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Innovative protein source?
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BSF enriched in essential fatty acids (St-Hilaire et al., 2007)

BSF larvae fed 

• CTR manure only

• 10% fish offal, 90% cow manure 

• 25% fish offal, 75% cow manure, 

• And 50% fish offal,  50% cow manure 
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BSF enriched in essential fatty acids (St-Hilaire et al., 2007)



Rainbow trout fed enriched BSF (St-Hilaire et al., 2007)
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SUBSTRATES

INSECT BIOMASS

Pinotti L, and Ottoboni M.

Journal of Insects as Food and Feed, 2021; 7(5): 585-596 

Insects potential



Bio-accumulation potential: pros/cons 

Control (mg kg–1) HM (mg kg–1)

Chrome 0.064 ± 0.01 3.4 ± 0.5

Nickel 0.048 ± 0.007 4.2 ± 0.6

Arsenic < LOQ of 0.024 2.8 ± 0.4

Cadmium 0.048 ± 0.007 13.7 ± 2.1

Mercury < LOQ of 0.012 0.1 ± 0.03

Lead 0.032 ± 0.005 35.6 ± 5.3

Significant bioaccumulation of Cd 
and Pb was observed in the larvae.

Purschke et al., 2017; Pinotti & Ottoboni, 2021 

Bio-accumulation Factors:
Cadmium: >9 
Lead: > 2 

Can we reverse this feature for fortifying insect biomass with important 
nutrients/trace-elements 



Methods of improving Se intake 

❑ Selenium enriched fertilizers

❑ Dietary supplements

❑ Enrichment of animals diets

➢ Selenium supplements primarily in two forms

• Inorganic forms (Sodium Selenite [Na2SeO3] or selenate [Na2SeO4])  (SS)

• Organic forms (selenoyeasts [SY] – SeMet)



Se supplementation in animal nutrition



i) the nutritional composition of the deriving prepupae

ii) the evaluation of selenium bioaccumulation capacity of Hermetia illucens
in order to create fortified insect flours for specific feed purposes and

iii) ii) the investigation of selenium speciation applying an ICP-MS/HPLC-
ICMS method to evaluate selenium species present in insect meals.



Material and methods

Gainesville diet (Hogsette, 1992) 



EPA concentration and retention in BSF

The concentration of eicosapentaenoic acid EPA in the black soldier fly larvae increased with increased 

concentrations of EPA in the feeding media, but the retention of EPA decreased dramatically with inclusion of 

more than 50% brown algae (BA) in the feedingmedia (Liland et al., 2017)



Material and methods



Material and methods

REARING CONDITION DETAILS

• 300 BSF larvae per experimental unit

• Feeding regime:  190mg fresh material per larvae every 2 days, until they 
reached the 4th instar. 

• At 4th instar, uneaten feeding media was removed and replaced as 
described above until larvae reached the 6th instar

• Each treatment was tested in three experimental units 



Materials and methods

ANALYSIS AND DATA RECORDED

• Deriving prepupae were analyzed for 

–Proximate analysis of rearing substrate and deriving prepupae 

–Total insect biomass produced

–Fatty acid composition 

–Selenium concentrations and selenium species.

–Total Se in the soluble alkaline extract for inorganic selenium and soluble 
protease and soluble chitinase extracts for organic selenium



Selenium determinations



Results and discussion
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Results and discussion
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Take home message

• Seaweeds and selenium are able to affect BSF larvae composition in term of
fatty acid profile.

• All, seaweed and selenium prepupae contained a high level of saturated
fatty acids.

• However, further investigation are required for optimizing BSF meal
production for specific feed or food purposes



Total Selenium in BSF
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Selenium speciation
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How are tissues organized in insects?

CHITIN FRACTION



Before going further a brief focus on cuticle



Distribution of selenium in BSF tissues
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Conclusions

• BSF larvae reared on specific/selected rearing substrates are able to convert
inorganic Se to organic Se

• Seaweed and sodium selenite inclusion affect the BSF prepupae total Se and
selenium species.

• Up to 60% of selenium can be accumulate in organic form in BSF tissue

• However, further investigation are required for optimizing BSF meal
production for specific feed or food purposes



Se yeast or L Se-met Vs Se enriched BSF

• 300-400 mg Selemax 1000, or 150-200 mg Selemax 2000 apporting 0.1 
and 0.2 mg Se/kg. 

• L-selenomethionine; 0.5 mg Se/kg via a formulated additive (1300 mg 
Se/kg).

• Sel-Plex® apporting 2000-2400 mg Se/kg (97-99 % of organic selenium). 
Max 0.2mg selenium

• Selenium BSF 1.2 mg kg/kg Se (>60% oganic Se)

–Replacing 25-50 % of fish meal in fish diet → 0.2-0.4 mg/kg Se in feed       



Thanks for your attention

matteo.ottoboni@unimi.it


