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ABSTRACT:  

An increase in population and industrialization has also led to 

a rise in food demand. This includes a surge in meat and 

seafood consumption to meet the increased protein 

requirements. Thus, the problem of providing nutritionally 

adequate feed for these protein sources with their improved 

quality was identified. Soy feed has been used prominently 

but results in an increase in deforestation due to large area 

requirements for cultivation and was found to be nutritionally 

inadequate.  

Hermetia illucens, also known as the Black Soldier Fly (BSF), 

offers a promising alternative by converting wet waste matter 

into highly nutritious protein-rich feed for various animal 

industries. Black Soldier Fly farming, a part of green 

technology, is one of the most widespread forms of insect 

farming which helps provide useful biological products along 

with organic waste management. Products derived from BSF 

larvae encompass biodiesel as a fuel, protein for animal feed, 

chitin, and chitosan for the cosmetic and healthcare industry, 

frass - as a biofertilizer, lipids, growth media, and biochar. 

This paper delves into detailed explanations of various 

synthesis processes of the products. Thus, the review 

summarizes the benefits of BSF larvae and their diverse 

applications. 
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1. INTRODUCTION 
 

Poultry and fish farms, being the important sectors of the food industry, feed the non-vegetarian 

population around the globe. According to a National Family Health Survey, in India, almost 

73% of Indians consume meat (Muinde et al. 2023), with about 6 million tons of meat 

consumption in 2020 alone (cycles, Text, and A. Minhas, 2023). Thus, the feed quality and 

quantity are crucial to determining the quality of the meat consumed by the overall population. 

 

The degradation of feed can be harmful to the growth of fish and poultry, further hampering 

consumer health (Sapkota et al. 2007). Poor quality feed reduces the amount of nutrients, also 

leading to lower parasite and pathogen resistance (Adesogan et al. 2020). Most of it is usually 

centered around soy feed which is costlier and proves detrimental to the environment due to 

increased deforestation (Espinosa, Tago, and Treich 2020). An increased feed requirement 

escalates the soy feed demand leading to increased land clearance for its cultivation (Craig et 

al. 2017; Zampiga, Calini, and Sirri 2021). Some industries, especially fish farms, use small 

dead fish as feed, which is not nutritionally adequate (Jennings et al. 2016). It is important to 

find an alternative that can help cater to large amounts of food requirements while maintaining 

good quality.  

 

Black Soldier Fly larvae (BSFL) can be a promising solution where organic matter can be 

recycled with the help of these larvae, which will then act as a highly nutritious feed source for 

target industries (Y.-S. Wang and Shelomi 2017). Hermetia illucens Linnaeus, a large fly 

belonging to the family Stratiomyidae, are 13-20 mm long and originate from the northern and 

tropical regions of America but are now spread to the tropical and subtropical regions of the 

rest of the world (Hauser and Woodley 2015). They are   

 

 

 
Figure 1. Proximate analysis of BSF larvae. 

 

Entomophagy is a common practice worldwide where various insect types like crickets, 

mealworms, Black Soldier Flies, ants, etc. can be used as edible material in human food as well 

as livestock material. Cricket is estimated to have the largest share in the edible insect market 

(Surendra et al. 2016). However, BSF is slated to register the highest growth rate in the market 

between 2023-2032 due to an increase in the global aquaculture market and a subsequent rise 

in BSF demand. Table 1 gives us a comparison between the proximate analysis of different 

insect types. 
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Table 1. Comparative Proximate Analysis of different insect types (X. Liu et al. 2017) 

Content 
Larvae of  

BSF 
Puparia 

Shrimp 

shells 
Quantitative Analytical Methods 

Total protein 31.4 31.7 44.1 
From UPLC-MS of total amino 

acids (X. Liu et al. 2017) 

Total chitin 14.8 40.7 27.3 UPLC-MS (X. Liu et al. 2017) 

Crude lipid 34.6 1.4 1.29 
Soxhlet, ethyl ether (X. Liu et al. 

2017) 

UPLC-MS-Ultra-performance liquid chromatography-mass spectrometry 

 

BSF farming is a part of green technology that provides a solution for organic waste handling 

while providing useful biological products (X. Liu et al. 2017). It is used for producing edible 

biomass ― proteins, chitin, lipids, and vitamins (Shah et al. 2022). Transesterification of larvae 

has shown the formation of possible biodiesel which can be used as a fuel in the long run 

(Mangindaan, Kaburuan, and Meindrawan 2022; Mohan et al. 2023; Okoro et al. 2023). These 

insects have also shown an ability to produce peptides possessing antimicrobial properties 

against viruses, bacteria, parasites, and fungi (Yi et al. 2014). Another vital compound that can 

be extracted from the larvae is chitin or chitosan which has great potential in the medical and 

cosmetic industry (Rehman et al. 2023; LR - Veehouderij en omgeving et al. 2021).  

 

The use of BSF larvae can reduce the feed cost while increasing feed quantity with 

comparatively less space required (Y.-S. Wang and Shelomi 2017). This review will 

summarize and focus on various aspects of BSF larvae, their farming, and applications in 

various industries. 

 

2. CONSUMER AND GROWTH CYCLE OF BSF 
 

Figure 2 illustrates the consumer cycle; organic matter is the raw material provided for the 

growth of the Black Soldier Fly and its larvae. These larvae are then dried or processed to 

produce various feed options for the poultry, pet industry, and aquaculture. By-product of the 

feeding process, frass, can be used as a biofertilizer for the nourishment of plants and crops. 

Further, enriched food products are provided to the human population. Rearing animals and 

consumption of food leads to the production of wet kitchen waste and organic matter. This 

organic matter can again be included in larval feed thus completing the consumer cycle.  
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Figure 2. Consumer cycle 

 

The life cycle of BSF shows five distinct stages: 

1. Eggs 

2. Larvae  

3. Prepupae  

4. Pupae and  

5. Adult fly 

 

The female fly lays 500-1000 eggs and requires about 3-4 days of incubation period. Hatched 

larvae are 5-19 mm in length and contain maximum protein and fat content. The pupal flies are 

born through various prepupal metamorphosis transformations which carry the highest chitin 

and melanin content (Guilliet et al. 2022). The complete life cycle of BSF takes a span of two 

weeks but it can get delayed under unfavorable circumstances. 

 

A simple setup is required for the growth and incubation of BSF with less space and 

maintenance. Considering their biological behavior, a quiet calm place is preferred for its 

growth (Rehman et al. 2023; Guilliet et al. 2022). Large bins or tubs with tiny holes are used 

for growing stage flies and are covered with a mesh at the top for anchorage. A bunch of 2-3 

inches thick corrugated sheets are used where the female flies lay eggs and are kept for 

incubation for the next 2-3 days (G. D. P. Da Silva and Hesselberg 2020; Amrul et al. 2022). 

One-third of the bin is covered with organic matter, rotten vegetables, and sludge to feed the 

flies (X. Liu et al. 2017; Siddiqui et al. 2022; Dzepe et al. 2021). The complete set-up for BSF 

growth is easy to build and has two main components, namely: Larvero- for larval growth, and 

Fly house- for adult flies (Amrul et al. 2022). 

 

The larvae utilize the food and deplete the initial weight by 50%, faster than conventional 

composting (Siddiqui et al. 2022). BSFL, a polyphagous insect, feeds on different kinds of 

substrates based on the enzymes produced in its gut comprising three parts namely: foregut- 

where the main digestion takes place, midgut- may act as temporary food storage, and hindgut- 

which stores the feces  (Yi et al. 2014; Klammsteiner et al. 2020). Various substrates specific 

to different microbial groups present in the insect gut are mentioned in Table 2 below.  

 

Table 2. Action of BSFL gut microflora on the substrate 

Sr. No. Microbial species (spp.) Metabolic Activity 

1. 
Orbus spp., Pseudomonas spp., 

Campylobacter spp. (Yu et al. 2023) 
Amino acid metabolism 

2. Dysgnomonas spp. (Yu et al. 2023) Protein digestion and absorption 

3. Issatchenkia spp. (Yu et al. 2023) Pepsin activity 

4. 
Pediococcus spp., Campylobacter spp., 

Lactobacillus spp. (Yu et al. 2023) 
Trypsin activity 

5. 
Lactobacillus and Bacillus spp. (Gold, von 

Allmen, et al. 2020) 
Peptidase activity 

6. Firmicutes spp. (Ao et al. 2021) Swine and cattle manure 

7. 
Proteobacteria and Bacteroidetes (Ao et al. 

2021; Yu et al. 2023) 
Poultry manure and food waste 

8. 

Enterococcus, Cellulomonas, Pichia yeasts, 

Fusarium spp (Klüber et al. 2022; Yu et al. 

2023) 

Lignocelluloses in palm kernel meal 
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9. Actinomycetes spp (Jiang et al. 2019) Lignin and chitin 

10. 
Providencia spp.  (Barson and Antonara 

2018) 
Protein and lipid conversion in the gut 

11. Klebsiella spp.(M. Wu and Li 2015) Pectinolytic activity 

12. 
Morganella spp.(Barson and Antonara 

2018) 
Production of biogenic amines 

 

Various studies performed on BSF insects and its gut, have shown no impact on gut microbes 

across various changing dietary parameters, pointing us towards the presence of dominant gut 

bacterial genera (Bonelli et al. 2020)- Actinomycetes, Enterococcus, Dysgonomonas, 

Providencia, Morganella, Firmicutes, Proteobacteria, Bacteroidetes, klebsiella, and 

Pseudomonas. They provide various functional abilities like substrate digestion, resistance to 

diet changes, essential catabolic actions, and production of antimicrobial peptides against 

extrinsic bacterial colonies (Yu et al. 2023). Specialized crypts or paunches promote bacterial 

persistence despite differences in extrinsic changes and help in host-microbe interaction 

(Klammsteiner et al. 2020). Yu et al (Yu et al. 2023) have found other functions of gut microbes 

like food detoxification and immune system stimulation which also influence the oviposition 

rate in BSF (Yu et al. 2023).  

 

Various environmental and feeding factors decide the reproduction, growth rates, and life span 

of the insects. The performance of bioconversion and the BSFL biomass quality is improved 

using combinations of wastes with a variety of nutrients (Gold, Cassar, et al. 2020; 

Seyedalmoosavi et al. 2022). A pH of 2-4 is optimal for the increase in larval protein content 

as the alkalization stimulates protease activity. The temperature and light intensity also play a 

key role in increasing the chances of mating and oviposition of the flies. Optimum temperature 

ranging from 31-36 °C is maintained for the rearing of the flies (Mohan et al. 2023; Akpesse 

et al. 2022; Oyatogun et al. 2020). 

  

The life cycle of BSFL is depicted in Figure 3. The adult fly lacks a digestive system and mouth 

parts; thus, they are only used in reproductive functions (Gold et al. 2018). The larval stage is 

important because at this stage the insect has the highest intracellular fat and protein content 

(Bonelli et al. 2020; Seyedalmoosavi et al. 2022). The fly metamorphosizes to the pupal stage 

where chitin and melanin are present at the highest level due to the presence of the dark metallic 

black body (Hiruma and Kaneko 2013; Soetemans, Uyttebroek, and Bastiaens 2020; Triunfo 

et al. 2022).  

 

 

 

 

 

 

 

 

 

 

 

Figure 3. The life cycle of BSF 
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3. BSFL PRODUCTS AND SYNTHESIZING METHODS 
 

3.1 Fresh larvae 

For centuries, insects have been included in human diets across Asia, Latin America, and 

Africa, benefiting around 2 billion people. As the challenge of feeding over 9 billion people by 

2050 remains, insects are gaining attention as a significant alternative protein source (Lange 

and Nakamura 2021). The efficient farming of fresh BSF larvae is crucial to obtaining a 

valuable protein and nutrient source for animal feed. The insects are fed live to animals in 

poultry and fish farms providing the essential nutrients for their nourishment. 

 

3.2 Dead Larvae 

Insects, especially the Black Soldier Fly (Hermetia illucens), are gaining attention as 

sustainable food sources. Proper handling of deceased BSF larvae is essential for their further 

utilization (Huang, C., W. Feng, J. Xiong, T. Wang, W. Wang, C. Wang, and F. Yang 2018). 

Drying is a common method for long-term storage and ease of handling (St-Hilaire et al. 2007). 

The sensory attributes of dried larvae significantly influence their market worth, particularly in 

the pet food industry (Meticulous Market Report 2022; Rahman 2007). Dehydration reduces 

water activity, prolongs storage by preventing enzymatic degradation and microbial spoilage 

increasing protein content (Ms. Prerana Patil 2022). The techniques utilized for dried larvae 

are given below: 

 

3.2.1 Sun-dried: It is a natural method that involves exposing larvae to consistent and uniform 

sunlight. A sustainable, low-energy approach preserves high protein and fat levels essential for 

livestock and aquaculture feed (Chong et al. 2021).  (P. Da Silva et al. 2019). 

 

3.2.2 BSFL dryer: This uses low-temperature steam to process the larvae which results in 

significant color, reduced water content, grind convenience, and longer shelf life.  The contact 

with steam causes heat and mass transfer and the subsequent drying of larvae (Alp and 

Bulantekin 2021). 

 

3.2.3 Sand roasting: A traditional method, popular among street food vendors and villagers in 

Asian countries such as India, Indonesia, and China, commonly applied to create value-added 

snacks from cereals or nuts (Kora 2019).  

 

3.2.4 Microwave heating: Utilizes electromagnetic energy to increase the motion of water 

molecules within fresh larvae, resulting in high vapor pressure and causing the larvae to puff 

(Lentz, Tang, and Resurreccion 2020).  

 

3.2.5 Freeze-dried: Insects are slowly killed and preserved for a long duration, allowing a 

reduction in their metabolism. The resulting dried larvae exhibit prolonged storage stability 

and retain high protein content, making them a valuable resource for various applications 

(Saucier et al. 2022). 
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Figure 4. Various ways of drying BSFL. 

 

3.3 Protein 

The protein content of BSF larvae significantly influences their use as animal feed and protein-

rich supplements. Protein fractionation involves separating various protein components from 

the larvae. Initial defatting to extract crude protein and subsequent fractionation processes to 

purify specific proteins, using techniques like chromatography and precipitation (Oonincx et 

al. 2015). 

 

Literature studies investigated the protein production efficiency of BSF larvae when fed with 

various organic wastes as summarized below in Table 3.  

 

Table 3: Percentage of protein obtained from BSF larvae using various feed substrates 

 Feed Substrates Crude protein (in %) 

Nutritional Composition of 

BSF larvae 

Chicken feed 
41.2% (Spranghers et al. 

2017) 

Restaurant scrap 
43.1% (Spranghers et al. 

2017) 

Vegetable and fruit waste 39.9% (Giannetto et al. 2020) 

Cow manure 
41.2% (S. Y. Wang et al. 

2020) 

Pig manure 
42.8% (S. Y. Wang et al. 

2020) 

  

3.4 Oil/ BSFL lipid 

Some methods applied for efficient extraction of fats are mechanical pressing or petroleum 

ether extraction followed by alteration through acid-catalyzed esterification and alkaline-

catalyzed transesterification (Mohan et al. 2023). The oil extraction process involves defatting 

the larvae to remove non-lipid components (Siddiqui et al. 2022). Furthermore, fractionation 

via fractional distillation of the crude insect extract after defatting enables the separation of 

valuable protein and fat constituents (Oyatogun et al. 2020; Buszewski 2000).  

  

3.5 Biodiesel  

BSF oil can be transformed into biodiesel through a process known as transesterification. 

Enzymatic transesterification, employing lipases as catalysts, has shown promise as an efficient 

and environmentally friendly method for producing biodiesel from BSF oil (Mohan et al. 

2023). Figure 5 shows the detailed process for biodiesel extraction. 
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Figure 5. Biodiesel production from BSFL 

 

3.6 Chitin 

Chitin, a polysaccharide found in the exoskeleton of insects, has numerous applications in the 

pharmaceutical and medical industries (Farinha and Freitas 2020). The extraction process 

involves defatting and fractionation to isolate chitin. Also, deacetylation can be applied to 

enhance its usability (Złotko et al. 2021). During molting, larvae periodically shed their skin 

that is collected from the rearing unit and the waste treatment (Hiruma and Kaneko 2013; Singh 

Kaleka, Kaur, and Kour Bali 2019). The extraction process from larval skins is carried out in 

three key steps: pre-treatment, demineralization, and deproteinization. Chitin conversion to 

chitosan requires a vigorous alkaline treatment (Hahn et al. 2020; Marguerite Rinaudo; Waśko 

et al. 2016). For pre-treatment, the raw material is cleaned with detergent and water, oven-dried 

at 105°C, and ground into fine particles. Demineralization treatment involves an acidic wash 

with 1.5 M hydrochloric acid for 2 hours at 25°C, converting decomposing minerals into water-

soluble salts (Oyatogun et al. 2020). There are various methods of chitin extraction with 

different steps for protein removal as depicted in Figure 6.  

 

 
Figure 6. Methods of Chitin Extraction 

 

4. APPLICATIONS OF BSFL 
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4.1 Waste processing 

Waste processing is the way of efficiently handling the waste, sorting and composting it 

(Britannica, T. Editors of Encyclopaedia 2020). The BSF larvae are excellent tools for 

managing organic waste. They feed on large chunks of organic matter and grow, which in turn 

can be used for various other products (Siddiqui et al. 2022). As suggested in some reports, 

larvae were successful in reducing 43% nitrogen and 67% phosphorus content in cow manure 

(Amrul et al. 2022). BSF larvae are known to ingest animal waste and manure to convert 50% 

of it into useful byproducts (Scala et al. 2020). This exceptional composting ability of the larvae 

in the optimum temperature range of 24-30oC benefits not only in providing good quality 

products but also in organic waste treatment. BSF has thus been a conserving alternative among 

researchers for organic waste treatment.  

 

4.2 BSF as a protein source 

There is an increase in protein feed demand in the food industry. Due to reduced plant-based 

protein sources and restrictions on various animal protein sources, industries are looking for 

alternatives (Henchion et al. 2017). One of the promising ones is BSF larvae. Organic wastes 

are converted into protein and fat biomass by BSF which can be used as substitutes for 

conventional proteins and animal diets (Amrul et al. 2022; Gasco, Biancarosa, and Liland 

2020). It is safe for animal consumption due to being pest-free (Lu et al. 2022). Larval 

composition is 30% fat and 40% protein but is dependent on the manure/substrate provided (X. 

Liu et al. 2017; Barragan-Fonseca, Dicke, and Van Loon 2017; Ewald et al. 2020; Pérez-

Pacheco et al. 2022). It was found that larvae feeding on fruits and vegetables provide less 

protein content as compared to those feeding on animal and organic waste content (Gold, 

Cassar, et al. 2020; Banks, Gibson, and Cameron 2014; Cappellozza et al. 2019). These 

saprophytic insects can thus be good candidates for human and animal protein sources.  

 

4.3 Biodiesel 

For a few decades, the Earth has been facing major crises in energy sources. BSF being a rich 

source of lipids/fats can provide an alternative to solve the energy crisis. In addition to protein-

rich content BSF larvae also contain high fat (Eriksen 2022; Barragán-Fonseca 2018). In order 

to increase the fat content in the larvae it is important to provide substrate with rich fat content 

during larval feel (X. Liu et al. 2017). The fat is extracted from the BSF larvae by defatting the 

insects and can be further converted into biodiesel for energy purposes. Further, the extracted 

fat is processed and converted into biodiesel via transesterification. Using BSF to convert 

lignocellulosic biomass into biodiesel is a cost-effective method for energy production (Amrul 

et al. 2022; Zheng et al. 2012). It was found that BSF biodiesel led to reduced combustion with 

lower environmental emissions with better fuel efficiency (Mohan et al. 2023; Jung et al. 2022). 

Moreover, research has shown that biodiesel produced from BSF fat meets the international 

standards for biodiesel quality (Surendra et al. 2016; Zheng et al. 2012; Jung et al. 2022). Thus, 

BSF biodiesel production can be considered one of the effective methods of energy production. 

 

4.4 Frass 

BSF larvae treatment of organic waste produces a mixture of BSFL excretion, frass, and shed 

exoskeletons. (Amrul et al. 2022; Basri et al. 2022). This mixture with the left-over organic 

matter constitutes the biofertilizer- frass. Frass can be utilized to increase the soil’s nutritional 

quality and water-holding capacity (Poveda 2021). It can decrease our dependence on costly 

mineral fertilizers, which have harmful effects on environmental health and soil quality. (Basri 

et al. 2022; Team Acrres et al. 2023). The high levels of macronutrients (potassium, nitrogen, 

phosphorus) are readily available in frass as they are present in the insect's diet (Anyega et al. 

2021; Beesigamukama, Subramanian, and Tanga 2022). Multiple trials have demonstrated that 



Shweta Kashid/ Afr.J.Bio.Sc. 6(13) (2024) 4484-4502                                           Page 4493 to 19 

 
 

the utilization of frass accelerates plant growth (Anyega et al. 2021). It could increase and 

improve soil’s organic matter while the chitin in frass increases plant disease resistance against 

harmful pathogens (Basri et al. 2022).  

 

4.5 Animal feed 

The demand for meat, fish, and eggs has increased, leading to a higher need for animal feed. 

BSFL provides a sustainable alternative, with variable protein and fat content (Siddiqui et al. 

2022; Lu et al. 2022). After defatting, BSFL has around 60% crude protein content. BSF larvae 

also contain saturated fatty acid methyl esters like palmitic, lauric, and myristic acids (T. Liu 

et al. 2022; Ewald et al. 2020). Lauric acid, with the highest percentage, converts into 

monolauric acid (Suryati et al. 2023) used in food industries as it shares a similar nutritional 

content to that of coconut fat and palm oil (McCarty and DiNicolantonio 2016). BSFL is rich 

in minerals like iron, manganese, zinc, phosphorus, copper, and calcium as they are very 

important in feed (Shah et al. 2022; Barragán-Fonseca 2018). Their higher calcium content 

than fishmeal makes them beneficial for livestock feed (Lu et al. 2022). Thus, BSFL can be a 

major source of nutritionally adequate, pest-free, and safe animal feed (Surendra et al. 2016; 

N. Wu et al. 2020; Lievens et al. 2021).  

 

4.6 Growth media 

BSFL is also suitable for use as growth media to carry out soilless agriculture, offering a viable 

alternative to commercial peat for potted plant cultivation. One of the studies (Setti et al. 2019) 

indicated that Black Soldier Fly Larvae Processing Residue (BSPR) can be a unique ingredient 

of growth media. When used in 20% contribution, BSPR was shown to significantly increase 

crop production. According to one of the literature, 80% commercial peat in combination with 

20% BSFL frass as a component growing media has been found to be beneficial to crop growth 

and development without causing any abiotic stresses, especially causing an increase in the 

total dry weight of the crop.  

 

4.7 Biochar 

Biochar is charcoal made by burning agricultural and organic wastes in a controlled manner 

which will reduce pollution and safely store carbon. Researchers are closely studying the 

production of biochar from insect frass because it contains significant amounts of chitosan. 

This discovery has the potential to reduce the cost of commercial absorbents (Mojiri, Andasht 

Kazeroon, and Gholami 2019). Chitosan, a natural bio-sorbent derived from chitin, has the 

ability to purify wastewater containing dyes in water-based solutions. There is a need to verify 

the economic feasibility of this approach. Biochar from BSFL contains high levels of nitrogen, 

which can be achieved rarely (Bulak et al. 2023). It also carries numerous macro elements as 

compared to biomass obtained from plant residues making it more effective for agricultural use 

(Bulak et al. 2023; Hu et al. 2023). 

 

4.8 Chitin 

Chitin, a biopolymer with unique properties, consists of N-acetyl-D-glucosamine and some D-

glucosamine (Soetemans, Uyttebroek, and Bastiaens 2020). It can be converted to chitosan 

through deacetylation, enhancing its solubility in acidic environments. Both chitin and chitosan 

have various applications in medicine, agrochemicals (No and Meyers 2000), waste treatment 

(Shahidi, Arachchi, and Jeon 1999), food (Cosme and Vilela 2021), beverages (Triunfo et al. 

2022), etc. BSF insects shed chitin-rich skin during metamorphosis, with the highest chitin 

content in the adult stage (Britannica, T. Editors of Encyclopaedia 2024). Chitin, chitosan, and 

their derivatives have various antimicrobial activities against a large group of organisms (Hadj 

Saadoun et al. 2020; Sharp 2013) and possess anti-cancer properties of chitosan. Chitosan is 



Shweta Kashid/ Afr.J.Bio.Sc. 6(13) (2024) 4484-4502                                           Page 4494 to 19 

 
 

valued for its biocompatibility, biodegradability, and non-toxicity, making it suitable for gene 

and drug delivery in chemotherapy, as well as tissue engineering.  

 

 
Figure 7. Versatile applications using Hermetia illucens 

 

5. CONCLUSION  
 

BSFL was found to be a promising solution in organic waste conversion to high-value products. 

The various forms of BSF such as Fresh larvae, dead larvae, prepupae, pupae, lipids, proteins, 

and chitin can be utilized efficiently in various applications. The BSFL frass is considered a 

biofertilizer that improves soil’s nutritional quality and water-holding capacity. The residues 

of this treatment have unique characteristics which are an ingredient of growth media. The 

shedding of insect skin is rich in chitin and can produce chitosan possessing anticancer 

properties. BSF larvae are a rich source of protein and lipids which can result in promising 

alternatives to protein feed sources and biodiesel as an alternative energy source. Thus, BSFL 

is a dynamic creature with various applications and composting agents for a green environment. 
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