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Abstract
Nowadays, food authentication is more and more required given its relevance in terms of quality and safety. The seafood 
market is heavily affected by mislabelling and fraudulent substitutions/adulterations, especially for processed food products 
such as canned food items, due to the loss of morphological features. This study aims to develop new assays based on DNA 
to identify fresh mackerel (Scomber spp.) and commercial products. A new primer pair was de novo designed on the 5S 
rRNA gene and non-transcribed spacer (NTS), identifying a DNA mini-barcoding region suitable for species identification 
of processed commercial products. Moreover, to offer a fast and low-cost analysis, a new assay based on recombinase poly-
merase amplification (RPA) was developed for the identification of fresh ‘Sgombro’ (Scomber scombrus) and ‘Lanzardo 
o Occhione’ (Scomber japonicus and Scomber colias), coupled with the lateral flow visualisation for the most expensive 
species (Scomber scombrus) identification. This innovative portable assay has great potential for supply chain traceability 
in the seafood market.

Keywords  DNA mini-barcoding · Food fraud · Recombinase polymerase amplification (RPA) · Food traceability · Food 
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Introduction

Nowadays, food authentication has become a major concern 
for addressing quality and safety issues (Soon 2022). The 
seafood market is heavily affected by inadvertent or delib-
erate events of adulteration or species substitution (Silva & 
Hellberg 2021), especially for processed food products, such 
as canned food, due to the loss of morphological features 
(Xing et al. 2020). In Europe, seafood labelling is regulated 
by two legislations: regulations (EU) No.1169/2011 and 
(EU) No 1379/2013, according to which the label ought 
not to mislead consumers. The Regulation (EU) 1169/2011 
includes general assessments regarding mandatory food 
information that has to be available and easily accessible 

(Art. 12, comma 1,3), but does not include the commer-
cial denomination or scientific name of the fish species sold 
as processed products (Paolacci et al. 2021). This lack of 
information could be misleading for consumers and encour-
age misidentification processes and fraud. Canned seafood 
products such as tuna, salmon, anchovies and mackerel are 
the most widely consumed fish products across the world 
due to their practicality of storage and consumption (Mot-
tola et al. 2022). The COVID-19 pandemic has increased the 
European consumption of canned fish, and the sales of these 
food items boomed during the lockdown period in Europe, 
particularly in Southern European nations such as Spain, 
France and Italy. The European Centre for the Promotion 
of Imports from developing countries (CBI) reported that 
canned tuna consumption went up by 12% from January to 
May 2020 compared to the same period in 2019, reaching 
a 38.6% increase in countries like Italy (https://​www.​cbi.​
eu/​market-​infor​mation/​fish-​seafo​od/​canned-​fish/​market-​
poten​tial). Although tuna is the bestselling canned product, 
mackerel (Scomber spp.) is an emerging alternative (con-
served in brine, olive or vegetable oil) due to its (reduced 
o) lower costs and its increasing use in the seafood market 
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(Mottola et al. 2022). From a taxonomic point of view, the 
genus of mackerel is composed offour different species, 
namely S. scombrus (Linnaeus, 1758), S. japonicus (Hout-
tuyn, 1782), S. colias (Gmelin, 1789) and S. australasicus 
(Cuvier & Valenciennes, 1832). The Atlantic mackerel S. 
scombrus is more expensive than the other species due to 
the excellent properties of the meat (Infante et al. 2007). The 
average price for S. japonicus/colias in 2016 was 0.58 €/Kg 
while for S. scombrus was 1.24 €/Kg (Working Document 
to WGWIDE, 2017). Because the morphological features 
are removed during processing, identifying the species is 
difficult and fraudulent substitution with cheaper species 
increases. To fight fraud, DNA-based techniques are widely 
presented in the scientific literature (Böhme et al. 2019; 
Nehal et al. 2021; Barbuto et al. 2010; Shokralla et al. 2015; 
Frigerio et al. 2021a, b). DNA barcoding is the most used 
approach, especially for the seafood market, and the U.S. 
Food and Drug Administration (FDA) uses it to control and 
identify fish species for regulatory compliance (Yancy et al. 
2008). The standard DNA barcode presented by Hebert in 
2003 for animal identification was the 5’ end portion of the 
mitochondrial cytochrome c oxidase subunit I (COI). Nev-
ertheless, due to the length of this region (650 bp), it can-
not be used in highly processed products, where industrial 
treatment such as high temperature and pressure can lead to 
DNA fragmentation. For this reason, a DNA mini-barcoding 
approach (about 100–200 bp) is more suitable for this typol-
ogy of products (Filonzi et al. 2021).

This study aims to develop new DNA-based assays to 
identify mackerel commercial products. To identify the spe-
cies of canned mackerel products, a new primer pair was de 
novo designed on the 5S rRNA gene and non-transcribed 
spacer (NTS), identifying a DNA mini-barcoding region 
suitable for transformed and processed commercial products. 
5S rRNA gene and non-transcribed spacer (NTS) werecho-
sen because for mackerel identification the COI fragment is 
not able to provide an unambiguous identification at species 
level (Mottola et al. 2022).

Despite the fact that DNA mini-barcoding is efficient in 
analysing processed products such as canned mackerel, this 
technique requires a few days, higher costs and specialised 
laboratory personnel to obtain the results. To overcome this 
obstacle in this study, a new assay for fresh specimens was 
developed, based on recombinase polymerase amplification 
(RPA), for the identification of the most common mackerel 
species sold in Italy, ‘Sgombro’ (Scomber scombrus) and 
‘Lanzardo o Occhione’ (Scomber japonicus and Scomber 
colias).

RPA in literature has been reported mainly in food path-
ogen detection tests such as Escherichia coli O157 (Zhao 
et al., 2022), Campylobacter jejuni (Geng et al. 2019), 
Salmonella (Hu et al. 2019), Listeria monocytogenes and 
Staphylococcus aureus (Guo et al. 2019) but thanks to 

the easiness of the assay it is a promising method also 
for species detection. RPA assay coupled with lateral flow 
provides a fast (less than an hour) and cheap (< 5 €) test 
for companies and consumers, reducing the time required 
to get the results and allowing it to be used also by non-
specialised laboratory personnel.

Material and Methods

Specimen Collection

In this study, a total of 27 samples were collected 
(Table 1). Reference specimens (SCFEM_01-04) were 
sampled at the Milan fish market (Milan, Italy) and mor-
phologically identified by the quality manager and veteri-
nary surgeon, Dr Valerio Ranghieri, while the commer-
cially canned specimens (SCFEM_05-27) were collected 
from Italian supermarkets coming from four different com-
panies. Commercial samples were chosen from the most 
important Italian brands and considering three different 
conservation liquids(olive oil, vegetable oil andbrine).

Primer Design for DNA Mini‑barcoding

Primer pairs for DNA mini-barcoding were newly designed 
in silico. The region 5S RNA gene and NTS was identified 
as one of the most variable markers to distinguish between 
all the Scomber species (Aranishi, 2005). All nucleotide 
sequences of the 5S rRNA gene and NTS (104 sequences) 
for Scomber spp. were obtained from NCBI Nucleotide 
and were aligned using ClustalW2 software (www.​ebi.​ac.​
uk/​Tools/​msa/​clust​alw2/). The most conserved regions 
were identified using Bioedit software and a primer pair 
specific for the genus Scomber spp. was de novo designed. 
5S rRNA region was tested with Primer–Blast tool avail-
able from NCBI (www.​ncbi.​nlm.​nih.​gov/​tools/​primer-​
blast/) to verify the specificity to the Scomber genus.

Primer Design for RPA Analysis

Primer pairs for RPA were identified in silico and were 
designed on the 5S rRNA gene and NTS. Differently from 
PCR primers, RPA primers require a length of 30–35 
nucleotides. In order to identify species-specific couples of 
primers, all nucleotide sequences of the 5S rRNA region 
for Scomber spp. were obtained from NCBI Nucleotide 
and primers were designed as shown in the previous para-
graph but focusing on variable regions.
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DNA Extraction

For all samples listed in Table 1, gDNA was obtained 
starting from 20 mg of tissue by using DNeasy Blood 
& Tissue Kit (QIAGEN, Germany). Canned specimens 
(SCFEM_05-27) were pre-treated in order to clean the 
tissue from the conservation liquid such as oil (vegetable 
and olive) or brine. The products conserved under brine 
were washed three times with a physiological solution 
(NaCl 0.7%) mixing overnight at 4 °C. Oil and lipids 
were removed by soaking in chloroform/methanol/water 
(1:2:0.8) mixing overnight at room temperature (Chapela 
et al. 2007). Purified gDNA was checked for concentra-
tion and purity by using a Qubit 4 Fluorometer and Qubit 
dsDNA HS Assay Kit (Invitrogen, Carlsbad, California, 
United States).

DNA Mini‑barcoding

A standard PCR amplification was performed using PCR 
Mix Plus (A&A Biotechnology, Poland) following the 
manufacturer’s instructions in a 25-μL reaction contain-
ing 1 μL 10 mM of each primer and 3 μL of gDNA. PCR 
cycles consisted of an initial denaturation step for 5 min 
at 95 °C, followed by 35 cycles of denaturation (45 s at 
95 °C), annealing (45 s at 50 °C) and extension (1 min at 
72 °C), and, hence, a final extension at 72 °C for 7 min. 
The amplicon was visualised by electrophoresis on aga-
rose gel using 1.5% agarose Tris–acetate-EDTA (TAE) 
gel. Purified amplicons were bidirectionally sequenced 
at Eurofins Genomics (Germany). After manual editing, 
primer removal and pairwise alignment, all the tested 
samples (Table 1) identities were assessed by adopting a 

Table 1   In the table are indicated the lab specimen, the declared species, the typology of the sample processing stage, the company and finally 
the verified species through the DNA mini-barcoding analysis

Lab specimen Declared species Typology of sample Company DNA quantifica-
tion
(ng/μL)

Verified species

SCFEM_01 S. colias Fresh tissue Milan fish market 18.2 S. colias
SCFEM_02 S. japonicus Fresh tissue Milan fish market 21.3 S. japonicus
SCFEM_03 S. scombrus Fresh tissue Milan fish market 16.6 S scombrus
SCFEM_04 S. australasicus Fresh tissue Milan fish market 24.2 S. australasicus
SCFEM_05 Scomber spp. Vegetable oil Company 1 6.9 S. colias
SCFEM_06 Scomber spp. Vegetable oil Company 1 8.6 S. japonicus
SCFEM_07 Scomber spp. Vegetable oil Company 1 8.7 S. japonicus
SCFEM_08 Scomber spp. Vegetable oil Company 1 10.2 S. japonicus
SCFEM_09 Scomber spp. Vegetable oil Company 1 9.6 S. japonicus
SCFEM_10 Scomber spp. Vegetable oil Company 1 7.6 S. japonicus
SCFEM_11 Scomber spp. Vegetable oil Company 1 11.2 S. japonicus
SCFEM_12 Scomber spp. Vegetable oil Company 1 9.7 S. colias
SCFEM_13 Scomber spp. Vegetable oil Company 1 6.3 S. colias
SCFEM_14 Scomber spp. Vegetable oil Company 1 7.2 S. colias
SCFEM_15 Scomber spp. Vegetable oil Company 1 6.8 S. colias
SCFEM_16 Scomber spp. Vegetable oil Company 1 8.9 S. colias
SCFEM_17 Scomber spp. Vegetable oil Company 1 5.7 S. colias
SCFEM_18 Scomber spp. Vegetable oil Company 1 9.2 S. colias
SCFEM_19 S. japonicus – S. colias Olive oil Company 2 11.4 S. colias
SCFEM_20 S. japonicus – S. colias Olive oil Company 2 10.2 S. colias
SCFEM_21 S. japonicus – S. colias Vegetable oil Company 2 9.8 S. colias
SCFEM_22 S. japonicus – S. colias Brine Company 2 7.2 S. japonicus
SCFEM_23 S. japonicus – S. colias Olive oil Company 2 9.3 S. colias
SCFEM_24 Scomber colias Brine Company 3 11.2 S. colias
SCFEM_25 S. japonicus – S. colias Olive oil Company 3 9.2 S. colias
SCFEM_26 S. colias Olive oil Company 4 7.1 S. colias
SCFEM_27 S. colias Olive oil Company 4 6.3 S. colias
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standard comparison approach against the GenBank data-
base with BLASTn (Altschul et al. 1990). Each barcode 
sequence was taxonomically assigned to the animal spe-
cies with the nearest matches (maximum identity > 99% 
and query coverage of 100%).

RPA Assay

An RPA reaction mix (TwistAmp® Basic, England and 
Wales) was prepared in a total volume of 50 μL containing 
2.5 μL of Magnesium Acetate (MgOAc, added at the end of 
mix preparation), 2.4 μL of 10 mM for each primer, 29.5 μL 
of rehydration buffer, 10.2 μL of sterile water and 3 μL of 
gDNA and tested on reference specimens (SCFEM_01-04).

Before proceeding with the amplification, the mixture 
was shaken vigorously to start the reaction. The amplifica-
tion reaction consisted of 4 min at 39 °C, subsequently, it 
was further stirred and then put back at 39 °C for 20 min. 
Unlike DNA barcoding, RPA requires the purification of 
the amplicons prior to gel electrophoresis to guarantee bet-
ter performance. The QIAquick Gel Extraction Kit (QIA-
GEN) was used for the purification of amplicons. Amplicons 
occurrence was assessed by electrophoresis on agarose gel 
using 1.5% agarose Tris–acetate-EDTA (TAE) gel.

Lateral Flow Assay

HybriDetect—Universal Lateral Flow Assay Kit (Mile-
nia Biotec GmbH, Germany) with gold particles was used 
for lateral flow assay. The lateral flow strip is designed to 
develop qualitative or semi-quantitative rapid test systems. 
Primer forward was labelled with fluorescein-5,6-isothi-
ocyanate (FICT) and primer reverse with biotin (BIO) by 
Eurofins Genomics (Germany). The samples were mixed 
with the solution supplied in the kit, and then the strip was 
placed into the solution. The DNA of interest, labeled with 
FITC and biotin, binded first to the gold-labeled FITC-spe-
cific antibodies in the sample application area of the strip. 
The gold complexes travelled through the membrane, driven 
by capillary forces. Only the DNA with the gold particles 
binded the test line with the immobilized biotin-ligand mol-
ecules, generating a grey-blue band. Unbound gold parti-
cles migrate over the control band and will be captued by 
species-specific antibodies.

This assay was only tested with S. scombrus primer pairs 
on reference specimens (SCFEM_01-04). The assay was 
performed with a modification of the company protocol, 
consisting in using only 3 μL of DNA for the visualisation 
on the lateral flow. For limit of detection (LOD) evaluation, 

the dilution of 1:10–1, 1:10–2, 1:10–3, 1:10–4 and 1:10–5 start-
ing from the reference of S. scombrus was tested.

Results

DNA Mini‑barcoding

The primer pair for DNA mini-barcoding was designed to 
be specific to the Scomber genus. To analyse highly pro-
cessed products with expected degraded DNA, the primer 
pair amplifies a region of 151–160 base pairs. In Fig. 1 is 
described the sequence alignment for primer pair design 
and the primers’ sequences are described in Table 2. To 
evaluate a specific approach for Scomber genus, the most 
conserved region (indicated in green in Fig. 1) was identi-
fied for primer pair design.

DNA extraction was successful for all the samples with 
high DNA quality and good yield (i.e. 5.7–24.2 ng/μL). 
Reference samples (SCFEM_01-04) were analysed with 
the primer pair designed in this study with success. All the 
electropherograms obtained were high quality and allowed 
to uniquely identify the species. Therefore, for all the ref-
erence specimens, it was possible to identify the species, 
proving the ability of this marker to correctly identify all 
the species belonging to the Scomber genus.

All commercial samples (SCFEM_05-27) were success-
fully identified at the species level by Sanger sequencing, 
despite their processing stage (cooked at high tempera-
ture and under pressure, conserved in vegetable oil, olive 
oil and brine). Also for commercial samples, high-quality 
electropherograms were obtained. Amplicons obtained for 
all samples (SCFEM_01-27) are represented in Fig. 2.

RPA Assay

For RPA analysis, two primer pairs were designed on vari-
able regions to be species-specific to S. scombrus (“Sgom-
bro”) and S. japonicus/colias (“Lanzardo o Sgombro 
Occhione”), in order to distinguish these two groups (see 
Figure S.1 in supplementary information). The specific-
ity was confirmed by developing in silico PCR through 
the software primer BLAST. The primer pairs amplify a 
product of 173–178 bp and are shown in Table 2.

Both the primer pairs were tested on the reference sam-
ples S. scombrus, S. colias, S. japonicus and S. australasi-
cus (SCFEM_01-04). After the amplification process and 
amplicon purification, amplicons were visualised on an 
electrophoresis agarose gel. Results are shown in Fig. 3. 
Both primer pairs were specific only to target species.
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These results allow us to distinguish S. japonicus and 
S. colias from S. scombrus which is the most expensive 
mackerel species, confirming the feasibility of the assay.

Fig. 1   Sequence alignment of the 5S rRNA gene and NTS from 
NCBI Nucleotide. The sequences displayed are representative of all 
the haplotypes generated by using FaBox (1.61) (https://​users-​birc.​au.​
dk/​palle/​php/​fabox/). The coloured nucleotide bases indicated a mis-

match. On the top of the consensus sequence, at position 259 and 418 
are indicated the designed primer. This alignment was obtained by 
Geneious Prime

Table 2   In the table are shown 
the sequence 5’-3’ of primer 
de novo designed in this study 
for DNA mini-barcoding and 
RPA, annealing temperature and 
amplicon expected dimensions

Specificity Primer name Sequence 5’-3’ Annealing tem-
perature (°C)

Amplicon 
dimension 
(bp)

Scomber spp. Sco5S_F CTC​ACT​GTT​ACA​GCCTG​ 50 °C 151–160
Scomber spp. Sco5S_R CAA​ACA​CAT​GCT​ATC​CTT​ 50 °C 151–160
S. scombrus RPA_S.sco F: ACA​CAC​AGG​GCG​TTG​

AGA​AAC​AAA​GCT​GCA​
ATCA​

R: TCA​GGC​TAT​TTG​TGT​
ACA​TGC​GCT​TAT​AAG​
ATG​

39 °C 178

S. japonicus/S. colias RPA_S.jap_col F: GTC​TGA​ATG​CAC​GCC​
AGA​GAG​GTG​GCA​CTG​
AGACG​

R: TTT​CTG​CGG​AGA​AAC​
ACA​CAG​CTG​GAA​GGA​
CTGC​

39 °C 173
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Lateral Flow Assay

A lateral flow assay was developed only for the primer 
pair specific for S. scombrus, the most expensive species 
belonging to the Scomber genus. All the reference speci-
mens (S. scombrus, S. colias, S. japonicus and S. australa-
sicus) (SCFEM_01-04) and negative control were tested. 

The assay showed a band only for S. scombrus (Fig. 4a). 
In order to investigate the limit of detection (LOD), dilu-
tion series were created. The initial concentration of the 
S. scombrus sample was 16.6 ng/μL. Three microlitres of 
DNA dilution from 10–1 up to 10–5 was tested. Results of 
RPA reaction showed a high sensitivity of this assay, with 
a detection up to 0.0048 ng of total DNA (Fig. 4b).

Fig. 2   In the figure, the electropherogram agarose gel of the reference specimens (SCFEM_01-04) and canned specimens (SCFEM_05-27) is 
shown. 151–160 base pairs amplicons were obtained as expected. A ladder 3000–100 was used

Fig. 3   In the figure are shown the electrophoresis results of the RPA assay. In (a) are shown the results for the primer pair specific for S. scom-
brus (178 bp), in (b) are shown the results for the primer pair specific for S. japonicus/S. colias (173 bp). A ladder 3000–100 was used
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Discussion

The Misleading Labelling for Mackerel

Since it is not mandatory to provide the fish scientific name 
on labels for processed products, most of the commercial 
items purchased (i.e. 14) reported only the commercial name 
‘Sgombro’ on their packaging. Based on Annex 1 of the 
Italian MiPAAF Decree dated September 22, 2017 (MiP-
AAF, DM 19,105, 2017), this term corresponds only to the 
S. scombrus species but it is commonly used in the market 
for all the Scomber species. In the other nine products ana-
lysed (see Table 1), only three provided the species name (S. 
colias) and the remaining six were labelled both as S. colias 
and S. japonicus which correspond to the commercial name 

‘Lanzardo o Sgombro Occhione’. If we wanted to calculate a 
misidentification rate only considering the commercial name 
(“Sgombro”, corresponding to S.scombrus), 60% of canned 
products analysed in this study would result as mislabelled, 
a value higher than those reported in the scientific literature 
(Neo et al. 2022; Xing et al. 2020; Hu et al. 2018; Panprom-
min & Manosri 2022). Nevertheless, the product “Sgom-
bro” sold canned, due to European Regulation not requiring 
the scientific name on the label for processed products, can 
be misinterpreted because it can be related to all mackerel 
species. Moreover, another labelling issue is related to the 
interchange of the two species S. colias and S. japonicus. 
Despite being two different species, as one inhabits the 
Atlantic/Mediterranean Sea (S. colias) and the other the 
Pacific Ocean (S. japonicus), both of these are accepted and 

Fig. 4   a shows the results obtained from the lateral flow assay start-
ing from RPA amplification. The upper band is the control band, the 
lower band shows the success of amplification. b shows the results of 

the dilution of the reference specimen of S. scombrus. Dilutions from 
10–1 (4.98 ng of DNA) up to 10–5 (0.000498 ng of DNA) were tested
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sold under the same vernacular name ‘Lanzardo o Sgombro 
Occhione’ (Mottola et al. 2022). The old scientific name 
indeed was S. japonicus-colias, but only recent studies rec-
ognised the taxa as two allopatric species.

Canned and Fresh Mackerel Molecular Routine 
Analysis and Future Perspectives

Highly processed products such as canned fish can undergo 
transformation processes like high temperature and high 
pressure. These industrial processes could damage DNA, 
which can be fragmented and degraded. Literature shows 
that the DNA of canned fish products, such as tuna, sar-
dines and mackerel is usually fragmented (Chapela et al. 
2007; Pecoraro et al. 2020; Servusova & Piskata 2021). For 
this reason, a DNA mini-barcoding approach is required 
(Frigerio et al. 2021a, b; Roungchun et al. 2022). In this 
study, a couple of primers on the region 5S rRNA and NTS 
were de novo designed with success. The 5S rDNA consists 
of a 120 bp conserved region, but the length and sequence of 
the NTS may vary among species. Among nuclear markers, 
the 5S rRNA is the most interesting in taxonomic identifi-
cation because of its unique structure making it a species 
specific gene in higher eukaryotes, including teleost fishes 
such as mackerel (Aranishi & Okimoto 2004). For this rea-
son, the 5S rRNA region was chosen for the discrimina-
tion of Scomber species. Moreover, due to its lower length 
compared with the standard DNA barcoding region (about 
650 bp), it can be useful to overcome the problem of pro-
cessed and fragmented DNA. Using the primer pair designed 
in this study, it was possible to analyse and identify all com-
mercial store-bought products, despite their processing stage 
(high temperature, under brine or oil conservation). Even 
if this technique can be successfully used for transformed 
products such as canned items, sometimes the fish market 
allows for short timeframes to complete the analysis. In 
fact, often it is not possible to store the fish for long periods 

(differently from other food sectors), especially when the 
product is to be sold fresh and not processed. Therefore, 
a standard DNA mini-barcoding approach is not suitable 
to meet the needs of this market. For this reason, in this 
study, we also wanted to develop an assay based on the RPA 
methodology for fresh mackerel detection, which allowed us 
to analyse a product in less than two hours and without the 
expensive instrumentation of a molecular biology labora-
tory. The lateral flows assay provides a visible result in less 
than 15 min with the visualisation of a band (in addition to 
the control band) in presence of the target species. This test 
is a ready-to-use, test strip based on lateral flow technology 
using gold particles.

In contrast to DNA mini-barcoding (see Table 3), the 
RPA assay is a specific analysis thataims to identify a spe-
cific species. In this study, we focused on differentiating the 
fresh products sold under the name of “Sgombro” (S. scom-
brus) and “Lanzardo” or “Sgombro occhione” (S. japonicus 
and S. colias) which are the most common in the seafood 
market. The former is a more expensive, higher quality fish 
compared to the latter. We had successfully developed and 
tested a specific couple of primers for S. scombrus and S. 
japonicus-S. colias for RPA assay with gel electrophoresis 
visualisation. In addition, in order to develop a rapid and 
cheap assay, the lateral flow assay for the couple of primers 
for S. scombrus, which is the most expensive species, was 
successfully developed and can detect very low quantity of 
DNA (0.0048 ng of total DNA). For companies, it could be 
a revolution in terms of supply chain traceability using a 
rapid and cheap kit that gives a result in less than two hours.

Excluding DNA barcoding and mini-barcoding tech-
niques which allow universal analyses, other techniques 
besides RPA are presented in the literature for fish and mack-
erel authentication. A fast and easy tecnique similar to RPA 
is Loop-Mediated Isothermal Amplification (LAMP). An 
assay for fish detection has been reported to be fast (about 
3 h) and with a limit of detection of 0.2 ng/μL (But et al. 

Table 3   In the table are shown the comparison between the DNA barcoding and mini-barcoding and the RPA (with and without lateral flow) 
approaches

Analysis typology Result visualisation Pro Cons

DNA barcoding Electropherogram after Sanger sequenc-
ing

Universal analysis
Complete gene analysis

Longer time for results
Expensive
Needs a specialised laboratory

DNA mini-barcoding Electropherogram after Sanger sequenc-
ing

Universal analysis
Shorter gene besides DNA barcoding

Longer time for results
Expensive
Needs a specialised laboratory

RPA Agarose Gel Cheap analysis
Results in 2 h for fresh samples

Non universal analysis
Agarose gel visualisation 

needs a specialised labora-
tory

RPA + Lateral Flow assay Lateral flow Cheap analysis
Results in less than 2 h for fresh samples

Non universal analysis
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2020). Prado et al. presented a real-time PCR method for 
mackerel detection with high sensitivity (up to 0.005 ng of 
DNA) (Prado et al. 2013). Although LAMP assay is faster 
and cheaper than real-time PCR, its sensitivity is low. RPA 
combine both the short timing and the high sensitivity (up to 
0.0048 ng of total DNA), revealing to be the most promising 
methodology.For this reason, future studies will be focused 
on the development of the RPA assay with the lateral flow 
for the most common mackerel species, on further analysis 
on different specimen’s typology (such as canned products 
and multispecies products) and on assay validation before 
industrial scale-up and commercialization of a mock-up for 
companies A kit with this assay would be cheaper (< 5 €) 
and faster (less than an hour) than a laboratory test because 
it would not require expensive laboratory instrumentation 
and skilled technicians.

Conclusion

In this study, a DNA mini-barcoding and an RPA assay for 
the Scomber species identification were developed. The 
DNA mini-barcoding analysis enables the recognition of 
each species of Scomber (S. scombrus, S. colias, S. japoni-
cus and S. australasicus). However, European legislation 
is still too permissive, as the determination of species on 
processed food labels is not yet mandatory. This can worsen 
fraud and mislabelling issues, which are already very com-
mon in the seafood sector. Furthermore, the development of 
a quick and cheap test, such as RPA and lateral flow assay, 
can be a huge change for companies, allowing for an eco-
nomical control of the entire supply chain. Considering that 
this promising test is simple and easy to use, it would be 
used directly by consumers in the future, making them more 
aware of the products they buy and eat and protecting them 
from food fraud and mislabelling.
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