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he Black Soldier Fly (Hermetia illucens) has emerged as a promising, eco-friendly

approach to tackling two major global issues-the management of organic waste and the
demand for sustainable animal feed. Its larvae are highly efficient in converting a wide range
of organic residues, such as food waste and agricultural by-products, into nutrient-dense
biomass rich in protein and lipids, suitable for feeding poultry, fish, and livestock.
Additionally, the remaining by-product, called frass, functions as an excellent organic
fertilizer that boosts soil fertility and crop yields. By cutting down waste accumulation,
lowering greenhouse gas emissions, and reducing reliance on conventional feed sources like
fishmeal and soy, Black Soldier Fly (BSF) farming plays a vital role in building a circular
economy and promoting sustainable agriculture. This insect therefore represents a cost-
effective, scalable, and nature-based innovation that can strengthen food security, resource
efficiency, and environmental sustainability.
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Introduction

In the face of mounting environmental challenges and the growing demand for sustainable
protein sources, the Black Soldier Fly (Hermetia illucens) has emerged as a powerful, nature-
based solution. These tiny larvae are master recyclers, capable of consuming a wide variety
of organic waste, including kitchen scraps, agricultural residues, manure, and even certain
industrial by-products. Through their voracious feeding, BSF larvae can reduce waste volume
by up to 70% in just a couple of weeks, turning potential pollutants into valuable biomass.
The harvested larvae are rich in protein (35-45%) and healthy fats (25-35%), making them
an ideal feed alternative for poultry, fish, pigs, and other livestock, effectively reducing
reliance on conventional feed like soybean meal and fishmeal, which have high
environmental footprints. Meanwhile, the residual material, known as frass, is a nutrient-rich
organic fertilizer that enhances soil fertility and supports sustainable agriculture. Beyond their
nutritional and fertilizing benefits, BSF systems help combat environmental pollution, lower
greenhouse gas emissions from organic waste decomposition, and contribute to a circular
economy, where waste is transformed into wealth. With their rapid growth, high feed
conversion efficiency, and adaptability to various organic substrates, Black Soldier Fly larvae
represent a sustainable, cost-effective, and scalable solution that bridges waste management
and animal nutrition, while promoting eco-friendly and resilient farming practices for the
future.

Biology of BSF

The life cycle of the black soldier fly consists of five major stages: egg, larval, prepupal,
pupal, and adult. The larval and pupal stages of its life cycle are the longest, while the egg
and adult stages are the shortest. Between 500 and 900 eggs are laid by females. Depending
on the season, location, and temperature, the eggs typically hatch in four days. The larvae
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range in size from 1 to 8 to 20 mm, with 20 mm larvae being considered mature. The larval
phase has six instars. As soon as the eggs hatch, the larvae begin feeding on a variety of
organic materials, such as animal dung, rotting fruits and vegetables, and food scraps. After
the third instar, their consumption rates significantly increase. The larvae undergo
melanization, which darkens the cuticle and makes them prepupae, when they reach the sixth
instar. At this point, the insect stops feeding and clears its digestive system. After that, the
prepupae move away from their sour food.
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Mass culturing of BSF

BSF can be mass multiplied in organic waste that is decomposing, i.e. wastes from
farms, food wastes, fruit and vegetable wastes, and slaughterhouse wastes. The adult fly is
drawn to oviposition by the rearing substrate's decomposing smell. The adult fly deposits
its creamy white eggs in the rearing bins' nooks and crannies. The larvae feed on the rearing
substrate after hatching and grow quickly. When fully grown, the last instar larvae crawl out
and search for soil ora dry substrate to pupate on. The adult comes out, feeds on flower
nectar, mates in the air, and deposits its eggs in decomposing organic matter.

Nutritional content of BSF

Black soldier fly larvae (BSFL) are extremely nutrient-dense, with high amounts of fat (20—
41 percent of dry matter) and crude protein (30-53 percent of dry matter). They are also rich
in vital minerals like iron and zinc, as well as essential amino acids like leucine, lysine,
and valine. Pupae of theBlack Soldier Fly (BSF) are extremely nutrient-dense,
providing a high proportion of protein (approximately 39% by weight) and fat (approximately
25-8% by weight), as well as vital minerals, amino acids, and lauric acid.

From Waste to Biofertilizer

One of the most urgent and significant environmental problems that cities in low- and
middle-income nations face is solid waste management, particularly with regard to organic
wastes. Due to the trends of rapid urbanization, industrialization, and population growth, the
severity of this issue will only worsen in the future. The need to create sustainable and
effective waste management system techniques has proven to be an overwhelming obstacle.
Traditional composting techniques yield meager profits but necessitate sizable land areas
and a lengthy decomposition period. Although itis a sustainable bioenergy source, the
process of turning waste into biogas has a number of drawbacks. Greenhouse gases linked to
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global warming, including carbon dioxide (CO2), nitrous oxide (N20), and methane (CH4),
are produced by anaerobic bacterial decomposition.  Manure-derived enteric
methane emissions account for 14.5 percent of global CH, and N,O emissions. The slow
process, low loading rates, and the other issues are also disadvantages. Black soldier flies are
another biowaste treatment method that has become more and more popularin recent
years due to its ease of use and efficiency. A variety of wastes, such asanimal manure,
food waste, market waste, and other excretions, can be bioconverted by BSF larvae into
insect larval biomass and organic compost. Because of their large and strong chewing
mouthparts, rich intestinal microbiota, strong immune system, and high enzymatic activity—
which  enablesthem to  metabolize  molecules like proteins, lipids, and starches—
the larvae can flourish in a variety of decomposing organic matter. When it comes to
vermicomposting, the larvae break down organic waste material more quickly than the
worms. It is possible for each larva to eat up to 200 mg of food waste every day. In compost,
it can also accumulate and extract certain harmful materials. In addition, manure treated with
BSF larvae had greenhouse gas emissions that were 47 times lower than those
of windrow composting.

From waste to animal feed and oil

Organic waste is converted by black soldier fly larvae (BSFL) into edible biomass,
including proteins, lipids, peptides, amino acids, chitin, vitamins, and polypides. Proteins and
amino acids have been utilized to create high-digestibility feedstuffs, fish
meal alternatives, and animal feed. The nutritional value of these products varies greatly
depending on the kind of substrates the larvae are fed. The accumulation of protein and oil
in BSF is more facilitated by substrates high in these nutrients. Oil makes up 28-35 per
cent and protein 30-40 per cent. Due to the rising price of commercial feeds, these
insects provide an alternative source of protein. Additionally, defatted BSF larvae have
shown promise as alternatives to fish meal. Mechanically pressing the crushed frozen larvae
to allow the intracellular fatto leak out or extracting the fat with petroleum ether are two
methods for defatting insects. Meals produced by the defatting process have
higher protein content (about 56 per cent) than the remainder.

Aquacultural feed

Aguaculture is one of the fastest-growing food sectors in the world, but its dependence on
fishmeal and soybean meal as feed ingredients has raised serious concerns about
sustainability, cost, and environmental impact. The Black Soldier Fly (Hermetia illucens)
offers a promising alternative. BSF larvae are rich in protein (up to 45%) and lipids (around
25-35%), along with essential amino acids, minerals, and antimicrobial peptides, making
them an ideal feed ingredient for fish. Research shows that replacing conventional fishmeal
with BSF larvae meal can maintain or even improve fish growth, feed conversion efficiency,
and overall health, while significantly lowering feed costs. Additionally, BSF farming uses
organic waste as feedstock, converting low-value residues into high-quality protein for
aquaculture, thus reducing pressure on wild fish stocks and supporting a circular, eco-friendly
food system.

Conclusion

The Black Soldier Fly truly embodies nature’s magic—transforming waste into wealth and
offering a sustainable, circular solution for modern challenges in waste management and
animal nutrition. By converting organic residues into high-quality protein and natural
fertilizer, BSF not only supports eco-friendly livestock and aquaculture feed but also reduces
environmental pollution and dependency on unsustainable resources like fishmeal and soy. Its
efficiency, adaptability, and low ecological footprint make it a game-changer in building
resilient, green food systems. Harnessing the power of this tiny recycler is a step toward a
cleaner planet, stronger farms, and a more sustainable future.

oQg'ci o@cticleb ISSN: 2582-9882 Pa.g_e 702

Earde de de e e Ao de o O e Lo e O e dp e O e de e e e e v e e Ao e e e de v Je e Le de e v e e Ao de e D de Ao e e v O O



parde de de de de Ao de Ao Ao Ao e Ae e e Ao e e A Ae e e A e A U U U O Or Ur Ov dv dv dv dv de de de Ao 1o e e dr Or O de de de Ae Ae e e Or

Rakshitha et al. (2025) Agri Articles, 05(06): 700-703 (NOV-DEC, 2025)

References

1. https://www.fao.org/platforms/water-scarcity/Outreach/blog-on-water-scarcity/blog-
detail/sustainable-land-and-water-for-food-security/2024/06/18/the-black-soldier-fly-
revolution-in-support-of-waste-reduction--food-security--and--water-conservation/en

2. Wang, Y.-S., & Shelomi, M. (2017). Review of Black Soldier Fly (Hermetia illucens) as

Animal Feed and Human Food. Foods, 6(10), 91.

https://encyclopedia.pub/entry/7597

4. https://ag.purdue.edu/news/2025/05/revolutionizing-waste-how-black-soldier-flies-
transform-food-waste-into-sustainable-solutions.html

L

PRgri grticles ISSN: 2582-9882 Page 703

Earde de de e e Ao de o O e Lo e O e dp e O e de e e e e v e e Ao e e e de v Je e Le de e v e e Ao de e D de Ao e e v O O


https://www.fao.org/platforms/water-scarcity/Outreach/blog-on-water-scarcity/blog-detail/sustainable-land-and-water-for-food-security/2024/06/18/the-black-soldier-fly-revolution-in-support-of-waste-reduction--food-security--and--water-conservation/en
https://www.fao.org/platforms/water-scarcity/Outreach/blog-on-water-scarcity/blog-detail/sustainable-land-and-water-for-food-security/2024/06/18/the-black-soldier-fly-revolution-in-support-of-waste-reduction--food-security--and--water-conservation/en
https://www.fao.org/platforms/water-scarcity/Outreach/blog-on-water-scarcity/blog-detail/sustainable-land-and-water-for-food-security/2024/06/18/the-black-soldier-fly-revolution-in-support-of-waste-reduction--food-security--and--water-conservation/en
https://encyclopedia.pub/entry/7597

