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Introduction

This review explored the pathogenic microbes associated with common edible
insects. With rising human populations and fluctuating food supplies, edible
insects offer a rich source of protein, vitamins, and minerals and are culturally
accepted in many regions. Despite their nutritional benefits, knowledge on
microbial hazards associated with edible insects is fragmented. The review
focuses on commonly consumed species, including Tenebrio molitor, Zophobas
morio, Acheta domesticus, Gryllus bimaculatus, Locusta migratoria, Ruspolia
differens, Bombix mori, Bunaea alcinoe, and Oryctes monoceros. A total of 43
pathogenic bacteria and 20 pathogenic fungi linked to these edible insect species
were identified. The most frequently reported pathogenic bacteria are:
Escherichia coli, Salmonella spp. Staphylococcus aureus, Bacillus cereus, and
Pseudomonas aeruginosa. Whereas, Aspergillus niger, Aspergillus flavus,
Fusarium oxysporum, Aspergillus fumigatus and Chaetomium zeylanoides were
the most common pathogenic fungal species reported. Factors such as rearing
conditions, feed quality, and handling practices significantly influence microbial
risks. Research from Africa primarily addresses the safety of wild-harvested
edible insects, while studies from Western countries mainly focus on farmed
varieties. Additionally, the findings indicate that post-harvest processing
methods such as drying, boiling, cooking, steaming, toasting, roasting, smoking,
deep frying, blanching, and acidification greatly enhance the safety of edible
insects. This review underscores the need for stringent safety measures and
discusses the current state of entomophagy and the necessity for regulatory
frameworks in Africa. It also highlights the existing knowledge gaps regarding
microbial hazards. Finally, the study proposes strategies for the safe
commercialization of edible insects, including improved food safety protocols
and enhanced consumer education.

Republic constituting 185 of the total species, followed

Human population is increasing, and as a result, a
sufficient level of food security has not been achieved
globally. Several factors including food price
fluctuations, political and economic instability, climate
change, and changes in food consumption patterns are
obstacles to the global aim of reducing hunger (Sorjonen
2022). Edible insects represent a valuable alternative
protein source that could offer a solution to the increasing
global food demand (Rumpold et al. 2014). Insects are
rich in protein, fatty acids, vitamins, minerals and useful
bio-active substances and are culturally accepted and
valued as traditional parts of the human diet in many parts
of the world (Ramos-Elorduy et al. 1997, Vantomme et
al. 2004, Musundire et al. 2016). Various studies have
reported the contribution of edible insects to food
security. A total of 524 edible insect species have been
reported in 34 African countries, with Central Africa
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by Democratic Republic of Congo (51 species) and
Zambia (33 species) being the main countries where
insects are eaten (Ramos-Elorduy et al. 1997). In western
Kenya, the lake flies, ‘agoro’ termites, black ants,
crickets, and grasshoppers, form part of traditionally
consumed meals, whereas in Uganda, grasshoppers
contribute about 16,100 Kcal and 513 g of protein per
person per annum (Ayieko et al. 2010, Mbabazi 2011).
Nevertheless, in Tanzania, entomophagy has been given
little attention, resulting in missed opportunities for
sustainable food sources and nutritional benefits from
edible insects.

Modern entomophagy is still at an early to medium
stage and insects have been primarily taken as food
because of the low cost particularly in months of food
shortage to fill the protein gaps before crop harvests
(DeFoliart 1999, Tang et al. 2019). Most of the edible
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insects consumed in the world are collected seasonally
from the wild (Caparros Megido et al. 2016), which can
pose detrimental effects on both human and animal
health, as well as the environment (Ramos-Elorduy et al.
1997). Insect farming creates opportunities for increased
production and promotes a circular economy because
many edible insect species have the capacity to utilize a
wide variety of substrates, making it possible to use as
food and agricultural by-products as insect feeds
(Sorjonen 2022, Katabaro et al. 2024). Farmed insects
usually feed on a wide range of inexpensive fodders with
efficient energy transmission (Caparros Megido et al.
2016, Tang et al. 2019). In addition, farmed insects have
high food conversion efficiency, with low emission of
greenhouse gases, and require less breeding spaces
compared with those of livestock (Halloran et al. 2016).
Since time immemorial, many insects have been eaten,
but only very few of them have been well researched,
notably species belonging mainly to the orders
Lepidoptera, Orthoptera, Coleoptera and to a small extent
from the orders Isoptera, Homoptera, Hymenoptera,
Heteroptera, Diptera and Odonota (van Huis 2013). In
Africa, Asia, and Latin America, several insect species
are currently being reared or semi-domesticated and some
have shown high feed conversion efficiencies ranging
from 50-70%, surpassing those of chicken (38—43%) and
cattle (10-12%) (Oonincx et al. 2015, Caparros Megido
et al. 2024). Nonetheless, research has shown that edible
insects can be a source of biological hazards, including
bacteria that cause foodborne diseases, and insect-based
foods can become contaminated in all stages of
production, delivery, and consumption (Klunder et al.
2012, Caparros-Megido et al. 2018, Galecki et al. 2023).

According to many researchers, insect rearing
conditions and feed sources can promote development of
specific pathogens. The risk of microbial contamination
has been reported in many farmed edible species; the
spore-forming bacteria and Enterobacteriaceae have been
detected in fresh bodies of farmed mealworm (7Tenebrio
molitor) and cricket (Acheta domesticus) (Klunder et al.
2012). The work of Ssepuuya et al. (2019) and Labu et al.
(2021) in Uganda reported the presence of pathogenic
bacteria such as Acinetobacter baumannii, Serratia
marcescens, Bacillus cereus, Staphylococcus sciuri,
Campylobacter spp. Clostridium spp. Pseudomonas spp.
in Ruspolia differens, an edible longhorned grasshopper
mainly harvested from the wild. Several other pathogenic
bacteria and fungi have also been detected associated with
farmed insect such as Tenebrio molitor collected from
Belgium and Netherlands (Stoops et al. 2016, Garofalo et
al. 2016); orthopterans such as Locusta migratoria,
Acheta domesticus and Gryllus bimaculatus from
Thailand (Milanovic et al. 2018, Mitchaothai et al. 2024).
Most edible insects species are harvested from the wild
without proper biosecurity; however, in China and other
western countries, farmed insects have to meet additional
food safety standards and guidelines, including control of
foodborne pathogens (Belluco et al. 2018, Feng et al.
2018). Although, numerous guidelines have been
developed to ensure that edible insects are reared under
safe conditions and can be safely used in food and feed
production in the in China, Canada, Europe and Thailand
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(Sun 2015, HEALTH-CANADA 2016, DG-SANTE
2017, Preteseille et al. 2018) and to a small extent in
South Africa, Kenya, Rwanda and Uganda (Niassy et al.
2018, Niassy et al. 2022), in most of African countries
where the demand for insect protein is high, these
guidelines are not available (Usman and Yusuf 2020,
Lihteenmaiki-Uutela et al. 2021).

Concerns on the safety of edible insect as food and food
products have been extensively reviewed (Garofalo et al.
2019, Murefu et al. 2019, Cappelli et al. 2020).
Researchers from different parts of the globe have
explored the potential safety issues (biological, chemical,
and environmental) associated with farmed, processed,
and non-processed insects along the entire production
chain, concluding that many factors can affect the safety
of edible insects (Banjo et al. 2006, Klunder et al. 2012,
Grabowski and Klein 2016, Walia et al. 2018). Such
factors include: the species of insect reared, rearing and
production methods, developmental and harvested stages
and many other factors (Garofalo et al. 2019).
Nevertheless, published information on the pathogenic
microbes associated with edible insects 1is still
fragmented. Therefore, this review provides information
on the microbes pathogenic to humans associated with
edible insects of the mainly consumed species (7. molitor,
Z. morio, A. domesticus, G. bimaculatus, L. migratoria,
R. differens, B. mori, B. alcinoe and O. Monoceros). The
review further present analysis on the pathogenic microbe
dynamics associated with the rearing of insects and the
post-harvest treatment applied to edible insects to reduce
the microbiological risks for consumers. For the
economic and safe mass production and marketing of
edible insects on industrial scale excessive research is
required regarding cost-effective rearing methods and
post-harvest processing technologies. The review further
highlights the shortcomings of the current insect
production systems and puts forward strategies to
promote consumption of edible insects.

Materials and Methods
Search strategy

Literature search to identify published studies on the
safety of edible insects was conducted between February
to April, 2025. The literature search was focused on all
biological hazards associated with consumption of edible
insects. Furthermore, the purpose of the literature
research was to identify possible intervention strategies to
minimize microbe contamination of edible insects
proposed in various previous studies. Online databases
such as Science direct, PubMed, Scopus, Google scholar
and Web of Science were used to search for relevant
published scientific articles on the safety of edible insects.
Grey literature (official documents in electronic formats)
was accessed from relevant organization’s websites.
The following search strings were mainly used:
Food Safety AND (Edible insect/novel
food/mealworm/ crickets/ Orthoptera/
Lepidoptera/Coleoptera).
Entomophagy AND
(microbiota/microbes/microbial count/ microbial
community/ microbial load/ microbial
risk/microbial hazard/microbial safety
microbiological risk).
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e Edible insect AND (Processing/ Storage/
Treatment/ Rearing/ Harvesting/
Commercialisation)

The inclusion criteria used in identifying the relevant
documents were as follows: the document, or part of the
document, is about insect consumption, safety assessment
of edible insects, biological/microbial hazards associated
with edible insects, edible insect value chain, edible
insects rearing, processing/treatment/storage and how
these may affect safety of the product. All articles on
insects belonging to the following orders: Orthoptera,
Lepidoptera and Coleoptera were included, these orders
encompass insects which are mainly consumed globally.
However, only the following species: T. molitor, Z.

morio, A. domesticus, G. bimaculatus, L. migratoria, R.
differens, B. mori, B. alcinoe and O. Monoceros were
considered in this review. Among all the edible insects,
these species are seen as more suitable for consumption
and processing from different parts of the world (Table
1). Only articles published in English language were
considered but no restriction regarding the publication
year and status was enforced. Studies on non-pathogenic
microbes to humans or pathogenic microbes in insect
species beyond the scope of this review were excluded.
The search results were first screened by title and abstract
followed by full text reading and all duplications were
excluded from the search results.

Table 1: Selected edible insects reared/ harvested from the wild at commercial scale

Species Name | Common Stages Countries with high consumption References
Name utilized
for food
Acheta house cricket | Adult United States, Canada and European | (Mahavidanage
domesticus (Farmed) countries (Netherlands and Belgium), | et al. 2023,
Thailand, Cambodia, Uganda, Kenya etc. | Weissman et al.
Large-scale farming for protein products | 2012, Magara
and snacks for human consumption. etal. 2021)
Gryllus black cricket | Adult Thailand: One of the leading countries for | (Magara et al.
bimaculatus or field cricket | (Farmed) black cricket farming. 2021, Ragab et
China: Significant production for both | al. 2024)
human consumption and animal feed.
African countries such as Kenya and
Uganda.
Locusta locust Adult African countries like Mali, Niger, Kenya | (Hosni et al.
migratoria (Wild) and Uganda harvest locusts during | 2024, Siddiqui
swarming events. et al. 2024)
Asian countries such as China and
Thailand, locusts are consumed and also
sold in local markets.
Middle Eastern countries: Such as
Morocco, where locusts are traditionally
consumed.
Ruspolia grasshopper Adult East African countries such as Tanzania | (Nabikolo et al.
differens (Wild) and Uganda are known for harvesting | 2023, Mmari et
grasshoppers during the rainy season. al. 2017,
Matojo and
Hosea 2013)
Tenebrio meal  worm | larvae China, Thailand, United  States, | (FAO 2013,
molitor (yellow meal | (Farmed) Netherlands: ~ Significant commercial | van Huis 2013,
worm beetle) production for human food and animal | Hong et al.
feed. 2020)
Zophobas giant meal | Larvae Asia (Thailand and Indonesia), North | (Rakovitsky et
Morio worm (Wild) America and in European countries such | al. 2024,
as Germany, where they are farmed for | Scholliers et al.
various food products. 2020)
Bombyx mori | silk worm Pupae China: The largest producer of silkworms, | (Rodr1’guez-
(Farmed) both for silk and as food. Ortiz et al.
India:  Significant consumption of | 2024, Brady et
silkworm pupae in various regional | al. 2025)
cuisines.
Oryctes rhinocerous Larvae Nigeria, Southeast Asian countries: Such | (Banjo et al.
monoceros beetle (Wild) as Thailand, Myanmar, Malaysia, | 2006, Catley
Vietnam and Indonesia, where larvae are | 1969)
considered a delicacy.
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Larvae
(Wild)

Larvae-
Lepidoptera

Bunaea

alcinoe larvae

s€ason.

Nigeria and Congo DRC, where these
are traditionally
normally harvested during the rainy

(Amadi et al.
2005, Braide et
al. 2011, Kusia
et al. 2023)

consumed,

Data analysis

In the initial search a total of 1207 studies were
identified from the following databases; Web of Science-
345, Google Scholar-289, PubMED-400, Science Direct-
53, Scopus-112 and 8 from Grey literature). Of these, 705
papers were retrieved after removal of duplicates and
documents without full text availability (502). Of these, a
final body of 97 articles, fulfilling the inclusion criteria,
were identified for this review. The other publications (n

= 608) were discarded at different stages due to either
reporting non-pathogenic bacteria, fungi, viruses or
unclear presentation of the data or reporting insect species
which were not considered in this review. The metadata
for all the retrieved articled were processed in Microsoft
office 2016 (excel and word), the summary of the search
strategy is presented in Figure 1.

Articles identified through database search (Web of Science-345, Google Scholar-289,
PubMED-400, Science Direct-53 and Scopus-120) N=1207

Articles excluded because of duplicates (N=502)

Articles identified through database search without duplicates (N=705)

Articles excluded after title and abstract screening (N=107)

Full text articles assessed for inclusion (N=598)

Articles removed after reading of full texts (N=400)

Initial body of knowledge (full text) reviewed (N=198)

Articles on non-pathogenic microbes removed (N=101)

Full text articles included in the review (N=97)

Figure 1: A flow chart showing summary of search strategy and results.

Results and Discussion
Search results

The review yielded a total of 97 articles which met the
inclusion criteria. All articles reporting pathogenic
microbes associated with the following insect species: (7.
molitor, Z. morio, A. domesticus, G. bimaculatus, L.
migratoria, R. differens, B. mori, B. alcinoe and O.
Monoceros) were included in the final review. The review
body was dominated by studies conducted in Africa (31),
followed by Europe (29) and the reviews (22) with studies
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conducted in multiple countries. Few studies were
conducted in Asia, North and South America (Figure 2).
The predominance of studies conducted in Africa
reporting edible insects contaminated with pathogenic
microbes could be attributed to lack of established
guidelines to safeguard safety of insect food and feed
compared to the western countries (Usman and Yusuf
2020, Lahteenmaki-Uutela et al. 2021). In Africa, insects
are primarily taken as foods because they are free wild
protein rich species (Tang et al. 2019), modern
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entomophagy has not been utilized to its potential. In
Canada, HEALTH-CANADA (2016) ensures the safety
of novel food derived from plants and microorganisms
such as insects. Similarly in Thailand there are established
procedures and organizations to ensure the safety of
edible insects (Preteseille et al. 2018) that could explain
the few studies reporting insect food or products
contaminated with pathogenic microbes. A total of 29
articles reported pathogenic microbes in edible insects
from Europe, further analysis of these articles revealed
that the consumption of whole insects is not preferred by
Europeans (Hartmann and Siegrist 2016, Melgar-Lalanne
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Africa Reviews
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et al. 2019) due to neophobia (Caparros Megido et al.
2016), therefore efforts are made to re-purpose edible
insects into preferred snacks such as cookies, breads and
sausages. To ensure that, they undergo thorough check
before final products, therefore several studies have been
conducted to establish at what point contamination does
occurs (Klunder et al. 2012, Grabowski and Klein 2016,
Vandeweyer et al. 2017). The review reports a total of 43
pathogenic bacteria and 20 pathogenic fungi species that
were found associated with insect meals and/products, the
results are presented in Tables 2 and 3.

Asia

America America

Study locations

Figure 2:

Pathogenic bacteria species

A total of 43 pathogenic bacteria species were reported
to be associated with edible insects/insect meals/ insect
products. The species are: Pseudomonas aeruginosa,
Escherichia coli, Enterobacter spp., Klebsiella spp.,
Bacillus cereus, Aeromonas hydrophila, Aeromonas

enteropelogenes, Aeromonas dhakensis, Aeromonas
veronii,  Enterococcus  spp., Clostridiales  spp.,
Pseudomonadaceae  spp.,  Achromobacter  spp.,

Citrobacter spp., Proteus spp., Staphylococcus spp.,
Tannerella forsythia, Rickettsiella spp., Micrococcus
spp., Yersinia spp., Fusobacterium spp., Staphylococcus
aureus, Clostridium perfringens, Cronobacter sakazakii,
Listeria monocytogenes, Salmonella spp. and Erwinia
spp.(Table 2). Some insect species were reported to be
associated with more pathogenic bacteria than others. For
example, several pathogenic bacteria species where found
associated with the two orthoptera species studied (4.
domesticus and G. bimaculatus) recording 18 and 12
pathogenic bacteria species respectively (Table 2).
Similarly, a total of 18 pathogenic bacteria species were
found associated with Tenebrio molitor. It is important to
also note that, there were overlaps with similar species of
bacteria found to be associated with multiple species of
edible insects, and some bacteria species appeared more
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Distribution of the reviewed articles by continents/multiple continents (reviews)

frequently than others, such species includes: Bacillus
cereus- this was associated with 6 out of the 9 insect
species studied. Other common bacteria species which
were frequently encountered are: Pseudomonas
aeruginosa, Escherichia coli and Enterobacter spp., each
of these were recorded to be associated with 5 out of the
9 insect species studied. The following bacteria;
Klebsiella spp., Enterococcus spp., Clostridiales spp.,
Staphylococcus aureus, Salmonella spp. and Yersinia spp.
were also commonly reported (Table 2). Marshall et al.
(2016) points out that insect microbiota consist of
multiple common bacterial genera most of which are
found naturally in production and processing environ-
ments and many species of these genera are not
pathogenic to humans. Microbes found in the insect
intestinal tract for example are thought to be mostly
commensal and vary little among insect species and are
non-pathogenic to humans (Klunder et al. 2012).

The three insect species: A. domesticus, G. bimaculatus
and Tenebrio molitor are widely consumed as farmed
insects for human protein source as well as for feed across
the globe (Weissman et al. 2012, FAO 2013, van Huis
2013, Magara et al. 2021, Mahavidanage et al. 2023).
Since these are reared insects, the possible explanation for
their recorded high number of pathogenic bacteria species
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could be attributed to the volume of research that has been
conducted on these particular insect species. The species
have been commercialized and are being exported to
many places as food and feed, therefore the processed
insect products have to meet the global standards for food
safety (Preteseille et al. 2018, DG-SANTE 2017,
HEALTH-CANADA 2016) including the control of
food-borne pathogens (Belluco et al. 2018). Therefore,
extensive research has been conducted and documented
the biological hazards associated with the three edible
species (Klunder et al. 2012, Li et al. 2016, Stoops et al.
2016, Osimani et al. 2017, Milanovic et al. 2018,
Mitchaothai et al. 2024, Nyombe et al. 2024) and their
suitability for commercial production as food and feed.
The other farmed insect is Bombyx mori, mainly produced
for silk and food in China (Table 1), was reported to be
associated with few species of pathogenic bacteria
(Bacillus cereus, Corynebacterium spp.) and these were
reported from one study only (Milanovic et al. 2018). The
review shows that sources of microbial contamination in
reared edible insects are; contaminated feed substrates
such as food wastes and byproducts, rearing conditions
such as poor hygiene, contaminated water, contact with
contaminated soils and surfaces during rearing of insects
(Klunder et al. 2012, Morales-Ramos et al. 2024). Other
sources of contamination include poor handling,
inadequate processing and the natural gut flora of an
insect (Caparros-Megido et al. 2017, Vandeweyer et al.
2020).

On the other hand, the wild species: Ruspolia differens,
Bunaea alcinoe, Locusta migratoria, Zophobas morio
and Oryctes monoceros recorded relatively few species of
pathogenic bacteria (Table 2). The highest number of
pathogenic bacteria were recorded to be associated with
Ruspolia differens (9 species) whereas O. monoceros and
Z. morio had 3 and 1 pathogenic bacteria species
respectively. It has been argued that, the number and type
of microorganisms in foods is highly influenced by the
environment where it originated but microbes can also be
introduced along the handling chain (Belluco et al. 2013,
Ssepuuya et al. 2019, Labu et al. 2021). In Africa, most
edible insects are harvested seasonally from the wild at
different developmental stages and used for food and feed
(Amadi et al. 2005, Banjo et al. 2006, Nabikolo et al.
2023, Hosni et al. 2024). However, microbial
contamination even in wild insects seem to occur along
the food chain ranging from harvesting point,
transportation, cleaning and processing (cooking, boiling,
drying, toasting, deep frying) (Ng'ang'a et al. 2018).
Furthermore, the rich nutritional value of edible insects
coupled with other factors such as pH, moisture content,
temperature and relative humidity, influence microbial
survival and growth in foods (Klunder et al. 2012,
Garofalo et al. 2019). It is important also to note that
although infectious bacteria have been detected in edible
insects, the role of these insects in disease transmission
has not been established, only cases of allergic reactions
and food borne illnesses have been reported.

Table 2: Pathogenic bacteria species associated with edible insects

Species Name | Country of | Bacteria species References

origin

Zophobas Coleoptera P. aeruginosa (Maciel-Vergara et al. 2021)

morio

G. Orthoptera P. aeruginosa, E. coli spp, Enterobacter spp, | (Mitchaothai et al. 2024,

bimaculatus Klebsiella spp, B.cereus, A. hydrophila, A. | Grabowski and Klein 2016,
enteropelogenes, A. dhakensis, A. veronii Nyombe et al. 2024, Maciel-
Enterococcus  spp.,  Clostridiales  spp., | Vergara et al. 2021, Vandeweyer
Pseudomonadaceae spp. etal. 2017)

A. domesticus | Orthoptera E. coli (certain strains), Achromobacter spp., | (Mitchaothai et al. 2024, Garofalo
Citrobacter spp., Enterobacter spp., Klebsiella | et al. 2016, Nyombe et al. 2024,
spp., Proteus spp., Pseudomonas spp., Listeria | Osimani et al. 2017, Vandeweyer
spp., Staphylococcus spp., B. cereus, T. | et al. 2017, Klunder et al. 2012,
forsythia, Rickettsiella spp Giaccone 2005, Ulrich et al. 1981,
Enterococcus spp., Enterobacteriaceae species., | Fernandez-Cassi et al. 2019)
Clostridiales spp., Micrococcus spp., Yersinia
spp., Fusobacterium spp.

Cricket Orthoptera S. aureus, (Walia et al. 2018)

powder B. cereus,

(species-NS) C. perfringens,

C. sakazakii,
E. coli,
L. monocytogenes, Salmonella spp.

Tenebrio Coleoptera Klebsiella spp., Erwinia spp., Enterobacter | (Garofalo et al. 2016, Osimani et

molitor spp., Salmonella spp., C. thermopalmarium, S. | al. 2017, Stoops et al. 2016, Li et
aureus, Yersinia spp., Escherichia coli, Vibrio | al. 2016, Milanovic et al. 2018,
spp., Morganella spp., P. aeruginosa, B. cereus, | Giaccone 2005)

P. agglomerans, Trabulsiella spp., S.
haemolyticus, S. argenteus, E. corrodens,
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Species Name | Country of | Bacteria species References
origin
Micrococcus spp.
Ruspolia Orthoptera A. baumannii, S. marcescens, B. cereus, S. | (Ssepuuya et al. 2019, Labu et al.
differens sciuri, Campylobacter spp. Clostridium spp. | 2021, Ng'ang'a et al. 2018)
Pseudomonas spp., Neisseria spp-,
Enterobacteriaceae species.
Bunaea Lepidoptera P. aeruginosa, P. mirabilis, S. aureus, B. cereus, | (Braide et al. 2011, Amadi et al.
alcinoe E. coli (certain strains), S. mitis. 2005)
Locusta Orthoptera Enterococcus spp.,C. thermopalmarium (Osimani et al. 2017, Milanovic et
migratoria S.aureus, S. haemolyticus, S. argenteus, E. | al.2018)
corrodens
NS Orthoptera E.coli, Salmonella sp; Sulfite reducing | (Alietal.2010)
clostridia spp.
Oryctes Coleoptera S. aureus, P. aeruginosa, B. cereus. (Banjo et al. 2006)
monoceros
Bombix mori | Lepidoptera B. cereus, Corynebacterium spp. (Milanovic et al. 2018)

NS-species name not stated

In cases where only a genus name is mentioned, one or
more species within that genus (other than a species that
also may be listed) can be pathogenic, species likely not
identified by researchers of the original articles.
Pathogenic fungi species

The literature searches also indicated that a total of 20
pathogenic fungal species to be associated with edible
insects. These species are: Aspergillus flavus, Aspergillus
tamari, Aspergillus toxicarius, Aspergillus sydowii,
Aspergillus versicolor, Aspergillus jensenii, Aspergillus
carneus, Aspergillus unguis, Aspergillus fumigatus,
Aspergillus  cristatus,  Aspergillus  amstelodami,
Aspergillus  intermedius, Rhodotorula mucilaginosa,
Rhodotorula  dairenensis, Trichosporon  asahii,
Aspergillus  niger, Fusarium moniliforme, Candida
zeylanoides, Debaryomyces hansenii and Fusarium
oxysporum (Table 3). Some insect species were found to
be associated with many pathogenic fungal species than
others, for example: 4. domesticus recorded the highest
number (9) followed by R. differens (5). Other insect
species recorded relatively few pathogenic fungal species
on average of three to two species for G. bimaculatus,
Bunaea alcinoe, Tenebrio molitor, Oryctes monocerus
and Locust migratoria. In general, studies about the
fungal community associated with edible insects are few
(Table 3), more studies are needed to fill this knowledge
gap. Similar to bacteria, sources of pathogenic fungi in
edible insects have been reported to include poor rearing
conditions such as feed and or substrates especially in
resource poor countries (Nyombe et al. 2024). Other
sources of contamination are from the natural
environment, including soil, vegetation, and decaying
organic matter (Grabowski et al. 2017), this attest for
fungal community which are mainly associated with wild
insects.

The fungal community was dominated by species from
the Aspergillus genera. The species in this genera are
among the most abundant fungi worldwide, commonly
found in soil, decaying vegetation, air and can grow over
a wide range of temperatures (6-55°C for some species),
high pH range and relatively low to high humidity
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conditions (Krijgsheld et al. 2012). All these allow them
to colonize various substrates rapidly. In connection to
reared insects, the rearing conditions, such as
temperature, humidity, and the presence of organic matter
(feed and waste), can inadvertently favor the growth of
Aspergillus. The feed used for rearing insects can also be
a source of contamination for example; Aspergillus flavus
has been detected in control feed used for rearing crickets
(Fernandez-Cassi et al. 2020). Fungal species may also
become associated with edible insects through poor
processing, such as sun drying on the ground or in open
environments, which are common practices in Africa
(Mbata and Chidumayo 2003). Aspergillus species are
known to produce mycotoxins, such as aflatoxins which
can be a concern for food safety (Kachapulula et al. 2018).
Several studies have indicated aflatoxins as cancer-
causing, immunosuppressive mycotoxins that are
associated with stunting, reduced weight gain, and rapid
death (Gong et al. 2004, Lewis et al. 2005, Liu et al.
2012). Other fungal species of public health importance
reported  includes: Aspergillus fumigatus (irritation,
allergy, asthma, pneumonitis, toxic effects, and a wide
range of infections), Aspergillus unguis (respiratory
health problems), Aspergillus versicolor (carcinogenic),
Aspergillus niger (allergies, asthma, aspergillosis and
sinusitis), Aspergillus sydowii (asthma and allergies),
Rhodotorula spp. (fungemia, especially  in
immunocompromised individuals) (Soler-Hurtado et al.
2016, Spruijtenburg et al. 2024, Spagnolo 2025). The
presence of these fungal species in edible insects poses a
risk of increased aflatoxin contamination especially when
they are poorly stored posing serious health-risks to
consumers. Aflatoxins mitigation measures in place are
mainly for major agricultural products including cereals,
peanuts and crop by-products, with the increase in
climatic changes and raise in temperature which favor the
growth of fungi, there is need to extend stringent
measures to include exposures originating from beyond
agricultural commodities such as edible insects to ensure
food safety (Kachapulula et al. 2018).
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Table 3: Pathogenic fungal species associated with common edible insects

Species Name | Insect Fungal species References
order
G. Orthoptera | A. flavus, A. tamari, and A. toxicarius (Nyombe et al. 2024)
bimaculatus
A. domesti cus | Orthoptera | A. sydowii, A. versicolor, A. jensenii, A. carneus, A. (Nyombe et al. 2024,
unguis, A. fumigatus, A. cristatus, A. amstelodami, A. Osimani et al. 2017)
intermedius
Ruspolia Orthoptera | R. mucilaginosa, R. dairenensis, T. asahii. Yeasts and (Labu et al. 2021,
differens Molds-species NS Ng'ang'a et al. 2018)
Bunaea Coleoptera | A. niger, F. moniliforme (Braide et al. 2011)
alcinoe
Tenebrio Coleoptera | C. zeylanoides, D. hansenii (Osimani et al. 2017)
molitor
Oryctes Coleoptera | F. oxysporum, A. niger (Banjo et al. 2006)
monocerus
Locust Orthoptera | A. cristatus, A. amstelodami (Osimani et al. 2017)
migratoria

NS=Species not specified

In cases where only a genus name is mentioned, one or
more species within that genus (other than a species that
also may be listed) can be pathogenic, species likely not
identified by researchers of the original articles.
Post-harvest treatment of edible insects to eliminate
biological hazards
Table 4 presents information on various methods for
processing edible insects in attempt to eliminate potential
safety hazards such as pathogenic microbes. For the wild
harvested edible insects; drying, boiling, cooking,
steaming, toasting, roasting, smoking, frying and stewing
are the common methods and sometimes two or more
methods can be combined. In East Africa, Ruspolia
differens also locally known as Senene by various tribes
(Haya in Tanzania, Luo in Kenya, and Baganda in
Uganda), boiling, stewing and cooking are the elemental
methods for processing the species for human
consumption (Mutungi et al. 2017, Ng'ang'a et al. 2018).
In Nigeria, sun drying of the most consumed larvae
(Oryctes monocerus) was efficient to reduce the microbial
hazards. Whereas, in Germany, Belgium and
Netherlands, technologies include drying (sun-drying,
freeze-drying, oven-drying, fluidized bed drying, and
microwave-drying), blanching, acidification, volumetric
methods such as hydrostatic pressure and thermal
treatments, and boiling/cooking under vacuum (Rumpold
et al. 2014, Grabowski and Klein 2016, Caparros-Megido
et al. 2018).

In general, very few studies have examined the effect of
post-harvest processing of edible insect in relation to
control of microbial hazard. Most studies have focused on
the effect of processing and value addition on the nutrient
quality, palatability, and sensory acceptability of insect-
based products (Melgar-Lalanne et al. 2019, Akullo et al.
2025). In addition, studies have shown that post-harvest
processing influences the nutritional content of the
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insects. For example, toasting and solar drying decreased
the in vitro protein digestibility and vitamin content of
Ruspolia differens (Kinyuru et al. 2010), while smoking
of Oryctes monoceros larvae, increased cholesterol
concentrations from 20 % to 60% of the raw and smoke-
dried samples respectively (Edijala et al. 2009).

Edible insects are underutilized, and issues of microbial
safety remains a grey area particularly in Africa where
much of the existing research concentrates on the safety
of wild-harvested edible insects. Unlike reared edible
insects, controlling microbial hazards of the wild-
harvested species is more challenging than in controlled
rearing environments (Matandirotya et al. 2022). In
reared insects, the safety and quality of the food chain can
be affected because of the close link between feed and
food-borne pathogens such as E. coli, S. aureus, B.
cereus, Salmonella spp. (Klunder et al. 2012, Walia et al.
2018). Reared edible insect can become contaminated
with these pathogens as a result of their presence in feed.
Therefore, during insect rearing, safe feed helps to reduce
production costs, maintain or increase food quality and
reduce feed and food losses and wastes. Contaminated
feed has often resulted in food of animal origin being
recalled and/or destroyed with significant economic
losses for the livestock industries and a negative impact
on food security (Makkar 2016). The reviewed articles
(Table 4), have indicated that post-harvest treatments are
crucial for ensuring the safety of edible insects.
Implementing effective methods such as heat treatment,
drying, chemical treatments, and irradiation can
significantly reduce biological hazards. As the
consumption of edible insects continues to rise, it is
essential to establish and promote safe processing
practices to protect consumer health.
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Table 4: Possible routes of microbial contamination in insect food and treatment options

Insect species | Pathogen detected Country of | Source of Treatment options | References
origin contamination
Gryllus Enterobacteriaceae Germany Processing & Cooking between (Grabowski
bimaculatus species. Storage 10-30’; drying and Klein
Staphylococci spp, between 80-100°C | 2016)
Bacilli spp
Oryctes S. aureus, P. Nigeria Storage Dying, (Banjo et al.
Monocerus aeruginosa, Refrigeration 20006)
B. cereus
G. Enterococcus spp., Belgium Production & NR (Vandeweyer
bimaculatus Enterobacteriaceae Storage etal. 2017)
& species, Clostridiales
A.domesticus | spp.,
Pseudomonadaceae
spp.
Tenebrio Clostridia spp., Belgium Production & NR (Vandeweyer
molitor Enterococcus spp., Storage etal. 2017)
Enterobacteriaceae
species.
C. koseri, P.
deceptionensis.
Cricket S. aureus, Cambodia Rearing & Rearing in strict | (Walia et al.
powder (NS) | B. cereus, Processing containment & | 2018)
C. perfringens, boiling the porridge
C. sakazakii, fortified with
E. coli, cricket powder
L. monocytogenes,
Salmonella spp
A.domesticus | Enterobacteriacea Netherlands | Rearing, Acidification (Klunder et al.
& Tenebrio species Processing & 2012)
molitor Bacterial spores storage
Tenebrio Gut microbiota Germany Rearing Volumetric (Rumpold et
molitor methods al. 2014)
(hydrostatic
pressure at 600
MPa
and thermal
treatments in a
water bath at 90 °C)
Tenebrio Total aerobic count | Belgium Rearing Boiling and (Caparros-
molitor (TAC) cooking under Megido et al.
vacuum 2018)
Ruspolia total viable aerobic Tanzania Wild Deep-frying, (Ng'ang'a et al.
differens count (TVC), (harvesting, toasting & smoking | 2018)
Enterobacteriaceae, transportation,
lactic acid bacteria, plucking,
bacterial endospores, processing)
and yeasts and molds

Commercialization of edible insects

Traditionally, insects have been part of the human diet
in many parts of the world. Many African communities
have a long history of consuming edible insects and
approximately 2.5 billion people in the world currently
supplement their diet with insects (van Huis 2013, 2016).
Insects are mostly consumed in tropics, areas which are
characterized by having high levels of biodiversity,
suggesting that insect availability has influenced

consumption patterns (Lesnik 2017). Most edible insects
are harvested from the wild, although semi-domestication
and indoor farming have increased insect availability and
the sustainability of production. However, modern
entomophagy is still in its infant stage in many parts of
Africa. Insect rearing presents significant economic
potential because they can be harvested or farmed with
relatively low investment thus providing an income
source for rural communities. Insect domestication is
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increasingly gaining attention, although only a limited
number of species, such as bees, silkworms, and
cochineals, can be regarded as fully domesticated,
whereas most of edible insect species including the meal
worms and crickets are classified as semi-domesticated
(Vantomme 2015, Varelas and Langton 2017). In western
countries, consumers are increasingly interested in
innovative food products that incorporate insects in forms
that are not easily recognizable. For instance, in Europe,
when insects are processed into flours or powders and
added to various items like energy drinks, cookies, and
corn tortillas, they tend to gain more acceptance, unlike in
Africa where whole insects are consumed in a perfectly
recognizable form, either as snacks or as part of the daily
diet (Hartmann and Siegrist 2016, Melgar-Lalanne et al.
2019). The incorporation of edible insects as food
ingredients to enhance traditional foods has facilitated the
commercialization of insect-based products that extend
beyond merely flavored snacks. This strategy has created
new opportunities to integrate insects into our daily diets
while capitalizing on the environmental, technological,
and nutritional benefits of insect farming. Successfully
commercializing  edible insects necessitates a
comprehensive approach that will encompasses consumer
education, product innovation, adherence to safety
regulations, and effective sustainability marketing.

Conclusion

Entomophagy offers a promising and sustainable
solution to global food insecurity. However, the risks
associated with pathogenic microbes demand immediate
attention. Key findings indicate that microbial
contamination poses significant risks, with common
pathogens including E. coli, Salmonella spp., S. aureus,
and several pathogenic fungi. This review presents factors
such as rearing conditions, feed quality, and handling
practices as the main sources of microbial contamination
of edible insects. The review further highlights the critical
need for comprehensive safety regulations and quality
assurance measures specifically designed for insect
farming and processing. The review also emphasizes that
effective post-harvest processing methods of edible
insects such as: boiling, freezing, drying and roasting, can
significantly enhance safety. Future research should
prioritize developing safe rearing methods, advancing
processing technologies, and exploring the microbial
dynamics within insect farming systems. This approach
will help ensure that the advantages of entomophagy are
realized while maintaining food safety standards.

References

Akullo JO, Egonyu JP, Ng’ang’a J, Kiiru S, Mmari M,
Ndiritu A, Maimba ZW, Salano FM and Kinyuru J 2025
Post-harvest handling, processing and value addition of
edible insects as a sustainable food resource in Africa:
A review. Int. J. Trop. Insect Sci. 45(5):1-21.

Ali A, Mohamadou BA, Saidou C, Aoudou Y and
Tchiegang C 2010 Physico-Chemical Properties and
Safety of Grasshoppers, Important Contributors to Food
Security in the Far North Region of Cameroon.
Res.J. Animal.Sci. 4:108-111.

Amadi EN, Ogbalu OK, Barimalaa IS and Pius M 2005
Microbiology and nutritional composition of an edible

975

larva (bunaea alcinoe stoll) of the niger delta. J. Food
Saf. 25:193-197.

Ayieko M, Oriaro V and Nyambuga I 2010 Processed
products of termites and lake flies: improving
entomophagy for food security within the Lake Victoria
region. Afr. J. Food. Agric. Nutr. Dev. 10:2085-2098.

Banjo AD, Lawal OA and Adeyemi AI 2006 The
Microbial Fauna Associated with the Larvae of Oryctes
Monocerus. J. Appl. Sci. Res. 2(11):837-843.

Belluco S, Losasso C, Maggioletti M, Alonzi CC, Paoletti
MG and Ricci A 2013 Edible Insects in a Food Safety
and Nutritional Perspective: A Critical Review. Compr.
Rev. Food Sci. Food Saf. 12:296-313.

Belluco S, Mantovani A and Ricci A 2018. Edible Insects
in a Food Safety Perspective. In: Halloran, A., Flore, R.,
Vantomme, P. & Roo, N. (eds.) Edible Insects in
Sustainable Food  Systems.Switzerland:  Springer
International 109-126.

Brady DJ, Saviane A, Battistolli M, Varponi I, Barca F,
Shiomi K, Cappellozza S and Sandrelli F 2025
Enhanced silk production and pupal weight in Bombyx
mori through CRISPR/Cas9-mediated circadian Clock
gene disruption. PLoS ONE. 20(1):1-20.

Braide W, Oranusi S, Udegbunam LI, Oguoma O,
Akobondu C and Nwaoguikpe RN 2011
Microbiological quality of an edible caterpillar of an
emperor moth, Bunaea alcinoe. J. Ecol. Nat. Environ.
3(5):176 -180.

Caparros-Megido R, Desmedt S, Blecker C, Bera F,
Haubruge E, Alabi T and Francis F 2017
Microbiological Load of Edible Insects Found in
Belgium. Insects. 8(12):1-8.

Caparros-Megido R, Poelaert C, Ernens M, Liotta M,
Blecker C, Danthine S, Tyteca E, Haubruge E, Alabi T,
Bindelle J and Francis F 2018 Effect of household
cooking techniques on the microbiological load and the
nutritional quality of mealworms (Tenebrio molitor L.
1758). Food Res Int. 106:503-508.

Caparros Megido R, Francis F, Haubruge E, Le Gall P,
Tomberlin JK, Miranda CD, Jordan HR, Picard CJ, Pino
MIJM, Ramos-Elordy J, Katz E, Barragan-Fonseca KB,
Costa-Neto EM, Ponce-Reyes R, Wijffels G, Ghosh S,
Jung C, Han YS, Conti B, Vilcinskas A, Tanga CM,
Kababu MO, Beesigamukama D, Morales Ramo JA and
Van Huis A 2024 A worldwide overview of the status
and prospects of edible insect production. Entomol.
Gen. 44(1):3-27.

Caparros Megido R, Gierts C, Blecker C, Brostaux Y,
Haubruge E, Alabi T and Francis F 2016 Consumer
acceptance of insect-based alternative meat products in
Western countries. Food Qual. Prefer. 52:237-243.

Cappelli A, Cini E, Lorini C, Oliva N and Bonaccorsi G
2020 Insects as food: A review on risks assessments of
Tenebrionidae and Gryllidae in relation to a first
machines and plants development. Food Control. 108.

Catley A 1969 The Coconut Rhinoceros Beetle Oryctes
rhinoceros (L) [Coleoptera: Scarabaeidae: Dynastinae].
Pest. Artic. News. Summ. 15:1:18-30.

Defoliart G 1999 Insects as food: why the western attitude
is important. Annu. Rev. Entomol. 44:21--50.

Dg-Sante. 2017. Strategic safety concept for insects as
feed, updated [Online]. Brussels, Belgium: Directorate-
General for Health and Food Safety (DG SANTE).



Anitha Philbert - Food safety concerns: Pathogenic microbes associated with common edible insects

Available:
https://ec.europa.eu/food/sites/food/files/safety/docs/an
imal-feed_marketing_concept-
paper_insects_201703.pdf accessed on 27/05/2025

[Accessed].
Edijala JK, Egbogbo O and Anigboro AA 2009 Proximate
composition and cholesterol concentrations of

Rhynchophorus phoenicis and Oryctes monoceros
larvae subjected to different heat treatments. Afr.
J.Biotechnol. 8:2346—48.

Fao. 2013. Edible insects: future prospects for food and
feed security [Online]. Rome: Food andAgriculture
Organization of the United Nations. Available:
https://www.fao.org/4/i3253¢/i3253e.pdf  [Accessed
20/05/2025 2025].

Feng Y, Chen XM, Zhao M, He Z, Sun L, Wang CY and
Ding WF 2018 Edible insects in China: Utilization and
prospects. Insect. Sci 25:184—-198.

Fernandez-Cassi X, Soderqvist K, Bakeeva A, Vaga M,
Dicksved J, Vagsholm I, Jansson A and Boqvist S 2020
Microbial communities and food safety aspects of
crickets (Acheta domesticus) reared under controlled
conditions. J. Insects Food Feed. 6(4):429-440

Fernandez-Cassi X, Supeanu A, Vaga M, Jansson A,
Boqvist S and Vagsholm 1 2019 The house cricket
(Acheta domesticus) as a novel food: a risk profile. J.
Insects Food Feed. 5:137-157.

Galecki R, Bakula T and Golaszewski J 2023 Foodborne
Diseases in the Edible Insect Industry in Europe-New
Challenges and Old Problems. Foods. 12(770):1-20.

Garofalo C, Milanovic V, Cardinali F, Aquilanti L,
Clementi F and Osimani A 2019 Current knowledge on
the microbiota of edible insects intended for human
consumption: A state-of-the-art review. Food Res Int.
125:1-32.

Garofalo C, Osimani A, Milanovic V, Taccari M,
Cardinali F, Aquilanti L, Riolo P, Ruschioni S, Isidoro
N and Clementi F 2016 The microbiota of marketed
processed edible insects as revealed by high-throughput
sequencing. Food Microbiol. 62:15-22.

Giaccone V 2005. Hygiene and health features of
Minilivestock. In: editor. . In: Mg, P. (ed.) Ecological
implications of minilivestock: potential of insects,
rodents, frogs and snails.Enfield, N.H: Science
Publisher.579-98.

Gong Y, Hounsa A, Egal S, Turner PC, Sutcliffe AE, Hall
AlJ, Cardwell K and Wild CP 2004 Postweaning
exposure to aflatoxin results in impaired child growth:
a longitudinal study in Benin, West Africa. Environ.
Health Perspect. 112:1334-1338.

Grabowski NT and Klein G 2016 Microbiology of cooked
and dried edible Mediterranean field crickets (Gryllus
bimaculatus) and superworms (Zophobas atratus)
submitted to four different heating treatments. Food Sci
Technol Int. 23:17-23.

Grabowski TN, Pingen S, Grootaert P and Klein G 2017
Fungi in raw insect and arachnid taxa containing species
used in human entomophagy: a review. J. Food Saf.
Food Qual. 68:23-52.

Halloran A, Roos N, Eilenberg J, Cerutti A and Bruun S
2016 Life cycle assessment of edible insects for food
protein: a review. Agron. Sustain. Dev. 36(57):1-13.

976

Hartmann C and Siegrist M 2016 Becoming an
insectivore: Results of an experiment. Food Qual.
Prefer. 51:118-122.

HEALTH-CANADA. 2016. Guidelines for the safety
assessment of novel foods derived from plants and
microorganisms [Online]. Ottawa, ON, Canada: Health
Canada. Available: https://www.canada.ca/en/health-
canada/services/food-nutrition/legislation-
guidelines/guidance [Accessed 25/05/2025 2025].

Hong J, Han T and Kim YY 2020 Mealworm (Tenebrio
molitor Larvae) as an Alternative Protein Source for
Monogastric Animal: A Review. Animals. 10(2068):1-
20.

Hosni EM, Al-Khalaf AA, Nasser MG, Elshahed SM and
Alashaal SA 2024 Locusta migratoria (L.) (Orthoptera)
in a warming world: unravelling the ecological
consequences of climate change using GIS. Biodivers.
data. 1-17.

Kachapulula PW, Akello J, Bandyopadhyay R and Cotty
PJ 2018 Aflatoxin Contamination of Dried Insects and
Fish in Zambia. J. Food Prot. 81:1508-1518.

Katabaro A, Joseph B and Philbert A 2024 Effect of
Alternative Rearing Substrates on the Growth,
Reproduction and Nutritional Composition of the
African Field Cricket Gyrllus bimaculatus (Orthoptera:
Gryllidae). Tanz. J. Sci. 50(5):1016-1027.

Kinyuru JN, Kenji GM, Njoroge SM and Ayieko M 2010
Effect of processing methods on the in vitro protein
digestibility and vitamin content of edible winged
termite (Macrotermes subhylanus) and grasshopper
(Ruspolia differens). Food Bioprocess. Technol. 3:778—
82.

Klunder HC, Wolkers-Rooijackers J, Korpela JM and
Nout MJR 2012 Microbiological aspects of processing
and storage of edible insects. Food Control. 26:628-
631.

Krijgsheld P, Bleichrodt R, Van Veluw GJ, Wang F,
Miiller WH, Dijksterhuis J and Wosten HaB 2012
Development in Aspergillus. Stud. Mycol. 74:1-29.

Kusia ES, Borgemeister C and Subramanian S 2023 A
review of edible saturniidae (Lepidoptera) caterpillars
in Africa. CABI agric. biosci. 4:43:1-31.

Labu S, Subramanian S, Khamis FM, Akite P, Kasangaki
P, Chemurot M, Tanga CM, Ombura FLO and Egonyu
JP 2021 Microbial contaminants in wild harvested and
traded edible long-horned grasshopper, Ruspolia
differens (Orthoptera: Tettigoniidae) in Uganda. J.
Insects Food Feed. 7:1131-1141.

Lahteenmaki-Uutela A, Marimuthu SB and Meijer N
2021 Regulations on insects as food and feed: a global
comparison. J. Insects Food Feed. 7(5):849-856.

Lesnik JJ 2017 Not just a fallback food: Global patterns
of insect consumption related to geography, not
agriculture. Am J Hum Biol. 29(4):1-7.

Lewis L, Onsongo M, Njapau H, Schurz-Rogers H, Luber
G, Kieszak S, Nyamongo J, Backer L, Dahiye AM and
A M 2005 Aflatoxin contamination of commercial
maize products during an outbreak of acute
aflatoxicosis in eastern and central Kenya. Environ.
Health Perspect. 113:1763-1767.

LiL, Xie B, Dong C, Wang M and Liu H 2016 Can closed
artificial ecosystem have an impact on insect microbial



https://ec.europa.eu/food/sites/food/files/safety/docs/animal-feed_marketing_concept-paper_insects_201703.pdf
https://ec.europa.eu/food/sites/food/files/safety/docs/animal-feed_marketing_concept-paper_insects_201703.pdf
https://ec.europa.eu/food/sites/food/files/safety/docs/animal-feed_marketing_concept-paper_insects_201703.pdf
https://www.fao.org/4/i3253e/i3253e.pdf
https://www.canada.ca/en/health-canada/services/food-nutrition/legislation-guidelines/guidance
https://www.canada.ca/en/health-canada/services/food-nutrition/legislation-guidelines/guidance
https://www.canada.ca/en/health-canada/services/food-nutrition/legislation-guidelines/guidance

Tanz. J. Sci. Vol. 51(4) 2025

community? A case study of yellow mealworm (
Tenebrio molitor L.). Ecol. Eng. 86:183-189.

Liu Y, Chang CH, Marsh GM and Wu F 2012 Population
attributable risk of aflatoxin-related liver cancer:
systematic review and meta-analysis. Eur. J. Cancer.
48:2125-2136.

Maciel-Vergara G, Jensen AB, Lecocq A and Eilenberg J
2021 Diseases in edible insect rearing systems. J.
Insects Food Feed. 7:621-638.

Magara HJO, Niassy S, Ayieko MA, Mukundamago M,
Egonyu JP, Tanga CM, Kimathi EK, Ongere JO, Fiaboe
KKM, Hugel S, Orinda MA, Roos N and Ekesi S 2021
Edible Crickets (Orthoptera) Around the World:
Distribution, Nutritional Value, and Other Benefits—A
Review. Front. Nutr. 7:1-23.

Mahavidanage S, Fuciarelli TM, Li X and Rollo CD 2023
The effects of rearing density on growth, survival, and
starvation resistance of the house cricket Acheta
domesticus. J. Orthoptera Res. 32(1):25-31.

Makkar HPS 2016 Animal nutrition in a 360-degree view
and a framework for future R&D work: towards
sustainable livestock production. Anim. Prod. Sci.
56:1561-1568.

Marshall DL, Dickson JS and Nguyen NH 2016. Ensuring
Food Safety in Insect Based Foods: Mitigating
Microbiological and Other Foodborne Hazards. In:
Dossey, T. A., Morales-Ramos, J. A. & Rojas, M. G.
(eds.) Insects as Sustainable Food Ingredients.London,
United Kingdom: Elsevier.223-253.

Matandirotya RN, Filho WL, Mahed G, Maseko B and
Murandu CV 2022 Edible Insects Consumption in
Africa towards Environmental Health and Sustainable
Food Systems: A Bibliometric Study. /nt. J. Environ.
Res. Public Health. 19(22):1-17.

Matojo ND and Hosea KM 2013 Phylogenetic
Relationship of the Longhorn Grasshopper Ruspolia
differens Serville (Orthoptera: Tettigoniidae) from
Northwest Tanzania Based on 18S Ribosomal Nuclear
Sequences. Journal of Insects. 2013:1-5.

Mbabazi M. 2011. Dietary contribution of grasshoppers
(Ruspolia nitidula) and white ants (Macrotermes
bellicosus) and influence of processing methods on their
nutrient ~ composition.  Dissertation,  Makerere
University.

Mbata KJ and Chidumayo EN 2003 Traditional Values of
Caterpillars (Insecta: Lepidoptera) Among the Bisa
People of Zambia. Insect Sci. Appl. 23(4):341-354.

Melgar-Lalanne G, Hern'Andez-"Alvarez A-J and
Salinas-Castro A 2019 Edible Insects Processing:
Traditional and Innovative Technologies. Compr. Rev.
Food Sci. Food Saf. 00 (2019):1-26.

Milanovic V, Osimani A, Roncolini A, Garofalo C,
Aquilanti L, Pasquini M, Tavoletti S, Vignaroli C,
Canonico L, Ciani M and Clementi F 2018 Investigation
of the Dominant Microbiota in Ready-to-Eat
Grasshoppers and Mealworms and Quantification of
Carbapenem Resistance Genes by qPCR. Front.
Microbiol. 9:1-11.

Mitchaothai J, Grabowski NT, Lertpatarakomol R,
Trairatapiwan T and Lukkananukool A 2024 Bacterial
Contamination and Antimicrobial Resistance in Two-
Spotted (Gryllus bimaculatus) and House (Acheta

977

domesticus) Cricket Rearing and Harvesting Processes.
Vet. Sci. 11:1-17.

Mmari MW, Kinyuru JN, Laswai HS and Okoth JK 2017
Traditions, beliefs and indigenous technologies in
connection with the edible longhorn grasshopper
Ruspolia differens (Serville 1838) in Tanzania. J.
ethnobiol. ethnomed. 13:1-11.

Morales-Ramos JA, Tomberlin JK, Miranda C, Rojas MG
and Donoghue A 2024 Rearing methods of four insect
species intended as feed, food, and food ingredients: a
review. J. Econ. Entomol. 117:1210-1224.

Murefu TR, Macheka L, Musundire R and Manditsera FA
2019 Safety of wild harvested and reared edible insects:
A review. Food Control. 101:209-224.

Musundire R, Zvidzai CJ, Chidewe C, Ngadze RT,
Macheka L, Manditsera FA, Mubaiwa J and Masheka A
2016 Nutritional and bioactive compounds composition
of Eulepida mashona, an edible beetle in Zimbabwe. J.
Insects Food Feed. 2:179-187.

Mutungi C, Irungu FG, Nduko J, Mutua F, Affognon H,
Nakimbugwe D, Ekesi S and Fiaboe KKM 2017
Postharvest processes of edible insects in Africa: A
review of processing methods, and the implications for
nutrition, safety and new products development. Crit.
Rev. Food Sci. 59(7):1-23.

Nabikolo D, Njue L, Abong G and Tanga MC 2023 The
potential contribution and challenges of edible
grasshopper (Ruspolia differens) to food and nutrition
security in Uganda-a literature review. East Afr. J. Sci.
Technol. Innov. 4:1-17.

Ng'ang'a J, Imathiu S, Fombong F, Ayieko M, Broeck JV
and Kinyuru J 2018 Microbial quality of edible
grasshoppers ~ Ruspolia  differens  (Orthoptera:
Tettigoniidae): From wild harvesting to fork in the
Kagera Region, Tanzania. J Food Saf. 39:1-6.

Niassy S, Ekesi S, Hendriks SL and Haller-Barker A
2018. Legislation for the use of insects as food and feed
in the South African Context. In: Halloran, A., Flore,
R., Vantomme, P. & Roos, N. (eds.) Edible insects in
sustainable  food systems.Berlin, Germany:
Springer.457-470.

Niassy S, Omuse E, Roos N, Halloran A, Eilenberg J,
Egonyu J, Tanga C, Meutchieye F, Mwangi R and
Subramanian S 2022 Safety, regulatory and
environmental issues related to breeding and
international trade of edible insects in Africa. Rev. Sci.
Tech. 41:117-131.

Nyombe RPM, Odhiambo B and Bulli P 2024 Bacterial
and fungal microbes associated with cricket rearing
systems in the tropics. J. Insects Food Feed. 10:2003-
2016.

Oonincx DG, Van Broekhoven S, Van Huis A and Van
Loon JJ 2015 Feed Conversion, Survival and
Development, and Composition of Four Insect Species
on Diets Composed of Food By-Products. PLoS One.
10:1-20.

Osimani A, Garofalo C, Milanovi¢ V, Taccari M,
Cardinali F, Aquilanti L, Pasquini M, Mozzon M,
Raffaelli N, Ruschioni S, Riolo P, Isidoro N and
Clementi F 2017 Insight into the proximate composition
and microbial diversity of edible insects marketed in the
European Union. Eur. Food. Res. Technol. 243:1157-
1171.



Anitha Philbert - Food safety concerns: Pathogenic microbes associated with common edible insects

Preteseille N, Deguerry A, Reverberi M and Weigel T
2018. Insects in Thailand: national leadership and
regional development, from standards to regulations
through association. [n: Halloran, A., Flore, R.,
Vantomme, P. & Roos, N. (eds.) Edible insects in
sustainable  food systems.Berlin, Germany:
Springer.435-441.

Ragab SH, Alqurashi SI, Aljameeli MM, Tyshenko MG,
Abdelwahab AH and Selim TA 2024 Predicting the
Global Distribution of Gryllus bimaculatus Under
Climate Change: Implications for Biodiversity and
Animal Feed Production. Sustainability. 16:1-16.

Rakovitsky N, Temkin E, Hameir A, Lurie-Weinberger
M, Keren-Paz A and Carmeli Y 2024 Zophobas morio
larvae as a novel model for the study of Acinetobacter
virulence and antimicrobial resistance. Front.
Microbiol. 15:1-8.

Ramos-Elorduy J, Moreno JMP, Prado EE, Perez MA,
Otero JL and De Guevara OL 1997 Nutritional value of
edible insects from the state of Oaxaca, Mexico. J. Food
Comp. Anal. 10:142--157.

Rodr1’Guez-Ortiz LM, Hincapie CA, Hincapie” -Llanos
GA and Osorio M 2024 Potential uses of silkworm
pupae (Bombyx mori L.) in food, feed, and other
industries: a systematic review. Front. Insect Sci. 4:1-
14.

Rumpold BA, Frohling A, Reineke K, Knorr D,
Boguslawski S, Ehlbeck J and Schliter O 2014
Comparison of volumetric and surface decontamination
techniques for innovative processing of mealworm
larvae (Tenebrio molitor). Innov. Food Sci. Emerg.
Technol. 26:232-241.

Scholliers J, Steen L and Fraeye 1 2020 Partial
replacement of meat by superworm (Zophobas morio
larvae) in cooked sausages: Effect of heating
temperature and insect:Meat ratio on structure and
physical stability. Innov. Food Sci. Emerg. Technol.
102535:1-8.

Siddiqui SA, Aidoo OF, Ghisletta M, Osei-Owusu J,
Saraswati YR, Bhardwaj K, Khalid W, Fernando I,
Golik AB, Nagdalian AA, Lorenzo JM, De Palo P and
Maggiolino A 2024 African edible insects as human
food — a comprehensive review. J. Insects Food Feed.
10:51-78.

Soler-Hurtado MM, Sandoval-Sierra JV, Machordom A
and Die’Guez-Uribeondo J 2016 Aspergillus sydowii
and Other Potential Fungal Pathogens in Gorgonian
Octocorals of the Ecuadorian Pacific. PLoS ONE.
11(11):1-12.

Sorjonen MIJ. 2022. Could edible insects be one solution
for a circular economy and food production? Designing
feeds for insects using food industry by-products.
Forestry and Natural Sciences Dissertation, University
of Eastern Finland.

Spagnolo AM 2025 Aspergillus Contamination in
Healthcare Facilities: An Ever-Present Issue—
Prevention and Control Measures. Hygiene. 5 1-13.

Spruijtenburg B, Rezusta A, Houbraken J, Hagen F, De
Groot T, Meis JF and Meijer EFJ 2024 Susceptibility
Testing of Environmental and Clinical Aspergillus
sydowii Demonstrates Potent Activity of Various
Antifungals. Mycopathologia. 189:1-8.

978

Ssepuuya G, Wynants E, Verreth C, Crauwels S, Lievens
B, Claes J, Nakimbugwe D and Van Campenhout L
2019 Microbial characterisation of the edible
grasshopper Ruspolia differens in raw condition after
wild-harvesting in Uganda. Food Microbiol. 77:106-
117.

Stoops J, Crauwels S, Waud M, Claes J, Lievens B and
Van Campenhout L 2016 Microbial community
assessment of mealworm larvae (Tenebrio molitor) and
grasshoppers (Locusta migratoria migratorioides) sold
for human consumption. Food Microbiol. 53:122-7.

Sun J 2015 The regulation of ‘Novel Food’ in China: the
tendency of deregulation. Eur. Food Feed. Law Rev.
10:442-448.

Tang C, Yang D, Liao H, Sun H, Liu C, Wei L and Li F
2019 Edible insects as a food source: a review. Food
Prod. Process. Nutr. 1(8):1-13.

Ulrich RG, Buthala DA and Klug MJ 1981 Microbiota
Associated with the Gastrointestinal Tract of the
Common House Cricket, Acheta domestica. Appl.
Environ. Microbiol. 41(1):246-254.

Usman HS and Yusuf AA 2020 Legislation and legal
frame work for sustainable edible insects use in Nigeria.
Int. J. Trop. Insect Sci. 7:20-32.

Van Huis A 2013 Potential of Insects as Food and Feed in
Assuring Food Security. Annu. Rev. Entomol. 58:563—
83.

Van Huis A 2016 Edible insects are the future?
Proceedings of the Nutrition Society. The future of
animal products in the human diet: health and
environmental concerns. University of Nottingham,
Nottingham

Vandeweyer D, Crauwels S, Lievens B and Van
Campenhout L 2017 Metagenetic analysis of the
bacterial communities of edible insects from diverse
production cycles at industrial rearing companies. /nt J
Food Microbiol. 261:11-18.

Vandeweyer D, Lievens B and Van C 2020 Identification
of bacterial endospores and targeted detection of
foodborne viruses in industrially reared insects for food.
Nature Food. 1:511-516.

Vantomme P 2015 Way forward to bring insects in the
human food chain. J. Insects Food Feed. 1(2):121-129.

Vantomme P, Gohler D and N‘Deckere-Ziangba F 2004
Contribution of forest insects to food security and forest
conservation: the example of caterpillars in Central
Africa. Environ. Sci. 3:1-4.

Varelas V and Langton M 2017 Forest biomass waste as
a potential innovative source for rearing edible insects
for food and feed — A review. Innov. Food Sci. Emerg.
Technol. 41:193-205.

Walia K, Kapoor A and Farber JM 2018 Qualitative risk
assessment of cricket powder to be used to treat
undernutrition in infants and children in Cambodia,
Food Control. Food Control. 8:169-182.

Weissman DB, Gray DA, Pham HT and Tijssen P 2012
Billions and billions sold: Pet-feeder crickets
(Orthoptera: Gryllidae), commercial cricket farms, an
epizootic densovirus,and government regulations make
for a potential disaster. Zootaxa. 3504: :67-88.



