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§ Toxins produced by fungi

● Fusarium spp.

● Aspergillus spp. 

§ Cereals, dried fruits, nuts, spices

§ Aflatoxins (e.g., AFB1), ochratoxin A (OTA), patulin, deoxynivalenol 
(DON), zearalenone (ZEN), fumonisins, etc. 

§ Metabolism 

Mycotoxins: background
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§ Different health effects

● E.g., cancer, immune system

● Multiple target organs (e.g., kidney, liver)

§ Safety concern! Human and animal health 

● Direct or indirect exposure 

● Regulated for feed (AFB1)

Mycotoxins: background
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§ AFB1 metabolism: mainly by cytochrome P450 (CYP450) enzymes 

§ Metabolites have different properties

● AFB1-8,9-epoxide: 
DNA adducts

Metabolism AFB1

4
Figure: Rushing & Selim (2019) Food and chemical 
toxicology, 124, 81-100.



Substrate 

Insects

Insects

Insects

Insects

Insect rearing Frass 

§ Alternative, more sustainable protein source 

§ Circularity  residual streams 

§ Safe-by-design approach 

What happens if insects are reared on mycotoxin-contaminated 
substrate? 

Insects as food or feed
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 Effect on larval weight and survival 
 Mass balance

Experimental approach: fate studies
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§ AFB1  Hermetia illucens (BSF larvae), Tenebrio molitor (YMW) 
(Bosch et al., 2017)

§ AFB1, DON, OTA, ZEN  BSF larvae, Alphitobius diaperinus (LMW) 
(Camenzuli et al., 2018)

No effect on survival and larval weight 

Little transfer to the larvae themselves

Incomplete mass balances AFB1 for both insect species
(parent compound + several metabolites)

Insects reared on mycotoxin-contaminated 
substrates 
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Unknown metabolites? 
Bosch et al., (2017) Toxins, 9(6), 185.
Camenzuli et al., (2018) Toxins, 10(2), 91.



§ AFB1  LMW (Meijer et al., 2022)

● High resolution mass spectrometry (HRMS)

● Search for other (secondary) metabolites 

§ Isotope labelled AFB1  BSF larvae (Niermans et al., in preparation)

● HRMS analyses 

● Search for other (secondary) metabolites 

Unknown metabolites?

8Meijer et al., (2022) Insects, 13(4), 357.

Still incomplete mass 
balances Toxicity? 

30-60%



§ AFB1 (0.2 mg/kg and 0.02 mg/kg)  LMW

● Survival and yield

● Mass balances

● In vitro genotoxicity assays 
with insect extracts 

Current ongoing research
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§ In vitro test using bacterial strains, mutagenic potential 

§ With and without enzymatic activation (relevant for AFB1)

§ Preliminary results:

● LMW extracts are not positive in
the (mini)Ames assay

(mini)Ames assay
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Image: Wikipedia

Concentration/dose 
matters!



Metabolism 

§ LMW and BSF: S9 fractions 

● Different time points during larval growth

§ CYP characterization of the S9 fractions

● Interspecies differences 

● Highest metabolic activity?

§ AFB1 incubations to gain more insight
in metabolism 

Current ongoing research
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Desethylamodiaquine (CYP2C8)
Hydroxy-melatonine (CYP1A2)
Dextrorphan (CYP2D6)
Hydroxy coumarin (CYP2A6)
Hydroxybupropion (CYP2B6)
5-hydroxy omeprazole (CYP2C19)
Hydroxy tolbutamide (CYP2C9)
Omeprazole sulfone (CYP3A4)
Hydroxymidazolam (CYP3A4)
6-beta-hydroxy testosterone 
(CYP3A4)
Hydroxy chlorzoxazone (CYP2E1)



§ No effects on insect survival and growth  other health effects? 

§ No bioaccumulation in insects 

§ Incomplete mass balances
for some mycotoxins (AFB1)

§ Toxicological properties of unknowns 

§ Metabolism by insects

Take home messages
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Thank you for your 
attention!

Questions? 

Contact: 
katja.vandongen@wur.nl

Wageningen Food Safety Research
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