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Abstract 
 

      Aquafeeds account for up to 60% of production cost in 

aquaculture systems, and access to appropriate feeds has been 

identified as a major inhibitor to the expansion of the 

aquaculture sector in the Caribbean region. It was proposed 

that the ability to formulate feed locally would increase 

farmers’ access to reliable resources using sustainable 

materials. Effective substitutes to traditional aquafeed 

ingredients were identified within the Bahamas and used to 

formulate a trial pellet diet for Nile tilapia. This diet focused 

primarily on protein [i.e. fish offal (e.g. Nassau grouper and 

red snapper), spiny lobster discards, black soldier fly larvae  

and moringa] and carbohydrate (i.e., cassava and brewers 

spent grain) alternatives; however, it also included other 

unconventional ingredients such as sweet potato leaves. A 

comparative analysis was then conducted to investigate the 

growth and physiological performance of two tilapia strains, 

red hybrid (Oreochromis spp.) and white hybrid (O. niloticus 

x O. aureus), fed with either traditional commercial feed or 

the homemade feed. Experimental tanks were set up 

containing ten individuals of the two tilapia strains and were 

fed one of the two diets as follows: T1-Red hybrid x Local 

diet, T2- White hybrid x Local diet, T3- Red hybrid x 

Commercial diet, T4- White hybrid X Commercial diet. At the 

beginning and end of the study period, individuals from each 

tank were sampled for growth and health parameters including 

total length (cm), weight (g), girth (cm), and organ weight 

(liver and heart) as a percentage of body mass to calculate 

hepatosomatic indices (HPI) and relative ventricular mass 

(RVM). Over 10 weeks, a 3–5% feed ration was maintained 

with partial samples being conducted intermittently to 

determine biomass for feed calculation. Results indicate that 

while the white hybrid tilapia strain had a higher growth rate 

than the red hybrid on both diets, both strains reported higher 

growth rates on the homemade feed than the commercial feed. 

HPI and RVM were not significantly different between the 

two diets, suggesting that the homemade feed supports 

equitable fish growth and health when compared to a 

commercial feed. While the homemade feed during these 

initial trials was more expensive to produce, these preliminary 

results suggests that: 1) locally sourced ingredients do create 

an equally effective product and 2) that ‘recycling’ from waste 

streams of other food production ventures, such as the fishing 

and the brewery industries will promote more sustainable 

aquaculture systems for the Caribbean region and The 

Bahamas.  

 

Keywords: alternative ingredients, aquafeed formulation, 

circular diets, sustainable aquaculture, tilapia aquaculture 

 

Introduction 
 

      Aquaculture has been identified as the fastest growing 

food production sector globally [1], expanding global food 

security by providing nutrition, contributing to a national 

economic development and global food supply [2]. This 

growth is not reflected in the Caribbean region, where 

aquaculture production has declined from 1980s to present [3]. 

Access to affordable, good quality aquafeeds has been 
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identified as one of the factors that hinders the growth of 

aquaculture in the region, and production of feeds using 

locally sourced ingredients has been identified as a means of 

addressing this issue [4].  

 

      Local feed production reduces the dependency on 

importation, granting more control over the sector, aiding in 

the longevity and resilience of the industry [5]. The value 

chain analysis of various aquaculture products in the region 

reveals a heavy focus on the production of primary products. 

By manufacturing locally sourced feeds that are potentially 

more afforable, economic opportunities can be created for all 

stakeholders, including producers of raw materials [5]. These 

incentives may attract entrants into aquaculture production and 

support sustainable expansion of the sector in the region.   

 

      The objective of this study is to investigate the use of 

alternative ingredients in aquafeed production. Applied to the 

Caribbean, local sources of fish feed primary ingredients of 

protein, carbohydrates, lipids, vitamins and minerals were 

investigated [6]. This was an investigation into a 100% local 

substitution, to explore a knowledge gap within the field, 

where research thus far has been on single substitute 

comparisons. The experiment followed the development of 

diets for juvenile Nile Tilapia (Oreochromis niloticus) with 

the trial focused on prospective ingredients, the quality of the 

pellet and the health and growth of the species. This 

experiment makes preliminary steps into a large scope 

discussion that has the potential to alter the aquaculture 

industry in the Bahamas and wider Caribbean region. 

Methods 
 

Ingredient Composition 

 

      The ingredients identified as being suitable for aquafeed 

formulation for this experiment were as follows: fishery 

discards (finfish, lobsters) [7], black soldier fly larvae [8], 

brewers spent grain [9, 10, 11], cassava tuber [12], cassava 

leaves [13], sweet potato leaves [4], moringa leaves [14,15] 

and soybean oil.  

 

      The fishery discards were collected from local fishermen, 

sterilized using a pressure cooker at 1200C for 20 minutes 

before being dehydrated using a ‘Cosori Food Dehydrator 

Machine’ at 260C for 20 hours [16]. The black soldier fly 

larvae were collected from composting of kitchen waste at the 

Cape Eleuthera Institute campus. The larvae were killed using 

boiling water, and then dehydrated at 630C for 24 hours [17, 

18, 19]. The brewers' spent grain was obtained from the 

Commonwealth Brewery in Nassau, The Bahamas, and 

dehydrated at 630C for 24 hours [9, 20]. The plant materials 

(leaves and thinly sliced cassava tuber) were dehydrated at 

350C for 16 hours [21, 22, 23]. All dehydrated ingredients 

were ground using a 3kW Electric Grain Mill Grinder.  

 

      The predetermined ingredients were assessed for their 

nutritional compositions, based on theoretical proximate 

analysis.  

 

Table 1. Theoretical proximate composition of the carbohydrate ingredients, compared to traditional aquafeed inputs. 

 

Proximate composition Maize/ Corn Bran 

(wheat/corn/ 

rice) 

Cassava Flour Brewers Spent 

Grain 

Sweet Potato 

Leaf Meal 

Moisture (%) 0 10-15 61.8 <15 9 

Crude Lipid (%) 3.6 3-22 0.8 4-10 2.4 

Crude Protein (%) 8-11 10-17 3.1 20-50 26-33 

Ash (%) 1.4 8-17 2.7 12 1.8 

Crude fibre (%) 2.3 6-14 1.5 30-50 4.7 

Digestible energy (Mj/kg) 18.6 12- 16 29.8 7.2 34 

 

Table 2. Theoretical proximate composition of the protein ingredients, compared to traditional aquafeed inputs. 

 

Proximate 

composition 

Fish- 

Meal 

Soybean 

Meal 

BSFL 

Meal 

Fish Offal 

Meal 

Moringa 

Leaf Meal 

Brewers Spent 

Grain 

Sweet Potato 

Leaf Meal 

Moisture (%) 8 13  5.3  8-10 7   <15 9 

Crude Lipid (%) 9  5 20-35 13.5 7.09  4-10  2.4 

 

Crude Protein 

(%) 

71 46-48 32-60 54.5 23-30 20-50 26-33 

Ash (%) 12  6 7.3  19.8 12  12 1.8 

Crude fibre (%)  - 32  7.4 0.76 <5.9 30-50 4.7 

 

The Microsoft Excel ‘Trial and Error’ method was used to formulate the diet using the identified ingredients [24, 25] and to determine 

the specific quantities of each ingredient required to make batches of pellets (Table 3). 
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Table 3. The trial-and-error method. 

 

Ingredient 

Protein % 

of 

ingredient 

Fat % of 

ingredient 

% Diet made 

up by 

ingredient 

% Protein in fish 

diet 

% Fat in fish 

diet 

Quantity of 

ingredients (g) to 

make 1 kg of pellets 

Fish Offal 54 13.1 69 37.26 9.039 690 

Lobster 29 2.2 5 1.45 0.11 50 

Moringa 

Leaves Dried 
30 4 1 0.3 0.04 10 

Cassava 

Leaves Dried 
17 5 1 0.17 0.05 10 

Brewers Grain 23 6.4 1 0.23 0.064 10 

Cassava Flour 3 0.8 20 0.6 0.16 200 

Soybean Oil 0 100 1 0 1 10 

Black Soldier 

Fly Larvae 
32 20 2 0.64 0.4 20 

Total   100 40.01 10.863 1000 

 

      The diet was formulated to ensure 40% protein and 10% 

lipids, which closely matches the commercial feed used for 

juvenile tilapia. The predetermined quantities of ingredients 

were combined to form a dough using warm water. The dough 

was then extruded through the ‘Techtongda Animal Pellet 

Feed Mill Grinder’ to form 3 mm diameter pellets and then 

baked in an oven at 930C for 20 minutes to obtain moisture 

contents of >10%, before being cooled and stored in a 

refrigerator at 50C.   

 

 

Stability and Palatability Test 

 

       The stability of the homemade pellets was assessed to 

determine their suitability for use as an aquafeed. Complete 

pellets were placed in a 5-gallon aquarium containing 

freshwater maintained at 280C and observed for 12 hours. The 

physical structure of the pellets was ranked from 1-5 with 5 

suggesting that the pellet maintained its shape and size and 1 

being that it had disintegrated in the water. The results 

represented in Fig. 1 show that pellets started to lose their 

form after two hours.  
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Figure 1. Structural stability of pellets in water over time 

 

      In order to determine palatability of the homemade pellets, fish were provided with pellets and observed. The amount of time 

taken for pellets to be consumed was recorded and is represented in Fig. 2.   

 

 
 

Figure 2. Time taken for fish to consume 

 

Feed Trial 

 

      Four 120-gallon tanks were designated in a recirculating 

aquaculture system at the Cape Eleuthera Institute in The 

Bahamas for this experiment. This experiment was designed 

with two control tanks being fed Cargill Triton 4010 

Transition pellets and two tanks fed the homemade pellets. 

Each tank contained 8-10 fish between 80g-230g being fed 5% 

biomass daily, which was recalculated bi-weekly.  

 

      Water quality parameters were maintained at the following 

levels throughout the feed trial: ammonia: 0-0.25; pH: 6.8-7.0; 

temperature: 24-270C; dissolved oxygen saturation: 75-100%.    

 

 

Data Collection 

 

      Fish were sampled weekly, and measurements of weight 

(g), total length (cm) were recorded. These measurements 

were used to calculate various growth metrics, such as specific 

growth rate (SGR), feed conversion rate (FCR) and condition 

factor (K). Health metrics such as relative ventricular mass 

(RVM) and hepatosomatic index (HSI) were also obtained 

from a selection of fish at the beginning of the experiment, 

and then at the end with all remaining fish.   
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SGR is a measure of the daily growth rate of an organism. 

SGR =   

 

FCR refers to the efficiency of the conversion of feed 

consumed into body mass.  

FCR =     

 

 

The Fulton’s condition factor (K) is a widely used index 

which provides an indication of the fish's physical condition, 

typically related to their feeding, growth, and environmental 

conditions [26]. 

 

K =   Where: W = Weight of fish (g); L = Total length of 

the fish (cm)   

 

RVM is a measure of the health of a fish and compares the 

mass of the ventricle of the heart to that of the entire body. 

RVM=  Where: V= mass of the ventricle (g); W= weight 

of fish (g) 

 

HSI is a measure of fish health, particularly related to diet.  

HSI=  Where: H= mass of liver (g); W= weight of fish 

(g) 

 

Data was analyzed using Microsoft Excel Data Analytics 

Package to compare the difference between the measured 

metrics based on diet.  

 

Results and Discussion 

 

 

Feed Trial Analysis 

  

This section reports on the results of the evaluation of the 

performance of the home-made pellets compared to the 

commercial diets typically used in aquaculture production in 

the Bahamas. The pellets were produced via heat extrusion as 

sinking pellets that were similar in size to the commercial 

pellets.  

 

 
 

Figure 3. Commercial pellets (left) and Homemade pellets (right) 

 

      The health and growth metrics mentioned in the methods section were calculated and compared using an analysis of variance test. 

This is represented on the table below.  
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Table 4. Results of Growth Trial conducted on juvenile tilapia where HM represents homemade feed diet and C represents 

Commercial feed diet. 

 

Diet SGR FCR K RVM HSI 

HM1 1.01 1.84 1.77 0.053 1.536 

HM2 1.49 1.75 1.84 0.057 1.829 

C1 1.57 1.74 1.85 0.078 2.351 

C2 1.09 2.34 1.63 0.0486 1.824 

      

p 0.42 0.28 0.29 0.67 0.34 

 

Specific Growth Rate (SGR) 

 

      The SGR indicates the rate at which the organisms are 

growing over a specific period. A higher SGR value suggests 

better growth performance. The SGR values for the trials 

range from 1.01 (HM1) to 1.57 (C1), with C1 showing the 

best growth performance. While the difference is not 

significant, it indicates that the homemade diet can be refined 

to improve growth performance.  

 

Feed Conversion Ratio (FCR) 

 

      The FCR measures the efficiency of feed usage, defined as 

the amount of feed required to gain a certain amount of 

biomass. A lower FCR value indicates better feed efficiency. 

The FCR values range from 1.74 (C1) to 2.34 (C2). C1 shows 

the most efficient feed usage, while C2 is the least efficient. 

This suggests that the homemade feed was more easily 

digested and converted to biomass than commercial feed.  

 

Condition Factor (K)  

 

      K is used to determine how well fish grow and how 

effectively they are utilizing feed. A higher K value generally 

indicates that the fish are in better condition, often linked to 

better growth, fat storage, and overall health. A low K value 

may suggest poor growth, inadequate feeding, or suboptimal 

environmental conditions. The K values in the table suggest 

that all fish in the different treatments have relatively similar 

condition factors. The values range from 1.98 (HM2) to 2.06 

(C2), indicating that the fish across all treatments received 

adequate nutrition to maintain their physical condition and 

overall health. 

 

Relative Ventricular Mass (RVM)  

 

      RVM values range from 0.0486 (C2) to 0.078 (C1). This 

implies that while the fish fed on homemade feed may have 

slightly lower heart mass compared to those on commercial 

feed, the difference is not enough to suggest poor 

cardiovascular health. 

 

Hepatosomatic Index (HSI)  

 

      HSI represents the ratio of liver weight to total body 

weight, often used to assess nutritional status and overall 

health. HSI values ranged from 1.536 (HM1) to 2.351 (C1). 

This suggests that while fish on the commercial diet may have 

a slightly higher liver mass (which can be associated with 

nutrient processing and storage), the fish on homemade feed 

are still within a healthy range. Lower HSI could imply better 

liver efficiency in nutrient utilization or less fat accumulation 

in the liver.  

 

Statistical Analysis 

 

      The p-values are all above 0.05, indicating that there is no 

statistically significant difference in the SGR, FCR, K, RVM, 

or HSI among the four trials. This suggests that based on the 

observed metrics, there is no significant difference in growth 

or health condition of the fish fed commercial feed and those 

fed homemade feed. Further, since all of these values fell 

within the typical range for juvenile tilapia, this suggests that 

the homemade feed is able to support growth and health in 

juvenile tilapia over a 6-week period similarly to the imported 

commercial feed.    

 

Cost Analysis of Homemade Feed 

 

      The table below shows the breakdown of cost associated 

with formulating the homemade feed diets. The cost of 

commercial feed currently being utilized at the Cape Eleuthera 

Institute is imported from the United States and costs USD 

2.43/kg.  
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Table 5. Breakdown of production costs of homemade tilapia feed. 

 

Ingredient Unit cost 
Total 

Cost 

Processing 

(electricity) 

Cost 

Labour 

Pelletizing 

(electricity 

cost) 

Total 

Production 

Cost 

Cost per 

kg 

Fish offal   4.13 

30 1.95   

Lobster discard   4.13 

Moringa leaf meal   1.46 

Cassava leaf meal   1.46 

Brewers’ grain $0.1 total 0.1 0.02 

Cassava flour $10/kg 8.8 0.00 

Soybean oil 0.01 0.4802 0.00 

BSFL   1.54 

Total  9.3802 14.70 30 1.95 54.08 19.31 

 

      The homemade feed cost per kg ($19.31) is significantly 

higher (8 times) than the cost of imported commercial feed 

($2.43/kg). The majority of the cost of making the feed can be 

attributed to labour ($30) and electricity ($14.70). Commercial 

feeds are typically mass-produced, which reduces per unit 

costs, whereas homemade feed production is less efficient, 

with high associated labor and processing costs. Another 

significant portion of the cost in the homemade feed comes 

from ingredients such as cassava flour ($8.80) and BSFL 

($1.54), which are expensive on a per kg basis. Conversely, 

some ingredients like fish offal and brewers’ grain are 

relatively cheap, however the overall cost is driven up by other 

high-cost ingredients. 

 

      While the homemade feed provides control over ingredient 

selection and may offer nutritional or environmental benefits, 

the high production cost is not competitive with the lower 

price of commercially produced fish feed. This difference 

could make it difficult for farmers to justify homemade feed, 

especially when cost-effectiveness is crucial for profitability. 

Measures can be taken to make the homemade feed more cost 

comparable.  

 

-Reducing cost of inputs- revision of the formulation to 

include more of the cheaply available ingredients, and 

potentially reduce the total number of ingredients used would 

help reduce overall the cost of the feed.  

 

-Reduce cost of processing- utilizing low energy or renewable 

energy options in processing (solar dehydration vs electric) 

would reduce the costs associated with preparing the 

ingredients for the diet. Scaling up production of the feed 

would also contribute towards reducing the cost to process 

each batch of feed since the labour and energy being used 

would be spread over a larger quantity of feed.  

 

-Exploring alternative ingredients and processing methods 

(such as the use of fermentation of plant material) would help 

provide the essential nutrition for fish while reducing the cost 

associated with ingredients and processing.  

 

Conclusion 
 

      This investigation into homemade feed formulation 

indicates that with some modification, it may be a reliable and 

suitable alternative to imported commercial feeds, supporting 

local sustainable aquaculture practices without significantly 

sacrificing performance. To explore the viability of these 

practices, a sequence of additional events will be investigated. 

To address accessibility and economics, a focus on shelf life 

and storage condition improvements provides potential to 

reach more stakeholders and increase scale of production in an 

effort to reduce costs. An examination of growth and health 

parameters on a full life cycle trial will introduce an expanded 

knowledge on comparative performance to the standardized 

commercial feed. A review of the ingredient combinations and 

an inquiry into additional substitution sources may generate a 

feed that outcompetes the nutrition value of the constructed 

feed from this study. By working towards the localization of 

feed production for aquaculture, the country stands to gain 

more autonomy over the sector and its holistic development. 

There are also the environmental and sustainable advantages 

for making feed locally and reducing the needs for carbon-

fueled imports. 

  

      This research serves as a solid foundation upon which 

tilapia aquaculture farmers throughout the tropics with access 

to similar ingredients can develop novel feeds. The 

formulations can also be adapted to suit the nutritional 

requirements of other economically and culturally important 

aquaculture species.  
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