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Introduction

Fish and seafood are among the top ten commodities considered
by European Union legislators as being most at risk for fraud
(Report on the food crisis, fraud in the food chain and the control
thereof (2013/2091 (INI) of the Committee on the Environment,
Public Health and Food Safety). Mislabelling, and seafood species
substitution in particular i.e. selling a species different from the one
declared on the label, are the most common commercial frauds [1].
To date, Ocean, an international organization, has compiled more
than 100 studies on seafood mislabelling and species substitution
[2]: mislabelling was found in more than 30% of the species
analysed [1,3]. Usually, fraud involves the substitution of a valuable
species with a less valuable one, but commercial fraud can have
other consequences, especially health implications when toxic
or allergenic species are sold, or ecological issues when species
illegally labelled as less endangered are actually overexploited
[4]. Fish fillet products are more likely to be mislabelled, because
they lost most of their species-specific morphological traits [5,6].
Most frequent substitutions are sole with plaice, red snapper with

The demand for analytical methods for fish product authenticity has increased dramatically, particularly in rapid and non-
destructive food authentication. Near-infrared (NIR) handheld devices can meet this need for fast, reliable, non-destructive and
in situ analysis. Aim of this study was to verify fish fillets species by using a pocket-sized NIR sensor, called SCiO, a handheld NIR
spectrometer that can easily scan solid and liquid samples. The species were chosen from among the most commonly sold on the
market as fresh. Samples were divided in two groups, one for calibration and one for validation. The first was performed to set up the
instrument and the second to cross-validate model performance. The fish species were correctly identified with a global accuracy
between 93.97% and 96.58% and were all confirmed by a validated method based on genetic marker. The samples correspond to
the declaration, suggesting this method as a good screening approach to avoid fish frauds with good accuracy.

pagri and squid with tattler. Basically, two different methods are
used in the identification of fish species: visual identification of
morphological characters and DNA analysis. The first is based on
subjective and visual control and requires expert personnel, making
it unsuitable for authentication of fish fillets; DNA analysis, while
highly accurate also for authenticating fillets, is relatively expensive
and entails sampling of every fillet, that may then result unsuitable
for sale as a whole. Since it is carried out by specialized laboratories,
it cannot be employed for large scale rapid analysis. This situation
has created the need for a species identification method that is low-
cost, preserve the wholeness of the fillet, and is applicable on large
scale, both by food producers in the factory and by consumers in
stores [7,8]. Near-infrared (NIR) handheld devices can meet the
need for fast, reliable, non-destructive, and in situ analyses for food
authentication. NIR spectroscopy is a widely applied technique
that collects the reflected light of a sample material in the near-
infrared region of the electromagnetic spectrum (from about 700
nm to 2500 nm) influenced by the internal and external chemical
composition of the samples and is mainly generated from the
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stretching and bending of O-H, N-H, and C-H functional groups.
Unlike traditional chemical analysis, no reagents are required, and
no wastes are produced because no sample preparation is required.
Furthermore, it is possible to acquire a lot of samples per days. The
technique provides accurate information about the physical and
chemical properties of a food sample. It works according to the
principle that each type of molecule vibrates in its own unique
way and molecular vibrations interact with light to create a unique
spectral signature [9-11]. Miniaturisation of NIR instruments
began more than a decade ago to reduce cost and weight, as well
as to create a market in the non-scientific community. One of the
main challenges of downsizing, however, is to maintain a device’s
spectral performance in wavelength range and resolution. Recently,
miniaturized, relatively inexpensive NIR spectrometers have gained
use as an alternative to laboratory-based spectral measurements,
since they require minimal equipment and are easy to use. While
their resolution is lower than laboratory-based spectrometers, the
handheld devices generate more data at reduced cost, coupled with
the use of machine learning methods, potentially offsetting this
disadvantage.In 2016 Consumer Physics [Israel] launched their first
pocket-sized NIR sensor, the SCiO, a handheld NIR spectrometer,
that can scan solid and liquid samples and can be easily and safely
used even in inexperienced hands. While the quality parameters of
fish as measured by NIR spectroscopy have been variously studied

[5,12] to the best of our knowledge, species identification with
handheld instrumentation has been less reported in the literature
[7,13]. The aim of this study was to investigate the accuracy of a
handled NIR instrument as a potential tool in food authentication
analysis for species identification of fish fillets. The SCiO model
tested was the less expensive version, that not allows processing of
raw data, because we wanted to evaluate the most basic but also the
most affordable and easy to use version of the device. In order to
reinforce the obtained results, the fillets were also analysed with an
in house validated method based on genetic marker used for official
investigation in food fraud. The analyses were obtained by using the
mathematical and statistic model supplied by the SCiO instrument.
The sample numbers to create a calibration model was 100 samples
for species, then the models were tested on an independent data set
in order to estimate its predictive ability.

Materials and Methods

Device

The SCiO (Consumer Physics, Tel Aviv, Israel) is a NIR
spectrometer that works at wavelengths between 740 and 1070
nm; when paired with a smartphone application (SCiO Developer
Toolkit), it leverages a cloud-based database. A drawback is that
parameters and settings cannot be modified by the operator.
The detector measures attenuated reflectance from the opaque
surface of a scanned sample. The SCiO acquires data spectra via the
smartphone app and then analyses them by means of a browser-
based web app to generate a classification model for analysing the
matrix of interest.

Sample collection and spectra acquisition

Nine fish species were selected: Merluccius merluccius (mm),
Pollachius virens (ca), Epinephelus costae (ce), Gadus morhua
(mn), Pleuronectes platessa (pl), Sebastes norvegicus (sa), Scomber
scombrus (sg), Chelidonichthys lucerna (gl) and Synaptura cadenati
(so). These species were chosen because they are the most
commonly sold on the market as fresh fillets. Two independent sets
of samples were formed, one for calibration and one for validation
data analysis. The first was used to create the model and the second
to cross-validate model performance. For calibration, 100 samples
of each species were collected, and each fillet was scanned three
times. Fish fillets were. For validation, 50 samples of each species
were collected and each fillet was scanned three times. Before
starting acquisition, the instrument was calibrated following the
instructions of the device.

The samples were scanned on a flat bench top, with the device
placed over the sample [Figure 1]. Multiple scans of each fillet
were performed to increase the accuracy, as recommended in the
manufacturer’s manual; scans were acquired at different places on
the fillets to take into account possible variations in the portion
of the fillet. NIR acquisition was performed directly on site at the
Esselunga production and wholesale distribution plant. The scans
were acquired on different days and months, from January 2018
to March 2020 in order to have fresh samples from different lots
of fish.

Data analysis and results of NIR spectral analysis

The data acquired during training were analysed by the four
algorithms onboard the instrument. The generated classification
models were compared for coefficient of variation [Figure 1].
And matrix of confusion. The four algorithms were: Processed,
Normalize, Processed & Normalize, (log) R and Normalize. In
detail, Processed assumes that the Lambert-Beer law is valid; the
measured signal becomes linear with the concentration via log
transformation and the result is adjusted for noise and deviations
from the model. Normalize normalizes the signal to compensate
for changing measurement conditions (e.g., variation in scanning
distances). The Y axis still means reflectance but in normalized units
instead of raw reflectance. Processed and Normalize first assumes
the Lambert-Beer law (Processed) and then normalizes the results
to compensate for differences in the optical path between samples.
This is useful, for example, when there is variation in sample
thickness. (log) R and Normalize is similar with Processed and
Normalized; it uses a more aggressive form of Processed and adds
more noise, which may be the only way to create a good model
in some cases. Species assignment of each fillet during validation
was based on the results of at least two out of three scans. When
the SCiO was unable to identify the species of a sample, it gave
“undefined” as result. When the device returned “undefined”
as a result in two or three out of three scans, the final result was
classified as “undefined”. The model accuracy was calculated as the
percentage of fillets correctly identified over the total number of
fillets scanned, considering or not in the calculation the undefined
results.
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Figure 1: The SCiO(Consumer Physics, Israel) pocket infrared scanner.

DNA analysis

1 g of each species was sampled and stored at -20 °C until DNA
analysis. Species identification was performed analysing a portion
of Cytochrome c oxidase subunit I gene (COI) widely used as
genetic marker and comparing the obtained nucleotide sequences
with those present on public DNA databases. Genomic DNA was
extracted from all samples using a commercial kit (DNeasy Blood &
Tissue Kit, Qiagen). COI gene was amplified following the standard
protocol described by Ward et al. (2005) and the reaction was run
on a Gene Amp PCR System 9700 (Applied Biosystems™). PCR
products were sequenced on both strands using Big Dye Terminator

Results and Discussion

Cycle Sequencing Kit v3.1 (ThermoFisher) and analysed by capillary
electrophoresis on a 3130 Genetic Analyzer (Applied Biosystems™).
For each sample the two sequences were aligned on SeqMan
software (DNASTAR package) to obtain a consensus sequence that
was compared with those available in GenBank (http://blast.ncbi.
nlm.nih.gov/Blast.cgi) and in BOLD (https://www.boldsystems.
org/index.php/databases) databases. The previous validation data
of the method showed that it is possible assign the species for value
of a similarity 298%. DNA analysis was performed in all samples
used for the calibration data set (n=900) while for validation only
in the case of error in sample classification.
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Figure 2A: Confusion table of Normalize model applied on calibration set. As showed Merluccius merluccius (mm) was the

species with the lowest accuracy respect to the other one.

The data (2700 scans) acquired for calibration were analysed
with the four algorithms to generate the classification model. The
F1 related to model performance was 0.72, 0.77, 0.71, and 0.73 for

the Processed, Normalize, Processed & Normalize, and log (R) &
Normalize. Figures 2 and 3 presents the results of the confusion
matrix of the models. For all species, except for Scomber scombrus
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(sg) there is slightly error in species identification, less than 10%.
Even if the performance values were similar, species identification
were quite different, in details for the models produced by the
algorithm Processed the accuracy in species identification was
between 90-100%, for Normalize was 82-100%, for Processed &
Normalize 88-96% and for (log) R and Normalize was 83-100%.
The higher number of species, n=5 (pl, sa, sg, gl, ce) correctly
identified at 100% was produced by the Normalize algorithm
[Figure. 2]. The most difficult species to identify were Gadus
morhua for Processed (90%), Merluccius merluccius for Normalize
(82%), Pleuronected platessa and Pollachius virens for Processed
&Normalize, Pollachius virens and Merluccius merluccius for (log) R
and Normalize, as showed in Figures 2 and 3 respectively. Despite

these minimal differences, all methods returned good results
calculated as percentage of fillet classification. All results obtained
by the software by using the calibration data scans were tested
on the validation samples (1350 scans) producing an F1 value of
0.97, 0.97, 0.96, and 0.98 for the Processed, Normalize, Processed
& Normalize, and log (R) & Normalize algorithm, respectively.
The results obtained were very similar, in all test models, the fish
species were correctly predicted and not confused with another
one, with an accuracy of 100%. Otherwise, considering the samples
classified as undefined, that were 12% of the sample obtained
from the validation data set, we obtained a global accuracy in fillet
prediction slightly lower, among 93.97 and 96.58% [Table 1].
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Figure 2B: Confusion table of Processed model applied on calibration set. For all species, except for Scomber scombrus (sg)

there is slightly error in species identification, less than 8%.

Table 1: Accuracy results of the cross-validation. Percentage of fillets, of each species, correctly identified considering undefined

samples.
Species Processed Normalize Processed & Normalize log (R) & Normalize
ca 93.33 100 93.33 100
ce 76.92 96.15 84.62 84.62
gl 96.67 96.67 93.33 96.67
mm 100 100 100 100
pl 92.11 89.47 94.74 97.37
sa 100 93.33 100 100
sg 100 100 93.33 93.33
so 94.59 97.3 91.89 100
mn 97.22 91.67 94.44 97.22
Total (%) 94.54 96.07 93.97 96.58
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Figure 3A: Confusion table of Processed & Normalize model applied on calibration set. In all species there is an error in

species identification lower than 8%.
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Figure 3B: Confusion table of log (R) & Normalize model applied on calibration set. For all species, except for Scomber
scombrus (sg) there is slightly error in species identification, less than 10%.

Normalize produced for each species a better accuracy (89.47-
100%) and showed the higher value of F1 in the calibration model
(0.77) Another interesting result was that Merluccius merluccius
was always correctly identified in all the prediction models, while
the major undefined samples were related to Pleuronectes platessa
for Normalize with a accuracy of 92.11% and Epinephelus costae
for Processed, Processed & Normalize, and log (R) & Normalize in
which it was obtained the lowest accuracy, 76.92, 84.62 and 84.62%
respectively. DNA analysis was performed in all samples used for
the calibration data set in order to produce with the instrument a
true model for classification. According to the labelling, all samples
used for the calibration data set belong to the declared species:
results from DNA analysis shown a similarity = 98% with the
species of fish fillets as declared., Similarly, DNA analysis performed
on 54 samples classified as “undefined” from the validation data
set shown a similarity = 98% with the species reported on labels.
The results obtained confirmed that NIR and DNA analysis gave
the same results, and the present study shows that the SCiO device

has the potential for successful application in the authentication of
fish fillets. As reported in a recent study [14], results obtained by
SCiO device are comparable with data obtained from benchtop NIR.
It may be advantageously used by food industries to screen large
numbers of samples directly on site and to check their supplies
inexpensively and rapidly, without interfering with production and
distribution processes. It may eventually be coupled with more
complex tests, like DNA analysis, to confirm doubtful cases. These
features, along with good device performance, are fundamental
for this method to be used by an inexperienced user, including
consumers who wish to protect themselves against food fraud and
species substitution [15-18].

Highlights
Near-infrared (NIR) handheld devices can be used in situ

analysis for fish authentication.

Fish fillets can be correctly identified with good accuracy 94 +
97.
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The method can be used to detect food fraud in species
substitution.
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