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Summary

Alternative feeds, such as black soldier fly (Hermetia illucens) larvae, are emerging as sustainable
animal feed alternatives due to their efficient feed conversion, low resource requirements, and high
nutrient content. Therefore, the objective of this study is to evaluate the inclusion of black soldier fly
larvae on the performance of Nile tilapia fry in comparison to a conventional feed. Over 42 days a total
of 600 tilapia fry with an average weight of 0.4 g were sourced after the sex reversion stage and
distributed amongst 12 tanks in groups of 50. The study included a control diet and three experimental
diets with larvae meal replacing 25%, 50%, and 75% of the conventional protein source. Samples were
collected from each tank every seven days to assess the weight gain of the tilapia fry. A completely
randomized experiment was done along with an ANOVA and Duncan mean test. The data analysis on
the final mean weight and daily weight gain showed that the differences between the experimental
diets were negligible (P > 0.10). However, there was a significant difference (P < 0.10) between the
experimental diets and the control diet. There were no significant differences in specific growth rate,
survival, and feed conversion ratio (P > 0.10). The results suggest that black soldier fly larvae meal can
serve as an alternative protein source. Full conversion from conventional feed to fly larvae meal could
enhance environmental sustainability, but further research is needed to evaluate the environmental
impacts of larvae production and other alternatives.

Keywords: Aquaculture, growth parameters, sustainability



Resumen

Los ingredientes alternativos, como los insectos, en particular las larvas de la mosca soldado (Hermetia
illucens), se perfilan como alternativas sostenibles de alimentacion animal debido a su eficiente
conversion alimenticia, sus bajos requerimientos de recursos y su alto contenido en nutrientes. Por
tanto, el objetivo de este estudio fue evaluar la inclusidn de larvas de mosca soldado en el rendimiento
de alevines de tilapia del Nilo en comparacién con un alimento convencional. El experimento tuvo una
duracion de 42 dias. Un total de 600 alevines de tilapia, con un peso medio de 0.4 g, se obtuvieron
tras la fase de reversidn sexual y se distribuyeron en 12 tanques en grupos de 50. Los tratamientos
consistieron en una dieta de control y dietas con larvas de mosca soldado, siendo estas dietas
experimentales consistentes en la sustitucion del 25, 50 y 75% de la fuente proteica convencional por
harina de larvas. Se tomaron muestras cada siete dias de cada tanque para evaluar el aumento de
peso de los alevines de tilapia. Se realizd un experimento completamente aleatorizado junto con un
analisis de variancia (ANOVA) y una prueba de medias de Duncan. El analisis de los datos sobre el peso
medio final y la ganancia diaria de peso mostrd que las diferencias entre las dietas experimentales
eran minimas (P > 0.10); hubo una diferencia significativa (P < 0.10) entre las dietas experimentales y
la dieta de control. No hubo diferencias significativas en la tasa de crecimiento especifico, la
supervivencia y la conversion alimenticia (P > 0.10). Los resultados sugieren que la harina de larvas de
mosca soldado negra puede servir como una fuente alternativa de proteina.

Palabras clave: Acuicultura, parametros de crecimiento, sostenibilidad
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Introduction

The current world population is expected to reach 9.7 billion in 2050 (United Nations, n.d.).
Similarly, the demand for food will rise by 56% (van Dijk et al., 2021). Therefore, agricultural industries
such as aquaculture will play a key role in providing a sustainable source of protein. According to a
2020 report by the Food and Agriculture Organization of the United Nations (FAO) (Geehan et al.,,
2020), global fish consumption increased from 0.90 kg per capita in 1961 to 20.5 kg per capita in 2018.
Additionally, global fish production in 2018 was approximately 179 million tons of which 82 tons
derived from aquaculture production.

Despite continuous innovations within the industry, it is not without its faults. To supply the
demand for aquaculture products, specially formulated diets are essential for meeting the nutritional
requirements of each species to be cultivated. In the case of fish farming, fish feed must be a source
that provides sufficient amino acids, lipids, carbohydrates, and minerals (Craig y Helfrich, 2017).
Important amino acids are usually supplied using fish oil or fish-based feeds (Turchini et al., 2010). In
2018 it was reported that 18 million tons of fish were processed for fish oil extraction (Geehan et al.,
2020). However, due to increasing global demand, wild fish stocks are declining (Sumaila y Tai, 2020)
threatening the health of marine ecosystems and resulting in price inflation of fish oil/feed, therefore,
worsening the cost of production. By 2030, the price of fishmeal and fish oil are expected to increase
by 30% resulting in a 22% increase in the price of internationally traded fish (Geehan et al., 2020).

To lower the cost of production, much research and development has been invested in
formulating alternative feeds. Given the importance of fish feed supplying quality sources of protein,
lipids and carbohydrates, some substitutes that are being investigated include plant-based diets
(Bandara, 2018). Common plant-based sources of protein include soybean meal, guar meal, corn
gluten, wheat gluten, peas, byproducts of sugar cane, potato, canola, and cassava (Hodar et al., 2019).
Carbohydrate ingredients include corn, wheat, rice, and potato starch. As for lipids/fats, they’re

sourced from vegetable oil, soybean oil, rapeseed oil, and sunflower oil (Nagappan et al., 2021).
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However, the use of plant-based feeds has presented its own challenges by having reduced
palatability, digestive issues, and deficiencies in certain amino acids (Bandara, 2018).

Therefore, alternative sources such as insects are now being considered as a potentially
reliable and sustainable animal feed due to their efficient feed conversion ratio and high nutrient
content. According to Baiano, 2020, to produce 1 kg of edible protein, insects only require 10% of the
land needed for beef production. Additional studies have also found that various insects may contain
protein levels of 13 to 77% of their dry biomass (Jonas-Leviy Martinez, 2017). Such insects include the
black soldier fly (Insecta: Diptera: Stratiomyidae: Hermetiinae: Hermetia illucens). It is characterized
as a long, three-segment fly with brownish wings. In its larval stage, it contains 18 to 33% fat and 32
to 53% protein depending on the quality of its own food. Black soldier fly larvae are also known for
having a rich amino acid and fatty acid profile comprising of leucine, lysine, valine, lauric acid, myristic
acid, palmitic acid, stearic acid, oleic acid, linoleic acid, and palmitoleic acid (Lu et al., 2022). Therefore,
black soldier fly larvae offer the possibility of completely replacing fish meal as a sustainable
alternative feed.

Recent studies have shown that black soldier fly larvae can successfully be used in the diets of
multiple fish species. For instance, a study conducted using rainbow trout showed that black soldier
fly larvae meal could replace 40% of their traditional diet, producing similar growth parameters to that
of fish meal (Renna et al., 2017). Similar results were seen in Atlantic Salmon (Belghit et al., 2019),
Siberian Sturgeon (Caimi et al., 2020), and Nile Tilapia in the fry stage of production (Limbu et al.,
2022).

The Nile tilapia is recognized as the most popularly farmed fish worldwide with significant
economic importance (Munguti et al., 2022). The fry stage of production is crucial for maintaining a
continuous product supply. Considering the need to evaluate the effectiveness of alternative fish
feeds such as insects in different production stages to improve the sustainability of the aquaculture

industry, the purpose of this study is to evaluate the weight gain of Nile tilapia fry fed with black soldier
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fly larvae meal. To complete this study, the following objectives have been outlined: a) Assess the
efficiency of black soldier fly larvae feed on the growth parameters of Nile tilapia fry; and b) Compare

the performance of black soldier fly larvae feed to conventional feed on the growth parameters of

Nile tilapia fry.
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Methodology
Research Area

The study was conducted at the Monte Redondo aquaculture facility within the Pan-American
Agricultural School, Zamorano, 30 km from Tegucigalpa, Honduras. The facility is positioned
approximately 800 m above sea level, it has a tropical dry climate with an average annual temperature
of 24 - 25 °C and an average annual rainfall of 1,100 mm (Hernandez, 2021).

The aquaculture unit is dedicated to producing tilapia by managing all the following stages of
production: reproduction, fattening, and processing. The fish are raised within open ponds with water
sourced from the reservoir at Monte Redondo and are fed specially formulated feed according to their
stage of maturity.

Experimental Design
Treatments

A total of 600 tilapia fry (Oreochromis niloticus) weighing approximately 0.4 g each were
sourced from the aquaculture unit. They were then distributed amongst 12 fiberglass tanks with a
volume of 200 L measuring 1.0 m in diameter and 0.4 m in height. The tanks were placed within the
greenhouse to avoid predation and to maintain a controlled water temperature. The fry were
transferred to the greenhouse after the sexual reversion process and divided into groups of 50 where
they were kept for the duration of the experiment.

The experiment included four treatments with three repetitions for each treatment, giving a
total of 12 experimental units. The experimental units consisted of one control and three experimental
diets all of which were formulated and mixed by hand. The control diet was formulated using beef

meat flour which has a total 53% protein (Table 1) that was sourced from an external provider.
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Table 1

Nutritional content of meat meal containing 53% protein

Parameters Content (g/100 g)
Humidity 4.02
Dry matter 95.98
Protein 52.9
Protein nitrogen 8.30
Fiber 1.54
Ether extract 14.07

Note. Laboratorio de Control de Calidad San Jose

As for the experimental diets, each contained varying percentages of black soldier fly larvae
meal to replace the conventional feed of meat flour. The percentages used were 25, 50, and 75%
inclusion of larvae meal. To prepare different diets, the larvae were first sourced from the Zamorano’s
Entomology laboratory. They were then dried for 4 - 5 days and finely ground using a meat grinder.
The experimental diets were then formulated and mixed by hand using the established inclusion
percentages of the larvae meal, along with additional ingredients to meet the nutritional requirements
of the tilapia fry. The nutrient content of the larvae which has a total of 40% protein is shown in Table
2. It should be noted that the chemical proximate analysis that was used as a reference had analyzed
black soldier fly larvae from a previous study which were produced using a similar diet of food waste
from the cafeteria. The formulation of both the control diet containing meat meal and the
experimental diets containing larval meal, along with the six additional ingredients are shown in Table
3.
Table 2

Chemical proximate analysis of Hermetia illucens

Parameter Units Concentration
Ashes g/100 g 4.36
Protein g/100 g 40.58
Humidity g/100 g 4.00
Fat g/100 g 41.45
Raw fiber g/100 g 9.61
Digestible Carbohydrates g/100 g 0.00
Gross energy kcal/kg 5,738.10

Note. Adapted from Laboratorio de Analisis de Alimentos Zamorano (2022)
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Table 3

Experimental Treatment Feed Formulations

Experimental Treatments

Ingredients

Control HI 25% HI 50% HI 75%
Corn flour 16.35 19.55 14.87 8.37
Meat flour 30.00 17.50 5.00 --
Soy flour 45.50 37.00 29.00 14.00
Hermetia illucens larvae flour - 25.00 50.00 75.00
Palm oil 7.50 0.30 -- -
Calcium carbonate -- -- 0.37 0.70
Biofos - - 0.11 0.78
Common salt 0.40 0.40 0.40 0.40
Broiler vitamin 0.25 0.25 0.25 0.25

Note. The values are expressed as |1b/100 Ib

The fish fry were fed six times a day; three times in the morning and three times in the
afternoon. This was done every hour after the first round to ensure feed efficiency and reduce feed
waste. Ideally, they would be fed a maximum of 13% of their body weight per day according to
standard feeding charts. However, feeding the full standard amount depended solely on the appetite
of the tilapia fry. This was determined by the amount of feed that remained on the water’s surface
and the behavior of the tilapia fry’s during feeding period. Additionally, the tilapia fry were not fed at
the time of a water change or sampling due to loss of appetite caused by stress.

Water Quality Parameters
Dissolved Oxygen

It represents the concentration of gaseous oxygen dissolved in water expressed in mg/L. It is
important in tilapia production as low levels of dissolved oxygen can cause slow growth, death, or
increase disease susceptibility. The dissolved oxygen levels were measured twice a day, in the morning
and afternoon using the YSI Pro20 sensor. The optimal range of dissolved oxygen is > 3.0 mg/L (Abd

El-Hack et al., 2022).
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Water Temperature

Fish are poikilothermic animals, meaning that their body temperature depends on the
temperature of their environment. Therefore, water temperature directly affects their metabolic
system, determining how much they consume. The higher the temperature, the more fishmeal is
consumed, and the lower the temperature the less. Preferable water temperature is between 28 - 32
°C (Abd El-Hack et al., 2022). This was measured twice a day in the morning and afternoon using the
YSI Pro20 sensor.
Nitrate

This parameter represents the amount of nitrate ion (NOs) and is expressed in mg/L. High
levels of nitrate oxidize hemoglobin, reducing its oxygen carrying capacity which affects the growth
rate and mortality of tilapia. Nitrate levels should remain within the range of 1.5 - 2.0 mg/L (Shokr,
2015). This was measured twice a week using the API test kit. To do so, the nitrate test consists of
filling a clean test tube with 5 ml of water, adding ten drops of bottle No. 1 of nitrate (NOs’), shaking
the tube several times in order to mix the solution, then adding ten drops of bottle No. 2 of nitrate
(NOs3), and shaking vigorously for 1 minute, waiting five minutes for the color to develop and finally
comparing the color of the solution with the nitrate chart.
Nitrite

Nitrite (NOy) is a form of nitrogen that is produced when ammonia is converted to nitrate and
is expressed in mg/L. High nitrite levels oxidize hemoglobin, reducing its oxygen carrying capacity
which affects the growth rate and mortality of tilapia. Acceptable nitrite levels are < 0.1 mg/L (Yanbo
et al., 2006) and were measured twice a week using the API test kit. Measuring nitrite levels consists
of filling a clean test tube with 5 ml of water, adding five drops of the nitrite (NO>) bottle, shake the
tube for five seconds, wait 5 minutes for the color to develop and finally compare the color of the

solution with the nitrite color chart.
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Ammonia

Ammonia levels indicate the concentration of two nitrogen compounds, unionized ammonia
(NHs) and ammonium ion (NH4*) which are produced from the decomposition of organic matter. High
ammonia levels can cause tilapia to lose appetite, reduce growth rate or die. Acceptable ammonia
levels are < 0.1 mg/L (Abd El-Hack et al., 2022) and were measured twice a week using the API test kit.
The ammonia test consists of filling a clean test tube with 5 ml of water, adding eight drops of the two
ammonium solutions (NHs/NHz*), shaking vigorously for 5 seconds, waiting five minutes for the color
to develop, and finally comparing the color of the solution with the ammonium color chart.
pH

The pH levels must be between the range of 6.5-9 and were measured twice a week using the
API test kit. Drastic changes in pH can cause stress and significantly reduce the growth rate of tilapia
(Abd El-Hack et al., 2022). The pH test involves filling a clean test tube with 5 mL of water, adding
three drops of the pH solution, shaking the tube several times to mix the solution and reading the
result by comparing the color of the solution with the pH chart.
Growth Parameters
Sampling

Fish growth was evaluated every seven days requiring that 15 tilapia fry were randomly
selected and weighed in groups of five. This was repeated for each of the 12 tanks. Once the final data
had been collected the following parameters were analyzed:
Final Mean Weight

It represents the body weight of the animals in the experimental units at the end of the study.
This is calculated using Equation 1.

Biomass (g)

Final M Weight =
fnat Mean weis Number of animals

Feed Conversion Ratio
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This variable provides information on the capacity of animals to convert feed into biomass

during the period of their production cycle. This parameter is calculated using Equation 2.

Amount of food supplied (g)

Feed Conversion Ratio (FCR) =

Final biomass (g) — Initial biomass (g)

Survival
This variable allows us to know the percentage of animals that survived during the time of
the trial. It’s calculated using Equation 3.

Survival = Harvested fish % 100 3
urvival = Seeded fish 3]

Daily Weight Gain
Daily weight gain determines the average number of grams of weight gained by each animal
per day throughout the trial. This is calculated by using Equation 4.

Final weight (g) - Initial weight (g)

Daily Weight Gain =
aily Weight Gain Age (days)

Statistical Analysis

A completely randomized correlational experimental design was used with three
experimental diets and a control. The experiment was carried out for a period of 45 days usinga 4 x 3
design, meaning four variables with three replicates. The growth parameters of each treatment were
evaluated to determine the ideal percentage of larvae meal to be used. This information was used to
evaluate the efficiency between conventional and unconventional fish feeds. For this purpose, the
statistical method Analysis of Variance (ANOVA) (a = 0.1) along with a Duncan's multiple range test
was used to evaluate the differences between the means of the following variables: daily weight gain,
feed conversion ratio, final weight, specific growth rate, and survival. The Statistical Analysis System
(SAS) was used for this purpose. As for the water quality parameters, the minimum and maximum

values were evaluated using Microsoft Excel.
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Results and Discussion

Growth Parameters

The final mean weight differed significantly among the four treatments (P < 0.10; Table 4).
However, a Duncan test revealed that the differences between the experimental diets (HI25, HI50,
HI75) were negligible. The significant difference was between the experimental diets and the control.
On average, the experimental diets presented the following increase in final mean weight with respect
to the control: HI25- 29.55%, HI50- 32.95%, and HI75- 34.94%.
Table 4

The effects of Hermetia illucens meal on the growth parameters of Nile tilapia fry.

F.M.W (g) D.W.G (g) Survival (%)

Treatment Mean Mean Mean
Control 3.52 0.07 87
HI 25% 4.56° 0.10° 932
HI 50% 4.68° 0.10° 942
HI 75% 4.75° 0.10° 91°
F value 2.64 2.77 1.86
Probability 0.065 0.059 0.14

Note. Values with 2are not significantly different. F.M.W: Final mean weight. D.W.G: Daily weight gain. F value: The ratio of two variances.

The daily weight gain differed significantly among the four treatments (P < 0.059; Table 4).
However, a Duncan test revealed that the differences between the experimental diets (HI25, HI50,
HI75) were insignificant. On average, the experimental diets (HI25, HI50, HI75) presented 42.86%
higher daily weight gain than the control.

The survival data showed no significant differences among the four treatments (P > 0.10; Table
4). These results are also supported by a Duncan’s test. However, it appears that the control has the
lowest survival rate compared to the other treatments. On average, the experimental treatments
showed approximately 6% higher survival than the control.

Feed conversion ratio was calculated per week for each experimental diet (Table 5). These
was then used to perform an ANOVA test which gave a p-value of 0.40 (> 0.10) indicating that there

were no significant differences between the four treatments.
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Table 5

The effects of Hermetia illucens on the feed conversion ratio of Nile tilapia fry.

Week Control HI 25% HI 50% HI 75%

FCR FCR FCR FCR
1 2.952 1.44° 4.23° 2.90°
2 0.68° 1.06° 0.64° 0.582
3 1.77° 0.76° 1.73° 0.87°
4 0.63? 7.10° 0.89° 0.61°
5 0.63? 0.31° 0.43° 0.49°
6 -5.23° 0.842 1.97° 0.64°2
F value 1.08 1.08 1.08 1.08
Probability 0.40 0.40 0.40 0.40

Note. FCR: Feed conversion ratio. F value: The ratio of two variances.

Water Quality Parameters

Water temperature was recorded both in the morning and in the afternoon throughout the
experimental period (Figure 1). The average temperature recorded in the morning was 25.8 'C and
32.5 'C in the afternoon. Morning temperatures ranged from a minimum of 22.2 "C to maximum of
29.3 'C. Afternoon temperatures ranged from a low of 28.2 'C to a high of 35.4 'C. Temperatures also
remained relatively the same for each tank during both halves of the day.
Figure 1

The temperature recorded over the period of the experiment
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The dissolved oxygen was recorded both in the morning and afternoon throughout the
experiment (Figure 2). The average dissolved oxygen was 6.5 mg/L in the morning (range: 0.6 to 11.9)
and 7.5 mg/L in the afternoon (range 4.9 to 11.3).
Figure 2
The dissolved oxygen recorded over the period of the experiment
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The average ammonia level was within 0.2 - 0.3 mg/L. The highest ammonia level recorded in
various tanks throughout the study was 2 mg/L (Table 6); which was outside of the recommended
range of < 0.1 mg/L (Abd El-Hack et al., 2022). The average nitrate level was within 1.1 - 15 mg/L with
the highest level recorded as 80 mg/L, which falls outside acceptable range of 1.5 - 2.0 mg/L. The
average nitrite level was recorded as 0.0 - 5 mg/L with the maximum noted as 5 mg/L, surpassing the
recommended range of < 0.1 mg/L. The average pH levels recorded per treatment were Control- 7.9,

HI25- 7.9, HI50- 7.9, and HI75- 7.8 (Table 6).
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Table 6

Average and maximum values presented for each water quality parameter over a six-week period

Control HI 25% HI 50% HI 75%
Parameter
Max Average Max Average Max Average Max Average
Ammonia (mg/L) 0.5 0.2 1 0.3 1 0.3 2 0.2
Nitrate (mg/L) 10 11 80.0 15.0 80 13.9 80 8.0
Nitrite (mg/L) 0.25 0.0 5 0.7 5 0.6 2 0.3
pH 8.8 7.9 8.8 7.9 8.8 7.9 8.8 7.8

Note. mg/L: milligrams per liter. Max: Maximum.

It is important to note a few of the challenges that were experienced throughout the
experiment. These may have altered the results in some form or another. The initial plan was to
compare the experimental diets to fish meal (the control), however, we were unable to find a source.
Therefore, meat meal was used as an alternative. Throughout the experiment students also assisted
with routine activities, including feeding the tilapia in my absence. However, there were instances
when students had not followed the proper guidelines, or no one was available to feed the tilapia. To
measure the performance of the tilapia, samples were taken every seven days. As for the procedures
regarding the sampling method, these were not followed for the first four weeks possibly affecting
the representation of the population per tank.

The results of the final mean weight indicates that the inclusion of Hermetia illucens in the
diet of tilapia fry can completely replace the protein source in conventional feed. This suggests that
regardless of the portion, by incorporating larval meal it can improve weight gain. Therefore, it serves
as an alternative feed, which supports the hypothesis of the experiment. In a similar study with tilapia
fry, the authors found that diets containing 50 - 75% black soldier fly larvae meal also produced a
higher mean final weight (Perez-Velazquez et al., 2024). It is important to note that the objectives of
the study were different from the objectives of the present experiment. Perez-Velazquez et al. (2024)
focused on evaluating the nutritional value of hydrolyzed and non-hydrolyzed black soldier fly larvae

meal on Nile tilapia. Additionally, the protein content of the control diet consisted of multiple
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ingredients such as fish meal, soybean meal, and corn meal. The study also used less and smaller
tilapia fry (560 fry, X 0.26 g), but had a similar duration of 42 days.

The results of the daily weight gain further establishes that black soldier fly larvae meal can
completely substitute conventional sources of protein, thus supporting the experiment’s hypothesis.
The outcome is consistent with the findings of Tippayadara et al., (2021) who concluded that there
were no significant differences in the daily weight gain of tilapia fry fed diets containing between 10%
to 100% black soldier fly larvae meal. As for the objectives of the study, they slightly varied as
Tippayadara et al. (2021) also evaluated the effects of black soldier fly larvae meal on the hematology
and skin mucus of Nile tilapia. The control utilized fish meal, soy meal and corn meal as its protein
source. Moreover, larger and less tilapia fry (420 fry, X 14.77 g) were also used with the experiment
lasting a total of 12 weeks; 6 more weeks than the present experiment.

There were no significant differences between the treatments, so it is impossible to say which
diet had the best survival rate. Nonetheless, a possible explanation for an apparent lower survival rate
in the control group is linked to nine deaths that were recorded within the first week. It is difficult to
conclude that these deaths were related to water quality as the chemical parameters remained
acceptable during the first week. Similarly, it is difficult to determine that the diet was the culprit, as
no other deaths were recorded within the following weeks. An alternative theory could be that the
deaths were possibly related to the stress of transferring the tilapia fry to the tanks. However, there
is no definitive explanation, and the circumstances would require further investigation.

Considering the lack of significant differences among the experimental diets it cannot be said
that one had the best feed conversion ratio (FCR). This suggests that both the larvae meal and meat
flour are equally efficient in providing the necessary nutritional requirements without hindering the
growth of the tilapia fry. The findings are supported by those of Tippayadara et al. (2021), who also
found no significant differences between the control and experimental diets containing up to a 100%

black soldier larvae meal for tilapia fry. Nevertheless, apparent differences can be found within a few
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weeks with FCR values higher than two or lower than zero. According to Mengistu et al., (2020), an
acceptable FCR is considered acceptable when it is two or less. This would mean that less feed was
required to produce one gram of body weight, or that the fish used more of its energy reserves than
what was consumed. Finally, it should be noted that the data for FCR were difficult to collect and the
lack of differences may be due to errors in data collection.

Although the water quality parameters are essential to ensure a healthy environment for the
development of the tilapia, it was not the focus of the study. The experiment was run to avoid
variation in water quality parameters among treatments, although it is always possible that variation
existed. Therefore, very general statistical analyses were done.

For the most part both the morning and afternoon temperatures were outside of the
recommended range of 28 - 32 °C. According to Abd El-Hack et al. (2022), temperature is an important
factor in tilapia production considering that they’re poikilothermic, meaning their metabolism
depends on the temperature of their environment. This means that warmer weather would prompt
tilapia to consume more feed which is the goal of the producer. Similarly, during the experiment it
was observed that the greatest feed consumption was recorded during the afternoon in comparison
to the morning when it is colder. However, extreme temperatures can cause stress or increase the
development of diseases. Meanwhile, low temperature decreases the metabolism of the fish causing
them to consume less feed. Besides the ambient air temperature of the location, the fact that the
tanks were kept within a greenhouse also contributes to the elevated water temperature. As a
recommendation, it would be useful to install fans to create an adequate environment during such
periods.

Total dissolved oxygen levels remained above the minimum acceptable level of > 3 mg/L. At
no time during the experiment did the dissolved oxygen levels fall below the recommended level (Abd
El-Hack et al., 2022). However, oxygen levels varied within each tank. A possible cause could have

been the pump or the air stone diffusing the air within the tank. Nonetheless, this would have required
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further investigation to determine the exact cause. If dissolved oxygen levels were to drop
dramatically it would reduce the fish’s activity, reduce their consumption rates, or become fatal.

Throughout the study there were various occasions when the ammonia levels were outside
of the recommended range of < 0.1 mg/L within different tanks. The highest levels of ammonia were
mostly found within the experimental treatments. This is attributed to the decomposing feed, high fat
content of the larvae, waste produced by the fish, pH, and temperature. The greater the pH and
temperature, the greater the ammonia levels. Once levels are outside of the recommended range it
can become toxic to tilapia (Abd El-Hack et al., 2022). As for why there were no high mortality rates,
tilapia is known to be a hardy fish with the ability to survive inadequate conditions. However, to avoid
such circumstances, a water quality test was done twice a week to determine if the water needed to
be changed.

In various cases, nitrate levels exceeded the recommended levels of 1.5 - 2.0 mg/L in different
tanks which can become toxic to fish (Shokr, 2015). The highest nitrate levels were found in the
experimental diet tanks due to decomposing feed, high fat content of the larvae, and tilapia excreta.
Similar results were also recorded for nitrite levels with the highest level being at 5 mg/L or more.
According to (Paul et al., 2020), the level of nitrate in the water is also influenced by nitrifying bacteria.
Bacterial activity is controlled by the temperature and pH levels. The higher they are, the greater the
activity of the bacteria, therefore resulting in greater nitrate levels. These factors were also found to
affect nitrite levels as well (Ciji y Akhtar, 2020). Routine water changes minimize mortality.

Most tanks remained within the mentioned limits. Although tilapia can tolerate a diverse
range of pH levels, once it is outside of the recommended range of 6.5 - 9 it can reduce the fish’s

performance (Abd El-Hack et al., 2022).
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Conclusions

It was determined that black soldier fly larvae (Hermetia illucens) can substitute up to 75% of
the protein source in conventional feed for the diets of Nile tilapia fry (Oreochromis niloticus) without
compromising the growth parameters. This finding applies specifically to the meat meal used during
the study.

The use of black soldier fly larvae meal was found to outperform meat meal, resulting in the
highest daily weight gain and final mean weight. However, considering that there were no differences
in the feed conversion ratio between the experimental and control diets, the recommended inclusion
level of black soldier fly meal should be based on other factors, such as its availability, cost, and

environmental impact of its production.
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Recommendations

Defat the black soldier fly larvae to increase the protein content, improve the texture of the
feed, and palatability using an oil extractor machine.

Complete an economic analysis of the actual costs of black soldier fly larvae as an alternative
protein source to determine its feasibility within the aquaculture unit.

Complete an environmental analysis to determine whether it is environmentally sustainable
to use black soldier fly larvae as an alternative feed in comparison to conventional feeds. This would
involve evaluating its carbon footprint and use of natural resources during production.

Reevaluate the study using fish meal as the protein source within the control diet to compare
its performance to black soldier fly larvae meal on Nile tilapia.

Conduct a new study using other species of insects with a high protein content to determine

their performance on tilapia fry, environmental sustainability, and economic feasibility.
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