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Quality and Authentication of Products Unit— CRA-W
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The waves at our services

We are using light to understand what we
observe

Colors = changes in the composition or
texture of the object
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Spectroscopy devices at CRA-W

1979

NIR benchtop, on-line,
microscope




TREND = « lab to the sample approach » = the data travel instead of the samples !

Laboratory & Off-line — spot & laboratory analysis
Off-li AR — Sample .
illézl:s]?zmm -+ Bactte fQEdbaCk in hours to days
|
__ ,:,3 At-line — spot & on-site analysis
 Indine i feedback in minutes
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On-line — reqular interval & automatic analysis
feedback in minutes to seconds

In-line — continuous & automatic analysis
instaneous feedback
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Network of spectrometers : the example of the REQUASUD network

A network analysis and advices for the Walloon agriculture sector PR

1

requasud

PESEEL O SOOnIIoiE: veadons

«» Created in 1989

+ 9 laboratories in Wallonia
+ 1 in Luxembourg

¢ 11 spectrometers connected to CRA-W
(= master)

1SO 17025 &
1SO 17043

¢ Each spectrometer is standardized every

Reagent

+ Interlaborator I ..

gﬁ Wallonie
CRAW

¢ Several parameters/criteria for different
matrices




Network of spectrometers : other strategies !
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We need a global approach to enhance the quality and safety of our food production chain

The Food Production Chain

d At fields, meadows,
farms, orchards &
greenhouses level

d At processing and
transforming plants level

Distribution

1 Atdistribution and retail
facilities level

d At consumer level

In addition to the official

control
%ﬁ Wallonie
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We need a global approach to enhance the quality and safety of our food production chain

The Food Production Chain

d At fields, meadows,
farms, orchards &
greenhouses level

Distribution
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At fields, meadows, farms, orchard & greenhouses level : evaluation of fusarium blight infection
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RGB image NIR-HSI Predicted image

Vincke et al. (2023). Near infrared hyperspectral imaging method to
s e e e et et assess Fusarium Head Blight infection on winter wheat ears

(b) FHB-infected . Pixel dicted as FHB-infected in red, pixel dicted - -
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At fields, meadows, farms, orchard & greenhouses level : evaluation of fusarium blight infection

NIR HSI estimated FHB severity (%]

0 7 1421 33 50 66 79 90 100
Observed FHB severity [%] (visual scoring)

Figure 5-6: Boxplot of the PLS-DA estimated FHB severity of each ear against ifs L
corresponding value for the visual scoring of FHB severity.

In the lab

-y

Figure 6-9: Prediction result for the image of plot 14 acquired on June 28th.

In the field && Wallonie




At fields, meadows, farms, orchard & greenhouses level : evaluation of forage at farm level

Transition of dairy farming toward a
PRECISION

LESTOCH better efficient use of fodder resources
FARMING

t°® and humidity influences
Sampling issues !!!

ln the farm

Fernandez et al. (2022). Performance of three handheld NIR spectrometers for predicting grass silage 4 Wallorie
quality. Biotechnology, Agronomy, Society and Environment, 26 (Special Issue), pp. 1-10. ey SSherche



We need a global approach to enhance the quality and safety of our food production chain

The Food Production Chain

d At processing and
transforming plants level

Distribution
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At processing and transforming plants level : analysis a the ports of entry

Detection of adulteration at industrial level

shaping tomorrow’s nutrition

Gy é -~ 7
dﬁ Fernandez et al. (2015). NIR fingerprint screening for early control of non- %ﬁmhe

conformity at feed mills. Food Chemistry, 189, art. no. 16461, pp. 2-12. PAcrAW




At processing and transforming plants level : analysis a the ports of entry
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At processing and transforming plants level : analysis a the ports of entry

» LOD <<< 500 ppm

Acquisition Sefup

- Linear Velocity . Scan Count .| Frame Rate . Acquisition
B — > Several analysis by kernel or by ergot
' - ' I™ Retun to home postion ~ GGo Home
r—— Wheat body
Rvegpe— kernels > Fast = 30-40 kg / hour = LOD 1 ppm

R et Seth e smssss exa (Ref method = several days)
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Ergot

Bodies
o
| =
B cosse Prediction counts:

R The number of pixels counted for
RUSCRES each class of the model is also

L - O - | provided.

Analytical parameters used and on-line
prediction results of the PLSDA (Partial Least
Squares Discriminant Analysis) model

Ergot detection in wheat by NIR imaging 5 rearerhe -



At processing and transforming plants level : analysis a the ports of entry
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Fig. 2. Three examples of the application of each of the equations of the classification tree nodes. Each example includes the original image and the prediction images. Pcels are
coloured as follows: detected as cereal are indicated in blue, detected as animal contaminant in red, detected as botanical impurities in yellow, detected as cellulose waste in
green and detected as other contaminant in pink. (For interpretation of the references to colour in this figure legend, the reader is referred to the web version of this article.)
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NIR Imaging — multi-detection of contaminants/impurities ey (Scherc




At processing and transforming plants level : analysis a the ports of entry

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

High Resolutions
Near Infrared Spectra
900 to 1’700 nm

Machine Learning Algorithms

Digital Quality Reports

Batch segmentation

Single Kernel Positioning
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b | Individual kernel sorting
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High Speed Transport

The patented QSorter® technology*,
which has been designed by using
advanced mechatronics, automation and
machine learning algorithms, allows to

s L [ \ 30 to 3’000 kernels per second

P
i i Accurate Pneumatic Sorting
P

measure and sort consistently and
non-destructively by the physical and
biochemical quality of each individual
grain at a very high-speed (Yes, each
single grain or seed!).

2D/3D Imaging
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At processing and transforming plants level : analysis a the ports of entry
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We need a global approach to enhance the quality and safety of our food production chain

The Food Production Chain

Distribution

1 Atdistribution and retail
facilities level
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At distribution and retail facilities level : the challenge of the detection of mislabeling and fraud

Reduced survey (2023) of pepers
sold in Belgium

Untarget approach
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Vermeulen et al. (2017). Authentication and Traceability of
Agricultural and Food Products Using Vibrational Spectroscopy
In: Food Traceability and Authenticity: Analytical Techniques,
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We need a global approach to enhance the quality and safety of our food production chain

The Food Production Chain

Distribution

d At consumer level
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At consumer level : protection of the consumer
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Comparison of Spectroscopic Techniques 80 ' : - & ] >
Combined with Chemometrics for Cocaine v- 3 s
Powder Analysis
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Abstract S0

Spectroscopic techniques combined with chemometrics are a promising tool for analysis of seized
drug powders. In this study, the performance of three spectroscopic techniques [Mid-InfraRed
(MIR), Raman and Near-InfraRed {NIR)] was compared. In total, 364 seized powders were ana-
lyzed and consisted of 276 cocaine powders (with concentrations ranging from 4 to 939 w) and
88 powders without cocaime. A classification model (using Support Vector Machines [SVM)] dis- 40
criminant analysis) and a guantification model (using SVM regression) were constructed with each
spectral dataset in order to discriminate cocaine powders from other powders and quantify cocaine
in powders classified as cocaing positive. The performances of the models were compared with =
gas chromatography coupled with mass spectrometry (GC-MS) and gas chromatography with

flame-ionization detection (GC-FID). Different evaluation criteria were used: number of false neg-

atives (FNs|, number of false positives (FPs), accuracy, root mean square error of cross-validation 30

[RMSECV] and determination coefficients (R?). Ten colored powders were excluded from the classi-
fication data set due to fluorescence background observed in Raman spectra. For the classification,
the best accuracy (99.7%) was obtained with MIR spectra. With Raman and MIR spectra, the accu-
racy was 99.5% and 98.9%, respectively. For the guantification, the best results were obtained
with MIR spectra. The cocaine content was determined with a RMSECY of 3.79% and a R? of 0.97. 20
e o T e e o T e e ot 12345678 91011121314 151617 1519 20 2122 23 24 25 26 2728 29 3031 32 33 34 35 3637 38 30,40 41 4243 44 45,46 47 4849 50 5152 53 5435 56 57
niques can be applied for both classification and quantification of cocaine, but some differences
in performance were detected. The best classification was obtained with MIR spectra. For quan-
tification, however, the RMSECY of MIR and Raman was twice as high in comparison with MIR.
Spectroscopic technigues combined with chemometrics can reduce the workload for confirmation Figure 9. Replicate MIR analyses of 57 cocaine street samples {4 measurements/day per sample). LEGEND: Red stripes: two consecutive measurements of the

analysis (e.g., chromatagraphy based) and therefore save time and resources. same powder on the ATR crystal, black points: measurements after placing new powder of the same sample on the ATR crystal.

Cocaine predictions (W) with SYMR

£
||

llee

Sample number

@ Thee Author(s) 220 Published by Oxford Usiversity Press on befalf of The Internasienal Association of Faressic Texicalogists, Inc. All rights eserved.
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Take home message !

L Three-tiers spectroscopic approach for the
integrity of the food chain

O Step 1: Screening at production
(plant/field/industry), transformation and

retails levels
(NIRS on-line & handheld; Raman)

O Step 2 : Checking at the laboratory level
(NIRS laboratory; NIR HSI)

O Step 3 : Confirmation at the laboratory level
(MIR & Raman laboratory; NIR HSI)

Production,
transformation
& retails
screening

Laboratory

confirmation

The Cerberus approach for the
protection of the food chain!




Vibrational
Spectroscopy and
Chemometric

(LR

Merci !
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