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Insect-microbe-substrate interactions

Environmental factors

(temperature, larval density, humidity,...) :
Horizontal transfer
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Relevant foodborne pathogens in insect rearing

Literature study: microbiological safety evaluation

*  Substrate ingredients

. Insects as food and feed

Most relevant pathogens:

Pathogen

Salmonella spp.
Staphylococcus aureus
Bacillus cereus s.I.

Clostridium perfringens
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Most relevant insect species:

Insect

Mealworm
Black soldier fly larva (BSFL)

House cricket/Grasshopper




Insect

Pathogen

Salmonella spp.

Staphylococcus aureus

. House cricket
Mealworm Black soldier fly larva

Grasshopper

Experiments “Horizontal transfer of food pathogens from

Bacillus cereus s.l.

Clostridium perfringens
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Risks related to the presence of Salmonella sp. during rearing of mealworms
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Experimental set-up

Conditioned substrate

~

L~

+ Pathogen (2 inoculation levels)

+ |Insects

Insects

Controls

E.g. BSFL
7-10 days old



Experimental set-up (2)

Residue
(Substrate, exuviae and faeces)

Substrate
replenishment

every 2 days X

Analyses: Total viable count
Pathogen count
Insect growth

6-7 days

- days 0/1, 2/3 and 6/7

v

Insects

Suitable rearing conditions
(E.g. BSFL: 28 °C, 65% RH)




Challenges and insights through experiments

* Background microbiota

*  Selective agar plates are not always selective enough

=>» Use of antibiotic-resistant pathogen strain
Figure: RAPID’Salmonella agar without (left) and with (right)
. . . kanamycin. High numbers of background microbiota (blue
° Salmone”a Typh|mur|um KANR; Salmone”a Infantls KANR colonies) impede correct Salmonella (purple colonies) counting.
By adding an antibiotic, inoculated antibiotic-resistant

Salmonella cells can easily be counted.

»  Staphylococcus aureus KANR

« Contamination of controls can occur < Airborne pathogen

e Separated incubation per test group

*  Proper disinfection!




Experiment details

. Substrate Wheat bran
Results: Salmonella x mealworm
Pathogen strains S. Infantis + S. Typhimurium + S. Enteritidis
Incubation Not separated, 7 days, 28 °C, 65% RH

Number of samples testing positive for Salmonella sp.

Target Salmonellasp. Number of Salmonella sp. positive samples per batch (6 replicates each)

Sample contamination level in Day 1 Day 7
substrate (log cfu/g) Batch1l Batch2 Batch3 Batch1l Batch2 Batch3

Substrate Sl ()
without larvae i =
Substrate with Comiral 12 >
larvae 4 =
Larvae, not Control (0)
disinfected 2 >

4 |

= Salmonella sp. appears to be reduced in the presence of mealworms
= Lowest contamination level - larvae negative for Salmonella sp. after 7 days

BUT: only for the circumstances investigated!



Experiment details

Substrate Chicken feed

Results: Salmonella x BSFL

Pathogen strains S. Infantis KANR + S. Typhimurium KANR

Incubation Separated, 6 days, 28 °C, 65% RH

Target Salmonella sp. Number of Salmonella sp. positive samples per batch (2 replicates each)

Sample contamination level in Day 0 Day 6
substrate (log cfu/g) Batch1l Batch2 Batch3 Batch1l Batch2 batch3
Substrate Control (0)
without larvae 3 =
Substrate with Control (0)
larvae 3 =
Larvae, Control (0)
disinfected 3 <

= No reducing effect on Salmonella sp. is observed after 6 days
=>» Similar observations for higher contamination levels (data not shown)

BUT: only for the circumstances investigated!



Experiment details

. Substrate Chicken feed
Results: S. aureus x BSFL
Pathogen strains S. aureus KANR
Incubation Separated, 6 days, 27 °C, 60% RH

L Number of S. aureus positive samples
Target S. aureus contamination P P

Sample . (6 replicates each)
level in substrate (log cfu/g) Day 0 Day 6
Substrate without gontrol = >
larvae 2 =
Control (0) But:
Substrate with larvae 3 > > «  Higher suppression at
day 2 (data not shown)
. )
Control (0) Lower detection limit!
Larvae, disinfected 3 p—
7 ]

= High suppression of S. aureus in presence of BSFL
= No S. aureus detected in the larvae after 6 days

BUT: only for the circumstances investigated! 10



Conclusions

« Salmonella x mealworm

« Salmonella x BSFL
=>» Horizontal transfer to BSFL

= No effect of BSFL on Salmonella presence in substrate

e S. aureus x BSFL

Horizontal transfer of food pathogens from substrate to insects during rearing highly depends on circumstances:

Pathogen (species and contamination level) —insect species — rearing conditions — ...
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