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Microbiological Safety and Hygiene Management of Edible Insects: Current Status and

Regulatory Perspectives

Abstract

Edible insects are recognized as sustainable alternative proteins to address global food
security challenges. However, ensuring microbiological safety is needed for industrial
expansion. This review highlights microbial contamination, hygiene management, and
regulatory frameworks of edible insects. Edible insects have a diverse microbiota influenced
by species, rearing environments, and feed substrates. They contain the human foodborne
pathogens and entomopathogenic microorganisms, presenting dual risks to consumer health and
insect productivity. Although conventional processing methods, such as drying and roasting,
can reduce microbial loads, certain bacteria survive, posing a critical risk of post-processing
secondary contamination. To mitigate these risks, implementing an integrated "farm-to-table"
hygiene management system is essential. Furthermore, an analysis of global regulatory
frameworks reveals significant inconsistencies; whereas the European Union has strict "novel
food" regulations, many countries still do not have specific rules for insects. The sustainable
growth of the edible insect industry requires specific risk assessments, worldwide standards,
and the adoption of advanced processing technologies to ensure food safety without

compromising nutritional quality.

Keywords: edible insect, microbiological safety, hygiene, regulatory status
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Table 1. Microbial Contamination Status by Edible Insect Species

Microbial count (Log CFU/g)

Insect species Total viable Entero- Lactic acid  bacterial Yeast and References
count bacteriaceae Dbacteria endospore  fungi)
Tenebrio Stoops et
molitor 7.7-8.3 6.8-7.6 7.0-7.6 <1.0-3.5 5.2-5.7 al. (2016)
. Ssepuuya
g;sfroel’;j 8.4-9.4 6.9-7.8 8.0-9.1 3.8-4.9 5871  etal
(2019)
) Kurdi et al.
Bombyx mori  8.0-8.3 4.3-5.1 ND - 5.6-6.1 (2021)
Gryllus Kurdi et al.
bimaculatus 7.9-8.0 6.1-6.3 ND - 5.2-6.0 (2021)
Vandewey
g’fggﬁs 8.2-8.5 7.2-75 6.7-7.8 3.5-3.8 56-60  eretal
g (2018)
Vandewey
j(f:g;icus 8.1-8.8 7.4-8.0 7.4-8.1 2.8-42 59-71  eretal
(2017)
Locusta Stoops et
migratoria 7.8-8.6 7.1-7.6 7.6-8.5 3.3-3.8 5.0-54 al. (2016)

ND=Not detected
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Table 2. Microbial Contamination Status of Processed Edible Insect Species

Microbial count (Log CFU/g)

Insect Processing Total References
species method ot Entero- Lactic acid  bacterial
viable . .
bacteriaceae bacteria endospore
count
Tenebrio . Osimani et
molitor Drying 4.1-4.4 <1.0 1.7-2.8 <1.0 al. (2017)
Frying  2.1-24 <10 <1.0 2.0-2.1 Nglanga et
B ' ' o al. (2019)
Ruspolia . Ng'ang'a et
differens Roasting  2.0-2.2 <1.0 <1.0 2.0-2.1 al. (2019)
Smoking  2.2-2.4 <1.0 <1.0 2.6-2.8 Nglanga et
o ' ' o al. (2019)
Drying 3.9-43 <1.0 <20 - Vandeweyer
et al. (2018)
Gryllodes
sigillatus )
Smoking Vandeweyer
+Drying 079 <10 <20 ' etal. 2018)
Drying  4.0-45  <2.0 4.1-4.5 4.5-5.1 Garofalo et
al. (2017)
Acheta
domesticus Garofalo et
‘ arofalo e
Powdering 3.9-4.8 <2.0 <2.0 <2.0 al. (2017)
Garofalo et
2.0-2.4 <2.0 2.0-2.1 <2.0 al. (2017)
Locusta Drvin
migratoria ryms
Osimani et
4.0-4.2 <1.0 2.38-2.42  2.0-2.2 al. (2017)
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Table 3. Pathogens Directly or Indirectly Associated with Diseases in Edible Insects

Insect species Microbial group ~ Microbial species

o Beauveria bassiana
Fungi o Isaria fumosoroseus
o Metharizium anisopliae

Virus o Densoviruses

Tenebrio molitor o Bacillus subtilis

> Pseudomonas aeruginosa
o Rickettsiella popiliae

o Serratia marscesens

Bacteria

Protozoa o Nosema whitei

Fungi o Beauveria bassiana

> Densoviruses
o Baculoviruses
Virus > Reoviruses
o Bidnaviruses
o Iflaviruses
> Pseudomonas aeruginosa
o Serratia marscesens
o Bacillus cereus
o Bacillus thuringiensis
o Klebsiella granulomatis
o Streptococcus pneumoniae

> Nosema whitei
> Nosema bombicys

Bombyx mori

Bacteria

Protozoa

Funai o Metharizium anisopliae
g o Metharizium flavoviridae

Zoophobas morio . .
P Virus > Densoviruses

Bacteria > Pseudomonas aeruginosa

o Densoviruses
Virus o [ridoviruses
o Nudiviruses

Gryllus bimaculatus .
o Pseudomonas aeruginosa

Bacteria N . )
o Rickettsiella grylli
Bacteria o Paranosema grylli
o Beauveria bassiana
. o Metharizium anisopliae
Fungi . .
. . o Metharizium acridum
Locusta migratoria .
o |saria fumosoroseus
. o [ridoviruses
Virus

o Entomopox-viruses
27



> Pseudomonas aeruginosa
Bacteria o Serratia marscesens

o Rickettsiella grylli

o Paranosema locusta

Protozoa
o Johenrea locusta

Note. Data in table adapted from the following sources: Maciel-Vergara et al. (2021)
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Foodborne bacteria

Fig. 1.

Bacillus cereus
Campylobacter spp.
Listeria monocytogenes
Salmonella spp.

verotoxigenic Escherichia coli

Edible insect

2* Entomopathogenic bacteria

*  Bacillus thuringiensis
* Rickettsiella popiliae
*  Pseudomonas aeruginosa

* Serratia marcescens

* Slreplococcus prneumoniae

Foodborne pathogens and entomopathogenic bacteria present in edible insects.
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