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Abstract
Insect utilisation and its products have gained significant attention. The black soldier fly (Hermetia illucens), a common edible
insect, plays an important role in various processes. Its applications represent breakthroughs in addressing challenges across sec-
tors such as the food industry, agriculture, and health, areas that are crucial for sustainable development. This systematic review
focuses on linking Black Soldier Fly (BSF) applications to sustainable development goals (SDGs). This link can help in making
effective policy in the BSF farming sector within the paradigm of the SDGs and their respective targets. In generating this paper, a
total of 93 documents were reviewed, comprising 73 articles, 15 reviews, and 5 book chapters from a literature search from some
English databases (Web of Science, ResearchGate, Semantic Scholar, and Google Scholar) exploring the potential of BSF rearing
in achieving the SDGs. The results showed that BSF can contribute to attaining 11 SDGs (1,2,3,5,6,7,10,12,13,14, and 15) via its
products or services.
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1. Introduction

An increase in the animal and human population has
brought about an increase in food consumption, the gener-
ation of more organic waste, a rise in the price of food pro-
teins, and poor sanitation [1]. In ecosystems, the role of
insects in the food chain is crucial and cannot be overem-
phasised. Insects play several beneficial roles; for ex-
ample, as human food and animal feed, used in the pro-
duction of cosmetics, and in bioremediation. Although
many insects benefit ecosystems, the black soldier fly
(Diptera: Stratiomyidae) stands out in several human-
beneficial domains compared to other species. For ex-
ample, in research done by Beesigamukama et al. [2] on

nutrient quality and maturity status of frass fertilizer from
nine edible insects, BSF larvae had a high waste degrada-
tion efficiency (55–80%), requiring a short bioconversion
time, and producing higher amounts of organic fertilizer
than the other insect species.

BSF has a lifecycle of about 45 days and is present
in four distinct stages in nature: egg, larva, pupa, and
adult [3,4]. This fly is a typical insect with numerous bene-
fits to humans. It is commonly called “black gold” and can
be used to make changes not only in structures relating to
food and animal feed production, but also in areas of agri-
culture, biotechnology, and pharmaceutics. Though this
insect is widespread, it has not been documented as a pest
or a carrier of pathogens [5]. It also has no stinging body
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parts. The larva stage of BSF is the most significant of all
the stages in the life cycle of BSF. BSF larvae play roles
in various sectors, particularly agriculture, biotechnology,
animal nutrition, and health.

Even though several works have been carried out on
the diverse products obtained using BSF, there is a paucity
of evidence regarding their contribution toward achieving
the SDGs. This review provides insight into the structure,
composition, and applications of BSF, with an emphasis
on the role of its larval processes in promoting sustainable
development. This review, which focuses specifically on
small farming of BSF in tropical areas, is important as it
provides contributions to present knowledge on BSF pro-
duction and its relevance to the United Nations SDGs, Vi-
sion 2030. Each of the outlined BSF larva applications
is linked to a corresponding SDG summarised in Table 1.
It is expected that this review and its dissemination will
be beneficial to communities by creating awareness of the
importance of the cultivation of BSF.

2. Methods

2.1. Literature Search Strategy,
Eligibility, and Inclusion Criteria

Figure 1 depicts a block representation of the review
methodology. In exploring the applications of BSF lar-
vae and their contribution to sustainable development,
the PRISMA guidelines for systematic review were fol-
lowed. In establishing this review, articles on the pro-
duction of BSF larvae, their composition and application,
and sustainable development goals from various English
databases were sourced. The sourced databases and their
websites included: Research Gate (https://www.rese
archgate.net, accessed on 12 January 2025), Google
Scholar (https://scholar.google.co.za, accessed on 12
January 2025), Semantic Scholar (https://www.sema
nticscholar.org/, accessed 9 February 2025) Scopus
(www.scopus.com, accessed 12 January 2025), Science
Direct (https://www.sciencedirect.com/science, accessed
12 January 2025), SciELO (https://scielo.org/es, accessed
18 March 2025 and Thomson Reuters’ Web of Science
databases (https://www.thomsonreuters.com, accessed 18
March 2025).

In sourcing this information, keywords and phrases
were used. These included: “Black soldier fly larvae”,
“Black soldier fly gut microbes and enzymes”, “Black
soldier fly application”, and “Sustainable development
goals”. Screening of bibliographies from other selected
articles was done to identify relevant studies that didn’t
appear in the search. The search was limited to articles
published between 2000 and 2025. The year 2000 was

chosen as a starting point because it marked a period of
increased research activity on insects, with the first arti-
cle on edible insects published in 2009, as observed in
the global insect research trend and citation metrics [6].
Additionally, online videos containing the production and
application of black soldier fly were sorted to enhance
understanding.

Inclusion criteria in the generation of this review in-
volved peer-reviewed original articles, published reviews,
and perspectives focusing on sustainable development,
BSF structure and taxonomy, and its application, pub-
lished only in English. Non-online notes and textbooks
were excluded because of difficulties in citing or verify-
ing by readers.

Articles that met the aforementioned criteria were
again sampled and further subjected to additional inclu-
sion criteria with emphasis being;

• Use of standardized, applicable methods without in-
appropriate sample preparation.

• The articles demonstrate results on BSF larvae pro-
duction and processing in a manner consistent with a
wide literature, having standardised analyses by soft-
ware packages

At the end of the screening process, a total of 93 doc-
uments consisting; 73 articles, 15 reviews, and 5 book
chapters were reviewed from the literature search from the
above-sampled English databases.

3. Results and Discussion

3.1. Structure of the Black Soldier Fly
(BSF)

Asmentioned earlier, BSF is present in four distinct stages
in nature [3]. The adult form (Figure 2A) is generally
found in decomposing organicmatter, kitchenwaste, waste
from abattoirs, animal and human excrements, and even
decomposing bodies or carcasses [4]. Just as the name
indicates, the adult form is black in colour and subdivided
into three segments (head, thorax, and abdomen). The
eggs (Figure 2B) of the black soldier fly have an oval form
and measure, on average, a millimetre in length. It is pale
yellow or creamy white in colour. Female BSF lays 500
to 1000 eggs in packets in the presence of decomposing
organic matter. The larvae of BSF (Figure 2C) measure
about 1.8 mm when hatched. Upon maturity, each larva
is made up of 11 segments, totalling a length of about
25 mm and 6 mm wide. Changes in colour morphology
from creamy white to brown are generally observed dur-
ing the growth to maturity of the larvae [3]. The larval
stage is the eating stage of the insect, where it performs
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Table 1: Linking black soldier fly application processes to sustainable development goals.

SDG Number SDG Theme Link Between BSF Application Processes to SDG

Goal 1 No poverty - Sale of BSF larvae or fertilisers by farmers using BSF larvae frass, thus
generating income

Goal 2 Zero hunger - Attaining food security and improving nutrition through BSF larvae
farming as a protein source for animal and fish

Goal 3 Good health and
wellbeing

- Achieving good health and wellbeing through BSF technology in waste
management.

- BSF larvae application in the control of pests, vectors, and pathogens
- BSF larvae application in therapy through the production of

antimicrobial compounds

Goal 5 Gender equality - BSF farming and management can be done by both men and women,
thus empowering women and girls and giving them equal rights

Goal 6 Clean water and
sanitation

- Waste management through BSF technology improves sanitation by
reducing environmental pollution

Goal 7 Affordable and clean
energy

- BSF larvae technology in the production of biodiesel, thus ensuring
access to affordable, sustainable, and modern energy

Goal 10 Reduced inequalities - BSF larvae technology can be done within cities or far from cities, thus
supporting the marginalized and disadvantaged

Goal 12 Responsible consumption
and production

- Biotechnology involves the efficient recycling and reuse of generated
waste.

Goal 13 Climate action - BSF larvae contribute to the reduction of climate change through the
prevention of waste from producing harmful gases or greenhouse gases
as byproducts to the atmosphere.

Goal 14 Life below water - Conserving biodiversity of aquatic species through promoting the use of
BSF larvae in animal feeds and reducing reliance on aquatic fish
commonly used as fishmeal in fish feeds

Goal 15 Life on land - Conserving biodiversity of land species through promoting the use of
BSF larvae biomass in animal feeds instead of using farmed crops

more of its environmental functions. The pupae of the
black soldier fly (Figure 2D) are dark in colour and are
usually characterised by total immobility and toughness
of the exoskeleton, leading to the development of the fu-
ture adult [7].

The larva form of BSF is the most significant, with
its involvement in numerous processes and domains, typ-
ically agriculture, biotechnology, animal nutrition, and
health. The larva has an astonishing ability, feeding on
virtually any bio-waste, including kitchen waste, human
faeces, and animal waste [8].

3.2. Black Soldier Fly Larvae Cultivation
or Production

Earlier, many people have focused on BSF rearing with
the use of human faecal waste and animal waste (manure)

as substrates due to their ease of availability. Unfortu-
nately, human faecal wastes and animal waste can some-
times harbour pathogenic organisms such as pathogenic
bacteria, viruses, misfolded prions, and parasites, which
pose a health risk [9]. As such, the prohibition by the Eu-
ropeanUnion (EU) involving the use of animal and human
waste for BSF larvae rearing was put in place to curb the
risk of pathogen and other contaminants recycling when
recirculating such materials within the food chain [10].

For small-scale production in communities by local
farmers or producers, rearing of this fly can be done in
cages typically with dimensions such as length (70.0 cm),
width (70.0 cm), and height (140.0 cm) (Figure 3). This
cage of chosen dimensions in length, width, and height is
made of mosquito nets fixed on wooden frames. A circu-
lar opening is made on the net for ease of manipulation
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Figure 1: Schematic diagram showing the PRISMA methodology followed during the review process.

within. Egg-collecting structure composed of four or five
pieces of wood of short dimensions stacked together using
rubber bands is placed in the cage.

Though chicken feed is commonly used as substrate
for BSF larvae growth, these larvae can still grow well
on various organic waste, having a suitable water con-
tent. Dortmans et al. [11] document 70–80% as a suitable
range for BSF larvae growth and organic waste process-
ing. Based on literature with the use of food waste as sub-
strates, Lalander and Guidini [12] recommended that, in
meeting the nutritional requirements of BSF larvae, differ-
ent substrates should be blended. The substrates should
be chopped into small quantities to increase the surface
area for BSF larvae to assimilate.

3.3. Black Soldier Fly Gut Microbes and
Enzymes

Most of the processes performed by BSF are carried out
due to the presence of microbes in their guts that secrete
enzymes of multiple functions. The most dominant gen-
era of bacteria present in BSF gut include Bacteroides,

Dysgonomonas, and Phascolactobacterium [13], while
Pichia, Trichosporon, Rhodotorula, and Geotrichum are
the dominant fungal genera [14]. As the fly feeds on
diets, gut microbes metabolise the diets due to their en-
zymes they secrete. For example, Jeon et al. [15] and Lee
et al. [16] documented that bacteria in BSF Larvae’ gut
possessed enzymes that could hydrolyse starch, cellulose,
proteins, and fats, which contributed to the decomposition
of biowaste. BSF larvae secrete pepsin and lysozyme in
their gut, which decompose substrates [17]. Proteins con-
taining antimicrobial properties, typically antimicrobial
peptides and reactive oxygen generating enzymes, have
been shown to also be secreted by these larvae [18].

3.4. Black Soldier Fly Larvae
Contribution Towards Sustainable
Development Goals

Sustainable development goals (SDGs), also referred to
as global goals, are a set of 17 interconnected goals for-
mulated by the United Nations (UN) with the mission to
foster peace and prosperity for people and the planet, now
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Figure 2: Structure of black soldier larvae showing its different stages (courtesy of photos taken by the author during BSF rearing).
(A) Adult black soldier fly. (B) Eggs in batches. (C) Larvae. (D) Pupae.

and into the future. These goals were developed to be
achieved by the year 2030. It is possible that with the
massive exploitation of BSF in various sectors such as
biotechnology, animal nutrition, agriculture, bioremedi-
ation and waste management, pest control, and therapy,
most of these goals will be achieved. Understanding the
application of BSF in these sectors and the nature of their
contribution to achieving sustainable development goals
is therefore important. Table 1 presents a link between
black soldier fly application and the Sustainable Develop-
ment Goals.

3.4.1. Black Soldier Fly Larvae in Biotechnology
for Waste Recycling and Energy Production

Biotechnological processes using BSF in biowaste recy-
cling into useful products have been studied widely [19].
Interest in BSF in biotechnology resides in its potential in
the conversion of waste organic matter into biomass rich
in proteins and lipids. The oil extracted from BSF larvae
can be transformed and used as biodiesel [20], thus en-
abling access to affordable, sustainable, and modern en-
ergy (SDG-7, Affordable and clean energy). Producing
biodiesel from BSF larvae also reduces the reliance on
some unsustainable sources for biodiesel production, for
example utilisation of jatropha plants [4,20]. The high re-
productive ability of BSF and its shorter life cycle place
them in a better position relative to energy plants, which
require long life cycles and large land mass, thereby com-
peting with humans [20]. The larvae of this fly have also
been used in the production of grease used in cosmetic in-
dustry.

The application of BSF larvae in biotechnology is
also a direct contribution to SDG-12, involving efficient
recycling and reuse of generated waste and sustainable
management of natural resources.

3.4.2. Black Soldier Fly Larvae in Attaining Food
Security and Improving Nutrition

There is a massive need for innovative solutions to deal
with the food insecurity challenges as a result of the grow-

ing population. Attaining food security is one of the goals
of sustainable development (SDG-2). Adoption of BSF
larvae farming as a protein source for animal and fish
feeds, to make fish cheaper and affordable to a greater
population, contributes directly to food security. BSF
larvae are full of protein, fat, essential vitamins, miner-
als, and other important nutrients. These larvae primarily
consist of proteins and lipids, although the proportion of
these components varies depending on their rearing sub-
strates. Studies by Barragan-Fonseca et al. [21] and Scala
et al. [22] document that BSF larvae contain protein and
lipids as their major nutritional contents; protein (40%),
lipid (30%) on a dry matter basis. As a result of their
high protein and lipid levels, the larvae can be used for
feed production in various animal production sectors, in-
cluding poultry and aquaculture industries, thus offering
higher nutritional value compared to conventional animal
feed [23]. This provides a better solution to food security
problems documented by FAO [24] in search of alterna-
tive protein sources for use in animal diets.

3.4.3. Black Soldier Fly Larvae in Biodiversity
Conservation

BSF farming uses a small amount of land, which is of-
ten done in close environments using horizontal and verti-
cal farming spaces [25,26]. The use of small land in BSF
farming contributes to mitigating biodiversity losses. Pro-
moting the use of BSF larvae biomass in animal feeds in-
stead of using farmed crops will lead to a reduction of re-
liance on plants for feed, thus contributing to increasing
biodiversity. Also, promoting the use of BSF larvae in an-
imal feeds will reduce the utilisation of aquatic fish com-
monly used as fishmeal in fish feeds. This will lead to bio-
diversity conservation of aquatic species. Hence, thereby
contributing to conserving aquatic biodiversity, which is
a sustainable development goal (SDG-14).
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Figure 3: Experimental cage for black soldier fly rearing of di-
mensions: length (70.0 cm), width (70.0 cm), and height (140.0
cm), showing emerging flies and BSF egg trapping devices made
of short planks stacked together by rubber bands (courtesy of a
photo taken by the author during BSF rearing).

3.4.4. Black Soldier Fly Larvae in Agriculture
(Farming)

Insect production for food and feed generates insect resid-
ual streams such as insect exuviae and frass. BSF larvae
have been proven to be important in the field of farming
in improving soil health through the action of their frass.
When organic waste is introduced into the BSF larvae, the
larvae process the waste. The waste residue (frass) is a
quality input for soil amendment (used as fertiliser).

Frass is a combination of insect faeces, fragments
of shed exoskeletons, and non-digested feed. Through its
frass, soil fertility is enhanced, rich in nitrogen, phospho-
rus, and potassium content. Studies have demonstrated
that crops grown using BSF larvae frass have higher yields
than those grown on conventional fertilisers. For exam-
ple, Beesigamukama et al. [26] demonstrated that maize
grown in plots treated with BSF frass had 14% higher
grain yields, produced taller plants (11% taller) and higher
chlorophyll concentrations (18% higher) than plots treated
with a commercial organic fertiliser. Frass application in
soils also induces plant resistance to abiotic stress. Frass
reduces the demand for synthetic fertilisers, which are
often imported, playing a part in the national economy.
Frass also offers more reliance on organic fertilisers. The

implementation of BSF rearing technology for soil amend-
ments and fertiliser production for farmland contributes to
sustainable agriculture, healthy crops, and income gener-
ation for farmers. This contributes to the economic devel-
opment of smallholder farmers, bringing about poverty
reduction, which is one of the Sustainable Development
Goals (SDG1)

3.4.5. Black Soldier Fly Larvae in Bioremediation
and Waste Management

The natural and rapid biodegradability of food and animal
waste makes their management more difficult [27]. The
huge generation of food and animal waste poses a danger
to the environment due to the bad odour, breeding grounds
of harmful insects, and carbon dioxide production [28].
In most sub-Saharan countries, managing waste is consid-
ered a major environmental issue, with the organic frac-
tion representing 90% of all the waste [29]. A greater
proportion of this organic waste, though recoverable, is
managed by burying, composting, or incinerating, which
brings about environmental issues, typically soil and air
pollution by releasing greenhouse gases and contaminat-
ing groundwater with toxic compounds and nutrients from
leachate [30]. Faced with these global phenomena, it is es-
sential to look for alternative ways to manage the organic
waste produced, while generating fewer greenhouse gases
and an alternative biofertilizer to replace chemical fertiliz-
ers.

BSF larvae utilisation is an evolving technology in
managing or treating biowaste [31]. These larvae are
more effective than traditional composting in the reduc-
tion of bulk proportion of waste organic matter within a
short duration since they can consume enormous amounts
of organic waste, decompose waste matter from animals
and humans, decompose food waste, and other trash dur-
ing their feeding until they attain the prepupae or non-
feeding stage. This can be supported in work done by
Amrul et al. [32] who documented a reduction of the ini-
tial weight of organic waste by about 50% in a shorter
period than conventional composting. BSF larvae also
develop on decomposing organic matter and generate less
odour than other processes [33]. Application of BSF tech-
nology in waste management also fosters the attainment of
two major sustainable development goals, which include:
healthy living and promotion of well-being (SDG-3) and
Sanitation for all (SDG-6).

3.4.6. Black Soldier Fly Larvae in Reducing
Climate Change

BSF larvae convert waste to protein before decomposition
occurs, preventing waste from producing harmful gases or
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greenhouse gases as byproducts in the atmosphere. Pro-
duction of smaller amounts of greenhouse and harmful
gases contributes to Sustainable Development Goal-13
(SDG-13), which focuses on the reduction of climate
change and its impacts [34]. BSF presents an outstand-
ing reproductive ability and fast development even when
feeding on materials of low grade, like organic waste or
garbage. Using BSF larvae for waste management pro-
vides an eco-friendly and low-cost approach to significant
waste reduction and limiting disease transmission [35].

3.4.7. Black Soldier Fly Larvae in Control of Pest,
Vectors, and Pathogens

BSF is non-pathogenic to humans. They colonise matter
rich in pathogens, suggesting that their immune system
can resist and defeat pathogens located in their environ-
ment [2]. Through competition, the larval stage controls
the population of houseflies on materials they have colo-
nized, by preventing oviposition of houseflies on the same
material [36]. The BSF larvae accomplish this by the se-
cretion of a distinct odour (info-chemical), sending away
the houseflies, including all other pest flies. Involvement
of BSF technology in pest and vector control thus con-
tributes to attaining SDG-3 (healthy living and promotion
of well-being) and SDG-6 (Sanitation for all).

3.4.8. Black Soldier Fly Larvae in Therapy

Natural products of organisms are better therapeutic agents
than standard drugs due to the lower acquisition of resis-
tance by parasites. Studies carried out have documented
the gut microbiota of BSF larvae harbouring fungi that se-
crete bioactive components protecting them against attack
from pathogens. Some fungal species identified in the gut
microbiota of BSF larvae have been recognized as pro-
ducers of various bioactive compounds and metabolites,
which hold significant importance for the pharmaceutical
industry [37]. Furthermore, some of these identified gut
species, for example Trichoderma sp., have been identi-
fied to be laccase producers [38]. Laccase has also been
recognized to be an enzyme of great importance in both
pharmaceutical industries. Studies documented by Jaya
et al. [39] documented laccase, possessing the ability to
break down and destroy cancerous cells. Clinical trial
with the use of edible mushroom showed laccase screened
from it, induced apoptosis in cancer cell lines [40]. Other
studies on laccase activity documented it as an inhibitor
to HIV-1 reverse transcriptase [41].

Additional studies by Kinney et al. [42] reported the
activity components of BSF larvae against Staphylococ-
cus aureus. Various compounds isolated from the BSF
have also yielded success in animals. For example, chitin

isolated from BSF was demonstrated to prevent Leishma-
nia infection in mice [43]. Furthermore, research carried
out by Erickson et al. [36] showed a significant reduc-
tion of E. coli 0157:H7 and Salmonella entericameasured
in hen manure following its incorporation with BSF lar-
vae. Erickson et al. [36] and Zheng et al. [13] have docu-
mented antibacterial and fungicidal compounds being pro-
duced by BSF guts through the action of lysobacter bac-
teria present in their guts. For example, lauric acid ob-
tained from BSF larvae fats has been proven to possess
anti-microbial activity against lipid-coated viruses (HIV
and measles viruses), some pathogenic bacteria (E. col-
iform, Clostridium), and pathogenic protozoans like Coc-
cidiosis [44,45]. Chitin, making up the exoskeleton of the
pupa and adult form of the BSF, is believed to possess
immunity-enhancing effects [46]. Liu et al. [46] reported
a reduced population of intestinal E. coli and Salmonella
in chickens fed on chitin. Based on these findings, chitin
and its products have the potential to replace antibiotics
incorporated in animal feeds.

The widespread nature of the black soldier fly, its
possession of various antimicrobial compounds, and its
implementation in feed and food make it an interesting
alternative to currently used therapeutic agents. Involve-
ment of BSF technology in the field of therapy thus con-
tributes to attaining SDG-3 (healthy living and promotion
of well-being) and SDG- 6 (Sanitation for all).

3.4.9. Black Soldier Fly Farming in Reducing
Inequality Within or Among Countries and
Gender

BSF larvae farming can be done in any setting, be it on a
small scale or large scale, thus can end poverty in all its
forms everywhere, by ensuring an income to populations
far from cities, thus supportingmarginalized and disadvan-
taged (SDG-10, reduced inequalities). Also, within house-
holds, the production and management of BSF can be
done by both men and women, thus empowering women
and girls and ensuring their equal rights in the work pro-
cess (SDG-5, gender equality). Black soldier fly farm-
ing is also not resource-demanding or capital-intensive,
making it more accessible for women compared to cer-
tain farming practices that are culturally regarded as male-
dominated.

There were challenges in bringing about significant
or sufficient information on the literature on the impor-
tance of BSF in various processes. This was as a result of
the fact that only literature and data published in English
were taken into consideration. This means that relevant
information on the subject, which could be useful but was
published in languages other than English, was excluded.

Sustainable Food Connect
7

Exodus Akwa et al.

https://scifiniti.com/
https://scifiniti.com/journals/sustainable-food-connect


2025, Vol. 1, Article ID. 2025.0004
https://doi.org/10.69709/SustainFoodConn.2025.138493

4. Conclusions

This review covered BSF larvae rearing, its application in
various processes, and its contribution to sustainable de-
velopment. It could be seen from this review that no SDG
is independent of the other; thus, acceptance of BSF rear-
ing indirectly also contributes to the attainment of other
SDGs. The review showed the potential of BSF to con-
fer several benefits to humans and the environment, mak-
ing them valuable for the future. Although our review
highlights the link between BSF production and the SDGs,
achieving these goals within communities largely depends
on policymakers and stakeholders, who serve as the driv-
ing force behind any production system. In developing
countries or low-income settings, BSF technology is still
in its infancy. Therefore, policymakers should engage the
public through training programs on the production and
transformation processes, emphasizing the potential bene-
fits of this technology.

Also, in most communities, especially in develop-
ing countries, the use of BSF products remains unregu-
lated, which poses a risk to consumers of food from BSF
products. In this regard, policies need to be formulated
guiding quality BSF production and use of its products,
typically in food systems. Production of quality BSF will
create premium markets both locally and internationally,
thus enhancing income to farmers.

List of Abbreviations

BSF Black Soldier Fly
EU European Union
PRISMA Preferred Reporting Items for Systematic

Reviews and Meta-Analyses
SDG Sustainable Development Goal
UN United Nations

Author Contributions
T.E.A.: Conceptualization, Data curation, Investigation,
Writing—original draft, Writing—review & editing,
H.N.T.: Conceptualization, Data curation, Investigation,
Writing—original draft, Writing—review & editing,
L.T.A.: Conceptualization, Data curation, Investigation,
Writing—original draft, Writing—review & editing, L.G.:
Writing—review & editing. All authors have read and
agreed to the publication of the paper.

Availability of Data and Materials
The data that support the findings of this study are avail-
able on request from the corresponding author.

Ethics Committee Approval

This study was conducted following the ethical principles
for research. Administrative authorizations were obtained
from the Dschang School of Science and Technology
in the University of Dschang, Cameroon [N◦0330/2024/
UDS/FS/DBA], following a seminar presentation done on
the 7th of May 2024 by the corresponding author. All ex-
perimental procedures were carried out in accordancewith
the recommendations of the laboratory ethics committee
and the Ministry of Scientific Research and Innovation of
Cameroon.

Consent for Publication
No consent for publication is required, as the manuscript
does not involve any individual personal data, images,
videos, or other materials that would necessitate consent.

Conflicts of Interest
Authors declare no conflicts of interest

Funding
The study did not receive any external funding and was
conducted using only institutional resources.

Standards of Reporting

This systematic review was conducted and reported in ac-
cordance with the PRISMA (Preferred Reporting Items
for Systematic Reviews and Meta-Analyses) guidelines.

Acknowledgments
We would like to express our gratitude to Haiwa Danwe
Rigobert of the black soldier fly breeding unit of the
AgriBusiness vocational training Center (ABC), Dschang-
Western Region of Cameroon, for his technical and logis-
tical support, especially in designing the BSF production
unit where BSF larvae production on a low scale was stud-
ied.

References

[1] Mekonnen, M.M.; Hoekstra, A.Y. A Global Assess-
ment of theWater Footprint of FarmAnimal Products.
Ecosystems 2012, 15, 401–415. [CrossRef]

[2] Beesigamukama, D.; Subramanian, S.; Tanga, C.M.
Nutrient Quality and Maturity Status of Frass Fertil-
izer from Nine Edible Insects. Sci. Rep. 2022, 12,
7182. [CrossRef] [PubMed]

[3] Akwa, T.E.; Gitau, L. Common Edible Insects in
Africa of Therapeutic Value—A Review of Their
Nutritional Composition and Their Entomoceuticals
Values. Nat. Resources Hum. Health 2024, 4, 24–33.
[CrossRef] [PubMed]

Exodus Akwa et al.

8

Sustainable Food Connect

https://scifiniti.com/
https://doi.org/10.1007/s10021-011-9517-8
https://doi.org/10.1038/s41598-022-11336-z
https://www.ncbi.nlm.nih.gov/pubmed/35505193
https://doi.org/10.53365/nrfhh/175206
https://www.ncbi.nlm.nih.gov/pubmed/38226618
https://scifiniti.com/journals/sustainable-food-connect


2025, Vol. 1, Article ID. 2025.0004
https://doi.org/10.69709/SustainFoodConn.2025.138493

[4] Li, Q.; Zheng, L.; Qiu, N.; Cai, H.; Tomberlin, J.K.;
Yu, Z. Bioconversion of Dairy Manure by Black Sol-
dier Fly (Diptera: Stratiomyidae) for Biodiesel and
Sugar Production. Waste Manag. 2011, 31, 1316–
1320. [CrossRef] [PubMed]

[5] Diener, S.; Zurbrügg, C.; Tockner, K. Conversion of
OrganicMaterial by Black Soldier Fly Larvae: Estab-
lishing Optimal Feeding Rates. WasteManag. Res. J.
A Sustain. Circ. Econ. 2009, 27, 603–610. [Cross-
Ref] [PubMed]

[6] Cruz-García, K.; Ortiz-Hernández, Y.D.; Acevedo-
Ortiz, M.A.; Aquino-Bolaños, T.; Aquino-López, T.;
Lugo-Espinosa, G.; Ortiz-Hernández, F.El. Edible
Insects: Global Research Trends, Biosafety Chal-
lenges, and Market Insights in the Mexican Context.
Foods 2025, 14, 663. [CrossRef] [PubMed]

[7] Nyakeri, E.M.; Ogola, H.J.O.; Ayieko, M.A.;
Amimo, F.A. Valorisation of Organic Waste Material:
Growth Performance of Wild Black Soldier Fly Lar-
vae (Hermetia illucens) Reared on Different Organic
Wastes. J. Insects Food Feed. 2017, 3, 193–202.
[CrossRef]

[8] Lalander, C.; Diener, S.; Zurbrügg, C.; Vinnerås, B.
Effects of Feedstock on Larval Development and Pro-
cess Efficiency in Waste Treatment with Black Sol-
dier Fly (Hermetia illucens). J. Clean. Prod. 2019,
208, 211–219. [CrossRef]

[9] Lalander, C.; Vinnerås, B. Actions Needed before In-
sects Can Contribute to a Real Closed-Loop Circular
Economy in the EU. J. Insects Food Feed. 2022, 8,
337–342. [CrossRef]

[10] Boqvist, S.; Söderqvist, K.; Vågsholm, I. Food Safety
Challenges and One Health within Europe. Acta
Veter Scand. 2018, 60, 1–13. [CrossRef] [PubMed]

[11] Dortmans, B.; Diener, S.; Verstappen, B.; Zur-
brügg, C. Black Soldier Fly Biowaste Processing—
A Step-by-Step Guide Eawag; Swiss Federal Insti-
tute of Aquatic Science and Technology: Dübendorf,
Switzerland, 2017. Available online: https://www.ea
wag.ch/fileadmin/Domain1/Abteilungen/sandec/pu
blikationen/SWM/BSF/BSF_Biowaste_Processin
g_LR.pdf (accessed on 27 April 2025).

[12] Lalander, C.; Lopes, I.G. Advances in Substrate
Source Composition for Rearing Black Soldier Fly
Larvae as a Protein Source; Burleigh Dodds Series
inAgricultural Science; BurleighDodds Science Pub-
lishing Limited: Cambridge, UK, 2024. [CrossRef]

[13] Zheng, L.; Crippen, T.L.; Singh, B.; Tarone, A.M.;
Dowd, S.; Yu, Z.; Wood, T.K.; Tomberlin, J.K. A
Survey of Bacterial Diversity from Successive Life
Stages of Black Soldier Fly (Diptera: Stratiomyidae)
by Using 16S rDNA Pyrosequencing. J. Med. Ènto-
mol. 2013, 50, 647–658. [CrossRef] [PubMed]

[14] Boccazzi, V.I.; Ottoboni, M.; Martin, E. A Survey of
the Mycobiota Associated with Larvae of the Black
Soldier. PLoS ONE 2017, 12, e0182533. [CrossRef]

[15] Jeon, H.; Park, S.; Choi, J.; Jeong, G.; Lee, S.-B.;
Choi, Y.; Lee, S.-J. The Intestinal Bacterial Commu-
nity in the Food Waste-Reducing Larvae of Herme-

tia illucens. Curr. Microbiol. 2011, 62, 1390–1399.
[CrossRef] [PubMed]

[16] Lee, C.-M.; Lee, Y.-S.; Seo, S.-H.; Yoon, S.-H.; Kim,
S.-J.; Hahn, B.-S.; Sim, J.-S.; Koo, B.-S. Screen-
ing and Characterization of a Novel Cellulase Gene
from the Gut Microflora of Hermetia illucens Us-
ing Metagenomic Library. J. Microbiol. Biotechnol.
2014, 24, 1196–1206. [CrossRef] [PubMed]

[17] Vogel, H.; Müller, A.; Heckel, D.G.; Gutzeit, H.;
Vilcinskas, A. Nutritional Immunology: Diversifica-
tion and Diet-Dependent Expression of Antimicro-
bial Peptides in the Black Soldier Fly Hermetia il-
lucens. Dev. Comp. Immunol. 2018, 78, 141–148.
[CrossRef] [PubMed]

[18] Elhag, O.; Zhou, D.; Song, Q.; Soomro, A.A.; Cai,
M.; Zheng, L.; Yu, Z.; Zhang, J. Screening, Expres-
sion, Purification and Functional Characterization of
Novel Antimicrobial Peptide Genes fromHermetia il-
lucens (L.). PLoS ONE 2017, 12, e0169582. [Cross-
Ref] [PubMed]

[19] Dzepe, D.; Kuietche, H.M.; Magatsing, O.; Meutchi-
eye, F.; Nana, P.; Tchuinkam, T.; Djouaka, R. From
Agricultural Waste to Chicken Feed Using Insect-
Based Technology. J. Basic Appl. Zoöl. 2023, 84,
18. [CrossRef]

[20] Zheng, L.; Hou, Y.; Li, W.; Yang, S.; Li, Q.; Yu, Z.
Biodiesel Production fromRice Straw andRestaurant
Waste Employing Black Soldier Fly Assisted by Mi-
crobes. Energy 2012, 47, 225–229. [CrossRef]

[21] Barragan-Fonseca, K.B.; Dicke, M.; Loon, J.J. Nu-
tritional Value of the Black Soldier Fly (Hermetia il-
lucens L.) and Its Suitability as Animal Feed—A Re-
view. J. Insects Food Feed 2017, 1, 105–120. [Cross-
Ref]

[22] Scala, A.; Cammack, J.A.; Salvia, R.; Scieuzo,
C.; Franco, A.; Bufo, S.A.; Tomberlin, J.K.; Fal-
abella, P. Rearing Substrate Impacts Growth and
Macronutrient Composition ofHermetia illucens (L.)
(Diptera: Stratiomyidae) Larvae Produced at an In-
dustrial Scale. Sci. Rep. 2020, 10, 19448. [Cross-
Ref] [PubMed]

[23] Kim, C.-H.; Ryu, J.; Lee, J.; Ko, K.; Lee, J.-Y.; Park,
K.Y.; Chung, H. Use of Black Soldier Fly Larvae
for Food Waste Treatment and Energy Production in
Asian Countries: A Review. Processes 2021, 9, 161.
[CrossRef]

[24] FAO. The State of World Fisheries and Aquaculture
2022. Towards Blue Transform; FAO: Rome, Italy,
2022. [CrossRef]

[25] Akwa, T.E.; Tsafack, H.N.; Djoko, G.R.P.; Azefack,
L.T. Valorization of Black Soldier Fly Larvae Produc-
tion Using Kitchen Waste as Alternative Solution to
WasteManagement and Source of Protein for Animal
Production in Dschang, Cameroon. Int. J. Trop. In-
sect Sci. 2025, 45, 1277–1287. [CrossRef]

[26] Beesigamukama, D.; Mochoge, B.; Korir, N.K.; Fi-
aboe, K.K.M.; Nakimbugwe, D.; Khamis, F.M.; Sub-
ramanian, S.; Dubois, T.; Musyoka, M.W.; Ekesi, S.;
et al. Exploring Black Soldier Fly Frass as Novel Fer-
tilizer for Improved Growth, Yield, and Nitrogen Use

Sustainable Food Connect
9

Exodus Akwa et al.

https://scifiniti.com/
https://doi.org/10.1016/j.wasman.2011.01.005
https://www.ncbi.nlm.nih.gov/pubmed/21367596
https://doi.org/10.1177/0734242X09103838
https://doi.org/10.1177/0734242X09103838
https://www.ncbi.nlm.nih.gov/pubmed/19502252
https://doi.org/10.3390/foods14040663
https://www.ncbi.nlm.nih.gov/pubmed/40002106
https://doi.org/10.3920/JIFF2017.0004
https://doi.org/10.1016/j.jclepro.2018.10.017
https://doi.org/10.3920/JIFF2022.x003
https://doi.org/10.1186/s13028-017-0355-3
https://www.ncbi.nlm.nih.gov/pubmed/29298694
https://www.eawag.ch/fileadmin/Domain1/Abteilungen/sandec/publikationen/SWM/BSF/BSF_Biowaste_Processing_LR.pdf
https://www.eawag.ch/fileadmin/Domain1/Abteilungen/sandec/publikationen/SWM/BSF/BSF_Biowaste_Processing_LR.pdf
https://www.eawag.ch/fileadmin/Domain1/Abteilungen/sandec/publikationen/SWM/BSF/BSF_Biowaste_Processing_LR.pdf
https://www.eawag.ch/fileadmin/Domain1/Abteilungen/sandec/publikationen/SWM/BSF/BSF_Biowaste_Processing_LR.pdf
https://doi.org/10.19103/as.2024.0139.02
https://doi.org/10.1603/ME12199
https://www.ncbi.nlm.nih.gov/pubmed/23802462
https://doi.org/10.1371/journal.pone.0182533
https://doi.org/10.1007/s00284-011-9874-8
https://www.ncbi.nlm.nih.gov/pubmed/21267722
https://doi.org/10.4014/jmb.1405.05001
https://www.ncbi.nlm.nih.gov/pubmed/25022521
https://doi.org/10.1016/j.dci.2017.09.008
https://www.ncbi.nlm.nih.gov/pubmed/28966127
https://doi.org/10.1371/journal.pone.0169582
https://doi.org/10.1371/journal.pone.0169582
https://www.ncbi.nlm.nih.gov/pubmed/28056070
https://doi.org/10.1186/s41936-023-00339-5
https://doi.org/10.1016/j.energy.2012.09.006
https://doi.org/10.3920/JIFF2016.0055
https://doi.org/10.3920/JIFF2016.0055
https://doi.org/10.1038/s41598-020-76571-8
https://doi.org/10.1038/s41598-020-76571-8
https://www.ncbi.nlm.nih.gov/pubmed/33173088
https://doi.org/10.3390/pr9010161
https://doi.org/10.4060/cc0461en
https://doi.org/10.1007/s42690-025-01515-6
https://scifiniti.com/journals/sustainable-food-connect


2025, Vol. 1, Article ID. 2025.0004
https://doi.org/10.69709/SustainFoodConn.2025.138493

Efficiency of Maize under Field Conditions. Front.
Plant Sci. 2020, 11, 574592. [CrossRef] [PubMed]

[27] Singh, A.; Kumari, K. An Inclusive Approach for Or-
ganic Waste Treatment and Valorisation Using Black
Soldier Fly Larvae: A Review. J. Environ. Manag.
2019, 251, 109569. [CrossRef] [PubMed]

[28] Li, S.; Zhu, D.; Li, K.; Yang, Y.; Lei, Z.; Zhang,
Z. Soybean Curd Residue: Composition, Utilization,
and Related Limiting Factors. ISRN Ind. Eng. 2013,
2013, 423590. [CrossRef]

[29] Temgoua, E.; Ngnikam, E.; Dameni, H.; Kameni,
G.S. Valorisation des Ordures Ménagères par Com-
postage Dans la Ville de Dschang, Cameroun. Trop-
icultura 2014, 32, 28–36. Available online: https:
//www.researchgate.net/publication/275041344_Val
orisation_des_ordures_menageres_par_compostag
e_dans_la_ville_de_Dschang_Cameroun (accessed
on 27 April 2025).

[30] Koda, E.; Miszkowska, A.; Sieczka, A. Levels of
Organic Pollution Indicators in Groundwater at the
Old Landfill and Waste Management Site. Appl. Sci.
2017, 7, 638. [CrossRef]

[31] Gold, M.; Tomberlin, J.K.; Diener, S.; Zurbrügg, C.;
Mathys, A. Decomposition of Biowaste Macronutri-
ents, Microbes, and Chemicals in Black Soldier Fly
Larval Treatment: A Review. Waste Manag. 2018,
82, 302–318. [CrossRef] [PubMed]

[32] Amrul, N.F.; Ahmad, I.K.; Basri, N.E.A.; Suja, F.;
Jalil, N.A.A.; Azman, N.A. A Review of Organic
Waste Treatment Using Black Soldier Fly (Hermetia
illucens). Sustainability 2022, 14, 4565. [CrossRef]

[33] Dzepe, D.; Magatsing, O.; Kuietche, H.M.; Meutchi-
eye, F.; Nana, P.; Tchuinkam, T.; Djouaka, R. Re-
cycling Organic Wastes Using Black Soldier Fly and
House Fly Larvae as Broiler Feed. Circ. Econ. Sus-
tain. 2021, 1, 895–906. [CrossRef]

[34] Oonincx, D.G.A.B.; Van Itterbeeck, J.; Heetkamp,
M.J.W.; Van Den Brand, H.; Van Loon, J.J.A.; Van
Huis, A. An Exploration on Greenhouse Gas and Am-
monia Production by Insect Species Suitable for An-
imal or Human Consumption. PLoS ONE 2010, 5,
e14445. [CrossRef] [PubMed]

[35] Lalander, C.; Diener, S.; Magri, M.E. Faecal Sludge
Management with the Larvae of the Black Soldier
Fly (Hermetia illucens)—From a Hygiene Aspect.
Sci. Total Environ. 2013, 458, 312–318. [CrossRef]
[PubMed]

[36] Erickson; Marilyn, C.; Islam, M. Reduction of Es-
cherichia coli O157: H7 and Salmonella Enterica
Serovar Enteritidis in Chicken Manure by Larvae of
the Black Soldier fly. J. Food Prot. 2004, 67, 685–
690. [CrossRef] [PubMed]

[37] Corrêa, J.A.F.; Evangelista, A.G.; Nazareth, T. deM.;
Luciano, F.B. Fundamentals on the Molecular Mech-

anism of Action of Antimicrobial Peptides. Materi-
alia 2019, 8, 100494. [CrossRef]

[38] Yaver, D.S.; Berka, R.M.; Brown, S.H. Presympo-
sium on Recent Advances in Lignin Biodegradation
and Biosynthesis: Vikki Biocentre; University of
Helsinki: Helsinki, Finland, 2001; p. 40. Available
online: https://scholar.google.com/scholar?hl=en&a
s_sdt=0%2C5&q=Yaver%2C+D.S.%CD%BE+Ber
ka%2C+R.M.%CD%BE+Brown%2C+S.H.+Pre
sympo+sium+on+Recent+Advances+in+Lignin+
Biodegradation++and+Biosynthesis%3A+Vikki+
Biocentre%CD%BE+University+of++Helsinki%
3A+Helsinki%2C+Finland%2C+2001%CD%BE
+p.+40.&btnG= (accessed on 27 April 2025).

[39] Jaya, I.D.; Siva, M.S.; Jeevan, A.K. A Novel Ap-
proach for Treating Cancer by Using Laccases from
Marine Fungi. Int. J. Pharm. Sci. Rev. Res. 2015
2015, 34, 124–129. Available online: https://global
researchonline.net/journalcontents/v34-2/21.pdf
(accessed on 27 April 2025).

[40] Lavi, I.; Friesem, D.; Geresh, S. An Aqueous
Polysaccharide Extract from the Edible Mushroom
Pleurotus Ostreatus Induces Anti-Proliferative and
Proapoptotic Effects on HT-29 Colon Cancer Cells.
Cancer Letters 2006, 244, 61–70. [CrossRef]
[PubMed]

[41] Nicotra, S.; Cramarossa, M.R.; Mucci, A.; Pagnoni,
U.M.; Riva, S.; Forti, L. Biotransformation of
Resveratrol: Synthesis of Trans-Dehydrodimers Cat-
alyzed by Laccases from Myceliophtora Thermo-
phyla and from Trametes Pubescens. Tetrahedron
2004, 60, 595–600. [CrossRef]

[42] Kinney, M.; Moyet, M.; Bernard, E.; Alyokhin, A.
Suppression of Methicillin-Resistant Staphylococcus
Aureus and Reduction of Other Bacteria by Black
Soldier Fly Larvae Reared on Potato Substrate. Mi-
crobiol. Spectr. 2022, 10, e02321-22. [CrossRef]
[PubMed]

[43] Dong, L.; Wichers, H.J.; Govers, C. Beneficial
Health Effects of Chitin and Chitosan. Chitin
and Chitosan: Properties and Applications; Wiley:
Hoboken, NJ, USA, 2019; pp. 145–167. [CrossRef]

[44] Suryati, T.; Julaeha, E.; Farabi, K.; Ambarsari, H.;
Hidayat, A.T. Lauric Acid from the Black Soldier Fly
(Hermetia illucens) and Its Potential Applications.
Sustainability 2023, 15, 10383. [CrossRef]

[45] Park, S.I.; Chang, B.S.; Yoe, S.M. Detection of An-
timicrobial Substances from Larvae of the Black Sol-
dier Fly, Hermetia illucens (Diptera: Stratiomyidae).
Entomol. Res. 2014, 44, 58–64. [CrossRef]

[46] Liu, S.; Tariq, M.R.; Zhang, Q.; Wang, H.; Wang,
F.; Zheng, C.; Li, K.; Zhuang, Z.; Wang, L. Di-
etary Influence on Growth, Physicochemical Stabil-
ity, and Antimicrobial Mechanisms of Antimicrobial
Peptides in Black Soldier Fly Larvae. Insects 2024,
15, 872. [CrossRef] [PubMed]

Exodus Akwa et al.

10

Sustainable Food Connect

https://scifiniti.com/
https://doi.org/10.3389/fpls.2020.574592
https://www.ncbi.nlm.nih.gov/pubmed/33072150
https://doi.org/10.1016/j.jenvman.2019.109569
https://www.ncbi.nlm.nih.gov/pubmed/31550603
https://doi.org/10.1155/2013/423590
https://www.researchgate.net/publication/275041344_Valorisation_des_ordures_menageres_par_compostage_dans_la_ville_de_Dschang_Cameroun
https://www.researchgate.net/publication/275041344_Valorisation_des_ordures_menageres_par_compostage_dans_la_ville_de_Dschang_Cameroun
https://www.researchgate.net/publication/275041344_Valorisation_des_ordures_menageres_par_compostage_dans_la_ville_de_Dschang_Cameroun
https://www.researchgate.net/publication/275041344_Valorisation_des_ordures_menageres_par_compostage_dans_la_ville_de_Dschang_Cameroun
https://doi.org/10.3390/app7060638
https://doi.org/10.1016/j.wasman.2018.10.022
https://www.ncbi.nlm.nih.gov/pubmed/30509593
https://doi.org/10.3390/su14084565
https://doi.org/10.1007/s43615-021-00038-9
https://doi.org/10.1371/journal.pone.0014445
https://www.ncbi.nlm.nih.gov/pubmed/21206900
https://doi.org/10.1016/j.scitotenv.2013.04.033
https://www.ncbi.nlm.nih.gov/pubmed/23669577
https://doi.org/10.4315/0362-028X-67.4.685
https://www.ncbi.nlm.nih.gov/pubmed/15083719
https://doi.org/10.1016/j.mtla.2019.100494
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=Yaver%2C+D.S.%CD%BE+Berka%2C+R.M.%CD%BE+Brown%2C+S.H.+Presympo+sium+on+Recent+Advances+in+Lignin+Biodegradation++and+Biosynthesis%3A+Vikki+Biocentre%CD%BE+University+of++Helsinki%3A+Helsinki%2C+Finland%2C+2001%CD%BE+p.+40.&btnG=
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=Yaver%2C+D.S.%CD%BE+Berka%2C+R.M.%CD%BE+Brown%2C+S.H.+Presympo+sium+on+Recent+Advances+in+Lignin+Biodegradation++and+Biosynthesis%3A+Vikki+Biocentre%CD%BE+University+of++Helsinki%3A+Helsinki%2C+Finland%2C+2001%CD%BE+p.+40.&btnG=
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=Yaver%2C+D.S.%CD%BE+Berka%2C+R.M.%CD%BE+Brown%2C+S.H.+Presympo+sium+on+Recent+Advances+in+Lignin+Biodegradation++and+Biosynthesis%3A+Vikki+Biocentre%CD%BE+University+of++Helsinki%3A+Helsinki%2C+Finland%2C+2001%CD%BE+p.+40.&btnG=
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=Yaver%2C+D.S.%CD%BE+Berka%2C+R.M.%CD%BE+Brown%2C+S.H.+Presympo+sium+on+Recent+Advances+in+Lignin+Biodegradation++and+Biosynthesis%3A+Vikki+Biocentre%CD%BE+University+of++Helsinki%3A+Helsinki%2C+Finland%2C+2001%CD%BE+p.+40.&btnG=
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=Yaver%2C+D.S.%CD%BE+Berka%2C+R.M.%CD%BE+Brown%2C+S.H.+Presympo+sium+on+Recent+Advances+in+Lignin+Biodegradation++and+Biosynthesis%3A+Vikki+Biocentre%CD%BE+University+of++Helsinki%3A+Helsinki%2C+Finland%2C+2001%CD%BE+p.+40.&btnG=
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=Yaver%2C+D.S.%CD%BE+Berka%2C+R.M.%CD%BE+Brown%2C+S.H.+Presympo+sium+on+Recent+Advances+in+Lignin+Biodegradation++and+Biosynthesis%3A+Vikki+Biocentre%CD%BE+University+of++Helsinki%3A+Helsinki%2C+Finland%2C+2001%CD%BE+p.+40.&btnG=
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=Yaver%2C+D.S.%CD%BE+Berka%2C+R.M.%CD%BE+Brown%2C+S.H.+Presympo+sium+on+Recent+Advances+in+Lignin+Biodegradation++and+Biosynthesis%3A+Vikki+Biocentre%CD%BE+University+of++Helsinki%3A+Helsinki%2C+Finland%2C+2001%CD%BE+p.+40.&btnG=
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=Yaver%2C+D.S.%CD%BE+Berka%2C+R.M.%CD%BE+Brown%2C+S.H.+Presympo+sium+on+Recent+Advances+in+Lignin+Biodegradation++and+Biosynthesis%3A+Vikki+Biocentre%CD%BE+University+of++Helsinki%3A+Helsinki%2C+Finland%2C+2001%CD%BE+p.+40.&btnG=
https://globalresearchonline.net/journalcontents/v34-2/21.pdf
https://globalresearchonline.net/journalcontents/v34-2/21.pdf
https://doi.org/10.1016/j.canlet.2005.12.007
https://www.ncbi.nlm.nih.gov/pubmed/16413114
https://doi.org/10.1016/j.tet.2003.10.117
https://doi.org/10.1128/spectrum.02321-22
https://www.ncbi.nlm.nih.gov/pubmed/36197291
https://doi.org/10.1002/9781119450467.ch6
https://doi.org/10.3390/su151310383
https://doi.org/10.1111/1748-5967.12050
https://doi.org/10.3390/insects15110872
https://www.ncbi.nlm.nih.gov/pubmed/39590471
https://scifiniti.com/journals/sustainable-food-connect

	Introduction 
	Methods 
	Literature Search Strategy, Eligibility, and Inclusion Criteria 

	Results and Discussion 
	Structure of the Black Soldier Fly (BSF) 
	Black Soldier Fly Larvae Cultivation or Production 
	Black Soldier Fly Gut Microbes and Enzymes 
	Black Soldier Fly Larvae Contribution Towards Sustainable Development Goals 
	Black Soldier Fly Larvae in Biotechnology for Waste Recycling and Energy Production 
	Black Soldier Fly Larvae in Attaining Food Security and Improving Nutrition 
	Black Soldier Fly Larvae in Biodiversity Conservation 
	Black Soldier Fly Larvae in Agriculture (Farming) 
	Black Soldier Fly Larvae in Bioremediation and Waste Management 
	Black Soldier Fly Larvae in Reducing Climate Change 
	Black Soldier Fly Larvae in Control of Pest, Vectors, and Pathogens 
	Black Soldier Fly Larvae in Therapy 
	Black Soldier Fly Farming in Reducing Inequality Within or Among Countries and Gender 


	Conclusions 
	References

