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Abstract
Food-item authentication and traceability is an issue of primary concern, due to both socio-economical and health implica-
tions. DNA-based methods are increasingly being recognised as powerful tools to assess the reliability of supplier labels for 
any type of food. This is especially true for products characterised by a short shelf life and high-processing supply chain, 
such as seafood. In this work, a DNA barcoding approach was applied to assess the accuracy of species labelling in 150 
cephalopod seafood products sold in the Italian market. Overall, high levels of mislabelling in squid, cuttlefish, and octopus 
items were identified, and in some cases, even species not included in the current food Regulations. Additionally, an appli-
cation of the recently developed naked-eye detection tool ‘NanoTracer’, consisting in the combination of DNA barcoding 
with gold nanoparticle-based, was demonstrated to authenticate common cuttlefish (Sepia officinalis) seafood. The primer 
pairs used to set the fast detection system for S. officinalis were designed based on the most comprehensive DNA barcoding 
(COI and 16s rRNA) datasets ever assembled for cephalopods, assuring the specificity of the method. ‘NanoTracer’ allowed 
a simple, rapid, accurate and cost-effective authentication, revealing its potential adaptability to any type of seafood and 
other food categories.
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Introduction

Seafood products are among the most requested food com-
modities in the world and their trade has strongly increased 
during the last 2 decades, mainly due to the population 

growth and to the higher consumers’ awareness toward 
healthy food items of high nutritional value (FAO 2016; 
European Commission 2016). World seafood consump-
tion per capita exceeds 20 kg (FAO 2016) with European 
countries reaching an average of 25.5 kg (European Market 
Observatory for Fisheries and Aquaculture Products 2017). 
Overall, seafood supply chain is extremely various in terms 
of species and processing. At least 50% of the traded sea-
food products are transformed (i.e., sold as fillets, slices, 
minced) to reduce their perishability or increase their palat-
ability. Such treatments lead to the partial or complete loss 
of morphological diagnostic traits, thus posing great risk to 
fraud events, which are intended as the practice of mislead-
ing consumers about their food products for financial gain 
(Barbuto et al. 2010). The literature indicates that the sea-
food supply chain is vulnerable to three main categories of 
problems dealing with adulteration (i.e., species substitution, 
adulteration and undeclared product extension), provenance 
(i.e., fishery substitution and chain of custody abuse) and 
ethical issues (e.g., adoption of illegal catch methods and 
lacking of measures to preserve animal welfare) (Fox et al. 
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2018). Besides socio-economical aspects, food fraud events 
are elements of great concern in the context of food allergies 
and other health issues. Possible allergic reactions due to 
the ingestion of mislabelled or adulterated seafood products 
put the consumers at increased risk and could also be life 
threatening (Sicherer et al. 2004). International regulations 
are progressively being introduced to force producers and 
distributors to comply with precise labelling requirements. 
For example, at the European level, the Regulation (EU) 
No. 1379/2013 establishes the obligation to provide the con-
sumer with the commercial and scientific name of the prod-
uct, together with other details on provenance and quality 
parameters of production (D’Amico et al. 2016; Tinacci et al. 
2018a). Therefore, it is often compulsory to verify species 
identity at each step of the seafood supply chain using reli-
able tools able to work also on highly processed products, in 
which the raw species are no longer recognizable by simple 
‘morphology-based’ inspection.

To date, several DNA-based methods have been devel-
oped for the authentication of food products and the detec-
tion of food substitution, adulteration, or dilution. These 
methods are based on a variety of techniques, mostly rep-
resented by conventional PCRs and sequencing, quantita-
tive real-time PCRs (qRT-PCRs), microarrays, and High-
Resolution Melting (HRM) analyses (Galimberti et  al. 
2013, 2015; Druml and Cichna-Markl 2014; Madesis et al. 
2014; Applewhite et al. 2016; Jilberto et al. 2017). Each 
approach and its variants show variable advantages and 
disadvantages regarding, the discriminating power, cost, 
rapidity, and laboratory requirements (Madesis et al. 2014). 
For example, those methods based on Sanger sequencing or 
High-Throughput Sequencing (HTS) are probably the most 
accurate in terms of information power but are expensive 
in terms of time of analysis and could require dedicated 
resources and facilities. In the case of HTS tools, bioinfor-
matic skills and high-quality reference databases are neces-
sary to permit an efficient identification of food ingredients. 
Moreover, these approaches usually require moderate–high 
amounts of genetic material and are strictly dependent on 
DNA quality of extracts and fragmentation that could be 
strongly affected by processing of the food raw material (see 
Galimberti et al. 2013, 2015).

On the other hand, sequencing-free approaches such as 
qRT or HRM PCRs are more rapid but still require expen-
sive instruments and specialized personnel to be adopted 
as routinely tools at the industrial scale. Overall, there is 
general consensus in using DNA barcoding-based methods 
to trace seafoods (Hebert et al. 2003; Barbuto et al. 2010). 
For example, the U.S. Food and Drug Administration recog-
nized the utility of DNA barcoding, based on the sequence 
variability analysis at a 658 bp mtDNA COI region, for sea-
food identification (Yancy et al. 2008; Handy et al. 2011; 
Deeds et al. 2014). As a result, the approach is progressively 

being applied in several market surveys worldwide to verify 
the labelling compliance of seafood items (Barendse et al. 
2019). However, due to the reduced shelf life of seafood 
products and different degrees of personnel specialization 
and equipment of the possible quality checkpoints, there is 
a general demand for the development and adoption of fast, 
simple and economic identification tools based on the DNA 
barcoding framework, also able to work in case of admixed 
and/or highly processed food items (Leal et al. 2015).

In the latest years, DNA-based and nano-biotechnolo-
gies were combined to further facilitate and speed up the 
detection of food product substitution. For example, a rapid 
system was recently developed (Valentini et al. 2017) to 
allow the detection of both substitution and adulteration 
in high-value fish and spice products. This method, called 
‘NanoTracer’, combines DNA barcoding and nanoparticle-
based naked-eye detection to allow for a rapid, cost-effective 
(less than 1€ per test) and analytically simple molecular 
traceability of food (Valentini et al. 2017).

In general, molecular-based methods have been typically 
tested on fish products (Pardo et al. 2016), mainly due to 
the largest abundance of reference genetic data. However, 
other seafood classes, among which the mollusks, could be 
a potential target for the introduction of novel validation 
approaches, given their high value on the market and large 
incidence of mislabelling events (see Arkhipkin et al. 2015; 
Guardone et al. 2017). For instance, cephalopods are an 
important seafood source for human consumption, and their 
exploitation has shown a positive trend in the last decades 
(FAO 2016), due to their palatability and nutritional quality 
(e.g. Zlatanos et al. 2006; Ozogul et al. 2008). Moreover, 
a recent study showed that cephalopod populations have 
increased in the last 60 years, possibly benefiting from the 
changing ocean environment (Doubleday et al. 2016). Com-
mercially exploited cephalopods are conventionally classi-
fied as octopuses, squids, and cuttlefishes (Arkhipkin et al. 
2015) and reached an annual global production of more than 
3.5 million tons in 2016 (https ://www.fao.org/fishe ry/topic 
/16140 /en), with the main importers and consumers being 
Italy, Spain and Japan (FAO 2016). The correct identifica-
tion and labelling of traded cephalopods is of imperative 
importance for food safety, due to the possible presence of 
toxic species (Wu et al. 2014), and the variable bioaccumu-
lation capability of toxic metals (Pierce et al. 2008; Penicaud 
et al. 2017; Sangiuliano et al. 2017) and harmful algal toxins 
(Lopes et al. 2013) in different species.

In this work, we performed a large-scale survey on the 
authenticity of cephalopod seafood commercialised in 
Italy and mostly fished in the Atlantic Ocean and Medi-
terranean Sea. We collected squid, cuttlefish, and octopus 
products from several suppliers and checked their labelling 
through sequencing a portion of their DNA barcoding region 
cytochrome c oxidase subunit I. Additionally, we developed 

https://www.fao.org/fishery/topic/16140/en
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an application of the novel ‘NanoTracer’ technology to rap-
idly detect mislabelling in the cuttlefish Sepia officinalis, 
which is a cephalopod species commonly sold and highly 
appreciated in Italy and Europe.

Materials and methods

Sampling and DNA barcoding analysis

The sampling was carried out during 2017, and a total of 
150 cephalopod samples were collected from commercial-
ised seafood products, including octopuses, cuttlefishes, and 
squids. Specifically, samples were obtained from 13 among 
the main Italian seafood distributors and included a label 
with the species identification provided by the supplier and 
the geographic provenience indicated as FAO fishing area. 
To investigate the accuracy of these identifications, a DNA 
barcoding approach was employed.

DNA extracts were obtained from muscle tissues using 
Qiagen DNeasy Blood and Tissue Kit, following manufac-
turer’s recommendations. A ~ 600 bp long portion of the 
cytochrome c oxidase subunit I (COI) was amplified using 
the primers and protocol described by Folmer et al. (1994) 
and PCR products were purified and directly sequenced 
using ABI technology. The obtained chromatograms were 
visually checked using Sequencher 4.1.4 (Gene Codes) and 
then deposited with the EMBL (GenBank accession num-
bers: MH292970-MH293112, MH473336-MH473342), as 
listed in Table S1. Sequences were aligned using MAFFT 
7.110 (Katoh and Standley 2013) and the iterative refinement 
method E-INS-i. Intra- and inter-specific genetic distances 
were calculated as % p distance using MEGA X (Kumar 
et al. 2018), and variance was assessed with 1000 bootstrap 
replicates. To assess the accuracy of the species identifica-
tions provided by the seafood suppliers, each sequence was 
searched in: (i) the Animal Identification System in BOLD 
(Ratnasingham and Hebert 2007) and, in particular, in the 
Species Level Barcode Records Database, and in (ii) the 
NCBI BLASTn Database. Only species matches with a 
minimum value of 99% similarity were considered and com-
pared to the species name labelled by the suppliers to obtain 
a percentage of the mislabelled products. 95% confidence 
intervals (α = 5) were also calculated for each proportion 
using Wilson’s method (www.opene pi.com).

NanoTracer detection system

Rapid DNA extractions from ~ 20 mg of tissue were per-
formed using the Phire Animal Tissue Direct PCR Kit 
(ThermoFisher Scientific, Bremen, Germany). A set of prim-
ers was designed to specifically target a short sequence of 
the barcode region (46 bp) of Sepia officinalis (Table S2), 

following the method described by Valentini et al. (2017). 
The design of primers was performed on the most compre-
hensive dataset of Sepia COI sequences ever assembled to 
date, generated downloading all available sequences from 
GenBank and BOLD (501 sequences, 27 species). In addi-
tion, a primer pair specific for a region of the 16S ribosomal 
RNA conserved in cuttlefishes and relatives were generated 
based on the alignment of all available sequences retrieved 
from GenBank (n = 723) and was used for a positive control 
test (Table S2).

Asymmetric PCR (as-PCR) was performed on three 
species of Sepia, including the target S. officinalis, and 
two genetically similar species, Sepia hierredda and Sepia 
pharaonis. Specifically, 1 µL of genomic DNA was used as 
a template and added to 49 µL of reaction mix, containing 
500 nM of excess primer (Integrated DNA Technologies), 
33 nM of limiting primer (cTAG-primer), 2 mM  MgCl2, 1X 
Flexi buffer, 1.25U GoTaq Hot Start Polymerase (Promega), 
200 µM of each dNTP (Promega). The reaction was per-
formed in a Bio-Rad T100 Thermal Cycler. As-PCR prod-
ucts were electrophoresed on a 18% polyacrylamide gel to 
assess the amplification reactions.

The colorimetric test was performed using two sets of 
35 nm gold nanoparticles (AuNPs) functionalized with 
two single-stranded probes, each half-complementary to 
the tagged amplicon (Fig. S1), produced by as-PCR. DNA-
functionalized AuNPs were prepared as previously reported 
(Valentini and Pompa 2016). Briefly, 15 nm AuNPs were 
synthetised by citrate reduction. Then, 35 nm AuNPs were 
prepared by seeded growth method of 15 nm AuNPs. After 
their characterization with UV–Vis, DLS and TEM (Fig. 
S2), they were functionalized with two different thiolated 
single-stranded probes. Their concentration was determined 
by UV–Vis. The colorimetric test was performed mixing 2 
µL of as-PCR product with 650 pM of AuNPs mixture and 
reaching 0.8 M of NaCl. After 10 min at ca. 20 °C, a clear 
colour change was observed.

Results

According to the suppliers’ labels, the 150 collected sam-
ples belonged to 7 genera and 11 species of commercially 
important coleoid cephalopods and were fished in the Med-
iterranean Sea (52%), Atlantic Ocean (47%), and Indian 
Ocean (1%). Samples were collected as whole animals or 
processed items (e.g., frozen and filleted items). From each 
sample, a COI sequence 626 bp long was generated. BOLD 
and BLASTn searches gave identical results, and sequences 
were assigned to 6 genera and 12 species (Table 1). The 
DNA barcoding approach revealed that 50 out of the 150 
samples (33%) were mislabelled by the suppliers. Specifi-
cally, 27, 13, and 58% of cuttlefishes, octopuses, and squids, 

http://www.openepi.com
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respectively, were wrongly identified (Table 1). The misla-
belling regarded Sepia officinalis (29% identified as Sepia 
hierredda), Eledone moschata (71% identified as Eledone 
cirrhosa), Octopus vulgaris (5% identified as Octopus 
maya), Loligo forbesii (100% identified as Loligo vulgaris), 
Loligo vulgaris (5% identified as Loligo forbesii and 41% 
identified as Loligo reynaudii), and Todarodes sagittatus 
(100% identified as Illex coindetii). Overall, the total mean 
genetic distance was 15.7% and inter-specific genetic dis-
tances were high, ranging from 5 to 23.6% (Table S3). With 
the only exception of Sepia pharaonis, which showed an 
intra-specific distance of 9.3% and is likely a species com-
plex (Anderson et al. 2007, 2010), all other intra-specific 
comparisons showed low values, spanning from 0 to 1.3% 
(Table S3). This pattern of genetic diversity further supports 
the reliability of DNA barcoding-based authentications.

The NanoTracer system was then exploited to easily dis-
criminate Sepia officinalis from the two genetically simi-
lar species, S. hierredda and S. pharaonis (Fig. 1a). This 
AuNP-DNA-based tool was applied to 13 DNA samples, 
rapidly extracted from tissues of 5 S. officinalis species, 5 
S. hierredda species, and 3 S. pharaonis species. The target 
as-PCR was performed on each sample and controlled by gel 
electrophoresis (Fig. S3). Amplification occurred specifi-
cally for S. officinalis (1–5), producing a double- and a sin-
gle-stranded DNA amplicons, while S. hierredda (6–10) and 
S. pharaonis-containing samples (11–13) were not amplified 
(samples 9 and 13 presented some aspecific amplification, 
producing only the double stranded amplicon). The AuNP-
based test was then performed on the as-PCR products. 
Sepia officinalis-containing samples turned purple, while 
all the other sample solutions kept the starting red colour. 
These results are reported in Fig. 1b, focusing on samples 9 

(S. hieredda) and 13 (S. pharaonis) compared to the positive 
sample 1 (S. officinalis). As shown in the picture, despite 
some aspecific amplification, sample 9 and 13 remained red, 
demonstrating the high sensitivity and specificity of the col-
orimetric detection assisted by the AuNPs. Simultaneously, 
the positive control as-PCR and the colorimetric detection 
were performed on each sample, under the same conditions. 
Figure 1c depicts the results obtained on samples 1 (S. offici-
nalis), 9 (S. hieredda) and 13 (S. pharaonis). All samples 
turned purple (Fig. 1c, above), as a result of the amplifica-
tion (Fig. 1c, below), demonstrating the good performance 
of the reaction, as well as the efficiency of the rapid DNA 
extraction step.

Discussion

In the last years, DNA barcoding has been used in a num-
ber of studies to answer different questions in cephalo-
pod diversity (e.g. Dai et al. 2012; Williams et al. 2012; 
Katugin et al. 2017) and the establishment of a cephalopod 
barcode of life database has also been proposed (Strugnell 
and Lindgren 2007). Currently, thousands of species-level 
DNA barcode records are available in the Barcode of Life 
Data System (https ://www.barco dingl ife.org), covering 
most of the described species and underlying a reliable 
DNA-based identification of cephalopod taxa. Moreover, 
DNA barcoding and DNA taxonomy in general are play-
ing an important role in resolving taxonomic problems in 
different cephalopod taxa, allowing for instance the dis-
covery of cryptic species (Anderson et al. 2010; Dai et al. 
2012; Gebhardt and Knebelsberger 2015). Indeed, cepha-
lopod species are not always easily discriminated using 

Table 1  Cephalopod species 
included in the work with the 
identification provided by 
the suppliers, the molecular 
identification, and the relative 
% of mislabelling with 95% 
confidence intervals

Supplier ID Identified as (BOLD, BLASTn) % Mislabelling 95% CI

Cuttlefishes (n = 41) 27 15.7–41.8
Sepia officinalis (n = 38) Sepia hierredda (n = 11) 29 17–44.8
Sepia pharaonis (n = 3) – 0 0–56.2
Octopuses (n = 54) 13 6.4–24.4
Eledone cirrhosa (n = 7) – 0 0–35.4
Eledone moschata (n = 7) Eledone cirrhosa (n = 5) 71 35.9–91.8
Octopus maya (n = 1) – 0 0–79.3
Amphictopus membranaceus (n = 2) – 0 0–65.8
Octopus vulgaris (n = 37) Octopus maya (n = 2) 5 1.5–17.7
Squids (n = 55) 58 45–70.3
Illex illecebrosus (n = 1) – 0 0–79.3
Loligo forbesii (n = 3) Loligo vulgaris (n = 3) 100 43.9–100
Loligo vulgaris (n = 41) Loligo forbesii (n = 2), Loligo 

reynaudii (n = 17)
46 32.1–61.3

Todarodes sagittatus (n = 10) Illex coindetii (n = 10) 100 72.3–100
Total (n = 150) 33 26.3–41.2

https://www.barcodinglife.org
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morphology alone, especially when dealing with damaged 
specimens, immature forms, and species with few diag-
nostic characters (Strugnell and Lindgren 2007). Moreo-
ver, being cephalopods a valuable seafood (FAO 2016), 
the DNA barcoding approach is a powerful tool to assess 
the reliability of species labelling in both whole organ-
isms and highly processed items (Guardone et al. 2017; 
Wen et al. 2017). In addition, the current climate change 
may cause the biogeographic range expansion or shift of 
species (Parmesan and Yohe 2003), which can eventu-
ally overlap with other morphologically similar species, 

making the correct identification of organisms based on 
morphology and fishing area alone even more difficult.

To date, only a few studies used a molecular approach 
to assess the accuracy of species labelling in cephalopod 
seafood items, and in most cases, only on a small scale 
(Table 2), mainly because the principal objective of such 
studies was the development of a technique (Santaclara 
et al. 2007; Espiñeira et al. 2010), a survey on a specific 
group (Debenedetti et al. 2015) or on seafood in general 
(Armani et al. 2015; Tinacci et al. 2018a). However, previ-
ous works generally found high levels of mislabelling in 

Fig. 1  NanoTracer application to authenticate common cuttlefish 
seafood. a NanoTracer strategy: rapid DNA extractions followed by 
as-PCRs and colorimetric tests. b Discrimination test on samples: 1. 
Sepia officinalis, 9. Sepia hierredda, 13. Sepia pharaonis, NC. MilliQ 
water. Above: colorimetric detection with AuNPs; Below: 18% poly-

acrylamide gel electrophoresis. c Positive control test on samples: 1. 
Sepia officinalis, 2. Sepia hierredda, 3. Sepia pharaonis, NC. MilliQ 
water. Above: Colorimetric detection with AuNPs; below: 18% poly-
acrylamide gel electrophoresis

Table 2  Summary of % 
cephalopod mislabelling found 
in previous works

% Mislabelling

Source Total Squids Cuttlefishes Octopuses

Santaclarac et al. (2007) 33 (n = 15) / / /
Espiñeira et al. (2010) 30 (n = 20) / / /
Armani et al. (2015) 33 (n = 6) 0 (n = 4) 100 (n = 2) /
Debenedetti et al. (2015) 55 (n = 51) / / 55 (n = 51)
Guardone et al. (2017) 48 (n = 66) 40 (n = 50) 75 (n = 8) 71 (n = 7)
Pardoet al. (2016) 60 (n = 5) 67 (n = 3) / 50 (n = 2)
Tinacci et al. (2018a) 27 (n = 11) 33 (n = 9) / 0 (n = 2)
Tinacci et al. (2018b) 19 (n = 16) 14 (n = 7) 40 (n = 5) 0 (n = 4)
This work 33 (n = 150) 58 (n = 55) 27 (n = 41) 13 (n = 54)
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cephalopod products, ranging from ~ 20 up to 60% (Table 2). 
For instance, Guardone et al. (2017) analysed 13 species of 
commercially available squids, cuttlefishes and octopuses 
(Table S4), finding that 40, 75, and 71% of the products were 
mislabelled, respectively, with a total percentage of wrong 
labelling of about 50% (n = 66) (Table 2). In this work, we 
analysed 150 cephalopod samples belonging to 11 species 
(according to the suppliers), finding that more than 30% of 
the products were wrongly labelled, with the squids being 
the most mislabelled items. In particular, Sepia officinalis, 
Eledone moschata, Loligo forbesii, Loligo vulgaris, and 
Todarodes sagittatus were the most subjected to errors. 
Therefore, our results are generally consistent with previous 
works in recovering moderate-to-high levels of mislabelling 
in an extremely valuable seafood resource such as cephalo-
pods. Notably, the species Sepia hierredda and Loligo rey-
naudii are not included in the latest Italian Regulation (G.U. 
N° 266, November, 14 2017). Moreover, multiple samples 
labelled as L. vulgaris from FAO fishing zone 37 (Medi-
terranean Sea) corresponded to L. reynaudii, which has a 
known distribution limited to Southern Africa (Arkhipkin 
et al. 2015), raising doubts about the fortuity of the sub-
stitution. DNA-based seafood authentication is, therefore, 
important to determine the exact species and to trace the 
geographic origin of the products, to support sustainable 
fisheries and avoid public health implications. Indeed, mis-
labelling is generally believed to occur with not only the 
substitution of a higher value item with a lower value one 
(Naaum et al. 2016), but also ‘reverse substitutions’ have 
been documented, in which the product sold is of higher 
value than that labelled, but it likely comes from illegal fish-
ing (Gordoa et al. 2017). Cephalopod species substitution 
may also cause health problems in the consumers due to the 
physiological and biological differences among species, and 
in one case a substitution with a potentially toxic pufferfish 
was also documented in the Italian market (Armani et al. 
2015). All these issues, together with the relatively short 
shelf life of seafood products, make necessary the develop-
ment of fast, precise, and sensitive authentication tools that 
could be used also by personnel without particular technical 
skills. Different methods have been proposed to verify the 
labelling of cephalopod items, including PCR and sequenc-
ing or gel visualization, PCR-Restriction Fragment Length 
Polymorphism, real-time PCR, and isothermal amplifica-
tion combined with fluorescence detection (e.g. Santaclara 
et al. 2007; Ye et al. 2016, 2017; Wang et al. 2018). In this 
work, we explored applications of the recently developed 
‘NanoTracer’ method (Valentini et al. 2017), that couples 
the amplification of the genomic DNA target by as-PCR to 
a naked-eye readout. This latter mechanism relies on the 
plasmonic shift, elicited by the target-induced aggregation 
of gold nanoprobes, resulting in a clear red-to-violet col-
our change. In particular, the ‘Nanotracer’ method employs 

35 nm gold nanoparticles, since their high extinction coef-
ficient allows an enhanced visual detection of the assay (Liu 
et al 2007). This robust technique was developed and applied 
to authenticate cephalopod products, and, in particular, 
Sepia officinalis (common cuttlefish). Possible impurities 
or PCR inhibitors due to the use of rapid DNA extraction 
methods did not interfere with the assay, as well as no effects 
on NanoTracer authentication performance were observed 
in case of processed cephalopods items. Given the short 
genomic regions selected as target for the positive controls 
and the species authentication assays, the system is also 
able to cope with the risk of high DNA fragmentation due 
to extreme processing along the whole food supply chain. 
Another strength of the NanoTracer assay derives from the 
accurate development towards the detection of its target spe-
cies. This feature is pivotal when a certain food item could 
contain more ingredients over the declared one. We assessed 
the specificity of our developed assay testing it against two 
S. officinalis congeneric species, one of which was found to 
be a common substitution in our survey (Sepia hierredda). 
Interestingly, the test permitted to unequivocally authen-
ticate S. officinalis products through naked-eye detection, 
also allowing the distinction between closely related species. 
Therefore, also in the case of cephalopods, this method rep-
resents a fast, cheap (i.e., less than 1 € per sample), and ana-
lytically simple solution for molecular traceability (Valentini 
et al. 2017) and can potentially be adapted to any food item 
of interest. Although the results of NanoTracer are purely 
qualitative, this test can be easily performed in situ and on a 
large industrial scale, further reducing the time required to 
obtain results, a characteristic that is crucial in short shelf-
life products, such as cephalopods. Additional molecular-
based tools are available to determine the quantitative traits 
of food adulteration or purity (e.g., HTS metabarcoding, 
ELISA and many others, see Galimberti et al. 2019), but 
the system developed in this study offers an efficient and uni-
versally customizable screening solution for authentication 
which is the first step required by international regulations 
for food control.
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