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Abstract 
 

      Freshwater aquaculture is the dominant type of 

aquaculture in Kenya, with Oreochromis niloticus favored due 

to its adaptability to a wide range of environmental conditions 

and rapid growth. However, the success and economic 

viability of aquaculture is significantly impacted by the type 

and quality of fish feeds in the culture systems. To address this 

crucial aspect, a study was done to investigate the effects of 

different sources of protein in fish diets on water quality and 

growth performance of O. niloticus fingerlings fed with diets 

containing three different protein sources. Three locally 

sourced protein sources, namely, Black Soldier Fly larvae 

(BSF) meal, Freshwater shrimp meal (FSM), and Soybean 

meal (SBM), and a commercial feed locally purchased were 

fed to groups of 25 fish replicated 3 times in a completely 

randomized design. The study was done for a period of 10 

weeks at the fish holding unit at the Department of Veterinary 

Pathology, University of Nairobi. The results showed that the 

weight gain of juvenile O. niloticus fed on BSF (103.7%), 

FSM (93.7%), and SBM (82.8%) were higher than the control 

(59.2%). There were statistically significant effects of the 

different diets on the growth rates of fish (p < 0.05) with the 

highest growth rate and survival reported for BSF (SGR = 

1.295) and 82.2% respectively during the study period. Water 

quality parameters remained within acceptable ranges, with 

temperature and phosphorus levels varying significantly 

across treatments (p = 0.002) and (p = 4.3e-05) respectively. 

Specifically, water from fish fed on diets based on BSF had 

relatively higher Phosphorus levels than the other feeds.  

 

      This study demonstrates the advantages of BSF as a 

superior protein source for the culture of O. niloticus. In it 

highlights the importance of BSF larvae as a partial 

replacement of fishmeal in aquaculture as well as the 

importance of suitable feed formulations in order to maximize 

fish performance and reduce costs. The study’s outcome 

can improve food security for millions of people through the 

use of BSF as an alternative protein source to fish feed.  

 

Keywords: Freshwater Aquaculture, Fish feeds, Food 

security 

 

Introduction 
 

      Fisheries and aquaculture support the livelihoods of more 

than 800 million people worldwide, providing protein and 

superior polyunsaturated fatty acids to approximately three 

million people in underdeveloped nations (FAO, 2015). 
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Aquaculture production globally in 2016 constituted 80 

million tons of fish used as food with 54.1 million tons 

composed of finfish (FAO, 2018). About 70% of aquaculture 

is produced in countries that are food insecure (LIFDCs), with 

an initial 8% mean growth rate annually, which has been 

reported to be declining as a result of insufficient use of 

resources such as water and feed for fish growth (FAO, 2015). 

Freshwater aquaculture accounts for 98% of Kenya's reported 

aquaculture production of 24,096 MT, representing 15% of 

total national fish production (KMFRI 2017). The importance 

of aquaculture is growing, according to the World Review of 

Aquaculture and Fisheries report (FAO 2014). The surge in 

fish farming is propelled by the rise in human population 

which has prompted the growth of aquaculture to satisfy the 

expanded food need. Fish farming started in Kenya during the 

1900s through the introduction of trout in streams for sport 

fishing (Munguti et al., 2014). The practice became more 

prominent during the 1960s yet had a slow until the year 2006 

when the hydroponics area creation rose from 4,218 metric 

tons (MT) to a pinnacle of 24,096 MT in 2014 (Mukasa, 2012; 

Orina et al., 2018). This positioned Kenya as the fourth 

significant aquaculture producer in Africa after Nigeria, 

Uganda, and Ghana (Mbowa et al., 2017). Nile tilapia 

(Oreochromis niloticus) represents about 75 % of the cultured 

fish (Njiru et al., 2019; Omasaki et al., 2013) with other 

species such as African catfish (Clarias gariepinus), Trout 

(Oncorhynchus mykiss) representing the remaining percentage 

(Orina et al., 2018). 

 

      O. niloticus is the most preferred cultured species owing to 

several factors. The species can tolerate a wide range of 

environmental factors compared to other fish species (Kibria 

& Haque, 2018), it grows fast and is resistant to most diseases 

(Rahman et al., 2017). Other characteristics include the 

capacity to produce in captivity, the capacity to feed at a low 

trophic level, and the acceptance and utilization of formulated 

diets (Ombwa et al., 2018). Tilapia can endure a more 

extensive scope of natural conditions—including elements like 

salinity, low oxygen concentrations, temperature, pH, and 

alkali levels— than most freshwater fishes can (Cifuentes-

Torres et al., 2021). Nile tilapia is believed to be the most 

intolerant to changes in salinity (not more than, 18 ppm) 

(Heise et al., 2021). Tilapia are, by and large, exceptionally 

tolerant to low oxygen concentrations, even down to 0.1 mg/L, 

however, ideal growth and development are usually realized at 

oxygen concentrations above 3 mg/L (Ross, 2000).  Tilapia 

can endure a pH scope of 3.7 to 11, yet the best development 

rates are accomplished between pH 7 to 9 (Rebouças et al., 

2016). 

 

      More than 90 % of fish in Kenya is produced under semi-

intensive culture systems especially in earthen fishponds 

(Wanja et al., 2020). Some other fish culture systems include 

tanks, recirculating aquaculture systems (RAS), fish cages, 

and other systems (Wongkiew et al., 2018). The choice of a 

culture system to adopt is dictated by the available technology, 

finances, land, and other resources. One of the most important 

factors to be considered under any system is the ability of the 

particular system to ensure faster and efficient fish growth and 

performance (Ronald et al., 2014). The cost and performance 

of aquaculture production units depend on among other factors 

the type and source of fish feeds (Tippayadara et al., 2021). 

 

      Feed is the most expensive factor of production accounting 

for over 50% of the total cost of fish production in Kenya 

(Hua et al., 2019). The type of feed used depends on 

accessibility, cost, culture system, species under culture, and 

the technology available to the farmer (Workagegn et al., 

2014). The Kenyan fish feed production is still not well 

developed and many commercial quack-like production units 

import most of their feeds. Some smallholder farmers have 

also been utilizing locally available ingredients to formulate 

and produce fish feeds at the farm level to help reduce the cost 

of production. The greatest problem associated with these 

locally-produced feeds is that these feeds do not supply all the 

nutrients required by fish (Amer et al., 2019). This is mostly 

because most of these single locally produced feeds are 

protein-inadequate and have a high amount of unrefined fiber 

that diminishes their absorbability and satisfactoriness, 

prompting low utilization by fish (Li et al., 2017). For this 

reason, many farmers have relied on expensive commercial 

diets further reducing their returns on investment. High 

amounts of feed are also lost due to spoilage associated with 

poor handling and storage at the farm or warehouse level 

leading to losses. Fish mortalities can also result from feeding 

the fish on contaminated feeds, especially those that have 

developed aflatoxin which has been demonstrated to cause 

death in fish (Kong et al., 2020; Philemon & Rashid, 2019).  

 

      A few animals and plant-based materials have been 

assessed as a possible protein source in the diet of tilapia. 

Some of the animal-based protein sources under study include 

hydrolyzed feathers, bone meal, blood meal, insect-based 

meal, etc.  Of recent prominence is the use of Black Soldier 

Fly as a protein source in aquaculture (Tippayadara et al., 

2021)). Different investigations have additionally been 

directed on the appraisal of plant protein in tilapia diets. Some 

plant sources include oilseed plants, for example, soybean, 

cottonseed meal, peanut, and sunflower meals. Some aquatic 

plants that can be used in aquaculture include, Azolla (Datta, 

2011) and duckweed (Philemon & Rashid, 2019). One of the 

greatest challenges presented by the use of plant-based protein 

sources is the lack of specific fundamental amino acids 

required for fish growth and development. Nonetheless, 

mixing specific oilseed cakes and vegetable feedstuffs can 

give a reasonable amino profile. However, such a mix might 

contain inhibiting elements that either limit their utilization in 

compound feeds or require further handling – expanding feed 

creation costs (Hua et al., 2019; Kong et al., 2020). The 

various protein sources are also poised to have different 

effects on the quality of water and growth performance of fish 

especially based on the other nutritional elements contained in 

them (Augustine et al., 2020). 

  

      Water quality is an important aspect of aquaculture since it 

can have an impact on fish growth. The deterioration can be 

caused by among other factors the type and quality of fish 

feeds used (Danner et al., 2019). This can be linked to factors 
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like a protein source, frequency of feeding (which might 

influence feed utilization), and the sinking rate of feeds among 

many other factors (Devic et al., 2018). Some of the growth 

parameters that are of importance in aquaculture and which 

can be affected by changes in water quality are specific 

growth rate (the estimated growth rate of fish per day), the 

feed conversion ratio (FCR) (the amount of fish feeds needed 

to raise a kilo of fish), and survival index (the ability of fish to 

grow until the end of the culture period) (Abwao et al., 2014; 

Rahman et al., 2017). The main stressors associated with poor 

water quality are low dissolved oxygen concentrations, high 

concentrations of TAN, and other gasses. The stress associated 

with poor water quality can also increase the susceptibility of 

the fish to disease and parasites and lead to high aquaculture 

mortalities (Ombwa et al., 2018). For aquaculture to be 

successful and continue to provide protein sources to millions 

of people, the highlighted challenges need to be addressed. 

Therefore, this study sought to generate information on the 

influence of fish feeds formulated with different protein 

sources on water quality and the growth performance of 

juvenile Nile tilapia reared in aquaria. 

 

Methodology 
 

Experimental Design 

 

      The experiment was conducted at the University of 

Nairobi, Department of Veterinary Pathology, Microbiology 

and Parasitology wet lab. Three experimental diets were 

formulated according to NRC (2011), containing 

approximately 30% crude protein and 3000 Kcal of digestible 

energy/kg of feed on dry matter basis. All diets were isocaloric 

and isonitrogenous. Three sources of protein (freshwater 

shrimp meal, black soldier fly, and soybean meal) were used 

to formulate the diets (Table 1). A commercial diet sourced 

from a local feed company was used as a control diet due to its 

preference in feed markets. Each diet was replicated 3 times in 

a completely randomized experimental design with 4 

treatments, 3 replicates, and 30 fish per replicate. The diets 

were administered for a period of 10 weeks. The fish were fed 

at 6% of their body weight until they attained 50 g after which 

the feeding rate was adjusted to 3% of their body weight.  

Table 1. The diet formulated for the experiment containing different proportions of ingredients (BSF = Black Soldier Fly, FSM = 

Freshwater Shrimp Meal, SBM = Soybean Meal). 

 

Ingredients Ingredient contribution (%) 

BSF diet FSM diet SBM diet 

Maize 4.0 18.4 7.4 

Wheat pollard 28.3 28.3 28.3 

Black Soldier Fly larvae (BSF) 45.0 0.0 0.0 

Freshwater Shrimp Meal (FSM) 17.9 45.0 10.0 

Soybean meal sol. Ext. (SBM) 0.0 0.0 45.0 

Palm oil 2.3 5.9 6.6 

DCP 1.7 1.7 1.7 

L-Lysine 0.1 0.1 0.1 

DL-Methionine 0.2 0.1 0.4 

Salt 0.2 0.2 0.2 

Vitamin-Mineral premix 0.3 0.3 0.3 

Total 100 100 100 

Chemical composition of diets (as fed basis) 

DE (kcal/kg) 3000.0 3000.0 3000.0 

DM (%) 93.1 90.4 91.2 

CP (%) 30.0 30.0 30.0 

CF (%) 12.2 6.4 7.2 

EE (%) 6.6 8.6 8.2 

Ash (%) 10.5 11.3 8.8 

Digestible Carbohydrate/ NFE (%) 33.7 34.0 37.0 

Ca (%) 3.8 1.2 0.7 

P (%) 1.1 0.9 0.9 

Na (%) 0.2 0.2 0.2 

Cl (%) 0.2 0.2 0.2 

Lysine (%) 2.0 2.1 2.0 

Methionine (%) 0.9 0.9 0.9 

Cost/kg (KSh) 115.0 133.7 128.4 
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Supply and maintenance of fish 

 

      Fingerlings produced from YY tilapia males weighing 

approximately 8-10 grams were purchased from a fish farm in 

Nairobi County (Paradise Fish Farm). The fish were 

acclimatized to experimental conditions for two weeks before 

the start of the trial. They were then weighed in groups of 30 

fish selected at random and stocked in aquariums measuring 

50cm long, 25cm wide and 45 cm high. Fish were stocked at a 

stocking density of 30 fingerlings per aquarium with an initial 

individual average weight of 8.53 ± 0.03 g. The fish were fed 

on their prescribed diets 3 times a day at (at 9.00 am, 1.00 pm 

and 5.00 pm).  

 

Monitoring of water quality in the aquaria 

 

      Various physicochemical water parameters such as 

dissolved oxygen, temperature, and pH, were closely 

monitored in-situ using a multi-parameter meter with model 

number H19828 (Hanna Instruments Ltd., Chicago, USA), to 

ensure the parameters were within the acceptable ranges for 

Nile tilapia. Ammonium nitrogen determination was done 

using indophenol blue spectrophotometric method by use of a 

spectrophotometer (Varian Cary® 50 UV-Vis 

Spectrophotometer, Varian, Inc., USA) as described by Li et 

al. (2019). The values obtained were then used to calculate the 

total ammonia content. Continuous aeration using an electric 

aerator pump fitted with an appropriate filter was done in 

order to maintain optimal water conditions in each of the 

aquarium. Routine removal and cleaning of filters was done 

twice a day to ensure efficient functioning.  The filter was 

routinely removed and cleaned twice daily, ensuring efficient 

functioning. Siphoning of solid organic waste comprising of 

unconsumed feed and fish excreta that settled at the bottom of 

each aquarium was carried out at least twice a day. To ensure 

proper management of water quality, approximately two-thirds 

of the experimental water volume was exchanged with fresh 

potable water thrice a week.  

 

Data Collection 

 

      Fish were sampled randomly every 10 days and body 

weight (BW)g was taken using a weighing scale. The fish's 

total length (TL) was taken at the end of the experiment using 

a measuring board. The total number of fish at the end of the 

experiment was taken to determine the survival rate. Water 

quality parameters such as pH, temperature, dissolved oxygen, 

and total ammonia were determined using a multi-parameter 

meter. Total phosphorus was determined at water quality 

laboratory, University of Nairobi. 

 

Evaluation of growth parameters 

 

The effects of diets on growth were determined by evaluating 

a number of growth indices such as net weight gain, specific 

growth rate (SGR), feed conversion ratio (FCR), and survival. 

The following formulas were used: 

 

Weight gain → Final mean fish weight − Initial mean fish 

weight 

 
SGR = (Log final measurement (g) – log initial measurement (g) x 100 

                                     Time interval (days) 
 

Feed Conversion Ratio (FCR) = Quantity of feed consumed (g) 
                  Final weight (g) – Initial weight (g) 

 

Percentage rate of Survival = The final count of fish x 100 
             The initial count of fish 

 

The Fulton’s condition factor (K)  

 

      The Fulton’s condition factor (K) was calculated for the 

fish species using the relationship described by Obuya et al. 

(2018): K =100W/Lb, where: K = Condition factor; W = 

Weight of the fish (g), L = Total length of the fish (g), and b = 

the value obtained from the Length-weight equation. 

 

Data Analysis 
 

      The growth performance of Nile tilapia in aquaria was 

investigated in response to different types of feed treatments 

over a 10-weeks period. A subset of fish was randomly 

selected from the experiment after every 10 days for weight 

measurements. The weight data collected was entered in MS. 

Excel software where it was cleaned and organized for 

analysis. A repeated measure analysis of variance was 

conducted using SPSS (IBM SPSS 29) considering the within-

subject and between-subject effects. The significance level 

was set at p < 0.05 to determine statistical significance. Post-

hoc analysis using Turkey’s test was performed to identify 

different feed treatments that exhibited significant differences 

in growth performance. Prior to the analysis, assumptions of 

normality and sphericity were examined. To assess the 

normality assumption, the weight data for each treatment 

group was subjected to the Shapiro-Wilk test (p > 0.05). In 

addition, the assumption for sphericity was evaluated using 

Mauchly’s test, ensuring homogeneity of variance-covariance 

matrices across time points (p > 0.05).  

 

Results 
 

The growth parameters of O. niloticus fingerlings  

 

      The initial weight of fish was consistent and uniform 

across the treatment with no significant differences observed. 

However, as the experiment progressed, it was observed that 

the growth of fish was influenced by the different feeds 

administered. The final weights demonstrate a non-uniform 

growth of fish with treatment T3 exhibiting the most 

substantial net weight gain, indicating superior growth 

compared to T1, T2, and control. The control performed 

poorly in terms of fish growth, displaying the least net weight 

gained among all the treatments (Figure 1). The associated 

significance value on weight gain for the various feeds is 

extremely small (p < 0.005), indicating that the effect of the 

feed on the weight gain is significant. Based on the observed 
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means T3 has a significantly higher net weight gain than T1, 

T2, and T4 (p < 0.05). On the other hand, T4 had the lowest 

net weight gain (p < 0.05). The performance of the feeds was 

as follows: T3>T1>T2>T4. There were significant differences 

in the specific growth rates (p < 0.05) with the highest growth 

rate reported for T3.  Significant differences were also 

observed in FCR (p < 0.05) with the highest FCR was reported 

for T4 (2.787). The percentage survival rates were statistically 

significant across the different treatments (p < 0.05) although 

T2 and T3 displayed no significant differences (p > 0.05). The 

condition factor varied among the treatments with T3 

displaying a condition factor less than 1. The multiple 

comparisons using the Turkey HSD have identified significant 

differences in the growth parameters and the various 

treatments as shown in table 2. 

 

Table 2.  Growth performance Oreochromis niloticus under different protein sources  

 

Parameter Control T1 T2 T3 P 

Initial weight (g) 8.53a±0.011 8.51a±0.003 8.53a±0.009 8.54a±0.014 0.278 

Final weight (g) 13.58d±0.01 16.48b±0.01 15.58c±0.009 17.40a±0.015 .000 

Weight gain (g) 5.05d±0.006 7.97b±0.01 7.06c±0.003 8.86a±0.003 .000 

SGR (% d−1) 0.85d±0.001 1.20b±0.001 1.10c±0.001 1.29a±0.002 .000 

FCR 2.79a±0.006 1.76c±0.003 1.99b±0.002 1.59d±0.003 .000 

Survival (%) 60.0c±1.92 75.56b±1.11 72.22b±1.11 82.22a±1.11 .000 

CF 1.09a±0.01 1.02b±0.009 1.00b±0.0006 0.92c±0.008 .000 

 

T1 – Freshwater shrimp; T2 – Soybean meal; T3– Black soldier fly; SGR – Specific Growth Rate; FCR – Feed Conversion Ratio; CF 

– Condition Factor; Values in a row with different superscripts are significantly different as determined by ANOVA followed by 

Tukey’s test (P < 0.05). 
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Figure 1. The mean initial weight, mean final weight and net gain in body weight of juvenile Nile tilapia (O. niloticus) fed on 

different feeds (T1 = Freshwater Shrimp Meal, T2 = Soybean Meal, T3 = Black Soldier Fly, and T4 = Commercial feed) 

Water Quality Parameters  

 

      The effects of feed on five distinct water quality 

parameters, namely temperature, pH, dissolved oxygen (DO), 

Phosphorus, and ammonia (NH3), were also examined. There 

was no significant difference (p > 0.05) for pH, DO and 

Ammonia (NH3) and the various treatments, suggesting that 

the feeds did not significantly impact these parameters (Table 

4). In contrast, there were significant differences (p < 0.05) 

observed for temperature and P suggesting that feed choice 

had a significant impact on these two parameters. A post-hoc 

Tukey HSD test revealed distinct differences in temperature, 

with T1 and T2 recording higher temperatures than other 

treatments (Figure 3). Phosphorus levels also varied 

significantly across treatments, with T3 displaying higher 

levels of P when compared to other parameters (Figure 4). 

 

Table 3. Water quality parameters in the culture units 
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Parameter Control T1 T2 T3 P 

pH 7.71a±0.05 7.53a±0.06 7.67a±0.05 7.62a±0.04 0.073 

Temperature 26.50b±0.06 26.80a±0.07 26.74a±0.06 26.50b±0.09 0.002 

DO 5.35a±0.06 5.25a±0.07 5.37a±0.07 5.33a±0.06 0.569 

Ammonia 1.54a±0.04 1.55a±0.04 1.54a±0.04 1.50a±0.04 0.797 

Phosphorus 0.14d±0.005 0.21b±0.005 0.17c±0.005 0.33a±0.05 0.000043 

 

T1 = Freshwater Shrimp Meal, T2 = Soybean Meal, T3 = Black Soldier Fly, and T4 = Control; Values in a row with different 

superscripts are significantly different as determined by ANOVA followed by Tukey’s test (P < 0.05) 

 

 
 

Figure 2. Boxplot showing variation in water temperature across the treatments 
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Figure 3. Boxplot showing variation in NP across the treatments 

 

Correlation between the water quality parameters 

 

      Positive correlation existed among the parameters (Table 

5). pH and temperature showed a strong positive correlation, 

indicating that as one increased, so did the other. A strong 

positive correlation was also found between NH3 

and dissolved oxygen (DO) and phosphorus (P), suggesting 

that higher levels of NH3 corresponded to higher levels of DO 

and P. However, DO levels tended to decrease as temperature 

increased, implying a negative correlation with temperature. 

There was also a strong negative correlation between 

temperature and NH3 and P, indicating that higher 

temperature corresponded to lower levels of NH3 and P.

 

Table 4. Correlation matrix between the water quality parameters 

 

Parameters PH Temperature DO Ammonia Phosphorus 

PH 1 0.679 0.333 0.107 -0.579 

Temperature 0.679 1 -0.226 -0.656 -0.937 

DO 0.333 -0.226 1 0.608 0.02 

Ammonia 0.107 -0.656 0.608 1 0.692 

Phosphorus -0.579 -0.937 0.02 0.692 1 

 

Discussion 
 

      The growth parameters for O. niloticus fingerlings varied 

across the different protein sources used during the 

experiment. The utilization of BSF larvae as a feed source 

reported remarkable outcomes with the fingerlings displaying 

the highest net weight gain, specific growth rates, and survival 

while also exhibiting the lowest feed conversion ratios 

compared to the other tested feeds. The low FCR reported 

demonstrates the efficient utilization of the feed for growth 

which could be attributed to the nutritional quality of the feed 

(Xu et al., 2020; Belghit et al., 2019). The higher performance 

of BSF larvae points to their nutritional profile, digestibility 

and energy content which plays a vital role in achieving 

optimal growth performance with minimal ecological costs 

(Colombo et al., 2022). Pinotti and Ottoboni (2021) reported a 

concentration of about 2.1–2.8 of protein and five times the 

lipids from the substrate to the BSF biomass through the 

bioconversion process suggesting its desirable nutritional 

quality for fish production. 

 

      Fish require protein for their growth and development, as 

it provides the amino acids necessary for tissue formation and 

repair (Tran et al., 2022). The protein source used in fish feed 

formulation can have an impact on their growth and 

performance, according to a study by (Sinaga & Mukti, 2021). 

Black Soldier Fly larvae are an emerging and sustainable 

alternative to conventional protein sources in animal and fish 
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feeds due to their high protein content and favorable amino 

acid profile (Panikkar et al., 2022). Villazana, 2018 reported 

that tilapia fed with BSF-based diets showed comparable 

growth performance to those fed with fishmeal-based diets. 

The results highlight the potential of BSF as a partial or total 

replacement for fishmeal in tilapia diets in aquaculture. 

 

      The European Union has recently approved the utilization 

of insect-processed animal protein in aquafeeds with BSF 

considered the most relevant species for the production of 

insect-based feed for fish, poultry and pigs (Xu et al., 2020). 

BSF larvae contain approximately 42% protein/dry weight and 

lipid levels of about 28%/ dry weight making it the most 

suitable for use in different fish and developmental stages 

(Belghit et al., 2019). In aquafeeds for Jian carp (Cyprinus 

carpio) and rainbow trout (Oncorhynchus mykiss), it has been 

successfully demonstrated that substituting black soldier fly 

larvae oil for fish oil or soybean oil has no adverse effects on 

growth performance or intestinal morphology on fish, hence 

improved fish growth. 

 

      Fish fed with the FSM meal-based diet on the other hand 

recorded a commendable growth rate, although lower than 

those fed with BSF.  Although shrimp meal contains a 

relatively high protein content, it might lack specific essential 

amino acids in quantities required for the growth of tilapia 

(Villazana, 2018). This could limit its growth-promoting 

potential. The presence of chitin in shrimp exoskeletons could 

also lower nutrient absorption and utilization in fish (Anne et 

al., 2022). A study by Seck et al., 2023 reported that Nile 

tilapia fed a diet that contained 50% fishmeal had a 

significantly higher growth rate than those fed a diet that 

contained 50% soybean meal. The fish fed the fishmeal diet 

had a final body weight that was 20% greater than the fish fed 

the soybean meal diet. This supports the findings regarding its 

slight inferiority as a protein source for tilapia recorded in the 

study. 

 

Soybean is rich in essential amino acids, like lysine and 

arginine although it is typically low in methionine which 

promotes growth and protein synthesis in fish (Craig et al., 

2017). The amino acid must thus be supplemented in the diet 

of feeds formulated with soybean to match the nutritional 

requirements of tilapia for higher feed utilization and growth 

(Jatta et al., 2022). In a study by (Shaw et al., 2022), tilapia 

fed with a diet containing 40% soybean meal recorded 

significantly higher growth rates compared to diets with other 

protein sources. This, however, does not agree with the 

findings of the current study as other factors might have 

influenced the observed growth. The digestibility of SBM 

might be lower than BSF, which could explain the lower 

growth rate observed in the present study. In addition, the 

processing and preparation of SBM for aquafeed plays a 

crucial role in its effectiveness hence poor processing and 

improper formulation could result in reduced nutrient 

bioavailability and fish growth performance (Woodgate et al., 

2022).  Based on these results, it is feasible therefore to do 

partial rather than complete replacement of fishmeal in fish 

feeds while also considering proper processing and handling 

in feed formulations. 

 

      The commercial diet recorded the least growth in the 

treated tilapia fingerlings. This could be attributed to many 

possible factors. Commercial diets are mostly formulated for a 

wide range of fish species, and they might not be optimized 

for the specific nutritional requirements of tilapia (Sinaga & 

Mukti, 2021). These diets can be expensive, and cost-cutting 

measures may lead to the inclusion of less optimal protein 

sources. This could affect the overall growth performance of 

fish. In a study by Lusiana et al., 2021, tilapia fed with a 

commercial diet exhibited suboptimal growth rates compared 

to fish fed with a species-specific formulated diet. This 

research highlights the importance of formulating diets 

tailored to the nutritional needs of each fish species under 

culture. 

 

      The observed condition factor (K) of 0.92 in fish that 

consumed Black Soldier Fly (BSF) larvae indicates a potential 

state of nutritional stress or insufficient feeding circumstances 

(Muin et al.,2022). The finding of this study, however is not 

consistent with other studies such as Limbu et al., 2022 who 

noted a higher K (K >1) in O. niloticus fed on BSF larvae. 

This value signifies that the fish are relatively thin or less well 

fed in relation to their size which may be attributed to 

environmental variables like the elevated phosphorus levels as 

observed in the experimental unit in the current study. While 

factors such as season, sex, type of food organism consumed, 

age, amount of fat reserves, and environmental conditions can 

influence the fish condition (Youssef et al., 2023), these 

factors were not accounted for in the present study. Additional 

investigation is necessary to fully understand the underlying 

factors contributing to these variations and to come up with 

effective approaches for enhancing the well-being and 

productivity of fish in relation to their nutritional 

consumption. 

 

      Water quality parameters, which included pH, dissolved 

oxygen (DO), temperature, phosphorus, and ammonium 

(NH4), remained within acceptable ranges for tilapia culture. 

The results of the study revealed no significant differences 

among most of the various dietary treatments. BSF however, 

recorded significantly higher phosphorus levels compared to 

the other feeds. This could be due to a phosphorus-rich diet for 

BSF. A wide range of organic substances, including nutrient-

rich organic waste like food scraps, are known to be consumed 

by BSF larvae (Basri et al., 2022). If their feed contains a lot 

of phosphorus, the larvae could absorb and retain this nutrient 

and when formulated into feeds, it might release extra 

phosphorus into the water (Basri et al., 2022). This could in 

part explain the observed variations although such factors 

were not considered in the present study.  

 

      pH values remained stable and within the optimal range of 

6.5 to 8.5, which is considered suitable for tilapia culture 

(Adams et al., 2019). Dissolved oxygen levels also remained 

at an appropriate range of 5 to 7 mg/L, which is essential for 

supporting aerobic respiration and preventing stress in tilapia 
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as reported by (Adams et al., 2019). Water temperature also 

remained within the recommended range of 25 to 30°C, which 

is conducive to tilapia growth and metabolism. Phosphorus 

levels were managed to ensure they remained within the range 

of 0.05 to 0.5 mg/L, as excessive phosphorus can lead to 

eutrophication and water quality deterioration. Ammonium 

levels were maintained below 1 mg/L to prevent toxicity to 

fish (Su et al., 2020). 

 

      The lack of significant differences in water quality 

parameters between dietary treatments suggests that all tested 

protein sources had minimal impact on water quality when 

properly managed. This is crucial as stable water quality is 

essential for the health and growth performance of fish (Yang 

& Kim, 2019). The stable water quality observed in this study 

could be attributed to several factors that could include 

efficient nutrient utilization from all tested protein sources. 

The other possible factor could be potential biological 

filtration facilitated by beneficial microorganisms in the 

aquaculture system that helped maintain the water quality 

(Guttman, 2019). Since the water was also exchanged 

regularly, this kept the water fresh and of good quality 

throughout the period of the experiment. A study on different 

feed ingredients, including soybean meal, fishmeal, and 

poultry by-product meal, were compared in Nile tilapia diets, 

and researchers found no significant effect on water quality 

parameters, ensuring a suitable culture environment for tilapia 

(Kong et al., 2020). 

 

Conclusion and Recommendations 
 

      This study highlights the significant impact of protein 

source selection on the growth performance of tilapia. BSF 

meal emerged as the most effective protein source for 

promoting tilapia growth, followed by FSM meal and SBM 

meal. The commercial diet, being a generic option, recorded 

the lowest growth rate. These results are consistent with 

existing literature and case studies, emphasizing the 

importance of formulating species-specific diets to achieve 

optimal growth and feed efficiency in tilapia aquaculture.  
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