0.42

b
 26.00 ± 0.87

a
 

SR (%) 93.90 ± 1.10
a
 96.10 ± 4.85

a
 91.66 ± 3.33

a
 96.10 ± 4.85

a
 

SGR (% per day) 2.73 ± 0.03
c
 2.76 ±0.03

c
 2.56 ±0.03

b
 2.26 ± 0.03

a
 

WG (g) 27.23 ± 1.44
c
 26.80 ± 1.24

c
 21.70 ± 0.75

b
 14.70 ± 0.47

a
 

RGR (%) 275.40 ± 8.22
c
 276.80 ± 16.41

c
 199.23 ± 12.59

b
 131.10 ± 5.09

a
 

FCR 2.1 ± 0.20
a
 2.2 ± 0.10

a
 3.1 ± 0.20

b
 4.5 ± 0.20

c
 

FCF 1.96 ± 0.03
b
 1.83 ± 0.03

a
 1.86 ± 0.03

a
 1.80 ± 0.00

a
 

The values are means ± SE and values within the same row with different letters are significantly 

different (P ≤ 0.05). Where, IBW = Initial body weight, FBW = Final body weight, WG = 

Weight gain, SGR = Specific growth rate, RGR = Relative growth rate, FCR = Feed conversion 

ratio, and FCF = Fulton‟s condition factor. 

 

Figure 3. Monthly changes in mean total length of juvenile O. niloticus fed on experimental 

diets. 
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Figure 4. Monthly changes mean body weight of juvenile O. niloticus fed on experimental diets.                                                                                                  

4.4. Apparent Nutrient Digestibility 

The apparent nutrient digestibility of the test diets is shown in Table 5. The apparent protein 

digestibility (APD) was high for all test diets and ranged from 79.03% to 89.62%. The highest 

APD was recorded for ABP22 diet followed by the control diet. ABP65 showed slightly lower 

APD compared to the other test diets. Apparent lipid digestibility (ALD) for ABP22 was 

significantly higher than the other test diets including the control (P ≤ 0.05). The results of the 

present study showed that APD and ALD decreased with increasing animal-based protein 

inclusion. Similarly, apparent dry matter digestibility (ADMD) of experimental diets was 

significantly different for ABP22 (P ≤ 0.05). The highest ADMD was recorded for ABP22 

(72.11%) and the lowest was recorded in ABP43 (59.51). 

Table 5. Apparent nutrient digestibility coefficients (% dry weight) of protein, lipid and dry 

matter in the test diets for juvenile Nile tilapia.  

Components Control ABP22 ABP43 ABP65 

Crude protein  80.92 ± 0.72
b
 89.62 ± 0.15

c
 80.12 ± 0.27

a
 79.03 ± 0.52

a
 

Crude lipid 76.62 ± 0.67
a
 84.82 ± 1.75

b
 77.46 ± 2.33

a
 76.29 ± 1.14

a
 

Dry matter 60.13 ± 1.78
a
 72.11 ± 0.27

b
 59.51 ± 0.07

a
 61.25 ± 0.3

a
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Values are mean ± SE and values within the same row with different letters are significantly 

different (P ≤ 0.05). 

4.5. Body Proximate Composition 

The proximate composition of whole body of experimental fish samples including the control 

group is presented in Table 6. Fish fed on ABP22 had significantly lower crude lipid and 

moisture content among the test diets (P ≤ 0.05). The crude protein contents of whole fish body 

were significantly affected by the inclusion level of animal-based protein in juvenile tilapia diets. 

Ash contents were significantly different from the control diet (P ≤ 0.05), but not among 

treatment diets. 

Table 6. Whole body proximate composition (% dry weight) of juvenile Nile tilapia (O. 

niloticus) fed on experimental diets. 

Components Control ABP22 ABP43 ABP65 

Moisture content 76.90 ± 0.26
a
 78.53 ± 0.40

b
 76.86 ± 0.85

a
 75.33 ± 0.16

a
 

Crude protein 65.20 ± 0.10
c
 64.70 ± 0.10

c
 60.25 ± 0.15

b
 52.95 ± 0.45

a
 

Crude lipid 22.51 ± 1.59
b
 20.51 ± 0.37

a
 22.11 ± 0.71

b
 24.88 ± 0.02

b
 

Ash 12.60 ± 0.55
a
 16.10 ± 0.41

b
 16.84 ± 0.28

b
 17.65 ± 0.60

b
 

Values are mean ± SE of three replicates, and values within the same row with different letters 

are significantly different (P ≤ 0.05). 

4.6. Physicochemical Parameters 

Data on the physicochemical parameters of the experimental tanks are summarized in Table 7. 

The values are expressed as mean ± SE. Throughout experimental period, the water temperature 

ranged from 20.4
0
C to 29 °C, DO from 3.38 mg L

-1
 to 8.4 mg L

-1
, pH ranged from 7.22 to 8.16, 

and NH3 ranged from 0.03 to 0.04 mg L
-1

. There were no significant differences in 

physicochemical parameters among treatments throughout the experimental period (P > 0.05).  
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Table 7. Water quality parameters recorded in the experimental tanks. 

Parameters Time   Control ABP22 ABP43 ABP65 

Temperature (
°
C) 10AM 22.45 ± 0.37

a
 22.07 ± 0.53

a
 21.81 ± 0.38

a
 22.27 ± 0.53

a
 

 4PM 25.61 ± 0.47
a
 25.70 ± 0.42

a
 24.80 ± 0.37

a
 25.76 ± 0.43

a
 

DO (mg L
 -1

) 10AM 4.42 ± 0.29
a
 4.84 ± 0.22

a
 5.25 ± 0.21

a
 5.37 ±0.17

a
 

 4PM 5.97 ± 0.28
a
 6.05 ± 0.14

a
 6.50 ± 0.23

a
 6.50 ± 0.24

a
 

Conductivity 

(µS/cm) 

10AM 196.64 ± 7.63
a
 195.26 ± 7.86

a
 193.66 ± 7.41

a
 193.02 ± 7.43

a
 

 4PM 198.55 ± 7.88
a
 197.23 ± 8.30

a
 193.05 ± 9.01

a
 195.01 ± 7.67

a
 

PH 10AM 7.24 ± 0.08
a
 7.25 ± 0.08

a
 7.22 ± 0.73

a
 7.24 ± 0.75

a
 

 4PM 7.44 ± 0.44
a
 7.44 ± 0.60

a
 7.39 ± 0.38

a
 7.48 ± 0.39

a
 

NH3(mg L
-1

)  0.04 ± 0.01
a
 0.03 ± 0.00

a
 0.03 ± 0.00

a
 0.03 ± 0.00

a
 

The values are mean ± SE of three replicates, and values within the same row with the same 

superscripts are not significantly different (P > 0.05). Where, DO = Dissolved oxygen. 

4.7. Length weight relationship and Fulton’s condition factor 

Results of length-weight relationship of juvenile O. niloticus fed on different proportions of 

animal and plant proteins are shown in Figure 5. The regression coefficient (b) obtained in the 

present study ranged from 2.61 to 2.77. The values in all treatment diets showed negative 

allometric growth. The Fulton‟s condition factor (FCF) of fish in the present study was 

significantly higher (P ≤ 0.05) in the control than the other treatment groups (Table 4). 
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Figure 5. Length-weight relationships of juvenile O. niloticus fed on different test diets: A, 

Control, B, ABP22, C, APB43, and D, ABP65. 

4.8. Partial economic analysis of experimental diets 

The cost analyses of experimental diets are shown in Table 8. The total cost of the diets ranged 

from 23.8 Birr kg 
-1

 to 30 Birr kg 
-1

, with highest price for the control diet. The amount of total 

feed provided for the experimental fish ranged between 5.2 and 6.1 kg per treatment. The total 

cost of the experimental diets used throughout the experiment was higher for the control (160.6 
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Birr) and lower for ABP65 and ABP22 (144.5 Birr, 146.0 Birr, respectively). However, total fish 

weight was comparatively higher for control and ABP22 (Table 8). The average local market 

value of Nile tilapia (whole fish) around Addis Ababa is 100 Birr Kg
- 1

. The computed economic 

efficiency parameters of incidence cost (IC) and profit index (PI) ranged from 48.7 to 68.8 and 

from 0.62 to 0.69, respectively. ABP22 had the lowest incidence cost among the other 

experimental diets (Table 8). 

Table 8. Partial economic analysis of experimental diets fed to juvenile O. niloticus. 

Parameters Control  ABP22 ABP43 ABP65 

Cost of feed (Birr kg 
-1

) 30.0 27.9 25.7 23.8 

Total feed used (Kg) 5.40 5.20 5.90 6.10 

Cost of total feed used (Birr kg 
-1

) 160.6 146.0 151.4 144.5 

Produced fish weight (Kg) 3.0 3.0 2.5 2.1 

Estimated local market value (Birr kg
 -1

) 100 100 100 100 

Incidence cost 53.5 48.7 60.6 68.8 

Profit index 0.62 0.69 0.66 0.69 
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5. DISCUSSION 

5.1. Growth Performance and Feed Utilization 

The study showed that increasing inclusion levels of animal protein sources in the diets of 

juvenile O. niloticus resulted in a significant (P<0.05) decrease in growth performance and 

apparent nutrient digestibility. The lowest growth rate was observed in fish fed with 65% 

inclusion of animal-based protein in the diet. Final body weight was higher for the diet with 22% 

inclusion of animal-based protein. The observed growth differences in fish fed ABP22 may be 

due to the use of soybean meal as the major plant protein source replacing fish meal and bone & 

meat meal. Soybean meal (SBM) is the most studied plant feedstuff in aquaculture diets because 

of its availability, consistent quality, high protein content with good amino acid profile and low 

cost (Lim and Dominy, 1989). Soybean has been reported as a good source of plant protein to 

replace fish meal (FM). For instance, Thompson et al. (2012) reported better growth 

performance of O. niloticus fed on soy- protein based diet compared to fish meal based diet. 

Similarly, El-Saidy and Gaber (2003) reported that replacement of fish meal by mixtures of plant 

protein sources such as soybean, cottonseed, sunflower, and linseed meals up to 100% (all in 

equal proportion of 25%) in the diets of Nile tilapia did not exhibit significant differences in 

growth performances as compared to a control diet. Moreover, Voorhees et al. (2019) reported 

that bioprocessed soybean meal can replace at least 80% of the fish meal in adult rainbow trout 

diets. 

Other studies on Nile tilapia also demonstrated the possibility of replacing animal protein source 

with SBM. For instance, Ajani et al. (2016) found that soybean meal can either be used to 

partially replace fishmeal or completely replace it with methionine supplementation. The current 

finding also agrees with the study reported by Shiau et al. (1990) who found that defatted or full-

fat soybean meal can be used to replace 30% fishmeal protein in a diet for O. niloticus × O. 

aureus hybrid fingerlings at 24% dietary protein level. Similarly, Al-Thobaiti et al. (2018) found 

that the replacement of fish meal with different plant proteins including corn gluten meal, wheat 

gluten meal, soybean meal and bagasse kenna mix had shown better growth performance in O. 

niloticus. 

The specific growth rate (SGR), the percentage increase in weight of fish per day, resulted in 

significant difference (P<0.05) among treatment diets (Table 4). It followed similar trend with 



36 
 

weight gain where it was relatively higher in control and ABP22 diets than fish fed all other 

diets. Specific growth rate recorded in the present study is higher as compared to numerous 

reports done on O. niloticus fed supplemental and compound feed (James et al., 2016; Sharda et 

al., 2017; Yong et al., 2018). This might be as a result of combination of different plant protein 

sources which might have improved the amino acid profile, bioavailability, and palatability of 

diets due to lower inclusion levels of each of the individual protein sources in the combined 

mixture (Borgeson et al., 2006). This is in line with the finding of several authors. For instance, 

Soltan et al. (2001) reported enhanced SGR of O. niloticus fed on different mixtures of plant 

proteins including soybean, yellow corn, wheat flour and bran. Similarly, Akewake Geremew 

(2015) reported better growth performances of juvenile O. niloticus fed on Niger seed cake and 

Linseed cake. Furthermore, Tsegay Fisseha (2020) also reported enhanced growth performance 

of O. niloticus fingerlings fed on mixture of lupin and grass pea.  

The SGR of the present study ranged between 2.26 to 2.76%. This agrees with Soltan et al. 

(2001) who reported similar SGR values ranging from 2.48 to 2.73% for O. niloticus in 

controlled environment. Moreover, SGR ranging from 2.27 to 2.96% and 2.08 to 2.76% have 

been reported by Mary et al. (2020) and Akewake Geremew (2015), respectively. In contrast, 

lower SGR values for O. niloticus were also reported by different authors. For instance, James et 

al. (2016) reported SGR value ranging from 0.50 to 0.62% on a diet with mixture of fishmeal, 

blood meal, wheat bran, soybean meal and cotton seedcake. Similarly, Sharda et al. (2017) found 

SGR value ranging from 0.51 to 0.92% for O. niloticus under controlled environment. It appears 

that, the present study resulted in better growth performance due to supplementation of the diets 

with lysine. This is also in agreement with El-Saidy and Gaber (2002) who reported that Nile 

tilapia fed on SBM based diet with supplementation of lysine achieved better growth than control 

diet. 

However, unlike the present study, lower growth rate of O. niloticus was also reported with 

increasing plant protein sources. For instance, Sharda et al. (2017) reported very low weight gain 

(1.21g) with increasing level of soybean meal in the diet of O. niloticus. Similar results have 

been reported by Xu et al. (2012) who found that substitution of fish meal with soybean based 

diet at 75% or more resulted in poor weight gain. The contradicting results of the present study 

with the above authors might be because of imbalance of amino acids and presence of anti-
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nutritional factors which have negative effect on growth with high inclusion of SBM (El-Sayed, 

1999).  

The feed conversion ratio, which is defined as the amount of feed used to produce one gram of 

fish was significantly different among the diets tested in the present study. The FCR values 

computed in the present study ranged from 2.1 to 4.5 (Table 4). Relatively lower FCR values of 

2.1 and 2.2 were recorded for the control and ABP22 diets, respectively. Ugwumba and 

Ugwumba (2007) concluded that lower food conversion ratio indicated higher protein conversion 

efficiency which results in better growth. Similarly, Shouqi et al. (1998) and Elangovan and 

Shim (2000) found lower FCR when fish meal was replaced by soybean meal for Chinese longs 

nout catfish (Leiocassis longirostris) and tin foil barb (Barbodes altus), respectively. Moreover, 

very low FCR was recorded by AL-Kenawy et al. (2008), Do Esprito Santo et al. (2017), and 

Alofa and Abou (2021) ranging from 1.2 to 1.5, from 1.19 to 1.47, and from 1.2 to 1.47 for Nile 

tilapia in a controlled environment in the replacement of fish meal with soybean meal diet, 

respectively. The higher FCR recorded in ABP43 and ABP65 in this study might be associated 

with higher inclusions of animal based protein in the diets, which is not preferable by the fish 

due to its herbivorous feeding habit. This idea is in line with Yakubu et al. (2013) who pointed 

out that higher FCR indicates poor acceptance or utilization of the diet.  

In terms of survival rate, no mortality was recorded regarding the effect of experimental diets. 

The lower survival rate recorded in all experimental diets was due to escape of the fish through 

the pipes at the time of cleaning. However, there was no significant difference (P > 0.05) in 

percentage survival rate of fish fed on the different test diets which ranged from 91.6% to 96.1%. 

Besides, the survival rate of the present study was higher than other studies reported by different 

authors. For instance, Liu et al. (2012) and Hossain et al. (2017) reported survival rate ranging 

from 73.3% to 93.5% and 88.4% to 92.8%, respectively. Unlike the present study, Tsegay 

Fisseha (2020) and Akewake Geremew (2015) found very high survival rate of O. niloticus 

ranging from 99.52% to 100% and 95% to 98.3%, respectively in a controlled environment. 

5.2. Apparent Nutrient Digestibility of experimental diets 

Apparent protein digestibility (APD) values differed significantly (P < 0.05) between the test 

diets. The APD in the present study ranged from 79.03% to 89.62%. The ABP22 diet was found 

to have a relatively high APD. This could be attributed to the relatively lower inclusion of maize 
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and sorghum in the diet (Table 1), which might reduce the fiber content and hence increase the 

digestibility. Furthermore, the highest APD obtained with the ABP22 diet could be related to the 

high APD of soybean meal, which had the highest inclusion level in ABP22 diet. Similarly, Ye 

et al. (2012) suggested a high APD coefficient (92.29%) for soybean meal. Guimaraes et al. 

(2008) also reported the apparent digestibility of protein from soybean meal (92.4%) higher than 

fishmeal (88.6%) for Nile tilapia. The APD result of the present study is within the range of APD 

reported by different authors. For instance, Do Esprito Santo et al. (2017) reported APD values 

ranging from 86.3% to 91.56% for O. niloticus fed diet containing increasing levels of soy 

protein concentrate as a substitute for animal protein. Similarly, Liu et al. (2012) reported an 

APD value of 80.8% to 85.3% for Pacific white shrimp when fishmeal was partially replaced 

with peanut meal. Moreover, Soltan et al. (2008) reported an APD value of 73.17% to 82.69% in 

O. niloticus fed a mixture of cottonseed, sunflower, canola, sesame and linseed meals.  

The apparent lipid digestibility (ALD) of the test diets in the present study ranged from 76.29% 

to 84.82%. The ALD was significantly higher (P < 0.05) for ABP22 than the other diets studied. 

Besides, the ALD obtained in this study agreed with Akewake Geremew (2015) who obtained 

ALD values ranging from 78.8% to 81.3% in a study that determined apparent nutrient 

digestibility of three plant proteins sources including soybean cake, niger seed cake, and linseed 

cake. Similarly, Soltan et al. (2008) suggested ALD ranging from 74.22% to 81.65%. Unlike the 

present study, Liu et al. (2012) reported higher ALD values ranging from 87.6% to 89%. On the 

other hand, lower ALD values (67.78% to 54.29%) were reported for Coptodon rendalli fed a 

diet containing a mixture of cassava leaf meal, cocoyam meal, black-jack, maize bran, sweet 

potato meal, sweet potato leaf meal and cassava flour (Mzengereza et al., 2016). 

The apparent dry matter digestibility (ADMD) of the experimental diets in the present study 

ranged from 59.51% to 72.11%. The ADMD values obtained in the present study agrees to those 

reported by previous studies in Nile tilapia. For instance, Liu et al. (2012) obtained ADMD value 

ranging from 64.2% to 69.1% for Nile tilapia in a controlled environment. Similarly, Do Esprito 

Santo et al. (2017) reported ADMD value ranging from 64.16% to 70.99% for Nile tilapia. In 

contrast, Akewake Geremew (2015) obtained higher ADMD ranging from 74.3% to 79.6% on a 

study conducted to see the effect of dietary inclusions of Niger seed cake on juvenile Nile tilapia.  
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5.3. Body Proximate Composition 

Information on proximate body composition of fish is needed to assess its nutritional and edible 

values indicating the fish quality (Anani and Agebo, 2018). The moisture content of juvenile O. 

niloticus fed on different experimental diets showed significant difference (P < 0.05) and ranged 

from 75.33 to 78.53 (Table 6). The percentage moisture content of juvenile O. niloticus in the 

present study is within the acceptable level required for fish (60%-80%) (Adewumi et al., 

2014).This is also in close agreement with Soltan et al. (2001) who reported moisture content 

ranging from 76.09 to 80.55 for O. niloticus. Moreover, Hirut Geremew et al. (2020) reported 

moisture content of 79%. Furthermore, El-Saidy and Gaber (2003) and Akewake Geremew 

(2015) reported moisture content ranging from 75.45 to 77.81 and 76.4 to 77.48 for Nile tilapia 

fed with mixtures of different plant proteins, respectively. 

Percentage crude protein (CP) content of juvenile O. niloticus fed on different levels of animal 

based protein diets ranged from 52.95 to 65.2% (Table 6) and showed significant difference (P < 

0.05) among treatment diets. Relatively lower percentage of crude protein was recorded for 

juvenile O. niloticus fed on ABP65 in the present study. The observed significant reduction in 

body protein content might be due to higher inclusion level of sorghum and maize in the diet 

(Table 1), which might result in high fiber content and thus low digestibility and bioavailability 

of nutrients for the fish. This agreed with Jim et al. (2017) who pointed that body composition of 

fish could be affected by the capacity of the fish to absorb and assimilate the essential nutrients 

from the diet. However, the CP contents of juvenile O. niloticus in all experimental diets were 

within the acceptable protein range on dry weight basis for fish. The result of the present study 

agreed with Tsegay Fisseha (2020) who found crude protein content of O. niloticus ranging from 

56.96 to 57.35% in Nile tilapia fed on lupin and grass pea diets. Similarly, Soltan et al. (2008) 

reported CP ranging from 66.11 to 68.58% in O. niloticus fed on diets containing a mixture of 

different plant and animal proteins. Moreover, Makled et al. (2019) reported CP of Nile tilapia 

meat ranging from 60.42 to 64.47% in a diet composed of fish meal, soybean meal and wheat 

flour. The percentage CP obtained in the present study agreed with Soltan et al. (2001) who 

reported CP ranging from 61.7 to 64.4% from Nile tilapia fed on a diet composed of fish meal, 

soybean meal, yellow corn, wheat flour, shrimp meal, bran and bone meal.  
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The percentage crude lipid content (CL) of O. niloticus ranged from 20.51 to 24.88%. There was 

a significant difference (P < 0.05) in CL content of fish fed on different experimental diets. A 

relatively low CL was observed in fish group fed ABP22. The low CL content on ABP22 fed 

fish observed might be due to the high moisture content of the fish carcass. This is supported by 

Makled et al. (2019) who found an inverse relationship between moisture and crude lipid content 

of fish. Also, Tsegay Fisseha (2020) and Gebremedhin Gebreanenia (2018) found an inverse 

relationship between moisture content and crude lipid of O. niloticus in controlled environment. 

Additionally, the lower CL of fish fed on ABP22 diet could be due to the high level of plant 

protein source in the diet. Zenebe Tadesse (2010) have reported low fatty acid content of O. 

niloticus from Lakes Babogaya, Hora, Haiq and Tana than Lake Hashengie which was due to the 

fact that the diet composition of O. niloticus from the lakes was predominantly composed of 

phytoplankton in the former lakes, while zooplankton composition was higher in the diet of the 

later lake. The result of the present study is in close agreement with Makled et al. (2019) who 

reported CL from 18.35 to 20.97%. Similarly, Hasan et al. (2018) found CL content of Coptodon 

rendalli ranging from 22.71 to 23.66% fed on a diet composed of plant and animal mixtures. 

Unlike the present study, lower CL was recorded for O. niloticus in controlled environment. For 

instance, Soltan et al. (2001) reported CL content of O. niloticus ranging from 5.5 to 7.73%. 

Similarly, Soltan et al. (2008) reported CL of O. niloticus ranging from 13.12 to 16.89% in a diet 

composed of different animal and plant sources. The variations observed between the present 

work and previous studies might be attributed to the composition of the feeds given for the fish 

(Hepher et al., 1983). 

The percentage ash content in the present study ranged from 12.6 to 17.65. The ABP65 was 

found to have relatively higher ash content, whereas the control diet had relatively lower ash 

content. The ash content of the control diet was significantly lower than (P < 0.05) the other 

diets. The ash content of the present study agreed with the ash content reported by Makled et al. 

(2019) which ranged from 17.26 to 20.89%. Similarly, Muin et al. (2017) indicated ash content 

of O. niloticus ranging from 14.8 to 16.51% in diets containing different levels of black soldier 

fly, Hermetia illucens. Ajani et al. (2016) also found ash content ranging from 12.69 to 13.64% 

in O. niloticus when fishmeal was replaced by soybean meal. In contrast, lower ash content (5.85 

to 10.7%) was recorded in O. niloticus fed with Moringa seed meal (Hashem et al., 2017). 
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5.4. Length weight relationship and Fulton’s condition factor 

The regression coefficient “b” obtained in the present study ranged from 2.61 to 2.77. The 

regression coefficient in the present study showed negative allometric growth in all treatments in 

which the fish becomes more slender as it increases in weight. This is supported by (Nehemia et 

al., 2012) who pointed that the growth of fish is said to be isometric (length increases in equal 

proportions with body weight) when the value of regression coefficient „‟b‟‟ is 3. A value greater 

or less than 3 will have positive allometric and negative allometric growth pattern, respectively. 

However, these values are not match deviated from the isometric value of “b” which is 3, 

signifying that the growth attained by the strains was close to isometric growth. The obtained “b” 

value in this study was similar to previous studies reported by different authors for the same 

species in a controlled environment. For instance, Gebremedhin Gebreanenia (2018) obtained 

“b” value ranging from 2.69 to 2.87 for Nile tilapia in tank culture system. Furthermore, Abelneh 

Yimer et al. (2015) have reported regression co-efficient ranging from 2.76 to 2.86 for Nile 

tilapia under pond culture system. Besides, similar results have been recorded for Nile tilapia in 

their natural habitat. For instance, Zenebe Tadesse (1997) reported regression co-efficient value 

of 2.74 for Nile tilapia in Lake Tana. Similarly, Million Tesfaye et al. (2021) reported regression 

coefficient value of 2.91 for Nile tilapia in Lake Chamo.  

Fulton‟s condition factor (FCF), a parameter that shows the wellbeing of fishes in their natural 

habitat or in aquaculture, showed significant difference (P<0.05) for the control diet compared to 

all other diets (Table 4). High and low value of FCF indicates better and poor body condition, 

respectively (Gupta and Tripathi, 2017). Besides, it is an indicator of different biological and 

ecological factors in relation to fishes feeding habits (Nehemia et al., 2012). The FCF of the 

juvenile O. niloticus in the present study ranged from 1.80 to 1.96. A slightly higher condition 

factor was recorded for the control diet (1.96). However, the FCF of the control diet was not 

much deviated from other treatment diets. Besides, the recorded condition factors in all treatment 

diets were within the recommended range for fish with good health condition. This is in line with 

Shahabuddin et al. (2015) who recommended a condition factor greater than 1 for good fish 

health condition. Furthermore, Fulton‟s condition factor of the present study is in agreement with 

condition factors reported previously. For instance, Zenebe Tadesse (1988) reported FCF value 

of 1.89 for O. niloticus in Lake Ziway. Moreover, Gashaw Tesfaye and Zenebe Tadesse (2008) 

also reported FCF values of 1.87, 1.81 and 1.84 for O. niloticus in Lakes Koka, Ziway and 
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Langeno, respectively. Additionally, Gebremedhin Gebreanenia (2018) obtained FCF vales 

ranging from 1.8 to 2.2 for Nile tilapia in controlled environment. Similarly, Mary et al. (2020) 

obtained FCF value ranging from 1.74 to 1.81 for Nile tilapia in controlled environment. In 

contrast, Tsegay Fisseha (2020) reported higher FCF values ranging from 2.62 to 2.73 for Nile 

tilapia fingerlings fed on lupin and grass pea mixture in recirculating aquaculture system. The 

variation in the FCF values of the present study and formerly reported finding might be related to 

the higher breeding rate observed during the experiment. This is supported by Flipos Engdaw et 

al. (2013) who pointed that variation in condition factor might be due to sex and gonad 

development. Similarly, Zenebe Tadesse (1997) reported low condition factor during the peak 

breeding season for O. niloticus.  

5.5. Partial economic analysis of experimental diets 

A partial economic analysis of the experimental diets used in the study is presented in Table 8. 

The lowest incidence cost (IC) defined as the cost of feed used to produce 1 kg of fish was 

obtained with ABP22 (48.7) followed by control (53.5), ABP43 (60.6) and ABP65 (68.8). This 

shows that the use of ABP22 diet is economically viable. This is supported by Abu et al. (2010) 

who suggested that the lower the IC, the more profitable it is using that diet. Besides, the ABP22 

diet was found to have a high profit index (0.69). The results of the present study suggest that 

rearing juvenile O. niloticus on ABP22 diet, which consists of 78% plant protein source and 22% 

animal protein source feed mixture (see Table 1 for ingredients), could be more cost-effective 

and yield higher economic returns. Moreover, the results of the present study agreed with the 

reports of Tsegay Fisseha (2020) where lupin and grass pea were used as protein source in the 

diets of Nile tilapia to replace fish meal at 75%, which was the less costly at IC (44.31) than the 

fish meal based formulated control diet where high incidence cost (72.5) was observed. 
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6. CONCLUSIONS AND RECOMMENDATIONS  

6.1. Conclusions 

 The results of the present study revealed that increasing proportion of animal source 

protein in the diet of juvenile O. niloticus had negative effect on all assessed parameters 

of growth performance and feed utilization. Indeed, the diet with higher inclusion level of 

plant protein sources showed better performance on all growth and feed utilization 

parameters. This could be explained by the herbivorous behavior of the fish, the use of 

soybean meal as the main protein source and the mixing effect of different plant protein 

sources which might reduce the effects of anti-nutritional factors present in plant protein 

sources. Additionally, the supplementation of the diet with lysine might help in 

improving the amino acid profile. 

 The nutrient digestibility study revealed that juvenile O. niloticus may be able to digest 

the ABP22 diet better than all the other diets due to its high protein digestibility 

coefficient (89.62%). The apparent digestibility of dry matter and lipid also showed the 

same trend in the present study, with ABP22 having a higher coefficient of 72.11% and 

84.82%, respectively. 

 The proximate body composition of the experimental fish in the present study 

demonstrated that there were significant differences among the experimental diets. The 

results showed that inclusion of animal protein sources in the diet of juvenile O. niloticus 

at 65% level had resulted in the highest moisture, lipid, and ash contents of the fish 

carcass. However, the highest crude protein content of the fish carcass was recorded in 

the control group and in the group that fed the diet that contains 22% of animal protein 

sources and 78% of plant protein sources. This might be associated with the inclusion 

levels of the feed ingredients as has been reflected on the apparent digestibility study. 

 The economic analysis of the present study indicated that using a diet composed of 22% 

animal-based protein and 78% plant-based protein generated higher economic returns 

with better nutrient digestibility and growth performance of the fish. Also, ABP22 diet 

was found to have the lowest incidence cost (48.7) and high profitability index (0.69) 

indicating its economic feasibility. 
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6.2. Recommendations 

 This study provided information on the effects of different inclusion levels of animal and 

plant protein sources on compound feed formulation for juvenile O. niloticus in 

comparison with commercial diet. Further research is recommended on comparing other 

plant and animal ingredients with the commercial diet.  

 The present study was done on mixed sex Nile tilapia. Therefore, further study is 

recommended on mono sex Nile tilapia.   

 Further study is recommended using additives/supplements/ to enhance the quality of the 

feed. 
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8. APPENDICES 

Appendix 1. Picture showing the water tanks used for the growth experiment of juvenile O. 

niloticus in greenhouse (A) measurement of body length (B) measurement of body weight (C). 
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Appendix 2.Picture showing aquaria set up used for digestibility experiment of juvenile O. 

niloticus in aquaria. 

 

Appendix 3. Picture showing chromic oxide determination in the faeces at Addis Ababa 

university fisheries laboratory. 
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Appendix 4. Picture showing the feed preparation process. Ingredients for experimental diets (A) 

Mixing of feed ingredients (B) Vitamin premix and lysine (C) Pelleting of experimental diets 

using mechanical pelleter (D) Sun drying of experimental diets (E).  

 

 

 

 

 

 

 

 

 

 

 



68 
 

Appendix 5. Picture showing analysis of proximate chemical composition in NFALRC 

laboratory. Protein determination by micro-Kjeldahl Nitrogen method (A) solvent extraction by 

Soxhlet extractor (B) Weighing sample for moisture and ash analysis (C). 

 

Appendix 6. Picture showing recording of some physico-chemical parameters and ammonia 

analysis in NFALRC laboratory. 

 


