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La révolution NIRS dans l'agriculture et l'agro-alimentaire 

n’a pas fini de nous émerveiller

----

Quand Heliospir m’inspire !!
Vincent Baeten

v.baeten@cra.wallonie.be

Quality and Authentication of Products Unit

Knowledge and valorization of agricultural products Department
Walloon Agricultural Research Centre – CRA-W

Gembloux, Belgium
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Spectrometry

 Spectrometry instead of 
Spectroscopy

 Decades of data … something
change?

 What about technology?
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« Gaston Lagaffe » study
 Daily work analysis of 146 samples of wheat cereals (2021)

 Parameter : minutes of analysis (from 0 to 371 minutes)

 XDS instrument – quarter cup

 ISO17025 protocol

Spectrometry : is all under control?
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Decades of data … something change?
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45 years of spectroscopy instrumentations - what’s new?
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Qsorter – kernel sorting (installed at CRA-W in 2022 – VALCERWAL project)

(Contacts : Bruno Godin, 
b.godin@cra.wallonie.be & Pierre-Yves 
Werrie, p.werrie@cra.wallonie.be )

Instrumentations - what’s new?

mailto:b.godin@cra.wallonie.be
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Chemistry

 Still the basics!

 NIR is a Green analytical technology

 We are doing a good job

 Is NIR always the best?
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Our own experience and observation !
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Reagent/chemical Reference values NIR values
Reagent  

(95 % reduction)
Time / sample / 

technician
4 hours 5 minutes

Samples / day/ 
technician

5-10 100

ISO 17025 &
ISO 17043

Our own experience and observation !

(Source: Armenta et al. Chapter 1 - Green 
Analytical Chemistry: concepts, evolution, and 
recent developments, Editor(s): Emanuela
Gionfriddo, Green Approaches for Chemical 
Analysis, Elsevier, 2023, pp. 1-37)
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Classical regression models help in adulteration detection

Abbas et al. (2013) Detection of melamine in feed ingredients by near 
infrared spectroscopy and chemometrics. Journal of Near Infrared 
Spectroscopy, 21(3), 183-194.

Ref. Values (Kjeldahl, Dumas)

Predicted Values (NIRS)

Our own experience and observation !
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Our own experience and observation ! • natural, illicit drug
• stimulant
• high prevalence: Belgium ‘the cocaine capital of Europe’war on drugs
• pure or mixed with cutting agents a highly variable matrix

SVM classification
TECHNIQUES MIR Raman NIR

accuracy 99.8% (1 FN) 99.6% (2 FN) 97.7% (4 FP)

SVM quantification
TECHNIQUES

CROSS-VALIDATION

RMSECV R2cv bias

MIR 6.76 0.90 0.30

Raman 6.79 0.90 0.66

NIR 3.79 0.97 -0.26

NIR most precise (intra-day SD 0.2 and interday SD 3.2)
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To use HSI to make the impossible alive : 
new perspectives !!!

Eylenbosch et al. (2018). Quantification of
leghaemoglobin content in pea nodules based on near
infrared hyperspectral imaging spectroscopy and
chemometrics. J. Spectral Imaging, 7(a9), pp.1–10.

Our own experience and observation !
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Sampling

 Non-destructive spectral sensors are (for 
the time being) the best to address
sampling issues.

 We must change the way we approach 
the quality and safety of the food chain -
paradigm shift.

 Can be NIR better than reference method
in protein content determination?
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2010 Safeed-pap book : conclusions of the project
Thank you Matthew Collins
BioARCh – Uni. Of York

Cross fecundation … pivotal in science!
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Cross fecundation … pivotal in science!

NIR is the best !
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STEP 1
Loading of 5 

tons of 
soybean 

meal

STEP 2
Loading of 5 

tons of 
soybean meal 

+
“Massive” 

adulteration

STEP 3
Loading of 5 

tons of  
soybean 

meal

STEP 4
Loading of 5 

tons of soybean 
meal 

+
“Smooth” 

adulteration 

STEP 5
Loading the 
remaining
part of the 

soybean
meal

Detection of adulteration at industrial level

How to address better sampling issue?  generalize the use of NIR

Fernández et al. (2015). NIR fingerprint screening for early control of non-
conformity at feed mills. Food Chemistry, 189, art. no. 16461, pp. 2-12.
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How to address better sampling issue?  generalize the use of NIR
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Knowledge

 Artificial intelligence could lead us to 
approach our handling of spectra in a 
different way

 Are NIR spectra just 2D graphs?

 Can GPT-4 do my job?
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Artificial Intelligence – and so what?
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“This is not a pipe” (René Magritte, 1929)

Artificial Intelligence
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« The complexicity of NIR data »

“Ceci n’est pas un spectre” (Vincent, 2024)
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Essor of Generative AI Are they good at my job? 

Crédit: Wikipédia

Crédit: Wikipédia

Crédit: codium.aiCrédit: Wikipédia

Crédit: L’usine digitale

Crédit: Wikipédia

Crédit: Wikipédia

Crédit: Wikipédia

Crédit: Wikipédia
Crédit: Deep 

Dream
Generator

Crédit: Zapier

Challenge 2024 of 
Pierre Dardenne & CRA-W

Can GPT-4 do my job?
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• Challenge guidelines
• Calibration set (19 036 samples)
• Validation sets (226 and 229 samples)

• Methodology proposed:

1. Data exploration and Preprocessing (check structure, NA, outliers
TOC + spectra, normalize or standardize spectra)

2. Spectral Preprocessing (Savitzky-Golay, MSC, SNV)

3. Feature Selection or Extraction (PCA or PLS to reduce
dimensionality)

4. Model Development (PLS, SVR, RF regression) 

5. Model Validation and Optimization (on new dataset with RMSE/R²)

6. Prediction and Evaluation (Apply final model on validation set)

7. Documentation and Justification

• Data too heavy:

Can GPT-4 do my job?
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• RPD = 1,13                      RMSECV = 4.12% RMSEP participants (2,26% to 1,63%)  <

• All the steps at once = too much New prompt =  

• Steps carried out. Plots generated. Model  = PLS.

Can GPT-4 do my job?
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What next ? In 2044?

 Heliospir in Belgium?



26Merci !
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