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Performance comparison of bench-top,
hyperspectral imaging and pocket near
infrared spectrometers: the example of
protein quantification in wheat flour
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There have been a number of recent developments in NIR technology which may prove to be significant in the near future. The overall objective of this work
is to compare the performance of different NIR devices (i.e. bench-top, hyperspectral imaging and pocket NIR spectrometers) for the determination of a clas-
sical quality parameter, the protein content. In order to achieve this goal, several studies have been carried out with the different instrumentation on wheat

flours (selected as a “homogeneous” product). These studies should determine if NIR hyperspectral imaging and NIR pocket instruments are as efficient as

classical NIR bench-top instruments for predicting protein content.

Introduction

In Near Infrared (NIR) technology, there have been a number
of developments recently which may prove to be signifi-
cant. One recent development is, for instance, the combina-
tion of NIR spectroscopy and imaging technology to create
hyperspectral technology, which allows spectral and spatial
information to be obtained simultaneously.™? Other develop-
ments include different innovative technologies allowing the
manufacture of compact and integrated handheld and pocket
devices. The proper evaluation of these devices as well as the

data transfer from bench-top spectrometers to handheld/
pocket or hyperspectral instruments is a continuous chal-
lenge.®

Furthermore, the prediction of protein content in cereals
using NIR spectroscopy has been, for many years, well
implemented in the agro-food sector.* Classical bench-top
NIR instruments are specially dedicated to this task, either
at-line or on-line directly in the production chain. In order
to illustrate this, Table 1 shows the performance of the

Table 1. Performances of the Belgian REQUASUD network (nine instruments) established in 1989
for wheat grain (Cereal Interlaboratory Study conducted in January 2017).

Reference values NIR values
Assigned value | Mean sr sR Mean sr sR
Protein (% MS) 12.89 13.05 | 0.12 | 047 12.8 0.24 | 044

Legend: sr = repeatability; sR = reproducibility.
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Belgium REQUASUD network since its establishment in
1989.> The results demonstrate the high performance
[in terms of repeatability (sr) and reproducibility (sR)] of
the network. These results concern the inter-laboratory
study performed in January 2017 regarding the deter-
mination of protein content by reference (combustion)
method and classical bench-top NIR method in unground
wheat grain.

The aim of the different studies conducted here is to
show whether two of these recent NIR technology devel-
opments (pocket and hyperspectral imaging devices) can
be considered as a reliable alternative to classical bench-
top NIR spectrometers. The determination of the protein
content on wheat flour, which is considered as a “homo-
geneous” product, has been selected as the experimental
model. Wheat flour samples are easy to handle using clas-
sical NIR because the grinding process homogenises the
product and protein content is a parameter that is stable
over time. Two studies have been performed comparing
bench-top instruments to hyperspectral imaging and to
pocket instruments, respectively. In both cases, calibration
models were developed using Partial Least Squares (PLS)
for the common spectral range between instruments.

Material and method

Samples

A set of 79 wheat flour samples was used for this
study. The samples were collected in 2013, with 57

samples coming from Belgian mills and 22 from the
Bureau Interprofessionnel des Etudes Analytiques (Bipea) in
France, an independent association that provides testing
programmes to laboratories.

Reference analysis

The Dumas combustion method was used to determine
the total Nitrogen content, and therefore the crude
protein content. The method involves the total combus-
tion of samples under oxygen.

Instrumentation and spectra acquisition

Two classical bench-top NIR instruments working in
reflection mode (Foss DS2500 and NIRSystems 5000),
a NIR hyperspectral line-scan camera (BurgerMetrics)
and two pocket NIR instruments (MicroNIR and SCIO)
were used. The bench-top Foss DS2500 (hereafter
referred to as Foss-DS) operates in the 400-2498 nm
range. The bench-top NIRSystem 5000 Autocup instru-
ment equipped with a rotating sampling device (here-
after referred to as NIRSystem) operates in the 1100-
2498 nm range. The NIR hyperspectral line-scan camera
(BurgerMetrics, hereafter referred to as NIR-HSI) works in
the 1100-2498 nm range. The pocket MicroNIR instru-
ment from Viavi is active in the 920-1658 nm range. The
pocket SCIO instrument from Consumer Physics has a
range of 700-1100nm.

Figure 1 presents a NIR spectrum of wheat flour
obtained with all the different instruments and, therefore,
includes all the different spectral ranges used in this work.
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Figure 1. Spectral range comparison of the instruments used in these studies.
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For each instrument, the 79 samples of wheat flour
were measured randomly, although always in the same
order. Spectra acquisition was made in individual sealed
cells using the two classical bench-top NIR instruments
(Foss-DS and NIRSystem) and the NIR hyperspectral
line-scan camera (NIR-HSI). The same sealed cups were
used on the three different instruments. For the Foss-DS
instrument, spectra were collected using the ISIscan Nova
software across the original wavelength range. Each
spectrum was the average of 32 scans performed on
the sample and it was acquired in 665s. The sample area
measured was about 2cm?. For the NIRSystems instru-
ment, spectra were collected using ISlscan software
across the original wavelength range and each spectrum
was the average of 32 scans performed on the sample.
The sample area measured was about 2cm?, and 57
were needed to analyse a cell. For the NIR-HSI instrument,
spectra acquisition was made using HyperPro software
(BurgerMetrics SIA, Riga, Latvia). All the images consisted
of 420 lines of 320 pixels acquired at 209 wavelength
channels (1128-2425nm) and 32 scans per image. A
total of 2601 spectra (51 x51 pixels) corresponding to
a sample area of +3cm? were selected from the centre
of each image and averaged in order to obtain the mean
spectra of each sample measured. In the configuration
selected, the time required to analyse one sample was
28.8s. For the SCIO and Viavi, the time required to
analyse one sample was about 30s.

Spectral data analysis

The samples were split into two groups: a calibration
set including the first 59 samples according to the
measurement sequence, and a validation set with the
remaining 20 samples. Both groups contained samples
from different sources, wheat cultivars, growing condi-
tions, harvesting regimes etc. The aim of this validation
strategy was to check the stability over time of the
models built.

The spectral datawere processed using The Unscrambler
software version 10.4 (CAMO).

Results
Bench-top versus NIR-HSI

The first study concerns the performance comparison
of the classical bench-top NIR instruments (Foss-DS
and NIRSystems) and the NIR-HSI line-scan camera

for predicting protein content in wheat flour. As indi-
cated, calibration models were developed using PLS
for the full wavelength range of each individual instru-
ment and for the common range between instruments
(1100-2498 nm). The results showed that the NIR-HSI
system worked as well as the classical bench-top NIR
spectrometers when a common wavelength range was
used, with a coefficient of determination of 0.99 for all
instruments. Figure 2 presents the prediction results
for the 20 samples of the independent validation set
and the B-coefficients (also called regression coef-
ficients) of the models built using only four terms for
determination of protein content for the three instru-
ments tested. Using four terms in the model for each
instrument, the SEP is 0.23%, 0.13% and 0.37 %,
respectively, for the Foss-DS, NIRSystems and NIR-HSI
instrument. The profile of the B-coefficients of the
three models built are quite similar. They demonstrate
that the contributing variables are almost the same for
the three instruments tested.

Bench-top versus pocket instruments

The second study concerns the comparison of the perfor-
mances for the NIR-DS bench-top instrument to the
pocket MicroNIR and SCIO NIR instruments. First, using
NIR-DS data trimmed to the MicroNIR range (950-
1650nm), a RMSEP of 0.23 was obtained analysing the
validation set while a RMSEP of 0.42 was obtained for
the MicroNIR data. Second, using NIR-DS data trimmed
to the SCIO range (700-1100nm), a RMSEP of 0.37
was obtained analysing the independent validation set
while a RMSEP of 0.70 was obtained for the SCIO data.
These results were obtained with models including only
four terms. The differences between devices are indica-
tive and should be confirmed by additional studies on
different agro-food products. Table 2 presents the results,
for the comparison of instruments, in terms of RMSEP for
the validation set.

Conclusions

These studies were focused on the development of a
model that can be applied on different types of instru-
ments (global equation for protein content determina-
tion) and the right way to calibrate hyperspectral and
pocket NIR spectrometers. The study concerning NIR
hyperspectral imaging has proved that this kind of instru-
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Figure 2. Comparison of the performance of three instruments limiting the number of terms to four. Left: predic-
tion results for the validation set; right: B-coefficients for the three models.

ments, commonly focused on qualitative analysis, can
also be used for classical quantitative analysis of agro-
food products. In the case of pocket instruments, the
performances still do not reach those obtained with

Table 2. Performance for the second study.

Instrument Range RMSEP
Foss-DS 950-1650nm 0.23
Viavi-MicroNIR 950-1650nm 0.42
Foss-DS 700-1100nm 0.37
SCIO 700-1100nm 0.70

bench-top systems, but could be considered as a tool
to give a fast, first indication of the quality of a product.
Questions arise, as the calibration strategy has to be
adapted for each type of instrument.
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