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For decades, Near InfraRed Spectroscopy (NIRS) has been widely used in the food and feed industry in order to
implement rapid, relatively inexpensive and efficient control tools to assure the quality of products. NIRS is a branch
of the molecular vibrational spectroscopy that refers to the measurement of radiation intensity (i.e. absorbance) as a
function of frequency ranging in the electromagnetic spectrum (usually expressed as a function of wavelength [nm],
but with the introduction of Fourier transform based instrument also as a function of wavenumber [cm™]) in the
780-2500 nm (12820 - 4000 cm™).

The radiation intensity resulting from the interaction between the  expressed as Log 1/R or Log 1/T for reflection and transmission analysis

infrared radiation and the matter is acquired using a spectrometer ~ modes, respectively. As a result, the NIR spectra of food and feed
(also called spectrophotometer) designed to generate, at different  products correspond to absorption bands characteristic of the vibration
frequencies, the NIR absorbance spectrum of the analysed product,  of O-H, C-H, N-H, S-H and C-C groups. NIR spectra can be affected by
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several factors such as the physical state of the product (e.g. solid, liquid
or gaseous), the temperature of the sample, the particle size (e.g. powder
products), the heterogeneity of the material and the sampling errors,
the presence of damaged products and impurities, as well as the
environment analytical conditions (e.g. temperature and humidity of
the laboratory versus temperature of the line of production).

Figure 1: NIR instrument equipped with a wheel of 30 sample holders
(Bruker MPA)

The great success of NIRS is mainly due to its relatively easy
implementation procedure; its capacity to simultaneously determine
several parameters and the fact that this technique allows implementing
rapid analytical solutions. For the food and feed industries, this means
mainly a method that can provide an
analytical answer in short and real-time; but
also amethod that provides several analytical

ment and a detector sensitive in the NIR region; and (ii) Fourier transform
(FT) instruments that are similar to the dispersive instruments except
that the monochromator is replaced by an interferometer that uses a
beam splitter to decompose the light into two beams that are
recombined before being sent to the sample compartment. An import-
ant aspect of the NIR instrumentation is the sample compartment and
even more important the sample accessories allowing the maximum
benefit to be achieved from the rapid feature of spectroscopy. The
sample compartment of an NIR spectrometer varies from a few
centimeters to infinite, depending on how the measurement is
designed. Sample presentation techniques are based on different
accessories used to present the sample to the instrument and
vary depending on the way the spectral information is collected
(i.e. transmission, reflection or transflection mode). Over the last decade,
companies providing NIR spectrometers have invested a lot of energy in
the design of high throughput sampling accessories (based on a fibre
optic or an auto-sampler) allowing the analysis of high numbers of
samples by unit of time.

Another high active area is the in situ analysis using NIR microscope
or NIR hyperspectral imaging instruments. The use of hyphenated
techniques that combine molecular vibrational spectroscopy devices
with specific tools as microscopy or imaging allows adding the spatial
dimension to the analysis, which is an interesting solution to address
food and feed problems®*. Using such instruments, up to several
thousand of spectra per sample can be simultaneously collected, which
are gathered in order to generate a hypercube that includes the
wavelengths, the absorbance values and the spatial information. NIR
microscopes, also known as point scan or staring instruments, allow
acquiring spectra at successive single spatial locations using a mapping
mode system. The hypercube of a sample can be obtained more quickly
using whiskbroom or pushbroom hyperspectral imaging systems.
Whiskbroom hyperspectral imaging system (also known as plane-scan
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Figure 2: Discrimination of Datura vs. Buckwheat based on PCA analysis
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hyperspectral imaging) allows the collection of the absorbance
intensities for successive wavelengths. With pushbroom hyperspectral
imaging systems (also known as line-scan hyperspectral imaging), the
full spectra of the pixels in a line is simultaneously collected. This kind of
instrument requires a moving sample stage that can present the
successive lines of the scene to be analysed.

The high throughput sampling accessories and the hyperspectral
imaging systems are adequate tools to bring the NIRS technology in the
field of the detection and quantification of contaminants. Indeed, they
allow scanning a sample portion as small as possible in order to lower
the limit of the detection of NIRS techniques to the control requirement.
This rule is, of course, only valid for contaminants present in the form of
particles/bodies. In this paper, three case studies have been selected
from projects using NIRS-based techniques to detect and quantify
contaminants in agro-food productions:
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bottom right part of the graph. The adulterated buckwheat samples with
one, three orfive Datura seeds (blue square, blue cross and white lozenge
symbol respectively) appeared to be situated in the gap between both
pure classes and are discriminated according to the second PC with a
certain correlation to the degree of contamination. This discrimination is
based on the differences in the chemical composition of the seeds
analysed. This study demonstrated that the combination of NIR
spectroscopy with simple chemometric tools can be used as a fast
alternative for the detection of undesirable substances in whole grains.

Case study 2

Detection of plant contaminants in whole grains by

NIR hyperspectral imaging (use of one analysis for the

simultaneous detection of several contaminants)

In recent years, NIR hyperspectral imaging (Figure 3, page 20) has proved

Case study 1

Detection of plant contaminants in

whole grains by NIRS (right sampling
procedure allows detecting contaminants

at required level)

Recently, we saw a reemergence of the presence
of poisonous plants. The intoxication which
occurred in France in 2012 was linked to the
consumption of bakery products made using
buckwheat flour contaminated with Datura
stramonium, a wild-growing plant found in several
crops and well known for its high content in toxic
alkaloids. Until now, all the published studies
dealing with the detection of Datura during
harvest have used visual inspection, optical
microscopic or chromatographic methods, which
have the drawback of being slow, usually
destructive and requiring skilled analysts.

At CRA-W, NIR spectroscopy has been
assessed for the detection of the presence of
Datura seeds in cereals using an NIR instrument
(Bruker MPA) equipped with a wheel for the
automatic analysis of 30 vials (Figure 1, page 18).
With this device a total of 140 spectra were
acquired: 60 pure buckwheat spectra, 50 pure
Datura spectra and 10 spectra from three different
mixtures of buckwheat kernels contaminated
with one, three and five Datura seeds respect-
ively placed at the bottom of the vials. Figure 2
(page 18) shows the score plot of the two first
principal components (95.4 per cent and 4.1 per
cent of the total variance of the data set
respectively) obtained from the PCA analysis of
the 140 spectra. According to the score plot,
different groups can be observed. Samples of
pure buckwheat kernels (red triangle symbol) are
located on the top left part of the graph. They
are clearly separated from the pure Datura seeds
(green stars symbol) that are located to the
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as ergot (sclerotium of Claviceps purpurea).
For the cereal sector, the presence of
ergot creates an important toxicity risk for
animals and humans because of its high level
of alkaloid content. The current work,
performed in the framework of the EU
CON/AIDENCE project', aims to detect and
quantify the presence of ergot bodies in
cereals using NIR hyperspectral imaging.
In this project, several instrumentation
approaches (plane and line scan systems),
and chemometrics tools have been tested at
laboratory level for the development of a
complete procedure for detecting ergot
bodies in cereals®.

A study was sought to transfer and
validate the developed procedure using NIR
hyperspectral imaging from laboratory to
industrial level. All the analyses performed
have shown stable and repeatable results

il with a correlation higher than 0.94 between

E the predicted values obtained by NIR

Figure 3: NIR hyperspectral imaging instrument equipped with a grain feed system on a hyperspectral imaging and those supplied by
conveyor belt (BurgerMetrics) . . . .

the stereo microscopic technique, which is

its suitability for quality and safety controlin the cereal sector by allowing  the official reference method. The validation of the protocol on blind

spectroscopic images to be collected at single kernel level®.  samples showed that the method could identify and quantify ergot

Contaminants in cereals include, inter alia, impurities such as straw, ~ contamination. The transferability of the method has been also

grains from other crops, insects and other undesirable substances such ~ demonstrated. This study has been performed on samples with an ergot
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concentration of 0.02 per cent, which is lower
than the EC limit for cereals destined for
humans (0.05 per cent)’.

The proposed protocol has been
extended to the development of procedures
for a larger set of contaminants. Figure 4
shows a set of impurities susceptible to be
found in a wheat sample (e.g. oilseed rape,
Datura seed and ergot body) and its
corresponding predicted image obtained
after the application of the developed
procedure (applying several Partial Least
Squares Discriminant Analysis (PLSDA)
models). The figure clearly allows discrimina-
tion between the different impurities. From
laboratory experiments and industrial tests,
one can conclude that NIR hyperspectral
imaging and chemometrics tools can be
used as a control method to develop a
protocol to assess the presence and the
quantity of impurities and undesirable
substances in cereals.

Case-study 3
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Figure 4: Identification of several known and unknown impurities in wheat based on chemometrics tools

human health. In 2007, a pet food recall was initiated in North America
after a number of cats and dogs became sick and died after eating
contaminated pet food with melamine. Again, in 2008, more than

Untargeted on-line detection of contaminants in feed 300 tons of soymeal destined for organic chicken in France were
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withdrawn from the market as authorities discovered melamine

In recent years, feed safety has become an increased concern for  levels 50 times higher than the permitted standard. These crises, linked

consumers dueto severalimportant crises related directly orindirectlyto  to animal deaths and indirectly human health, put into evidence the
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Figure 5: (a) Soybean meal contamination when loading the truck at the entrance of the feed factory; (b) Spectral similarity criterion used to characterise soybean
meal and detect the presence of possible contaminants

need of a sensitive, reliable and rapid procedure for the determination of ~ analysis of soybean meal samples, has led to the creation of some
melamine and other contaminants in feed'!. decision rules. They allow checking compliance against specifications in

In the framework of the EU project QSAFFE™ CRA-W proposed a  order to decide whether to reject or accept compliance. The procedure
procedure based on NIR spectroscopy and chemometrics in order to  was validated at laboratory level and adapted to be applied at the feed
characterise soybean meal and to detect the presence of any possible ~ mills in order to detect anomalies due to an eventual addition of
known or unknown contaminant before reaching the feed chain. Using ~ contaminant or not authorised additives. At the feed mill, a complete
statistical tools to interpret multivariate data obtained from the NIR ~ experimental plan was designed where trucks containing soybean meal
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were contaminated during the unloading with certain types of
contaminants (Figure 5a, page 22). The application of the decision rules
allowed to detect the presence of the contaminants during the
unloading of the truck are indicated in Figure 5b (page 22) where two
clear contaminations can be detected using a simple criterion of NIR
spectral similarity (Mahalanobis distance).

Conclusion

The results obtained in these different case studies showed that NIR,
combined with some simple chemometrics tools, fits the purpose of
authenticating products and detecting targeted and untargeted
contaminants at the laboratory and factory levels.
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