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Abstract: The larvae of black soldier fly (BSF) Hermetia illucens L., possess versatile bioconversion 
capabilities and offer a nutrient-rich biomass. Here we review the bioconversion capabilities and 
microbiota associated with the larvae of BSF in an attempt to raise attention to key points and suggest 
future perspectives. The main points include current knowledge regarding bioconversion abilities of 
the BSF larvae; the nutrient composition variation of the larvae depending on its feed; the natural 
antibiotic properties with focus on antimicrobial peptides; the role of gut microbiota in pathogen 
elimination; the versatility of the BSF functional substrate bioconversion; and the role of the BSF gut 
microbiota possess in bioconversion flexibility. BSF larvae are being explored for various applications 
beyond waste conversion, including their use as a sustainable protein source for animal feed, and as 
a method for mitigating environmental contaminants like heavy metals. The review emphasizes the 
importance of optimizing substrate choices to enhance the BSF larvae’s bioconversion efficiency, 
nutrient output, and antimicrobial activity. The study also highlights the potential of BSF larvae in 
addressing global challenges related to food security, waste management, and energy sustainability 

Keywords: black soldier fly; bacterial community; protection; nutrient provision; gut microbiota; 
bioconversion 
 

1. Introduction 

The larvae of black soldier fly [BSF, Hermetia illucens L., (Diptera: Stratiomyidae)] possess 
versatile bioconversion capabilities and offer a nutrient-rich biomass, making them highly valuable 
for various applications (Chia et al., 2018; Liu et al., 2017; Spranghers et al., 2017). BSF larvae efficiently 
convert a wide range of waste materials into a consumable and nutritious biomass. The biomass 
derived from the larvae or pupae can further be processed into food suitable for pets or humans. 
Additionally, the residual substrate and frass (insect feces) left behind after processing can be 
repurposed as soil amendments (Lohri et al., 2017; Shelomi et al., 2020). BSF larvae also play a vital 
role in reducing bacterial contamination in organic substrates due to their voracious feeding behavior 
and natural antimicrobial properties (Achuoth et al., 2024; Park and Yoe, 2017; Zhang et al., 2022). As 
they consume organic matter, they break down and metabolize bacterial populations within the 
substrate. BSF larvae produce antimicrobial peptides that inhibit the growth of harmful bacteria, 
further aiding in reducing bacterial load (Park and Yoe, 2017; Vogel et al., 2018; Zhang et al., 2021). This 
antimicrobial activity not only sanitizes the substrate but also creates a favorable environment for the 
larvae's growth. In addition, BSF larvae has shown remarkable capabilities to thrive in substrates 
contaminated with xenobiotics compounds including antibiotics and pesticides, and to accelerate 
their degradation (Lalander et al., 2016; Van der Fels-Klerx et al., 2020). For instance, studies have 
demonstrated that BSF larvae can effectively grow and develop in substrates containing 
pharmaceuticals and pesticides (Lalander et al., 2016). Furthermore, BSF larvae have also been 
reported to suppress the populations of other disease-carrying flies in organic manure, such as 
houseflies (Adjavon et al., 2021). Their efficient bioconversion abilities and adaptability to various 
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organic substrates highlight their potential in addressing food security, waste management, and 
energy sustainability challenges. 

It has been suggested that the series of actions including bioconversion and reduction in 
pathogen load of substrates are primarily facilitated by the presence of symbiotic gut microbes within 
the larvae's digestive system (Eke et al., 2023; Engel and Moran, 2013). These symbiotic microbes play 
a crucial role by producing a variety of digestive enzymes and antibiotics that aid in cleansing the 
larval diet. As the larvae consume organic matter, the gut microbes break down the feed into smaller, 
digestible components through enzymatic action. Additionally, these microbes produce antibiotics 
that target and destroy harmful bacteria present in the feed, thereby helping to maintain the larvae's 
health and ensure the efficient digestion of nutrients. This symbiotic relationship between BSF larvae 
and their gut microbes is essential for their survival and contributes significantly to their ability to 
process a wide range of organic substrates efficiently. 

2. Bioconversion Versatility of BSF 

The larvae of BSF possess remarkable capabilities in degrading various organic materials, with 
material degradation reaching up to 70% (Diener et al., 2011) and the waste-to-biomass conversion 
rate up to 22.7 % (Gold et al., 2020a). However, these conversion rates vary significantly across 
different substrates (Table 1). Notably, BSF larvae demonstrated high rates of waste-to-biomass 
conversion with vegetable canteen waste and human feces (both reaching 22.70%), and closely 
followed by poultry feed (at 21%) (Gold et al., 2020a). Another study reported a 12.80% biomass 
conversion rate of poultry feed by BSF larvae, highlighting variations in conversion rates across 
studies (Lalander et al., 2019) . Other substrates, such as a mixture of food waste and human feces 
also exhibited high bio-conversion at 19% (Dortmans, 2015), while conversion rate with food waste 
and poultry slaughterhouse waste was slightly lower at 13.90% and 13.40%, respectively (Gold et al., 
2020a; Lalander et al., 2019). Expired fish feed demonstrated a broader range of bioconversion rates, 
ranging from 6.09% to 24.7% (Rodrigues et al., 2022), while mushroom root waste and olive oil 
extraction residue displayed a notably lower waste- to-biomass conversion rate of 5.06% and 6.14%, 
respectively (Ameixa et al., 2023; Cai et al., 2019). However, mixing mushroom root waste with the 
kitchen waste and their subsequent treatment with BSF larvae, significantly increases the conversion 
rate to 15.30% (Cai et al., 2019). Lastly, sewage sludge mixed with the Gainesville diet presented a 
notably higher conversion rate ranging from 33% to 38.4% for protein (Arnone et al., 2022). Based on 
the Table 1, the substrates were categorized under plant based, animal based, or manure to plot a 
graph for waste to biomass conversion rate maxima (Figure 1). The graph reflect that plant based 
substrate in itself were less efficient in regards to waste to biomass conversion. Animal based 
substrate or a mixture of plants and animal-based substrate provided much efficient conversion with 
BSF larvae. The substrates containing animal manure also proved to be efficient for conversion 
efficiency of BSF larva, but conversion efficiency seemed to decrease in presence of specific 
microbiota. 
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Figure 1. Waste to biomass conversion rate maxima on different substrate type using BSF larvae [* Where 
mentioned otherwise, poultry feed is kept under 'Plant + Animal'] datasets fully presented in Table S1. 

3. Black Soldier Fly Larvae − A Rich Source of High-Quality Protein and 
Nutrients 

The converted BSF biomass in the form of larvae are primarily employed as a sustainable and 
highly nutritious source of protein for animal feed formulations, offering an eco-friendly alternative 
to traditional feed ingredients. As the larvae feed on organic substrates, they accumulate high levels 
of proteins, fats, and other essential nutrients within their biomass (Table 2). This nutrient-rich 
composition that is high in protein content with balanced amino acid profile make BSF larvae 
particularly suitable for livestock, poultry, and aquaculture diets. Furthermore, BSF larvae can be 
processed into valuable products such as biodiesel, biogas, and organic fertilizers through anaerobic 
digestion and composting, showcasing their potential for renewable energy production and soil 
enrichment. The nutritional composition of different developmental stages of BSF, including larva, 
prepupa, pupa, and postmortem adult, varies significantly depending on their feed source. Table 2 
provide insights into the nutritional composition of different life stages of insects, along with their 
respective substrate sources. This provides insights into how the nutritional profile of BSF larvae can 
be influenced by the composition of their diet (Chia et al., 2018; (Heckmann and Gligorescu, 2019). 
Evidently, BSF larvae can efficiently accumulate lipids when fed with lipid-rich substrates like 
rapeseed cake, offering a potential source of both protein and lipids for animal feed formulations or 
other applications. These studies also highlight the versatility of BSF larvae in converting various 
organic substrates into protein and lipid-rich biomass. From the limited number of studies, it was 
difficult to discern a specific trend for protein and lipid production in the larval biomass. Still, planta 
based substrate and poultry feed substrate (kept under ‘plant + animal’ type) seemed optimal for 
production of protein (Figure 2). However, these particular substrates showed an erratic trend in case 
of lipid production. 
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Figure 2. (a) Protein and lipid content of BSF biomass reared on plant based, animal based and manure as 
substrate, (b) Variation in protein and lipid content in different life stages of BSF reared on chicken feed. Datasets 
fully presented in Table S2. 

BSF larvae fed on chicken feed exhibited a rich nutrition profile with 39-56% of protein, 4.8-28% 
of lipid, and significant levels of vitamin E, calcium, phosphorus, sodium, iron, and zinc (Liu et al., 
2017). The high protein content underscores the ability of BSF larvae to efficiently utilize protein-rich 
substrates for biomass accumulation, whereas variability in lipid content could be attributed to 
factors such as the composition of the chicken feed and the specific nutrient requirements of the BSF 
larvae at different stages of development (Spranghers et al., 2017). With a protein content of 175 g/kg 
of dry matter, BSF prepupae represent a concentrated source of dietary protein. The nutritional 
analysis also identified substantial amounts of both saturated and polyunsaturated fatty acids, 
minerals such as calcium and phosphorus, and essential amino acids such as glutamic acid, leucine, 
lysine, and proline, crucial for protein synthesis, enzyme function, and overall health. The high 
protein content in BSF larvae is significant, especially considering that protein is an essential nutrient 
required for growth, development, and maintenance of bodily functions in both animals and humans, 
while the fatty acids facilitates energy production, maintenance of cell membrane structure, and 
various physiological processes in organisms. BSF larvae are particularly rich in essential amino acids 
and micronutrients, facilitating growth, development, and overall health in feeding animals. The 
amino acids, like leucine, isoleucine, and valine, are essential for muscle protein synthesis and repair, 
and thus inclusion of BSF larvae in animal diets supports the development of lean muscle mass, 
improving overall growth and performance of feeding animals. Certain amino acids, such as arginine 
and glutamine, have immunomodulatory properties and contribute to the proper functioning of the 
immune system, enhancing feeding animals' ability to resist pathogens and diseases. In addition to 
amino acids, BSF larvae are rich in micronutrients essential for various physiological functions. They 
contain vitamins that are crucial for energy metabolism, and enzyme activation, and minerals like 
calcium, phosphorus, and iron that support bone formation, muscle contraction, and oxygen 
transport in the body. By incorporating BSF larvae into animal diets, these micronutrients contribute 
to overall health and vitality (Rehman et al., 2019). That highlighted the significance of the 
composition of the substrate (in this case, a mixture of dairy manure and chicken manure) in 
influencing the nutritional profile of BSF larvae. The specific ratio of 2 parts dairy manure to 3 parts 
chicken manure led to a notable increase in both protein and lipid contents in the resulting larvae. 
The high protein and lipid contents of 71.20% and 67.80%, respectively, are particularly noteworthy 
as they surpass typical values reported in literature for BSF larvae. This observation underscores the 
importance of substrate optimization in BSF larval production systems. Different types of organic 
waste can vary significantly in their nutrient composition, moisture content, and digestibility, all of 
which can impact larval growth and nutrient uptake. By carefully selecting and blending waste 
materials, it might be possible to enhance the nutritional quality of BSF larvae, making them even 
more valuable as a sustainable protein and lipid source for various applications. In another study, 
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investigated the potential of using BSF larvae to convert fish waste from Sardinella aurita into a 
valuable protein source (Hopkins et al., 2021). Like many other fish species, Sardinella aurita generates 
significant amounts of waste during processing, including heads, viscera, and trimmings, which can 
pose environmental challenges if not managed properly. In this study, BSF larvae were fed with the 
fish waste, and the resulting larvae were analyzed for their nutritional composition. The researchers 
found that the larvae reared on this fish waste substrate exhibited a remarkably high protein content 
of 78.8%. This finding is particularly significant because it demonstrates the ability of BSF larvae to 
efficiently convert fish waste into biomass with a concentrated protein content. As global demand for 
protein continues to rise, particularly with concerns about sustainability and environmental impact 
associated with traditional feed sources such as soy and fish meal, the utilization of insect-based BSF 
larvae presents a sustainable and economically viable solution. The high protein content of the BSF 
larvae makes them a promising alternative protein source for various applications, including animal 
feed and potentially human consumption. 

4. Antimicrobial Activity − Diminishing Pathogens Within the Substrate 

The feeding behavior of BSF larvae can significantly alter the physical and microbiological 
properties of their substrate. The microbiological characteristics of substrates are depended on their 
microbial composition and abundance. The BSF larvae's feeding activity can lead to modification of 
microbial profile by virtue of changes introduced, such as changes in substrate pH due to metabolic 
byproducts of feeding that may lead to microbial shift (Grisendi et al., 2022). Additionally, the 
breakdown of organic matter by the BSF larvae may influence water activity, and thus microbial 
composition. Studies have shown a significant decrease in pathogen levels, including Escherichia coli, 
Salmonella spp., and viruses, in BSF-treated systems, making the degraded material safer (Lalander et 
al., 2015; Park and Yoe, 2017; Van Looveren et al., 2022) (Figure 3). Treatment of chicken manure with 
BSF larvae, introduces notable changes in the microbial composition of the substrate, with residual 
substrate depicting a significant decrease in the abundance of Proteobacteria and Bacteroides (Zhang 
et al., 2021). The reduction in Proteobacteria abundance is of particular significance as this phylum 
encompasses many pathogenic microorganisms, rendering the residual substrate safer and less 
harmful. Similarly, the taxonomic composition analysis of pig manure substrate treated with BSF 
larvae revealed that larvae were able to effectively reduce the abundance of several bacterial taxa in 
the residual substrate, including Streptococcus, Prevotella, Treponema, Lactobacillus, Lachnospiraceae, 
Ruminococcaceae, and Muribaculaceae (Zhang et al., 2022). The analysis of the microbial community 
structure highlighted the dominance of three main bacterial phyla: Firmicutes, Proteobacteria, and 
Bacteroidetes. Among these phyla, Firmicutes were particularly abundant and served a crucial 
function in the digestion of animal feces by secreting enzymes like proteases and pectinases, 
facilitating the breakdown of complex organic matter in animal waste and the degradation of 
indigestible carbohydrates, including those present in straw-associated compost. Awasthi et al. (2020) 
investigated the impact of BSF larvae on the survival of pathogenic bacteria in the residual of various 
organic waste substrates, including chicken manure, pig manure, cow manure, and sewage sludge 
compost. Before the inoculation of BSF larvae, the substrates revealed a diverse microbial community 
with Proteobacteria, Firmicutes, Actinobacteria, and Bacteroidetes found to be the dominant phyla, 
collectively accounting for 98.78% of the total pathogenic bacteria population. Upon inoculation of 
BSF larvae into the substrates, there was a noticeable reduction in the relative abundance of bacterial 
populations, specifically, Firmicutes, Actinobacteria, and Bacteroidetes. The highest reduction (90-
92%) in both pathogenic bacteria and organic biomass was observed in chicken manure within the 
initial 9 days of the experiment. This significant reduction in the abundance of these pathogenic 
bacterial genera suggests the potential of BSF larvae in mitigating pathogenic bacterial contamination 
in organic waste management systems. 

The BSF larvae reared on contaminated substrates containing Salmonella Typhimurium or Listeria 
monocytogenes, although not able to completely eliminate these pathogens, but were able to 
successfully reduce the microbial load of the pathogens present in the substrate (Grisendi et al., 2022). 

Preprints.org (www.preprints.org)  |  NOT PEER-REVIEWED  |  Posted: 18 February 2025 doi:10.20944/preprints202502.1394.v1

https://doi.org/10.20944/preprints202502.1394.v1


 6 of 14 

 

In contrast to this study, Zhang et al. (2022) investigated the biodegradation ability of BSF larvae on 
the populations of Staphylococcus aureus and Salmonella spp. in pig manure, and found that BSF larvae 
were able to significantly reduce the counts of these pathogens in the residual manure. The 
researchers further isolated eight bacterial strains from the BSF larval gut that exhibited inhibitory 
effects on S. aureus, suggesting that suppression of pathogens could be attributed to the presence of 
specific microbes in the larval gut. Similarly, (Dong et al., 2021) tested the antimicrobial activity of 
various products derived from BSF larvae against Clostridium perfringens, and observed a significant 
inhibition in the viability and growth of C. perfringens. The observed antimicrobial activity was 
attributed to the presence of many small AMPs (<5 amino acids). Elhag et al. (2022) reported 
significant impact of BSF larvae in mitigating zoonotic pathogens commonly found in pig manure. 
They observed that after eight days of conversion, the populations of Coliform bacteria were 
undetectable in the residual substrate, while the populations of Staphylococcus aureus and Salmonella 
spp. exhibited significant decreases. Again, the antimicrobial activity of BSF larvae was attributed to 
AMP, defensin-like peptide 4 (DLP4). 

 
Figure 3. Percentage reduction in pathogen in BSF treated substrate system (Elhag et al., 2022; Erickson et al., 2004; 
Gorrens et al., 2021; Grisendi et al., 2022; Lalander et al., 2013, 2015; Liu et al., 2008; Marissa et al., 2022). 

The antibacterial activity of BSF larvae extracts reared on various waste substrates was tested 
against common pathogens, including Bacillus subtilis, Staphylococcus aureus, Pseudomonas aeruginosa, 
and Escherichia coli (Achuoth et al., 2024). The study observed that the antibacterial activity against S. 
aureus was highest with acetic acid extract of the larvae reared on market waste (inhibition zone, 17.00 
mm). Additionally, the hexane extract from BSF larvae exhibited rapid bactericidal activity, with a 
time to kill of 4 hours against B. subtilis, E. coli, and P. aeruginosa. The authors identified lauric acid as 
the key components in the hexane extracts from BSFL, and attributed observed antibacterial activities 
on the antimicrobial properties of lauric acid against a wide range of bacteria. In another study, the 
methanol extracts derived from BSF larvae exhibited significant antibacterial effects against specific 
Gram-negative bacteria, including Klebsiella pneumoniae, Neisseria gonorrhoeae, and Shigella sonnei (Choi 
et al., 2012). The methanol extracts of BSF larvae not only demonstrated growth inhibition and 
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proliferation of the susceptible bacteria, but also effectively hindered the viability of these bacteria. 
The authors speculated that the observed antibacterial effect could be attributed to the interaction 
between the active substances present in the extracts with either the bacterial ribosome or the 
bacterial cell wall, which may disrupt the essential bacterial processes or structures, leading to 
inhibition of bacterial growth and proliferation. Nevertheless, no antibacterial effects were observed 
against Gram-positive bacteria such as Bacillus subtilis, Streptococcus mutans, and Sarcina lutea. In 
continuation to this study, Park et al. (2014) demonstrated significant efficacy of antimicrobial 
compounds from methanol extract of BSF larvae against Gram-positive bacterium Staphylococcus 
aureus, methicillin-resistant Staphylococcus aureus (MRSA), and the Gram-negative bacterium 
Pseudomonas aeruginosa. The authors suggested the presence of species-specific antibacterial 
substances in BSF larvae. Park et al. (2015) demonstrated the species specific antibacterial activity of 
acetic acid extracts of BSF larva against Pseudomonas marginalis (MIC, 50 mg/mL), Pseudomonas 
viridiflava (MIC, 100 mg/mL), and Pseudomonas syringae (MIC, 150 mg/mL). The larval extract was 
found to contain a substances of 3–10 kDa, identified to be mostly alkaline peptides comprising of 
18–50 amino acids, as principal antibacterial agent. 

BSF larvae produce various AMPs that possess the ability to effectively eliminate a wide range 
of microorganisms (Vogel et al., 2018; Zhang et al., 2021). The DLP4 was first isolated from the 
hemolymph of BSF larvae, and was reported for its particularly strong antimicrobial activity against 
Gram-positive bacteria, including methicillin-resistant Staphylococcus aureus (MRSA) (S.-I. Park et al., 
2015). In 2017, two variants of DLP was isolated from BSF larvae: DLP3, which exhibited potent 
activity against both Gram-positive and Gram-negative bacteria, and DLP4, which showed activity 
only against Gram-positive bacteria (Park and Yoe, 2017). In silico analysis to elucidate the molecular 
basis of the difference in antibacterial activity, revealed variations in six amino acid sequence (Gly-
10, Val-18, Met-23, Arg-25, Asp-32, and Arg-40) between DLP3 and DLP4. It was hypothesized that 
these specific amino acid differences may be crucial for conferring the ability to kill Gram-negative 
bacteria. The transcriptomic analysis of BSF larvae revealed that compared to many other insects, BSF 
larvae possessed a higher number of predicted AMPs from various families, including 6 attacins, 7 
cecropins, 26 defensins, 10 diptericins, and 4 knottin-like peptides, totaling 53 putative AMP-
encoding genes (Vogel et al., 2018). Moreover, the analysis also identified genes responsible for 
bacterial recognition, such as those encoding peptidoglycan recognition proteins (PGRPs), Gram-
negative bacteria binding proteins (GNBPs), and phenoloxidases. These findings suggest that BSF 
larvae have evolved a diverse arsenal of immune-related genes to interact with and adapt to the 
complex microbial communities present in their environment and within their digestive tract. 
Interestingly, it was observed that the composition of the larval diet shapes the expression of AMPs, 
which in turn influences the larvae's ability to inhibit the growth and proliferation of diverse bacterial 
species (Vogel et al., 2018). These AMPs are notably induced by the larvae's diet, particularly when it 
contains high bacterial loads. The ability of diet to modulate the expression of AMPs and 
subsequently impact the larvae's antimicrobial activity highlights the intricate interplay between 
nutrition and immunity in the BSF larvae. The authors deemed the diet-dependent expression of 
AMPs to be essential for adaption of BSF larvae to the environmental microbiome present in their 
diet and the core microbiome associated with the host as this adaptation facilitates the digestion of 
diverse and flexible diets. 

The above studies suggests that BSF larvae have some degree of antimicrobial activity or 
capability to inhibit the proliferation of pathogens during their growth and feeding stages. 
Nevertheless, some reports contradicts the above. BSF larvae reared on chicken feed inoculated with 
varying levels of Salmonella, did not exhibit a significant reduction in Salmonella counts in the residual 
substrate, but observed slower outgrowth of Salmonella when the initial contamination level was 
lower (De Smet et al., 2021). This finding contrasted with some previous studies that reported a 
decrease in Salmonella counts in substrate treated with BSF larvae. Similarly, (Moyet et al., 2023) 
investigated the impact of BSF larvae on the abundance of Bacillus cereus in potato substrate. 
However, contrary to previous studies, authors did not observe any reduction in B. cereus abundance 
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when the substrate was inoculated with BSF larvae, but instead observed an increase in the amount 
of B. cereus, as well as an increase in the abundance of the hblD marker gene associated with B. cereus 
toxin production. The impact of BSF larvae on B. cereus abundance in potato substrate were found to 
be influenced by the factors such as larval density and the duration of exposure. The BSF larvae 
possess a unique digestive system where they release digestive enzymes, including amylase, directly 
into the substrate in which they are feeding. In the case of potato substrate, the extra intestinal 
digestion by the BSF larvae break down complex carbohydrates into simpler sugars, which the larvae 
can then absorb as nutrients. This process also make the nutrients more accessible to other organisms 
present in the environment, including B. cereus, providing them with additional nutrients, facilitating 
its growth and proliferation. It was speculate that the simultaneous production of digestive enzyme 
amylase by both BSF larvae and B. cereus could contribute to the observed facilitation of bacterial 
growth in the presence of BSF larvae, particularly when introduced at lower densities. However, at 
higher larval densities, the positive effects of this potential synergism between the larvae and B. cereus 
may be offset by increased competition for resources. With more larvae present, there may be greater 
consumption of available substrate and nutrients, leaving less for bacterial growth. Thus, while extra 
intestinal digestion by the larvae may initially benefit B. cereus, the overall outcome may be influenced 
by factors such as larval density and competition for resources. Müller et al. (2019) assessed the BSF 
larvae in controlling coccidian parasites (specifically Eimeria nieschulzi and Eimeria tenella) and eggs 
of the nematode Ascaris suum, and revealed that neither living BSF larvae nor the extracts from their 
intestines had any discernible effect on the oocysts of the coccidian parasites or the eggs of the 
nematode. Coccidian parasites and nematodes are significant pathogens affecting livestock and can 
lead to diseases with detrimental effects on animal health and productivity. The finding raises 
concerns regarding the potential transmission of parasites through untreated BSF larvae used as 
animal feed. In case BSF larvae harbor parasitic oocysts or eggs without effective control measures, 
there might be a risk of introducing these pathogens into the gastrointestinal tracts of animals 
consuming the larvae as feed, which could than lead to infections and diseases in the animals, 
impacting their health and productivity. In another study, Van Looveren et al. (2022) investigated the 
presence of foodborne pathogen Clostridium perfringens in the rearing substrate and processing stages 
of BSF larvae. Interestingly, there was no evidence of transmission of C. perfringens from the substrate 
to the larvae. This suggests that, in the context of this production site and based on the samples 
investigated, the pathogen did not colonize the larvae. This also indicated that the BSF larvae were 
not acting as carriers or reservoirs for C. perfringens in this particular context. However, these results 
highlight the importance of ongoing monitoring of pathogens by the insect producers, and 
underscores the necessity of implementing and maintaining good hygiene practices to prevent 
contamination throughout the production process. 

5. Xenobiotic Degradation Activity 

Various xenobiotics, including antibiotics and pesticides, pose significant environmental 
challenges due to their complex molecular structures, high stability, and extended persistence in the 
environment. However, the BSF larva has been found to significantly reduce the half-life of these 
xenobiotics, indicating enhanced degradation compared to traditional degradation rates (Lalander et 
al., 2016). This study investigated the fate of three pharmaceuticals (carbamazepine, roxithromycin, 
trimethoprim) and two pesticides (azoxystrobin, propiconazole) within a BSF larvae-composting 
system. The results indicated that all five substances exhibited a shorter half-life in the fly larvae 
compost, with levels dropping to less than 10% of those observed in the control treatment. 
Additionally, no bioaccumulation of these substances was detected in the larvae, suggesting that the 
larvae effectively degraded or metabolized the pharmaceuticals and pesticides during the 
composting process. Purschke et al. (2017) investigated the extent of bioaccumulation of contaminants 
in BSF larvae and their effects on larval growth. The results revealed that the heavy metal 
contamination in the substrate had a detrimental effect on larval growth. This negative impact was 
evident from the low mass of the larvae at the end of the trial period and a high feed conversion ratio, 
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indicating inefficient utilization of the feed. Specifically, the accumulation of cadmium and lead in 
the larval tissue was found to be considerable, with bioaccumulation factors (BAFs) of 9 for cadmium 
and 2 for lead. These BAF values indicate that the larvae accumulated these heavy metals from the 
contaminated substrate at levels exceeding statutory thresholds for animal feed. This accumulation 
of toxic heavy metals likely contributed to the observed negative effects on larval development. In 
contrast, the tested mycotoxins and pesticides were not found to accumulate in the larval tissue. 
Furthermore, the presence of mycotoxins and pesticides in the rearing substrate did not compromise 
the growth performance of the BSF larvae, suggesting that unlike heavy metals, mycotoxins and 
pesticides present in the substrate did not have a significant detrimental effect on larval development 
or growth. It was observed that BSF larvae can successfully be reared on former food products 
containing 3-6% plastic fragments or paperboard carton packaging materials without adverse effects 
on their growth or survival. Despite the presence of plastic or paperboard contaminants in the feed 
substrate, the larvae exhibited normal growth and survival rates. However, it was observed that the 
bioaccumulation of cadmium was higher in larvae reared on products contaminated with paperboard 
carton packaging material compared to those with plastic contamination (Van der Fels-Klerx et al., 
2020). This indicated that the type of contaminant can influence the extent of bioaccumulation in BSF 
larvae. Elevated levels of heavy metals in BSF larvae raise concerns about their safety as feed or food 
sources, as contaminated larvae could transfer metals to animals or humans consuming them, thereby 
posing health risks. In another study, it was noted that type of feed influences the heavy metal 
accumulation in the BSF larvae (Bessa et al., 2021). These findings underscore the importance of 
assessing the potential risks associated with different types of contaminants in BSF larvae rearing 
substrates and their implications for larval growth and safety as a sustainable protein source. The 
potential mechanisms underlying the degradation of antibiotics by the intestinal microorganisms of 
BSF larvae through the analysis of Clusters of Orthologous Groups (COG) functions, discovered a 
potential involvement of RNA processing and modification in antibiotic degradation (Ruan et al., 
2024) . RNA processing and modification are essential cellular processes involved in gene expression 
regulation and post-transcriptional modifications of RNA. Certain enzymes involved in RNA 
processing and modification might possess the ability to metabolize or modify antibiotic molecules, 
facilitating their degradation or inactivation within the BSF larvae gut microbiota. Secondly, cell 
mobility emerged as another COG function potentially associated with antibiotic degradation. 
Microorganisms with enhanced mobility may have a competitive advantage in colonizing antibiotic-
rich environments and might possess specific mechanisms for antibiotic degradation or resistance. 
Lastly, the COG analysis highlighted cell wall/membrane/envelope biology as a relevant functional 
category in antibiotic degradation. The cell wall, membrane, and envelope are critical structures that 
mediate interactions between microorganisms and their surrounding environment, including 
antibiotics. Modifications in cell wall composition or membrane permeability can influence the 
susceptibility of microorganisms to antibiotics and may also contribute to antibiotic degradation 
processes. Overall, the COG functions analysis suggested that the intestinal microorganisms of BSF 
larvae may employ various cellular processes and molecular mechanisms to degrade antibiotics. 

6. Conclusions 

The review discusses the up-to-date evidences that the substrate composition plays a crucial role 
in determining the energy content and antibacterial activity of BSF larvae. That underscore the 
importance of selecting appropriate substrates for rearing larvae, not only for optimizing their 
growth and development but also for enhancing their potential to produce bioactive compounds with 
antibacterial properties. The specific components of the larval diet play a crucial role in determining 
the extent of degradation activity and accumulation factors. Different substrates provide varying 
amounts and types of nutrients, which affect the metabolic activity of the larvae accordingly, thereby 
influencing the resulting changes in pH, water activity, and microbial composition (Grisendi et al., 
2022). Understanding how the feeding behavior of BSF larvae interacts with the substrate's 
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composition to modify its physical and microbiological characteristics is essential for optimizing the 
rearing conditions and enhancing the efficiency of BSF-based waste management systems. 

Supplementary Materials: The following supporting information can be downloaded at the website of this 
paper posted on Preprints.org. 
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