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The context
Quality control and assurance

Ensuring an acceptable level of food/feed quality and safety Is
necessary to provide adequate protection for consumers and to
facilitate trade.

This can be achieved by implementing and monitoring quality
assurance measures along the entire food/feed chain - from the
receipt of the raw materials (primary products and other
Ingredients) to the shipping and marketing of the final products
to the consumers - when it is appropriate and when it is possible.
Everyone involved with food/feed, from the farmer to the
consumer, shares in the responsibilities to keep the food/feed
supply safe by taking the necessary precautions to keep food/feed
protected from hazards that can increase human/animal health risks.
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The context
Industry

‘ In developing countries, the Agrofood/feed

industry is in the process of rapid integration.
Medium and large scale groups are expanding
production capacities

More serious competition!

Food and feed industries need to
distinguish themselves by suppling a
final quality product. For this, quality
control analysis should be performed,
not only in the final product but,
mainly at the entrance of the
production chain when the raw
material reaches the industry.
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The context
Need of rapid methods

Spectroscopy

Multi

Short time parameters
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Quantitive
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screening quantitative
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The context
Vibrational Spectroscopy

Raman and
mid-infrared
spectroscopy

Near infrared
spectroscopy

Hyperspectral
Imaging

Quantitive
. or semi-
Detection - qu ant'\tathe
screening detection
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The aim
NIR analysis & chemometrics procedure
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Procedure
NIR analysis & chemometrics

PLS models
Fat
Protei
rOtein Constituent| N Mean sD SEC RSQ SECV
Protein 8610 46.62 1.93 0.68 0.88 0.68
Fat 5026 1.88 1.59 0.25 0.98 0.25
Soybean meal models from ©provimi
T 2
m 5 F (ZR:]Eunk.R)
_ =n
e= ) (Xorig, — Xpred,) ks m o-m
k=1 EIE]EI‘.::-] cal k

where n is the number of calibration samples, m the number of

wavelengths and e, and e, the spectral residuals for the calibra-
tion set and unknown sample respectively. Haaland & Thomas, 1988
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Procedure
NIR analysis & chemometrics

The Global H (GH) criteria is a modification of the Mahalanobis
distance of each sample from the average spectrum. This distance
takes into account the correlation of the data set.

H? (S~ S) (S —S) ,
GH:T:(S,-—S}( —— )(S,-—S}

where S is the n x f matrix of training samples scores with n the
number of samples and f the number of terms.

7 Suclidean GH value < 3 will guarantee
:' homogeneous spectra
\\ S
\ \
N \ GH value > 3 will guarantee that
I} the spectra are a result of random

/ / Mahalanobis chance and hence are most likely
- to have outliers
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Procedure
NIR analysis & chemometrics

Local Window Principal Component Analysis (LWPCA)

A Chemometrics and Intelligent Laboratory | o
PR Lismaroey

# % Systems e

l'.lf\'l'.\]l'.R Volume 152, 16 March 2016, Pages 157-162 Ll pos

Use of a multivariate moving window PCA for the untargeted
detection of contaminants in agro-food products, as
exemplified by the detection of melamine levels in milk using
vibrational spectroscopy *

J.A. Fernandez Pierna, D. Vincke, V. Baeten, C. Grelet, F. Dehareng, P. Dardenne L
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Procedure
Local discrimination modelling

%..{;3""’ Workflow of LWPCA \

Set up a “clean” set = reference set

-—)-2. For each unknown new spectrum, Select k closest spectra
from the clean set based on correlation

3. Build a PCA model from the selected spectra for each
window along the wavelength range

4. Compute the residuals limits of the PCA models

5. Apply the PCA models to project the unknown new
spectrum

6. Compute the residuals of the projected spectrum

—7. Check if these residuals are within the PCA residual
limits

N /
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Procedure

NIR analysis & chemometrics

Residuals are used to build thresholds to be applied to the
residuals of the samples to be predicted.

H Figure 1
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Study case 1

Feed contamination
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Study case 1

Feed contamination

¢ Contamination by microorganism and animal by-
products (salmonella, animal proteins...)

s Contamination by persistent organic pollutants and toxic
metals (melamine, dioxins, brominated flame retardants...)

¢ Natural toxins in animal feed (mycotoxins, plant toxins...)
s \Veterinary medicinal products in feeds (antibiotics, ...)

¢ Risks from emerging technologies (GM crops, biofuel and
food industry by-products...)
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Study case 1 T nevvf_ood
Feed contamination 3~ Ry TR

Targeted and Untargeted early
detection of contaminants

VntentBaeten Fhlppe\a‘erme ulen, Ju: anAnmno Piema and Pierre Dard:
Walloon Agricultiral Research Centre (CRAW), Belgiurn

Near Infrared Spectroscopy From ta rgeted to

o untargeted detection of
Chemometrics contaminants and foreign

bodies in food and feed

SR— using NIR spectroscopy

- 1 For decades, Near InfraRed Spectrns{upy (NIRS] has heen widely used in the food and feed mdustry in nrdartn
implement rapid, relat”
F ofthe molecular vibrat
= CHEMISTRY function of frequency 1
Food Chemistry but with the introduc

780-2500 nm (12820 -+

Contants lists available at ScienceDirect

journal homepage: www.elsevier.com/locate/foodchem ——

D
L

NIR fingerprint screening for early control of non-conformity at feed @mmm
mills

Juan Antonio Fernindez Pierna **, Quissam Abbas ® Bernard Lecler %, Patrick Hogrel °, Pierre Dardenne?,
Vincent Baeten®

* Winlloan Agricwlmmal Research Centre (CRA-W), Valorisarion of Agricelneral Produces Deparmment, 24 Chawsée de Namur, 5030 Gemblow, Belgium
® Cargill Animal Murrition, Parc d'activirés de Ferchaud, 35320 Crévin, France
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Study case 1

Feed contamination

The aim of this work is to propose a procedure based on Near
Infrared (NIR) spectroscopy and Chemometrics in order to
characterize a typical feed product (soybean meal) as well as to
detect the presence of any possible contaminant.

S "5

e Melamine Pet Foo
« Whey Outbreaks

e P

o Whey
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Study case 1

Melamine in soybean meal

Rapid

0.709
H : e . :
N=H detection of any modification Melamine
H N— by non-authorized additives like N
N— \;N Melamine
H N=
0 0.523 ,N_H_
G H
o melamine
a
E /
@ Soybean meal Soybean meal
2 03w non contaminated contaminated with 5%
$ melamine
¥
z
3 0.150
U NIR/NIR Hyperspectral imaging and chemometrics
make it possible to compare efficiently suspected
% | spectra of new samples and detect melamine in feed.
400 925 S — o —
Wavelengths
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No false positives
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Study case 1

Feed contamination

Lab level - whey

Sample \Whey powder (%) Fratio Protein Conclusion prot (C if >8.42) F ratio Fat Condusion fat (C if>8.54) GH Conclusion GH(C if=3)
1 0 8.61 C X 7.57 NC v 12 NC v
2 0.5 19.91 C v 16.21 c v 3.30 C v
3 1 3.4 C v 27.15 c v 5.83 C v
4 2 144.41 C v 109.25 c v 2120 C v
5 4 233.9% C v 177.74 c v 33.00 C v
6 5 299.43 C v 226.59 c v 41.08 C v
7 100 2007.49 C v 1481.39 C v 22481 C v

C: Contaminated
MNC: Not contaminated

No false positives
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Study case 1

Feed contamination

Lab level - whey
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Extension to feed mills

Study case 1

Feed contamination

CONCRETEPIT

shaping tomorrow’s nutrition

© provimi

SAMPLING AREA

R ———

BUCKET CHAIN
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Study case 1

Feed contamination _ o
Feed mill contamination

D provim

nnnnnnnnnnnnnnn ‘s nutrition




Study case 1

Feed contamination , o
Feed mill contamination

Fat

Protein

Whey —set 1
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Study case 1

Feed contamination

Feed mill contamination

LA E 1 oading o ons
Loading of 5 Tons of Soya bean - -
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of Soya bean TO e truc of Soya bean - .

directly from the ontaminate fol .

e ruc simulating a loca ruc

fw

.

_—

©provimi

HOR

&5 recherche

CRA-W



Study case 2

Milk contamination
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Study case 2

Milk contamination

/ A case study

The study selected is based on milk contaminated with melamine.
Melamine (2,4,6-triamino-1,3,5-triazine) is a chemical compound rich
in nitrogen, which is illegally added to food/feed to artificially elevate
the protein content values of products.

Blue : 300 milk “pure’ A data set consisting on 300 samples of UHT
red: 12 milk + melamine (0.01-1%) liguid milk was used as ‘clean’ data set.
(100 — 10000 ppm)

Moreover other 12 UHT liquid milk samples
have been contaminated with melamine at
different levels ranging from 0.01% to 1%
(100 — 10000 ppm). All these samples have
been measured using a Fourier transform

mid-infrared (FT-MIR) spectrometer typj

6000 (Foss, Hillerad, Denmark).
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Study case 2

Milk contamination
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Study case 2

Milk contamination

> These results show that no clear conclusion can be obtained
when looking directly at the spectra.

» GH values detect abnormalities at levels higher than 500 ppm.

» LWPCA allows detecting contamination at levels up to 100
ppm; however at those levels the detection of melamine in milk
becomes unstable, which is an indication that the technigue has
probably reached its limit of detection.
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Conclusion

Local discrimination modelling

» Local moving window PCA method is proposed for the
characterization of agronomical products and the detection of
possible contaminants using vibrational spectroscopy.

» In the examples presented here, soybean meal and liquid UHT
samples have been contaminated with melamine/whey, making
them thus semi-targeted studies.

» However the method should be used as a method for the untargeted
detection of abnormalities (real contamination or fraud) in the data
and a previous step for further analyses.
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Conclusion

Spectroscopy
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NIR spectroscopy in combination with a chemometrics
based protocol is a perfect tool, at laboratory and at

Industry levels, for:

- the characterization of food/feed materials
- Detection of targeted and untargeted
adulteration / contamination
A o e
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More Info?

Training Session
12 March—16 March 2018

-an-w Thanks!
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http://www.cra.wallonie.be/en/events/
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