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Food security Environment

80% of global arable land is 
dedicated to livestock

98% of water used in farming 
is due to irrigation of feed 

crops

71% of South American 
rainforest conversion for 

farming  loss of 
biodiversity

High GHG emissions linked to 
fertilization, pesticides and 

transport

Almost 30% of fisheries are 
overexploited 

80% of feed protein is 
imported from outside EU

GMO-feeds social concern



Protein Feed Source of the future



INSECTS ARE A COMMON 
INGREDIENT IN THE DIET OF 

MONOGASTRIC ANIMALS



ü Usually looks for a specific known component through homogenisation of the  tissue. 

ü Information about the spatial origin and distribution of the component of interest is lost.

ü Rely heavily on the use of harsh chemicals altering the native feed structures and possibly generating artifacts. 

ü Require reasonable amounts of feed material. 

ü Time consuming, expensive and prone to errors within and between laboratories.

Ø  Studying the secondary structure of proteins leads to an understanding of the components that make up a 

whole protein.

Ø Often vital to understanding its digestive behaviour, nutritive quality, utilisation and availability in animals.

Traditional ‘wet’ analytical chemistry





Objectives of the study 

Assess the potential of FTIR to reveal the nutrient molecular profile 
of four insect species (allowed to include in animal feed)

Explore the chemical profile and digestibility of those insect species

Study the relationship between the molecular structure and the 
nutritive value of those insect species  



Experimental Design
3 batches of 4 insect species live

sieved-remove frass and litter 

fasted for 12h at room temperature

Washed and freeze-dried

Milled and sieved <1mm

Stored -200C

Chemical profile In vitro DM Digestibility
Nutrient molecular structure

Field Crickets

Banded Crickets

Mealworm

Black Soldier Fly Larvae



In vitro DM digestibilty

Stomach
••Pepsin: pH 2, 2h, 39∘C

Small 
intestine

••Pancreatin: pH 6.8, 4h, 39∘C

Large 
intestine

••Viscozyme: pH 4.8, 18h, 39∘C

Insect Samples 

Adapted and modified from Boisen and Fernandez 1997



Statistical Analysis 

•  One-way ANOVA was performed for the chemical composition molecular structure and 
digestibility using the statistical package SPSS 25. 

• Significance was declared  at P<0.10

• Correlation between the molecular structure profile and wet chemistry analysis in the 
insect samples were analyzed using Pearson’s correlations

•  The normality test of the residual data was conducted using the Shapiro-Wilk method



 Chemical profile No significant differences for CP, chitin, NDF/ADF, between 
cricket species. MW has a higher CP content compared to 
the rest species (P < 0.0001). 

* P < 0.05
** P < 0.001
*** P < 0.0001



In vitro DM digestibilty MW showed the highest (P<0.05) DMd compared to other 
species. Pancreatin DMd was higher in both cricket species 
compared to MW or BSF.



 Mid-infrared spectra (3600-900 cm-1)



Primary protein structure:
Amide I and Amide II

Secondary protein structure:
α-helix and β-sheet

Amide I band was lower (P < 0.0001) for BSF compared to the other species. Amide region of BSF 
presented an extra peak. 
Pattern of α-helix and β-sheet: FC>BC> MW>BSF (P < 0.0001) 



Correlations between spectra parameters and nutrition profiles

Strong positive correlation (r>0.95; P<0.001) was found between the height of the AmI, αH, βS , AmideA with the 
CP content.
No correlation (P>0.05) was found with the chitin content. 
PancDMd positively correlated (P<0.01) with CP (r=0.91) and NDF (r=0.80), which was reflected in the significant 
correlations found between these chemical constituents and spectral features, especially AmI, αH, βS.



ü Application of FTIR demonstrated the potential to identify nutrient molecular structural differences between 
insect species rapidly.

ü Correlations between chemical constituents and spectral features, revealing the possibility of using FTIR for 
the proximal composition profiling of insect powders.

ü FTIR is a rapid technique to predict the chemical composition and quality of insect powders intended to be 
included in animal feed formulations, as well as to prevent fraud and adulterations. 

ü Further analysis focusing on the effect of the insect’s life stage, species, feed substrate, and rearing 
conditions would maximize the possibilities of ATR-FITR applicability.



Future work: 4-year project starts October 2023

‘Insects for sustainable animal feed: Livestock farming in a climate 
change challenged world’
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