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

n’a pas fini de nous émerveiller

Quand Heliospir m’inspire !!
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H - - O Spectrometry instead of
o N\ Spectroscopy
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Tk ' O Decades of data ... something

change?
Spectrometry :I

O What about technology?
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Spectrometry : is all under control?

« Gaston Lagaffe » study

O Daily work analysis of 146 samples of wheat cereals (2021)
1 Parameter : minutes of analysis (from 0 to 371 minutes)
O XDS instrument — quarter cup

O 1S017025 protocol
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Decades of data ... something change?

1.4

Spectra (annual mean) of wheat grain samples analysed
since 1992 to 2023
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45 years of spectroscopy instrumentations - what’s new?

NIR Imaging

wn, Halio Baby NIR NIR benchtop, on-line,
- SPIR 20ans microscope



Instrumentations - what’s new?

Qsorter — kernel sorting (installed at CRA-W in 2022 — VALCERWAL project)

Machine Learning Algorithmes Digital Quality Reports

High Resolutions
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Q1 Still the basics!

O NIR is a Green analytical technology

 We are doing a good job

O Is NIR always the best?
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Our own experience and observation !

FUNCTIONAL GROUPS IN ORGANIC CHEMISTRY

FUNCTIONAL GROUPS ARE GROUPS OF ATOMS IN ORGANIC MOLECULES THAT ARE RESPONSIBLE FOR THE CHARACTERISTIC CHEMICAL REACTIONS OF THOSE MOLECULES.
IN THE GENERAL FORMULAE SHOWN BELOW FOR EACH FUNCTIONAL GROUP, ‘R REPRESENTS THE REST OF THE MOLECULE, AND "X' REPRESENTS ANY HALOGEN ATOM.
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Ol and Fat Classification by Selected Bands of

Near-Infrared Spectroscopy

HHHWIHN’T. VINCENT BAETEN, MARLA T, MOBRALES, MARC MEURENS,

and A APARICHY*
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Our own experience and observation !

Reagent

Time / sample /
technician

Samples / day/
technician

1SO 17025 &
ISO 17043

(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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Our own experience and observation !

~ 120 - (a) t
E— an HRef. Values{(Kjeldahl, Dumas)
&80 n
‘§ 2 8§ v o~ tredicted lues (NIRS)
Q
°
6: 0 1 I I 1 1 1
0 1 2 3 4 5 6

Total of additives (%)

¢ Selected region MFull spectrum ODumas AKjedahl

Classical re ion models help in adulteration detection

i, Halio Abbas et al. (2013) Detection of melamine in feed ingredients by near )
S P I 20 an: infrared spectroscopy and chemometrics. Journal of Near Infrared - v i 8
o provimi Spectroscopy, 21(3), 183-194. B CRAW




Our own experience and observation ! _
e natural, illicit drug

e stimulant
* high prevalence: Belgium ‘the cocaine capital of Europe’war on drugs

Sourral of Anaytiesl Texleology, 2020,44:851-850
dioi 101093 ar/bkcaa 100
Special lssue

e pure or mixed with cutting agents a highly variable matrix

Special Issue

Comparison of Spectroscopic Techniques
Combined with Chemometrics for Cocaine
Powder Analysis

Joy Eliaerts':", Natalie Meert', Pierre Dardenne?, Vincent Baeten?,
Juan-Antonio Femandez Pierna?, Filip Van Durme’, Karolien De Wael®
and Nele Samyn’

SVM classification

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

SVM quantification

CROSS-VALIDATION

TECHNIQUES

6.76 0.90

0.30

6.79 0.90 0.66

3.79 0.97 -0.26 P
NIR most precise (intra-day SD 0.2 and interday SD 3.2) Ecraw




Our own experience and observation ! 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.

# LIEGE université
Gembloux
Agro-Bio Tech




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

L 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?




Cross fecundation ... pivotal in science!

Safeed-pap book : conclusions of the project

f == Thank you Matthew Collins
L BioARCh — Uni. Of York
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Cross fecundation ... pivotal in science!

NIR is the best !

Collagen
(COL+)

Collagen classes: mean spectra
T T

Collagen

—— Collagen

—— No Collagen 7
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No collagen (COL-)

Talanta 135 (I014] W1-18

Contents hs=ts available at Soercelhrecs

Talanta

=Y 1 journal homepage: www.elsevier.comdlocate/talanta

Analysis of collagen preservation in bones recovered in archaeological (!)m,,,,,k
contexts using NIR Hyperspectral Imaging

C} 20 a n C Damien Vincke ®, Rebecca Miller®, Edith Stassart ®, Marcel Otte ¥, Fierre Dardenne #,
S P I R e Matthewy Collins *, Keith wilkinson *, John Stewart®, Vincent Bagten ™,

Juan Antonio Ferndndez Pierna™*




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

Detection of adulteration at industrial level

Fernandez et al. (2015). NIR fingerprint screening for early control of non- & alonie
conformity at feed mills. Food Chemistry, 189, art. no. 16461, pp. 2-12. g anerche




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

log (1/R)

0 1800 2000
wavelength (nm)

Protein determination
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QO Artificial intelligence could lead us to
approach our handling of spectrain a
different way

1 Are NIR spectra just 2D graphs?

L Can GPT-4 do my job?

“"S?ﬁl'ﬁ 20 ans 4§ valore
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Artificial Intelligence — and so what?

) CHAIRE

L AgroTIC

DEEP LEARNING

ET AGRICULTURE

COMPRENDRE
LE POTENTIEL
ET LES DEFIS A

INTELLIGENCE L'IA, UN VASTE DOMAINE SCIENTIFIQUE

ARTIFICIELLE Notion apparue dés les années 50, lintelligence
artificielle peut-étre définie comme ' « ensemble de
techniques permettant a des machines d’accomplir
destaches etde résoudre des problémes normalement
réservés aux humains et a certains animaux » (1.
Il s’agit donc de techniques qui visent a reproduire,
imiter, simuler Llintelligence, ou en tout cas les
DEEP capacités que l'on peut associer a ce terme : capacité a percevoir
LEARNING son environnement, a interagir avec lui, a communiquer au moyen
(Apprentissage d'un langage, a mettre en ceuvre un raisonnement et a résoudre
profond) des problémes, a planifier des actions afin d'atteindre un but, a
représenter la connaissance, a appliquer cette connaissance au
moment opportun...

4% Wallonie
i recherche
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Artificial Intelligence

“““This is not a pipe” (René Magritte, 1929) “Ceci n’est pas un spectre” (Vincent, 2024)

« The complexicity of NIR data »

55 Viallonie
FAcraw




Can GPT-4 do my job?

a & GitHub Copilot . +. .
, Crédit: Wikipedia 7e m I n I
¥ acodium’ . wipes

Essor of Generative Al ==p  Are they good at my job? =———)p

= OQMetaAl m LA &)
A Crédit: L'usine digitale rédit: Wikipédia

Crédit: Deep - A rédit: Wikipédia
Dream rédit: Wikipédia

Generator Crédit: Wikipédia

Crédit: Zapier

Far the 2024 challenge, only 1 parameter has to be predicted. The calibration data set is a public data
set of 19036 spectra of soil samples collected in whole Europe. The data set is usually called the
LUCAS dataset. o jr r n Hucas- - il-dat ¥ inti

The dried and ground samples were scanned on a near infrared spectrometer from 400 to 2498 nm.

The ¥ parameter to be calibrated is the content of Total Organic Carbon (TOC) expressed in % of

m—  Challenge 2024 of el ried il
M The 2 test sets are soil samples scanned on two other instruments. These 2 instruments are NOT
Pierre Dardenne & CRA-W e e am?

The goal is to predict accurately the Y values [only COT) of the 2 validation sets.

The criterion to classify the results will be the RMSEP of the 2 merged sets.

"'Slf:ﬁlﬁ 20 ans g vleric
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Can GPT-4 do my job?

 Methodology proposed:

1. Data exploration and Preprocessing (check structure, NA, outliers

* Challenge guidelines TOC + spectra, normalize or standardize spectra)

e Calibration set (19 036 samples)
e Validation sets (226 and 229 samples) 2. Spectral Preprocessing (Savitzky-Golay, MSC, SNV)

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

% Instructions for chatgpt.docx

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

| have a complex challenge for you. It was proposed in the framework —
of the conference "Chemometrics” which took place in 2024 in France.
' want you to try to get the best results for this challenge. Pay 5. Model Validation and Optimization (on new dataset with RMSE/R?)
attention to the details and use a complete methodology. Here are
the guidelines for the challenge. Once you have read them, | will send
you the data. 6. Prediction and Evaluation (Apply final model on validation set)
7. Documentation and Justification V

WAL CRA SET 1

WAL CRA SET 2

LUICAS SOIL Carr Desc e Datatooh SEVAYH |'m currently unable to directly manipulate

the data due to technical issues

LLWCAS S0 Cosir Spc

LUCAS SOIL Y OC




Can GPT-4 do my job?

Write the methodology then proceed one step at a time (ask me if

* Allthe steps at once = too much ======% New prompt = SN

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

Random Sample Spectral Curves

La — 507 Distribution of Total Organic Carbon (COT)
e "1'3 160 -
1.2 : J-:_];,: 140 )
1.0 -
% _ 100t /-‘\K
- (=14] \
" 4] 5 1IIZI 15 Zlﬂ 3
Wavelength (nm) Tatal Organic Carbon (%)
« RPD=1,13 RMSECV =4.12% < RMSEP participants (2,26% to 1,63%)
e HéliC} ; .
20 an: &6 Walorie
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Vibrational
Spectroscopy and
Chemometric
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