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A DNA sensor detected as low as 5 percent adulteration of
European pilchard with round sardinella
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The authors report on the development and testing of the first DNA
sensor for sardine species identification. The sensor developed is cost-
effective, easy to use, and can be used by authorities for fish
authentication control or any laboratory including fish processing
industries. The sensor detected as low as 5 percent adulteration of
European pilchards with round sardinella with high reproducibility in
the processed mixtures simulating canned fish products. Photo of
European pilchard (Sardina pilchardus) by Assianir (CC BY-SA 4.0,
https://creativecommons.org/licenses/by-sa/4.0, via Wikimedia
Commons).

Food fraud is a major problem worldwide, and because it is linked to economic interests and health
concerns, food fraud is a high priority for food safety and quality worldwide. In addition, consumer
demand for correct food labeling is constantly increasing. Along with other animal products, fishery
products are considered to be one of the most adulterated foods
(https://doi.org/10.3390/foods12234254). In addition, fish are among the most easily adulterated
foods due to morphological changes (https://doi.org/10.3390/foods12010228) during processing that
are not visible to the naked eye.

Adulteration is the substitution of one species of fish with another species of lower price and lower
quality. Species swaps comprise the most prevalent fish fraud. Sardines are vulnerable to adulteration
as they contain valuable nutrients and are widely consumed worldwide. The only species that can be
listed as sardine in canned food is the European pilchard (Sardina pilchardus), while if other similar
species are used such as the round sardinella (Sardinella aurita), the trade name of “X sardines,” where
X is different from S. pilchardus species, must be used (https://doi.org/10.1007/s00217-011-1577-7).

To control adulteration, various analytical methods have been developed, including spectroscopy,
chromatography, and protein-based methods. However, these methods are typically time-consuming,
require highly trained personnel, and often use expensive and complex instrumentation and
chemometrics for data interpretation. DNA-based methods are preferred for fish identification,
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especially for canned fish, because DNA is characteristic of each species and resistant to food
processing conditions, such as the heat treatment during canning. Therefore, DNA-based methods are
considered valuable analytical tools against food fraud.

This article — summarized (https://creativecommons.org/licenses/by/4.0/) from the original
publication (https://doi.org/10.3390/molecules29030677). (Kakarelidou, M. et al. 2024. Fish DNA
Sensors for Authenticity Assessment—Application to Sardine Species Identification. Molecules 2024,
29(3), 677) - reports on a study to develop fish DNA sensors in a simple rapid-test format, which
enable visual identification of the two main sardine species, Sardina pilchardus and Sardinella aurita.

FIRST PROCESS

in fish processing

(https://marel.com/en/news/marel-and-mmc-first-process-unveil-strategic-
partnership/https://marel.com/en/news/marel-and-mmc-first-process-unveil-strategic-partnership/?
source=Globalseafoodalliance)

Study setup

In this study, a molecular rapid test using DNA sensors was developed for the detection of fish
adulteration for the sardine species S. pilchardus with S. aurita. DNA was first isolated from the fresh
tissue of both fish species, as well as from processed mixtures of the two species. The DNA was
subjected to amplification by PCR using a common primer pair for the two species. The PCR products
were analyzed by electrophoresis and quantification of the products was performed using the free-
online ImageJ-gel Analyzer Software of the National Institutes of Health (https://imagej.net/ij/), and
the DNA fragments were compared with a commercial DNA marker.

The sensing principle involves species recognition, via short hybridization of PCR-amplified sequences
with specific probes, capture in the test zone of the sensor, and detection by the naked eye using gold
nanoparticles as reporters; thus, avoiding the need for expensive instruments. In contrast to other
methods, the proposed method provides shorter analysis time, and allows the detection of as low as 1
percent adulteration in mixtures of PCR products and 5 percent adulteration in tissue mixtures of
processed (canned) samples of both species.

For detailed information on the experimental procedures, collection and analyses of samples, and
analytical techniques used, refer to the original publication.
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Fig. 1: Graphical description of the study steps. Adapted from the
original.

Results and discussion

In this study, a molecular rapid test was developed for the detection of fish adulteration for the species
S. pilchardus with S. aurita. The identification of the two sardine species was performed using two
different species-specific DNA probes that were hybridized to the amplified sequences followed by
detection with the fish DNA sensor. The principle of the method is illustrated in Fig. 2.
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Fig. 2: Principle of the fish DNA sensor. B: biotin, AuNPs: gold
nanoparticles, IP:immersion pad, CP: conjugate pad, M: membrane,
AP: absorbent pad, A: adenine, T: thymine, CZ: control zone, and TZ:
test zone. For a detailed explanation, refer to the original publication.
Adapted from the original.
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Fish authentication is a major concern worldwide. For these reasons, new methods for fish species
identification are of great importance. DNA-based methods are the preferred ones due to DNA stability
and enhanced sensitivity. This study developed a DNA sensor for visual discrimination of S. pilchardus
from each most common adulterant S. aurita. As low as 5 percent adulteration of S. pilchardus with S.
aurita was detected with high reproducibility in the processed mixtures simulating canned fish
products.

So far, few methods have been reported for authenticity testing of sardines. All these methods usually
require expensive instrumentation or are highly time-consuming. The DNA sensor method reported here
enables rapid and visual discrimination by the naked eye with high discrimination capability. However,
it can only provide semi-quantitative results. The sensor is easy to develop and use, without the need
for special and expensive instrumentation. Therefore, it can be easily adopted by any laboratory and
public authorities for authenticity testing. Also, one of the great advantages of the proposed DNA
sensor is its universality and versatility.

Fig. 3: Repeatability of the DNA sensor. Different amounts of PCR
products of S. pilchardus and S. aurita were analyzed in triplicate with
the DNA sensor. For a detailed explanation, refer to the original
publication. Adapted from the original.

The sensor can be used for the identification of any other fish species as the molecular recognition by
species-specific primers and probes is performed prior to the application to the sensor. Finally, the
proposed DNA sensor can be modified accordingly to be able to detect more than two different species-
specific DNA sequences on the same sensor.
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Can handheld DNA testing technology
stand up to seafood fraud?

The MasSpec Pen, developed to diagnose tumors, can identify fish
species by touching the tip to a sample. But the species database is
lacking.

@ Global Seafood Alliance 0

Perspectives

The authors developed a fish DNA sensor for fish authentication in a rapid-test format. The method
involves detecting adulteration of European pilchard with round sardinella using species-specific DNA
probes. The developed DNA sensor is the first DNA sensor reported for the identification of sardine
species and particularly for the detection of adulteration of S. pilchardus.

Detection is performed visually using gold nanoparticles as reporters. Compared to existing DNA-based
fish adulteration methods, the method is simple and rapid. The sensor is cost-effective, easy to use, and
very practical as it can be developed in the form of a dry-reagent strip-type sensor; no qualified
personnel or costly instrumentation is required, while it can be used by authorities for fish
authentication control or any laboratory including fish processing industries.

The method was successfully applied to fresh and processed samples treated by cooking and salting
in the presence of other ingredients to simulate canning conditions. For mixtures of the two species, as
low as 5 percent adulteration was detected in the processed samples with very good repeatability.
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