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Abstarct

The growing global demand for sustainable protein sources in aquaculture and livestock industries
presents significant challenges, particularly concerning the depletion of natural resources such as small
fish and soy. The Black Soldier Fly (Hermetia illucens), which can efficiently convert food waste into
high-quality protein and fat, is a promising solution to these challenges. This paper explores the
potential of Black Soldier Fly larvae (BSFL) as an alternative protein source in fish and poultry feed.
The nutritional properties of BSFL, including high protein content, essential amino acids, healthy fats,
and minerals, make it a viable replacement for conventional feed ingredients like fishmeal and soy.
Rearing BSF significantly reduces the pressure on agricultural land, water resources, and marine
ecosystems. This paper discusses the environmental and economic benefits of BSFL farming, including
its role in food waste reduction, greenhouse gas emission mitigation, and lower resource requirements
for protein production. Furthermore, it addresses the challenges and barriers to industrial-scale
adoption, including legal issues, scalability concerns, and public perception. Finally, the paper
highlights the need for investment in insect farming technologies and the importance of scientific
research to establish standards for insect use in animal feed. The findings suggest that incorporating
BSF larvae into animal feed could contribute to global food security, environmental sustainability, and
economic profitability in the aquaculture and livestock sectors.

Keywords: Black Soldier Fly, Sustainable Protein, Aquaculture Feed, Food Waste Recycling,
Environmental Sustainability.

Introduction

In today's world, one of the most significant challenges humanity faces is ensuring the supply of food
resources, especially protein, for the growing populations of both humans and animals. This challenge
is particularly prominent in the aquaculture and livestock industries, key sectors in providing animal
protein (Safdar et al., 2023). As the global population is projected to reach approximately 9.7 billion by
2050, the demand for animal protein, particularly seafood, is increasing (Berthou and Lind, 2012). This
has led to rising pressure on natural and agricultural resources, causing significant challenges in
providing food for these industries (Schalekamp ef al., 2016). Specifically, the aquaculture industry is
facing a growing need for protein sources to feed fish, a large portion of which is typically sourced from
marine resources such as small fish. This trend not only depletes natural fish stocks but also poses a
threat to aquatic ecosystems (Michael and Sogbesan, 2017). Additionally, using plant-based protein
sources such as soy in fish feed has become a significant issue due to environmental and economic
limitations. Soy, one of the primary plant-based protein sources used in fish feed, contributes to
deforestation, loss of biodiversity, and excessive use of water resources. Therefore, there is an urgent
need to find new and sustainable protein sources for the aquaculture and livestock industries (Iheanacho
et al., 2025).

In this context, using insects, notably the Black Soldier Fly (Hermetia illucens), as a novel and
sustainable protein source, could be an effective solution to this crisis. The BSF is one of the insects
that can naturally convert organic waste and food scraps into high-quality protein sources. In its various
life stages, particularly the larval stage, this insect produces large amounts of protein and fat, which can
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be used as valuable feed for fish, poultry, and other animals. BSF larvae, being rich in protein, essential
amino acids, healthy fats, and minerals, are recognized as a suitable alternative to traditional protein
sources such as small fish and soy (Odongo et al., 2024). The use of BSF for animal feed is significant
because of its nutritional properties and the insect's ability to convert food waste into high-quality
protein. The insect can transform waste materials such as household scraps, agricultural by-products,
and inedible organic matter into protein and fat. Therefore, breeding BSF as a sustainable solution to
reduce food waste and convert it into a valuable food source can help address the global food production
challenge (Chia, 2019). Moreover, the process of rearing BSF has notable environmental benefits. This
insect converts food waste into a helpful food source and requires significantly less water and land. For
instance, to produce the same amount of protein from plant sources like soy, BSF requires far less water
and land. These features make Black Soldier Fly a cost-effective and environmentally friendly option
in the aquaculture and livestock industries (Barragan-Fonseca et al., 2023).

This paper examines the importance of rearing BSF as a sustainable food source for protein supply in
the aquaculture and livestock industries. This paper will provide scientific information on the nutritional
properties of BSF larvae and their benefits, as well as analyze the environmental impacts of this method
in reducing food waste and optimizing the use of natural resources. Additionally, the challenges
associated with adopting this method at the industrial and economic levels will be discussed, especially
the legal barriers, scalability issues, and public acceptance of this method in the aquaculture industry.
Ultimately, this paper will answer why we should pay more attention to rearing BSF and how this
method can help solve global challenges related to food security, environmental protection, and
industrial sustainability.

Main Viewpoint: Why is Rearing Black Soldier Fly a Critical Option for Providing Protein for
Fish and Poultry?

One of today's most significant challenges in the aquaculture and livestock industries is providing high-
quality and accessible protein. These proteins are primarily sourced from natural resources such as small
fish, soy, and other agricultural products. However, these sources are rapidly depleting, and their use
has significant environmental and economic consequences (Tincy et al,, 2014). Rearing BSF as an
alternative and sustainable protein source can effectively solve food crises in this context. BSF larvae
not only contain a substantial amount of protein and healthy fats, but their ability to consume food waste
and convert it into high-quality nutrients makes this insect one of the prominent options for meeting the
nutritional needs of the aquaculture and livestock industries (Sari ef al., 2023). This process allows the
insect to significantly reduce food waste and enhance the efficiency of natural resource utilization while
providing high-quality protein. As an innovative and sustainable solution, this method could help
resolve the challenges faced in fish farming and other animal husbandry sectors. BSFL delivers a high-
quality, sustainable alternative protein source for animal feed, offering nutritional benefits such as
balanced amino acids, essential fatty acids, and minerals. This inclusion enhances animal growth, feed
efficiency, and product quality while aligning with sustainability goals by converting organic waste into
valuable biomass (Gadzama, 2025).

Creating Sustainable Food Sources: How Can the Use of Black Soldier Fly Larvae Help Solve
Food Crises?

One of the most significant challenges of today's world is the food crisis resulting from population
growth and the need for sustainable protein sources. The aquaculture and livestock industries
increasingly need accessible and affordable protein sources. Currently, a significant portion of the
protein used in feeding fish and other animals comes from natural resources, which have limited
availability and cost (Nirmal ef al., 2025). In this context, using BSF larvae can serve as a sustainable
and innovative protein source. The BSF can produce high-quality protein and fats using food waste and
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organic by-products. This feature becomes especially important when food resources are limited or
subjected to environmental crises. Since these insects can use food waste, they can convert large
amounts of waste materials into valuable food sources, thus helping to solve food crises. This is
particularly significant in regions facing food shortages or experiencing environmental crises. BSFL is
a promising alternative protein source for animal feed, offering critical environmental benefits such as
reducing food waste and the need for traditional natural resources. BSFL farming could help address
the increasing demand for sustainable protein while minimizing ecological impact (Bessa et al.. 2020)
Reducing Dependence on Natural Resources: Using Food Waste for Insect Rearing and Reducing
Pressure on Natural Resources

Using natural resources to supply the protein needs of the livestock and aquaculture industries places
significant pressure on the environment and natural resources. For example, producing protein from
small fish depletes marine fish stocks and threatens marine ecosystems, while producing protein from
soy leads to deforestation and loss of biodiversity. Additionally, these processes require high amounts
of water and land resources (Horsnell, 2019). In contrast, rearing BSF is an effective and sustainable
option, significantly reducing dependence on natural resources. This insect can produce high-quality
protein using food waste, without the need for vast agricultural land or excessive water consumption.
Producing protein from BSF larvae requires far fewer natural resources than traditional sources like
small fish or soy while effectively contributing to reducing food waste. BSF larvae offer a sustainable
and efficient protein alternative for fish feed, with a lower environmental impact than yellow mealworm
and soybean. The Life Cycle Assessment (LCA) revealed that BSF production requires fewer resources
and results in less environmental harm, particularly regarding climate change and water use (Zlaugotne
etal., 2023).

Economic and Environmental Benefits: Reducing Costs and Environmental Harm Compared to
Traditional Protein Sources

The economic benefits of using BSF larvae for feeding fish and poultry are particularly evident
compared to traditional protein sources. The cost of producing protein from insects is significantly lower
than from conventional sources. This cost reduction is desirable to fish and poultry producers as it
allows them to produce high-quality protein economically (Affedzie-obresi et al.,, 2020). Moreover,
using BSF larvae as animal feed helps reduce the environmental impacts associated with traditional
production processes. Producing protein from insects, especially BSF larvae, requires fewer water, land,
and fuel resources, reducing greenhouse gas emissions. Additionally, this process helps reduce
environmental pollution and prevents the generation of waste that has no value. Ultimately, the use of
insects, notably the BSF, can serve as an environmental and economic solution to global crises related
to protein supply, helping to reduce the ecological damage caused by the overuse of natural resources
(Gadzama, 2025).

Nutritional Properties of Black Soldier Fly Larvae

1. High-Quality Protein and Amino Acids

BSF larvae are naturally rich in high-quality proteins essential for the growth and development of fish
and poultry. These proteins include essential amino acids such as leucine, phenylalanine, and isoleucine,
which are crucial for improving animal growth and health (Ryvak et al., 2024). The protein quality in
BSF larvae is comparable to or even better than traditional proteins, such as those from small fish and
soy. Emphasizes the effectiveness of BSF larvae as a potential replacement for fish meal in fish feed.
Notably, their high protein content (up to 64% dry matter) and digestibility make them an efficient and
sustainable alternative to traditional sources like small fish (Barragan-Fonseca et al., 2017). BSF larvae
meal can effectively replace up to 75% of fishmeal in the diet of African catfish without negatively
impacting growth performance or nutrient utilization. Including up to 50% BSF in the diet yields
optimal results, improving feed conversion and protein efficiency (Fawole et al., 2020).
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2. Healthy Fats and Other Beneficial Nutrients

In addition to proteins, BSF larvae contain significant amounts of healthy fats, such as omega-3 and
omega-6 fatty acids, which are vital for the health of fish and poultry. These fats help regulate metabolic
processes, strengthen the immune system, and improve meat quality and egg production. Furthermore,
BSF larvae are rich in essential vitamins and minerals, including vitamins A and D and calcium,
strengthening the skeletal system and reducing nutritional deficiencies (Ryvak et al., 2024). BSF larvae
meal can fully replace fish meal in the diet of Atlantic salmon without negatively affecting growth
performance, feed utilization, or nutrient digestibility. Additionally, it suggests that using insect meal
contributes positively to environmental sustainability by reducing reliance on traditional protein sources
(Belghit et al., 2019).

Economic Profitability and Sustainability

1. Reducing Feed Production Costs

One of the most significant advantages of using BSF larvae to feed fish and poultry is the substantial
reduction in feed production costs (Rana ef al., 2015). For example, the cost of producing protein from
BSF larvae is much lower than that of traditional protein sources, such as small fish and soy. This cost
reduction is especially beneficial for producers seeking more affordable ways to provide animal food
(Chia, 2019).

2. Using Food Waste as a Food Source

BSF larvae can effectively consume food waste and organic by-products, converting them into high-
quality protein and fat. This feature is incredibly efficient in food waste management, allowing
producers to utilize waste materials as valuable food sources (Yunita et al., 2024). As a result, using
BSF larvae can significantly reduce feed-production costs while optimizing the use of natural resources.
Establishing the efficacy of BSF larvae in converting food waste into high-quality protein for fish helps
mitigate food waste issues while providing a sustainable protein source for aquaculture (Newton et al.,
2008).

Environmental Benefits

1. Reducing Food Waste and Greenhouse Gas Emissions

One of the most significant environmental challenges today is the accumulation of food waste, which
decomposes in landfills and releases greenhouse gases such as methane. The BSF can consume these
wastes and convert them into valuable food sources. This process not only helps reduce the volume of
food waste but also prevents the release of greenhouse gases, indirectly contributing to the fight against
climate change. The ability of BSF larvae to process organic waste, including agricultural by-products,
not only provides a valuable food source but also reduces methane emissions from landfills, which
confirms the larvae's role in waste reduction and microbial pathogen control (Ferronato ef al., 2024).
2. Positive Impacts on Soil, Water, and Other Natural Resources

Compared to traditional protein production methods from agricultural resources, rearing BSF requires
less land and water (Marousek et al., 2023). For instance, producing Black Soldier Fly larvae to generate
the same amount of protein as small fish or soy requires significantly fewer water and land resources.
These features make Black Soldier Fly rearing a highly sustainable option for reducing pressure on
natural resources (Zlaugotne et al., 2023). Additionally, BSF larvae can be used as animal feed at
various scales, helping to minimize the need for natural resources such as agricultural land and water
(Siva Raman ef al., 2022). As a result, using BSF larvae to feed fish and poultry offers significant
nutritional benefits. Due to its environmental and economic characteristics, it presents a sustainable and
innovative solution to the challenges of the aquaculture and livestock industries. The reduction in feed
production costs, the use of food waste as a nutritional resource, and its positive environmental effects
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are key advantages of this method. Ultimately, BSF rearing can effectively produce sustainable protein
while reducing the negative impacts on natural resources and the environment.

Encouraging Investment in Insect Rearing Technologies

One of the biggest challenges in expanding the insect rearing industry is investing in advanced
technologies and appropriate equipment (Veldkamp et al., 2022). Insect farming, notably BSF, requires
controlled systems for environmental conditions such as temperature, humidity, and light, which
directly impact optimal protein production. Therefore, for the development of this industry, it is essential
to focus on financial support and encouraging investment in this field.

Suggestions:

1. Encouraging Governments and Financial Institutions: Creating financial incentives for producers
and investment companies involved in this field, especially during the early stages of industry
development.

2. Supporting Startups and Innovations: Support active startups in insect-rearing technologies and
encourage them to invest in research and development of new equipment.

3. Providing Financial Facilities for Insect Rearing Centers: Provide special facilities for
establishing insect-rearing workshops and centers, utilizing low-interest loans and financial support.
Increasing Awareness Among Industry Stakeholders and the Public

One of the main barriers to the acceptance and expansion of the use of insects in animal feeding is the
lack of awareness and the negative perceptions about using insects as a food source (Sogari et al. 2019).
For success in this field, it is necessary to widely disseminate scientific and practical information about
the benefits of using insects in feeding, especially the BSF.

Suggestions

1. Organizing Workshops and Conferences: Organizing training courses and scientific conferences
for industry professionals and farmers to familiarize them with the benefits of using insects in animal
feeding.

2. Public Awareness and Advertising: Utilizing various media outlets to increase public awareness
about the environmental and economic benefits of insect farming and using insects to supply protein
for livestock and fish.

3. Creating Online Platforms: Developing online platforms for exchanging experiences and
information between producers and researchers in this field, especially for those in the early stages of
insect farming.

Supporting Research and Standardization of Insect Use in Animal Feed

Scientific research and process standardization are needed for insect farming to be widely adopted in
aquaculture and livestock industries. These studies should specifically focus on the nutritional impacts
of insect larvae on the health of fish and poultry, optimal insect rearing methods, and hygiene standards
(Morales-Ramos et al. 2024).

Suggestions:

1. Supporting Scientific Research: Allocating funds and resources to researchers and universities to
conduct applied research on the use of insects in animal feeding, including investigating the effects of
insect protein on the growth and health of fish and other animals.

2. Standardization and Regulation Approval: Collaborating with government and international
organizations to develop and approve global standards for insect farming and their use in livestock and
fish feed. These standards can cover the methods of rearing, handling, processing, and using insects in
feed production.

3. Developing Laboratories and Research Centers: Establishing and strengthening specialized
laboratories and research centers that can comprehensively study the effects of feeding insect larvae
and develop standard protocols for their use in industry.
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Conclusion

The Black Soldier Fly (Hermetia illucens) offers a promising and sustainable solution to the growing
demand for protein sources in the aquaculture and livestock industries. This insect’s ability to convert
food waste into high-quality protein and fat makes it an efficient alternative to conventional feed
ingredients like fishmeal and soy, which are increasingly scarce and environmentally damaging. The
nutritional value of Black Soldier Fly larvae, rich in proteins, essential amino acids, healthy fats, and
minerals, positions it as an optimal choice for animal feed, particularly in aquaculture, where the
pressure on marine ecosystems is intensifying. Beyond its nutritional benefits, BSF farming also
presents significant environmental advantages. It reduces food waste, lowers greenhouse gas emissions,
and diminishes the strain on land and water resources, making it a more sustainable and economically
viable option than traditional protein production methods. The reduced reliance on agricultural land and
water to produce feed from BSF larvae highlights the role of insect farming in mitigating the
environmental impact of the food production industry. Despite the clear benefits, the widespread
adoption of BSF farming faces challenges, including scalability, legal frameworks, and public
perception. Overcoming these barriers requires investment in insect-rearing technologies, scientific
research, and the standardization of industry practices. Public awareness campaigns and educational
initiatives are essential to shift attitudes toward accepting insect-based feed in animal husbandry. In
conclusion, the Black Soldier Fly represents a crucial innovation in pursuing sustainable protein
sources. Its integration into animal feed can enhance food security, reduce environmental harm, and
promote economic sustainability in the aquaculture and livestock sectors. Moving forward, continued
research, technological advancements, and public engagement are vital for realizing the full potential
of BSF as a global solution to food production and environmental protection challenges.
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