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DESigningDESigning thethe InsectInsect bioRefinerybioRefinery to to contributecontribute to a more to a more 
sustainABLEsustainABLE agroagro --foodfood industryindustry
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Analyses 

de Cycles de Vie évaluation sociétale

Vers une filiVers une fili èère industriellere industrielle



Insect rearingInsect rearing Ingredients & 

flours

Ingredients & 

flours
Animal feedAnimal feedTransformation

Task 1
Task 2

Task 3

Task 4

Optimal conditions 

for T. molitor

rearing in the lab & 

pilot scales

-Screening process pathways

- Optimization of process

Life cycle analysis

insect-based formulas will be 

tested on fish and poultry

Vers une filiVers une fili èère industriellere industrielle



Composition de la larve de tComposition de la larve de téénnéébrionbrion

(ver de la farine)

Sources: Aguilar-Miranda, 2002 ; Leyuan Li, 2012 ; A.E.Ghaly, 2009, *Ramos-Elorduy, 1989  
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LARVAE MEAL

LARVAE

oil



*d’après Veldkam T et al, 2012
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Protein and fat contents of mealworm meal compared to 
fish meal and (defatted) soybean meal*

349-56Soybean meal
(defatted) *

11-1761-77Fishmeal *

1212--15156666--7272Mealworm meal

Lipid content 
(% dry matter basis)

Protein content 
(% dry matter basis)

Protein source
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*
Aniebo A O, Erondu E S and Owen O J (2008)

7

Essential Essential aminoamino acidsacids in in mealwormmealworm mealmeal
comparedcompared to to fishfish andand soya soya meals meals (% (% dry dry mattermatter basis)basis)
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Caractérisation des fractions obtenues

Physico-properties of soluble proteins from larvae and larvae meal

- Molecular weight 

- Solubility

- Surface charge

- Surface hydrophobicity

Larvae Larvae meal

Larvae Soluble proteins                      Larvae meal

Alkaline extraction 

Alkaline extraction of soluble proteins from larvae and larvae meal



Larvae Larvae meal

- Same range of molecular weights (< 100 kDa) 

- Different proteins (similar to Yi et al, 2013) 

Molecular weight determination of soluble proteins by electrophoresis

Larvae Larvae meal



Solubility of soluble proteins from larvae and larvae meal in water at 25 °C 



Surface charge of soluble proteins from larvae and larvae meal 



Surface hydrophobicity of soluble proteins from larvae and larvae meal 

by fluorescence with ANS (25 °C, pH 7)

Hydrophobic region

Hydrophilic region

�Orientation at interfaces

(mix immiscible liquids)



Conclusion

- Nutritional properties (EAA acids) > fish and soya meal used in animal feed

- Different proteins with same range of molecular weights (< 100 kDa)

- Solubility, surface hydrophobicity, surface tension for larvae > larvae meal

- Assessment of digestibility on fish, chicken

- Assessment of foaming and emulsifying properties and difference

between proteins from larvae and larvae meal 

Desirable project case:

- Process designed at the pilote scale

�Production of insect meal rich in proteins (70% proteins)

�Production of insect oil for feed, food or other applications

Conclusions

Study in progress for better knowledge

�Assessment of life cycle analysis

…Isolation and characterization of insect proteins, feed formulation, study on other insects…

- Insect biorefinery is designing through different projects and research


