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Food fraudulent activities have become a serious issue over the world recently. Seafood products
have trading and profitable potential in Turkey owing to the abundance of fisheries and other
species. While morphological features are commonly used for species identification in raw seafood
products, this identification does not meet the correct classification in cryptic species and processed
seafood products. Molecular techniques have been utilized for species authentication in processed
seafood items successfully. In this study, the effect of different processing techniques on the DNA
quality and DNA degradation isolated from raw and processed anchovy was investigated. Anchovy
is one of the important species in both fisheries activities and processing and consumption in
Turkey. For this aim, DNA was isolated from processed anchovy groups and un-processed anchovy
groups as control by the same extraction methods and the quality of DNA was compared among the
groups. The most common processing techniques, frying, baking, smoking, roasting, baking and
grilling were applied to anchovy. The results revealed that not only different thermal processing but
also treatment with acid and salt cause DNA degradation and quality loss of DNA parameters which

Species fraud
Food safety

are essential for authentication of species and traceability for public health.
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Introduction

Within increasing population, the demand of animal-
based protein sources has also increased. Seafood product
meets this demand owing to its highly nutritional value and
biochemical properties (Giusti et al., 2019). Due to these
characteristics, seafood is one of the profitable items in
food industry. The reported food fraudulent cases have
increased globally since 2000s. Food fraudulent is one of
the important threats to food security in both plant based
and animal-derived food products by misinforming of
consumer. Food fraudulent also results in uncontrolled
stock management and biodiversity. Mislabelling, species
adulteration and species substation are main fraudulent
activities in seafood industry, especially in fish species due
to increasing market size and highly profitable cases of this
industry. Mislabelling generally occurs that labelling of
less valued species as more desirable or more valued
species. While species identification can be possible in
fresh and non-processed species with morphological
properties, it becomes difficult in packaged or processed
products. This mislabelling or species substation seems
just unfair gain, it actually cause to more serious problem
to public as allergic symptoms or bioaccumulation of some
heavy metals (Shehata et al., 2018).

This work is licensed under Creative Commons Attribution 4.0 International License

Similar to the growing market size of seafood globally,
consumption of processed products types and exporting of
seafood products have increased in Turkey. Besides to
fresh consumption of fish species, smoked, marinated or
cooked with different techniques fish products commonly
consumed in Turkey. The exporting of seafood increased
27 thousand tonnes with 97 million dollar in 2002, this rate
reported as 177 thousand tonnes accounting as 952 million
dollar in 2018 (Dagtekin et al., Fisheries Sector Policy
Document, 2019). Anchovy is one of the most consumed
fish species and accounting more than 50% of fisheries
activities in Turkey. Annual anchovy fisheries rate
increased from 103 thousand tonnes to 171 thousand
tonnes between 2016-2020. While anchovy commonly
consumed as fresh form in local scale, frozen, smoked and
marinated anchovy exported frequently (Karsli.,2021).
While fraudulent in seafood this issue has researched with
4500 product test in more than 50 publications globally,
there is very limited information about traceability of
seafood in Turkey. Two previous research that focused
particularly on surimi and squid products obtained from the
markets (Keskin and Atar, 2011; Keskin and Atar, 2012).
More recently, Koban Bastanlar (2019) investigated the
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mislabeling of frozen tilapia fillet purchased from market.
Despite there is considerable amount of consumption and
export rate of anchovy in Turkey, the traceability of
processed anchovy is remaining unclear.

Protein based methods used for determination the
traceability of food products formerly; molecular based
techniques have become popular more recently
(Nagalakshmi et al.,2016). DNA quality and purity are the
main factors for the amplification and sequencing steps
performing in species identification which has been very
important issue in the food traceability and food safety.

This research was aimed to investigation of DNA
degradation in anchovy processed with both industrial and
domestic scales. For this aim, the DNA was extracted from
marinated anchovy, marinated with sauced and spiced
anchovy and smoked anchovy representing the industrial
processing methods; fried; oven baked and grilled
anchovy, representing domestic processing. The
degradation level and quality of DNA from all processed
anchovy groups compared with un-processed anchovy
with Nano drop and Real-time PCR results.

Material and Methods

Products Sampling and Processing At Industrial And
Domestic Scale

Anchovy (Engraulis encrasicolus L.) purchased from
local fishery market anchovy from the Samsun province of
the Black Sea region in Turkey March 2021. Anchovy
species were caught and kept in polystyrene boxes with ice
and transferred in ice to the laboratory immediately.
Anchovy were washed in tap water for 4-5 min, and then,
the heads of the fish were cut off; internal organs were
removed; the fillets filleted by using the tip of a sharp blade
prior to all treatments. The total amount was divided into
seven groups, raw and prepared for cooking in six different
methods. The raw anchovy without cooking was taken as
control groups. All the anchovy samples taken from same
batch referring to same catching area and catching period
to avoiding any variation caused by species differentiation.
All the processing method experiments were conducted at
least in triplicate.

Frying: 500 gr of the anchovy fillet was added to 1 L
of commercially available boiled sunflower oil for 4 minin
2 L stainless steel non-stick deep cooking pot (Tefal, Paris,
France). The probe was located in the centre of cooking pot
followed by monitoring the cooking temperature reached
up to 180°C (Xavier et al.,2018).

Baking: For the baking treatment, an electric oven was
preheated to 200 °C, anchovy fillets placed on a metal tray
samples in oiled aluminium dishes were baked uncovered
for 20 min. Following to baking process, samples removed
and allowed to cool. Yilmaz and Koca, (2020).

Grilling: Anchovy fillets grilled on a gas-operated oven
(covered with foil) for 3 min (1.5 min of each side) at
350°C (Ozogul et al.,2009). Each sample was grilled
individually in a separate. In all cases, the thermally
processed anchovy fillets were permitted to reach at room
temperature (24-25 °C). The thermally processed anchovy
were then grounded, homogenized, dried, sieved, labelled,
bottled, freeze-dried until DNA extraction processes.

Marinating: Marinating processes were carried out
according to the method of Olgunoglu (2007) with a slight

modification in a seafood processing plant (Pakyiirek,
Adana, Turkey). Cleaned anchovy fillets were dipped into
solution containing salt (10%), alcohol vinegar (4.5%) and
citric acid (0.2%) in the ratio of 9:10 (marinate solution:
fish fillets) for marinating practice through 24 hour in a
refrigerator (0-4°C). Following to marination process,
anchovies were taken off from the solution and filtered for
avoiding any solution. After then anchovies were putted in
plastic box (200 g), and sun flower oil added in the ratio of
175g: 75¢ (marinated anchovy fillets: sunflower oil).
Plastic boxes were vacuum packaged and stored at 0+ 2 °C
for 6 months. For sauced- marinate approach, all the
marinating processes were performed same as mentioned
above and then anchovies were placed in plastic box (200
g), and sun flower oil and pepper sauce added in the ratio
of 170g:709:10g (marinated anchovy fillets: sunflower oil:
pepper sauce) Plastic boxes were vacuum packaged and
stored at 0+ 2°C for 6 months. Following to 6 months
samples were stored at -80°C.

Smoking: process was performed according to the
method of Balik¢1 (2009) with slight modification in the
seafood processing plant (Pakyiirek,Adana, Turkey). The
anchovy fillets were dipped into a brine solution containing
22% NaCl at a ratio of 1:2 (w/w) for 12 hr. The thermal
process applied in two stages: a preliminary drying and
cooking period (50 min) at 85°C. After cooling at cold
temperature (60 min), the smoked anchovy fillets were
dried in the industrial oven to drain off excess water by
keeping the samples at 60°C for 70 min. Then, the brined
and dried anchovy fillets were transferred to the industrial
smoke chamber (Braai Smoker, Bradley, Canada) for
smoking treatment. Oak sawdust smoke was used as
smoking agents in the smoking chamber at 60°C at 50 min.
The smoked products were cooled for an hour, on the
stainless steel table and packaged. The smoked anchovy
fillets were stored at 80°C for further experiments.

DNA Extraction

Each group of approximately 50 gr raw and processed
with industrial and domestic techniques were finely
minced and mixed. All samples were pre-treated removing
oils, spices and sauces by blotting with sterile filter paper
and 15 g of each product were weighed into the sterile 50
mL Falcon tubes. Each DNA sample was isolated from the
raw anchovy and processed anchovy s using a DNAeasy
Blood and Tissue kit (Qiagen, Hilden, Germany) according
to the manufacturer’s instructions with  minor
modifications.

Initially, 20 mg fish sample was weighed out and finely
ground with a grinder with liquid nitrogen. Then 250 nl
Buffer ATL were mixed and heated incubation wih 20 pl
of 0.5 mg/ml proteinase K at 56°C for entirely lysing aim.
Then, the lysed mixture was centrifuged at 12000 g for 30
sec. Following to centrifugation, the supernatant
transferred to another sterile tube and mixed with 250 pl
extraction buffer, then the mixture was heated at 56°°C for
10 minutes. Afterwards, the mixture was mixed with 250
ul binding buffer and vortexed for 15 second and
transferred to spin columns. Subsequent to the Extracted
DNA introduction, 650 pL of washing buffer 1 (AW1) and
washing buffer 2 (AW2) were, respectively added to the
spin column for removing any inhibitors which cause to
amplification process inhibitors. Elution buffer was pre-
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heated at 37°C to facilitating to accessing more DN.
Finally, the purified DNA was eluted with 200 uL Buffer
AE. The purified DNA was stored at -20°C until for
following applications.

Determination of DNA Quality and Amplificability

The purity, quality (in terms of 260/230 and 260/280
ratios) and the concentration of DNA were determined by
a NanoDrop 2000c spectrophotometer (Thermo Scientific,
Pittsburgh, PA, USA). The integrity was also assessed by
gel electrophoresis (1% agarose gel in Tris-Sodium
acetate-EDTA (TAE) buffer containing 1x SYBR Safe
DNA Gel Stain (Life Technologies, Carlsbad, CA, USA)
at 100 V. Finally, the gel was visualized under UV light
imaging analyzer (UV Tech. Cambridge, England). The
final concentration of isolated DNA was adjusted to 10
ng/IL for use in Real-time PCR. The amplificability of the
gDNA was then evaluated by amplifying a 226 bp region
from the cytochrome c¢ oxidase | was targeted (CO1)
primer (COI F: 5 CACGACGTTGTAAAACGACACYA
AICAYAAAGAYATIGGCAC 3’ and COI R: 3° GGAT
AACAATTTCACACAGGCTTATRTTRTTTATICGIG
GRAAIGC 5)* (Shokeralla et al.,2015). The reaction
mixtures contained 2 pL of template DNA, 10 uL. Master
Mix(Thermo Scientific™ Maxima SYBR Green/ROX
gPCR Master Mix (2X), 2 uL of each primer, and 6 pl DNA
free water. The PCR was conducted using a StepOnePlus
Real-Time PCR System (Applied Biosystems, Foster City,
CA, USA) with the following program: an initial
denaturation step at 95°C for 2 min, 35 cycles of 30 s at
94°C, 30 s at 53°C, and 60 s at 72°C, followed by the final
extension at 72°C for 10 min. Following to amplification,
the melting curve analysis (MCA) was performed by
cooling amplification products at 65°C for 95 s and then
heating from 65°C to 95°C.

Statistical Analysis

All statistical analyses were performed using Software
IBM SPSS version 16.0. A two-way cross-classification
analysis of variance (ANOVA) was performed for
determining the differences in terms of yield of DNA and
quality parameters of extracted DNA from both raw and
processed anchovy sample. Statistically significant
differences were considered at a level of 5% (P<0.05) All
the DNA quality analyses were conducted in triplicate for
all anchovy group.

Results and Discussion

DNA Quality of Raw and Processed Anchovy

As given in Figure 1 and Table 1, the results of
extracted DNA from raw and processed anchovy samples
at the industrial and domestic scale, significant differences
were observed. The vyield of extracted DNA was
determined with initial anchovy muscle weight, observed
DNA concentration, and the final volume of DNA-
containing. There were significant differences found
among raw and processed anchovy sample (P<0.05) in
terms of DNA yield (Table 1, Figure 1). The highest DNA
yield was obtained from raw anchovy (1108 ug/uL) in all
the experiment groups. Similar results reported by
Tagliavia et al., (2016) who stated the different processing
methods cause to degradation when compared the raw form

of tested seafood products. Grilling process cause to main
loss in terms of DNA vyield; grilled anchovy has 10.4 ug/uL
DNA vyield was not just affected by thermal process,
marinating applications regardless containing pepper sauce
or not cause to significant reduction of DNA Yyield.
Marinated anchovy without and with pepper sauce sample
have 27.6 ug/uL and 20.7 ug/uL., respectively. The most
commonly applied processing techniques as smoking,
frying and baking of anchovy also reduced the DNA yield
significantly. There were no significant differences in these
groups. Pollack et al., (2018) reported the similar reduction
of DNA vyield depending on thermally processed (acid-
cooked, canned, boiled, baked, fried, and smoked) various
fish species such as salmon, tuna, tilapia, etc).

In marinated anchovy groups, the reduction of DNA
could be explained by utilization of acidic solutions during
marinating process. Similarly used salt in smoking process
could also a significant reduction in terms of DNA yield in
anchovy fillets. DNA vyield is a key parameter effect to
achievements of further steps of molecular analyses.
Besides, thermal degradation of DNA from processed meat
and fish products, utilized salt, spices and acidic medium
also cause to DNA degradation (Spychaj et al., 2021). The
DNA vyield was determined in optimal limits from other
processed anchovy groups.

Another important parameter for the achievements of
DNA based analyses is the A 260/A230 ratio, which signed
the presence of an organic contaminant such as
carbohydrates residual phenol or salt in extracted DNA
sample and it should be found between 2.0 and 2.2, ideally
(Lucena-Aguilar et al., 2016; Roy et al.,2020). The highest
organic material contamination level determined from
marinated anchovy sample as 17.6 and the lowest
contamination rate was found in roasted groups as (-3.36).
While this rate seems below the optimal limit, it still causes
to problem in amplification and sequencing process which
are the key elements for reliability and. The 260/A230 ratio
was found exceed the optimal limit in all the processed
anchovy sample in both thermally and non-thermally
processed groups. These contaminations could be related
to used salt, and brine solution in marinated and smoked
groups.

DNA Quality
25 1200
20 1000
15 800
10 600
5 400
0 —_— 200
RA MA SMA SMOA FA BA GA

]
DNA Yield ( ug/ul)
Figure 1: Variation of DNA Quality isolated from raw
and processed anchovy samples at the industrial and
domestic scale.
Groups: RA: Raw anchovy muscle, MA: marinated anchovy sample,
SMA: marinated anchovy containing pepper sauce, SMOA: Smoked

anchovy, FA: fried anchovy, BA: oven baked anchovy, GA: grilled
anchovy

Chemical Contamination (A260/A230) Purity (A260/A280)
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Table 1. Quality differences among the raw and processed anchovy groups

Quality assessment
Anchovy group DNA Yield Purity Chemical Contamination

(ug/uL) (A260/A280) (A260/A230)
RA 1108,6+0.12¢ 2.04+0.06° 2.39+0.07°
MA 27.6+0.18° 2.07+0.03¢ 17.6+0.06°
SMA 20.7+0.09° 1.58+0.042 4.55+0.052
SMOA 89.7+0.13¢ 1.96+0.02° 2.97+0.03°
FA 86.0+0.22¢ 1.91+0.03° 2.78+0.04°
BA 81.1+0.20° 1.97+0.03° 3.4540.05°
GA 10.4,+£0.022 1.76+0.062 -3.36+0.04°

RA: Raw anchovy muscle, MA: marinated anchovy sample, SMA: marinated anchovy containing pepper sauce, SMOA: Smoked anchovy, FA: fried
anchovy, BA: oven baked anchovy, GA: grilled anchovy Data are expressed as mean value + standard deviation of triplicates. Values followed by
different letters indicate significant differences (P<0.05) Values in a same column followed by different numbers indicate significant differences of the

parameter with respect to Groups
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Figure 2. Melting Curve (A) and Amplicon plots(B) of raw and processed anchovy samples
Groups: G1: Raw anchovy muscle, G2: marinated anchovy sample, G3: marinated anchovy containing pepper sauce, G4: Smoked anchovy, G5: fried
anchovy, G6: oven baked anchovy, G7: grilled anchovy

The frying oil could be also result in the organic
pollutions in anchovy samples. The detected contaminant
level could be related to the releasing of organic compound
during thermally processing.

The purity of the extracted DNA is also influence the
achievements of PCR amplification and sequencing
processes in food traceability analyses. The purity of DNA
verified by A260/A280 ratio with absorption spectrum
from 260 and 280 nm wavelength measured by using
Nanodrop as bio-spectrophotometer. There were some
significantly, differences were observed among the raw,
processed anchovy at the industrial and domestic
processing (Table 1). As expected the lowest DNA purity
was obtained from marinated anchovy with pepper sauce
(1.58). Used acid, pepper and other indigents could be
reducing the purity of extracted DNA. The purity of DNA
also found below the optimal limit in roasted anchovy
groups. The optimal purity of extracted DNA should be
higher than 1.7 and not exceed to 2.0 ( Miskoska-Milevska
et al.,2011; Piskata et al., 2017). In marinated anchovy
groups without pepper sauce addition, DNA purity was
detected as exceeding the optimal limit also (2.07).
Surprisingly the purity of DNA also found higher than
optimal limit in raw anchovy group (2.04).

Differences in DNA Degradation

DNA degradation among to raw, processed anchovy
samples in both industrial and domestic scale detected by
threshold cycle (Ct) value which is the main issue in the
sequencing processes in species identification from food
safety application. The amplification results from the
different processed anchovy sample illustrated by the
software as the threshold cycle (Ct) value, which signified
the number of cycles required to create a fluorescent signal
greater than a pre-described threshold (Antunez et al.,
2012). The variation in threshold cycle (Ct) values given in
Figure.2, the main differences observed among in baked
and grilled anchovy groups and other treatment groups.
Similarly, Sanchiz et al. (2017) reported that thermal
processing cause to DNA fragmentation in other food
items.

As seen in Figure 2; the significant differences in terms
of melting curve values were determined. Due to there
were no significant differences in marinated anchovy
groups; these differences can be related to thermal
processing of raw anchovy. In Similar findings reported
that DNA fragmentation and amplificability of DNA
resulted by thermal process or variation in pH (Bauer et
al.,2003; Besbes et al.,2011).
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Stronger signals for the raw anchovy presumably are
resulted by higher relative binding of SYBR Green to the
longer fragment relatively shorter anchovy -specific
amplicons which cause to higher melting peak (Marin et
al., 2010). Lee Tan et al. (2019) also highlighted that the
thermally processing lead to variance in melting curve.

Conclusion

While the consumer tendency was consumption food
items as fresh and less-processed form previously; the
processed, packaged and prepared to “ready to eat”
products have become more popular than fresh
consumption resulted by the changing tendency of
consumers.  Within the consumer’s demand and
technological advance; various processed food products
have become more popular than fresh product nowadays
and therefore the importance of food safety and food
traceability concerns have increased. Increasing thermal
processing and variations in acidity of food matrix also
cause to reduction of DNA quality and DNA fragmentation
which are key steps molecular analyses for food
traceability and food security.
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